10

15

20

25

30

FLU D EJECTI ON DEVI CE Cross-Reference To Rel ated
Applications This application is related to Patent
wa@pphkileatsi on Serial No. [ Not Yet Assigned], AtPOT/N83005/011399
Docket No. 200210152-1 , entitled "Fluid E ection
Device," Patent Application,Serial No. [Not Yet
Assi gned], Attorney Docket No. 200208780-1 , entitled
"Fluid Ejection Device Wth Address Generator,"” Patent
Application Serial No. [Not Yet Assigned], No. 20031
1485-1 , entitled "Device Wth Gates Configured In
Loop Structures,"” Patent Application Serial No. [ Not
Yet Assigned], No. 200209559-1, entitled "Fluid
Ej ection Device," and Patent Application Serial No.
[ Not Yet Assigned], Attorney Docket No. 200209237-1 ,
entitled "Fluid Ejection Device Wth Identification
Cells," each of which are assigned to the Assignee of
this application and are filed on even date herewth,
and each of which is fully incorporated by reference
as if fully set fdiL{HDBJECTIONAIEYIGENd An inkj et
printing system as one enbodi ment of a fluid ejection
system nay include a printhead, an ink supply that

provi des | i q@rdss-ReféentqonREBIGEASplGIBAAN
el ectroni c controller that control's the printhead. The

pri hbigapplication sselaied &p Ratantppication Segpbiyoi Vot Yet
AsQ§N§&]eAtt%}r 5 Dokt 6. %h'b'bz%ﬁ BYIN & |ﬂécgr‘lglgtc{ %Wg)ilan Device,”

ces or ‘nozzl es. I's’pr
Patent ApplieatiamPesaidio. a[NoaYehAeslgnédp #Mmey Dopkét Mo an

200 RERER tAcPhid Firontimges Pullthduress Geamsatany Patn

Apﬁl%@ﬁCE%héHl\R:ﬂ[N@FYé‘fAéé]bnéd]o mot bewwzégg h&ﬁﬂﬁe%& Device

haracters or other inmgeés t rinte
Wl’fh\s@am Genfigweepdn hooe &ﬂrL@tw‘esh é’q@emtrAppiwatlam&ml Nnv H\ﬂot

(Kb 1, SURBOPAES ML A Bkl et

Appiivatiog Bet NﬂNbWémsgiguedyemtbmmﬁmaéketm mogﬁw 1,
ink | ocated in vaporization chanbers. The ink

entiiles ElidiEssctiaaeviee M Idemibaetars Celis Rak of ety atem |
as{_@%dsfoofh% A&ﬁﬁﬁé@gf s ngaﬁﬁﬁ%tn‘a' e{rb'?ﬁ’edr &R 'e%grd%ée herewith,

t he caus vapori ze an

ancegach eﬂmhin’rusghlly ilmeonmzatleelsby r'évﬁerejneetasqﬁmllvl isepfarth hévein.
the electronic controller that controls the printhead
activates an electrical current froma power supply

external to the Background

An inkjet printing system, as one embodiment of a fluid ejection system,

may include a printhead, an ink supply that provides liquid ink to the printhead,
and an electronic controller that conirols the printhead. The printhead, as one
embodiment of a fluid ejection device, ejects ink drops through a plurality of
orifices or nozzles. The ink is projected toward a print medium, such as a sheet
of paper, to print an image onto the print medium. The nozzles are typically
arranged in one or more arrays, such that properly sequenced ejection of ink
from the nozzles causes characters or other images to be printed on the print
medium as the printhead and the print medium are moved relative to each
other.
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printhead. The electrical current is passed through a
selected firing resistor to heat the ink in a
wa@orsasasndi ng sel ected vapori zati on chanber apdI/@pmo$/011399

the ink through a correspondi ng nozzle. Known drop
generators include a firing gesistor, a corresponding
vapori zation chanber, and a correspondi ng nozzle. As
i nkj et printheads have evol ved, the nunber of drop

nprove

gener at or.s a pr.inthead has increased to i
pr i ﬁ,{}jplgﬁle’tggr 'Hg{fﬁgllet gUAlINgG Systene theprinthesdiaieatadnk drops
through elozeles HyaBpRP REAHY SmRf rvoﬂ{rh@é BER n‘ge : @%@5 ?rﬁ gla‘tggﬁzatlon

in a correspondi Ng I ncrease € nu
chamiers. e e iré@lsd}eadecbmthtMHelécmcmee&em guele ak hisin fllm

e GBI o e et 2% 8 o

vaparizecand béigiected roughdhé Pobriayi de power to energize
t he f|r|ng resistor. One input pad per firing resistor

bec dReiestanefropfiinkadhe ﬁéeqiirlsnmbe@ordfollm tatgontrsissther s

at or t
i SSASRateE ) QUL Bl RIS Al il S
priptheat hdae ¢lasctricg| q:urremttls passedtitsongh @ sefwted FiRAE resistor to
resistors in one

e Fiinl b SReRPerding selecie varoration sheabaransesieeithe ink
throdigh alddereRPBRAING GRFZRN I h &\ U ) pgtﬁgﬁt%éﬁl@haq_g ﬂrﬂ')aq(

corresponding field effect tra
resisitole &ctprrasponding \papqrnzatlme chamben,dretia toorrespemmgtrﬁizzle

| ead that,is share mJItl
or - e RARATS Rave Balbad e e g Senerdiarmuis:e
prithehd bk inerdaséd to Impﬁoﬁégjrmﬂmb Iéﬁeéél RN orualhP pThe inorease
%enerators on a printhead die ri nt head W|th

in t & dropoeaerajorsaRarprintsead aﬁ_r%stwednn memrreemmdmg
. 0 .
R R e o
lncmasedlmgnlsqne@‘cﬂnn@cremltmallm onesyﬁe afgripthewd deach firing
cul a r|nt|n ht, printhead die size
resRRYr inPuBleshiord ComesReTim o SaH throvids Bauen (anprize
theGrirg l@Bis#RN N AE Mput rrlgjé;a ;SHrQnger@@ CHe BRI | éﬁéc’ucal as the

i ncrease and thenu ecreas
nuipbehehfising wiséstorsyivateasean becone | ncr easi ngI y corrpl ex.
ons, there is a,

or oL FEGE br bk bepFRRcIBdies it s P pt lpsrgeced i
andjthéﬂfypebfldrinﬂﬁdcﬁh@ﬁn@ peinfiadi Aﬂémglé’boﬂr@r |t prdVides power

printing system Figure 2 is a diagramillustrating
to aﬂlofprmgor@sgﬁm@ﬁ@ oneHyENitiuat Eschdiring resistor is coupled in senes

with the power lead and the drain-source path of a corresponding field effect
transistor (FET). The gate of each FET in a primitive is coupled to a separately
energizable address lead that is shared by multiple primitives.

Manufacturers continue reducing the number of input pads and
increasing the number of drop generators on a printhead die. A printhead with
fewer input pads typically costs less than a printhead with more input pads.
Also, a printhead with more drop generators typically prints with higher quality
and/or printing speed. To maintain costs and provide a particular printing swath
height, printhead die size may not significantly change with an increased
number of drop generators. As drop generator densities increase and the
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printhead die. Figure 3 is a diagramillustrating a
| ayout of drop generators |ocated along an ink feed

W@ k@bs/10:350ne enbodi ment of a printhead die. FiBUr/ES2005/611399
a diagramillustrating one enbodiment of a firing cell
enpl oyed in one enbodi ment of a printhead die. Figure
5is a schematic diagramillustrating one enbodi nent
of an ink jet printhead firing cell array. Figure 6 is

et printh _ Figure
e ol e s e, PPl 8 1@ias Gandgeme increasingly

cofipdg@.am i | l ustrating one enbodi nent of an ink jet
printhead firing cell array. Figure 8 is a timng
di afeathesq ard ptharngasans, tiereds aoreed! foottes prasedt eahtion.
of a firing cell array. Figure 9 is a diagram
illustrating one enbodi nent of an address generator in

a printhead di e.BféfDescrip¥nict tite Birawing@ i | | ustrating

one shift register cell in a shift regi'ster. Figure

10BM1QUrg 1dlf'a§.r%tﬁ§ onertbediment gF aniriciet orinting system.

Fi gWR i i i L [ operation

of HiFUSR 53 abldh Muckiafb BRorticl o bfe Hifh @it of 2
prifihgadalia? is a timng diagramillustrating operation

of an addr.ess,generator i.n the reverse direction.

i of e B2 486Gk Hihalifa a oy o cip gnarmiors located
alopgetlinkeatd @fot invena CHRIRSAMEANS! ApRhthadachial x fire

groups in a printhead die.Figure 14 Is a timng

di afioie i is @asdipgran dlustatiag onarembenisest obadiriagioeti of

i1 es: ' ' d die. Figure 15 is a
er SRR R SRBOR bR R E B L o 9 e
addFigase Gaser sshematitc diagein diustrating ane embodificnt 9f SHMK jet
in a printhead die. Figure 16 is a diagram
Printhegdfinngi 6o BFY- enbodi nent of a latch register.

oper SgS s Seronas2 /el Albhalibg bhR'eritb et 87 Fe-
charged firing cell.

Figure 7 is a schematic diagram illustrating one embodiment of an ink jet
printhead firing cell array.

Figure 8 is a timing diagram illustrating the operation of one embodiment
of a firing cell array.

Figure 9 is a diagram illustrating one embodiment of an address
generator in a printhead die.

Figure 10A is a diagram illustrating one shift register cell in a shift
register.

Figure 10B is a diagram illustrating a direction circuit.

Figure 11 is a timing diagram illustrating operation of an address
generator in the forward direction.

Figure 12 is a timing diagram illustrating operation of an address
generator in the reverse direction.

Figure 13 is a block diagram illustrating one embodiment of fwo address

generators and six fire groups in a printhead die.
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Figure 18 is a diagramillustrating one enbodi nent of

a single direction shift register cell. Figure 19 is a
wale@gnesssd | | ustrati ng an address generat or t haPCT/EER05/011399

the single direction shift register cell to provide

addresses in forward and reyerse directions. Figure 20

is a diagramillustrating an address generator that

uses the single direction shift register cell in one

Shl ister, to provide addresses in forward and

r eve'lgé,'ée gﬁr’%@tﬂn&iﬁs diggrgny lustratingsfoswardignineverse operation of

addrb_bé‘?bhéF t&% lﬁré mﬂgggg@yout of one enbodi ment of a

prin ure I's a diagramillustrating

andtigere 48 pmatblcmfk dlhgram diqstratnhgmetemiﬁodimerﬁ obadizfeifss
is a diagram

gerfirafoelh IR EREuE e six B8 Giptas e prisiied GRe
enbRigurens ioh dﬁ’agﬁéhﬂﬂlhﬁ?&n@ 8ne Ehﬂiﬂdﬁnﬁer engc\t%{ %@g}

illustrating an exanpl e | ayout of anot
of FgPFe Y ieadiming dlagrgmlagstzamgamtuezmpw epeliatign fene

em%bélefél{t%tf' C%q%é%g% areas of a flex circuit that may

lze é external clrcuitry to a

pr i Fighesadis @8 & diddebe llestrBiRLond bhdddimeht s 4 §|hb!@"ﬁ|?ébtlon
<h Ifgetalled FeSCTIptIOH reference is nmade to the

BRY#SaEFIing drawi ngs, which forma part hereof, and

D1 ARGV o R AR SO I g e
singla otmaci;on spift mgisjfelr eglt fogpravideaaddrassexgin, fosnvard sl reverse

bottom “"front,""back," "leading,"
d'reC&'PEﬁ i ng etc., is used with reference to the

or | EgLRS 20 8kid erﬁllgéﬂ’"éi(r@ aP BB Y BB thdIRLBYIRe

onents of enbodi nents of the present iInvention can
Sln@J@ yestion @hé‘breigﬂstar eelhipeanepshifiiregistasrio poovidaaddrasses in

fon%,%}]%u%i %Q}eggggk‘a&ﬁ)rr@ nol ogy is used for pur poses of

nno way limting. It is to be

undgigateo?d is Haliagraheitiustrdting am ekamphylaheutidf driez&sbatdiment
structural or |ogical changes may be nade w t hout

of yiiinepd§i®r om t he scope of the present invention. The

Lo E D2 P8 A8 FIASELI SR BERAE 0d it Byout o
onepembedtmemivafre pltimtheaddw i ned by

Figure 23 is a diagram illustrating a plan view of a section of one
embodiment of a printhead die.

Figure 24 is a diagram illustrating an example layout of another
embodiment of a printhead die.

Figures 25A and 25B are diagrams illustrating contact areas of a flex

circuit that may be utilized to couple external circuitry to a printhead die.
Detailed Description

In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof, and in which is shown by
way of illustration specific embodiments in which the invention may be

practiced. In this regard, directional terminology, such as “top,” “bottom,” “front,”
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t he appended clains. Figure 1 illustrates one

enbodi nent of an inkjet printing system 20. [|nkJet
w@riosiosags syst em 20 constitutes one enbodi nent POF/US2005/011399

fluid ejection systemthat includes a fluid ejection

device, such as inkjet printhead assenbly 22, and a

fluid supply assenbly, such as ink supply assenbly 24.

The inkjet printi ng system 20 al so includes a nmounti ng

; senbly 26, a transport assenbly 28, and an
bt RecRRnG” LEAITG! Pl 8 oBcRWiuE¥e cDRe todhiorienlsfiny Bthe
t e of
FgRrete) Bemdiied. BEcadss SifpShafis drERndiiFRARD: B
prqgenhtny@atjoaggerha gosttionemblhweembbr bédﬁl’er@ﬂ&:ri@hlta‘ttdmame

ej ects s of nk t hrough a
direchial Ffigology s ied RE oub SR e kit anchis, b marway
llmmh@l Utns36 eduiderstdal thBt ot @nﬁd%eﬁ%%é@b%%tlhzed and

Printhead 40 i s one enbodi nent of ej ect

strgedyial or lqgicalichaggps masbesjadeswithgutidgpartig ﬁrom thiel scope of
thesﬁ}égént”ﬂbéﬁ’ﬂlcﬂ{ Tﬁg?&loﬁ?gggﬁled%%&%pﬁ{éoq kt[zgrefore is not to be

t'ransparenci es,

tak@ypm adinhifing senzé eandthesscoper ¢fahg predant R ilonT® Befined by
d(séﬁor arrays such that properly sequenced
thee"i‘ré)ceﬂ @RIMSk” from nozzl es 34 causes characters,

SYnbRlyfe 1Mkl LAETr BARNERPoP4n | gzgln‘ggggﬁgfé% ahed

upon print nmedium 36 as I nkjet print
Inkjgt @riptingsyste aﬂmc:@ﬁshhummdmbeidanewboﬂaoflendcé]ecﬁdmystem

o BRI B P S
fluit @@Fp?féftfsrerﬁblﬂ Wit ad Inki ppsy aééé?ﬁﬂ? g, ”ﬁﬁeefdkﬁit%nntmg

i nc ng clear fluid, may be ejected from printhead

sysigerfhipoincludak agnppntingassarbly 264 ageedisdranapod ansembly
28 Sncah B PP ART 00 A0 BRSSP B s

powerkto the \aaumhs erlrf)tftnéd:lmmnﬁdmﬂs ofinkjed Ip:']!glﬁﬂg gzstenkzet
ri thea Sse | nksu assenbl y and
s ERenL iR T A aseaToh b 2 R ios % fRashape
prlhtﬂgaél’ %'r leﬁfHéa%V&éQm ﬂ’iEat %eg%%hrogg'o?'iﬁmwl% de)idirsSityYor

system 'In a one-way el ivery syst
onfmﬁlssarmuzuzhasl 34 h:tWardfa plhm meadiupr 36 isdeat tooprintlgnéd print medium

365 PBleEE s G P pinooRihSulty L8 Siskton e, pbtieimeuim 36
mat/fb% AmKtyp é%f'éﬂﬁﬁbleosr@étﬁﬁétéﬁﬁl 3661 BB Iptpé? davd SiEkuUNed

during printing. As such not consuned duri ng ]
transnaieneigsi Mylast f@bﬁédamd)thenlmas ubyrisallys sertley 3g4are arranged in

one or more columns or arrays such that properly sequenced ejection of ink
from nozzles 34 causes characters, symbols, and/or other graphics or images fo
be printed upon print medium 36 as inkjet printhead assembly 22 and print
medium 36 are moved relative to each other. While the following description
refers to the ejection of ink from printhead assembly 22, it is understood that
other liquids, fluids or flowable materials, including clear fluid, may be ejected
from printhead assembly 22.

ink supply assembly 24 as one embodiment of a fluid supply assembly
provides ink to printhead assembly 22 and includes a reservoir 38 for storing
ink. As such, ink flows from reservoir 38 to inkjet printhead assembly 22. Ink
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In one enbodi nent, inkjet printhead assenbly 22 and
i nk supply assenbly 24 are housed together in an
WO pdosaos4sartri dge or pen. The inkjet cartri dgePOF/URE®N5/011399
is one enbodinment of a fluid ejection device. In
anot her enbodi nent, ink supply assenbly 24 is separate
frominkjet printhead assenbly 22 and provides ink to
i nkj et printhead assenbly 22 through an interface
not shown). In

Sugp&nect bﬂﬂ%aimmﬁlﬁi‘g @@a{j %g%bSy AR cangpi eitberatdng-way
lnlééelm‘.{y Q?stéﬁﬂ”@ﬁ’@@'emf&ﬁ’étﬁ@qgk d%ﬂ rsg(gf'grhl h§d:0r nwg{l] ?r”&

nbodi nment, where i nk| print serrbly
deﬁwmsysmesnﬁs;arﬁmuaw didbe ik pnmgmiebletb mkjeﬁprlmthbia@tassembly

des
22,18 Ebhb§AG d G ARitha, o G iRt e e vernarsiae, anly a
pottirgefthedsie prsvided REiRHesE raa&é;hﬁlyyzé [s%Brisifhed during

cartridge. As such, the separate, 'l arger reservolr
prigingeSstsyicheink notcrasyu@ed] duriagemining.is retioret toginig supply
as§§rﬂB £, larger reservoir and/or the local reservoir
e renoved, replaced, and/or refilled. Munting

asslmbng ePtbgutimieht, dmiged prithbad BEBEMBRMR2SAE TR Yupdy

d nbly 28 d d
as{nRly A e d iR s B s poilakist paifdgeemeim 6o inkjet
caft®ligd b Beh i bﬂéleﬁ{bdéﬁm%f‘&aéi ﬂﬂﬁl 88ioh &gvl?g hH'gﬁné'ther

print zone I's define adjacen to nozz
emodimeat, itkesUnpik pesempblyrisissbpesaterfiy iMdetprintheadassembly

22 FR0HE 25 2 1 AR AR Sseii BBy shost hipacens

cosnesdionBuch b8 Afpiylbe @t shelvHIem étf@%&ﬂﬁm@ﬂ?treservow
shown) for novi ng i nkj et printhead assenbl

38 1of ini wmy asseably 24 gy rena@s@lmeglaged,t@ﬁycyearefqﬂedmln one
erfBRAHEMC st e fin €SP ACodIREl 22 8 e Al 88&iapy 24

arefsogserhtogethartin g laBJeEOngdgkﬁ résetesir iwhrelbdas iaﬂbb@largservoir
at rescri bed posjtion relative to nedia
'Oﬁf%oﬁ@gé%ﬁ% @&@95 218l My @S0 RElds 3 lrsrigeserveidenaeg
se;?:étgrafé?;{'*1 FohPive tE’e!r'tﬁng”eﬂé 4O 6thé ekphiate, I‘éaftfér%é&tvow serves to
ri nthead assenbly 22. El'ectronic controlTer or

reftﬂdhe egal eesemorr yﬁlccatdnygly rthlelawﬁraieplaogm"geeewow and/or the
ect.roni cs conbi nat i on

'OC?L%erS&S‘fO”' gy 8’%%%‘51‘{%{?94 Cag AU Bl s o | i ng inkj et
pri pdgEHg @%§émb|lw2@§osﬁ‘ﬁhé“ihw FateaR xseéinbgrp_ft resh to

transport assenbl El ectronic controll
medis Banerory as%ereblyf%ﬁmré mestia trepspenasseimhlya28 positions print

et Ha bRl MU G Y T BRI 4
definechadjageslytotrzziE 34 inan area between inkjet printhead assembly 22
and print medium 36. In one embodiment, inkjet printhead assembly 22 is a
scanning type printhead assembly. As such, mounting assembly 26 includes a
carriage (not shown) for moving inkjet printhead assembly 22 relative to media
transport assembly 28 to scan print medium 36. In another embodiment, inkjet
printhead assembly 22 is a non-scanning type printhead assembly. As such,
mounting assembly 26 fixes inkjet printhead assembly 22 at a prescribed
position relative to media transport assembly 28. Thus, media transport
assembly 28 positions print medium 36 relative to inkjet printhead assembly 22.
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el ectronic, infrared, optical, or other information

transfer path. Data 39 represents, for exanple, a
waelomaesass and/ or file to be printed. As such, PE/ESBB5/011399

fornms a print job for inkjet printing system 20 and

i ncl udes one or nore print job commands and/or conmand

paraneters. I n one enbodi nent, electronic controller

30 controls inkjet printhead assenbly 22 for ejection

ink drops fromnozzles 34. As such, electronic
conﬂeéfrpékc cantigler aeerintepaontsolierd0 wpisatle thdludesda ppacessor,

t h hi
firmdt, oA BUICIBEGHiSs, chaliomu ARG Indbaf fo it BRubipating
with akd ahootmlhlng lquE’epnmthedd bﬁsiélhiblwzik nhngugmngsag,aﬁsg 26, and
or co n ers n one e odl nen
meﬁﬁd‘mwgd%%@v@%@'Pﬁ%@wa@wﬁ&em FRoRiEs dasA Aefrom 2
hos@%?ét%ﬁﬁ KRiFRoH ér%Banu'télkgﬁ& uRLh asse ngﬁﬁ%lryfcﬁ'ztellnz)o?anly

W earray or mul'ti-hea rint e
stoxingidater 39y Typisally,riata 39iis lspet tqunkpt peahhgasymem 20 abng an

el o Bt o Ml B QbR RS s

repcbmtéeoaeﬁbmb@cbrmumm RhAr RS t3Be pRRELR! AY 'sdsﬁ fata 39
fluidic comunication between printhead dies 40 and

forms R Ryl iR ferdBlgRbPYNting syster20 and includasaepeant more print job
conﬁﬁng% gycgq:oﬂ%ﬁghq ﬁgparﬂéteﬁ’ e enbodi ment of a

prin printhead die 40 includes an
ar rlayonef epbodinierd, ellecfrbuncd:oenjtreuelr 80 cohieoRNhigetBrinthead

P“bgt E’-Eg el .enFnts re forned qn 3 substrate 44,
assGmiy 2R Qr aichion of ik Arops froas NPgAlGR 44t sy BiGh, slectionia,,
corftrofief §@@ieﬁh8§ adpﬁatférrﬁ\é'f @ﬁe%téﬂ ﬁﬂ{Qﬂb;‘ds Q{atlfbl%' icHalddersO

prlntlnfgeerrents . k feed sl ot I'S one
symrmiscngat oiber graphmsjor lgmgmn pant meblmm éﬁbammmttan of

f flui,d feed SYelvlgte ude are n
cieG5p K R gt Dra o At 2o aPabts aptirgomménd
pargmgt@gpondl ng vaporization chanbers and nultiple
shorter ink feed trenches that each feed correspondi ng
gr dopnesemppdingent; @éﬁtat@@mmeeaeleaﬁsmbdy £Riinclugesrone printhead

o SHHSRE AR S R 5] 5 B8
muml-,ﬂ&&ad ptithédd a8sembily.i ineorneayite-alan ambmdiment, ifkjetprithead
w50 e o e MR D
elec‘!tﬁeglr SFAMIUPTEADATTReeR gfnﬂfHE%ﬂ diBgYH g’\?b&'ﬂomc a:ontroller 30,

communi cates wth nozzle opening 34 an
and:pmwcte&s fddicfcantmuonication betwmrupanﬂneadﬂshés 40 agd ink supply

asserb bﬁr 52

Figure 2 is a diagram illustrating a portion of one embodiment of a
printhead die 40. The printhead die 40 includes an array of printing or fluid
ejecting elements 42. Printing elements 42 are formed on a substrate 44, which
has an ink feed slot 46 formed therein. As such, ink feed slot 46 provides a
supply of liquid ink to printing elements 42. Ink feed slot 46 is one embodiment
of a fluid feed source. Other embodiments of fluid feed sources include but are
not limited to corresponding individual ink feed holes feeding corresponding

vaporization chambers and multiple shorter ink feed trenches that each feed

‘corresponding groups of fluid ejecting elements. A thin-film structure 48 has an
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I's positioned within vaporization chanber 56 and | eads

58 electrically couple firing resistor 52 to circuitry
w@omshnai4si ng t he application of electrical curP@nUsS2005/011399

t hrough selected firing resistors. A drop generator 60

as referred to herein incluges firing resistor 52,

nozzl e chanber or vaporization chanber 56 and nozzle

opening 34. During printing, ink flows fromink feed

inkif%%ﬁ ﬁé?né%l é’zﬁﬁ)%]ie@atbiﬁ%rp ?4\8\? gérgﬁ%aggé \\'}Eﬂq;ﬁf geed slot 46
formesldaisabettated 44 Ahreriﬁeﬂﬁfér?ﬁpﬁassg i Padd %6 g?g%' fozzle

of ink wthin vaporization chanber 56 are ejec
opempg ddrorped irfroptfaced iy Qufice layeub8tadst has bynazafenetiamber

: fdar d |.stor, 52) and toward I nt
or Yebghesig 2R e ler sl hfifed BRBh P piehlp A bR Guth nozzie
opdbingBiearehinkdect chanoé! 5 dirthirefith sirectufD48 Nal ity Rsistor 52
. thermal, pri.nthead, a piezoelectric printhead, an
IS péﬁﬁwsgﬁéhm YapprigRiipmhehargberph apd feads §% elestriallyicouple
o ot 2ty ebfirbfind e BpoIcAEh & Uectiea!cyrent.
threuglt selpeied firtng resisterise A dfopsgénarator 6§l asrefeced aorhereinr

. bl I and thin-filmstructure 48 is forned
inciPgBh 3B BS5 2, Mol Saaiier i NoRODF Ao ramben 56 and
nojza:ygpéniag i licon dioxide, silicon carbide, silicon
nitride, tantalum polysilicon glass, or other
sui lPabne priatieg.iigk lowsifrent inkfesdraleti4f to viaporization chamber 56

L ' i ch. defines..
v 1) 885050 SRSHE 1S oAl Bk Eh g
resisher Ssuicicthat erdplpte ofdokmithFegapdrizatien @iher F6UHreEjEdted

al um al umi num or other netal or

ol d, tantal um t -
thraligtiiozzle spenria YELE SmbubrRBHRIY ROIANGO et PlagRrEdringy.
. I .
oo BNy RPNt et do AP EhergRild'B! AR Ibhs2.
andExamplef éhbodimends of pridigeatdiesd0 éimddodi: aethérmalrprinitioead,

a pisziRlachie SBEAT AN BBHPsRETE R, OF B i g of fuic
ejedicH elibs RnholNavih @he aNAhafERBE ﬂ{tﬁgﬂa‘i’é@ fHté @\Q‘ﬁuftiqhyer

fabricating orifice layer 50 with SU3 or ot her

stryséinprep Ubsirate ddde formad, ifer exaraple, phsilic), glasse serawic, or a

st e g SR BT 5TRRES T Btine BhF BF i
passéptionta ihauigtion faybes oksllidan dvxiebsilicdr calaye silicdronitride,
a dry f hoto resist barrier |layer)_and a netal

tantalym; eel'y}sg]ggrﬁ g{assgOr okiensyikaple reaispal ?T‘i‘if‘dcﬂmrﬁfﬂl%we 48,
ol e BE AL HB ol el 1 AHORULARIBE b 1ARloP 2 ane
leads 58. In one embodiment, the conductive layer comprises, for example,
aluminum, gold, tantalum, tantalum-aluminum, or other metal or metal alloy. In
one embodiment, firing cell circuitry, such as described in detail below, is
implemented in substrate and thin-film layers, such as substrate 44 and thin-film
structure 48.

In one embodiment, orifice layer 50 comprises a photoimageable epoxy
resin, for example, an epoxy referred to as SU8, marketed by Micro-Chem,
Newton, MA. Exemplary techniques for fabricating orifice layer 50 with SU8 or

other polymers are described in detail in U.S. Patent No. 6,162,589, which is
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mat eri al s, however, can be enployed to formorifice
| ayer 50. Figure 3 is a diagramillustrating drop
w@emwsneisss s 60 | ocated along ink feed sl ot 46 PET/ORM05/011399

enbodi ment of printhead die 40. Ink feed slot 46

I ncl udes opposing ink feed gl ot sides 46a and 46b.

Drop generators 60 are di sposed al ong each of the

opposi ng ink feed slot sides 46a and 46b. A total of n
ink feed slot 46,

| ocat ed
el Bl B LR ETRiIce. 48 s aromasgPiive ke isdomed
of thicdiseptiate AYPErdYeferfedfPRs AaRRFAL lr%g ﬁ@n% C‘ﬁfﬁe 7 z!11|€8>'Hcgres:s,t

ink feed slot side 46b. In one e
bargigp laveshangt Asnetebpefi@dlayet ta.gd adioke), cwppefreedn/aicrkbl éllﬁoys

0,l ted al
pal By, SONE S Bt AR R EENEHEBL S\ b ot iy 3fdbie
matdrtzds, hoviedirnear be eaployed taiohe dﬁﬂ&b%yﬁ 5@r op
genlgrat ogs 60 can be di sposed al on feed sl ot 46.

| nkPIPEERIS 43 rdiagrap: Wﬁ’iﬂ@%ﬂg dront Qﬁ%@f@@ﬁ%ﬁ@atﬁd@@m ink
feee %U@MH A ShPmBbaRrRS b ? ﬂ%édﬂélgf/ﬁf Ankle8Lg é%g 45? ﬁ{*}luges

drop generators a firing resi
opmlngalr\kefped iskcdsides 46mabe 4666 Bnog geneoator=664re dipsed

o S AR B0k S A i o
geridratone 60xte IJ&&eﬂ ialdritgink¥8e$ 51t 365¢itATm ‘éi"ré’fpg@ﬁ@r%ﬁé\%%cﬁ

60 are ener% zed in a controlled sequence t0 eject
locatedialong btk feag slotaide dfiacandrber & dopgateratormigl located

aof 1 8 Yt QORISR L IRECARRy DhalRAD 8 coppraor

60 facatewaloaglmmée@rmbm@ éndm @gaaswmndumerﬁrawm Bbheédted
die 40. Firing cell %glnclu es a firi resi stor 52,
alogg aeh of re aPPOIng ik feed ot sidegi4Ga @e -dnrather 74,

emﬁb&h{%té eﬁé&faﬁ@ghﬁxb@?'{)‘f drdp of trg%g%@eéa?ﬂ? d@?oPﬁd

Drive swit menmory cir are
alopg irduieedyslotrdd. control s the application of electrical

For HEdeeh SRR oy el T B eAd aihain ik dhseeioss 80,47

dns;bdsseaﬂaoﬁgtwdféw&not Agr Eﬁ@h r&%éh@roééehéra@oﬁsmmmkldd@s a
resistor and drive switch is a fiel

firingr rgstster 22, q mqnzappmqhgmt@;@tmd a:zuozzleeﬂdecEaCl@ af the n

vos BT et 581 AeARy Ao bATp RIS Y 65 RGHn
leagtZonesinklfeed ehashel 34l The 6ifibg réslstoes 82 roeﬁﬂcs;ﬁﬁéﬁeﬂaltm 6(Bare
that i.s coupled to a reference vol tage, suc

engsgiggHdn Wt@ﬂsé ssAuapes, fo aigct ﬂwd‘irpm yappaeationehanybers 56
anogg"u‘r'chr@s SB?ZIQ? AR"tY print GHlifagé dBintTREGILA 861 he state

Figure 4 is a diagram illustrating one embodiment of a firing cell 70
employed in one embodiment of printhead die 40. Firing cell 70 includes a firing
resistor 52, a resistor drive switch 72, and a memory circuit 74. Firing resistor
52 is part of a drop generator 60. Drive switch 72 and memory circuit 74 are
part of the circuitry that controls the application of electrical current through firing
resistor 52. Firing cell 70 is formed in thin-film structure 48 and on substrate 44.

In one embodiment, firing resistor 52 is a thin-film resistor and drive
switch 72 is a field effect transistor (FET). Firing resistor 52 is electrically

coupled to a fire line 76 and the drain-source path of drive switch 72. The drain-
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switch 72. Menory circuit 74 is electrically coupl ed
to a data Iine 80 and enable lines 82. Data |line 80
WO e@si10as4 a data signal that represents part OPCHEHES2005/011399
i mage and enable lines 82 receive enable signals to
control operation of nmenoryqgircuit 74. Menory circuit
74 stores one bit of data as it is enabled by the
enabl e signals. The logic |level of the stored data bit
he r. of f, conducting
soufiEh et A7 SyitSh Tars BbosipPuRamscounied éhaupiersnemlin 78
tha€ ®cduptedéea Qét%r@rﬁcé%l@ag%e 86k a8 Cgﬁ’&%d; #Ad g‘é‘ﬂ@ oP 8riV®5itch
address signals. Fire line 76 recCelves an
72 i ¢fpairicabyipeuried jo eremgry @itduitedt thad cpntieisdbs stateejﬁellrrw
swity] 6 to firing resistor 52. In one embodi ment, the
energy pul ses are provided by electronic controller 30

t o Meweoryiciredit F4as ermnctau?m#g%a tblt %@ﬁtggwﬁ% Q\F}gtggrralblzee
t

indR) §4. 1Dt 80 dBesvonaidata sieambiat spreRaatsmashor an image
ancg REbRUMes ED re'ce v@rér%’a%léy hals t%%dﬂro?ﬂpé%?i?ﬁﬁéﬁ%é%

e energy pul se resi stor
orroegltem Memcdyfcrrorm dﬂoﬂomrmrreabrbof Géta dd it @b en@als&\nbtycthe 72

endpls Bianals i SR vl ShtheralorerLia i hitess o Aete ko g o

off, aRmeiek oﬁﬂon@o%h@tlrg;)'o? RivE SIRIERLFL ﬁhé‘@héme srgnals can
‘illustrating one enb ment of an inkjet print

includeiang erenpreselagt srgnatscaatde@ﬂeor nooe addrasscsigrals. ar r ay

a0t 78 Yofalist o ssleta B siore] boBpfiShbnralhl e Eha

proVidesrah eedrgy plﬂlseitoefrm”fg“ mmar 52t ih 6he efron@IrrﬁemJ Pise energy
102a-102n, In other enbodi nent s frrrn% cell's 70 can
i

pulges are arpg/ectﬁq by slestrpnic sandrller A 4o Bavefintad etaging iiges and
timefd SRy o Sidf1cAE pdie dPod'c shifdy € iR antiAfhol 98 ia

in the vapgezhtiont chdmbems6 afd dmje genarsor Gmelderive\mvitmlh 72 is on

(coh IS Sy BB b ThPE R S R i

frorhidrbp Q;e‘h%rétér é@ I Gy é\m@cﬁ P2 Iﬂseéﬁ'(r'ibrfléoﬁducﬂtﬁg? UhRE '<tRgy
or subgroup of firing cells 70, is electrical

pulse dpke dot beahiringtesistos 5B gnd ihe 8highiemnaing ersdma@ermatpr 60.

endibhEp i SRRk gl ME8edlne EffatfinSHibd Sh et

prnﬂﬁéﬁ@ﬁﬂﬁ@@bﬂ@r@vbMMe@ht fi00] Firirgetdisartdy T0@ imdiudes a
columms are electrically coupled to mdata |ines

pluradi@aofitying eells: 70 aganged dﬂi?é" gHiaves Ho2a1iP2n. Ingmne
embEIRESH Mg cellPFH afd alrBfigdd FRb WWre groups 102a-102n. In

other embodiments, firing cells 70 can be arranged into any suitable number of
fire groups 102a-102n, such as four or more fire groups 102a-102n.

The firing cells 70 in array 100 are schematically arranged into L rows
and m columns. The L rows of firing cells 70 are electrically coupled to enable
lines 104 that receive enable signals. Each row of firing cells 70, referred to
herein as a row subgroup or subgroup of firing cells 70, is electrically coupled to
one set of subgroup enable lines 106a-106L. The subgroup enable lines 106a-
106L receive subgroup enable signals SG1, SG2, ... SG that enable the
corresponding subgroup of firing cells 70.
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includes firing cells 70 in each of the n fire groups
102a-102n and each colum of firing cells 70, referred

w0 eoosaoasn as a data |ine group or data group, PEEUS2005/011399
el ectrically coupled to one of the data Iines 108a-1
08m In other words, each ofq1the data |lines 108a-108m
is electrically coupled to each of the firing cells 70
in one colum, including firing cells 70 in each of

| TR EF B R e cadind 57 i et I ipend pampat

redeivel dtafsigndle D1, O UNDm | iveey. fiEhd | i
© each ofa sta%% fire groups fgg%&%ggﬁl %éadt:magﬁ?%eﬁqic@&gnbg

inclydestfiringzgally 7@dnsash afdhe adite groups: 102a1168n@rid sactdcoiomn

' t i ncl udi.
of filtfa S Pl Th AR 202 Mhta E brdh A GarelfotiB R o
elettiizafly conpledab lone T the dateliiay 1084h0860! MBthel \nsr%g eBeh of
n.

firing cells 70 in each of the fire groups 102a- _
theydate Bz 1hEar 1RER 1> alepkipaliogouRled te RGB! e Brieg Rels 7@ in
. ) . r S
oné S9uR, BT R 0B bl el 2. o
exajnplgpdatad lineol 0@a iscalboicatyncsyplad tapatidof teefilrey cells 70 in

355 BRI, Bt 08B TR SRR e e i g t02n.
Da@hel#08b |9 dleclicampsoupiad 36 a8 Wiy cdils £o i n@é‘é:’ﬁdg?cent

102a-102n are not limted to having the same nunt
coldmmganslipe OBnaverdeand ineluginggata linestQfiud thatde klastricatiy

' - . i f . .of '
col 5 SRRy AR o UL PR el e
70 ot dach 6f the fyequpudd2624A2an. | n addi tion, each subgroup

can have a different nunber of firing cells 70 as
conpEeRbogpHeny; ﬁer?ys?@gg% Sligngse AN iEpagpUPS H92a-102n
: A 1 fad L L)
andEaUpoF e R fFo Grlins) FUZNOMITRAICR 14 LibAIGUBE et citht data
linecgioups 7 On iotheraarhbadimemnds, farray PG oas béGRwnperintr any suitable

nurShES Elrblog B Higb L fup ol idbh Pkl BB
and 8at 181 giotpk! Yn afy I@n%diﬁwefn't,ffﬁi grd\epsl 102a-4 b2k are not limited

receives fire signal or energy signal FIREL . In fire

to hpvigp theosame swrbasfofisibgrqunsrrnctdatadimeadpyps. Instead, each of

[ I f | [
e gronie 105 00 o8 felh ek MK S\of i Hior
datanishel grolipsiias Gofripated te any biar fikk gireup 10281 02h. tiheddition,
firing cells 70 is electrically coupled to fire |line

caciy HPGrAYP cRBdEvVees diffierentdiumrer iirisaaeys 79 ameemparchio
o) 8 Ly, S9036h HOEITE LA 5 hepd 3 ety of
firirgpeaitsn/ G a$ eompaced tanyt dbtherata lise fgraup.t o

The firing cells 70 in each of the fire groups 102a-102n are electrically
coupled to one of the fire lines 110a-110n. In fire group 102a, each of the firing
cells 70 is electrically coupled to fire line 110a that receives fire signal or energy
signal FIRE1. In fire group 102b, each of the firing cells 70 is electrically
coupled to fire line 110b that receives fire signal or energy signal FIRE2 and so
on, up to and including fire group 102n wherein each of the firing cells 70 is
electrically coupled to fire line 110n that receives fire signal or energy signal

FIREN. In addition, each of the firing cells 70 in each of the fire groups 102a-
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ground. In operation, subgroup enable signals SGlL ,

S&, ... SG are provided on subgroup enable Iines
wae@aadasl to enabl e one subgroup of firing cePCHUFDOS/011399
The enabled firing cells 70 store data signals D 1, D2

... Dmprovided on data Iimes 108a-108m The data

signals D1, D2 ... Dmare stored in nenory circuits 74

of enabled fi r| ng ceIIs 70. Each of the stored data

ignal s .D1 sets the st rive switch
102386 iERy Sule 2B B TPR Felgr e erb T2 el isthed o
groGméit ch 72 is set to conduct or not conduct based on

the stored data signal value. After the states of the

sellB@pegaiipn, vebsipuicerable signads S&1, SG2,ene8Gy asé prmdided on

d [ 1
surBhTL BB, ARGl e Sebi gl St ftidtodo. e
endbted fideg célhsem ?f‘ﬁ%@ﬁ? %lgthSOIDlm 32 fl[Dmer*ovﬂleHSonr@ataTh@s
- nlnc udes an ener ul se
1085 E08He 0P SRlPSOTS Bo e dDBM At S0 BURGIdTy cuciitsa of
enaﬂﬁgﬁ@%et@ﬁ 20 CRSIcHi A ¥hd 5{dr8d d fa%. ngﬁ?%tn fpﬁﬁ%% the

have conducti ng r v ches "7
staterafrdyiveecawitdhr Thin owrs dbtherendiedéidng aelis ) edthe drivesswitch 72

o o T S RS SR ™

Sublﬂ’té?rbtﬁe%ftatéls Iof B §81bbid dHiveSdwitdes dahr $dt9hRlchekdy
Dmin the enabl ed subgroup and providing an

Slgr@i eﬁ*@ﬁsﬁ liven ismrREded | grethetfise dnerldi0ge! Tarm corgesnasidingiosthe
fire gjt?%%xg 1 b?%A%@%ﬁﬂlg&H@%%?H@ ngg‘&{éd”g{?& rBUé lof lefnb ®hdY0. The

ene‘F%)zREigI](E)I REREifHREn\Ih@Iadeé an &r@egylepmeé f'ﬂHeeelﬂirgy prulsse céﬁ

a- u e signals

pmwﬁsﬁ@@ @218 %ei@fégii ?'&E an 339@ d 19%69 r?é\er@a%ar!aa pesigtoss 52in
r n

firin) IS hat hafe SoRBtHId I Aabnel 2. "PHE EnBRRREfiing

residtara 92 mesg anoBzedO8noatwipant rendiugy 36itg mht En RBBGE| REN

repisellied by fits B L Bee - BNT THeongsr 5 endbies

subyr?umn@f ﬁﬁﬁ@r gell70 Alto dawes.gna@ DRPDY. oww%mnaﬁ
1 Il

s 70 is en Ied by subgroup enabl e signals
subg@up amrowdmgsam_em@rgytsmr@ @3513? B.Egl t9 @erglzgzﬁrmg
0 t,
res R 158 PR B OO0 LU SRS DS
ti madnd ambbaiment] 4s Bhexesgydsighaki REN -5 IRBh $©provided to a

one subgrou in a selected fire Prou 102a- 102n
selggied filR§r4HA Q,QZ%\;\,pg@,h%g)group enable signals $G1, SG2, ... SG.

change to select and enable another subgroup in a different fire group 102a-
102n. The newly enabled subgroup stores data signals D1, D2 ... Dm provided
on data lines 108a-108m and an energy signal FIRE1-FIREn is provided on one
of the fire lines 110a-110n to energize firing resistors 52 in the newly enabled
firing cells 70. At any one time, only one subgroup of firing cells 70 is enabled
by subgroup enable signals SG1, SG2, ... SG, to store data signals D1, D2 ...
Dm provided on data lines 108a-108m. In this aspect, data signals D1, D2 ...
Dm on data lines 108a-108m are timed division multiplexed data signals. Also,
only one subgroup in a selected fire group 102a-102n includes drive switches
72 that are set to conduct while an energy signal FIRE1-FIRER is provided to
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72 that are set to conduct while an energy signal

FIRElI - FIREn is provided tothe selected fire group
waomaadazn. However, energy signhals FlIREl-FlI RBACT/US2005/011399

provided to different fire groups 102a-102n can and do

overlap. Figure 6 is a scheggtic diagramillustrating

one enbodi ment of a precharged firing cell 120..

Pre-charged firing cell 120 is one enbodi nent of

the KepbiteCis crpilp d02% R Mnders npraitaigno FIRBA-FiREr

prdwdechtb diefeteiitdite Broupd M G216k t switch
172 is a FET mcléudlljdng a drain- gg%edopg{’%ﬂ;p
e

el eEiqure § i is\a eehainatic dingeana illustrating mmed&mbodlmadnft of a pre-

i L ' ot.h end to reference
on G WGSBSt 06,0 o B oBatbrdncFing
celf éﬂer‘l‘émmevmarge@ firing ¢l 4209hElUAEs aﬂme%mh 1782 Eﬂeef?lcauy

firi reS|stor 52 is electrically couple

cofied th aTngSEsIel 57 dbLoRRSpoRimants idgwarsmch éﬁérlgp FET
incRId¥ga oﬁréﬁEsdmeé wsne%ﬂ%r 29y cpﬂé%agaé o}% or B e F”' ses

energi ze firing eS|s or
firing fﬁﬁlﬁt@t’ bA@Nd atlibe géiter eofd fhra vefemmicedinel 7. f'DhéT’Bef@rence line

123 9o R BB R al e Sk 2o pnshnd he otardeminal o firing
reskRGUSRI Sloctidally Bl HirblIfrCTIA Bt AN ffe 1dflal or

and a sel ect transistor . The dral nsource pat
engygy sigal fREdnelugina enargy wm81%®emrgyw%sm&mlze firing

res?s‘wlpb i JrR/easzc%l 1";2[? gogl%lg%gfrgqt hat recei ves a

recarge sl gha )rve switch 172 is

el editra gatklof drmersi\/md:htﬂzt foeme raastﬁr?w:ﬁ@@e @é‘éﬁbl&fnce 126 that
e-charge transistor 128 and the drain-source path of

furBlipas a0 e BRUIGY SleTm 1O i SiAte PUrSUAtda e peeddibr
actk3Pohof &l p?r%té @% ltﬁén%%*’cﬁj %éﬁ’d 3 Rl® ?rranlgls?t?r sttt “z‘lh‘é‘ﬁrain-

receives a se si gna e storage node capacitance
sourge piath ahd\gate of nwblmfgbltmjstam 28 areseleatrtcaﬂ? cdupled to a

orest BB B R Vi B SRR, LR g B
1728 SlebiRBRY @b@pslea 36 ,th@dfduﬁ%buﬁé@jﬁ@cﬁ%f‘p’r@%ﬁb%&ﬁaﬂé&or 128
and a second dress transistor 140 includ

andithg ﬂr@mﬁpu@ea@ath@ﬂsﬁact trepsistascit30i ckhe gawcmfmew:t itransistor

108, Ao 5, B30 SATRL P 0 oy SRR BAST e

s’[otagfmﬁo@é eapdditance ﬂeagfshbm| ihY=aebealliads bed weepait b€ drive
ai n-squrce path of select transistor 130 and

SW'FQQ 33_(%n emawehyz,@ carreliaieserarais fremi driverita he? can be

Emé 130 coupled to the parallel
use%?%% nati on of data transistor 136, first address

t r afsiada trandiBBradd, adirsiabdidds &aasistarisitsarat a béGond address
trar?sl.ls(?t%tr r‘|48 mclxde drain-source paths that are electrically coupled in paraliel.
The parallel combination of data transistor 136, first address transistor 138 and
second address fransistor 140 is electrically coupled between the drain-source
path of select transistor 130 and reference line 122. The serial circuit including
select transistor 130 coupled to the parallel combination of data transistor 136,
first address transistor 138 and second address transistor 140 is electrically
coupled across node capacitance 126 of drive switch 172. The gate of data

transistor 136 is electrically coupled to data line 142 that receives data signals
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coupl ed across node capacitance 126 of drive switch
172. The gate of data transistor 136 is electrically
waeowphendst o data |ine 142 that receives data sSPQIEBENN5/011399

- DATA. The gate of first address transistor 138 is
electrically coupled to an gfddress |ine 144 that
recei ves address signals -ADDRESS1 and the gate of
second address transistor 140 is electrlcally coupl ed

ei ves address

~Diyt 86 Bl Pbebateyme® Baaistargfin & Sesthae i epuied tan

dériegsdihe 1440RRERTE al
2 i ndi cated by the t“ﬁggaa ?ﬁtalr?e %%gﬁ?nﬁb\é@?%%g%@&

secqrghradragsiransistoriddds ﬂ¢a|b!rﬂm1p1@13to psecandaddress line
ata t
030500 e e APDAELS, A R
addrebs sngnalenpﬂg?RE)S? W&IEBDRCES{SQ@% é?t@é \ngn tIJow as
r rou re-charge transistor
'”d&agﬁfm H‘ge g'dﬁu (gha?té\ﬁgbe%m'ﬂsg% thripigaabRamee Emmqte
caddd"tﬁnéé”az Eré’&?a Pﬂﬁfﬁ?&t 1 Safste?éczj’zg%sﬁg&m I8Vl fransistor

tage pul se on ar e 1 ta Slgna
136 amr Addseanmsiﬁdrsam%jand 1I440rferrﬂ1@2mbmcsrytcetlhe state of

data t tor, 136 _and ad |s - SS1 and
DRt e cAratlionE 106 ool -fdigsd hip U e seee
trarsstétot 28 Hyadresidily 4 inigh leadpkrcﬂ@@etmﬂébs bARE- c?aéﬁgeﬂm’e 132. In

second address transistor 140. "A voltage pul se of
onggrogireant, aitghtheudighileve) N@ltii@féﬁubﬁ @ep@echargading3iB2, a

cat SR 9B ol 808 31 Beigi £5210 PHRRERE A0S St
136 aa@sldsltesrs é@ﬁalaMMRES&%@GAMESSQWB%NM%@N S
Al ternati ve aci t?nce 126 renui

acdiias s 11 @Rri46 to et doe SLatswor et afdeaaarEansistor 138 and
seégnlﬂ’hg#(frégé tréﬁ&sﬁ‘ﬂdl Cﬁ?oglt?@' F%é 1&% gﬁﬂ’ﬂeﬂt?ﬁ o%ﬂald%rl

Pre- charge i I'S an addresse
protidednen selett life Had to tutd vesselsitdraaisistoAtEIRESS hodrd

carcdancs 68 dircnaes B aghafianaier 108 FikS addresRdiatiator 138
and?Bﬁéé@ihd édd*@%@ tigingiseor M@ﬁ%n SAﬂtéaWatnPé@ ﬁds@é g@ﬁacntance

firing cell 120 is not an addressed firing c i f
126 éememérc@a@@ed lidataitiaagistosilgRaficst aﬂmsgr@%tﬂm% and

- ' " & apaci tance 126 di scharges
Secr@%éé%*%ﬁ'?% 1%@?%@%?lg£| - DATA vol tage | evel. The
f i r Bte-eingrgeediving celldr2gsis dnr adiressed firid@ e ifboli¥address

nprise_an address decoder, and data transistor 136

SigRRRAIRERS L and 2DDRESR2Areray@nd nods capacitance 126

either discharges if data signal ~DATA is high or remains charged if data signal
~DATA is low. Pre-charged firing cell 120 is not an addressed firing cell if at
least one of the address sighals ~ADDRESS1 and ~ADDRESS2 is high and
node capacitance 126 discharges regardless of the data signal ~DATA voltage
level. The first and second address transistors 136 and 138 comprise an
address decoder, and data transistor 136 controls the voltage level on node
capacitance 126 if pre~-charged firing cell 120 is addressed.

Pre-charged firing cell 120 may utilize any humber of other topologies or
arrangements, as long as the operational relationships described above are
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capaci tance 126 if pre-charged firing cell 120 is

addressed. Pre-charged firing cell 120 may utilize any
woeoosans46f ot her topol ogi es or arrangenents, aBCT/ORPORB11399

t he operational relationships described above

aremai nt ai ned. For exanpl essan OR gate may be coupl ed

to address lines 144 and 146, the output of which is

coupled to a single transistor. Figure 7 is a

Sschemat | d|a m|I ting,one enb nt of
maifialicd. i DI 668 mad pe i RS o damgs dars 144
andamwh@@gtpm@lfm B dupleal toté{sm@l@frﬁﬁéigfo@ed firing

ell's 120 arranged into six-fire groups 202a-202f. The

pr ddoidegets 3 sehefpatiepiagramaliysiratingrorie embgeingnt of an mkjet

prln?rpg%{ f?rﬂﬁc{ c&Yf eré gﬂ?ltlﬂl r?gg!?%lb%QEQgggqﬁﬂgﬁg%%}lur%% &n pre-

chargaz} fhtivey g@ldt 12@ angngedi lirto 5B6fitegreupe R 02a2Gate The pre-
gratl caﬂ%h@rrangrbg into 78 rows and ej ght colums,
chaéaq Ufephce repﬂreue%e%ozf.arreﬁgh@@aﬁ@alam@rranged

t
RS Ci L SR i S Uil
ﬁrmgo:edis gi20 id vyl ZGCEarezs)ﬁwnrmmally laatanged entoe’ Sledves and eight

e t i vel

colingceithoigThibe RPRtS PLRT 5P RS tinskceléand birevertaupy
varPhs d@kpedr oup, includes pre-charged firing cells 120

In _each of the six fire groups 202a-202f. Each of the

f i rihegeighbt celunws ofpreshardasd rmg eellsHi20 armelgetricaily cagpled

o i 8t S0h 2R AR b BB g oL ok

res%@dtﬁrelly' @a% GﬂmzegééghtedlquHOMhspEﬁférye@WhFFin ne atc}mgs!masq;roup
at a I nhe a tathe ctrica Yy ed to
or dafia gfRHR Nl %er%ia%rgﬁfiéﬁ@ssqeﬁﬁs@se qaﬁhtO?ﬁ iﬁe six fire groups

202%%(&3“%&& ffthé'ﬂﬁ %%'ué%zé% abh B RbPFLbécl%‘g%dWirﬁ@

ctrlca ycou to eac
cellpri0ds ategpiricaliyrdouglaskio csnamtherdata dinea20Ba208ko| Ahpre-

oneiiSh BN ot 335175 L5t W BSLS Bl SebfieBTFodheh ]S id e
dat& QH{a'z@@atzos?ambt Rf elbbeicaneebasiegdo the haesatlths dagp i n
t he adjacent columm and so on, over to and including

trangigtars 13feiribetprereharged firing celis 220 {n ﬁlﬁﬁm@zﬂmt o each of

cordmR e I e ciBaNf Coldled fiPenth bEfrel fe;dsBLd firng
cell§f1 20hA the f4r left @bnﬁnﬂQﬁelan@fprerMrg@d\lﬁnng caﬂermda@crl'geﬂthe
firing cells 120 are electrically ﬁgugl ed to addr

fire groias 20¢a298h gPaimling 403k eelgabica WRjRdIte eagh o of thenpre-

charged fi Ng cells 120 in the adjacent column and so on, over to and including
data line 208h that is electrically coupled to each of the pre-charged firing cells
120 in the far right column, including pre-charged firing cells 120 in each of the
fire groups 202a-202f. |

The rows of pre-charged firing cells 120 are electrically coupled to
address lines 206a-206g that receive address signals ~A1, ~A2 ... ~A7,
respectively. Each pre-charged firing cell 120 in a row of pre-charged firing cells
120, referred to herein as a row subgroup or subgroup of pre-charged firing cells
120, is electrically coupled to two of the address lines 206a-206g. All pre-
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15

respectively. Each pre-charged firing cell 120 in a

row of pre-charged firing cells 120, referred to
wheesitos4as a row subgroup or subgroup of pre- cher/gsmos/011399

firing cells 120, is electrically coupled to two of

the address |ines 206a-206gg Al precharged firing

cells 120 in a row subgroup are electrically coupl ed

to the same two address |ines 206a-206g. The subgroups

fi 202a- 202f [ tijfied
oneBld i 58 32803, SR ST 48Ln 3 bbb btk o e e
twodiitessS lifgs 205-286g- 1 through S&-1 3 in fire group
two_ (FQ&) 202b and so on, up to and includin

sublteosifagraaps of the Hegioses 2@@a1292rf areidgndfied eis)subgEa)ps
- 202f
56 o, §1 s STHRATRY i BT 1020 s Bl S lovor
SG2-4 3dn fire geouguitvgy (RG2) %(El:;:bn@ sbamup tolfariglr ltﬁcIQF&fgg@!bgroups
Irin e el ectrli cou e (0] WO
SChnadsT B TS Tulitagnb svh i bor 208t e Sthar arabiodiments
eachfa 928@;9 299ﬁrmpeaﬁl.mua@aﬁy %gﬁg@g%n%@r Hsth f&ﬁf& k¥ich

coupled to the first and secon ress transi stors
as tier enwdle B4bgiaupst | pre-charged firing cells 120 of the

e e W
twoilIr€5S lité P96 5206g. T8 tW@Obdcﬂ'@s@nﬁeé hesatdosy c@%@gaﬁdmg

i ne 206a-206g is electrically coupled to the gate of
to a sibgseuie are plecsicall eotiplest todhg fisansisenpideadsdress transistors

138%?&‘%69:9% }le'”%héfb%d]fdrﬂrg JAQ}@, Pﬂ)ﬂéﬁﬁé édgg?&rﬁoéﬂeza%ﬂess

recelve a

hnecznw 2064 @eomcdﬂay bdmsqoladdm s gsiegpfadre ofAhe firstAhd second
to the s

address Baesiaiise ot satbrQrnd e plen 2efrassd necr98a-2960 i o
ele@tﬂgélyécﬁgﬂ@d té’ﬂféV%&br&f tREdfRY DYl SMAk swgt%d secdhd address
~A n a

ress es 206a-206g. I n one enbodi nent,
trarmiklorss $38 and 4480 dhecadlyeas ines 266ai208yl rycewa;ad@mess:mgnals

ne ddr ess erators rovi,ded on the
-AfRA g0 Rf andie SEtpRRNE SB4E sHE BHaf SaRt Al
~AB DM sulr&dps offRe2array 26URES féllsivgdr ovi de the

pre-charge signals PRE] PRE2 PREG to

Row&ub@s@@m&ddgess $'§ng|50ups ZDBQWZ@QIPQFOPPé charge |ine

AT 750 col | 5 120 I n oL 202ho Gy b SRarhe B T2 101 8

~Aflge3rically coupled to all|pEereghecoez . figagaga cells
120 in EG 202h and sa on__\p to and including

~Ahréddharge |ine 210 that i 558%8t$Bad 1.y S&Aml ed to

aHore—charged—ringcetH a0, as5ep 203t ;Each—of
AL RS : SG1-4, SG2% .7 5G6-4

re-charge |lines 210a-

~A1, ~AB SG15, SG2-5 ... SG6-5
~AT, ~A7 | SG1-6, SG2-6 ... SG6-6
~A2, ~A3 SG1-7, 8G2-7 ... 5G6-7
~A2, ~Ad SG1-8, 5G2-8 ... 5G6-8
~AZ, ~Ab SG1-9, SG2-9 ... 5G6-9
~AZ, ~A6 * SG1-10, SG2-10 ... SG6-10
~A2, ~AT SG1-11, SG2-11 ... SG6-11
~A3, ~Ad SG1-12, 8G2-12 ... SG6-12

~A3, ~AS SG1-13, 8G2-13 ... SG6-13
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2 1O is electrically coupled to the gate and

drai n-source path of all of the precharge transistors
wQa2@sies46he corresponding fire group 202a- 202f pPCEHOS2085/011399

precharged firing cells 120 in a fire group 202a-202f

are electrically coupled to4pnly one pre-charge line

210a-210f. Thus, the node capacitances 126 of al

precharged firing cells 120 in a fire group 202a-202f

are charged by providing the correspondi ng pre-charge

signal PRE1 , PRE2 ... PRE6 to the correspondi ng

Pr eSabgralpd dfiire2radt iiing S6he 820 bid'dqt8a B Aroviding

recei ve select signals SEL1 ,

addresyisignal $eAderde- sT/gE@nsamas nmzosa -2066L tn bne

0 212
e TSR 48 b 2%
moa:elakjdraﬁcgerreré’@ls piiadedboh eeinthdatedid Ut i s

eletrlﬁall di& all pre-charged firing cells
120" [%C ug -340fgRceivs rre-chae aignalsi H%EéePE&Z
PRE t
PRECEGDIAAIS e picSorfarfp S PREGERES. ! PEEG 0 (e
corsespanding fiesgraups 22)23@2024 Ereahargelinhey 2¢0a s el@ctrmauine

cm%ﬁ%& é&% (@ q?g;g t argﬁ @tnggf s%@éfln r%ﬁ%&?@ Pre charge line

2108 & sibetrigally Ebuipiag t6 lllpte-LRAr géd:l fivirld é&lsg’f’éw 832028 %nd
are electrically coupled to on one select line

SO 9Mp4p $a and inglpdingipieshangeline 21 gfrféeéls\@ectncellyscqnﬂd_ad to all
pre2 %ha?rggﬂ gMnﬁ'c@]@H?&)Fé%zOf i of thgkﬁgé‘é\%{r]ge RESY b 6a-

nergy-si gna

21@fds lelmqmmuﬂyrt@ubiercbtoghelgae 208 aranLourts F@tH ohgll Bfltﬁé pré-
irin

chafgs eI the G NRs RN GIDa S Grarra0 24 2887 ;And il pre-
| |
ché?rgé@flﬁﬂ tR118H20Rh & FRYre d&szh rflé le{%cirfu%ug%ﬁ%d to only

so on, up to-and inc Ire
one fpeg-charge lmetﬂQaaIZﬂ Of. cowys, dhe nodalcappmtam::lear@ﬁdoﬁalkpmg

chdi§oy Thdeels 1gbne o arolb AoRa R ot Efras Baroviding e

corfespordepechdrgt ey PREBDPRERY. fPREG 46 ®P corresponding
202a- 2021, and all pre- charged flrlng cells 120 in a

prer¢hasgg lipe? 1989210f02f are, electrically coupled to only

oneS{eI'eEFlnln%snf’l%ﬁ@?rje%fewe-r ect,t'a ighdid %‘1%3_12 ; 14§Eg§%nd

el e cal coupled 10 ex sup
pro&;Smrtthprseilaeécﬂ slgl’:]eﬂs SEg_Gf pade. .. ( &ﬁ% td{gguéelsor&ﬁﬁg firglgroups
C ed firing cells in arra are
Zofﬂ E@?fr A%%Jﬁg{/'?% 219 elgclichly epypied to aH@erbafm firing cells
126 InPeGH el %&é@ﬂﬁ% 2P28 RAGectilally Bsudled WG pFOlRardsle

harged firin sub roup
fmr;gr @ellshb&cgmcF(BQrZOQ@ arel $6 ot 20p & enélnmtmdmg aslelgct line 212f that

is electrically coupled to all pre-charged firing cells 120 in FG6 202f. Each of

the select lines 212a-212f is electrically coupled to the gate of all of the select
transistors 130 in the corresponding fire group 202a-202f, and all pre-charged
firing cells 120 in a fire group 202a-202f are electrically coupled to only one
select line 212a-212f.
Fire lines 214a-214f receive fire signals or energy signals FIRE1, FIRE2
.. FIREG and provide the energy signals FIRE1, FIRE2 ... FIRES to
corresponding fire groups 202a-202f. Fire line 214a is electrically coupled to all
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coupled to the sanme address |ines 206a-206g,
pre-charge line 210a-210f, select |line 212a-212f and
WO 200s/10345€ 214a-214f. I n operation, in one enbPdi/Oe2005/011399
fire groups 202a-202f are selected to fire in
succession. FGL 202a is sel ggted before F& 202D,
which is selected before FG and so on, up to FG5
202f. After FG 202f, the fire group cycle starts over

preb o e G cEbH 31, 2085, e T 5 T4kbis Slavisicaiealed
to aslilljgf@-bﬁargé& firing/sdlls. 120 1A F G2 208 AU Liitalahd Mliuding

group addresses before repeating a row subgroup

firejing 234 thahis eleririeally eupied o alhpre-chad@ed. firingA®lls 120 in FG6
j Ly 06a- 206 t t ne r.ow
208 4420 6 (AAHELS Hhor i KOS ARSH R Soord e i
resiptorsps2 Bihe- APRIspoRtimgaite 6 Gp 202821021, 4N ai\Bre-chargBd firing
e t one row subgroup in each of the fire groups
Ce'%o@ g g;oqp,iofe\]gpgf aRreegircaliecqupied b eolysone fire line

218820480 o RF1221H SHELECH I/ BA1E o KRGyl

cirastitay By @ippoopriite inteface badsr (Ses Ufignes23A aﬂaQEB)f Allhsre-

chdrghd 8h8RYs J20% Atray 20k Si8BeALESaifen b prisfaragee tine

216 evatsshed el référéhé@v@l[é&é?%u@ﬂ%%‘l&%ﬁd. ’?‘Eh&rth%}ﬁelrﬂx%?ged
, ~A2 ... ~A7 selec

_.row subgroup, address signals ~ B
firingheells 14Q inawpw sbhgmup efpreedianged firingl dels $2@ poe elewtrinally

t S t ation, one o he fire

co i b vl AR o SRR ol 2088 0 R BabEG i i
lines2 el 1PREAd fireitie2214a-2RRE6 on the precharge |ine

210a- 210f of the one fire group 202a-202f. The

pr eNcPRETGHOR 1§ AR gRRadimenkiite groupsrf 192 fare sglected to
. Li . " . . . .
off 88t A A0 Gledbab @ nohgg, YLl
beforeeFGidearid se ogr up o FEG2Q22fAftey FiBARGET) the fiee bragip cycle

sta sY805h Gl apeds "LPyRir Sher SealfBecs. dhicBgauentia

seldcttistady oo @fidegss |ines 206a- 206g to address one
r ow sub%roup in each of the fire groups 202a-202f,

i ncThelpAgrasssignals s@dgrédp - i PAT legclprtbraighrtyed X iovesubgroup
) . i ~ ~ ug=D8
o048 B0 PO eS8 Sy B aue Ab e -0

~A2l | SAT proyidedpen 20drs80Rts 206al208garet 4t ta dreadaesLbgPBup
dsubgr oup in the Pr echarged

address during each cycle throughthe fire groups 202a-202f. The address

signals ~A1 ~A2 ... ~A7 select one row subgroup in each of the fire groups

202a-202f for one cycle through the fire groups 202a-202f. For the next cycle

through fire groups 202a-202f, the address signals ~A1, ~A2 ... ~A7 are

}changed to select another row subgroup in each of the fire groups 202a-202f.

This continues up to the address signals ~A1, ~A2 ... ~A7 selecting the last row
subgroup in fire groups 202a-202f. After the last row subgroup, address signals
~A1, ~A2 ... ~AT7 select the first row subgroup to begin the address cycle over
again.

In another aspect of operation, one of the fire groups 202a-202f is
operated by providing a pre-charge signal PRE1, PRE2 ... PRES on the pre-
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fire group 202a-202f. Next, a select signal SEL1 ,

SEL2 ... SEL6 is provided on the select |ine 212a-212f
w@Rooshes4ps e- charged fire group 202a- 202f to sePE€rUS100&011399

pre-charged fire group 202a-202f. The sel ect signal

SEL1, SEL2 ... SEL6 definesqg discharge tinme interval

for discharging the node capacitance 126 on each drive

switch 172 in a pre-charged firing cell 120 that is

ongide e s Aot g el rons S03ackicts Jbe nrecrwece signal
PR RREY . f iPREGHRHReS gqﬁggzp%frgsﬂgh iﬁﬁ%éél‘ %}gﬁe@id&' &lting which

. level data signal ~Dl , _
timeahgdiadeneaparianem 426 wot eatthsdiivg witén1p2 én teaowefire group

20pa 2028 o3 19 5005h Rl RG erohates haectiezaroup
202a@f@f. ~D1 , ~D2 ... ~D8. A high voltage | evel on the

node capaci.t aqce 126 turns the drive switch 172 on
(c o%&'g SSjgnalardeh ~4vd ve~Adiare peevideed onrmddiesss inasc2@8h-

- . C
2008 18 pBRRE R P arPLE i Bhch By BRI rolbe 2880 2kec
inchudingheneirew subgeolB inatha pré-obfargdbfiregreap et 2b-2 @20 Tmta
. a-R02f  Pre-charged fjring cells 120 that have |
3'9%%&% i Zonri”vFgé1 Q(ﬁgPW@?dﬁ%F‘a@H}ﬁ?&O%?@%io PrvidRyfata
to alheird groi LE0r | {headdd ' upk -
° t her c%r ru gg ggggi Zﬁéz;%? g%ldg@ner atdocirag%@%\’?ﬁﬁﬁrro EBE?E@%E} ©

charged five grouhaPaa-e82f.n successi on, the sel ect signal
SEL

i f.or fi roup .202a-2p2f s, ..
used A% ee%rség'?%alsr%léﬂssl %':gl g%?qs pg%fée_ F’F‘thﬁééi%}'"e
21@2@1@&& thei pre-(gfamg@PRE6ﬁtb2@r02©f Zchz_aTZ@ﬂftb%e‘rétﬂzoglﬁ@ Séz-f@ﬁé‘f‘ged fire

.. for one fire grou a- )

gr%lpgi%gg%ﬁ ol e peleet SipRRlPElSE SEL2 SESELS defiasca disgharge
. i an: , f - '
e 3808 Tl T e 00 0 A bk 17
in aPpE2chargedRiERg chdlt t2Giha i sithedhat in-2 addres&8d esve subgroup
. ltiplexed in ti a t or in the address row
in Sssiied Bfe efun A4 202 raiiestd Ppdclgrien ird Sloun
2024-202f a.&ﬂéceiviﬁ&laawiﬂh lev@idata digpapebectpsi gnahg Sirhd node

SEL2 ... SEL6 for the selected fire group 202a-202f 1s

capacilancad 2prdoasntgisahiaggein preghargeeiizing cellore6 that are

w3850t e BERYBe BRAT 2924 2001 GG 0G5l oM ha
sigRaReD 202D2i. s ~BBIPAdtigh vbligge Rivetbn shenade SapacitandelR26
for the next fire group 202a-202f 1s

turpg Q\ﬁS@El@?P switeh dRaogedgordustig)cel s 120 in the sel ected
:I‘JgﬁggPQ%\‘;lé %@it&ﬁeé@ﬁ il e L8G4 e LU EE5£909PER set to
conduct or not conduct, an energy pulse or voltage pulse is provided on the fire
line 214a-214f of the selected fire group 202a-202f. Pre-charged firing cells 120
that have conducting drive switches 172, conduct current through the firing
resistor 52 to heat ink and eject ink from the corresponding drop generator 60.
With fire groups 202a-202f operated in succession, the select signal
SEL1, SEL2 ... SELG for one fire group 202a-202f is used as the pre-charge
signal PRE1, PREZ2 ... PRES for the next fire group 202a-202f. The pre-charge
signal PRE1, PREZ2 ... PRES for one fire group 202a-202f precedes the select
signal SEL1, SEL2 ... SEL6 and energy signal FIRE1, FIRE2 ... FIRESG for the
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~D2 ... ~D8 as the energy signal FIREl , FIRE2 ..

FI RE6, including an energy pulse, is provided to the
wa@elsaoadd fire group 202a-202f. Figure 8 is a PCPUAZY05/011399

diagramillustrating the operation of one enbodi nent

of firing cell array 200. Fge groups 202a-202f are

sel ected in succession to energize pre-charged firing

cells 120 based on data signals ~D1 , ~D2 ... ~l%,

at a s nals ~D1 ~D2

i pdi V.
Onéafrésg‘%}ugd%ﬁ?ngﬁgfecﬁgggﬂgﬁ&rﬁé‘ fo& ﬁ’SnﬁbPBEés PREZ . aPBEG
datbGighs 01, Wph i n@'scé}b%’ulﬁble%% ln %rgcfgtorr%’m the.

subgroup address and fire group nat’1 on.
adgrggsed 0w isyharasip-giithe onafire groumzoaa 2904 btiee pemt digdlal

SERT S Ehen SrLdninfopecf oL 8509, 5583 - Sl 6 fdlhedelodtec

firedrgop202a4202f is-8Bo.the prééhatge3§ignalr IEREGPt PR(EzonePREG for the
ress, indicat dNa;t 306, for one cle throu ire

e} i G BB gRRr. ARPheRleeh A SEIc BRI o %ab,@ for the
selgﬁggggé tgid)l.gf‘gbﬁa ﬁfr I?%Iete théAZeI%EE)g?;ﬁaPé Ir‘gmggggh

ress ent' row subgroup
SEbf fomthefriend figg groqup mzmg pr&hde@.dﬂ’m&baﬁg@iﬁn‘&g célls 120

304 t th h th
i thg Sgfesiest sudeln e or hRel ke Grotbtpre et sianalrD1,
~D2r derpd K8 theBRe éi&né\’lerREqCFIREzonq:IRE% iﬂcrlﬁfm%an £heroy

enbodi nents, address signals ~Al
pulgeris psogded ﬁ@tfma@l@g@drfwwgsmmzaa@émﬁ any suitabl e

o by U148 Y5k b B4l 68 L85 BE85 A fiment
of flringecelldeayc 0PI Eitetgpointil 282220PeaR) ¥&leSliedGh ROEdesHigm el
309, includin q%QSEL(s/ PRELl si gnal pul se 310. In one

en%ﬁ’é&cﬁrﬁé‘rharg? rigg calg 120 hased Pﬂfd?’éﬁélq{ﬂa& tRdr g2 .i-meD8,
I el

a4 B S0 TRb el s aR D) S DR 00 PRE Ehdifeed

depkErtdimgndn fine cbazlgs thatrere 24 @pechflaidy md|mtedtat 1302| for each row

SutgEoRy BRAESS Aaie atbee 05 SR SRR AR S R A
~ADT echer gesoahte ;fn*d&/id&l @rehaarel-.a%bg 216@& 2H5ePto ddtte898Re row
capaci tance 126 for each the pre-charged firing

subgsous froppeaeh pfﬁrezfurgegrpsp% B@E@@@Zf o The widgressosigaale ~A1,

A%y Ay T SRR e dpef AT A e

thr&igh3firblgrodpe 2028-2024r p@er tHe eydié @ cornpletsehk eidarest signals
312, The row subgroup address at 306 sel ects subgroup

~ 13G1A2f< - afy at 34 aresehipngedsait30§ to address a different row subgroup
from each of the fire groups 202a-202f. The address sighals ~A1, ~A2 ... ~A7

at 304 increment through the row subgroups to address the row subgroups in
seqguential order from one to 13 and back to one. In other embodiments,
address signals ~A1, ~A2 ... ~A7 at 304 can be set to address row subgroups
in any suitable order. ,

During a cycle through fire groups 202a-202f, select line 212f coupled to
FG6 202f and pre-charge line 210a coupled to FG1 202a receive SEL6/PRE1
signal 309, including SEL6/PRE1 signal pulse 310. In one embodiment, the
select line 212f and pre-charge line 210a are electrically coupled together to
receive the same signal. In another embodiment, the select line 212f and pre-
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314 is provided to data transistors 136 in al

pre-charged firing cells 120 of all fire groups
wQomaa®a2f , including the address sel ected r owGID§I008/f11399

SGl- K. The select line 212a for FGL 202a and

pre-charge line 210b for F@4 202b receive the

SEL1/ PRE2 signal 315, including the SEL1/PRE2 signha

pul se 316. The SEL1l/PRE2 signal pulse 316 on sel ect

line 2 turns, o he sel ect transistor 130 in_ each
chagge g 23Pe 26h 20t Bl GobBledd0gaper. piteaoaive SimTe
Slr&gge capaci tance 126 is discharged in all pre-charged

firing cells 120 in FGL 202a that are not in the
addﬂ‘&§EbélFH%Eé6lgﬂalvpgl$Bga't(ﬁj@ @ra<changetline 20, ss-

chafdes 8 8 B0 129 Ry e a L EhReg lentAcidicR, B foRaen of
the @ré-chamed repcdiis21 20in @1 02ari9 @ﬁa@f&t’é 4 mfgw VdMage level.

turn the drive switch on (conductin or of
The pege 6@%&5@%@1261fﬁépr§emargﬁéﬂr@gga¢ 180118 @ngtrognihgoup

SGPICR4ES ot 419, 50 Bre BARATEENBY yolal MR Bl 332 The

rowmtﬁ;_gmﬁm gldgre‘ssratm@mmas kBBgrompFSBZﬁ}OZ!md a d?tmsgadl $et at
| V ev no ca C n

31455 Brivdpg o difa FaESors 436 3081 Are Rasisy WBL gy 20 of all

fire 3Bads 202812001, Bbiing 1 aBERRIRIEN2895H S Bafoul 1.

vol tage | evel The row subgroup address at 306

seldst selsgttig“\en&‘p{zgfg:rﬁe1 2Ada andalra-czham@lm% &fl Olaffor3p@2

202 TeRReBE P QUBRER G67ER . Hiudind b0 ST gBRE2 Vi Blise

316. "the'SENd /Phazw@liaﬂwlefee?awbﬁ@erevmw kzg 29 l!@rnS(Eh the ddiect
fire line 214a receives energy si gnal

transifipE38@dn aacfsg@thei plEranraH AHna heligy2Pin 612022 Toe
nodEfHAiGpte {128% UEhaltifinAl i Heracd ffifg Rolic 150% rot
ZOZéth aggﬁnofFl'e Eezthﬁlaﬂﬂne&srmll goted lIIb\NSL(bEﬂ)lﬁDSQJth hr|1 11 ﬁédress
t he sj.gha S i s_ high.ar i e
seitRdRR Te SHPOTGHR S 26, Biler s BgHB eI THET &bt Brigghe
node’ eeﬂda‘ataﬁb&emsfdm% ArivdIblvRehd P72 imfav@a&@g#o@p SOENOH
FIREL 323 at 324. Switching the energy pul se

eltr@nunm.tga drivel savitaheom padoatia@)i araaft gwnica nabtuvely

bei T SRR aNA ekt e oo BRRcbAse T2 e,
chaljés ap ﬁhhg cenenay iPFiGe2022 TheholeWapaditendeEtas RiRsach of
si gnal goes | ow and the enertg% pul se 322 is

themrgxﬂha&ﬁd Brlmelimiz%p froF Cg 3Fbdecdargarkie a Nigh yoltagedevel.
The% Hggﬁgggg&gﬁi teIE ﬁ%d Bl p]é{ar %‘@%dr’fﬁ’ﬁmﬁl detis %AZIOQHrJn%Sﬁ%W%BB}oup
SG2-K, indicated at 319, are pre-charged to a high voltage level at 320. The
row subgroup address at 306 selects subgroup SG2-K, and a data signal set at
328 is provided to data transistors 136 in all pre-charged firing cells 120 of all
fire groups 202a-202f, including the address selected row subgroup SG2-K.
The fire line 214a receives energy signal FIRE1, indicated at 323,
including an energy pulse at 322 to energize firing resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG1 202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PREZ2 signal puise 316 is

high and while the node capacitance 126 on non-conducting drive switches 172



10

15

20

25

30

120. The select line 212b for F& 202b and pre-charge

line 210c for FG 202c receive SEL2/PRE3 signal 325,
W0 p@baoi4ng SEL2/ PRE3 signal pul se 326. After tP€T/US2005/011399

SEL1/ PRE2 signal pul se 316 goes |ow and while the

energy pul se 322 is high, the SEL2/PRE3 signal pul se

326 on select line 212b turns on select transistor 130

in each of the pre-charged firing cells 120 in F&

02b. The nod? capacj tance 126 is discharged on al
aregp%mg eyl ulled hepv clapicaterbon enerapsigoald- Rt 323 at 824,

Sw'itthQ%é%%@ép?lg% %gggrﬁ A WHII%@Q %H§ ?S%F é@q%%t ﬁpeare
actme@f pulhacgbw foreverds thed hedd Eﬁp@(ﬁltaﬂdtbs MRGFrévedeing

inal 0SSR hitbed dhioypRafe giive siina @%@{r{%é)esré“wﬁsﬂsee 322
go&Eh@hPFﬁ?e SEUNAREY 5P 515} eQW%ﬂdlth@%i%}&pﬁlég 322 is

precharges all pre-charged firin
proz@,@@l tori & 202adona predeteanined ttm@tcgbeaﬁ ighaindrej&ahe ink

o 0 P A AT R BB g o
12@&el I's 120 of F& 202b that have conducting drive

ches 172. The FIRE2 energy pul se 332 goes high
whi 168 SriscLio Mraraa g opandbresdharge Hingi2106 for FG3

202&%@%@;@2@%%% %%ﬁse sBP3pHES §§In§ﬁ8wg8%§6.

['ow an ner remal ns
Aftérethe Shld1/BRE2 signél ;ﬁulwﬁﬂ B@cesrlowsamlrWhMtrw omergy pulse 322

s e SRR Sl e 0T B o ol

trarsgidtdr PBE4n eben @f tHeSpr%L&Ydrgég fitifig %%h§‘1§0 Fﬁ@ﬂﬁ@@n‘#he
echarge FG4 202d Ggrocess of pre-chargil ng,

nOC&PMQI@QC@H%@ diﬂcaargf PN eﬂ@nrwhsr@daﬂlrmg ealisutRthip BG2

2o AR DA ST Bl ol S ST Ty s

32%for-subgragsS@2tK fis siongd BﬁiHeSprézﬂwaerEd:ﬁ‘iné%ﬂs 12'0 %f BOB§roup
acitance 126 for each of the precharged

SGEARIGdicated AL F toeithor S s GRS swianes 412 o0 (pag@uctmg) or

ot A PbondRepEP 518 YD PRESSa AL ofige RhEIdE e, p1gepro-

cha[gesaﬁ predchames firfrey cells 120 im FG81202al t age | evel at

e M aTihecden Bndsgiy Hetd i Secbzéé%siéi?ib‘c%mg
enérp?%ls%t 933 4 ek Zgzéﬂf.hngrr@s@tm 826G bré-bﬂarg%%l ﬂrmgleéilsofzo

fire rou [ i ncl udi ng the address
of @2 @@dehaﬂva\@mﬂdgmnggwa switches 172 The FIRE2 energy pulse

332 goes high while the SEL2/PRES signal pulse 326 is high, indicated at 334.
The SEL2/PRES3 signal pulse 326 goes low and the FIRE2 energy pulse 332
remains high to heat and eject ink from the corresponding drop generator 60.

After the SEL2/PRES signal pulse 326 goes low and while the energy
pulse 332 is high, a SEL3/PRE4 signal is prov:ded to select FG3 202c and pre-
charge FG4 202d. The process of pre-charging, selecting and providing an
energy signal, including an energy pulse, continues up to and including FG6
202f.

The SEL5/PRES signal pulse on pre-charge line 210f, pre-charges all
firing cells 120 in FG6 202f. The node capacitance 126 for each of the pre-
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The select line 212f for FG 202f and pre-charge |line

210a for FGL 202a receive a second SEL6/PREL signal
w@uosaoxss 336. The second SEL6/ PREL1 signal pul BET/BSB0®0M1399

select line 2 12f turns on the select transistor 130

in each of the pre-charged f4ring cells 120 in FG

202f . The node capacitance 126 is discharged in all

pre-charged firing cells 120 in FG5 202f that are not

ot IR BP0 3P 2080 Riiradh 1 nigh wolbems avel. The
nodé eapaciednce4 0l J6 Yok B?e—@ﬁgl‘?_;)e%‘ﬁ?ﬁ %ﬁfg“’%‘rﬁl iﬁ?cﬁweol.fom?%&%]rogp

drive switch 172 to eithér tu ve switc

SGErK, intigatentpb APREregirgrediarged to e*@avmﬁdﬁc lege et 1|- | The
j 126 J iring,

o569 B SAEREIRERLA g SR angidat S oSt 338
is robigedup daE tiénsistuts d36ed afitpréharddd ikl 881/ P24 894 fire

Ievezj&%%'%@flrl ng cells 120 in FGL 202a "are
9rOPS- > FfUng Fe adrifiess selaciprhiaw sphgroupBGE-K.

...A7 - -

o TAOASRRABEL 21917 4S8 U RV on SR ety £ 2022

receiver g pesonh SELBIFRE sigrdil patmbta(i]tc?)ﬁ%Bhe isé@cbnwlSEggﬁF’RH

: t, 344 t rgi ire resistors in
s o5 e el 08 i vled Babler 198 Soo o
STl fing oy 1RO ERC el TGRSt Badinee 13s,
disglergrdde a apashargaringeelisn12Min COARO2T that ateinod in the

0 G55 SRR (R ApIHE AR e HsERs hilfhediorEStidoup
SGoadedatarsss srersiordlB4Y it thetriodel dapRieltheébd P36 of each drive
nts the node capacitances 126 from being

pre . k
SW'i?%\a/%%FQ efbertupmihe,dive swiselyRn@rioffe switch 172 as the
en I : j : y i l.se
330 g SELEPRE ! iAo en=l 0 1E 2305 bre-ShalRh e
cagaaifantes 126 im all&itieg wetie d20 ime G 10202 tinclodingrfiting] et 120 in
ink thro nozzl.es 34 correspondi ng to the condyctin
o SibdRB SR Faicated atSA2o S At Valiagedeve) pEm iring 6dis
126iroPeH J0P58re3%8-dRRged AMilaNHe Wkl sidighA8endy ~pY se~A7
344 is high, address signals ~Al , ~A2"... ~A7 304 are
304 melrgbpvasuB@RUPS S{a1-¥ SGaik ared 0B etip td ravibybgiopy SG6-K.

S A e 0
e gt S it b e

firingeeellst 12Q Hat paye copeuativerdriveeswitchast 143 wnG8t2021.13bei n
endig§Pulle 348 goes high while the SEL6/PRE1 signal pulse 336 is high and
node capacitances 126 on non-conducting drive switches 172 are being actively
pulled low, indicated at 346. Switching the energy pulse 344 high while the
node capacitances 126 are actively pulled low, prevents the node capacitances
126 from being inadvertently charged through drive switch 172 as the energy
pulse 344 goes high. The SEL6/PRE1 signal pulse 336 goes low and the
energy pulse 344 is maintained high for a predetermined time to heat ink and
gject ink through nozzles 34 corresponding to the conducting pre-charged firing
cells 120.
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pre-charged firing cells 120 in FGL 202a. The node
capacitance 126 is discharged in all pre-charged

wo poosngs4sel | s 120 in FGL 202a that are not in PEEUS2005/011399
address sel ected subgroup SGl-K+1 . Data signal set
350 for row subgroup SGL-K+44is stored in the
pre-charged firing cells 120 of subgroup SGL-K+1 to
either turn drive switches 172 on or off. The

SELAL | 48 h | 210b
pr e’&c %e%tg&% Blﬁj ?\%S"ag@wlsg C?Q(:? 'gg%%ﬁemenem
pulbe Bt423 4ig, SRRIrESsIGRSBE A PW/SE 35&7%?)4%\%“%@?&'1%13& to

resistors 52 and pre-charged firing cells
selogbanqthar setpfsubaripst $GG-1et1 \%E«Mtam sb 7, upHe SGB-K+1.

ThE SIS L 21 2a o ST 02 Ao s Bt ot ¥ 0
recgivesa sﬁmaﬁﬁazmgrmwuwe mm@e(a;tea%z gmerrarrressELt@}fPREz BRfal
puSR 45l St eeleCiine £ T Grim o ithe Pibct HaRSSEGR Btesion ¢ o he
prefdiHH éd $irih§ cei8Haghifead buss, r%é?ﬁ)éﬂ%ﬂ&%&)%@ﬁ%géérﬁé i

an address generator 400 In prin
disglrigeddn @Hm@hargemfdrmmmludhm i BGil f202adpbsaer ndtla the

o fgsF S bbbl S04 R, lGr 8L RsHRS, S SO

SGaiK€evid sthhe nhthe B Hiafgsd iy 68y 120 of & i PgB%G’NKSIQI to

shift register 4 2 is e ctrlcallﬁ1 ou | ogi c

eltf@rﬁw\ droee switdiasn! &hen or pgi TheeBE 2 slgme$ pulse 348 on
dd
pro;iRog Hi2 0B e HERREC WRING BB TR0 MEF RS o cel 1 <

120T he fireolivee 2idba ckoeives endrgy aulbee352 (reors@iz firtiiPresistors
res 25A and 25B

52 b PiReRg G LG 68sc] hal FEaAGEadnal Bave eomurging drive
sw1fdlﬁa%ai792 T'ithé_ @ne%dl@e @SQ@;@%@%@W g)ﬁlllg ®Re %@LGIVPQ@ Asi@ﬁal

I gnal s ~Al The™ address signal s ~
pulses\at 348 is high. arhe SEL’I)(FH?ERIelgrlalheylsar?el& goeshiew and the energy

Pk R SEmAle ands e o Bt o Srtesond el ik <
genbkafths 80e THeOYodess @Bnﬁrﬂ]é%Clﬁntil Kﬁﬁﬁné % ompRgé.ect |ines

212a-212f shown in Figure 7 dress generator400 'S
. oneFigHtRAiinasiagramiligsirating oe¢ emhqdlra@nir @fgﬁﬂ address

geﬁe‘?ﬁfb?rll‘éotlﬂ p?mﬁ%’btdv Qb 49 9% aél&r%e% 4b%ﬁ<§b3<—;§5%hlﬁ

a sequenceé o resses
register 40527 d ﬂlrécﬂrormmﬂ:uﬁmmem&i adogic Genay 408. ENad bhifitregister 402

is ezégr;hqr;] M q?ld@ecf é@é&’c&pﬁg&.{ﬁ‘ﬁﬁyq‘%&m&& %ggé%%f;@ﬁr%? {n?éso 408.
Also, shift register 402 is electrically coupled to logic array 406 through shift
register output lines 410a-410m.

In the embodiments described below, address generator 400 provides
address signals to firing cells 120. In one embodiment, the address generator
400 receives external signals, see Figures 25A and 25B, including a control
signal CSYNC and six timing signals T1-T6, and in response provides seven
address signals ~A1, ~A2, ... ~A7. The address signals ~A1, ~A2, ... ~A7 are
active when they are in the low voltage level, as indicated by the preceding tilda
on each signal name. {n one embodiment, timing signals T1-T6 are provided on
select lines (e.g., select lines 212a-212f shown in Figure 7). Address generator
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and 416 that receive timng signals T2, T4 and T6.
Resi stor divide network 412 receives timng signal T2

wo boosagiast i ming signal line 418 and divi des domiT/UR®05/011399
voltage level of timng signal T2 to provide a reduced
voltage level T2 timng sigaal on first eval uation
signal line 420. Resistor divide network 414 receives
timng signal T4 though tim ng signal line 422 and

|V|des 0 e _volt of timng signal T4 to
400 e R S AR i, 6P ged &9 TRspsTarIa Gptrol
sigrfR eR, CSINGYth hitiietR 8kl ?%ﬁ ~
gneg I@‘(rjlk 416 recei vles t?m %ér&%ﬁ hﬁb%o b?&%‘asses Al,
~AZi.gn&l7 lnufa@varg@raamer@e\nrde@ ta enabtehtdae\fminga;pélsl 10efor of
actl(/éi%rﬂg signal T6 to provide a reduced voltage |evel T6
trimrg signal on third evaluation signal |ine 428. The

shiThe aégriess genéfRor 208 iNcRTdEORsIstr dilideHetwoNA 12, 414
t hr ough control signal line 430 and direction signals

and 416 thai receie timing §!9Qﬁlaﬂ T2 Heandd8. Resjstor givide network 412

ecd 8 e RS9 R LS INAL oyl 8
voltagd leed of tihrtiag sighal/ €2 td Brds\nde ag‘edumda{/oltager level V2timing
Sions] a5} YA SrUsPOBIANE 434 Ragsiargiuiie Pstwerk &4 rassives
tlmlhb rsﬁljﬂm T4 tb0gh $iRGsignaNingt 322 %%d%ﬁﬁ@@g dBW?\ tﬁ@@fo%ge level

PRE2, and the reduced voltage | evel
of tlmlg@ algnaé Thdogirodde tehieduged yoliagel lavehlTd ammg signahah second

eval o dand oS 0 REYS N FNAY oBheIR A 6 PpRves g sional
T6 SeBudOlidhitsighif ing £26 ahadiddéPdbwhitne yord§atedED BT timing
Shift register 402 includes thirteen shift register

sigread | TiGstogQuideasradusad voltage irvel HE timingrsignal o third evaluation
S|gr{a€f§ﬁ|1§ out put signals SOL-SOL3. Each shift register
4034- 403m provi des one of the shift register
outThe slsiftgegister30P- @@B/esﬁbetrbhmgnale(DSB’NG throegi soetrol

403 |
SiOrgAl J0B 09 S g G SIORES iR RCRBR SIasR! dngs PhE" Ao,
shiff RUPERE 40D 1864188 hm‘nr‘ig §bh§FT‘P 'ﬂ’%ﬁgﬁ%ﬂ‘ilﬁg si?‘dﬂdi line 432 as first

redgi ster 402 can include any suitable nunber of shift
prefcé@r@e sigral PREA03The rqm@edd@ltagse leve! tT2dirgingusigeal l@fecelved

v el 6855580 BUoBLIng A0S gAML i

sigridl g @eecsibbd &hrb@ghfiﬁwﬁh%%igrmuhné Ugnals éﬁébn@rpréfbﬁafr%e signal
regi ster output |line 41 Shift register cell 403

PRB%@M&@ Eﬂﬂ'«'ﬁ?drV@é}ﬁg@ daved ddimingisigial isstgeeiredsthrough
sec%ﬁgl/eﬁ%lg.gat%ws%ﬁal ihB& 2 48 corl dalifBrPliGhat®UAL203%e shift

register 402 provides shift register output signals SO1-S013 on shift register

output lines 410a-410m.

Shift register 402 includes thirteen shift register cells 403a-403m that
provide the thirteen shift register output signals SO1-SO13. Each shift register
cell 403a-403m provides one of the shift register output signals SO1-SO13. The
thirteen shift register cells 403a-403m are electrically coupled in series to
provide shifting in the forward direction and the reverse direction. In other
embodiments, shift register 402 can include any suitable number of shift register
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shift register output signal SO3 on shift register

output line 410c. Shift register cell 403d provides
wa@bdosiosegi st er out put signal SO4 on shift regpPGI/E82005/011399

output line 410d. Shift register cell 403e provides

shift register output signag S5 on shift register

output line 41Ce. Shift register cell 403f provides

shift register output signal SO6 on shift register

t line 410f. .Shift reqgister..cel] 403g praqvides
ool ARt Ve st bgREr SkehnaRosirmitp B, t
prooideray hirfbertdfBesidd Addresgkifngls.cel | 403h provi des
shift register output signal "SO8 on shift register

out Piift registeraeti03spovides gihift eagister buiptssignab8Qdesn shift

regfon outbohrid £10:2 /SRt reptdR el ATsH Br s i Pl outout
sigrsliSO2 eghift eegister putputilige al1060Shif Regibich cell BB tREvides

output line 410j. Shift register cell 403k provides
shifeditler ayfiSit storisSiot g shbiecisiar auipht 96 #10r.cBha oister
cellg#}](ii%%rol\lldé% <hi® Veuqlé‘t@ bltgf ’g%é%?ﬁﬁﬁ%ﬁ gﬁﬁﬁegfgtgﬁ’btﬂgﬁt line

register output srgna regis
41Qglut Phift repisteracediidGdedorohidies shiftregister oatdut 4Bl BSOS /ol ekhift

shift .regist 0 si gnal on shift. reqgister
reaifirdntbieng $o Shiftredistatte a0 HEvREs shifl RaiCauput
sigiflBO® bnsdHare AdgiStaY DG liFe MR ShifoRistét &8I 488y provides

Ti m ng si gnal 3 is received on tlmn?_sn nal 17 ne 434

shifhgegister ot signal O% P shift reRister quipu ¢0g.v Shifhragister
| g 9 . . . _
coll U8 prot e Y Sl SRR S, P sk ot e

410R. nShift regigter cell403 pradees shiftadgister odp st adl SO @n/sHift
e G0 3 55 ook SR 5 ot
sigiA B A6 bﬁghiﬁdﬂt e Abtel b[]fj)_u‘&ﬂﬁe as 0%48%@()@?%2%{3&5!1%@4 SHotldes

EVAL3. T Irection circurt 4 rection
shift registies output Isignal 531 sor shidio2gidienogihutiine4 | OlonShifgregister

| ] 408. The | ogi 406, d des .addr. | .
e Broides S eBBie &b Baions 72 M EESET outilE ine
4101 bABShwt REgistéf 8at 468m previlesahiie redister 8lipu®Bignal SO13 on

transi stors 442a and 442b, and | ogic eval uation

shifp regisles ogtout ligad1&Mbr 444. Al so, logic array 406

in o ' [ ' . L

t nat e LT ATt 4 RS BPoT s B PG pr bRy giana
lines480.t Tingigy Sigital Btip uécaived on4ikling $idhal tin@ a4 iadefourth pre-

address signals ~ he | ogic array 406

€ Al, ~A2, ... ~A7._The, | .
chargr Slaak PR e Bae sauaadainiiost de el TAeimingcsianalis received on
o I ANg AR PR U AR AP, ahu e T
is rdéeheedhod tihdiAg sigrod lies 4 36iascthird ameichbogessigidbPRES, 464 lthe
redaggdr \98 agsei fév'é[ ‘?g%lmsitncj) rstsgnAé\ ?sare%gﬁled on evaluation signal line 428
as third evaluation signal EVAL3. The direction circuit 404 provides direction
signals to shift register 402 through direction signal lines 408.

The logic array 406 includes address line pre-charge transistors 438a-
438g, address evaluation transistors 440a-440m, evaluation prevention
transistors 442a and 442b, and logic evaluation pre-charge transistor 444. Also,
logic array 406 includes address transistor pairs 446, 448, ... 470 that decode

shift register output signals SO1-S0O13 on shift register output lines 410a-410m
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456b, address seven transi stors 458a and 458b, address
ei ght transistors 460a and 460b, address nine

WO easadssors 462a and 462b, address ten transi BEDUS2005/011399
464a and 464b, address el even transi stors 466a and
466b, address twelve transigtors 468a and 468b and
address thirteen transistors 470a and 470b. The
address line pre-charge transistors 438a-438g are

elecgtri Ily coupled to T3 si n line 434 and address
to At FEa Sy BERTHA! g% -andhTonthe gl By 96 includes
addiegd Oné BUNSRIR 416 arRfEUES Sadc1r@é°s & rsﬁéﬁéﬂa%ré%a and, 448b,

transi stor 438a are electrically coup
addresfetiyea transistarsHé0asantb4oib, taddrelssafamr g;nams:seorpatazaoeind

4528 S5 P B BUEAOE LADE B SEE3y P g an

45680 éddl‘&ssseﬂendfaﬁsf&otytﬁﬁak 594'168b Paddresd iyl "h%?l%lsltd)r@QwOa
dT%BeCha e transistor 438b are electrically coupled

ress pigedransisters 4idaand #83b addraes aaratranseﬁmr@ 464a

andp e{:t% %{dga Yy Cgle,llb):nle% Sggﬁgd‘ﬁ%@ess cfl ne Z@?&SS&\Z&\&%?@I’ISIS'IIOFS

468arahob4\@8tsadd aniﬂreﬁsethdi%mmmsters)éma ahdalddbess |ine
charge tr.ansi stor 438c are e al | uledto

|
R T Aot B0 i Parcl Benastons A56er bRy Sl tbeait co
coupﬂiohtoof 3 SRMBEH% BANANE RENEEIMdd @T@é-ﬁ?ﬁg %%%ngté and one

el ectrically coupled to address |ine
sidexfititherdrali-geuree patie ofiaddiess d‘ﬂﬁﬁe@ﬂm%fraaﬁdm%Shlme

eledtiSaiRtied E73 srRiHiie d5as el b ploB Ry e GPiRsGlired
patipaf hdofesadipieqse-dhange ﬂéﬁs@hﬁfmdlé JMsotBeANy cb3pibd ® address
el ectrjcal l'é coupled to address line 472d. The gate

linegi{@aonEhe gate ¥1d pRe smfﬁhg@lya@esqs&% path atridress jing ere-
cheRi HREor AR Recyoa Al G573 il ing 238 hd Gper

sideaf theadraaddowss |datlm ef pddereslaélngq)refmasgstransmﬁﬁemss is
rical | ed t line 472e.

eleQrEsly e @i 1 AIES b8 120 T aabian! O shacrdfs fgain-

soUREE pEIPAGTARIdrE S8 ﬁhébfé—cﬁé’#%% t?ér%neﬁbﬁ&%é ﬁﬁé éhécﬁ%ﬂil gdupied to
T3 signal 1ine 434. ot her sid drai n-source

T3 gignal lgte 43ir &be qthqaresn@e ot ther drain- san@aesaaih ofi gdeirass line pre-

onafhE STl MRy Ao 0o o B0, T

andPdife Sider¢fahé dedifisviupce ﬁéﬁmfado@rééﬁmﬁé p:@blhafrgeqmmot 438d
T3 signal line 434, The other si_de of

are &r’%ﬁfﬂc%’B’Lﬁc&%%ﬁ tp 58 signa line 4pfnd her @héhﬁlﬂﬁé’fﬁ'ﬂ%ﬁﬁ'gﬁ@nume
e O S
linedd3at- 4'Bt8@gateeamadl ené isidzadf tjnecdnaml—smlrte pﬁth of @ddxbss ime pre-

chaAr'gze2 tralngf?s or &S%fargselgclzt%cgﬂy coup?ed ?’o T3 SIgnal line 434. The other

side of the drain-source path of address line pre-charge transistor 438e is
electrically coupled to address line 472e. The gate and one side of the drain-
source path of address line pre-charge transistor 438f are electrically coupled to
T3 signal line 434. The other side of the drain-source path of address line pre-
charge transistor 438f is electrically coupled to address line 472f. The gate and
one side of the drain-source path of address line pre-charge transistor 438g are
electrically coupled to T3 signal line 434. The other side of the drain-source
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T4 signal line 422 is electrically coupled to the gate
and one side of the drainsource path of each of the
w@oasasssd i ne pre-charge transi stor 438a-438g. PhESHat/e11399

of each of the address evaluation transistors

440a-440mis electrically ggupled to |ogic evaluation

signal line 474. One side of the drainsource path of

each of the address evaluatlon transi stors 440a- 440m
ctrlcall led to und. I n addition

patiPLAoTEsn 66 AROEIE Gaer ol 4abasalestirally seuplac address
line 4#9@ ii§ o%ee%bb&méru édH%Béé*gné gr@&ﬁéﬁ@tﬁ%.étbmﬁe@am

drai n-source pat Puation transisto
are elﬁitltrlaailyeioelptad toal4 sigoalineed22 dnsteatl i Tidosighalime/®Bh. The

The pat h_of | u t t t

T4 % 8 L2 RGP SlaeLE ot s Skl e Blain-

sourbeepath aif kagh W &ie aaa@s@fllnéqﬁémr@yﬁbhgkt&masbmgt or
440d is electrically coupled to evaluation |ine 476d

Thd heraata of each of fg address avaluation jransiatosri4defdomstiar
eleafr c,%lg'r uﬁ'le%ﬂor IbGR! éoq}&&tbﬂgsggnéﬂm@’@}ﬁgb%. ‘%Hﬁh‘%ﬁr in-

-sourc ress eva I on ransi s
sourbtGhathof @aehtof rtlmabuarasetqwlaamtim tearadistats £40d-44@mdig 6f .

The drai n-spurce th of address eval uation transistor
elecam@jly.%oweé@fqgr@aﬁﬁ ln gdgition. ﬁ'@ di-aavricsPath ok adgrss
evam%goﬁrt@n@ ST LS i%aélectﬂr:amﬂ@é@pﬁéd ﬁyé{/é’iaé\h&‘i‘ Ilﬁé a'?é!asﬁ‘?{e

i's e ectrically coupl’ed to evaluation |ine
draififsoulica patisoladdress etaloation thaosistarnedObas |edﬁctn¢@llysmmd to
trcaII couled Luation l.ine 4
ovaliiaion Bedt 25 L el SBHFesckinth &t S0 e Pl P Sir
44064@9!éo§rm§%ﬂl9%ﬁbl‘e@i foye\@mmioﬁdnmmtﬁl Tied deinlsofcetidth. of
The drai n-source path of address eval uation transistor

addzarf@@vaiy@ucut‘tranﬁahqr ¢#48d ipelegtically carpled terevialyationige
7o A SO Bl AR aho g b Bcany

couples toreniafuation lire @Eﬁeh “ﬁlﬁe dohinmrcee/path\arflauﬂdressae\salaaMn

s S SRR A BT o S

pathh B%Sdr%‘é@#@‘dé%nmm%md %‘@ééﬁ'l@éllyﬁéé‘u éG to evaluation

el'ecfrically coupled to T5 signal |ine 43 d the
lineatTber Eheldrai-spheedpathof sddress wlmatlcm igansision 440hys

oo SO ALY B 7 08 vl s
evaﬁ]a@?éhrtkeﬁﬁlétbﬁr 4&@59# efbdifcally couple tol e\rmat% inB76i. The

drai n-source pat of eval uati on preventlon

drainremiyre uoatrmﬁadcﬂr@s& eyalugtien trapsistet4l inplestically gaupled to
vl REATL 198 Sl Bt At BB sl
A40RTi€ \eatitiicully coupled to evaluation line 476k. The drain-source path of
address evaluation transistor 4401 is electrically coupled to evaluation line 4761.
The drain-source path of address evaluation transistor 440m is electrically
coupled to evaluation line 476m.

The gate and one side of the drain-source path of logic evaluation pre-
charge transistor 444 are electrically coupled to T5 signal line 436 and the other
side of the drain-source path is electrically coupled to logic evaluation signal line
474. The gate of evaluation prevention transistor 442a is electrically coupled to
T3 signal line 434. The drain-source path of evaluation prevention transistor
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transi stor 442b is electrically coupled to T4 signa

line 422. The drai n-source path of eval uation
w@e@sami4son transi stor 442b is electrically cop@l/g8200$011399

one side to logic evaluation signal line 474 and on

the other side to the refergnce at 478. The

drai n-source paths of address transistor pairs 446,

448 ... 470 are electrically coupled between address

é?Z 4729, and eval y t| on Lines 476a-476m The
e flC%[yOq.OéE)ée({] PR PRES! qu,lcseygigatlmglgnal liny4 4 and
on mreeotelér 488 toXhe %féierrc%tﬁﬁ ¢ Biite &t Sl tipriPreyettich

roug% regi ster output signal |1nes
transrséog %@ls&leatnl@a&sgomiedm émsmgma]msem&i?a 'Hm:ldzmmsoarce

L N A A TR (T

to mguaevama@bn 4l life @l7acind etHe/ oty BldettodRe P8R rShdEal £78.
ress lLine 472a and on the other side to eval uation

¥ n@%d'@msw@eonaéhwgaqér@sﬁanslsé@r RAYER 446 4% ... 470 are

clo BB 3 e bt FUTERS I YREMRG TO OB iR,
476!ai-41%6m76dne gaths oh adén&sls tEdnsﬁsttow pairs446, 418, pUt47E) @’@ajlnven
oy S eleib e s SRS Gh o e 5o ]
line§valodad iR, transi stor 440a is turned on by a high

vol tage | evel evaluation signal LEVAL on | ogic
evalheagates ofiagdegss oneetransistory 446a @né#ﬁhmretelamcaliwr

coubfelfto i R EE BuR e, BRa #308; T gl SR ER R b °

addr&sEdne iﬁ’aas@dﬁrm i9 RAedtricdIBl clupledtén bn@@H@ﬂﬂé@&r@ss line
eval uation transistor 440a conduct to actively

4722198 e RSt Ps tovaIMANOT T8 Adka.| Soariraim RS gaR Batruet
addfsd ﬁﬁé trafBis Jrat{h%bsig%rl tﬁéﬁ L{E) eu's §Pe %@fﬁ)&é ﬁcﬁé&&r‘é@glh}ﬁe

coupled to s egls er o
472t anches dthe othgraide tnfe\wdlniatmhnemma aAshlgh tevel 4Bift register

out bR SRl sl 5a o 2B Rt b ATHl Tt 5488 one
trarf&itbfs HBH &68d RALH a@fao‘iﬁééé?éﬁalwﬁbﬁ fréﬂ§|‘sfdrqmoé4§ *@ur*néd on by
electrically coupled on one side to address line 4

a hlshdfabtagerh@vehewewaélpa@lgrml &EMAlaon tngic praluation smahll@aa 474.

The &iftesS Prardrfii &t Shed ShiRioRSIAERedbok 4407,

condiuian® sdtvely Ydibaddveds 448a72a t@@lbﬂﬁ\%l’@‘g@ lewdli Othe address
transi stor 440b i s turned on bi/ a high voltage |evel
ra

onee%m%ﬁor 4fokiagiAaddresmevalHation nwmrdé@acﬁ?r@ug‘h& actively
pulllécﬂﬁe %ﬂne%ﬁﬁ%j%ﬁ ‘;01@8%“%' stor 448a and address
eval Ua or

I'on transi s conduct to
The gates of address two transistors 448a and 448b are electrically

coupled to shift register output line 410b. The drain-source path of address two
transistor 448a is electrically coupled on one side to address line 472a and on
the other side to evaluation line 476b. The drain-source path of address two
transistor 448b is electrically coupled on one side to address line 472c and on
the other side to evaluation line 476b. A high level shift register output signal
S0O2 on shift register output signal line 410b turns on address two transistors
448a and 448b as address evaluation transistor 440b is turned on by a high
voltage level evaluation signal LEVAL on logic evaluation signal line 474. The
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actively pull address line 472a to a | ow voltage

| evel . The address two transistor 448b and address
we@bued4son transi stor 440b conduct to acti vel RCPUB1005/011399

address line 472c to a |low voltage | evel. The gates of

address three transi stors 4Pa and 450b are

electrically coupled to shift regi ster output signal

line 410c. The drain-source path of address three

w03 s 035 SO SR LB B3R sbri
acﬁveiyepéWﬁddreEbﬂlnérﬂZ%rf@@rdgxev@h?édé I@f/eladﬁﬁe?ﬁédlté%ﬁﬁlg transistor
44%%8' stor 450b is electri callg coupl ed on one si

and sddressevaluatiomapsision 448b endstide acrtlvekyamumddrass
hnéW?cﬁYQ% %oﬁé idyayel shift register output signal

on shi I ster output signal line 410c turns on
ad dTbe gatdfsr efeaddraas itete rtsanéi's(ﬁorsatﬁﬂ)aﬁé&M@@b afsleRzSrically
h

on tr nS| to 440 urn on by a hig
colfif 18 sh et Rathal sidnaiding 4100 ire St begras path of
addreas Wbqurﬁlﬁaﬁ%d)é @elé@ﬁlcal-f @ﬁ)%gﬂ ehcorid 588 to address line

transi stor 450a and address € tiron transis
472paaden the ailern side yo pualuation fiee 476cn érhemanrt-somcé @ath of

A d t t 450b d .
addlsh BeEel R Ristor AF0F RHERGehlV §tbRon e Sicd 16 eisssyine
47 dibhd @acthe $ghéri side 40 ddaluation lin4vet ! A0egh eaed| shWFh@guster

s of address four transistors 452a and 452b areé€

OUtgPE%@F?kﬁpﬁ;be%*MBIf@ﬁ'stéﬁ atipytrsigralilised10stips o addess
thrdd B8ndidlis 4§?§a | s 58Srﬂ%?t&gg{?t?;ﬂgfeﬂ%?stgpﬂm is tugned

transi stor r| ca on one
on hyldrlegh voitage Me&aiﬂat}on tslgaad)LE&’ALsmm bglcoemdabum Bighal

ine 46 168 iR, &8 il ashB Ahdasdiess Exsbmbonitmesistor
44@1&6@&‘[ lté B%tnf’e?;?ﬁuﬁ‘%@d%stlfh% Hiheh a?ldd@vél@ag‘é/%bléﬁtTWé‘

line 476d | evel shift register output sign
addsess aifegﬁra'rtsmt@mweand adgrasssd tidn trensigfod 440¢ nendmct to

oG BT pddiess SREPTRR A YRR on 5y " i o

vol Tlg gatedvef adiressifdur aransisiore| 4 528\dld 2521 Q% 8lectrically
evaluation signal |line 474. The address fo

coupiemiq shiregisier auiputrignaldigedibid aT_he)ﬂralmﬁﬁerﬁ Rrthafod
adtfr%???&drt estsftBi Xfﬁéé( i lel:tri@gwjg(? I3 ﬂ@&d%%ﬁ%d@ﬁ%s line

ress ranS| S

47wdnem the athatside td evaaatiow find 408d c dheudrair-sowrct ipath wf
ul | ress ow vol tage | eve

n
8?%@‘5%%"@%@&*? bsee'FF"é'ﬁa'%9%‘r'glegfi‘?ﬁ'a°'%?r1§!d%9f@dgf%gs line
47’2(4 8§6d bhQAk lother side to evaluation line 476d. A high level shift register

output signal SO4 on shift register output signal line 410d turns on address four
transistors 452a and 452b as address evaluation transistor 440d is turned on by
a high voltage level evaluation signal LEVAL on logic evaluation signal line 474.
The address four transistor 452a and address evaluation transistor 440d
conduct to actively pull address line 472a to a low voltage level. The address
four transistor 452b and address evaluation transistor 440d conduct to actively
pull address line 472e to a low voltage level.

The gates of address five transistors 454a and 454b are electrically
coupled to shift register output signal line 410e. The drain-source path of
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coupled to shift register output signal line 41Ce. The

drai n-source path ofaddress five transistor 454a is
web@stioi4sal | y coupl ed on one side to address | POEUS2085011399

and on the other side to evaluation line 476e. The

drai n-source path of addresg five transistor 454b is

el ectrically coupled on one side to address |ine 472f

and on the other side to evaluatlon line 476e. A high

. i ft SGb hi f
addrSs tyd Hapiistith S sret il P iad, SRong.pidatn sddress ige
AT BRE bARE %tweﬁﬂs@d@faﬂeéa’ié&@}ﬂw&dw : gﬁé%rgﬁt édm e path of

transi stor 44Ce i s turned t age eve
addsgss five Iraﬁ3l§t<yrf’eﬁ4bu5‘¢)a_ctr|qaibf caxmi&ﬂsen Pneside mwadwees line

<7300 AP SR R AR o Rl G g il
outb@l\/&ﬁ@nal‘B@S oSt Sedibter oUt;ﬂIt%llgﬁaP llmé5,4 be&ﬁﬁs%’rdé@ét‘éss five
tra%p@s@‘;on transi stor 44Ce conduct to actively pul

43 ard 4p4p aspddreshevallatigne traagistor 470 ig éturé@dzﬁn by
a h@ﬁqfoﬁ%ge%\%eltév?ﬂﬁiﬁ%h%ﬁ APEYANGTAS @Bdféﬁ% et%nﬁﬁlé\tgl?ﬁha

oupled to shi regi st er output ST gna
anddaddness euablatlpatttansfst@dmwsomduct tcn amway pull 488eessdine

L ect [ caly addy ess | ine 472
47255 I, el BVEL e Pyt storeS iy and Svkesss

evaflistiofr tpadi&er RAbE c@ﬁd@@t% efvely pull'RIBESS e 45@#10' aSIow
electrically coupled on one side to address |i1ne 472g

voltagd l@elt he other side to evaluation |ine 476f. A high

rconis @rtesin & S PP Bt 8RR aefRo R albieboaly

couplethts shiifirrégidter dugmet sddjz@ lihe 440ndThe daémastﬂlfr@é path of
eval uati on transi stor is turned on a hi

addygss 5'@‘6"5!@\'/96?3'“ £9%3 !?a?'?@‘iﬁ'célhgﬁ%‘PP'E‘E@NLO”eTﬂQeéa @P'%Q%SSS'M?
TR ARELARE oSANGTD AR, BIOLTOR AR HARSLOI p A%
addresd aiydrdresistbr 438ie |9aeléc’ﬂ;lsallys caupledmn arensidd 36 laddress line
2R SRS 0 SR A T 05 B bl
outd @Féﬂ?né’l@@g resift $€§( %rbﬁﬁﬂﬁ'sﬁr@l $ind 298f Altfs 658&1%@5 six
el ectricall cougaed to shift register output signa

tranalstersamﬁga arrrﬂ d58b 40 sosdueioas addmess Evalyatien dragisistor 440f Is

R0 it ok T BheRRh SR R Bele e
transigter 4364 andhRldisss evaloaticretrangistopid4efidsmdirct 36 wctively pull
transistor 458b is electrlcally coupl ed, on one side to

addsger BRe 47/2a 40 270w valage ieveale @@r@idrgwémtt@rw&%%@%ﬁnd
addrb 8¢ e 4418 8tioA tBhERtdrAR cSREGL thBRESLIG bull address line 472g to a

low voltage level.

The gates of address seven transistors 458a and 458b are electrically
coupled to shift register output signal line 410g. The drain-source path of
address six transistor 458a is electrically coupled on one side to address line
472b and on the other side to evaluation line 476g. The drain source path of
address six transistor 458b is electrically coupled on one side to address line
472¢ and on the other side to evaluation line 476g. A high ievel shift register
output signal SO7 on shift register output signal line 410g turns on address six
transistors 458a and 458b as address evaluation transistor 440g is turned on by
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out put signal SO7 on shift register output signal line

41Qg turns on address six transistors 458a and 458b as
w@odasasmseval uation transistor 440g i s turned POT/DFA05/011399

hi gh voltage | evel evaluation signal LEVAL. The

address seven transi stor 458a and address eval uation

transi stor 440y conduct to actively pull address line

472b to a |l ow voltage |l evel. The address seven

o Skl Ol A b R SE AL S ey
e et A AR

e A lgyvnliagsileyea Tlhe@ddcqsmsevmtramasﬁmr asapmldl
t
addilss g e o400 BB % AVl bR 34k ikt 2c to

a low eltage dm/etlo eva1 uation |ine 476h. The drai n-source

t ranSJ or 460b is electricall
Poubnggatir Gfatusd blant bansbiai4a0e anrtbtnaamechisally

coupiseto §hﬂere?%t@rv&!|t|daf él@ﬁall lln%%ﬁ%@ ”rhé“dl%ﬁ R olfE [{Jat“ﬁrBff t

relster ou ut si I ster ou
ad@”ﬁgﬁ &IlghtltfﬁélSISinM@Qﬂ ﬁseleq:tnaaw ersupled ghtortersms rtcShddEéss line

AR eGP o aRat 2 8B, R St
addreyéxle:ghTm@rewﬂasrewomisgé]écth&auysmjp}éd HAdmede @&d&&%%s line
472&1\;% ation transi stor 440h conduct to acti vel

&8 thegdherside i%eaaluaupm/bne 446h| &/kigh iqvel s@ﬁumer
{
oul i S0% 3 i 88BAPGTR U an s
elgh’mdnsslstoas nsma aodt46Pb dasea@diresifwaammeﬁ tefnsiiol £40h Bithehed
r ansi ?Za and 462b are ﬂﬂ:&c aII coupl, ed to
on b RioR GitSee VB Eiation sanal gress eight
trartiStoR 4695%@1@ Mr@sé)évélqgﬁ&? ?raﬁé@‘?or%@ﬁ?o?ﬁ% fo@rﬁ X%glbpull

el ectrically coupled on one sid ress
addiras tne vfdbde raerwS\rai@gtade\seJaler@t adgress a@hﬂﬂenSIsﬂdTGdfGOb and

acdtpdh ByRRAEG BRbd e B SR I Sotyral Tedbeetf Ihg'rza o

a landoltagd keebt her  si de to evaluation I|i ne 476i . A high
| evel shift re i ster output signal SO9 on shift
r egl B¢ BptesRTRARdresyhiae transistarnscb4aiand 463 aiel etentricalive

co \l/@é(?‘ £ Shift'rd ﬁéﬁ%ao ors‘@%lhg Wdﬁ% o"?gmasq)qfrg%ﬁaw of

I on ranS| turne
addrebs aige ﬂrmistoe%ﬂaa& electriiafip gbupledAin orfd eld@ddra&l%ss line

t tor .46 d add ess_evaluation transi stor
47533' #9d oo dhs qoféi%%fq G yaﬁaﬁn ina d2bectng Arain-soutsapath of

addgﬁé‘a‘é Wil t@&‘?slét%\/ 2b2b 19'81cRHERY SolpRE di GRS 56 H¥0ss line
472e and on the other side to evaluation line 476i. A high level shift register
output signal SO9 on shift register output signal line 410i turns on address nine
transistors 462a and 462b to conduct as address evaluation transistor 440i is
turned on by a high voltage level evaluation signal LEVAL. The address nine
transistor 462a and address evaluation transistor 440i conduct to actively pull
address line 472b to a low voltage level. The address nine transistor 462b and
address evaluation transistor 440i conduct to actively pull address line 472e to a

low voltage level.
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address evaluation transistor 440G conduct to actively

pul | address line 472e to a | ow vol tage | evel. The
W@a1084033f4 address ten transi stors 464a and 464PCHDS2005/011399

el ectrically coupled to shift register output signa

line 413 . The drain-sourcespath of address ten

transistor 464a is electrically coupled on one side to

address line 472b and on the other side to eval uation

dd t
tr aff Gelss dgsrE BreBaisiaty oouse aaﬁ‘@@%?asrs@ié‘qﬁa@m 0
coum@tl &s shifti régls@r?dut@u%l itiRe @Fd“e“rhé'oqglntébbﬁc‘f@?ﬁm PN
| ine 476j evel shift register output |gn
addsess teahtrgﬂwﬁtor Aggasw @leqtmq&utcogp@damn bhasideltd address line

464 4 dd
7R o8558 o8 S TEL ot 24780 5 B B o
address tayetraesisior éﬁabu@blsatrufallgrm@hrleﬁ\(ﬁd-oné' BRIcAYHRRESS fifle
472t€r ansi s or 464a and adFress eval uation transistor 440

S *leoot&@f SideIt eyalyatigndineAy 6l Achigh Jevel shift register
| 4
01404388 $04pln T LSRR 2B WAL g
trarmstbrsa%aaasd 4Brb as7idress avaloationtraagistdreddd; is flineed on by
@ hifoRieBe A1) Saliiol Teha | AL oSS adfGst Blieraiagial Soso
and addredd Qvalubion dratisistGr4d s oRali& 1BfackiEr i §do¢é§§nne 472b
transi stor 466a is electrically coupled’on one sid

to axlgur ealtage Inels 7Hhe address tembrapsistar 46dbandaddrass evelsiation
e ey 440 or e 1 BApRNIPEURN0 6 PRRLER T BN s

ad d'r'mgaielsruf aﬁﬂ?@ssaeidv@m tn’ehelstlirb 81166alaiwl 465ie5/ ellébtr}@;ally
na

476 | evel hift ter output s
Eéﬁ@*ﬁ{% %é@?lﬁ%@n ulﬂsﬁﬂo 4 rﬁinﬂégﬁ%@ Phs
ado?@sf‘gfé"v@ﬁ%raﬂsi‘s‘f@ﬁééé‘fé%l%ﬁtﬂ&élhﬂ é@@gn%@%bgaﬁitggeaﬁe%%

eval uation transi stor 44 st
Iine\f@mmgred endhe @theimlm gnaValuMlea' HEGI&dﬂThe&kaml—mne path
nS|s|tor 66a. 2 by dr ess ev atli transi s élégk
S5 Slefn TR T S ealy Ridnifa, b B aS b gdrEss
nnevwzgasﬁd bABE ot@resn@éiw vsusliGy e 4rer s ASHigh lékfe%hﬁmd

address eval uation transi stor 440k conduct to actively

registen outadl ¥gnal $@d 1 szij'lftt segistespuiniitsignal ling 411 Ok furas on
adogél leQ/ nqwsﬁérst@a;’ %@@? oS3 s?é%@alﬁ%tﬁr% 49§PS|§{0‘? 440k

coupl e regls
is tllmned ofhll@yla thlevdllt@geﬁe\%aluanm pighhl iEVALd r'l'&@addmeby eleven
transistor 468a is electrically coupled on one side to

trangigiped869 ARe a&*ﬂﬁssa%\éﬁ'%ﬂ%ﬁa%ﬁlﬁf@r 4§ph sopguehigagdvelyrpull
addrb8€1Id 8F2b 158 190 AoRag S AAkMddress eleven transistor 466b

and address evaluation transistor 440k conduct to actively pull address line
4729 to a low voltage level.

The gates of address twelve transistors 468a and 468b are electrically
coupled to shift register output signal line 410l. The drain-source path of
address twelve transistor 468a is electrically coupled on one side to address line
472c and on the other side to evaluation line 476l. The drain-source path of
address twelve transistor 468b is electrically coupled on one side to address line
472d and on the other side to evaluation line 4761. A high level shift register
output signal SO12 on shift register output signal line 410l turns on address
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address twel ve transistor 468b is electrically coupl ed
on one side to address |line 472d and on the other side

wo eoosued4sati on [ine 4761. A high |evel shift regi/Esm5/011399
out put signal SOL12 on shift register output signa
line 4101 turns on addresstyelve transistors 468a and
468b as address evaluation transistor 4401 is turned
on by a high voltage | evel eval uation signal LEVAL

twelh a drg)ﬁ bge %é nS|stor 468a and address ]
NELI"AF e (BAR NS 435hian addissa pyelEsoadtanstr #40lis tumed
on BQ‘HMQE voltA§e RS eK/QIuétlbﬁg’dggl(leE%L' MR o 95“%%3%@[@35

| vé transi stor 46 ress eval ua
trameI%tﬂs AeBarandsaidresmevaitiation transistEry4fltondutdte sstivélpeull

I t f
addifss g #P2e By REBgs Baar, Thi asiers ol Fangitanyesn
and-adglesd dvalusitiohttrarRastet £4010shBAUE & AREIY dEIEaddiRE: nﬁs Q72d
dr ai n- source ‘oath of address thirteen transistor 47

toa@%v@&agq €4f1y coupl ed on one side to address I|ne
g?rgjélggté%rbfte{b%lrgég‘ﬂrt&#rgﬁ%é&sﬁ)\@u 84 a?n r?égcétlncally

I'N-source ress t |rte
cou@T@bto shlﬁlreglsteraaltwt signaillied 40ne, n@'héldﬂﬁmt-sbLﬁd@ pafsof

addjgR SR JRNPBIRI40a SR AT URRDOR Cor e ISadress
linePd7 2hAhd oh8BE Dtifr Gud Wéva%ﬁmﬂ liné BP6HLOMd HFRS- gﬂrce path

address thirteen transistors 470a and 470b as addres
of agidipsmthideen transistar a7 049 siactrically wedplad by onelsidghto address

ine K485 15k 10 488 100, 0B 406, RS P

regtsl’tmtﬁhpéllgﬂéDSDq grutushift r€gigtedr iougdut siyHdl linddressturhden
472c to a |l ow voltag]e | eve The address thirteen

addregm Hiigeen tangisters ¢ /RAadcnssd’ U as adarass avaluation tsansistom
44(ﬁﬂ|"§jﬂ%e eve é)éﬁeﬁ/ té{ﬁte l@ggre%\%alt%ﬁ%é é\?AL Lrﬂlé’

register sas ngl e
addregh tmﬂéelaganlslstml A7t qmd addmgsalevatuation rteansistcﬁtt 440m

conghit fo reiyel Bifh a3kiHhe oputte toiipwaidliase i - Sid ddress

thlrfe‘aéi ﬁéﬁ‘éésétﬁ@a?()s%%Uveﬁﬁjrés§8\'?él[1§ﬁorptﬂaﬁ§istd? 429/ E@hduct to

YNC on control |ine and a series of
actwehn mg! pddress IlﬁedmZtatmawlgWsVCdﬁ@@leeWal T4 to shift the

trol t. 402
et SRRl 428t SRS ot iRl éut et from
one@hﬁt&@glsh@wﬁjtp@m@halrlm@l BI04 P0HRY thé heriedhifeE8gister output
he ot her shift register output signals

sigrsailinegtitn-41 @mp rift degistar qoaweoglweagecqrémé pyisedpicoptrol
ot SYRG HahSEEE I Al B4 BB
signals T1-T4 to shift the received control pulse into shift reglster 402. in
response, shift register 402 provides a single high voltage level shift register
output signal SO1 or SO13. All of the other shift register output signals SO1-
SO13 are provided at low voltage levels. Shift register 402 receives another
series of timing pulses from timing signals T1-T4 and shifts the single high
voltage level output signal from one shift register output signal SO1-SO13 fo the
next shift register output sighal SO1-S0O13, with all other shift register output
signals SO1-S013 provided at low voitage levels. Shift register 402 receives a

repeating series of timing pulses and in response to each series of timing
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vol tage | evel output signal fromone shift register

output signal SO 1-SO 13 to the next shift register
W@i0p005484 gnal SOL- SOL3, with all other shift PEDUS1065011399

out put signals SOL-SO13 provided at | ow vol tage

| evels. Shift register 402 gsceives a repeating series

of timng pulses and in response to each-series of

ti m ngpul ses, shift register 402 shifts the single

o4 S AE HBE SRR BT WL VS, S

proowbmlgeﬁegaau;s t&@ﬁﬁ@éﬂﬁghﬁﬁgﬁ Bi 18V it ﬁ&g{?stb?&ﬁ{é)u? 4] g*n*als

gl ster_output signal 3turns o
Soﬂr A48 s Eachdlgh §0Wﬁl® levgbshift registeay qtttplpirmmai@@mt& turns

on ﬁﬂ/d% ?gér}sgﬁéannsns“f&z%ws 44%’52?4§ 0 fzi?rlgf&g%ré gpﬁﬂlcfgg%s §lﬁnals

~At hiA2 eewﬁe?dtdrfamg téllse120.0Thse bbates@cu'grir@@em tAX he~A7 are
rteen shift |ster out signal s SOL S013. i n
pfo&&ﬁ’&ﬁ'ﬂegh'gﬁﬁaaﬁd  tinggisiqts rﬂg@h coviespeand te e thideenishifiny

regfis*tla*etI ARbEt Qﬁﬂ&@%@ﬁ ﬁb*lét lr&%ﬁbtﬁ%?én%%ﬁénli%ﬁﬁﬁle%stéﬂjﬁb

as fourteen, to provide address signals
can-iaziude Wusiadabhmbeu abehiftobgistiredgutisigmals) such asuch

R ts,, Th ft 402
fouflSen el SFRe NS sbbRB A Pritn oi r4%t Painvs Habie hugper of
addrés@ug{e glotseslitiPBs Fo@isdn hddess 4R sibe direction

nal s set u? the direction of shifting in shift

r eg ke shiftsegistenfO%taceivesalifestien sigyals fiampdireationtaircuit 404
’chrcfd(yrhf mg;%é@n @’lﬂ?'\({,’ﬁgg A998, Weeél{é)éﬁowgl A9 @gt uh?h%dg%%tfon of

froms 95 80 p
shifsny in shrﬁlmebtsteregbzt €he tshtfpnetglgte»gm c&ba, sedtto shifisthe high

di t .f t t al
vollgB 307 LTS PIPATE ANecp B EpTSATt ISget Rfbut signal
SOf % ‘é!?\\’ffjregjlété%ut%t s%hbf $0189 b?Fne& ré\%sé @g@bﬁ’cﬁ? fi Sglft

control pulse in cofntrol signal provi
reglsteynoutput sigeal 3048 telshift rag@getsmlﬁpubsngpat Seilgnal SOl :

or Joitbe dnar el it rey L 402 PRd S fi el gaice in
corﬂﬁ%ﬁ §Ig\h%15 COYNOexd prevides athigh ivaitage Rl Qﬁlfﬁééls%r%’mé@ﬁ
Slgw|t38 vol tage | evel shift register output signal

Y Ncnth@rr s@ﬁureﬂlsteégquémetr&ml@ SOES§HA %resmv@ﬁd at low
vorBERERS. B0t Aol ko Pikerl FRCnoR 88hs of il pilspsare

proaidies 2 mghdmlages g st rte@wed @)rv]tpht s@n?lS@ngﬁh@m other shift
out ut sjgna W t er . I reqglster .
regisie pQHtp§'i %EB@@ 5%1 a”d§9g éﬂgé gt ';9%‘%?‘??(9@ Igvelsophift
i t
fegiéﬁée“ﬁ?f#ﬁ%evs*hsﬁ@%%e@?gb%'#&é%@%ﬁéﬁ RSgLOp oA
volis\gene‘eelcshlft tegistgr pulp&uésugupl S0 3amithi aibcbthdr abjiftoegistel auput

3|gnals %11 Vé)bﬁagnd lS%’f LSO%@ prowd%% Sttlow voltage levels. Shift register

402 continues to shift the high level output signal in response to each series of

timing pulses up o and including providing a high voltage level shift register
output signal SO13, with all other shift register output signals SO1-S012
provided at low voltage levels. After providing the high voltage level shift
register output signal SO13, shift register 402 receives the next series of timing
pulses and provides low voltage level signals for all shift register output signals
S01-S0O13. Another control pulse in control sigﬁal CSYNC is provided to start
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out put signal SOL3, with all other shift register
out put signals SOL-SO12 provided at | ow voltage
wo ewsliei45Af t er provi ding the high voltage | evePCHOBIWN5/011399
regi ster output signal SOL 3, shift register 402
recei ves the next series ofggti mng pul ses and provides
| ow vol tage |l evel signals for all shift register
out put signals SOL-SOL3. Another control pulse in

o G e300 S I oS g S o
levaIUtSSt DGnANs oY ShFEesi slt@rvcﬁhpﬁ‘fﬁgHél $6918shiff g&?@tépblﬁﬁaut

regi ster output si gna ft Tegister
Slglﬁlgﬁféﬁsm 3. In the reverse direction, shift register

08 ShyRe R Ayt et Aotk 3T SR
conﬁ@lglgnél CSMN(E@nﬂWrﬁ%dé@gl iR levll 6 R registdd Sip P Tig PS5 2

provi ded at |ow voltage |evels. Shift regl ster 402

SOP%C é\"\ﬁébe& shift fegistes utru signals QIS %are provided@tilaws

ool PR L2 LSS & BN 30 s anc
pro@es aGiigh vaﬁng@s&l shﬂ\mg%mutbut/\sngnhltﬁé@em witkladl.other shift

el rP B RS S ALS S rel Sro1 f nirdadal lodryhae 1vels
Shift ¢€g|§fé?r402‘#"e%?ve§ it ﬂbx@@ne}s ofVMrﬁlhggldls %ﬂ”d &%Vlciés a high

register output signals S
voltpgeveit ghift rag:tﬁbex/@mbagelgnahsoé 1, @ithfall crtbgr slmﬁrregnsrzer output

soffigegBP1E. S oot Bk Al 8RN {ofposdehl s st

regis€eraA0R tovetiriidisitg shifothiechigl valtaged levedbligae slg@é@ln fé@pbhse to

regi ster output signal SOL , wth all_ other shif
eachegrioseef thing ulssisy HRIte agddnclading ppviginga high VQJWQG level

s P67 sURAR ong ST B, sl Sableggpli o
SO18peovidsd how ealta@iewels ofﬁftetn mFM|§|r1r?infhedsghndltag@tdvééshift
all shift re

reatstansitoul gaan S Gy SbieuRier doraiecele the NEG Sarigspf tming

\ pul%&ﬁ@br&n@é@b\/\p@f e' Iév@lré?ghéﬁ%rt Al §ﬁ|ﬁrrég@fer'dvtéu@|®als

ft register 402 shifting in the reverse direction
SOéeSCDéé @fnolﬂne;jrcqmot agleeormpputmbslgmil GSYNénisqnpyided to start

o R s BN b T i el S B oo

outgmrﬁghalerfrcﬁh eRiH Bgidieosaputisigaal 80 336 ehit rdgistesodidat
irection signals set the forward/reverse shifting

sigRalreedi on in shift register 402. Al so, the direction

ou?@ﬁ% 8g§%bgf8{#@tm{1§r S/to;%%rtl\l\fg?@é’tﬁ%as‘@ﬂélé%ohﬁﬁ Slirection
signal lines 408. The direction signals set the forward/reverse shifting direction
in shift register 402. Also, the direction signals can be used to clear the high
voltage level output signal from shift register 402.

The direction circuit 404 receives a repeating series of timing pulses from
timing signals T3-T6. In addition, direction circuit 404 receives control pulses in
control signal CSYNC on control line 430. The direction circuit 404 provides
forward direction signals in response to receiving a control pulse coincident with
a timing pulse from timing signal T4. The forward direction signals set shift

register 402 for shifting in the forward direction from shift register output signal
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The direction circuit 404 receives a repeating series
of timng pulses fromtimng signals T3-T6. In

w@odasiosand direction circuit 404 receives contPOI/US2005/011399
pul ses in control signal CSYNC on control |ine 430.
The direction circuit 404 provides forward direction
signals in response to receiving a control pulse
coincident with a timng pulse fron1t|n1ng signal T4.

The forward direction signals set shift i ster 402
SO1 & sbiffi registgy @Lﬂpvh%lgnelr%éﬂa di heedj[ﬂQtiﬁnfCﬂrG %éﬁﬂfanideS

revclérigg'r?grlte%g?ﬁ%&{?hseﬂ J%@.@Bl%@t& r%c%ﬂ)nggﬁ a fgﬂ'tr% éﬂlsg%to%dent with

ction circu
a tim'mgepuise Grionetimimgnsighgh®.s The reﬁsnsertﬁr@ctmn SRRy sEigsHift

{3 hecm C|dent that ulse from
regiSfetidse of S8 theirevess dliestin. o Wit Waisiar Sutut signal
SO $htd shiftaay ﬁskﬁ'r outpat §I$ﬁal%ﬁ)ﬁ L ip¥@ctiBn tc'ﬂ@u it %ﬁrp?gv(ﬂe% djrection

direction, fromshifi register output si
signefls that ickagir shift registr402 urgmposen to d[Dec’mn cipsuitd04 maewmg

cor Y 55 it S5t O w8 P Mohd anc

timing palsd fagmaming®ignal ITees coi nci dent with both a timng
pul.se fromtimng signal T4 and a timng pul se from

t i mhedosicgafaqu ragRivesoRfiitt ragistay oatieutisserals SO EHA13 on

i SEHSLECL B a0k RO b et AT g,
SIQrtalsnTBgT&og tiadisg "s'ign’émlms 484y 429 and486. lin mesqooft&é to42&ingle

nigtbyRliae levgloi PR SERE! ioinf shibgebiel SnlbetdRpdi S ass
andlthé(?m%ﬁ? Hufsdshorhi tﬁi‘nﬁg SIS T3ITH %élb B A0epRIvides two

?IC array 406 provides two | ow voltage | evel
low yaltege ievel gadressaignals ouhef the\saveadtidsess sigga |~sALA1A2
AT ~A2, ... ~A7. The logic array 406 receives a timng

pul se fromtimng signal T3 that turns on eval uation

pf by arr#\2166 sécivesid dinting pulse frdra tﬁemablsmna) rT3 that
gnal line 474 tg a | ow voIt%de | evel and turn

tumgclr evaluatien BERViESHOD r‘tmlséqro‘} tegpulighegvalyation, Srmfgj line

L s R P T
the ftindng barsgaefrmmamlsmgtsagmal R&hargesaaddmsbdmemea 47?% to high
timi I f tini 3 th
voltpa S fir3toh PSR & v FansBtiRdde Hatess
emtBédlﬁt%n‘ﬂztﬁ@“tMﬁQ pulsefr& tmhbzs%él Q‘Gei‘s?reblﬁbéé% thd cﬂ.hﬁﬁg

[1ne pre- ch arge transi stors

e timng pul se from
pulse fromgtinsingreignaldT 4 tor eharga a@dm&mﬂna&ﬁ@e&%&g fohigh voltage
v B AR oy TbaR gl 1ne 47 to

The timing pulse from timing signal T4 turns on evaluation prevention
transistor 442b to pull evaluation signal line 474 to a low voltage level and turn
off address evaluation transistors 440. The shift register output signals SO1-
S013 settle to valid output signals during the timing pulse from timing signal T4.
A single high voltage level output signal in the shift register output signals SO1-
S013 is provided to the gates of an address transistor pair 446, 448, ... 470 in
logic array 406. A timing pulse from timing signal T5 charges the evaluation
signal line 474 to a high voltage level to turn on address evaluation transistors
440. As address evaluation transistors 440 are turned on, an address transistor
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of f address eval uation transistors 440. The shift

regi ster output signals SOl- SO13 settle to valid
W@i0p005484 gnal s during the timng pul se from t POT/N§2005/011399

signal T4. A single high voltage | evel output signal

in the shift register outpujg signals SOL- SO 13 is

provided to the gates of an address transistor pair

446, 448, ... 470 in logic array 406. A timng pul se

o B 0 AT e e
shife Yédisdr iotfpit’sidteel SOT-S FHPeoffu A H%gﬁggq‘séa{h%aédrpééponding

transistors 440 are turned on, an a
addregnines 47 3ailhesmsresposding. addresstiiies 472 age activelppuldsd low

o s SR e SRS i
address esalontion radidtarsst0. | TIRS othé? adHPé%sclﬁfésWFéﬂﬁﬁﬂ charged

ddress lines 472 are actively pulled | ow throug
fo 336’950’@?"?96 I8¥Rlr ess transistor pairs 446, 448, ... 470

i : i i 440,

ThelTe A HRbY 2063160 88S 4 o Sbhad JEVRT SIS sigithig, out of
thesevengeldressesigndise-AGiA2, ar. FAY iH@Gichraildrésstitnets|bOF shift
oty AR A ST Rl e
4404 arsduhbb cOHHEEED tdidresd G 458 ahd 42%8% (EYe) r\}gli%%e

vol tage | evel, address one transistors a and
levels gaddirovigepative deMiragisisedsi sigrals 7241 and ~AZ21f shiftl register

w489 SG4T Bt ARbPI AT ETE) B e B
448b dorglucy @ paadirse!line8 didrasmd 4724 10366 ilRge 149818 aaad

448b conduct to pull address |lines 472a and 472c to
proyige ardive g adsiedsssignals priol aae ~As: i shiftgraistrirudput signal

SOZERAFa g Joifs 08, Ui hid EAAT0EEs A80H tha st ¥onduc
to pullatkiresoliresiflza and 4720lo domdoltage eveld andgdrndds active low
' .47 d 472d, to | | t I I d i d
addie ¥ SignPBurAUdPasEs HEAkon o S <k edner eyt SR
sog@tim.h iThe dROESS S nQIéE-RNZ’f, é&ﬂngkﬁ%ré%ﬁﬁf“g@@%h#éeen

ddress signal s ~AT , . for each
address timerslaigdvbgh eorralats totthe shift wigisier ewlpat signels $Q1-

i ft _regjst.er . S| s SOL- SO1L 3, are set out
Soi?jrgﬁ’ F&%Sgg{)'ﬁto'ﬁdthglﬁélw'@ﬁi}r’%not her enbodi ment, | ogic
array 406 can provide active address signals ~Al ,
~A2 ~A7 for each of thirteen address tine slaots

Addiessdime§lol n the fol | owi ng| Aghiveaddyess signalet her

enbodiments,—thetogrc—array—466 n~inctuoude—address
1 ’ o ~BliAnshTA2

transi stors that provide any 1’6 nunber of | ow

2 voltage | evel address signal sA1and ~A3

3 ~A1 and ~A4

~A1 and ~A5

~A1 and ~A6

~A1 and ~A7

~A2 and ~A3

~A2 and ~A4

Ol 0} N O] o

~A2 and ~A5

10 ~A2 and ~AB6
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~Al , ~A2, ... ~A7 for each high voltage |evel output
signal SOL1-SOL3 and in any suitable sequence of |ow
woodosagass evel address signals ~Al , ~A2, PATUS005/611399

can be done by,

each transistor pair 446

two desired address |ines 672a-g.

ot her enbodi ment s,
__sw_LabLe_nunbeLof__addrpcc

for exanpl e,

appropriately locating
470 to di scharge any
In addition, in

| ogic array 406 can include any

Lines to provide any

11 suitabl e nunber of address

m%am%%ﬁ any suitabl e

2 IIUIIUBI OI
series of six timng pul ses

address—tTEST Ot . IAg é)Ha,’l "ITJII
[ i mi b i S prowﬂ%

a repeating
ed fromtinmi ng

13 signals T1-T6. Each of the

pul ses.

ol 818

The timng pulse fromtimng signal

ﬂegémlbﬁﬁlrﬁéﬁr?i fbglc?é‘lllrﬁg 4??;%%&%@% acdtlggaa{ d%s

| HAB ad spgnal s T1-T6

T1lis

signbisl+Alyed\2yy.. ~Ad for eaol of thigeeh laddressrtlmg sk:ttg nalseTéut in the

foIIO\g?d by the timng pulse fromtimng signal

folloying:#abi& ol | owved by the ti
signal T6. The series of si

in the repeating series of

T5,
mng pul se fromtinng

X timng pulses is repeated
six timng pulses. In one

Addeessi EgieoBlot he si x timng pulﬁgéi:ye aﬂdr@ﬁﬁgnalei rcuit 404
ropcol v A i ey mwul oo £ Aas H
HECervesa i g purse—TT4 1t ITQ‘ |g||a| 3+

T fourth pre-charge signal PF?E@al ‘(1—3 tbﬁ%m ng pulse in

5 tourth pre-charge signal PREATHRai9nag a Tirst one of
the direction lines 408 to{a high voltage level The

3 direction circuit 404 receilves! ande'&@ced vol tage | evel
+ 1 m oo f v H Al
L||1|||gp|oc||U|T|L|||||Tg6| —IUUILII

4 evaluation si gnal EVAL4. |f ﬂ@'&g gﬁ circuit 404

5 receives a control pulse in-gongr@kag gnal CSYNC
coincident with (at the sane tinme as) the fourth

6 evaluation signal EVAL4, dijrdd Baﬂ*'é\ﬁ cuit 404
Adiccrharnonce tha fivrot A o o
r—StHarges— Tttt 1151 att+ect A o +f—drrection

7 404 receives a | ow vol t age Ié@e goﬁﬁtr si gnal CSYNC

g coincident wth the timng |pyAsangrAme fourth
eval uation signal FVAL4, the first direction line 408

9 remains charged to a hi gh votAagadréfel . Next,
H+eetton——ectrett—404—recetve i NAT0 putse from

10 ¢ i ng signal T5 in third pr tf‘%ﬁgpgggy gnal PRE3. The

11 timng purse in third pre-chaagangi~frl PRE3 charges a
second one of the direction lines 408 The direction

12 circuit 404 receives a reducﬁ@ﬁdt"&@ | evel tining
rull se from t1 |

H-eMt+H-MhRg—StHgha 16 11 vatuattomn bIUTIdI

13 E EVAL3. If the direction ci rCL!Af’ hejjvécel ves a control

putse in ‘

Also, in other embodiments, the logic array 406 can include address

transistors that provide any suitable number of low voltage level address signhals

~A1, ~A2,

any suitable sequence of low voltage level address signals ~Af,

... ~A7 for each high voltage level output signal SO1-8013 and in

~A2, ... ~A7.

This can be done by, for example, appropriately locating each transistor pair

446, 448, ...

470 to discharge any two desired address lines 672a-g.

In addition, in other embodiments, logic array 406 can include any

suitable number of address lines to provide any suitable number of address

signals in any suitable number of address timeslots.
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control signal CSYNC coincident with a timng pulse in
third evaluation signal EVAL3, direction circuit 404
waoele@shedsges the second direction |ine 408 to aPCDWsS2005/011399
voltage level. If direction circuit 404 receives a | ow
vol tage | evel control signgh CSYNC coincident with the
timng pulse in third evaluation signal EVAL3, the
second direction Iine 408 remains charged to a high
voltage level . If the first direction line 408 is

di LERRPEEIPM 8 raPeRNPY BT ieR $% RING RHISeRds Beddsias from
tlmlﬁ% %@‘Na'léﬂﬁ J'F@ eE48Pof ﬁ\@ﬁirﬂﬁlgaél Ralf! '('FIS e gn%\ﬁ%% b&¥ Bning

e3|0%nal | evel s on t eflrs ection
pulse ingachoeriestol gix Enina pulegs.sfTbe tmmg polsshfrém tinning signal T1

s hBRERIEE EhRS G ok kP b S T B LR i B
pulsél fr@ﬂtﬂrmnglslgnal Q3 falpvaidsioh @ flinigtp s é ﬂ‘dm/ﬁtlnﬁr?ﬁgnal T4,

the signal | evels on direction |ines 408 set up

folloy\rﬁok l@y theytirging pulse from ming sigRat ke whigh is tollgneschy the
ik pORTr g Soraf o2 BRSO ing BERedCrgitea in

the reqoqahegesaned df sontimpingvpulsesy a hi gh vol tage | evel shift
regi ster out The dire n si nals

on TPB SETEh o I st ABang Fbisas, SieFfan,Ceciir P OE ekt

timisd Ppuldefrdidl t@l‘\ihg%i?gnaTCTBklﬁ%@‘th biﬂ;ﬂcﬁéfg%%ld};@é] PRES e1Th'erhmmg
one series of SiX |mnlg pul ses and regi ster 402

pulgesinifautth gre-eharge signaldXRE4 ehiasgea fisstone ofithg divectiess lines

408 t§ @eﬁllgé'v%iﬁg% rlr%\;ﬁgj g’ﬁg airle?, ﬁ}%ﬁcw??{ga tsni—:-éﬁ%? %.?%dlﬂggd voltage
levell tifrfitig PUReCT@h ditniAg Siulal FREA fourlthevaluatiog siwas EVALA. If
first pre-charge signal PREL gmepchar ges an_int

direqtiofs CiriA0A refIYaRA CANITOLRMS @ntr@gﬁmaéﬁ%\éw&scomc'dent
with @‘f“tl’?éaggﬁineelﬁné Q§)ag1‘éof’émth@v%lﬁﬁo ts@fé]'é#?l_ Hirection circuit

iveS a reduced voltage leve se from
404td|mh’eggss thefirsTdirectidn hrset 4@9.alfiditeiction ﬁogrrabelmmmwl f

trol | COYNC i i.ved
voltSes favel ggnEolesons 2 SONRL PR et Ti i RGEE I Bt Rt
evaglartl%h SoreI FRAAIY thé ﬁ@'dl@ﬁéﬁhné BoBtrenREnSERIrgéd 20 a high
I scharges the internal node of one of the thirteen

voltsgeﬂeved egi st er cells to provide a | ow voltage | evel at

AR BRES DR AP o v

third bﬁe—bhﬁﬁg@s@h‘élﬂEB fihestimiggad ulsd lmllmrdlmeadha%@nat RRE3
i nternal” node in each of the thirteen shift %{j’i%ﬁ%
r

chaggay 2 speprd REe &t the firgefiandinasytg. e%@ diregfiqn i
recel%s 'éce{‘éﬁlrﬁéé‘r?vgité é‘i'e(}gl t‘i’rﬂ%&é’ e t il %bgg 16 1ﬁr?"trl;\'lr‘él
eva&tamnwmai-ﬁmﬁ@elfﬁln@ dakctRiRERircuit 404 receives a control pulse in
control signal CSYNC coincident with a timing pulse in third eva[uation signal
EVALS3, direction circuit 404 discharges the second direction line 408 to a low
voltage level. If direction circuit 404 receives a low voltage level control signal
CSYNC coincident with the timing pulse in third evaluation signal EVAL3, the
second direction line 408 remains charged to a high voltage level.

If the first direction line 408 is discharged to a low voltage level and the
second direction line 408 remains at a high voitage level, the signal levels on

the first and second direction lines 408 set up shift register 402 to shift in the
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pre-charges each of the thirteen shift register output
lines 410a-410mto provide high voltage |evel shift

WO e@s40864 out put si gnal s SOL- SOL3. Shift regi SPET/USDAS/011399
receives a reduced voltage level timng pulse from
timng signal T4 in secondggeval uation signal EVAL2. |f
the internal node in a shift réegister cell 403 is at a
| ow vol t age IeveI such as after receiving the control

forwBi ARACHST < 11 AT PCR B DB FE SR e Ay volaae fevel

and &r?@ 'sé?@rid 69@0’((8?1 Imeailtgéélst mgﬁﬁé}géa t6 &9 ﬁrtv‘%fltaﬁé fu%{ the signal

Ol3 at t I tage eveI
levelsm:m dnrachcmahmel #0& sehiip shlﬁe“ggs(tm4a~2e1d shifhn thB wvemse

aireglf' o BPHER LS8 ST AFagiellines A treddhtiayme e low
voltadd lelvelse ghist registett 402 is! preeemeaardﬂQ»ﬁa)\h@m@ra)mgﬂa/du%ge level

vol tage | evel "shift Eﬁ_gl ster output signals
shlﬁvﬁ@lséwqqtpubaggaléoa 13 Thﬁtdl@pa@n |smna¥ﬁeoeé!¢reégorbfmes

408 508 <5 duhgLa, BubaLsr s iEyG chedseat ster out put

cone v urihg the timng pul se
f rwmuegin rtge@in@nad)n Bisetrin saemedlee\tﬁlsuaﬁmmg pulgeshnd shift
valid until _the

tjmn e.from .
reORIPR{IRS 1S YRR 1B e SeER Of S0 IEORUISS: 10 ilige shif

a5 A RO SO S a1 T

first Ipmha@‘a $|gnaH§REﬂerTPmJﬁlrplm wilemin firsOpreschargersigmalitRE

403
pro-Soeg it infgge] e et b8 R it [eiS G ke ndicated
at 40984BBAT. PHE R @iginét 0 DkdceReba rddudedesaitaigedéeval timing
l ogic array 406_recejves the timn ulse fromti
pulsei figraltiniggtsigns J%ﬁévgeeva&aﬁt@@sﬂgn%ég%% !afn'vblcft?fuflqu1 Pél?ﬂfe in
confid 554 GATNETE REahoRRy SRy 480 o oRR ST AR i
pulsel igfiadt éRiéItll@illelgna)leVAUﬁrs&rsﬁk reyistien aDQmSGhangss theomﬁernal

d
syl B b R el
the H%g d”ie\t HhEfodd. Ottt BoMeolHighRIC SYNEaeisins af & low

s eva uat| on transistors 440 as shift register
voltage: tm/lel soxgnnmlant sith-tsetinisg pulse indirstgvatualiont signaldi Wikt

e PR SIS E8T v Wil e 48R e

volth§8Teve$ at a high voltage level after the timng pul se
fTfomtimng si gnal T4. Logic arréal% 406 recei vearthe
t i rf@hilg rws‘r@% JdREeivas ﬁglr@ngr{mls optirgingrggnal T3 in second

pre- gégrqjé%llgg%l l§h aleiéof;\% A{@(P th L& 008 reB il §§§l gnal PRE2

Sis ead ress transistor pair
pre4hérgebiach of thé ARirtdeatshife (mglstes otrtpait lingé 490444 P tcepmwde
hlghs\rllclalftegger I%%Ielsér(\engt ré’&tsf’ er ou?plﬂns?gl;na S Sb 9,*.011% Shift register 402
receives a reduced voltage level timing pulse from timing signal T4 in second
evaluation signal EVAL2. If the internal node in a shift register cell 403 is at a
low voltage level, such as after receiving the control pulse from control signal
CSYNC coincident with the timing pulse in first evaluation signal EVAL1, shift
register 402 maintains the shift register output signal SO1-S013 at the high
voltage level. If the internal node in a shift register cell 403 is at a high voltage

level, such as in all other shift register cells 403, shift register 402 discharges



10

15

20

25

30

are turned on to pull tw of the seven address |ines
472a-472g to I ow voltage levels. The two | ow vol t age

wo ewslioasdr ess signals in address signals ~Al PCHB2005/011399
: ~A7 are used to enable firing cells 120 and firing
cel | subgroups for activatign. The address signals ~Al
, ~A2, ... ~A7 becone valid during the timng pulse
fromtimng signal T5 and remain valid until the

o LB i R AT o o e
out;blﬂ'sh EISGOAFO R The %ﬁﬁt’ éf’s‘ter"#’é? tmitl'rs\ﬂﬁﬁm% 8&/fes of the

di scharged to provide ol tage | eve I ft register
six tumrmmulsegnihe mr@HQr ou’tpeut BtgmalaoSOag@OH é\kxelcoe’m Valid

our 38 B0 Yy S8 5 T Al S L2

and4éidie validh uetiptheeinihg pPuls ﬁ@mfﬁrﬁiﬂlg\@érﬁéig% ineM8lnext series of
address signals ~Al , ~A2 he hi gh voltage

six firging plges elﬂseaﬁg Rubsequent serig of the six fiming pulses, shift
reglgférkﬁ@ dﬁ'ﬁ i fhellggh%ﬁaﬁé rlt%)@.ﬁ’ Is@ﬁHe %Lfglgéﬁgﬂ’?&bhg%gq L8813

or ‘actrvatio ure eSCFI bes “one
fronenrbecshrﬂar&glstbr aell 4081t e néxtcsjriiﬁ reg)stbecelen’oadl ment s

T Bkt D6 Shcmecs B Argister SUA HoMHE SO/ ERO13.
In ohBeerﬁQ@ér %éﬂﬁslégick%?rga&) mFec%‘l\%@ﬂh% tm@m@ pLﬁééJﬁéh tTrﬁlnE;mgnal

hat provi des address signals ~Al
T3 hm@/rehmalge laddeess FieguA 2 amhtury off @dcﬁgsamaﬂulaugn transisors

4403l bl coolianaddds rhfarlak e ifio e 188 tming

Slglﬁ# MisstoAQARoff Gdarddsadvaniationdeandistorhit40 and =stimfrig pulse from
egi ster_output signals SOL-SOL3. Each shift register

t'mlﬁglsllg"lﬁﬂé_é toomghesds addresadings 4/Re shift regi ster
oug_%icoéfrg? o8, ré%vesq‘%tlﬁlﬂﬁ Sé‘i@@ Iﬁ%'ﬁ‘n titnifh ng}%@? ?(?_lrt]L'érn off

s simlar to sh sterc
addréss teslnatidn fransistprs #d0 asedHift ré@@tealoatmlt sgnale 801yS013

setfiots varuas regies cuinl Sl stk Shiod futtiBote Rif's
mltléféﬁf %h@rsl‘ﬁ'f@?eg?ﬁﬁr bOgu¢ Q%nQFS(‘ﬁIUSbﬂ@ RnidRd st a ‘Plﬁgfﬁ\‘id)lfége

Ister cells 403 to provide any suitable nunber of
levesl IafH the timingpulsatfram tigtiggalgnal The Logia array406 regeives the

403a i ngl udes. a f.irst a t
timifg s o TSt o ortd HalyBodh g o t4an e
on Addrest BvaluativhRdnsE@oR40.1 THE GabifsbsWansisias paid 44Bn448, .

at. 502. The first stage 500 includes a first precha e

470 thahsscaives thedigh veltage levehshiitregistarauirytsignal sxa1-

are 1A &h {d'BYE 1S BRfeXEREn address lines 472a-472g to low voltage
levels. The two low voltage level address signals in address signals ~A1, ~A2,
... ~A7 are used to enable firing cells 120 and firing cell subgroups for activation.
The address signals ~A1, ~A2, ... ~A7 become valid during the timing pulse
from timing signal T5 and remain valid until the timing pulse from timing signal
T3 in the next series of six timing pulses.

If shift register 402 is not initiated, all shift register output lines 410 are
discharged to provide low voltage level shift register output signals SO1-S0O13.
The low voltage level shift register output signals SO1-SO13 turns off address
transistor pairs 446, 448, ... 470 and address lines 472 remain charged to
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508, a reverse input transistor 510, a forward
direction transistor 512 and a reverse direction

WO e@sa0msor 514. The second stage 502 i ncl udespPEr/sE8m0ei11399
precharge transistor 516, a second eval uation
transi stor 518 and an intergaal node transistor 520. In
the first stage 500, the gate and one side of the
dr ai n- source path of first pre- charge transi stor 504

probRpTigf YPliadi laeh8dis3S sichriza e ARy shgnanefigh vliage
levaraddreééeglgﬁb@uﬁwlmg f ittt pl@\/@h?fmégéﬁl% ?ﬂ?bn&’ﬁﬁi‘ag cell

The ot her side of the drain-source pat
subgreufairge keingenabled fonaciivatienectrical |y coupled to

f. fi
o NG Fif e S8 R AR BB Of b el BT e
emboginssrs empﬂiﬂﬁng biffaugit logicesiamentosied E%Foﬁéﬁtsl kg beal
i ster internalnode_ sig

522 id hi f
U‘““éﬁge e & WP &S@iﬁiﬂ@trH}?a%%@%w%th%b@éﬁ@ewbedﬂepwm
s.gmgeep SRLAT P76 thy't‘? &ﬁtﬁ% Q&drfe'sF%gg \@LA “ﬂa,
[ Ically

trans r 506 i s el ect cou
mayeball.umzedm signal line 420. The first eval uat| on

;) Rl G A AR 155l G5 465t deeeh
regi@v@m | SRiftsegiRedr 408 htludEBahiPleBAshift Fyister EER 403% gosm

drai n-source path of first evaluation transistor

thaf proyidectheithisiaep shiftpeaister outnué signads 80 1-8013. Each shift
reg A Qs E(Pﬂﬂtd&m‘? hel Sh8adhd gﬁw reb s?é‘rsétﬁéﬂf sng gglﬁaéG1 -

one side 0o raln-source rever

SO1 8 angi exobrsHift Gedibteo egh 408&@%@11 ispgitrilab8shifilregietdrasell 403a.
side of the dr our e path of [yrvvardl

The thiffeens shift rg%%@ rargaﬁ'wr'e% ﬁ%ﬂpl%lrbgﬁuﬁeﬁ teprgyide
Shl@ﬁg ng Erﬂésg)é\ﬁg %ﬁd E@é\f s@kirkef dlpddtﬁélcéﬂnﬁﬂdﬁﬁéﬂ%' Sthiftr

er SI e drai n-source
registeiv s carinshgte ambpsmltahiansmﬂ:tem iof Shifit n&gnsédaremllsuc‘&a foy
rain

{ | ed t, h of
profige Ay AR o Bk SE Pt Sate ha RSG5l T ©

dr ariE sekregiskatded 434 ineN@Ed sirsestage AT Be mp@trstaéa
and reverse direction transistor 514 are el ectrical

indicatgsl with deshed énes ahg@0, ansta sggorgql stage that isspoUtpRE sélge

g L l

chargs elavieRtdr B4 erfimsr evaliiatis transisiop 585, difbtward dmput transistor
direction circuit 404. The gate of the reverse

508 i eyerssninprhiansisior 54942 |f%r\'@r€éiﬂrﬁp€<am frangistay g and a
rev fsreeé:lféd?ign ﬁd?\%lﬁ‘}QlS%ARh?ﬁe 158E6hd SBadd 07 RERIRR a second pre-

1 on si
charge transistor 516 a second evaluation transistor 518 and an internal node

transistor 520.

In the first stage 500, the gate and one side of the drain-source path of
first pre-charge transistor 504 is electrically coupled to timing signal line 432.
The timing signal line 432 provides timing signal T1 to shift register 402 as first
pre-charge signal PRE1. The other side of the drain-source path of first pre-
charge transistor 504 is electrically coupled to one side of the drain-source path
of first evaluation transistor 506 and the gate of internal node transistor 520
through internal node 522. The internal node 522 provides shift register internal
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fromdirection circuit 404. In the second stage 502,

the gate and one side of the drain-source path of
W@ e@wsnas4ps e- charge transistor 516 are el ectri cBtT/¥S2005/011399

coupled to timng signal |line 434. The tim ng signal

l'ine 434 provides timng siggnal T3 to shift register

402 as second pre-charge signal PRE2. The other side

of the drain-source path of second pre-charge

ransi s 6 is ectrj cal Ied to one side of
nodel S8R S befees stvesioisca §o% fa haaterpririeraslstosie
tramzisiopgelgt o shift register output [ine 4 10a. The other

side of the drain-source path of second eval uation
t r il gaterofdirg evaluation tranustoy 5006 ipeledtrioallp coupiedeodirst

. i n- h.of i
eval i AbARIRGAR. PR a8t sl BT sidhan s HRBples e
red UQedEl/@ltég“é ekl V2 Gming eRnaPteSHR mdglgtealmtamSﬁ b%‘lﬁlatlon
line 424 to provide the reduced voltage | evel

signal VY- i Eh@loﬂw sighe of th@e@?ﬁ?&@umma&@ of s @@raluatlon
trar%?%h};@(& @elé&%ﬁﬁhﬂ@gﬁgd -{—5‘% )?s'ic?e 8f He{}ir?!)ﬂlléér)] e g)g‘th of

Fical coup
fonmardenﬂilﬂrazmistbh 808 ahdrona slde of th&éraﬂ-&bnm&th of paddrse

. f o d t i I tri [ 1
inp QAo 510 WieHich GRERal eanB38: ground at o34 The
gat'ﬁwé’éthte%lde”éﬁhé draiffurés paH éﬁfem&%qnbaﬂraﬁﬁ&oa 508 is

capaci tance at 536 for storing the shift register cell
elegtricaliyneoupiedito sngsidle GNe drainesaitice patheg fgrwarobd:remnon

nari PR ehEEr REGMEr iR s BragREr e onsllgrse

inpStrdrisistens $0 & eleetricalif) 3angiedrv ionetdige tHeedraii-source path of
thirteen shift register cells 403 is simlar to shift

revetsgi ditestion diansistab 14rAkS 4kt dheraiResquaraRRINSRTTEENATN
L4l
dlretc'heﬂsfrla?l%%rtoﬁﬁﬁ éﬂ% E%\fég t@lgrfek‘hér’?ﬂéﬁ ist, rﬁqﬁnagé%%ctﬁgglg)ne

'S electr e con
cowiedfmeasdsfefendeegush as goodind)tatiS30es 410a 4101 to shift

f d_ di t Th f,th
o (LR o Sl dorutess diBtion engRtfie: b et Gupled to
dlreﬁggﬁhﬂg?l‘mgasthﬁ{ %Ne%%hé)foﬁ%@oﬁ%@ch@n Tslg‘haq? PIRF Ftonh ditection

or one of the shift register outf i nes
circuit G944 1Te gatemﬁ the réverse @lmeetx@m yangistas & lidon elautecallyi f t

couiih i oyibe Bt [l bolbReHifthh SHAl PIER

frorhrgqy@@t@,t,@[rc@mmexcept for shift register output
nal lines 410a and 410m Shift re i ster output

s. hdhe iseRend strgs 20% the gpicand pnesige etthedrain-souise path
o Rl 2rhEGLAT o 398 48 LU Lol BRIEL Gl Sl e
434. Ui timting sigpat lirse 484 lprovides g signal T3 to shift register 402 as
second pre-charge signal PRE2. The other side of the drain-source path of
second pre-charge transistor 516 is electrically coupled to one side of the drain-
source path of second evaluation transistor 518 and to shift register output line
410a. The other side of the drain-source path of second evaluation transistor
518 is electrically coupled to one side of the drain-source path of internal node
transistor 520 at 532. The gate of second evaluation transistor 518 is
electrically coupled to second evaluation signal line 424 to provide the reduced

voltage level T4 timing signal to shift register 402 as second evaluation signal
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el ectrically coupled to a reverse direction transistor

5 10 in shift register cell 403l, but not a forward
waelReosavi4en transi stor 508. The shift regi ster PE/US2003611399

is the first shift register 403 in the series of

thirteen shift registers 403 as shift register 402

shifts in the forward direction. The gate of forward

i nput transistor 508 in shift register ceII 403a |s

el ec ricallg coug ed to control signal |ine 430 t

r

EVALZ: o R 9gishet ipter e frafaiptor $R8 is ste&ﬁrepa&lmcpppled to

lntelrn%g hEBSrSZQ%Hd ﬁw%%lwéf@lhé%??hé BRaiNRbEr Cfféf pétheoffl%\‘\?él%ode
put transistor electrically coupl to shift

tranme@rét%} is@legticallyi corplddto a mefeeseme/ sushiaktgroend sdtei34. The

gate o Pt R gE s PR a2 HiudeF 2 SphECIa Rt fof Storing
the ﬁggé?isﬁal dell lﬁfélmﬁ)él%o%%@tﬁélfSNi eThatspift Féglﬁéff otéga@ 3|gnal

_ 0 receive shift | ster output sug
line #d0atincludes g qapgritange @ 38 mgéprirmh@ femsf@apétmﬂ
Signépgﬁ,lorward i nput transistor electrically coupled to
regi ster output line 410c to receive shift
r eEa@hg;émft) tég):letba sely 4ﬁBa~803m 'Fif‘the}‘qse??ebsﬂ ithitteeaghift mgister
cell 403e includes the gat o e for i nput, ..
cells #Q3 ds §‘(‘B¥afé¢ sbiftregisien,C ‘E% 98if %ﬁ‘?é@\’"&%@rd'@c’“o”

. trangkﬁcﬂﬁod &%W %; Eﬁeﬁ; Bkl Q0§5'463rﬁ f@él%&ﬁfczgg%%'éled to the

shift register cel o
conimlclinmdé&o phengaf meashlfthegtstﬂﬂmtt;wn limest4 t0aadbdl d0 shift in the

| ectricall I t hi ft t
for a1 el £PG TR Pt 1o eyP e TR SRy | &isk S ghit
reg|§fé‘r‘ @8l 038403 e0ERLRIcafP tbugieddoiths todes! Inees Imbeoné of
forward input transistor electrically coupled tq

the shlftfnegtsé@r eutppt inaspAitOb-fhdm4eshift i hh@déve@esdﬁqqﬂon The
shlf@%ﬂl&égéﬂﬁﬂ& giﬂﬁwg?fl %1 Ogéfe cILRf CEWPBGB\%B Oﬁ)ton"eefghﬁér‘?ir

tranklsiS5G8 and dneqévertselttwwnmpﬁﬁu exmephfdrtshrftagagsster output

| 410 hi f
Signal ihes 430m anshet O nSHTGIRARISR SPyt SEMEbITE 404 % Slectricaly
coug ‘altﬁdfﬁ)rfv'a?d Eﬁ‘é i tréﬁ’ﬁst%?%%‘“ﬁ’shﬂ%@s‘té@ééﬂ 45035 but not a
ectrically cou ed to shift register output line ,
rever$Eiteation ctmnmstm‘rﬁ Q. Sbl@l rggtsltercmttput sighgiritne G isThe'

t.ent hi ft t
e At 80 b B 5 P G5 b 400
but $1Bt hfoRMEIHiRICtiOH tidinkistdrBD8t10i to receive shift

regi ster output signal SO9. The el eventh shift

r egihst ehiftregisterasil 403e) is thafitsh ehifiegister 4¢irt pvgarigs of
. nput .t ransi st I '

thlrtregg sh:fi Fegg%tfag%%? %ﬁ%‘ﬁiﬂkf@%‘[gyﬁgg gﬁl@qghl f&}\l\fa"rd dj rectlon
Theoghtewf feiverraling@tithnsidtor Sﬂ&lirf sﬂnﬁsbglkterrcmylcm%ns ce@dtncally

4031 i ncl udes the gat e of theformrd |% M)Ianﬁ.éestor d
couplaskior ¢ariral piansty bm% @430 do sepaive Fegliraisy ﬁ%ﬁ secon
shiff i'éb%st%? cell 403b includes the gate of the forward input transistor
electrically coupled to shift register output line 410a to receive shift register
output signal SO1. The third shift register cell 403c includes the gate of the
forward input transistor electrically coupled to shift register output line 410b to
receive shift register output signal SO2. The fourth shift register cell 403d
includes the gate of the forward input transistor electrically coupled to shift
register output line 410c to receive shift register output signal SO3. The fifth
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receive shift register output signal SOL 1. The
thirteenth shift register cell 403mincludes the gate
w@booshes4forward i nput transistor electrically POUPE®ds/011399

to shift register output line 4101 to receive shift
regi ster output signal SOL%g The shift register cell
403a is the last shift register cell 403 in the series
of thirteen shift register cells 403 as shift register

e direction. T ate of

shiff B5ai5 85 bl 40Be PN s Safeco! the Latvierd iyl S iacen |
eledBidally So@dIeStd bﬁﬁt' r’e%ﬁ S@QUC%;[EG’[ firfe 406 B gé‘r;cﬁﬁ)er%lﬁ I?éélgter

regi ster out put to receive regi s
outpuit qjglnalg‘q?@ﬁaﬁhs@xth'ﬁm‘t wgister celjd68Lincheles tHe @bte of the

ond G BEble clBE B AP SRR Bt o

recdil@Ghiforagister vatpi sighal SQJ5St'ﬁ'ie 8edtth sﬁifQ@tst@F—@ell 1589
shift register cell 403c includes the gate “of

inclydge ?fs%g@t%eftthﬁ fameard ﬂmutéraétf»ﬁtorc@!ecwcalbw po'emled do shift t

ool 6L 1 P 8 0 G RBaebBy B S8, H v

shift r&glsteeseli Ke3bancludds theegate\of tisefornard inpudransistsr
S ster output |ine

| [ hi f
eleGigah itmied 15 M8 EREerSbvinchl Lo wogivar shibeeoistes
outSii dighABOY e TheHihthshie réél&ﬂe‘r' def 4b§Fm9fUd%s %he GRE& o%thfe

reverse | nput transi stor el ectrical Yy coup ed“to s
forwaydiispet trangigtor electrically Coupledrtoshift Eeg;s%tef outpeidlise driOh to

reofit Rl EoIE gopit 5bREL 8O, BT Shir Boisich Gipgos

mclﬁﬂé@tﬁé galel of the lﬂ@weddnr@pmhrefﬁs.srt@geléb@kawwwlea itd @ hift
to receive shift regl ster output signal SO7. The

regl§tﬁrfqutp@fdm 4101 de receivm§hiftenisteisoutag! sgan@ 209 Abe
eleJ&ﬁﬁ ég@:ﬂér {:élf@ﬁél?ﬁw%&o%lsec% ot bt %eﬁ% A renf)ﬁ’% §hhdiktor

tor celve S
eleq:tutzp)llyt cmjrg@dilto S registershitp it linegd H3jdo recdive éﬁiﬁheglster

RG0S, Sheinalit Jieiseiler Soh 404 inshitsthe date of the
fonﬁér@' inb@ ﬁ%t&?e@&mdallg%Shéfe%rto%l‘ﬁfpkgglﬁé%aipu?me 4%0R to

shift register cel i ncl udes ate of
receige shiferagigtat outpah sigrabBQditecthe tmrtea@ntb shjit eagjister edll #03m
u t line 41 ceive shjft NS
incl 8 e Ga GRS e o e tag e BB RAle bobiiBy o Shin
regishst! didpsat lifeed tBI6 réteild Shifiregisisr duput sifhalnSO$Ror
electrically coupled to shift rg%&ster out put |ine

410khe shiftaegistar C§H|4Q3ar|§éh%ii§|’f shilit legiste)i el 03mthe series of

I h
thirfb it ok R belehos Bbisrif ki RRin/E Hata et e
direictign s fTéve gme ifiteverse mbut(f.lanm;tasr&ﬁ:tﬂ msfsﬂn réglsﬂee@eweea is

e et o B oetting it i By P Bibroceie
shiff1 Flﬁ%ttbg% gce| @giégﬁgﬁt.tf’hé Bhfrl relgRESEST 4688 PludesBe gate of
the reverse input transistor electrically coupled to shift register output line 410c
to receive shift register output signal SO3. The shift register cell 403¢ includes
the gate of the reverse input transistor electrically coupled to shift register output
line 410d to receive shift register output signal SO4. The shift register cell 403d
includes the gate of the reverse input transistor electrically coupled to shift

register output line 410e to receive shift register output signal SO5. The shift
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regi ster output signal SO13. The shift register cell

403m i ncl udes the gate of the reverse input transistor
web@stioi4sal | y coupled to control signal |ine 4BOT/U82005/011399

receive control signal CSYNC. Shift register output

lines 4 10a-41 Omare alsogelectrically coupled to

logic array 406. Shift register 402 receives a control

pul se in control signal CSYNC and provides a single

high yoltage | evel output signal. As described above
regigtat callA03eyBaludgs das aple ‘Eféh@\XPVQrﬁé igptiteansistar el@@trlcaﬂy

I t

couglfeéﬁlg) JshtlfB F%é@??ﬁ%ﬂ%éné%ﬁ)? 0 g%bgﬁ\féZ%gﬁZ lg r%uftﬁﬁ digith
SOB.i %sgﬁhn‘nr@ster nell #a8higckidgadhs gafb aﬁthleaeeelrsennplhlletransustor

el Pl Sl B s SEGsR iRy e 2l R reselg shit regitter
outlit'sigidl 807 S Thbtshife Eégﬁétéf céiP408¢ koIt thel pitb %‘f ﬁ’{e reyerse

output line 410a and shift regiSter output” sSi
inpytdransistghelestricalie crepler to ﬁhﬁb@g@i@v‘eow@u e 40 In K@recelve

e T L Th

the de\reisé irput t&imsfsttorreigcmtally éddpleets shiff r‘eglslt@gtbtﬂbaf line 410i
out put |ine, 410m and shift reqister_output si SO13
al $09 B%@ﬁb!

to recpive ﬁh@tﬁeeat%ra@&ppwen es mﬁﬁiﬁ regisies ce ncludes
the B e;&r me%vms%qnﬁyﬂ $RTsistBr &lé&d@u@ gugied Sfélyﬂft rediger output

vol tage level output sign
linesﬂlOﬁ teeaeiveoshjfi registar audpyitstignal 81210.r dhe shift saglsf.ter cell 403j

inclffék Hechaentoé vevrie it BRSO bl Slp 68 10 sfi
regishtq ciltbditlinees Ok ©' rebBRe Bhift Fsgistar bl Ut aRfnaPE AUl SEnaBHift

shifts the si ngle hi gh | evel output si %nal from one
registerfaell déigkdneludes the g@tg afdhe ﬁ@VE?f§Qtlnl%Lﬁ fansisdey eleefrically

couf 5 i A U Y B BRI 35000l e

SO 11 23 g ﬂ'ﬁé@é’nfc eddistéd 33!! eoaﬁ ivelsidés rthmlgdtejmfrthetrewsel ?mal
and reverse direct|ion si Dl RR. so, the )
trartsaai@'t elgcliisallsgoupiedda s 'fE‘?ﬁgf§tg? %@W{ Eve &Aémrtedswg% shift
regl%gérwtﬂut%flgﬁéu SE95SRE, éh'TP I=Egs§tleg Bal 4%% lﬁBI@d@s RIQY §hfeEof
shift regiSter I nput sig IR Al shift register
the ceverse mtltrarsl‘ratdblt eleetglcatlye coumed 40 coptrol SIQn@leEt43Q1’CO

recgipsaBug SonaLEPYNET A roRgeCo Ryl b fd 4 ThR e lpo

ele&hé‘@lﬁ/ &QEN@& & fRiYic §ma{,t406eg| st er cell 403 shifts in

her the forward shift register input signal SIF or

t héhlﬁv@g@&rﬁﬂa‘ receivghs & eantrol putsesingieatrobsignalrh s YNy and
proﬁhsa t%wzgﬁgllﬁafﬂg@vgﬁé{&é 11 bt §lghal eAs WREEibd £ SIS hnd
described in detail below, the shifting direction of shift register 402 is set in
response to direction signals DIRF and DIRR, which are generated during
timing pulses in timing signals T3-T6 based on the control signal CSYNC on
control signal line 430. If shift register 402 is shifting in the forward direction,
shift register 402 sets shift register output line 410a and shift register output
signal SO1 to a high voltage level in response to the control pulse and timing
pulses on timing signals T1-T4. If shift register 402 is shifting in the reverse
direction, shift register 402 sets shift register output line 410m and shift register
output signal SO13 to a high voltage level in response to the control pulse and



10

15

20

25

30

or SIRis provided as the shift regi ster output signa
SOL1- SO13. The first stage 500 of each shift register
W@ edos/149334 pre- charges i nternal node 522 duri ngPEI/UB2005QL1399
pul se fromtimng signal T 1 and eval uates the
selected shift register inggt signal SIF or SIR during
a timng pulse fromtimng signal T2. The second stage
502 in each shift register cell 403 pre-charges shift
._.register output |ines 410a-410mduring a timng pulse
timing BiiSesn B89 §i) T3-Hhd! b6 AiaiyalinoeieveauipusioRaIcs0

. | _ ) Lo | se.
or STATRLBikd Bygn SR LA A3 g
the sext gHift régistsacdll 468en sespbnsedbitioning fputdasfih itingng sigald T1-

T4 regi ster cell 403a and all other shift register cells
403 in shift register 402. Shift register 402 shifts

| N ThaesHi® fé!@ét%_r QEQ efiltsOn thé &ﬁfr%@sg LhaHiR &ﬁ@%ﬂhigh

DIRF is at a high voltage |evel reverse direc
leves pytput smakfros ane shiftoegisten cajled0dtncthe rehit shift registercell

403 {Rfig i b e BB bR blRllols obEathS o st
stadeob OB biledt shiftiregistéraiell 403 fdceiv@sdbrviardaitecabh aitthal DIRF
level . |If both direction signals DIRF and DI RR are at

and|reyere6] dirpgdion slanal DIRR;: rAlspetiiedirat stage S8« aash sdvff register
403 BoEh EpflA R TR Tt Sl SIE BTyt geoster

inputeigriad SIR. dylestaft register celis #0B iy shifti repistergl(2 are saitb shift in
i $8R1 i 1 A e B Pl s an

sigrdid $¢i7on signal DIRR is set to a low voltage |evel.

I
The high voltage | evel forward direction signal Dl RF
t urline ot $teg efiqasbtshift registes cell 403 shiftsdneithes theow

‘ I, t I . ' ' ' . .

forwAdy sPEEreaa{EL I PY SPGLSIFLBEHedpyBisk i ik iR s

SIR% !Tﬁe?ﬁigﬁiaﬂ(ﬁh/ vbltage $e\w|1 Oggféhist?léoteﬁlﬁrﬂft registes input 4@?311 SIF

irst pre-charge signa o char i n e

or Sias pobiaRH G theFREEOISIIIDH; TaBR FOAO he BRIGEStae
; . = ¢ e o

soc AR 8 2oy DKo brb el 42 5270g g

pulstniiom tirithgesighal T 1 ae elalvuatesTietsetected phiftsregister input signal

SIF S3r gy i S, oL (T 07108 sighl Tes THEV ARk Sge 502 in

eacﬂs@\{f\ﬁtedf:%{%g?%klgﬁi}r@%hﬁfde%tsrﬁﬂ‘fﬁé@%r%tﬂdtlfﬁﬁés 3106-HQUn

ift register input signal SIFis at a
duringghtimirig pglee Ifrone timing sigaat T8 mpdtevaluaies einteyngl nede

. tuyr Qn an i th forwar Pl [ I i s, or 512

S'g%lfngﬁg%gt’ ﬁh@o‘wgwg 7 ﬁpg‘“ﬁ%gp%ﬁgﬁojﬁ é@ﬁné s?%%liﬁar ged to

pr onHedgiréctionvsiyieals TR F rneDIRRiset (el forwdri/ssvensd ditddtion of

The internal node 522 is djscharged . .
shifting in shift register cell 403a and all other shift register cells 403 in shift
register 402. Shift register 402 shifts in the forward direction if forward direction
éignal DIRF is at a high voltage level and reverse direction signal DIRR is at a
low voltage level. Shift register 402 shifts in the reverse direction if reverse
direction signal DIRR is at a high voltage level and forward direction signal DIRF
is at a low voltage level. If both direction signals DIRF and DIRR are at low
voltage levels, shift register 402 does not shift in either direction and all shift

register output signals SO1-SO13 are cleared to inactive low voltage levels.
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through first evaluation transistor 506, forward input
transi stor 508 and forward direction transistor 512.
wo pooshessforward shift register input signal SIPFCT/ESBD5/611399
| ow voltage level, forward input transistor 508 is
turned off and internal nodg 522 remains charged to
provide a high voltage | evel internal node signal SNI1
Reverse shift register input signal SIR controls

rev ut . transistor 510. However, reverse
i 1 Gt BtesmtB 2n Sh BTGy SR register oo A0 i ths tamverdgirection,
forivaFEHiRadtionCsIgn S 43 RFaR Nk é@lﬁni?%kr? ggll?é%e %v%hél%‘ g%beré% %g%Stlon

i nput transistor 510. Th e si
signal RRAls seide wlpw ‘mi’tagedbseh niher high voitdge ﬂé\mhmmtaw

dirgtfPn R BT LR o vy ShEHER 138581k st Lnel e 1ow

voli\agletléga reeasle difdctibn %hgrféﬂ’QﬁRﬂ R o@'?ﬂvér% %e?fbn transistor
ernal node transjstor 520. A timng ro

514 tinynginyteg from tl"”Q'r\QrSanQiérd' iscprevided t@ §biftslmnstao42021m first

oSSRl ) A 06 4S8l AR Bk ey
thrmlgrpﬁmt prmeh@g@arar[slﬁohﬁm Ndxt @ﬁmir@v@hlsé o BMhing sngnal

etranS|st Next, a timng pul se

. d
T2 ROV (SRl Vi Nebvoma ke Byeduseit valage avel B

tlmifrh@t IREK iAdrbviied @ JHrd F@gﬁ&e}’ 2bd &9 ﬁrét %Xgiélagén S edﬁan gVAL’l .

I'se is provided to shift register
Thestxmnmpubﬁ in fiegl sivaleabion sigra EVALTgturos se first esedwatibn

e e A e

lev@lf farwaifd friput @@insistdr 308 BYtirddden éﬂ@wﬂh%mm dihsdtigad
to a hlgh vol t age | evel If internal node transistor

transygfor g1 @lregﬁvﬂtﬂrneégqrsﬂ@er%nsw 92¢ris dispharged to provide a
lowq}o?ﬁggrlg\‘?g ifh r%‘%}efg\%@gﬂ%\lLeYﬁl& lnt-gh@al%%'dte%%%‘i g'ﬁééﬂarged

out pat 'si gn I/ ow i nver se of
througtefinsbevaladtors irgnaistdsNDG, fcm‘am inas trainsistorgd0d and forward

diragtipn tesateyer2off e arshil Sher noyf Soaa kgt a tow
volt%b@"lébelsfd:m‘é’ﬁfln‘b'ﬂﬂt frbﬁglsid? 50%s gtltl‘l‘nEH dfﬁ‘@hd"frﬁém%%@&é 522

hift register cel f or war
renyhn\‘o pha@gdsipm*rowdplﬂ h@hg@ﬁﬂg@;ﬂ@/al mtemal node §ngmehlSN1
roI Line To, di schar t.erna
RedeS chtreeitiel rut g eRel ol OBl ievalsd fur efiahB G,
Howb 082 ke fer¥dIdirestidh Guhgistbrd1 4tiBumedrff $uith #ait téindl RBde
ulse in first evaluation signal EVAL1 . The control

S2%hcarnotibe disphargpd Shiphgh rewsnse inputiransister 8¢Pdent with
therfd m@%@g%as s qu%?’tsﬁ\h”bﬁ‘ %t%r‘n%pﬁégg %23@ Htr% lﬁtesrﬁéf fode

regi s qirect
tranS|stor 520. A low voitage level lnternal node signal SN1 turns off lnternal

node transistor 520 and a high volitage level internal node signal SN1 turns on
internal node transistor 520.

A timing pulse from timing signal T3 is provided to shift register 402 as
second pre-charge signal PRE2. The timing pulse in second pre-charge signal
PRE2 charges shift register output line 410a to a high voltage level through
second pre-charge transistor 516. Next, a timing pulse from timing signal T4 is
provided to a resistor divide network 414 and a reduced voltage level T4 timing
pulse is provided to shift register 402 as second evaluation signal EVAL2. The
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In operation of shifting shift register cell 403a in
the reverse direction, forward direction signal D RF

WO 20084054590 a | ow vol tage | evel and reverse di rBCT/US005/011399
signal DIRRis set to a high voltage |evel. The | ow
voltage | evel forward direggion signal DIRF turns off
forward direction transistor 512 and the hi gh vol tage
| evel reverse direction signal DIRR turns on reverse

ti, t . 514. A I f t
timigy b 5 Secpad svalitien Sanat EVAL A eb i e608H Syalapre:
trangrét&f@rs; eif iftbAfal ﬁbd@ ARSI 320 R dH, %hlfv@ﬁg%sﬁogﬁpf i&?‘%

hrough first precharge transistor '50
41 Op ueg@irfs @mrgeehtcn@ Riglywaltage level. pif m»teman nbdertesisigtor 520 is

on, Shif A5 BBl DA BRE 1 B SBE Fyl e shin
regu&é@\bllt ut Bighdl SO N thelthgh/iow frivesde evlbUaldre riddagnal
turns on first evaluation transistor 506. [f the

SN1r mm wasthe highilaws versenpiihe Joavair shiftregistar inputisignal
SIFY ﬁ*hbé}ggel'cﬁ‘fﬁé forW%Y@ SRt e g%tﬂér .hbgﬁsﬁgﬁél IF%giﬁﬁlﬁfeﬁrthﬂe
on, an ra reaady

verse diréction
shift negister output sugeahaomode 522 |s di scharged to provide

iR Bt 38, AnS AR AN R RBIRT inpRGsional SIF is

conﬁ‘MPélgﬁ‘él' G’QYNC&Bﬁ iceh@bl Iﬁ@43(§ eYse rdﬁs%Ha?@é*tntéfn@'ﬂﬁb&é G2 to a
510 and reverse direction transistor 514. |If the

low voltage levehia contealipsiss: ini aanirol siggahCSIING isspravided atthe

sy 3 rhs b R ThaFer B larbh A VAt 51 ebtrEFyse
in cORE SighdlaBYNEeviglht m;taﬁmaemqmm tHeptraingShilise Fronneiming
shift re%sster I nput gfnal SIF controls forward input

signal ARdnidiatas sini resm@tﬁé\ﬂ@? of ghifiingdndhe dewasd direghan-st or
51%& |0§ é;t{ognecg‘ @{1 géﬁm vtoerﬂ@%el‘ SLieE R |H‘tﬂ@§e§§%e°(§%%b%g,

rd 1nput transistor
forwdrdidivgction sigrfat DIRF iisrsettosa pwalolEeyye leverand taersendirection

CoSUER B 103150 o e R i,
dlre%Hch?% nlal D@RF‘JEQﬁ\sté?f HriveeNdiyéttioraeanstel 512 Emdahe high

second pre-charge resistor 516. Next a tim ng pul se
voltageteval neveyse idieatioaigne!l PIRRitdeg aroravessssdisectigingapsistor

1414 3 e o RO YL BRI 3l Shdf s

PREN thaigedinfsthaendde 522 and higralsltdgeoievel thraugHEirat gre-
turns on second evaluation transistor 518. |f .inter.nal

chargritransistesisderNexoaitisniag pulserrem traigo signal Jé: ipiroyidad to
es AR A bAoButilohald RO 12¥6lg bl
prodided i fitst eeattiblianisigredil E3fAIrigethe timing pulse in first evaluation
signal EVAL1 turns on first evaluation transistor 506. If the reverse shift register
input signal SIR is at a high voltage level, reverse input transistor 510 is turned
on, and with reverse direction transistor 514 already turned on, internal node
522 is discharged to provide a low voltage level internal node signal SN1. The
internal node 522 is discharged through first evaluation transistor 506, reverse
input transistor 510 and reverse direction transistor 514. If the reverse shift
register input signal SIR is at a low voltage level, reverse input transistor 510 is

turned off and internal node 522 remains charged to provide a high voltage level
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a low voltage level. The shift register output signal

SOL is the high/low inverse of the internal node
waee@sabs4SN1 , which was the high/low inverse oPCT/H82005/011399

reverse shift register input signal SIR The |evel of

the reverse shift register gqnput signal SIR was

shifted to the shift register output signal SOL . In

shift register cell 403a, the reverse shift reglster
. input sign I ster, output signal
intashiBLapds SBag1 SME, FRrvAtA St TRV R oot
forg@ & 5eger f

sy amcs@‘ﬁ.”cé?ﬁ foria B EctoT RS89 iflned
off guelt that drternal eodel 5220canrde Reidisaitarged thagugh dorweet linput

a low voltage level, a control pulse in
tra%g%g}gﬁsy gnal CSYNC is provided at the sane tine as a

ti nA igning lpsitsd ﬂﬂomftﬁnﬁg@gnaq?\m' s %‘i’d)\ﬂaeé Iurggééor{:a\/ﬁﬂelchams

control pulse in control gnal

S'Q%PrBEaeﬁthe\mrﬂwgtmése lnﬁe@ngmreecharmtgw HB@ oharges shift
reglsf SApEELITE ) 8o I H P Uotite 15961 BRhdr] kb yeeenarge

resiskorfd1a. eext & timieg bul@@&‘mm Ihmm@srgaiail 04 iobreliged to@sistor
' hift register cells

. shif |1, 403a
dividgpayoans T4 She Grisciured JoRae Fvel TAinung s iinrevigad in
sec@ha%v%'l@at%ts@ﬁ’aﬂwm\_@' ﬁ‘ﬁ@@lrﬁlﬁg Blfse ift ée% nM‘@vtag,%on signal

forward direction signal urns off
EVALZ denisam seconsi evaduat@rotramsistar 66: \I!fdhteigal nadleetransistor 520

s oy AR T aePCud #03 el idos get.

intedh@infdeTtransistop52viisied, $Fﬂftfreg|§terWL@pl§7chWegﬁ(E iBAdchiaigdd to
to charge internal node 522 and provi de a hlﬁhvolta ge
[

a lqweyeltageleyehal he shiét reg@m outpyt signak $@il g theunigh/lpw dyerse
I

o th P TR e S AN s e BN el L0 sorppe

shift cegisten imputfsigretl StRalTiet [eoal dfithasewree shftregiieéhinput signal

orma re tra sistor 512 reverse direction
S“{Y"éﬁ gtedtoggxgsg\l reqi® ﬁeal‘m S @ﬂg&ﬁ' i nt ernal node
522ni shiff Rbgisic? eBRUOSE, thirraveRcaiHift esgiser siéj?f%ill‘SIR is shift
transi stor 508 or reverse I nput transistor

reghatghowtput sigoal 80| ori shiiregistat eudpdiligead 1 ®N1Intahnfh§eg1$ier cell

rnal nod ransj stor ,520. i, m.n e
40P FirRupBacar S9Ste] e el SRuEk B GRTNG on
corfitddNAé 48BE2Td gisehaigaanthhdlinddedb 2t BY il rdyibtesiceNab3m to a
line 410a and all shift register o%;éut si gnal_I|ines

lowanrdtagrdgyel, a contiphpulps ||rs@omtr@rﬁlgnah Ylélpgwrowded atthe
st B Ao R HBAB AR ol ACH, RStk
puisy &l umtrmirslgnaim‘smﬁrthéﬂ@ colfeidaritiviith thegimingrpuise frotn
timgnlgns?gnal T2 initiates shift register 402 for shifting in the reverse direction
from shift register cell 403m toward shift register cell 403a.

In operation of clearing shift register cell 403a and all shift register cells
403 in shift register 402, direction signals DIRF and DIRR are set to low voltage
levels. A low voltage forward direction signal DIRF turns off forward direction
transistor 512 and a low voltage level reverse direction signal DIRR turns off
reverse direction transistor 514. A timing pulse from timing signal T1 is provided

in first pre-charge signal PRE1 to charge internal node 522 and provide a high
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410a i s discharged through second eval uati on

transi stor 518 and internal node transistor 520 to
w@e@siloiasa | ow vol tage | evel shift register ouP@IIUS2005/011399

signal SO1L . Also, all other shift register output

lines 410 are di scharged taogprovide inactive |ow

vol tage |l evel shift register output signals SO2- SOL3.

Figure 10B is a diagramillustrating direction circuit

404. The direction .circyi 04 i nclydes a forward )
volt3BR Jeve GReEnditiacecsionali g b o pules BeSutimingsananT i
protidetials #reduddd ithge Torelor Al SISEH Fiidf e7hBAbn signal

circuit 550 includes a third precharge transistor
EVAL{ e turnearnfiighevalnatiomirensistar 5966 Both farviandsdiretionr ol

rarki 30714 ShaTaersE A ST aR M 1A 18 BIRbRGuCE
intefroaimduees22 isatdtatisdHaagad tirough GRhenfbraafEReuttranssior!508
transistor, 564. The gate and one side of the .

or rSY%riSﬁ-i@B‘d"rtﬁ%”%%fPh%Q third pre-charge transistor 554
ar eried RghlVdi@ %ﬁ?\%} ﬁﬁ%ﬂ%g@g??{ﬁ% SS?I? Phiths lohnﬁteé}r?’&lqé)de

The timng si I mng signal
transistdi 52@.t Polimirigrpuise frétutimng signal T8 achrevgiedsngeebnd pre-

PRE3. T id f, the .drai,n-so . f third,
chalis Signal BRtA Graiasds shie bRt Pubut Signnl yRoathe sad oy shit
regiefer giitgat Si§nalNmedrAI0N-8ex SinMAg hule ﬁ&hrtﬁnﬁgz‘%%géli%ig

transistor 556 through direction signal |ine
provided @s arediiagdaloliagadevi 34 timing pldse imsedandaeraluation signal

=815 S 48 S SR A 816 TRSERIBH: gput e

410anis shédHargegd tivbagh 482ons eedluaton hangister 318 Ad iéthal node
istor 512 in shift register cell 403a.

2 .
trangiROn A€ 10 PLAYIRI U NOliRas IPVEl SAES SatSTmPHESignal SOT.
ol S5 S O v
lowtvoftegg levejshift tagister ectpubsigoalscsO-3043. The ot her side

o el T 5 0L S A, o crctor
circ_@li_fhtgﬂm' ierHEs aPRharf di?éb?fbggflri] ﬁreg FNeuUR B0 eta pdve?rEd direction

drai n-source path of | transistor 558 is

signal sicyit §6&r i The fopwatsL@ireationsignal«iretd $6€, ingludes aghird pre-

chafog Hafsisln 7 aublHa ¥Rl B3R BRI 204 360 et Ledly ©
trareestbr 558 s TheatvéiS¥Niectibe sifiat crawit 552 irfdiesoé féureh pre-
drai n-source path of fourth pre-charge transi stor 560

chagge trangisiorn 23, @yfouph svaliatign iransiios?émand & sreopdcontrol
g B O S0 s T cur n o eehacge S gnal
PREhe gate artichene siddeofdhe tdnainesairce patir ofgthjrdtpre-wharge
tranfscl)s%lt ESE ra(reg réiaércgnecally coupled to timing signal line 436. The timing
signal line 436 provides timing signal T5 to direction circuit 404 as third pre-
charge signal PRE3. The other side of the drain-source path of third pre-charge
transistor 554 is electrically coupled to one side of the drain-source path of third
evaluation transistor 556 through direction signal line 408a. The direction signal
line 408a provides the forward direction sighal DIRF to the gate of the forward
direction transistor in each shift register cell 403 in shift register 402, such as the

gate of forward direction transistor 512 in shift register cell 403a. The gate of
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transi stor 560 is electrically coupled to one side of

the drain-source path of fourth evaluation transistor
wGestimueugh direction signal |ine 408b. The dPCEBUB10051011399

signal line 408b provides the reverse direction signa

DIRR to the gate of the revgyse direction transistor

in each shift register cell 403.in shift register 402,

such as the gate of reverse direction transistor 514

f f
thig ttlost FRISISET 5561e elbstitenbeoubbedaithe toshpraaton
sighblirfeo428 that pabuaés tHé @oﬂn@éﬂ Vb!tﬁ?e ‘fg\fél ﬁ'@a‘tfmlﬁg%\{éﬁgﬁo

the reduced voltage level T4 ti
dqugtgo@(gmq,:ﬂ 4404 cThe otheur sidphef tbewéalnsscnincebatmef third evaIuatlon

vafl 558 SR LR E YA 20 RS ey PPt

558: ah56@| Thealrainssaurcé patiasf Sotfirol Ta@isiter EBSSBUJI&? e%fr?’ba J
ntro transi stor 564 is also electrically cou

coqpéeéi ¢ arelespnce, sygh @s&rogp@,@;oﬁ%atﬂgqgatemfeccgﬁ@ traﬁ3|stor
I
soBuEstphEEsl i g B4 ARl L ko
di r'Blee gate am@ paesidal ﬁFtherm‘aiaLﬁR:rseqoatmef fburtegireathapge
rariylyhh POB e SRl Bl triro e sige 1 BE S bt b
sug@blflm‘éMBmpﬁjvw&' tirRIngRid $al & tot&r&tlbﬁ"&lﬁégltﬁﬁqea&' foViRhpre-

forward direction transi stors, such or war

Chaﬂgfﬁ signab i RE4nthe piherside okihe draimeeuron patil of forethsere-
oneftg Fehefiior 4 L QiiBa eiIhiaT 1d B RRR, & hEfipRispurce path

of febith tesaluatlbherdmrsw%z:ltmeagh ditectidn §ighaRliré 408LCThen
nall DIRF is set to a |ow voltage | evel and reverse

d'f%ﬁflgaéegfzﬁ ligp 4080 RipKikes dhe grvarse élrﬁpfgcm signabig iR &9 the gate
of tgé reGerde YireRGOH %ntsfsgdl?gh %‘g?@ %pg{f%tgf??élpﬁ@@ﬂgshlﬁ register

Irection transistor reve
402Jisuebtasdhetgaim of srverse dsectioratsansster $44 dn shitt negrster cell

403, P54 5o of R SR i 544 GRhEkEly ASriesidp the

foulh %%amloald?@aamﬁem tﬁaf pRYIRAReTBHUIES 0bitddeMel8l T4
pul'ses fromtimn gna T3-T6 as shift register 402

t'mlﬂétﬁlwl)fo shirectien PIﬁCI@t frer Thaotheyrside of e dmireseurce path of

rouy SRl ep S Y2 B Do B YL sl g o
contriot frafsistay 36avataY Q. apite bedig!sdurcehpathcdfeahsrol ansisieg!5e4 is
vol tage | evel signal fromthe shift reqgister

alS%@?ewIc%lvgmp&edg@a refefences seeh apgrowd, ad firgr Thegaleaf

I I
corft Bt SRROHp el ol Aoy g oo
SigiBICSNE . turn off all address transistor pal rs 446

448The dlrectlon mgnal%qﬂk?-san(? b?lgﬂ set thAe dlrectlon of shlftmg in shift
register 402. If forward direction signal DIRF is set to a high voltage level and

reverse direction signal DIRR is set to a low voltage level, forward direction
transistors, such as forward direction transistor 512, are turned on and reverse
direction transistors, such as reverse direction transistor 514, are turned off.
Shift register 402 shifts in the forward direction. If forward direction signal DIRF
is set to a low voltage level and reverse direction signal DIRR is set to a high

voltage level, forward direction transistors, such as forward direction transistor
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remain at high voltage | evels that do not enable
firing cells 120. In operation, timng signal line 434
w@e@silokas4 a timng pul se fromtimng signal T3PCDUS2005/011399

direction circuit 404 in fourth pre-charge signa

PRE4. The timng pulse in gpurth pre-charge signa

PRE4 charges the reverse direction signal |line 408b to

a hi gh voltage level. A timng pulse fromtining

gnal T4 is provided to the resistor divide network

512,218 ipad pif gudeverse diwgten tippisigre, seseas Tevarsaidigetion

ran BB SR AR O, SHE el ffod S o BB Gon
Thedlirgetion Elghads DtRﬁanerﬂFtRJ atéwselvcajrilm eaxch serdssoftiming pulses

from fipindiafab e B fiapoielaf Akt et effprite fopuard

or ré‘\ié‘i*@e leg@tlcﬁfﬁ 1] @eﬁmﬁét@a%mﬂﬁhg%r'prﬁe&é?ﬂrshmlﬁq 8k YRk BBister
i gnal EVAL4 is Erow ded to fourth evaluation

402xdrm@nommn$sﬁ)l rand BIRR ase ¢iet taclomoyolidggriavelsi ddisgiolgars

the Sh§RITbHLD1eds SleP ohdl hE el redjuel B Rlortn.so1-

SO13, @SU@B tipat! lleshift réﬂﬂété‘r@lwtmh sﬁgmilsjsowsmlml atﬂM&%ltage
rovided to fourth evaluation transi stor. 562,

levetsey Bh@ bovivelEage lenebsiyidpaisialoulpdisignata S’ - &Qa{?gwn of all

' Ti des._
addgesggtgné%%&%t ASs g%em | D AtPaRd apeiﬁgg dé}éﬁAﬁrQ)A'z €S A7

romti'ni'ng signa rection
remairny atthigh 4«6l4agenIa\lblsrtﬂlapde-rmlhengblacﬁrg\gadzell@m The

i m hi rd PRE
¢ ndh PGt et SoBAl Bieci s Bl s, B ing P Tgin tRing
SIgn‘éPﬂ’QQS%hr{eét{&'l ciréuit 402 WfdQWhS@refér@?gé siriR8 PREM athd Bindisg

provided to resistor divide network 4 16 that provides
pulse indduitle gre-chatagesigeald?RES chargesgthsueyerseditadtieatsigigl line

aoefs b b0 B, A AR RR L TH SBAT plipogg o

the td¥ister Gwﬁislﬂéﬂ/\mk %nankaisprovideS @ reducad woliage level Tddiming

froncontrol g nal CSYNC i s prqvided th% t e, of
pulS@otﬁtdlEﬂctlt)Ma*f@u (0 ig furih evﬂgaﬁ%élgﬂﬁ Al4y Hlhe Timingg
pule}%ﬁlhsfguhﬁ‘ il & ?g#déﬂ“éméﬂﬂﬁ@bn WM eVéluEﬂ@H hafdistat
Ird evaluation ttansistor 556, the forward direction
562silfja@bntrohguld® S@ml csnﬂndrwaalt&ﬁ‘éNdew@\wde@ ¢o theygate off

contrg{%gnsgétro? :ﬁ@iﬁgﬁlﬁl aaré\g:\ér:ge a%%ﬁiﬂﬁhg ?’U sg\}g\fatér%ﬁ%}ﬁaluatlon
sigridl @ﬁiLﬁg%éwHéd % %unﬂ?@vélgaﬁ&h fren S Er 6B €k reverse

transi stor 556, the forward direction si lgnal | i ne 408a
dlrechmmsmabm 468 td@c@ara@tmlwg@lta&a/l@h/e Hf e eontroljsignal

osfubBae B4 AT BHase 1B e BB bAeTs seies
evaﬁJﬁnBﬂ'ﬁgnTaﬁ-Emlm Rvbrégidedse foash ef/alsiation transistor 562, the
reverse direction signal line 408b remains charged to a high voltage level.
Timing signal line 436 provides a timing pulse from timing signal TS to
direction circuit 404 in third pre-charge signal PRE3. The timing pulse in third
pre-charge signal PRE3 charges the forward direction signal line 408a to a high
voltage level. A timing pulse from timing signal T6 is provided to resistor divide
network 416 that provides a reduced voltage level T6 timing pulse to direction
circuit 404 in third evaluation circuit EVAL3. The timing pulse in third evaluation
signal EVALS3 turns on third evaluation transistor 556. If a control pulse from
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repeating pul ses. Each of the timng signals T1-T6

provi des one pulse in the series of six pulses. In one
waersass46f six pulses, timng signal T 1 at 60BCT/US2005/011399

includes timng pul se 602, timng signal T2 at 604

i ncludes timng pul se 606, g m ng signal T3 at 608

i ncludes timng pulse 610, timng signal T4 at 612

i ncludes timng puI se 614 timng signal T5 at 616

cont pigBEC B BiAvEBLSIne Beed bhtomted) Gister ehbcin:
sanf fimiensd tHeesmrRNiuIsd lrptwlrél%/a‘ldbﬁfonss%nél@vﬂlﬁ ?scbl‘o%ie‘afto

shi'fting in shift i ster initiate shif

thirg eyalyalien epsister %gh%ﬁml@f@dtmew siggakline 4042 dlseharges

o3l ltege 1° €€, B oo YN BBt R

leve4@2 the tlimmgﬂouﬂla”aemdharthled sigloatior’Bighal EMAILIZNSE provitéd to third

se 602, node 522, in each of the shift
ovaR PR EnSPT 555055 R GREiges Gl o dPaa ramgins charged
to a"fﬂbﬁ%ﬁa%évé)el' nternal node signals SN1-SN13. All
Ister internal node signals SN, indicated at

626iguree! tista timimg diagvarhtihpdratiogelperatiorb@Baddiees lgegbrator

400/ th8 fipiei Breb P B SRS SR LT T A spriee of Sk
repé@tﬁlgsblﬂfse§eﬁa%h493ﬁe #R¥ SIbﬁaIshTﬁTﬁgﬁHﬂUés dnBSASS irPthe

six timng pul ses has been provided prior to timng
Se”ﬁﬁl@élws%d shift regi ster 402 has not been

solhioRerie T aix 88 AP and A3 & Pl PhgaBifse
602I emh@ signatiT2 it @@4dhcltd@s amﬂhgabulsecﬁﬂlGeSmnsg lg@abeTaéi 608
evel

25 renpin h.volta
'nC'Pﬁ% Eavr&jpﬁlse@@ timing signah ’S @&ﬁ %@Bd%ﬁq %E‘Wﬁ H@'Se 614,
t F |
timifip ¥al 1% Ao E¥hchHeRipHhGRMSa FLh Ry il 151620
inclodes hmmig palse\EaZZ,laTh\@nomtrdrmmaIé}S‘sNG atr62=.ﬂaiunluolfesmetrol

puigaviat sSEHHEfacion of AR doiol 0P i b fir

regi@,tér 407 for géﬁgr&h@fawéwélgﬁb&n%‘ﬁ K2 630-AENmdibatet dt®E5.
vol tage | evels at 636, forward_input transi stor 508

and hectisingepulap G02tqf diving signab 70 atrﬁo@ag tpreyided o shiftr ¢

b LRSS SR P Py R pERRT e
nodee5@2 J1¢ eboh W thie ehiftirepister clld 408ev0BmM ! drearges & prcdwde high

ode 522 in each of the§$vhi f[\ltre%i\ft cel { s .403a-403m
VO”ﬁ%r’ﬁ\fﬁ' igEalinegersionals S lreNi g Ireg';‘é\ ar ifgrma! node

r t

&grfeﬁ?t ) g‘?ﬁﬁilbﬁfgﬁsﬁ?ﬁtz 6%3@ s& B4R vohbge vl Bl Rt ThE Giyh
voltage level internal node signals SN 626 turn on the internal node transistor
520 in each of the shift register cells 403a-403m. In this example, the series of
six timing pulses has been provided prior to timing pulse 602 and shift register
402 has not been initiated, such that all shift register output signals SO,
indicated at 630, are discharged to low voltage levels, indicated at 632 and all
address signals ~A1, ~A2, ... ~A7 at 625 remain at high voltage levels, indicated
at 633.

The timing pulse 606 of timing signal T2 at 604 is provided to shift
register 402 in first evaluation signal EVAL1. Timing pulse 606 turns on the first
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The tim ng pulse 610 of timng signal T3 at 608 is
provided to shift register 402 in second pre-charge

W@ R@sabs4PRE2, to direction circuit 404 in fourP®TI/US2005/011399
pre-charge signal PRE4 and to address |ine pre-charge
transi stors 438 and eval uatggon prevention transistor
422a in logic array 406. During timng pulse 610 in
second pre-charge signal PREZ aII shlft regi ster

o 00 205 e b ool L B R,

cor?ﬁc()ﬂ; g@'rrlmlaPﬁgs(of\lldt) %grrlégvegr?é g?é '(Iscgfﬁ vélt%@l&y@{ %ﬁéﬂgnﬁ %ﬂrs%ﬂ?

regﬁmrwtetmsl@nals 630 regkin etbvev@mgleses atcﬁaﬁ @prward input

ki 8n SFHTH e R EARE B30 e R M seqiercote
403@-@@@11 dr&\OH. P8 nde-cantiawtingidragrd i wetraﬁénsﬁﬁgso@aﬂm@on-
e 614 of tlmn%l signal T4 at 61 provi ded to

CO”é’HP RO FRUGrSe HPulia ﬁwt%récﬁﬂ@dorsvgnwteumﬁer@alme Fazameach
of tf._:g/ Eﬁi}f %‘9 dét@f‘céilsffo’sé 409 ftdhn [fitha Eg ﬁ]éj% lé%{nfé{blr}gggé\{er;. All

to eval uation preventio ansi s
shift ozgisteaintesnad 06de Fignals SBNBRG ermainGithigmveltageidvels at 638.

Cr i B4ES 1001 Ao Ydhie 31 SPORNG v e o Rbi

regié@t0P0BRecdhtprelhargy sighal PREZE 16 U%‘éﬂoﬁ §PéLﬁt2¢ﬁ)43ﬁ1 fourth

hi gh vol tage | evel s havi ng turned on internal nod

pretahange sigoal BRIF4 andtexaddess maeﬂﬁefohafg@trgn@stomensé and
evefPaen ARt Pl 988 A Mg MRV ach! o BT Byee
61qfoml szs;z:ﬁﬁaébrlerchza@g& tsit@neVBREtat augggt @g&dteﬂtﬁﬁtp&t Elglhél% $t? 630
our aluati on transi staor contr e a
Chamf%hlgg‘o\fﬂ'ﬁa@ﬁ lgyeja at © é@vﬁ@%?&rwrfﬁgmsm@%gﬁj%ﬁn fourth pre-
cha?%é‘@@jn%i Pgé@‘ievéf?’séfaufe% 6@%19%‘!3%8}@&'6&2 6Ha%§éé % 9'hi

ont r t'ransi st or tur direction si
volt@ganewzt i6d4dils additpad timingplise 610 chegges all aldde&ss%gnals
ol eval u

i ni | se 614 _
62%&@'8 wolsA0k iiels 8PoR6 3RS 08 drt el bRyatiaf Rapsistor
428 @@l lbgkééséévaﬁéﬁnoﬁ s.gnéla_vaL 848 tb %M@{N wit@edevding a50w

volta e | ogi ¢ eval uati on signal LEVAL 648 turns
- of lemm oulseci g%dumm signaisidsath &2 isquovidesitaghiftiregister

A0 sstont Nt 8 Y QilsPuBh REbGE A0k e
evalligtidrosiyagil EVAL A landttb @vaRiation e gentionainsnsistor 4224 in fogic
arrl ogl c array 406. During tim n? pul se 618 in_third

OQha_h@é'r%'ﬂ@rPA#'quﬁ{% in ¢ alvation signalsF Ynk? tyingen
oS58 SAAED 0. 01 YOO8t oS80 ol 0om.
Withrthe internal node signals SN 626 at high voltage levels having turned on
internal node trahsistor 520 in each of the shift register cells 403a-403m, all shift
register output signals SO 630 discharge to low voltage levels at 652. Also,
timing pulse 614 in fourth evaluation signal EVALA4 turns on fourth evaluation
transistor 562. A control pulse at 654 of control sighal CSYNC 624 turns on
controf transistor 564. With fourth evaluation transistor 562 and control
transistor 564 turned on, direction signal DIRR 642 is discharged to a low
voltage level at 656. In addition, timing pulse 614 turns on evaluation

prevention transistor 442b to hold logic evaluation signal LEVAL 648 at a low
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forward direction transistor 512 in each of the shift
regi ster cells 403a-403mto set up shift register 402

wo 00548464 i ng in the forward direction. Al so, PUF/US05/011399
timng pul se 618, |ogic evaluation signal LEVAL 648
charges to a high voltage Isgvel at 662, which turns on
all logic evaluation transistors 440. Wth all shift
regi st er out put signals SO 630 at | ow vol tage I eveI S,

||
VoltEe ISP BF PO8nd T IPWRIABS L5 i svalation signal LEVALG4s

turnilofPaduicasehalitioitdhsitbisagm | evel s. Timing pul se 622
fromtimng signal T6 at 620 I's provided to direction

ci rldming polse £ 8t ofitinging \sig naed Tidcat &iGisadrowdad 3o difeetion circuit

404 TP pftoR iR gl R = BrdooiE S Bliof e P BRoS Loy
traneBtorege Iretglc #traypse6. D@«rﬁhgqlmhg@msess% irP ot prelshapgd
and forward d| rection S|q%nal remai ns at a

signgl HIRESD | forwrrd) dikgstion signah DYRF\&5& elprgee iep Hgh weltage level
at 680 SHdl MBn VoA IRRorliefy Aftdoh Y sAbE BEE b8%Slns on.

reverse |rec n S|gnal up “eac
forwsnd fdirectgn $raesistm! 312 Ghdffihe fsbift yister ogls 40341403m to

st R g b RS SL FS Rt Bt

puls%l @’ﬂ@' Iégl@%\/@aﬁa’cﬁaﬂ i) LES/A 12888 |cBBRIeS to | A gﬂ%o‘?t'ébéqevel at

turns on the fiTst evaluation tTansi st
662ew¢l|rcrbifurm$1 enstiilogicreyglusation trarisistorsoBH0. 408t aliGehitt regiister

outsidhals SRR B e FEhage B A fierdes ol btls feo,
448403 a70\Wrehuifridvéff dndliall eldress él?ﬁ@l&lﬂpkﬁ@_ﬂ aljn7es®BR5
turned on, internal node signal SN1 in shift register

remgi) at bf'gbalocﬂﬁgéﬂi%\feﬂ;%s to a low voltage |evel, indicated

at 'ﬁl%%nqlépl@e%? ﬁorﬁq%lﬁé%ig;%l‘l'%t (ﬂig r§v1§%@?&nr@5ﬁon

"ow ta e evel's a
CIrcﬁm A0 rab ‘nhnpmvaluamsussgml EVAIS$1i fihe ltlegnglpﬂtsec@zz &irns on third

evallmdransiniat A PG TRk SIBAL PVATG CaRSERIT pia low

voltégéfl vel 8¢ Béheéorﬁﬁil'téné%@&’%ﬁrﬁ@ﬁﬁ'dﬁd%nﬁé@mw&hbﬁ nal
I ndi cated at 676. During timng pul se 678, al

DIRPn@FoEB rereglrsta;ra lzugh rymtase ipvel.s TBe g vell @e:leaebf@maw

el h 0 BRSSP RS A8 S

6426&3 upl Sadef ﬂhlerlhlft ﬁbgié.t@ﬂ cbliisT082-A0BAEfOP SRifind inpdrfessard
ignals ~Al , ~A2, ... ~A7 625 are charged to high

dlre@bpﬂage level s at 684 and | ogi ¢ eval uati on signal

LEVAtnEh8xi SerfisSShak Bffhd BuRes OiniRy HRSE 668\ehkhrdis all

internal node signals SN 626 to high voltage levels. Timing pulse 668 turns on
the first evaluation transistor 506 in each of the shift register cells 403a-403m.
Control signal CSYNC 624 provides a control bulse at 670 to forward input
transistor 508 in shift register cell 403a. With forward direction transistor 512
already turned on, internal node signal SN1 in shift register cell 403a discharges
to a low voltage level, indicated at 672. The shift register output signals SO 630
are at low voltage levels at 674, which turns off the forward input transistor in
shift register cells 403b-403m. With the forward input transistors off, each of the
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686. The | ow voltage | evel |ogic evaluation signal
LEVAL 648 turns off address evaluation transistors
wa2@s/105ch prevents address transistor pairs BABDS248011399
470 frompul ling address signals ~Al , ~A2, .
~A7 625 to |l ow voltage | evegs. During timng pul se
688, shift register output signals SO2-SOL3 di scharge
to | ow vol tage | evel s at 690. Shift regl st er out put

ot WEhar e SERARSA ANt Buorif andiifeucelS eoab HHait termgin
at hegtf voltdgRy leablsh idicdteas 636 0r 520 of shlft register
cell 403a. Also, tim ngggul se 688 turns on second

ev AU GRing pwse §78r abk shiftyegisterautput sighals $630aras

cnsfEaNE SR REE BRY o0 LSRR R iR 2
chafgiil td a highovdltage, levélmatreB2p uhwd&m leﬁg tmﬂn?‘p@Hs@@T@all
I C eva

add@é%%&%‘%?r@@ o BT 68 o1 'g%f o146 Bighuyolias gHels at 634
and{8§R éi)é%é%ﬁ%' ggnélr@mmg%ﬁs %Qhé i gna[&by(gg%é;%ven at

timng pul se 0 forwar dlrectlo
686nal e lpvwheeltage igval Ighicaaluaion sigedl LENAL 6¢Bdurns off address

I ' EVAL 648.t .a high
eval oA iRy prhig oy s ARt raift g1 4.
47 0efvdrhyadllirgnaddrasd ki Eﬂé“«kAMSAZt R7 BRBRS lcﬁMv@M@éélﬁatv'ew‘
transi stors 440. %h | evel shift regi ster out put

si dHEINggamning: P@se 6B§r Bl dﬁgr&tﬁrr@s@uttSiMs S2-S64

dlscﬁég 2 & %\y@?&%pﬁ‘%vggdét w vo glsteﬁjoug;?\g( @?‘a}aolﬁﬁmams

at adtigkvolthgé Ie\ﬁeegndlbatedoattﬁﬁﬁ, dﬂegoaﬂ)terrﬁﬂmoﬂ@fb?gmlsm at 672

turrfigyf Tatptral Mol Haragsior 538 af ol Boitar el AR SN0, trming
puls%déggﬁﬁﬁ'o@f@c%nﬂ@ra'rﬁldnet%sfk@? 5@2 th\fﬂnhﬁgﬁuﬂs@‘@@tums

I ndi cated at . The address signals ~Al
on eoﬂ(ﬁrc:ittra@SSthe&ﬁm@ dnachargauevergetdlmchgn plgr@é Dﬂ@B 642 to a low

vottpi 1 31 PR 12 Acioffroins B BRI ellfiBfiof "

preger@it triisidior 424b it6 pall Icyit evaatidR8RNae LBV AR 648 ansiv
forward direction signal DI RF 658 remains at a high

voligge densd at 898 1angtkeppevaluation tiangistoss #4Q tynedioff-t i ni ng
o3 B A8 AR AERn S SRETE GfBpaiec
at adhiys &oltde tevehand noglcrwblwmh wigriad b EMAANB4 8 tois dlfigedito a
higfavsige lRehat AbteTBSBIO OGS IuplIBRE SRHRLCG: YoR! LEVAL
648ﬁ%tg7§?20 ﬁ% olg *é%aeJtuh t sgér\%; élme: m% f@iﬁgé@ﬁéﬂm $eg|§te@
outstdi sfignal@@étaéﬁ% éunnsmaddrsss hltanemtmnpﬂlr%@ﬁeaand:?#ﬁb:and
add%sd'é si\éﬂgﬁshﬁi\? aﬁa ~A2 at 625 are actively pulled to low voltage levels at
704. The other shift register output signals SO2-S0O13 are pulled to low voltage
levels at 690, such that address transistors 448, 450, ... 470 are turned off and
address signals ~A3-~A7 remain at high voltage levels, indicated at 706. The
address signals ~A1, ~A2, ... ~A7 at 625 become valid during timing pulse 700
in timing signal T5 at 616. Timing pulse 708 turns on third evaluation transistor
556. However, control signal CSYNC 624 is at a low voltage level at 710 and

forward direction signal DIRF 658 remains at a high voltage level at 712.
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a low voltage level at 720. The forward i nput signal

SIF at each of the other shift register cells
waoBbAdA3M i s the shift regi ster output signal PADUSR0D5/011399

of the preceding shift register cell 403. The shift

regi ster output signal SOLsgs in a high voltage | evel

at 692 and is the forward input signal SIF of second

shift register cell 403b. The shift regi ster output

sons ] | | .
sninihe pertsaiiBs it ifthn BliseS i Rsdie r T Groadtnal
intevigdltregie digvab s‘wswartd higHOWB itaRedB RIS a$|756t haﬁuﬁgJPalsefﬂs

forward input transistor 508 in each of the shi

turnseyy Hisk pvelsmlian HeusisiebUBceamaRhthe sbift 1agiater pellsr 403a-

woRp e gRER:ReR Yot VR, (ATBLY B QgL S gpeach of

the ishifielegiter tellset) 3-403mus jrub rfBgrgwaltag@vaeS Phé forwardlinput

siortdf S oL B g peslCons Ftberca roﬁafaﬁéll%%aw BHS, wpion s at

a lowona@énwa ét'?'?()” gnwfo?wa?c? gﬁal é F LE&4 Sfﬁh%%tﬂént

i gnal’s SO 630 are charged tage | eve
shlfV@ISiﬁdC$ll§/é@@b4ﬂﬁﬂEl§tth© nshnﬁl @gaﬁtemmauﬁslugnabs@ G8of the

e SF B0k a2, AhE 5 08 BY 8RB NI o

voltag@eved bt 692 dnavig th&ford@rd fpdit tslg"nassnn of¥adof $19R register
prevention transistor 442a to Eul LEVAL 648 to a | ow

ce"\ﬂ&?’bag@q ehill|register utputifignals S& gharesall-atilow volizge

625 were valid fromthe tinme address signals
Ievelift g% ~A2 were pulled |ow at 704, until all address
Si @taft segister ceHsAZOSa and~4B e mrecqivué e vbitade lﬂveVBﬂward

Th d 25
PR SIE R OB P DU asistor Sy ofdge st
reg@g& s Wm@,aparrﬁ:@@t&élaow 's@é‘h a{atfmtérrtal MoRe gi@ﬂaﬁ@smngnd

timng I'ses 714 and 8 fromtimng signals T
SN&tsr‘GtB:)remannMglatat %02. &hift I’ﬂglﬁeéS@hﬂO@é recaivesf thei kigh voltage

o P T PS5 a8 B gt s on
the *f@rWa?él @ipuatdrisistocy difdiarbe istetal dodeisigred IEN2 ab7i24.
nal s SN 626. Internal node signals SN1 and SN3- SN13

winghiigging pyisaged alleit registes DUt ianaka PL03R Ar

ol 8 0 4R8BS e g o710

higlavbltagey vebge7 B@v Alscatimiizg pUlset?ZGJa:ha?gesé Glitddress Sgnalls
~AfraiAd ai nbs8e$ tovg & hoh slBs ot 6452 508 wiom eypluation
pre\\/f?rjéﬂndg'?@?llﬁ&%'r gﬂ?g?é‘éylr!\eﬂgﬁmL 848 W??nd\ﬁv'éﬁé?é’ Tevel af 734.

The address signals ~A1, ~A2, . ~A7 625 were valld from the time
address sighals ~A1 and ~A2 were pulled low at 704, until all address signals
~A1, ~A2, ... ~A7 625 are pulled high at 732. The address signals ~A1, ~A2, ...
~A7 625 are valid during the timing pulse 708 from timing signal T6 at 620 of the
preceding series of six timing pulses and the timing pulses 714 and 718 from
timing signals T1 at 600 and T2 at 604 of the present series of six timing pulses.

Timing pulse 736 turns on second evaluation transistor 518 in each of the
shift register cells 403a-403m to evaluate internal node signals SN 626. Internal

node signals SN1 and SN3-SN13 are at high voltage levels at 722 and
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and control pulse 742 in CSYNC 624 turns on contr ol

transi stor 564, reverse direction signal D RR 642
walk@shessges to a | ow voltage | evel at 744. ThePCT/US2005/011399

direction signals DIRR 642 and DI RF 658 are set during

each series of six timng g ses. In addition, timng

pul se 736 turns on eval uation prevention transistor

442b to maintain LEVAL 648 at a | ow voltage | evel at

disdhenge gBirt FEbisthl RGP Blgnals S0M A SO SQaS e lan valtgatevels
at 780 [hERMALI fdde §l5ﬁégsﬁ2t| afab@lo Fagé R é?’fﬁh tr?{[éw%

The hi gh voltagé | evel 0|c eval uation nal
the grtgrnal HDEIS tfemsnﬁormf smﬁlreg:siem cetl mablartdamalmaﬁs shiferegister

outly oS08 2 Fh B IRVl 1404050 A 4988 to pull
add\eea fsulgnek/aluaﬁén aRAsisher 862 fsQUme é@&% ﬂirﬁrﬁ%' ;§ul§é 736,

754. The other address signals ~A2 and

andeRriEQlinmse #42 in GR YOS Baddums.an @Ol‘dfOWl@@SlS‘kDrrﬁ% rpmrse
t t rol
direBhen SO CHRRIIZ BisBHBdeeb ol TR Gher 3t g Hie o0
dire]tccﬁon s:gnaélé DIRBrE4204nd DdalIRE lmrgﬁ daridg I:]mlcﬂts@rllés of six
timing PSS o TS SFYES PuiseSTIp e Y edail@g@n\éq%?;g%?%e
trarfRisibr 44215 ﬁgﬁlélrﬁﬁﬂ LI§VAf_t64'89’c&'a3FoW v&t@‘é%vél'é{ 6. SR Lo

t he next shift i ster cel t provides a high
volRurig tieing plslﬁef t48erQN®ﬂ€dH’Q§1tlelﬂg®| GHRF &5®is maintained

o AR VL BB L SOAT P8 L g OB v o

75250heShigh Vutagedevelhbgib eQémétloﬁfsﬁg?ﬁal $;E\/fAL 6%8 'a§V§2 turns on
out put signal SOL3_has been hig he series of high

evaluntiondeansasiers 440.r T he @g@@v@tagﬁj@ygksw gegisier cotmasignal

Q
088750 11 AP e rBio A Tk, Ra0\S bk Eopde e
~Atand ~&S todownalitagellewe!s 80754 oiThei atkat addrels gignats 142 and

uI e from ng, signal, T2 at 604 n forward

~A‘§ cqr?d’ﬂa'é‘&)%P%‘il %Bﬁ'g% VO&@H?H%‘@'?)GFZ@& n control signal
CSYmike pulse ’Mfﬂ?ﬁ'rﬁ@gn @Iﬂfd@i/éi@ﬁﬁoﬂ\’trbhs@tdr“é‘%n %@h’t’r&%lgnal
fromtimng signal T4 at to set the direction of

CSYNG 624 gemeinstal  lowwalthge lewtat&ﬁSO toltaan off coontnelrteansistor

s5eCad iR v bR GRS 442 31 Bl {6thas tevel
at Hnég serivktof @ix fiMirg gilsed bﬁlﬁshhé hld?ﬁ@blfég%f led&Zhift

shifting a high voltage signal through the shift
registayi aitapt %gwﬁ% itg #g ge fsmstepicgb AB83¢ thatprgvides a high

voltéggé%l %‘;ﬁ%é@'@.té bUpLE 8ghBPSBRE ik ntiRflds &ith each
series of six timing pulses until each shift register output signal SO1-SO13 has
been high once. After shift register output signal SO13 has been high, the
series of high voltage level shift register output signals SO 630 stops. The shift
register 402 can be initiated again by providing a contro! pulse in control signal
CSYNC, such as control pulse 670, coincident with a timing pulse from timing
signal T2 at 604.

In forward direction operation, a control puise in control signal CSYNC
624 is provided coincident with a timing pulse from timing signal T4 at 612 to set
the direction of shifting to the forward direction. Also, a control pulse from
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400 in the reverse direction. The timng signals T1-T6
provi de the repeating series of six pulses. Each of

WO b@stiosassg signals T1-T6 provi des one pul se i PCHUS2005/011399
series of six pulses. In one series of six pulses,
timng signal T 1 at 800 ingl udes timng pul se 802,
timng signal T2 at 804 includes timng pul se 806,
timng signal T3 at 808 includes timng pulse 810,

812 | ud | 814,
cortidfisiiel FRAIC F243 riddded eptnsiient i iing Busediamdiming
sighalT &t 604 W&taﬁ%ﬁhtnﬁ@ﬁg&%lﬂ? fgr %@%rﬁﬂhg éﬁ volti§e

control signal NC at es con ses
Slgfﬂﬂﬂdh"@@h theshift registeonutpiut signils 8@ 1-804BI f t regl ster

acdr B0 17 et ind edraliSilbtiingicperfon BEfaSse Epsrator
40(5I'imetht=3lrﬁvmemme%ﬂoﬁoa'hle&lrﬁmg\é R%%is - ﬁélbfdwd@méfegi aﬁﬁg

in first pre- chareS| During timn
serigg.of shhpuisas E.@@b@fsrz@ mmgea@nalﬁﬂﬂ@ mvﬂesm@ pulee n a

serfé%l df%l)él ﬁlg\eé IO g %%g§§ glxqglﬁé/énégﬁlgﬁ&f?@%?ﬂ ar%%rglbflﬁcludes

tlmmgg)wseaBOer:alngaélgmmméz aihw!ﬁlmllq@&slfi{&ﬁmgry?n%?% Ottn’ﬁlr@f‘sllgnal
s, at i gh voltage | evel interna

T3 AR08 B <iiobendls 1R, B monak 1 Ae 1 Aswudes fming

puléé 8’1‘&' ﬁnhﬁf"gss@@é)l T@a?@ﬂé ‘ndilf(%ssﬁrﬁfngcrﬁlléé 84@%@d'tfl‘nﬁ1@'s‘f’gnal

le, & series of six timng pdlses
6 g’f d’mﬂlqﬂﬁ timingopulsenSag. Jieseord@p signal GiSYGIEt 824 includes

corbig bLBEb Mrfohiche LIRSt itipod aMel CBlnsPl o Bhd njiete

shify eddistge 4026l Qener@dhgaﬂﬁﬁbs%tmgﬁéls@ﬂdl al)2, addpgStdicated at
signals ~Al, ~A2, ... ~A7 at 825 remain at high

8250 tage | evel s, indicated at 833. The tim ng pul se 806

. Vel s SR A Y e

sigreai & RET | di)urinlgatrrmngtplﬂséeﬁm interaaimarfe 522 irsbadh of the shlft

i ster eI a 403 The contr ol CSYNC
regislihials FhPGIISRS MEVEe CRTaspRnding Hoh Toge fevel
mterrﬁ‘éil' rﬁio%r s:@HéI@ N ’\BJSN‘?Q SSﬁi@ @é%téﬁﬂ%rﬁamodeogi’?ﬁﬂ%tw B26 are

| evel's 36 to turn off forward i nput transistor

set wslgﬂmmlta@edeg@s iai Bas. tThenkigbtvoltaga teveh lréamal obdelsignals

SN BB R Pt oL nBeR GRS o a5 LBt Cal o, n
thists@iepib! Beekigs of B tlrﬁmgepdﬂ_)g& hals Bagh pedvidée® phibr {ot tlmmg

ister ceils 403a-403mfromdischarging to a lo

pul%g%@@dn@mut infipting,shift regigtert4d2, |sm:féit | all i reglster
outtidIgh&s Db 838 4iE M hatbetPRw PitRRGlELCIndidle#3Pa32

and all address signals ~A1, ~A2, ... ~A7 at 825 remain at high voltage levels,
indicated at 833.

The timing pulse 806 is provided to shift register 402 in first evaluation
signal EVAL1. Timing pulse 806 turns on the first evaluation transistor 506 in
each of the shift register cells 403a-403m. The control signal CSYNC 824
remains at a low voltage level at 834 and all shift register output signals SO 830
remain at low voltage levels at 836 to turn off the forward input transistor 508
and reverse input transistor 510 in each of the shift register cells 403a-403m.
The non-conducting forward and reverse input transistors 508 and 510 prevent
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The tim ng pulse 810 is provided to shift register 402

in second precharge signal PRE2, to direction circuit
wdoebsitos4bourt h pre-charge signal PRE4 and to apdr/@smo05/011399

l'ine pre-charge transistors 438 and eval uation

prevention transi stor 422a gxn | ogic array 406. During

timng pul se 810, all shift register output signals SO

830 are charged to high voltage |evels at 840. AI so,

oo RS0 L T R A P

@whi‘gtrigot@ a towiBigageliesel. SAl@sﬁ'ﬁ' r@b%&éﬁn?rhalarﬂﬁfeeéﬁnals SN 826

gnal s 825 at high voltage |levéels and turn
rerr@;mauatgfbvplt@\g@v@wlm 8BBansi st or 422a to pul | | og| c

a5 finiie PUAREEMRET 1 St B0 Weagblin®

chatge sgmaské’&&ﬁj tedireutidn oincust 404 in EMHhZ’pretdh hé @E}da@PRE4
ﬁ4|nf urth eval uation signal AL4 and to

a”CE{Pa‘F ??6 NG PESE @rgﬁﬁr@m%mr%ﬂ%@ améﬁyaﬂuatloag@r@vgmwy

trarfidtor 4003 Wlo%% §ﬁa§% t Lﬁ&m&@eptfi?& el §|Y§Ilu'f‘tarFeéf§'Ebr

transi st or In eac regi ster
outpai3signale 3 BA0tdreiaaegerthto highevoltage dvelsSht 826, Alsdhiduring

s that t de t to
tim§ 3 8 EErac Sreihesigiy rURE B2 chefdhpsa ek vSliepe
leveiltig44r g flditior0 lﬂ”hﬂh% pBis@Bd G mARtERe aqlll &fdrasdSighals 8% at
vol t age | evel s at 8 Al so, timng pulse 814 turns on

high yoltage Lvelsand §Hng m@aéwaﬂomvan@prctmnslstorﬁzaaatp pull

control
loQ'ﬁ%%@@ﬁé@%"ﬁ%‘h 8 F tr aaglgslé %égibt ur ned
of lermneg'pu!se 8ﬂ4 Bqdrboided ltg shlft @9%1841@2 iresedord] esugtimh

siongl A toeson syt 0 it foiith pualdsianPondrBvAb dimsicto
eql@alo% &’é@%Hﬁ’éﬁ fansis@n 22 25 ?‘éﬁa?tdi(}% B, }oh%%_eammms
evel The I ow voltage | eve ogi Cc ev uat i on

on ’ehegsmﬂonUaWLuﬂm tramsistoo 1 8 dnldaels of thea$h1ﬁtreg|ster cells 403a-

40, 18
oy TR el Be Sabay SR al b \Brag e ek wsmeen
inte?Rdl ictld ®ahgistoy 320ah eadh pF ﬁw@ﬁﬂftgég%’fe’ﬂb‘élﬁu@ea%m nall shift
logic array 406. During timng pulse 818, forward

regtﬁtere@ttpuh&gnghsﬁo [G3Risgmraa e @% veliage lavgls atd?aZaghlso,
il b1 Wng A pud Kok Ra8ok 362 0 (o pigpe

CSYhiEB24préhdes a Ibwivioltage & turhadi cortradlirantistar 564. With
t ransi st ors_ 440. Wt&/ all shift register_o

congfoy HaNSIStR Boiuined ol TyPissodrastionssiondlD DI 43 semains
chaf 688 8 0kdds #481. fi¥iaiton, thfRg B #148nglLh and

remai n
eveduatlmrgbrevehh@lgarahmtﬂrsMZb to hold logic evaluation signal LEVAL 848

at a low voltage level at 858. The low voltage level logic evaluation signal
LEVAL 848 turns off address evaluation transistors 440.

Timing pulse 818 is provided to direction circuit 404 in third pre-charge
signal PRES3 and to logic evaluation pre-charge fransistor 444 in logic array 406.
During timing pulse 818, forward direction signal DIRF 858 charges to a high
voltage level at 860. Also, during timing pulse 818 logic evaluation signal
LEVAL 848 charges to a high voltage level at 862 to turn on all logic evaluation
transistors 440. With all shift register output signals SO 830 at low voltage
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Timng pulse 822 is provided to direction circuit 404
as third evaluation signal EVAL3. The tim ng pul se 822
wo 00880534 t hi rd eval uation transi stor 556. ThePCDNB200$/011399
si gnal CSYNC 824 provides a control pulse 864 to turn
on control transistor 558 gpd forward direction signal
DI RF 858 is discharged to a | ow voltage | evel at 865.
The | ow voI tage level forward direction signal DI RF
%F ?g h voltage |evel reverse direction signal
levels rall adoress transistoropaits e 1448, . » dg0arertunsd off and all
107 skwfti In
RIS, A L% T el eA AN o OREd Blepng
pul Bmids 6ulsal 8272 istprovided no déaesiignaircuiSihB26 tlardievaluatlon

sioff| BACS 1 For tBling Dulstoiod fifis Pt suguBHon Fensttonaab.
Thes&bﬁﬂ;]olrwaﬁtfsvmelem &%QETe@OéS%ntPoI;@@é 8b4 Pdlh?r 7(?3ntrol

may be in control si rOVI
transigter 38 end fervasd ﬁr%hmsngnawﬂkrs't%ﬁ iB |d|sxilmafged E:ga daver

I Rd d
voltfife Y385, hie iy BB IFY AT e Shisrlen SR ERBF o
and mghwolttage evetv@lersé ddecﬁ?dleélgﬁbl BIRR 8HeseiRiakh of the shift
eqi seier gut put signals SO 830 are at |ow voltage
reg‘ﬁ@fé} Is 4038 3%‘?%’!{"@!}%@ the revenge doeiate i nput

L1 3R%hSHRY ddticthofdix GRS bifseS SUirid* @AfidOfse sbb! il N

reverse I nput transistor
intermalevaue siguale SN GR6lese Shargel tbzhigle valtageatevieisy hTmmhg potse

Beefis Sh o ik pvgliee "o Bnessritahe bt Eanster cots
4033408 ¥0 14 a@ﬁrélgméess% Bi9ieh ansly béYr?béﬁtr@i's" l'@ﬂ‘»‘YNC is

signal DI RR 84 mai ntai ned at a hi gh vo e |evel
provteddo tumrprathg neverse nput tigngistos én il rﬁﬁistﬂraq A0z and

age
witl PG B3y SRibnTgictar fimed on e RATnde Mol ¥Riash
dnscﬂﬂaﬁlgé@t@aIlwmﬂég@mdl,embawd &BY2. Thiee bbm regls&@rgﬁutput
evel al c eval uatjon si gnal LLEVAL 848 turns

sugw%ﬁ%ﬁﬁ [@re 2h Iy ¥elkage lexgls i éh cé\/%ml% oa‘da@ é%\serse input
trarfs} d§38|sfn5§rﬁlrt r@@?fe? cﬁ@%ﬁ'ﬁ%ﬂm - with/ e é%S S8 +but‘19ar?313tors off,

ress sign ~A7 ow VO
eachexfehs otlizrintegnali nudegsigodls SNBSN thidntain e |h@fevoltaquaVels
. ,Signal s, SO1-SO12 are discharged to | ow voltage |evels
indiga S&hift register output signal SOL 3 remmins at

a fm@hq r?g?ﬁul%@‘fﬁ'& all %HIW@Q%Q@%U@Q?S@HQE@D@BU&%

| ow vol evel ternal node si N13 at 872
charged ta hnghsvaﬂageulwedss ahBB0 @ind reverss cbta@tloazmrtai EHRR 842 is

malgxg%aéé ai\?gﬁé(gy?@%g le’%lef'gf Séi n] gdcﬁﬁk])r? %rﬁ’ ﬁé ptuligé1§7§ n

maintains all address signais ~A1, ~A2, ... ~A7 825 at high voltage levels at 884
and pulls logic evaluation signal LEVAL 848 to a low voltage level at 886. The
low voltage level logic evaluation signal LEVAL 848 turns off evaluation
transistors 440, which prevents address transistor pairs 446, 448, ... 470 from
pulling address signals ~A1, ~A2, ... ~A7 825 to low voltage levels.

During timing pulse 888, shift register output signals SO1-SO12 are
discharged to low voltage levels at 890. Shift register output signal SO13
remains at a high voltage level, indicated at 892, based on the low volitage level
internal node signal SN13 at 872 that turns off internal node transistor 520 of
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transi stor and control signal CSYNC 824 turns off

control transistor 564 to maintain reverse direction
wak@nabs4bl RR 842 at a high voltage | evel at 89BCT/UR2005/011399

addition, timng pul se 888 turns on eval uation

prevention transistor 442b 40 hold | ogic eval uation

signal LEVAL 848 at a |l ow voltage I evel at 898 and

keep eval uation transistors 440 turned off. Shift

st iosf 4fkcn, Rlsih Toteg seedaidyms en Seaopd evakighan
trarXil@r bAd %nﬂohéi@Hal"@éffW %‘212 é@f&%ﬁ%&htol (?rtalﬁgfst(?ﬁ%étf to

register output~signals S at” I'ow vol'tage
majndgisl revederdirggtionsignal PURRe84at a higiweoithgd leeek 41896, In

aodyidh b B o MBS Eh i Catiroy 3l Tapsistarizb 1o hota

loglei elfalyatldregignaleVEVARB48QR 4 | ' t I
e\;ql omgi_ c eval ug?i on_si gnal Lgvﬁmdfgggt'ég%f?agn@%k%p

lanarartistoraAd? durbed ofiy oShiftiregisteroulplit sigials S21830 settle

i £t . i ' [ . t ) .

durfy SririgISe BaaPSh et bHE Shirt s Bl R sbar P s ot a

high A8ltagel lewsh and allasthévsHify r@gllsfe@@utmtlsiyhaw SCI8 0 1eValesat low
i ndicated at 904. The other shift register output

voligggleYISso1- SO12 are pulled to | ow vol tage |evel s at
29 : . .
46g3uﬁh§hnﬁﬁ@bu%@‘y®?%wgg€%ir§5%n Qghg?gﬁﬁ;%ﬁ@:argp&t’o a

_ are turried off and address sign
high xeltagel levaT at 8dhianddeginieyhluatibh signdl &EMAL, 848 dhaafesdo a

. 6. . Th Si. ls ~ ~A2 ... ~A7 825
nigf yolade 1SYeF P02 The il Ritadd Buelisaic syalatipiots IgoyAL
848 & 962 fUiné inrslayatlonatariistbf 80 STRE vallsheleVansHiR|
ltOU| se 910 in control signal CSYNC 824 turns on control

registeiRyiprbsignakSed 3@t &9‘2 HES emademsadransifterscdqsnand 470b

! t .
anaites BTRISRa i r-AS M ey e d Bion Wl RG%E
indizhted at @04 aThe ottesrshift egistSNoBRIt 8igmatsh80Je8ON 2 dre Pulled to

onS g Teus ok el sedy sl pOhels ARGt bl Ll £,
are"t@fHe & aﬁaldo%résq,sﬁgﬁéhé A0 NS Y IASRE~RZFehaid BEhigh

reverse input signal SIR at' each of the shift register
voltagellevels3adiwased ak9Qf. hhaiaghreas sigoals ~\ie~A2The ~A7 825

e RLNRS A e B A4S bR G S il
eval@tictOgahyet 586 2hd0a caitfol RIS 980 iMBsritrSisidiadl CHYNets24

each of the other shift register cells 403a-403l is
turnshen santrel trangistoepoB e gischargmihie fsawvadidirgctiongignal DIRF

85§f?>| é W Ugltage at 912.

in the next series of sik timing pulses, during timing pulse 914 all internal
node signals SN 826 are charged to high voltage levels at 916. Timing pulse
918 turns on first evaluation transistor 506 in each of the shift register cells
403a-403m to discharge node 522 if the reverse input signal SIR at each of the
shift register cells 403a-403m is at a high voltage level. The reverse input signal
SIR at shift register cell 403m is the control signal CSYNC 824, which is at a low
voltage level at 920. The reverse input signal SIR at each of the other shift
register cells 403a-403l is the shift register output signal SO 830 of the following
shift register cell 403. The shift register output signal SO13 is at a high voltage
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shift register cell 403. The shift register output
signal SO13 is at a high voltagel evel at 892 and is

WO b@snesuss se i nput signal SIR of shift regi st ePCT/Eb1005/011399
4031. The shift register output signals SOL-SO12 are
all at Iow voltage levels g 890. Shift register cells
403a- 403k and 403m have | ow voltage | evel reverse
i nput signals SIR that turn off reverse i nput

t.r .S %é such that internal node si
I v@,@?%@ rici egﬁﬁgspéwtﬁlmalﬁlgrpfmlf{ %S’[Eéq@lﬂ 403k The
shh‘go istah Iohtpdt%ggrﬁat@ sPrsb 1403k dlle&%\)(/%lt‘ég? l%}(ﬁg at 890, Shift

\ | evel shift register outpuf si
regiséss |§ 40&@40@{ gnch 40SmFhavealowt mltwedevdalhevekseanpat signals

SR BB ke FASE oL S b e e Hgnats
SN1-8N B 8hd SN 18I Ferfhiang g RIBRE RIIsCRt e dShif raggtbr cell
voltage | evels at 928 and reverse direction Ssi

403bregeiveptheshighivieltags davehshift rﬁg@ltermtpu@sgn@k/%omtasqae

revelsBiptit Eibhal SRR RS 3 e Tse Tl oot Trdiee
mtearhalgﬁﬁeamgnal\&ﬂmaiatt ©R4prevention transistor 442a is

o3 Db ipit Bllse 52 allshieoftSribut Sionals S0P urre
cha‘@édl @b ﬁfgﬂmotll’%%etlé\!i@s a @2@%%&%9&%%%“&%%0?!%% aﬁ?mﬁf%z is

[Ffow at 904 unti | dress signal
mamtalned\at gliglaveltags leyel ai 930.aAlse3durimy éimanigl patss 926 all

addfef ighah AL % 57 Bt et HaNsads i aLos2
and&vA8&sHpRI@htSH hahsista eI i tuhtd dmtoe;aﬂhLEf/AUmts to a
© shift reg| ster cells 403a-403mto eval uate

lowjveltagrdevel 1834 g addsrs g sgnalsrd na4\2,nocre’%7s Baﬁ ayeye valid
frorﬁo 3 Ep%&d&%§3§ IPLR 38NN \WEOL LRfiEd Hcﬁlvsggﬂé‘ﬁgaﬁﬁ%u

arge sh register output “signal's
address Sighalst 'ﬁAi OvAZ0l. t~dg7€82@meé pulled Big8. atl982erTizd addi@dss

. signal, S 2is t | ow val t age | evel, at 924 t
SRS TA o A% e B VAU e Srnd puises 448, 914 and
g1g. egister cell 403l and maintains shift register output

signal SO 12 at a high voltage | evel at 940. Al so,
t i nTiming plulse ¥¥bturns ne senohd evakiation itiaasister & t&imseaahoof the

shif? Sty S8 B8 ADHD M o amRlE 118 bt eersidhalf i 6.

lntérﬁé(ﬁi&:% §it hgrstsnm-swgﬂahd BN 3.%2atem?ﬁl vBitade Welsg1e922 to
| evel In addition, tlmngl;le se 936 turns on

dls@wga@hifbfeqﬁt@x/@umubﬁlgnaﬁrﬁ%t%@ £9d Q1749 iwvaltage
Ievé‘lg\é’{\bﬁﬁnf&nﬁ r{o% 3 Sﬁélaﬁ@d %\/59 a fBw \%‘l@age level at 924 that

turns off the internal node transistor of shift register cell 4031 and maintains shift
register output signal SO12 at a high voltage level at 940.

Also, timing pulse 936 turns on fourth evaluation transistor 562 and
control signal CSYNC 824 is at a low voltage level to turn off control transistor
564 to maintain reverse direction signal DIRR 842 at a high voltage level at 944.
In addition, timing pulse 936 turns on evaluation prevention ransistor 442b fo
maintain LEVAL 848 at a low voltage level at 946.

During timing pulse 948, forward direction signal DIRF 858 is charged to
a high voltage level at 950 and LEVAL 848 is charged to a high voltage level at
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During timng pul se 948, forward direction signal D RF

858 is charged to a high voltage | evel at 950 and
wokENAl0B4B8 is charged to a high voltage | evel BtPRER2005/011399

The high voltage | evel |ogic evaluation signal LEVAL

848 at 952 turns on eval uatgon transistors 440. The

hi gh voltage | evel shift register output signal SO 12

at 940 turns on address transistors 468a and 468b to

lrb | nal]s -A3 and ~A4 to | ow voltage | evels
95%t gjug H% ehlggiceavaluatiptasignaldIE VAL 8484t ®52 turns on
eva‘[ﬁéﬂoﬂaﬁé@td@ﬁﬂba'ﬂﬁ% vthQ? o YR/} lgl?t He@?’??% lﬁéyfz igpal

Timng pul se 958 turns eva uatl
SOd8at Hictoms on arjdrm tﬁﬂ&lstnrs:ma ahd &6§bab pUh BNdréstisignals

t rans, st forward direction
~Ag R BRI el Bl s o SFiEesS SRAR ~4d, ~A2
anc96A5 Jmaf@ﬁ"tanﬂ@frie@sat%%ﬁVéltégjéﬂé%lsoé’tl95“?65 shifts the

h voltage | evel shifi register output signal SO 12

ineing @xisesPH§ turpe gndhisd eweluatmo:enansrmr Fpﬁﬁ)vAdmtml pulse

%@%ﬁ‘ﬂ'%ﬁ R fupleoh B QryRiteen] 5B Bnd forwara
dlrmﬂos;easgmmtDlRFemdsbhétgersetglaSIbWvdlt#gréubvélle@t%Z
S 8013 has_ been _hi once. After shift register
b nexigsrliesshsix B%H“Q;HU'S?ﬁéhgtsrthQﬁQh vwitage leyet shjll

regﬁs%reéut?m £§néﬁ99§gqg gﬁ@beﬂf srﬂt Qggg%régu %94 %ﬁ&%v@%@ a

€gl again y priovi
high votiage tdvep shitregisteroutputsighalcBOpdl ﬂnfﬂﬁg,conunu@s dr&thteach

serfia S i Bubts WGpteaih sn adiehitibpursion S0 4mO13 has

bedriYiyR chte. 'ﬁftél* Shiift 9%131@9'00 JLARnaMSaY B nglﬁ“ the s@f'lb§%f high

fromtimn gnal at 820 to set the directi on of

voliagerlevelghi reegt%ter eutaut sianale8O &30 stapso, The Yultregster 402
carP L S SR DE AR R PR PSS 5050 25 eptll Byfe 70,

coin¢idénialigh tahﬂ'nmblp‘mserﬁgnsﬂimihgélﬁ@nahrz‘ 80ag a high
vol tage |ev nal through the shift register out put

o1 ghdversertaslion GRegaD FeanyTel pplRsckom eg i 524
ol 5 o A R
diradtienaxféhétisg tetier mverse dib@tlioan d\&002 costrali prilsafronoCSYNC
oo AR RIREAE i IS BB St ot
or Ihitlbt@fl’f@él’ﬂﬁ ré@si_érglwesh?'ftma kenigHdorage Wé%ﬁ'\@[ thk80&h tife

el ectrically coupl ed firre groups 1004a- I004c
Shlﬁiﬁf#@ia’@lﬁ outputsignals §§%1 5011@5 1006. The address |i nes

2 qdr g8l 3 R Rl afind pre gifibodiment 6f whd Bltress

generators 1000 and 1002 and six fire groups 1004a-1004f. Each of the
address generators 1000 and 1002 is similar to address generator 400 of Figure

9 and fire groups 1004a-1004f are similar to fire groups 202a-202f illustrated in
Figure 7. The address generator 1000 is electrically coupled to fire groups
1004a-1004c through first address lines 1006. The address lines 1006 provide
address sighals ~A1, ~A2, ... ~A7 from address generator 1000 to each of the
fire groups 1004a-1004c. Also, address generator 1000 is electfically coupled
to control line 1010. Control line 1010 receives conducts control signal CSYNC
to address generator 1000. In one embodiment, the CSYNC signal is provided
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fire groups 1004a-1004c. Al so, address generator 1000
is electrically coupled to control line 1010. Contro
wo 20vs/1433D recei ves conducts control signal CSYNCUSH05/011399

address generator 1000. In one enbodi nent, the CSYNC
signal is providedby an extgynal controller to a
printhead die on which two address generators 1000 and
1002 and six fire groups 1004a-1004f are fabricated.

dit ress generator 1000 is electrically

by éB@ﬁﬂg%f&a 60@@%&*0 piniggh q@b@l@ apwsich trigeaddiees geheraters
1out ORISR 1 R IR O5Y WA M

[lustrated I n Fi
addf@ﬁ&l genespetf0s lsgeiabmcsmmoupléﬁltél sefSct iné®1008L-4988f. The

seldet I8 Rinskatoasie SThtarEinstint Mrend 126184 llusHaterbiosa
Figorndudiie saéetdinesi WoRk.- mcbﬁdé‘&cge?é& £ 3PN 5%‘{%

in one enbodinment is timng signal T3 ti ng Si gh
SElg to ardress) ganeraiond 00008s wedrasuottbe seresposdiggdire §ELbs

tor 1000, in one enbodinent is timng
106{% ?@ﬁﬁf?@% gﬁn&&@aa gnal T1. The select |ine 1008c

conmmseleeenmn 098@ oahdlﬁﬁsaeteu @@%BSEL@ Q8 s é&%}amr
one enbodi.nment timng s_ﬁgnal 3 timng_signa
n

10065 i SR erliment ORI B apBal T, ahmsemnne
1008b @sttiRes soREPLighAl SELOR atith A% HIPARL TBED, ihShdd ™ "9

si gnal timng~signa ine
embodinearttdss Qmmmgsagﬁ&nmﬁﬁgslgnal add Fre&ssegea:temetmOSbOOO

|
cordyoRf SeiBFRasd LS fa hedhess genetitar 10ad iThad ehuighment i
tlmrﬁﬁl&gﬂm 'l@'ﬂi’h sngﬁaleT At Phe %@QQ:{ lih& 1008d %Bﬁegbtgaééqedt%lgnal

t|mn gnal T3 timng signal T5. The address
8@ fﬁssmratgr dPee: inianga eypbedimerdds timing signgl 3 pising

8'943321”% g Reloct B9 18008 S600 G FRIET gl SRL 50 20,
generatorBY)Of)r m@dmﬂm@ﬁae dihvdng $QMAI TG tivsial sifndl M@, and the
04d- 1004f, Al so, address generat or 1002

seledt 1grcl I Sanfyole SoEL iang! SEkBBIadiraRs GONBHATA000, in one

saddress generat or
emzﬁlg%'ig'.&éﬁtﬁsg g{&gnélﬁ@g @g n!a?ator 1002 is

el ebhe addidsg gampated 1002 sélectridally esupledda fite QoRfps TOGAd-
1004 o 260 A BRI SR Bl Slioss Kook

addr@sé B@n@ny LB% pcmll ng~é7 frémOaR3HBSs g@ﬂé?atér D6 td @é’éh of the
shown). The select |ine 1008a conducts sel ect sign

fire grEDUPS @0%@71@95 gRlser addiess generator 1002 is electrically coupled to
control line 1010 that conducts control signal CSYNC to address generator ‘

1002. In addition, address generator 1002 is electrically coupled to select lines

1008a-1008f. The select lines 1008a-1008f conduct select signals SEL1, SEL2,

.. SEL6 to address generator 1002, as well as to the corresponding fire groups
1004a-1004f (not shown).

The select line 1008a conducts select sighal SEL1 to address generator

1002, which in one embodiment is timing signal T3. The select line 1008b
conducts select signal SEL2 to address generator 1002 , which in one
embodiment is timing signal T4. The select line 1008¢ conducts select signal
SEL3 to address generator 1002, which in one embodiment is timing signal T5.
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1002, which in one enbodinent is timng signal T3. The

sel ect Iine 1008b conducts select signal SEL2 to
wadasasssgener at or 1002 , which in one enbodi meeT/USR05/011399

timng signal T4. The select |ine 1008c conducts

sel ect signal SEL3 to addregs generator 1002, which in

one enbodi ment is timng signal T5.The select line

1008d conducts sel ect signal SEL4 to address generator

Th 3pect I {040 8R0uTR stact Som SELYiTg ek res Geneator 1002,
whiHdh &He éiﬁ@@dllﬁfé?ﬁ |slﬁ)t9i§1gt %@h é."TR | ngé'gﬁgg%%%e &%nfiucts

tlnln a ect con
selge| &malﬁé@to amhsss @eadta’ceséoqzawmlah ar oA8@Mboshimeht isn

tm BN 3R 6 SelacTu 1DORRRoneldts ReBobfofrl splfdac

addrbes genpeadis100R, afvm@tﬁ)ﬂﬁbhél@nﬂﬁfduﬂénpfs tihikg R 2. Each
of the sel ect si g%al s SEL1 , E I ncl udes

onel risglect signals 2fek1.63E2, S|§Eblﬁ'§é|§dela13@m$ of six pulses

af AT o A5 TRl 08 S b S
SEhZ puJ SELBrmcsladimbne ipgiss m$Eé.3eEéklaf sk}fpﬂ‘lféé Ol\g&gwé)y a
emBiiEentna BElsan <SR HonaESEL 1R deliqued By pawise Byselect signal
SEwltﬁst isﬁgﬁ&h@&by%l ginak iPELRct éhgr SEDS, fut %%Lé‘wé&'b?%

i gna thé series repeat eginning with a pufs
pul$¢1lrse¢lectsugn@ir%ELdaEthat lsrfeu@m:ﬂ byla pilgm sasm\mgnal SELS5,

el A58 B 554 POl Sy BUATES hLoEhegSetect s

SENGNRE&cries ré@@&saﬁ;@uﬂrﬁﬁ@mﬁtﬁda bolseenh séléct Bi@nél SECHi Ohe
of shifting or address generation in address

congioh sloaeb S Yo indwdrs paies reincideatipity Ridsen m@g@cﬁlgnals
SEIM {SEf SpeéFL&% n@g%%&&ségénéétnggoﬁ' ?QH& i} %et

enera i’6n Trom addr €ss génerat or
up %Ydi@otml ofcshiftiag oo atidessmereeation imcadtirass gendaraors 1000

and 40 e siiDaleles niRcughed MMBiresinct & Figirend | Rt 225 o
mutt%?é‘ﬁél@fte%é g%‘?\@:gatﬁﬁﬂ‘?étﬁté‘%ﬁiréé’éj{ﬁﬁéra%m(ﬁ cofitkol sngﬁgl CSYNC

~A7 1In response to sel ec S|gna S SE
mclsaes aacmtmb pulsel calngjdant \mgmmmg @tmmmdmngu sgmalg 2-that

coriasRRsoina BV EuBR O bORSbRRIRLA (L 2 ess
genpiabadrebeYbnerstdr 960 @'eﬁ@ﬁdtés abdresssighals =~~,A1~AA261r e~A7
valid during timng pulses in timn ghal s T6,

i 1BARPTEE 1 RAISCIINAIR SR s SELins n SHA 28 Cpriralaigaal CSYNC.

The h98RR Rirkats ~AFELAANA RELRe pl0RaEPLHbASh Fit A MYaré s

10086 to fire groups 1004a-1004c.

In address generator 1000, address sighals ~A1, ~A2, ... ~A7 are valid
during timing pulses in timing signals T6, T1 and T2 that correspond to timing
pulses in select signals SEL1, SEL2 and SEL3. The control signal CSYNC
includes a control pulse coincident with a timing pulse in timing signal T4 that
corresponds to the timing pulse in select signal SEL5 {o set up address
generator 1000 for shifting in the forward direction. The control signal CSYNC
includes a control pulse coincident with a timing puise in timing signal T6 that
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i ncludes a control pulse coincident with a tim ng
pulse in timng signal T4 that corresponds to the
WO 2ovsngs4pul se in sel ect signal SELS to set up BOOUS®®5/011399
generator 1000 for shifting in the forward direction.
The control signal CSYNC i&?:l udes a control pulse
coincident with a timng pulse in timng signal T6
t hat corresponds to the timng pulse in select signal
SEL1 to set up address generator 1000 for shifting in
corrgsionds\terthe timing puisenn seirct signal §Eddpe sed owaadoress:

i | ~A2, ... ~A7
ge”%f%?&n%glo.qqg%rSﬂfﬁ'g‘g[ut?}‘gs% peied direcliony sei , SEL2 and
SETBe fivih grolipsr eomaswoofﬁmaac(eﬁﬁh)alm add}aésisrgmw ¥A$ I-,NE

addr es
~AT dyriggt ﬁ@.pgﬁ%qs 'Qaeiect signa A%%éEé-é} §§L¥ﬁ§‘q %Egéi m@af'%wwp
Ve i by .
one $#1845 Bt PhpEife i fectisidiiesOtioRlsl V&1 e BY Hdf find the
pulsedic seleet signal St efiing celieal 20 infgelectedaow. subgrapafit1 are

t.h I E fi [ |
enalygf 6Bt aiNan iR it BB, o hpn e AR R i ohp04b
recemésft'héeaoﬁiréébﬂélgﬁhBEZM Wen f AT ahd@tie E)@lfséﬁm (35570 s.ghal

004c receives the address signals ~Al,

SELanﬂnm el 2@ in aclssiasiowsshgiPusEES?2 afe é@ol@@ foreactivetion

oy 0 BB EER o P BRA v R0 BL A JBivee e aress

signaR0ZAgens? at. eﬁé\bddd ¢i$6 palsgﬁalselecBitgnaBSELB firindg3Zelin120 in
esponse to the se| ect si

Selogins N EHRITOUPS SFS B6 RRAIFH donANELEN BY g sgriabE TRES,
Igi'ge addre&y/ éﬁ@raﬁwromagz%eﬁé}éf&%oﬁswgﬁnagdxm&mnes~B7

|re gr oups 1004f. In address generator
in re]s@aasett@masleleeissgealg@mﬁ 31 2, .~E¥EL6 and-centrat gigpal i d

oo WNE: " HUBNBRBR A, 7, 128? kinEl dydSedi

add@8s4inesEld %@»r%;@upsT heo4@nDoaf. B aﬁimésé?@é(th@altm aofeshe

a control pulse coincident wwth a timng
addtassi signals g, ~B2, t haB7@iﬁrV@§9<§#w§9ttt5mf\aé>Lﬁ% 'ﬁg}mangs%gna's
7o, 3,48 £ R pEtRoVRE ysRe e pfng s oS
andBEG Tﬁg\ﬂﬁfitrohﬂbudmsxmmtdm:lesmjbsmrmicpulsn deintident with a

atimn ul se, i t
timipg, @U{Se‘ﬂ%ﬁ%‘llﬁg | sgg{\nql hjﬁ%pgeqrré;;@qggs(%géﬁgthpgr?é rgﬁ?sgdn selec?
sig E‘?_?Stogseéiﬂ aa‘id?freésgggné ors{0d2 foR Shiffing MEtheTvRT&E

I rection glnt I a ress generation from address

diregtio@r a'hercohmzsugoahesmmslrgdmes@vmrmwlwe@,maldent with a

R E e A B N B
sigritf'stll4 ® sHtalp ks generator 1002 for shifting in the reverse
direction. To initiate address generation from address generator 1002, control
signal CSYNC includes a control pulse coincident with a timing pulse in timing
signal T2 that corresponds to the timing pulse in select signal SELG.

The fire groups 1004d-1004f receive valid address signals ~B1, ~B2, ...
~B7 during the pulses in select signals SEL4, SEL5 and SEL6. When fire group
four (FG4) at 1004d receives the address signals ~B1, ~B2, ... ~B7 and the
pulse in select signal SEL4, firing cells 120 in selected row subgroups SG4 are
enabled for activation by fire signal FIRE4. When fire group five (FG5) at 1004e



10

15

The fire groups 1004d-1004f receive valid address

signals ~Bl1, ~B2, ... ~B7 during the pulses in select
waek@sabss6EL4, SELS and SEL6. Wien fire group POLIUS2005/011399

(F&4) at 1004d receives the address signals ~Bl, ~B2,

... ~B7 and the pulse in sejgct signal SEL4, firing

cells 120 in selected row subgroups S& are enabl ed

for actlvation by fire signal FIRE4. When fire group

recklysS thE Sakigde JARARCEELIHEE ] i eplas Toeelsct signal
SELG fimy 66l $zaapsé|8ct§alreﬁﬁéifbgfreubsss@y %égegga%% %fcnvanon

enabl ed for_activation by fire signal
by Hrensignal Kl R&Qaswfmn fireauroup sie(RGS) atHO04d obcm\zessﬁhgrmi&ess

sugbhont e MG B beBel o5 SeltiEbarzo n

selactedenaidubgroops SEH arat dreibléy fdridclvalicnBy leé E‘Eﬁal EIRES.
one, exa Ie o eration, during one series of sIx

pul §e¥e Pi§ ORgTgHem, desngconaeprirsal Yy pulsss, pontsalsignal
cﬂﬁﬂis | I nal,s
COTRQ e i) bl ittt i e Pl BTG
signais SElct asdh iSHLinty set upreddressvgedemditorsct00OrandThe02 for shifting

d h the |
in i R ara o 2rBe ERb oL 58 spuculestmameirtimiopuies in
seledtiigndl SELID t&ie Jp)éeweads deherdtboTpod i sﬁﬁﬂﬁ%m tr@#oggigg

coi ncident with the timng pulse in select Signal
diregtips. Jmea@ﬁnt&!@ug@n@la@denu\@tﬂmthemmm palsadn selechelgnal

S| X u ses
e85 SRR Qlherdr DB 8 B ind it Bl
coilncthd ewaixt Béitids of sik pulses| S@ﬁtrcblfslgrfél@8YNCQﬂ@Ih§e§Ebﬁtrol
SEL6. The control pul ses coincid

SEL3, 5
pU'WE%LﬁOIDPﬁeﬁb\%Bﬁﬁg@Qgm'%eél 'e@@l%qt §lonads §EL2 §E§3S§E§5s?é”td
SEE@eT%r&MHO@ UQES%]{{%O an %ﬁf?g&%e con o?[ &'I%slsé?“ﬂ‘z

dress gene at ors
aanSEh(SlS@éme dire¢tian of s’rgftipglteelme farwaed dtremmrgmaéck:iréﬁs

- gerfiftopenph B ik D BE R R aR5 inR inilhg pis i
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seledtkignid SEL3 ancB%ELEhﬁmﬁ%'éOédd?éé§ efSia6rs N0 3Md h002

the timng pulse in select signal SEL3 initiates the
for gelpeisdiag 38 9ignalotA i\, he ~AdrandrBiutBa, . ~B7 The

coffl PERESEBnahe St o ke RSP AERl EOR TR e
address genefatdr m(](gandﬂth?e?mnt&ﬂ (i)'u%‘esccgﬁaﬂéﬂt With I 8ming pulse in
gener at es_address signals ~ . ~A7 that are

selgSignal lﬁﬁ%'nﬂa\wwep%m&r%s oRngetani0dd. .gnal s SEL1 ,

SEL@u@[war e usey?%oy(ﬁglﬁggggng ?ﬁ?ﬂ%@%gﬁneﬁ%ﬂ n row
gersubigsadeke ERighalS@A AndAB&3 ~A7 that are valid during timing pulses
in select signals SEL1, SEL2 and SEL3. The valid address signals ~A1, ~A2, .
~A7 are used for enabling firing cells 120 in row subgroups SG1, SG2 and SG3
in fire groups FG1, FG2 and FG3 at 1004a-1004c for activation. During the third
series of timing pulses, address generator 1002 generates address signals ~B1,
~B2, ... ~B7 that are valid during timing pulses in select signals SEL4, SEL5 and
SEL6. The valid address signals ~B1, ~B2, ... ~B7 are used for enabling firing
cells 120 in row subgroups SG4, SG5 and SG6 in fire groups FG4, FG5 and
FG6 at 1004d-1004f for activation.
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in fire groups FGL , F& and FG3 at 1004a-1004c for
activation. During the third series of timng pul ses,
wadasasssgener at or 1002 gener at es address si gneeBUSB25/011399

~B2, ... ~B7 that are valid during timng pulses in
sel ect signals SEL4, SEL5 and SEL6. The valid address
signals ~B1 , ~B2, ... ~B7 are used for enabling

firing cells 120 in row subgroups SG4, SG and SG6 in

fir ro EHA, FGH FG6, at .1004d- 1004f f

alct[ﬁ'ﬁ'fg}q ﬁ%stﬁ{f&'dsr‘?é'e§ r?é%P‘HW 8“?%?|"é§el?ﬂ %EH@[@SE{H sesL2n -
SEIS$|Me§A32 gigabis e 1A2 SELAT mclud%ﬁé\ﬁ/ vo%]‘ég l%' fhat

. ~A7 include | ow volta
corgsapng 4o p@@mﬁﬂarte@n@ddreﬁselsmnd@@dfeaasrge@@es%ndsz ~B7

B8R0 RAA0RNB Bhels I roen LRSS Y ke
addrdsgese elhur;mgzleacs}s sabsé@lrueriﬂ gefes blf ﬁmtsr@éﬁmgg% Ergﬁr k&88cPéignals
u sSel ec SI gnhal s .
351515 %étgégdrigé 6.:39fH{55S Sighgls ~ ﬁ& . A and agdmssssignals
~B B 'W' S ~B#linciudB4ow: voitgg@?e\}é; %lg‘l‘)%?s 'Jh%WcEﬁ%é@t%fd toet‘ﬁ%l same
to t lrteen

signal's that correspon e “same one
onexfdhistesbsaddrassess eraels sefies bfmmg\gmmsmla an addacd tiess slot,
sl ot h, that ,one of. th een ad resses i s
sucly 5 QgL e BER s OV HRR eI BB, sef e of ting
puldedrward direction operation, address one is provided
first by address generators 1000 and 1002, followed by
addp éevardslirgation eperation; addressduneds @r@wde@ &gt byraddress

oorf b 80, A BEAT34 06 oDOTR A ABEE e

thirteAf, Aﬂerfadél?esmkﬂnr’tﬁin ,addex?ss genelratb?s 1309®,ndd100219roﬁ7a:té‘lall
series o m n r ,

highsyplagseye '%%cmeg%ﬁ%’%% LeATarh ng%aaag ?ﬁ"nm m ~R’ h

|
Alséoﬂrl ue tﬁ@(%’t“:l*lsnn(g):;stlﬁ'hﬁ‘?i‘PeG%orward: direc |on In g’r?ol_t
SEleb anoplrel ppiseati® provided agincident eith dimiog psilsesgolseiast SIgnaIs

) i |
SEIZh A SR B hg i TSreF AR ety gna s seva
andn SRbthdra@niple ppafstcs Juting onatseiies K@k puded Mbhtrol

for_shifting |nthe reverse direction. The control
signalIGeY NGiineludesconirehpulaes cointidgnpwitB diming pallsas in select
sngﬁ%@&ﬁ%gﬂ‘&sﬁﬁ? éﬂg%rugﬁe:‘sesg é}génrg éb@@%nfdo 002  for ghifting

in tm@rmm@dggmm The cbhm)lrmJllg% SS?CldEnswhthdhe Smgnglpu&ﬁ_uﬁ
sets up _address gener at or ar s j
selecd pignad Silyle3ats é‘g’ qeche% gepgraforsE}q0der shi ﬁé"?Q("bftﬁ‘?sr gyerse

direCBBA Theddidl pHRENGIAGEEMAGE FHRMPY pulse in select signal
SEL4 sets up address generator 1002 for shifting in the reverse direction.

In the next series of six pulses, control signal CSYNC includes control
pulses coincident with the timing pulses in select signals SEL1, SEL3, SEL4 and
SELB. The control pulses coincident with timing pulses in select signals SEL1
and SEL4 set the direction of shifting to the reverse direction in address
generators 1000 and 1002. The control pulses coincident with timing pulses in
select signals SEL3 and SELS initiate the address generators 1000 and 1002
for generating address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ... ~B7. The

control pulses coincident with the timing pulse in select signal SEL3 initiates
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pul ses coincident with the timng pul ses in sel ect

signals SEL1 , SEL3, SEL4 and SEL6. The control pul ses
wa@oeisaosent with timng pul ses in select signabPCT/BELOD5/011399

and SEL4 set the direction of shifting to the reverse

direction in address generajors 1000 and 1002. The

control pulses coincident with timng pul ses in sel ect

signals SEL3 and SEL6 initiate the address generators

addifee o8heraton Todfand e odupel hufke cancidentg she Sming puise in
selé&i's‘@%l@EL@inﬁ%@és ¥ é.‘gtb‘”en%'rﬁbpg 0@yl se in select

signal SEL3 initiatesa ess genera ‘or 1000 and the
corPuing phe Bédasiresial élmlngmpulselshaddness rwnpudatsm 000

oA AR AT AR AR i e
in sekstt sifrals $E09, SEllea&fdeSEEQdﬂ'ﬁéﬁla‘ﬁU%#éss énals =1, ~A2, |
~A7 that are valid during tlmnggru ses I n sel Ect

"A7S?Eﬁ1'd§%d EELeDab"mﬂQnaﬁ@"sEEQ In Tow subgalpsdEEsSG2 and SG3
% 8% A1, e rog A RABE NBRSek oA, s
gerfeirat@rgﬂﬁﬂmnlé@aies adGResznsighals ~81, HBMa- 2804haf ﬁlfe valid
BB o 14588 JERSL RN ARSI i
ser*elsrafwuﬁglp@%%sl THREL ARt a@dr@@§%@n§%ﬁl§1 SE5 anﬁbﬁﬁ@used

durin hird series of tim'ng ses.
for a@ablewsﬁrmggmilssm{]sm row-gmharoups SBA, @5 asd BED1in fire groups

Fogibadlt robidld ofRuoEre Auldtaty R ot foeg4dsf804f

f orDairig s third. seaesldmmuﬁ_@ég I§ersdn %@Téc@&gﬁfalst SEL'FQSELZ
pul ses 1 n select signals ,

SELG.ereerss d@@@tf%nqonﬁf@tl%.aﬂdreaﬁa@@% "s‘ﬁbn*a‘r\% ~A1°\7 include
fow \/%?ta eleve Jé{g&ieﬂsc Hﬂﬁotr&@fr}éfﬁé{ {R8fe bFURes) ggé‘rlc%aég‘ ahd

corr s on een addresses an
addsa'smlaigsaisBélm ~82,...~B7 mBlDdeHoWud:étabe\Aeweilsigigﬂs tlrmtel
i gnal s t hat corresgfgdtot same gne of t

corgsaPBddadne BRTPIRIG eReS . PEad spch sypgauent
seri%%'o‘f‘iﬁuﬁg%”ls%%'f?&h seldh Af%a%'zéﬂiu §EL§ SEL@Ehédress

dress signals ~Al
signaly ~AdcHéde .| o7 \asld 26, +BZel. 'ﬁ@mwalhmvd@gedewrmgnals

taf S Bp S TB.B8 e b 85804 838 EREH < ¥ o
pulsds fshh Addireks ¢imegigt, e IhatSon evihaHirfden aHHressds is
series of timng pulses. In reverse direction

provigedturipg, eashovasies affimingdnises. provi ded first by

?33 f’\?ééea r%grﬁs?lge%tgﬁﬁ ol)gpﬂio?{' dadfille thfr@eln%%qoﬁéfe@ﬂpgt B>
address generator 1000 and 1002, followed by address twelve and so on
through address one. After address one, address generators 1000 and 1002
provide all high voltage level address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ...
~B7. Also, during each series of timing pulses from select signals SEL1, SEL2

.. SELB control pulses are provided coincident with timing pulses in select
signals SEL1 and SEL4 to continue shifting in the reverse direction.
To terminate or prevent address generation, control signal CSYNC

includes control pulses coincident with timing pulses in select signals SEL1,
SEL2, SEL4 and SEL5. This clears the shift registers, such as shift register
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t hrough address one. After address one, address
generators 1000 and 1002 provide all high voltage

wo ewsliosmddr ess signals ~Al , ~A2, ... ~A7 and PE®WLUS2005/011399
~B2, ... ~B7. Also, during each series of timng
pul ses fromselect signals %L1 , SEL2 ... SEL6

control pul ses are provided coincident wth timng
pul ses in select si gnal s SEL1 and SEL4 to continue

402 :}Qvééjn g?@h%t(ra'gv ¥ rgdnji &i%lng ns& E]égm na%ﬁ%@olrevel ora
I
e T e

preveply adqdmees genpratioaagng a consiant lovavoltdge levekigi controf 8gnal
CYNG AL RPEITAERS BRI GErgtate 1 00D 2pg AdiBe pal ses. 1
conFlgure ddgsal nrmsyma@baonmgwrmmgamam aRd eARIYsE operatlon of
oSBT IEG ek xSl vl e B
for@8RPAifk &loh |§Q§’§Yﬂ|@ﬁF\?\&§2at il gq;g}{gj e dhtdl tslgﬂrag?s =d for

diagramillustrat rwar reverse o
shifiigngria ke g@msatduegtnqm[socsmcmml) afHd 260 Mhechddviegs aignals

f h d ti
~A bR P 8t 1188 atdnte st Bieses degisinton 480 e include
both hbMarﬂganmrdVB%d 6W%ﬁ6n @Uﬂﬁfés' r%‘fbrbﬁc@\(ﬂ"ﬁé %’é\d}es%t signals
1126. The_address signals ~Al at 112

~BhrBaroviBicat hi3Qate eyidashy addwesmmemt@r 1662 @dd include
bot[ﬂ%lt\‘mé FR l%vgps% Eé('%tﬁﬁ aﬁa%%tfe%}eﬁggg ess references.

he a ress sig at 1130 are
pr ovhal edlebysgddrseSELg e&ELZl,t or SED6 Pravide iavebedindebhes of six

puity B %angﬂ}ﬁfgé@f Sonhssbl 1 5E% siig & ek e pUlse i the
serfe%Rﬁ’Estl)k BGIS%@r 'lﬁ%n@fseﬁbé o‘?%ﬂeS gﬁﬁ@ I%eﬂfes%@%nxsﬁdlg?% select

gna S I nc es one pu se

Slg@@rSFels1 at 1§0Q lrmlmmnmlng fuige 4402 eselett sipmalrSfpleant hyo4

incfeb SiuB0 pllgt, BT RRtec] SioBe! sH3R dnaeties Shivo puise

1110) &ttt $idrial S 40t ﬂazlaﬂa@lﬁde§ ﬁhﬁﬁ? p&ls@nﬁi 14‘3'519%&&9%0@&5
dncludes timng puI se 1110, selec SEL4 at 1112

at 118 ingliglesitiming nylaest! 161 aad S§l§|°é§'9”§| Ehﬁ asH1804nclades

mng pulse 1118 and sel ect signal SEL6 at
tlmf{@%“lgﬁilg es timng pulse 1122. In forward direction

openabiveand ohmﬁ;bnlop@rgrt&i cORYOICKIGME) C S YRE (Fnb gl
| se ident with timn ul se 1106

) trol

incliios SpBib! Rilss A Ssonanent 7gih troine e 1408 jassisc spal
SEB2GE1 4'94.3%%%?1%?68&@10!%2%@ upddress generator 1002 for
shifting in the forward direction. Also, control signal CSYNC(FWD) 1124

includes control pulse 1134 coincident with timing pulse 1118 in select signal

SEL5 at 1116. The control pulse 1134 sets up address generator 1000 for
shifting in the forward direction.

In the next repeating series of six pulses, the select signal SEL1 at 1100
includes timing pulse 1136, select signal SEL2 at 1104 includes timing pulse
1138, select signal SEL3 at 1108 includes timing puise 1140, select signal SEL4
at 1112 includes timing pulse 1142, select signal SEL5 at 1116 includes timing
pulse 1144 and select signal SEL6 at 1120 includes timing pulse 1146.
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shifting in the forward direction. Al so, control

signal CSYNC(FWD) 1124 includes control pulse 1134
wa@oeisaodent with timng pulse 1118 in sel ect sPQIaEb2005/011399

SEL5 at 1116. The control pulse 1134 sets up address

generator 1000 for shiftingz4n the forward direction.

In the next repeating series of six pulses, the select

signal SEL1 at 1100 includes timng pulse 1136, sel ect

* S S CHRE IS M B bhL Sk ebcen
i 010y oBES1 0 Lo i 88 B o e 1t
thedafvrrid ditegiian ased enifol pulze 1182 calesidentity timihg pulse 1144

. i i ol ..

o PR 204 858 e TR ik SR Y iRdcon.

Alspou?rﬁrm?imlmsigu@aa\:\@m 1Qariac|autes clbﬂﬂ8ll ﬁméﬁ ilggf)tdoﬂﬂ:ident
ol e r airrecti on and contro ul se

with Jied pulse (14t qtgs? ?§%L_f>1at41 108. cohe Faniolquiise Ag50
initAELY S6dea8 RNBIAGr 10001 rqer%%tfﬁdcg%%gﬁ@a{ﬁ%@r 92, .

direction. "Also, control “signa 2
~AT at 1385 Irc sddition, pontsd sigred CSHIMNGC (FNEY) Widhintludesgontrol

pulfi1 384 Hhigiddhe T ibirki diiSe 4 56 T et SgnatSEns & 1130
Thejeostraltgurge 2084 afitates Gldatsss \?I{I%(tclg\av\g)oz-for g@ﬁer@iin% ég%ress

_I'n addition, control signal 1122 inclu
sigRABEl, R, se~BT5E Wd30nci dent with tini ngI pul se 1146
; i t . T ] 4
1 BRLEEEbenls S A'e0diles TMoAULA Il 36115

incladds ¢isting pgisal $15@kelect Bignal SEL2B 1a041iad0des tintihg pulse
| ses, sel ect signal SE

11635 S slofel S0 2t HicRgniufed baries puber £H0. Seibvapione SEL4
at 12%1 2LikErhdEs ‘iihﬂﬁ&?uﬁéem_ 16D, Relete s%%g’sﬁ_%' A1 18! iﬂelﬁ}jegghﬁng

1108 includes timng pul se sel ect signha
pulse 1164 andreslectsignal GEIS aiul 120 intbRiesdiphing tpudseghi6.SEhE

corlie it BESRNCEINDAd 128 Bitues Paio Bliee TARE cobiotely witn
timigiggiase CPEBEL CYRIndel Sdttihg elddesss ra®r 100bSer diftthg in the

coi ncident with tim n% pul se 1158 to continue settin
forwprgr disactigarandaeditrol pulser b7 Gepineidapt With dirng eileer 1164 to

corﬁi}x%@ﬁstgeittg{g é‘@&ﬁg yeb%aggm 560 %%%gfﬁﬁ%g’?gl‘%%?wﬁht Girection.

I hue se dress
gerEieabddres8 Qe nievatos N0 pnovides hbdrelsersignals 8iANesARoN, ~A7

at 1128, “Aegbend Tapudn arwaet Skeeian Bepmyonnaddiebe denprator
1000PaNGEHdRisERGEN A8 ~pRe LA ON.ARAHMESE HEREE HdRFess one at
1172. Address one at 1172 becomes valid during timing puise 1146 in select
signal SEL6 at 1120 and remains valid until timing pulse 1162 in select signal
SEL4 at 1112. Address one at 1172 is valid during timing pulses 1156, 1158
and 1160 in select signals SEL1, SEL2 and SEL3 at 1100, 1104 and 1108.
The address generator 1002 provides address signals ~B1, ~B2, ... ~B7
at 1130. After being initiated in forward direction operation, address generator
1002 and address signals ~B1, ~B2, ... ~B7 at 1130 provide address one at
1174. Address one at 1174 becomes valid during timing pulse 1160 in select
signal SEL3 at 1108 and remains valid until timing pulse 1176 in select signal
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1000 and address signals ~A1 , ~A2, ... ~A7 at 1128

provi de address one at 1172. Address one at 1172
whewsressval id during timng pul se 1146 in sel BCT/US2005/011399

signal SEL6 at 1120 and remains valid until timng

pul se 1162 in sel ect signal;5EL4 at 1112. Address one

at 1172 is valid during timng pul ses 1156, 1158 and

1160 in select signals SEL1 , SEL2 and SEL3 at 1100,

SEL A 4300 Atk ss O5q 37 1457 % JSREGH 5 tmymoptings 4/ 6Be1 Hop
and 66 @ sdlebhsi ﬁém@Lﬂ'SEES oAl S éfBilP{Q @g%ra%ﬁﬂ 120

generator 1002 and address signa
at Ih%@dﬁm&|w%§w$s%e al\7 5l 714 28 /it eB$, ©B2, at~B7 at

B R RN TR AL
is ppovided lill?ﬁglthe seties bf sixaimaihgiulsed! bddiRBing AW ﬁ’ﬁﬁhgoﬂ%se
tl74jSV i.d during timng pulses 1162, 1164 "an

115508 FRoive e tig)ingh RHISEIHEH, WS Ahe oressalime Biat for
w48t A oSS, phbmyif s Pl
117 meldeekly sigealsaoPd‘r,efsz, one-Adt at111123 pmdlc[blaYdHreéd twe$1178
anddieRs RENAIS FEN; FERg - pURC@t 1138 PIAC8 AGRIRFSMEAISO.
thist way NEHAdYEs S §eRdfors 0D and 1002 pRolAdS éadfés'gﬁs ?r'o% abiffess

address one.” During the next series of siXx pulse
onaythieugh agdigsstihiriesnrig the farward dgectiair Alier addneas :tthtaen

addgaﬁr@éggersqt%rﬁﬁodi‘)t ﬁd‘?éog??é’ Péjlﬁltng%ﬂ escsyf&ej\/\%u %@qﬂ% 8véar(]1d

addrgssessagdinin dhesamerwahi s way, address generators 1000
and 1002 provi de addresses from address one th

h
addf‘é’§¥e"tsﬁ| Eeéé'ﬁnlqpef??@rf:@PWHPBS'QP@'&$YU@(RWé'r12 includes
t
cor1LERS 1110 SRAUCRAIIEIRIATREIR'PIR At S &
1100 Tihe contrel madse 1|1&0 seteemp; addigssgenenatopd 0860 |f@rnsh|ft|ng in the

T PN TN S L W S ST

1 1@ Q@ﬁbld@ﬁi—\?«ltﬁttmﬂﬁ@ %uls-éhﬁ TP S ctiidift SEI80as 1 B2, UPhe

dress generator 1000 for shifting in the reverse
cortﬂrql utsiechl 82r8&d8 Upcrsiiress gengissor tBONOr REIing rothe reverse

dir ﬁﬁbudes control pulse 1182 coincident with timng
éﬁ e 1114 in select signal SEL4 at 1112. The control

pul GentidI&ig st GS YNCRRENVG 99 263:5@0@&@&0111@@2}30‘1% 1$84 tbinktlent
in the reverse direction. Control signal B/)h
with tiping puisedkistdermandinug seliingiadiressy gﬁee@éw 1 000 for shifting in

the reverse direction and control pulse 1188 coincident with timing pulse 1142
to continue setting address generator 1002 for shifting in the reverse direction.
Also, control signal CSYNC(REV) 1126 includes control pulse 1186 coincident
with timing pulse 1140 in select signal SEL3 at 1108. The control pulse 1186
initiates address generator 1000 for generating address signals ~A1, ~A2, ...
~A7 at 1128. In addition, control signal CSYNC(REV) 1126 includes control
pulse 1190 coincident with timing pulse 1146 in select signal SEL6 at 1120.
The control pulse 1190 initiates address generator 1002 for generating address
signals ~B1, ~B2, ... ~B7 at 1130.
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with timng pul se 1136 to continue setting address

generator 1000 for shifting in the reverse direction
wa@ep@saaesass ol pul se 1188 coincident with tim ngP@IUSE05/011399

1142 to continue setting address generator 1002 for

shifting in the reverse dirggction. A so, control

signal CSYNC(REV) 1126 includes control pulse 1186

coincident with timng pul se 1140 in sel ect signal

senbraeot o i SEBRRE 1y 28 ioriudes Sophal misat 195

cones g 250 sl 344 p SRR, 1o or

shiffingHn therrexprae disectionignd sostedlauutiss it §4 IcoBisidird withl#fing

ral . 1190, initiates. a S erato
puigd 18835 Bhife SFo Fad B ST U SRS he reverse
direattioh130. The control signal CSYNC(REV) 1126 i ncl udes
confrol pulse 1192 coincident with timng pulse 1156

to tmAARIRSSAaneraigr 486P psevigen ardiass sigrpas r6v~A7 at 1128.
Aft&bdihG MidiRglifl Fel¥e RS Sggnlla‘thag@%r%ggtieg}'ﬁ{#ﬁh2800 and

coi ncident W th tinng se 1
addsess sigpaleddAtssABener/st of 112Z0prdvide atidfassnirieentdie 172,

everse diregtign. The address. generator 1000 pravi des
AddigE 83 egh 5 31122 Brpomesiena SREInUAT 08 Rksend 14 R0R Segns
li C ; s O
S ook ettt 4155 % AR AL
pulseril 8@ tHi% arei 169 insalect sigaalsSSEL hiSEls2andiSEIBr2t 1100,

e alid during timng pul se 1146 and renai ns
11d\%a$'i“)aﬁ3(r)1 il timng pulse 1162. Address thirteen at

117Phe add@ssdetheratog1002ipraviged aa6rebs Bignald 581arB21160p7
in s%ect signals SEL1, SEL2 and SEL3 at 1100, 1104
at 18- ity bepnd injirted dn reparse dirsetiamoperation; addresa geastator
' = c=B2 a4 ..onB7 3 ' :
1062 S a8drEet oineli€ ~B1, ~E2PT, AB7 Wt 33 0bittie 2kMEhs thirteen at
117denddditess thidean atd 174 deesmesi \giidl duringltimingBilse 1166-Bhd

renfiing valsh ol irihg B L ARG Pireshata (19 hpl during
timihg GRS 16278 153 2 1 9681 bdleki %n%us@m% SEI#and SELS at

Address thirteen at 1174 is val uring timng pul ses
1112182166413l 1166 in sel ect signals SEL4, SEL5 and

ST AR N U S R R
1130 provite theespreradaddseaddreaddnieeentdiiinyeemdat 174l 72d@ds
thirt%e%em's pﬁg\%(eeg %uring the series of six timing pulses beginning with timing
pulse 1156 and ending with timing pulse 1166, which is the address time slot for
address thirteen. During the next series of six pulses, beginning with timing
pulse 1176, address signals ~A1, ~A2, ... ~A7 at 1128 provide address twelve
at 1178 and address signals ~B1, ~B2, ... ~B7 at 1130 provide address twelve
also. Address generators 1000 and 1002 provide addresses from address
thirteen through address one in the reverse direction. After address one,
address generators 1000 and 1002 are reinitiated to provide valid addresses
again.

Figure 15 is a block diagram illustrating one embodiment of an address
generator 1200, a latch circuit 1202 and six fire groups 1204a-1204f in a



thirteen is provided during the series of six timng

pul ses beginning with timng pul se 1156 and endi ng
wowaok/103484 ng pul se 1166, which is the address PCTESEN®011399

for address thirteen. During the next series of six

pul ses, beginning wth timpag pul se 1176, address

signals ~Al , ~A2, ... ~A7 at 1128 provi de address

twel ve at 1178 and address signals ~B1 , ~B2, ... ~B7

priffhedf 2%, P2 Tecr BeS Boneraton 4 Baimbaciedcrass generator
40@dﬂF@~‘él$eGfﬁﬁdWbrbhb@qu&ngﬁ?aEf&ﬁnfaFté fife GRYBESa-202f

direction. After address on ress genera
llugtrafed @ Figire Teinitiated to provide vaI i d addresses

Kk, di | trati
eno o a8l fedsodibr 2B 1 BisEhRRNT Boblsdh e s T204a-
12@Adamd to b2fPcieadt $200 fhrwgrgéeums1:a@§a2béo4ttlsb naddress
d die 40. The address generator 12
gefﬁﬁ*qfaﬂ%ﬁds &&Rﬁ?@%@'yﬁ#@m f@rcanb@l bine Ftegartbaigccmmucfa eantrol
SigRaI BEFNEA &r%gég 25%’(3:‘ @d 7 %’JC‘I% ! agfgggsészgenerator 1200

202a- 202f | ustr
is ejpaiacaityczoupd@dta seletHitesi maaw 208ip[Téed $ededti linesg2w8RS1208F

oSG8 S M s B
1208ae¢208fQﬂMd¥|cf3§éI§ble§ighé’ls‘SELf @ELZ ne dR19 Q&&ress generator

conducts control signal to address generato
12002 @g. welhasitrithe mfremldmﬁr@@feuas 320420@04§ (not shown)

et T SPRELInG TRMETohBiAE sERlc LaPEPSEET 8 aliifeqs gdigtator
1200] i@ #f oné ersdooahent isninkihg gighal T6TEhessdleét lidd TE08b

08a-1 208f conduct select signals SEL1 , SEL2, ...
cordps telogioRaL LA Lo Aaesa 200D by, whick et e

em68 R endhg leﬁg lé&q%f )8 gnar{b%géﬁ%@?@?&gl:me

ect I|ne a con cts se
SElaszlm addre@ermrmraﬂor 1200, whichdh one emnizodintend is'éming signal T2.

T et 3209 ephandls safeef Sonal SFLA 16 aRcieocsnateion 1240,

whi€Rgn BRBQGHIEEdIMeNt 8 Mg d5Ral T8. 1Thd BBIee|iss 12088 onducts
1208c conducts select sighal SEL3 to address generator

selactmignalif b madarese geoeaiaient20Q whieh iiyore gtodiraentrise

im0 AR REHE B S Sk S 821 g o

address gsnénamam@ wh'ﬂih‘:‘wS@nh@@thddﬁﬁeﬂtZ@&i@nlﬁg%@br@ g5.
sel ect signal SEL5 to address generator 1200, which in

onelanindelt pispuit 1202 isglagirisplhhepuptad i fiee gwp§e‘n2&6@ -1204f
thrdudtPaddrB8E 11889995 S A&, §5th Tird 0t 2858 efeltrically coupled to

select lines 1208a and 1208f and evaluation signal line 1214. The select lines
1208a and 1208f receive select signals SEL1 and SELS and provide the
received select signals SEL1 and SELS to latch circuit 1202. The evaluation
line 1214 conducts evaluation signal EVAL, which is similar to the inverse of
select signal SEL1, to latch circuit 1202. In addition, latch circuit 1202 is
electrically coupled to address lines 1206 that conducts the address signals
~A1, ~A2, ... ~AT7 to latch circuit 1202. in one embodiment, evaluation signal
EVAL is generated on printhead die 40 from select signals SEL1, SEL2, ...
SELSG.
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address generator 1200, which in one enbodinent is

timng signal T5. The latch circuit 1202 is
web@stiod4sal |y coupled to fire groups 1204c- 120BET/US2005/011399

t hrough address lines 1212. Also, latch circuit 1202

is electrically coupled to sglect Iines 1208a and

1208f and eval uation signal I'ine 1214. The sel ect

| ines 1208a and 1208f receive select signals SEL1 and

SEL and OVId recei ved sel ect signals SEL1 and

SELd MEalet h‘sﬁg PE2, - TIRELSproviglel dseties of sixptilses

tha?tQéSé'&t"ssin %Vr%béaﬁh Beféd Bﬁélx W@ﬁ 1\9@ afegc 16‘?5; W%l r%gat?c?c to

the inverse ect SI g
Figure 43 and Adid WhemntnohslghabCSMN(t incAQes suless ebihcikizink With

pufsggwégglegfa@g%g%%& §E;%120gELB qnflggtggqc&fqeg gepgrator 1200
and2832et ip tfwdlrémﬂmﬁm A é&ﬂré@é‘gé?@r%bnﬁéﬁfﬂe%§a 1

generat ed on printhead d| e 40 from ect signals
genergiery1200. . SEL6. The sel ect signals SEL1 , SEL2,

ELSBUNE, ool 0 Gl LR ELhSReOkD 2.
in resppese td meCsegectesngﬁealarscEmzl SEl . cBEI®hNEG icBARDI é?éYﬁiC
CoYiatBeatrSSS sal AT "l cot pre provileadirauah address
Nk N2OR S, relé’rggpéﬂ‘iohg 152@4cu ta'al@ré-gsr eiéﬁég?fbrq Qﬁgbaq}ﬁgg

and address generation in a ress g

sigadisred’t, weher. athor ar2idghurngatirangapidses n m‘nmgadngnalé\ll' 6, T1

an Bt o R STRBR A i s ST b

SE$Bgrftescorvol sugn%@ CSYNC vlu@és aRiofrofsdst Rbeient with a
address lines 1206 to fire groups 1204a-1204c. In

timingapelse iy signal béthataparesponds imthestiming pulsedn select

7

siofASHLY 1o 35t iy SHAIQHR Qo R20D3 1 iing e Ry bRl ©

direetionct T govatrs sKrial CS\BEECanndle§EL@|ﬁJntﬂilhpurser%dm%ldenttvr]lth a
t ul se coi nci dent _ wi

tim i Poe ) BUNASLSGHEL Torthny Cofsapnis < s (BB RS iniSeIee!

snghQIeSEL'i"tdS‘gePUﬂ) %@dfé’ésggérfe?&t& 1908 for¥Hiftin Qn? rélRerse

dress generator 12 for shi t|ng I'n orwar d
dlrQﬂtIQElCtTQJ mutlath @ddogas géneratiorafrocsxdiiess cgleud@omzm;tccmitrol

o) SRR L8R AR 51 AR B
sngﬁalgT@Eha‘@reblre%Eoﬁ@é with tRd ‘ﬁfrﬁﬁ@ PG%@% aefict Sl BRL3,

shifting in the reverse direction. To initlate address
genthaiateh cireein! 404 peavdderaddress siazd® ~BdonBRol.. ~B7 in

response to receiving address signals ~A1, ~A2, ... ~A7, select signals SEL1
and SEL6 and evaluation signal EVAL. The address latch 1202 receives valid
address signais ~A1, ~A2, ... ~A7 during the timing pulse in select signal SEL1
and latches in the valid address signals ~A1, ~A2, ... ~A7 to provide address
signals ~B1, ~B2, ... ~B7. The address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2,
.. ~B7 provide the same address to fire groups 1204a-1204f during one
address time slot. The address signals ~B1, ~B2, ... ~B7 are provided through
address lines 1212 to fire groups 1204c-1204f. The address signals ~B1, ~B2,
... ~B7 are valid during timing pulses in select signals SEL3, SEL4, SEL5 and
SELS.
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si gnal CSYNC i ncludes a control pulse coincident wth

atimng pulse intimng signal T2 that corresponds
wowdok/1033e4 ti mi ng pul se in select signal SEL3. AGEUBRDEI1399

circuit 1202 provides address signals ~Bl , ~B2,

~B7 in response to receivinggaddress signals ~Al ,

~A2, ... ~A7, select signals SEL1 and SEL6 and

eval uation signal EVAL The address |atch 1202

ives vali ?ﬁaddr 3 nal s ~Al ~A2, ~A7
dur "hg"% FEAMA ﬂ@erﬁUPQe NG anR seTigs ghaix stses, gadtrol signal

CIYNC restudés hltenidl bisadd] n%ﬁtgﬁ ) '\AE@aé ﬁrné@1 pulse’% sslectgignal

~A7 to provide address si
SELEdp set upiagitaess gmeratomzoo for shlﬁmgamdheBanardBﬁrectlon or

corgft B4 s OSSR b L RS e

diredtgmal AddrBés genBrator 1200-B/natlifitiBfRNd -
an(iddress Ilneg 1212 to fire rlo'u' s 12 lﬂﬁ%ﬁ% %‘Q&Tﬂfsm pulses

Btlis examye) rrovides alldigh voltag@iﬁvai addrgiss dighals rd 1, ~A2,

AT RS 805 nSh e SR gE e R e
~A%j xAPul se57 tepravide highgoitbg ETNT addeddsdsignals GBI, NEH2, .

~Bgul se coincident wwth a timng pulse in select si gnal
EL5 to set up address generator 1200 for shifting in

t heinf W sBlE £ 6t ¢ é&rilnﬂfé%%'léb%' E!Sﬁt‘rcgl}’!l#hl%é*ﬁbniﬂcludes a

pul se in sel ect signal fof
conteg) puise eningdenwith Kuritindg gelae maselecmgaal SEhbtor select

| d
sianal SEB) 16 5Ptl8 ik SaBiedieRRpGior Shifid s R ErS mepPter
1200. gARos corittol, sigsl, CSYNC‘lﬁEIudEB% ¢t p@l'S’é%lﬁClé&Qt?Wlth the
| atches . in the high voltage | evel address signals ~Al

timing-pyise in SeleAWS'QBalﬁ%w treinifiaje ageressygenaseisr 1200:fes s

xB7 n thg-n es_ of
gerﬁr%ﬁﬁ%%gﬁf%ddres@% ignals éqgnéé I‘fjé}cqn@%ic’s s?aecé% tér%ps of
six pulses, addmss@mbraﬁot H200 prévides gll hlgfsmltagese{/@lcztddress

SioQR B b AT only LRt T 282 aiches incpidiess Bonakarit, ~A2, ..
~A71?<99mv?aé all hggmcsnﬁage%%laédo?@gé\g haﬁ' AgleS.go conigol

pul se coi nci the timng pulse iI'n sél'ect
si ginghe sEXBSsekes af $lkamn@@dia§§scgrem@mgnnl CIP0NCfincludes a

corfi Byt flacBentud Ui i a08e o piboLd6RalaRLa SN SEL1 to
setmémctéa@ﬂemmwﬁﬁﬁ linRideiResohésratdrenv@ln. avishimpthis

ignals ~Al , ~A2 and | atch 1202 latches in
’fh"@l&@ﬂ@§§f sixgpidses, amiresw@nerator 1200 provisleswiadid agidress gjgnals

~AYOLAR9E 18 Rl AR RRPvotRY i eter Bdnals dfing the tinfidy pulses
from select signais SEL1, SEL2 and SEL3. The valid address signals ~A1, ~A2,
... ~A7 are used for enabling firing cells 120 in row subgroups SG1, SG2 and
SG3 in firing groups FG1, FG2 and FG3 at 1204a-1204c for activation. Latch
circuit 1202 latches in the valid address signals ~A1, ~A2, ... ~A7 and provides
valid address signals ~B1, ~B2, ... ~B7. The latch circuit 1202 provides the
valid address signais ~B1, ~B2, ... ~B7 during the timing pulses from select
signals SEL3, SEL4, SEL5 and SEL6. The valid address signals ~B1, ~B2, ...
~B7 are used for enabling firing cells 120 in row subgroups SG3, SG4, SG5 and
SG6 in fire groups FG3, FG4, FG5 and FG6 at 1204c¢-1204f for activation.
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In the next series of six timng pul ses, control
signal CSYNC i ncludes a control pulse coincident with

WO b@stiosassg pul se in select signal SELS5 or SELECT/OS®e$/011399
up the selected direction of shifting in address
generator 1200. During thisghhird series of six
pul ses, address generator 1200 provi des valid address
signals ~Al , ~A2, ... ~A7 including |ow voltage |evel
si gpal s ri the tipm.n ul ses_from sel ect signals
SEL %””ﬁ%ﬁ? "ﬁﬁ% SeHeS O%Wg‘d?aﬂilﬁas friem §§|§C§$'QHQ|ISS§EWU, SEL2,
.. SELG, addred%?s@hﬁlsuwﬂ 'fﬁ@ en,gk:yl |h5|91d% l{)\}v%ltggé lle?\/e]ré%fa?s

r ow subgroups SGL irrn
thaf@rr@saondzko QﬂePIMdeQQ@nidreasesand acdries SIanals:hB1 ~B2, .

~B‘7'|ﬁigbé 13\5%}_{%& %%EF@a&h@avgprras@%ﬁ&@w e§ alpgeﬁhe

thlrteefBéddressesBDurl'ngeécﬁi bes@lqﬁéﬁt éerié)soaf é?k B\ﬁls%sfrcﬁﬁ Select
lﬁg E dégii nal s ~B1, ~ durin
S'QPP 5 ﬂ FLSenddress |w|%~BEL3AZSELﬁA7 Sﬁu&&‘ndeZ

B L L e
thirgssn a@@asssgs Eact s8@esiaf tifring pglsesps aﬁ(iﬂdtrﬁﬁ‘lttlrl?E@éotaﬁdch
rmn e L r

4c-1204f f ti
thaf Shed 136 RtReA goHRSes plades durng PARARSTIEEDl six pulses.
SELf fonwarcﬁ&ir@cﬂo?ﬁ@ﬁé?ﬁﬁoﬁ'éﬂb%is[ ofd i is p fffded first @Eddress

i ncl ude | ow vol tage, | evel S tha correspon
genpprate 1200 and laich didewt $202, sfn mmbysasidses;mrosanmo on

veI nal s that
i s R e U et 8 Bl 4200
andDigtcim gireqic h262psedde atl high V@I'@‘ag@‘ leSéVadU#b§§§lgfan§n—A1 ~A2, ...

el ect Is SELl , SEL2, . SEL6, address signals
~A§/@I’d" izgg and ~B1 , ~B2, ... ~B7 include |ow

vol eks%/&{r re;@ee?aﬁ(%?t Méé&ﬁﬂ%& &"prbbﬁeﬁ%[i@te@‘

of t |rteena S Series o m'ng, pul's
addresagenesatot it 280 shdtlatch wirkuit H202 pfodlonkdtdyeaddress eeslve and

so B thELRFaddeRealn aited cHBsaREn atidhres RpRralat 1890 ang!
latdH Evduletda gﬁiwdyamﬁ@hamagsn&vélwdrés%oggﬁa@ A dno,  ~A7

circuit 120 | owned by address two and so on
and I’TBdugBZaddr‘BZ s Aleo,rdusing. eatiht sariesdefrsbs pulses rfrtoema aele’chs:lgnals

d e r rcuit 1
S| ShEgn s o208 b8l o e B b laghE R 2 i puise
in seAdctasighat BIEL5 oB8EL1 to coBfinud §h|ﬁmge|h5tﬁe@'ele%¢éd Qlﬁec’uon
operation, address thirteen is provided first

b
addFByEe dBriep-liagram hystaing ape entaadiment qu@tatcﬁl register
1240, TREPARERH1907 ARl a0 SRR AER Wl a0

register 1220. Each latch register 1220 Iatches in one of the seven address

signals ~A1, ~A2, ...~A7 and provides the corresponding latched address
signals ~B1, ~B2, ...~B7. The latch register 1220 includes a first latch stage
1222, a second latch stage 1224 and a latch transistor 1226. The first latch
stage 1222 is electrically coupled at 1228 to one side of the drain-source path of
latch transistor 1226 and the second latch stage 1224 is electrically coupled at
1230 to the other side of the drain-source path of latch fransistor 1226. The
gate of latch transistor 1226 is electrically coupled to signal line 1208a that
conducts select signal SEL1 to latch transistor 1226 as latch signal LATCH.
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latch circuit 1202 provide all high voltage | evel

address signals ~A1 , ~A2, ... ~A7 and ~B1 , ~B2, ...
WO-BW5/1#84s0, during each series of six pul ses fPONMIS2005/011399
sel ect signals SEL1 , SEL2, ... SEL6, a control pul se

i's provided coincident withga timng pulse in select
signal SEL5 or SEL1 to continue shifting in the

sel ected direction. Figure 16 is a diagram

il trat one enbadinment of a latch register 1220.
The 'l stftfﬁ '@?%%Iﬁgeﬂiéz in¢lodes adirstaverchasge transistant 1134, a

sefé‘ét?ﬂaﬁ§|s{di‘t1‘2|?>6r SE és&@%@sls ?9535%%:&2;“{5 'rsefggrno %ig

| at ches 1n one o e seven dr €ss

capacitox7 246d "B‘reogaﬁdaem‘ tha @rs:threemacgwtragsnéquaed @@@c‘m‘éauy
regi ster

cofi@ThTue Bain it s ishetin eansbr 43 cieria  sGonl Ine 1208t
thattcaagudid el i Gighd BEIB formeshielHar % nggl’(?r ?z?%gé? first pre-

| atch stage 1222 is electrically
chayge signrl RIRE( hd hersauice of firsé ppeachar@fe transasktot 12aB4isst or

ele A ROL PR A ol e P R DS bl Bah e
trapas’mrdeZBaartd‘ltd o Sidetairadiress nd’d‘@céﬁécﬁto@ﬁ 248! gthe other side
r nsi stor 1226.is el ectrical I%hcou pled to signal line

85S ﬂ?&? @prgiier $24%islectirahasoustied te g reference voltage,
suéH a8 ﬂﬂzgc?dlﬁénltﬂé Eu?de%‘ﬁtrstﬁrar 12 58 tlfefnsgto PEs

H.
st agg 1222 includes |rst pre- ransi
electivally sospleddb anessidé of the dm’ﬂﬁsoameqmbih &f selgchtrahsistur

3 d d i 1240. T te of
125 PEritS B SERE T SadiRioR 12387 pleBbisanl soup b B Sclhatyine
12084 R Gohdutiesciéctisigritl SHLMSfo d¥EctehMsifol 12951 $ %ther

1234 and to a signal |ine 1208f that conducts sel ect
sidgjqjih¢ deEnGOUiCcE Palt ofineledt trangister 1238 istalectiieally eaupled to

t irs .
one SIdt oRthE A St Bt B ruresd RanSRIrcfasl. e Blier sice of
theldﬂr%&—wumeepaih @ adlirddadrahisisior $288 ee|psiricay cd)@\@léb to a

tranS|s or 1226 and to one side of address node

refergpaeiA0eeh ahareinter g gt %@%gaﬂﬁa@”?—% is
d to a reference
eleggf[at%g% ggupr&%ﬁe dre gﬂtﬁegdafgéé gg\c?%%

such as tiron, the source of
fir$hepeeont daertgle stawntZZA inclutizs4 sesccnidem’emhmgda yransistor
urce

| f |
1248 i Sl lRiqn Gahsithos Hogbos sl sdisSarnstel 125867
lat&ie%ﬁéddr‘é% |nbd§%9|a€ﬁort m53e! B ghte6r theé 48Bohd ‘i‘JTre—char e

conducts select signal SEL1 to select transistor
tramgistos1R4P is B&ﬁ;ctrdﬁallvmuaie@h te-tbe wirais giserond pg@me:ge

6 0 ed to ane f
nabie5 28 ankliP i T BT oRhdpat SRR Rty ABaESE B he
secyniveprestitrgefiransisich 46 é@%@(ﬁhd)pﬁdﬂchérgé%r% PRE2. The

transi stor 1238 is electrlcallé( coupl e a
source of second pre-charge transistor 1246 is electncally coupled to one side
of the drain-source path of evaluation transistor 1248 and to one of the latched
address lines 1212. The gate of evaluation transistor 1248 is electrically
coupled to evaluation signal line 1214. The other side of the drain-source path
of evaluation transistor 1248 is electrically coupled to the drain-source path of
latched address transistor 1250. The other side of the drain-source path of
latched address transistor 1250 is electrically coupled to a reference voltage,

such as ground. The gate of latched address transistor 1250 is electrically
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ref erence voltage, such as ground. The gate of address
transistor 1238 is electrically coupled to one of the
wa@dasasssd i nes 1206. The second | atch stage 12PdT1/US2005/011399

i ncl udes a second pre-charge transistor 1246, an
eval uation transistor 1248, g | at ched address
transi stor 1250 and a | atched address node capacitor
1252. The gate of the second pre-charge transistor

cally coupled to the drain of second

124% | ect
conIg At ,ZS%Q tp téﬁg(@p@ou&qeam@f latghdransigtor 1 226.1 rogddition,
thd fate @ﬂﬁ%@ﬂ%ﬁé%ﬁaﬁélg@gl‘l 286 efelid %ﬁg c@ﬁﬁ{é&eats}%}qa one

fe-char ge transi stor as secon
datchirg asldvessenede sapacitr 1262 ¢ Navegsther sidsi Fiatehdd 48 dress

nog Fai hsg E)CE]Jr %ép%tez&ggcéela‘?%ﬁ?‘gwsé ?g ﬁgﬁ};%cg)]?o”ﬁﬂ% sHelaso

graurel. of the | atched address lines 1212. The gate of
evaluatlon transistor 1248 is electrically coupled to
evall hgtfirgrerghasge trensistar 11234 meseivel e]reﬂshdegenélghlabPRE

gAY 5612087 o8 YRGB F I i IS St L
thrbaglc simahtiok 42684 r afrm@dt@tgnb?@EuTb%eﬂmsnow Iv@ﬂaqé ldvfand
dr ai n-squr | at ched address transistor

pre-GRB R HIRE o 1ok FISh /o age farRlcsaoriEayBStal £236 is
turAéd G;HQHBH-COFHQCQ@ R daéé@%%g\gdg%ggaﬁéﬁ%ﬁ Pl élgéJg%%Jfggq'nlgh

is el ectrlcallyco
voltagenleyel theough pneamhargecbranﬁgzﬁ 1234.addi t | on, the gate

hed. add 1250 i cal |
o oupfe FeEre g0l 1258 rStsies bl of e adibss  anal-AT,
~AZapaeA ﬂ’fro&%!g%ddf‘&% IR Ez065 %@Fedeﬁie@%r@gé% | Bgde

capaC|tor 1252 is electrically coupled to a erence

~Adol-tfyels saide adyglvelinge lemed dddress tﬁaesusmn@éa is turned on

PR B B L9810 O g o

Voltageelevels addiessttrarisiptal 1388 & fubielioff (Sorgeshdhicting).1 Zfsst
nal SEL1 is set to_a | ow voltage |evel

tfa%ﬁ»iaf% ?géﬁ 'F@Qeguoarﬁﬁ seipehisigralstk Lt apsifipgh e 8 higheoltage
levbB VI hdd /RS finsidtan$2 54 g.rorilza%@ré F\H&é‘@gp?&for 1340

(non-conducting) and dréss no capaci
dis¢hanggddoteolow \mltgige\lemlagbadlmw trahsxsmgm 338 dftamgaddress
t ransi st 38 recgeives

nod, AR StoRa 2403 sadr Bl 63B ohBOR jSleT, addigs s sgRacitor
12@@@&%@@%&&9% réﬁaamseatrtﬁé%wdo@ébf& Re8l, signal ~Al

is set to a g?h vo ta | evel , address
t r ahie {ateh trapgistars! 226 resgives |Lﬁdﬁféﬂtfough wskgnal line

12068 et Yaieh AL EATELRAet 76 high A%ltage leve, ihhHinsidof1226
is turned on and if latch signal LATCH is set to a low voltage level, latch
transistor 1226 is turned off. The latch transistor 1226 is turned on to pass the
voltage level on address node capacitor 1240 to latched address node capacitor
1252. The capacitance of the address node capacitor 1240 is about three times
larger than the capacitance of the latched address node capacitor 1252 such
that when charge is moved between address node capacitor 1240 and latched
address node capacitor 1252, adequate high or low voltage levels remain on
capacitors 1240 and 1252.
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vol tage | evel, address transistor 1238 is turned off

(non-conducting). Select transistor 1236 is turned on
w@g008abast signal SEL1 transitions to a hi gh vPCT/EH§®05/011399

| evel. If address transistor 1238 is on, address node

capacitor 1240 is dischargegsto a | ow voltage |evel.

If address transistor 1238 is off and address node

capacitor 1240 is charged to a high voltage |evel,

. ' 240 | di sch d_and
?g%fﬁﬁéhg?g@ 8E ﬁ‘%%é {%:3? ER @dlﬂz%szaoéodﬁlhégwgifgﬁ 1240 charges to a
highr aitsiget ' ' Y
e Al e e A b et o
lat¢fieshaddiesa gedesapacitont 232 teraaisssnchanged, Thetaddness Sode

capinal 1268 Rre bRl oy Alithe b Sacciit otoh @%aiana o

lateh eegistst 9220 2R6luding thenakhed dd@lréé%%ig@ﬁlg%ﬁ’ %& : esg&cﬁ\égée line

ress, node, capacitor 1240 to |l a
12@2;&38? Z@fCMW.S'S’Wé ZHisan anaddissstneseahpasiter hde charges

R .

node capaditar \A52ris chgr@lmi ﬁoﬁa gighagalﬂagéwe@%l anddaRPedRRess

[ .1240 t aci tor
trafj G857 (28045 &irdef e Tic Perorsbipiciyaageerd. memsing e latched
add@reBaeigral onldtheanfidiesdind 1264 GO Sﬁgﬁga' a8 Ak é'o%@%lségﬁode

of f as _address node capacitor 124 rges to a
capasiitond 840 andl latched agldress sede capaditar J@52raae chatged to a high

voltegieveiiird it A ol Rara R ARIAP A2 B0 YR e BB giment, latch

trama'mcimlastié?éiﬁtoi/@d ﬁ?grz lgrét&?e@fiﬂirmhlbrdgﬂétg é?@%gg)ﬁ $&¥dnd latch
of latc i ,

stagh g&%r Aé‘.a‘ﬂéﬁqni bivhad a@@!ﬁ@§§0§eg¢m%06ﬁr 1222 paw be removed

andMiY &%?adit‘aﬂ@e ﬁ%i’u% of dddrB&s hgﬁ% I&gﬁé&ﬂﬁ' ﬁd@rcﬁ% Eédsuc%'a as

as address node capacitor 1 ar ges
theagdreg® nbde ehpatitarui@40f o ingper acedatgehamensidisciarge

ddr e [ 1252 i h d
it 2dqrEHS D Saa sty 2 dAR aROu R Catdrpan 5Pde or
capkdier 1240 Wé{ E?jcﬁ’él'gea gﬁrﬁdgﬁ(mgt [Brjéttﬂ%réé %{ﬁ ' gcﬁr:'l 34 to turn on

S
i ncl udi ng l-at ched address 'signal “on | at
latchegraddsess iansistor, 1259 inthe seeencilatehetagedi22ssambpee-

B N M T

122%.e- charge transi stor 1234. I n one enbodinent, |atch
transistor 1226 is renoved from between first l[atch
st abfee $299nd\pre-sharapdransisiar 424 eccenes prerchadde sigha) PRE2

PSP P2054 31 SRR harAag, 28 Do P 1y B
sigrnarE\BAL tledughevatiation signal line 1246. If evaluation signal EVAL is
set to a low voltage level and pre-charge signal PRE2 is set to a high voltage
level, evaluation transistor 1248 is turned off and latched address line 1212
charges to a high voltage level through pre-charge transistor 1246.

The latch transistor 1226 is turned on to pass the voltage level on
address node capacitor 1240 to latched address node capacitor 1252. A high
voitage level turns on latched address transistor 1250 and a low voltage level
turns off latched address transistor 1250. The evaluation signal EVAL is set o a

high voltage level to turn on evaluation transistor 1248 and discharge the
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t he address node capacitor 1240 no | onger needs to

charge or discharge | atched address node capacitor
wQa2®2/10348 t hi s enbodi nent, address node capaci POF/USDEH011399

is pre-charged through first pre-charge transistor

1234 to turn on | atched add £Ss transi stor 1250 in the

second |l atch stage 1224 and prechargi ng of address

node capacitor 1240 is not isolated fromsecond | atch

e 1224. The second pre-charge transistor 1246

lat ?'1%’2@%@89 signahie géowwgﬁage ke i ht@mgha@drgaaltrahsnsmr 1250

s i on. Bang ¥aeHEh a0 S<sTOL 20 R $B R S\ ghaon tmisistor

12482%turrhé<? emaihede’:jdhedsa@iﬂ@és MAL213 lmig%lggcat% lhl@{"\’voltage level.
e le re-char ge signa is sét to a

Thi iR Vane i 1%&8%5\% Q{0 I8ie ntheveltage leve ondatohed

add ﬂé%@ %d@fcfap%ﬁﬁorl fash kGRS oJf %@dr%gél rtr%ﬁ?;sio% 4‘@50

vol tage | evel roug pre- c ar e transi
Thelrl a2n eNampémgp@na@pn Dﬂ@ﬁelembmdmnedlt ohlatch pgster 220, first

ore AR P, S Sl 2 R Lo set o a
lowl wlelget lgyals 1amdditicH) %éc@@?@éhérﬁé@@ﬁl@Ré@@séﬂg Flow

| ow vol tage | evel turns off |atched address transistor
Volm@develr@cbmlua’fmrbwggabﬁ‘dALES/Aet fosa bigh valtagetiegsl. With

| ¢t 124
Iaté@%b@?%ﬁ?@eﬁt oleélhag;% Ig\zﬁf e}ég @Qa%ngfor}slgig I b &8 off to
latoho:htthg @oltagellevel ohdaiched aaiddsstssode easaciopr 252 $lQatl gets the

the | atched address transistor 1250 is

on/gHisMaiE Qaichsd FORT AT IOr 12500 Wil ovalheton AgnahEVAL set
to d ﬁb%hﬁﬂta%@qéﬁéisebélUSttér?ﬁ%nélgf@ 228% tinBl g;ﬁot}ﬁlf& %tgr%‘?ge the

| evel latch transistor I's turne
latghgdoaddrass h@nabifﬂatgleml addiessrirarsistoret2 t$rtemdwomi eWith pre-

ong BR3P bt SO o

adcﬁ@b@dnaam 2ca‘on& F@hdé e ﬁbtelaﬂatchfedréddr%@tréﬁéi&ﬂﬁ 1250.
si gnal ect signal SEL1 and | atch signal

If lqM@a¢@S§éiawt9r 1280 Fon, d@f@hﬁé\a@lnrea&slg@an B2, .

- e

o g et o 1t By it ol g A

Iatomldtaxghfes:teh'ahSIsWrtﬂJZSIOas off Eitgve addyeehisiggnad~BAWw~B2, ...~B7
tor 1226 is turned off to

| tage .| evel | at ch transi
on [alehief peidigss g Eigdemsaes aba rechAmechiahsolage iavel.
t
Canns hiRft pre-eRaldLighgl PRI S8t & 2 niridHeBl 1Lt Rfe-
chasge addresshnede capacige 124040 a highivoliage tevet. aAsiasidozss node

carbifc 346 1 B5eB0 3 PRASORAAEET o BB A ERRR -1
~ADN. N7 B grogieBadaddress line 1206 to address transistor 1238. The
valid address signal ~A1, ~A2, ...~A7 sets the on/off state of address transistor
1238 and pre-charge signal PRE1 transitions to a low voltage level at the end of
the first pre-charge time period. |

Next, select signal SEL1, latch signal LATCH and pre-charge signal
PREZ2 are set to a high voltage level and evaluation signal EVAL is set to a low
voltage level. The select signal SEL1 turns on select transistor 1236 and latch
signal LATCH turns on latch transistor 1226. If the valid address signal ~A1,
~A2, ...~A7 on signal line 1206 is at a high voltage level, address transistor
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signal PRE2 set to a |ow voltage level, the voltage
| evel on |atched address |ine 1212 corresponds to the
wg@r@saoxaf4 | at ched address transistor 1250. |f PEr/vhmds/ 011399

address transi stor 1250 is on, |atched address signa

~B1, ~B2, ... ~B7 on latchegsaddress line 1212 is

actively driven to a low voltage level. If latched

address transistor 1250 is off, latched address signa
at.ched aﬁdress line 1212 remains

12§$Jrs tLB’ﬁng aqaqrﬁi;ggq{%aﬁ n\pg[etcg@@c Q40 ang Iatehed address node
camﬁfd?fﬂ%Q%rélcﬁéﬁiarE&ﬁo hYow %ltége ?e\}%'i ZH(SH? k/éﬁtg%dhﬁe\égl signal

rechar%e addr ess node capacTltor
“AJor'f\gge TR( N sigeal lingreds inate lowpfa)diagerle\ibl%dress transistor

12889 ffled B k0L 1AGE BBl Bl AoBOEss) porons
noae@apautmdmsesls 4 highsioitage 168 ThEavarakidt tiag %ﬁ‘cf Sddress

~A7 sets the on/off stat
5'9263 ’ggs @%’aﬂm@z @C%‘@%O%ggngf @Q?h%@@@ @D;thon RREAcitors

1240 3Rgifidsens to a low voltage level at the end of the
first pre-charge tine period. Next, select signal SEL1

, | &he WOﬁaga sdvel aMChichad apldeesshm}mlter U252 seISHRedfoff state
of el a S Falifists X200” Sirnitvanbon dian ”sgf@ﬁ a6t tom Ipw
voltagdllévémr&ﬁbﬁéléhérbé@gtﬁlWRE‘@%@t ﬁﬁé’ hlﬁﬂnf\?dﬁ @%f LeiGtion

e va | ad fess

turns on |l atch transi stor
transigios|124R4s turnag off and»lakcrbad@nega émemlzr'ia id 2bérdest tata high

ol RNeyaL e LYo ok A U S e

signaldeRE2paeisetto 426R veltagdisehat ﬂ@erﬁd)oﬁtHeOé/élééﬂ thd@ Eerlod

~

th alid address signal ~Al
Witgsrisiaral e R e Pa vatogel ovpylataisansiss 12254 Hped of
| ess node
fo 'ggﬁg@.ttﬁ%%af%%g@ﬁ@?%ggaﬁét gﬁ{eng?&agd?%& node capacitor
125Nexb exahiatinn sigrnad iy Aleisadet td henignveitage tivet feeturabhd

dd d [
oS Bt BT 02aPe of o etehiiadloleSooE SapPdlse d9gne
cha/rﬁéblfw% Hl?Nletﬁ’@e \eiet elird dANSEs SRIaSd iraﬁs;%t%?azsst fhe

e on/off state of |atched address transistor 125D.

latafyedraddrass line dB 12iig dischangad toe loonovcdtagmevell tlﬁﬁ‘@ latsheld

B 85 FAEE B | 207 ARl Bl igraccross

trarhaastoh 12807 letchddi Adrd2d Bné 926D asgeths ¢hatg8d 80 a\HG1h 86Rage
The,select _signal SEL1 , latch si gnal LATCH and

'eV%'r ﬁ?ﬂ?art@% invegsmapf hreaddiess sigpat vA% TA% volATal§eorEesR on
thedhtchB8 defflesd nddE c8FA&Hr 12508 REhE Rverse of the voltage level on

the latched address node capacitor 1252 is present on the latched address line
1212 as latched address signal ~B1, ~B2, ...~B7. The address signal ~A1,
~A2, ...~AT7 is latched into latch register 1220 and provided as latched address
signal ~B1, ~B2, ...~B7 on latched address line 1212. The latched address
signal ~B1, ~B2, ...~B7 remains valid as pre-charge signal PRE1 is toggled
high to charge address node capacitor 1240 with latch transistor 1226 turned
off. The latched address signal ~B1, ~B2, ...~B7 becomes invalid as select
signal SEL1, latch signal LATCH and pre-charge signal PRE2 are set to a high
voltage level and evaluation signal EVAL is set to a low voltage level.
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Wth latch signal LATCH at a | ow voltage level, latch
transistor 1226 is turned off to latch in the state of
wo atshesdsaddr ess transi stor 1250. Next, eval uaP@CDUS2005/011399

signal EVAL is set to_a high voltage level to turn on
eval uation transistor 1248.gdf the | atched address

node capacitor 1252 is charged to a high voltage | evel

to turn on | atch address transi stor 1250, the Iatched
addﬁess [, is disc ed to a lowvolta

| evEiOUTE ‘%éjtlr‘&‘PS @HBFH§ amén@aaam gpe lsz qfone
embbdRnémiiaich86iste V20t MddieBs %fq‘ salﬁg 3ddress 1300

transi stor 1250, | atched address rerral ns
aredfransitianoatal 123 hPreocharge signaliPREh as 1304 sest\tereslelgbf

vl BB 85328 8P e, 8o LA 5 SR o

1308 eselett tsigeal ISELE| ator8 110hend RitethsignaldATesi é‘to@IZ are settoa
low\ﬂ%mtor 1252 is_present on the |atched address |1 ne
1

ggdeyelieiwa %ﬁ‘?'@%t@'ﬂﬂﬁ@r 1286 andgfzh transisier 1296,
tch
espichan, TR diege 0 or i Hrde s PRTRRE A L
charges addmss node@bamrtor 4240 ¢uroadh rpee—s:hbrgiﬁtréﬁé@tor ﬂ2|34d With
n i
kSRR AP WanZHAT e vorao Bys| ciiaivhsd padRarpels
capRtbe 3252 eslaamenafdhbAbed 249 aWbitibn! éﬁr‘fﬁb fn’n%r}%rﬁgof 308 1e-

turned off. The | atched address signal
charge sginah BESRat 131/Ais at alovewoltage levghand smiuation aigohl

VAL AT e P R PR R R Yt e
The latmédaadd'r@bk 3igmal eBd| ~BRgur-eB1 4t 1318 rémainsrtbraggan
xanpl e gperation of one enbodi nent of

| i T PASeRRsrones oAl ATAS S AT GRG0 S providad by adsiress
ger@ratjéf‘q(éo? ! Adﬁbéanq@%éﬁa Qaﬂ%ﬁ%ls Riha- CRar ge &7%2520

PRE1 a is set to a age [evel
On¢ off tfenealid addnees isighhals nAil caAgd.. atA?laDaS:SZ(Dsrpmglwdrm signal

. i 1 | | SE 13
ineFA0f0 f6tHhe RO St b AldsS ranSstar At | Ha Pl tesraeo
SIgtﬁéﬂrF’REﬁ fat98be Qﬁarfsrtml Ié\Tint 1@%@@5@ ehatdf *ﬁMé éék%cﬂ 968.

0, respect i vel y. he hi vol tag | evel
pr eleaﬁg@%uwls PRE1~At2 130’67 ath Ogmamai@batn‘xﬁ%

R R G e B PR DA ReShfG bl ot 102,
preLcmege @Ig rah PREEdatBD £ asmaing @t ga@wcvdltage 18! wiilesighsct
I n addition, duri peri od 1308

SIORAIGHar g6 131 ransibRES e Mo Koraseevhl @TOW%I'Qtﬁbélgnal
LA+<§ elt f”m ititiHs B A W\fﬂdnagxffévé}taﬁ%éé a@}é&{bu

tage eve {0 turn on evaruatlon transhstor
PRE2 at 1314 transitions to a high voltage ievel at 1332 and evaluation signal

EVAL at 1316 transitions to a low voltage level at 1334. The valid address
signal ~A1, ~A2, ...~A7 at 1324 sets the on/off state of address transistor 1238.
With select signal SEL1 at 1310 set to a high voltage level and latch signal
LATCH at 1312 set to a high voltage level, the voltage level on address node
capacitor 1240 and latched address node capacitor 1252 is based on the state
of address transistor 1238. If address transistor 1238 is turned on by the valid
address signal ~A1, ~A2, ...~A7 at 1324, address node capacitor 1240 and
latched address node capacitor 1252 are discharged to a low voltage level. If
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The | atched address signal ~B1 , ~B2, ...~B7 at 1318

remai ns unchanged. The address signals ~Al , ~A2,
WO 2005A05484 1300 are provided by address gener apOr/UsfR08011399
and becone valid address signals ~Al, ~A2, ...~A7 at

1320. One of the valid addrgss signals ~Al , ~A2,
...~A7 at 1320 is provided on signal line 1206 to set
the on/off state of address transistor 1238. The
re-char S| PRE1 at 1304 transitions |ow at 1322
ad 'Eesisﬁ%a ?% Fefuad 8 by 308 valith addersseignaligial42,

...~Mlat 1382, addre§é\ﬁoaé oéﬁggtdre@ﬂ @@%’ﬂ& ?ﬁ(?,%éﬁlﬁdur ing

t he next tInE erlo I cate
Caﬁaqﬁ*@rﬂaﬁzdamn atsa@;grpv@tagedegel si gnal PRE1 at 1304

seL e eRiatferaf M PR oY S14 kol Rl egodevatit 1332

and@QSluahah slyreil EVAL 4TS st ta,?algv\;\p fé:?let Iégﬂ@t@tﬁlgll g h

evel at 1330, pre-charg
eV%‘P%‘&@TgﬁPB%WJ 248yis &rrneéwﬁaafed trwetcr@d mesamb 1212 is
{
chdBl 4351 pRAGL Kbt 348ord BRSAARRY A Rudol Rhte. s
themluatloma\qnanemaat seue trtalrnsm@néﬂél% lngviulcﬁtagé {g\% 29334
{ 12 t I gha at set
and BRESHER SGra R 20 45 T4 fanshionn e i il 251222

latched ddtrasdsignaiol evel v
. addr essl: ﬁodghg%pac????i 124(')37a%1 at C% r@g'gﬁﬂénaé%hed
addrgpa siangls abh38a. sAblheeahcborf tirme periatie! 326, admcesngnal SEL1 at

1510 BESHRARE 800 yblpdl BT B SR BRI ol
latchssagnaladwceslsam@de teARRti s al%ﬁpv@m@el |étf@|heﬂd1 3&@%%& off
r 1252 are discharged to | ow vol tage

ode cgapacl
'atqhe’%?SlS’fo aaé$ abd pregharge signabBBE2satt ’lﬁ’lﬂetdamﬁlﬂiorl}ytqmbw

i r i
voltiRe 1A 1532 18 s Eharbing, pTdied 3ddBRY IR 04 T2 duonghere-
chamg@&talnststorl% r'Emmmg off laicth trghsigtdrt 2Ps, Ia&wﬁés ln\&héh/oltage
| t age

evl gL B eadd 808 odt crpati i 262 ot Eonr 51t latsped sdress

trarfisistar h@Bovol tage | evel at 1334, evaluation transistor
1248 is turned off and the | atched address |ine 1212
i s Dreapyelgation sighahhViib! ataldd 8 teanditians toway highemitage Ievel at

134 SRS SRR ot i 4T b 505 BBl iRt Yona
EVAB3 1318 tpinsitiheree BiganaltagRieterbt 1844 theaashbd @aarés%
a hi %h voltage | evel at 133 | at ched address signal s

signalg ~ - ~BBat 48183ingluding,tie signakan lakahed apdress line
121?2?%%@%%@3%332??n@#éa@:ﬁreé%%% fid ~he~R39. 2a7 biF300
provided by address generator 1200 remain valid during time period 1346. In
addition, both the address signals ~A1, ~A2, ...~A7 at 1300 and the latched
address signals ~B1, ~B2, ...~B7 at 1318 remain valid for the following time
period, indicated at 1350.

The address signals ~A1, ~A2, ...~A7 at 1300 become invalid address
signals at 1352, at the beginning of the time period indicated at 1354. In
addition, address signals ~A1, ~A2, ...~A7 at 1300 remain invalid during the
time period indicated at 1356. The latched address signals ~B1, ~B2, ...~B7

remain valid during time periods 1354 and 1356.
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1310 transitions to a |l ow voltage level at 1338 to

turn off select transistor 1236, |atch signal LATCH at
wa3m3/1ouansitions to a | ow voltage | evel at 13HOT/U82005/011399

turn off latch transistor 1226 and pre-charge signal

PRE2 at 1314 transitions togg | ow voltage |evel at

1342 to stop charging | atched address line 1212

through precharge transistor 1246. Turning off latch

It | evel
| o R oAaR AR R oA AR o ton 21368
dunagctmeunmjpbm;mnwm@d st wsea%{a béf&ﬁnswahdl P Fa%s%@%é

AL _at 1 6tran3|t|onstoa h vol tage
"'AlE[VZ 2, durl Gt t1R82n&re-aharge ﬁﬁﬂﬂbgRE%ﬂiﬂfﬁ‘iddamntldJ&flﬁma high

1 Sltl s to
volld RAPAE1 9S4 26 bRBal gl Alnd g1 R051 102 Saft
duging imespeid | 36@2 Time peldd ﬁBGD&é&lln%ilérgblIMQ geﬁb@ 1308 and
the b8 terfitats HEEBUoLHR iR periads 15 132@ 1345, 145041 35Ba0d 1356,

Pr oW #elefibodiaeae alBnac #iad?dR thalBLAoYE |l dhg

tinme period 1346. I n addition,
Pelodf 35%6 ~1346, 1389, 1354 ~1¢356aan<13600aﬂ' ﬁetdtﬁiré@é snbadls ~A1,

~A§ddr,e a?ﬁ?ﬁ@ af M%é et gleingas 12”% i%éﬁfgangﬂ 350 and

theﬂa&fhedeidﬂreelsi sighalsBnatB2 ~ALB7 at’318 are“\ﬁsﬁld%r o %ime

| id _address si gnal s at 1352, at the
Pe'B%fg? ﬂ%@ ,{1RE6@ANGT3R0. | Addressisignalei~Ad, 1&24 +A7 at 1300
and@dbhé® de%@% Off?%?arlé gnalgo-Al gy a@%338 Iar%éégla\é%’ dztﬁ)urmg time

remain | nva ing the ti'me pério
peri@b6350Ghd" hledamherégwtkmm lataeslis adBiess$gnals ~AB#A2,

A7 a8 lle HE NS oSS S5 2R, 2B, oo A e
lnvéﬁ@?or t%rtirﬁé pbh@dé' éﬂthoé?d tnﬂ@ ﬁéﬂﬂ)‘d%a@%@ Md 4§§@ IFOher

become valid address signal s ~Al
embgémnerrctseﬂ@rmtrgbe@ofgtnne PeRBdS in amole ¢arebe set umny suitable

ot Bl s BRI 85 B R Srsheahe

~AT] #R2 per+Ariafl 8800 irstwed o inafe timel patodeer i od 1308 and
t he C)Gcl e repeats itself through tine periods 1326,
1346i9Ui 38 is aghaoramyillusating ane wnbastiment aba singledirection

SISy kg ok BBy el RS ¥

providgnaddressds in foARard and-Avease dB6Ctiase Mad shififregistdiraadl 1400
el LB e 20 A B oL 00k WlR b eep at 1402,
and 8rsekcBHE stddthat is an output stage, indicated with dashed lines at 1404.
The first stage 1402 includes a first pre-charge transistor 14086, a first evaluation
transistor 1408 and an input transistor 1410. The second stage 1404 includes a
second pre-charge transistor 1412, a second evaluation transistor 1414 and an
internal node transistor 1416.

In the first stage 1402, the gate and one side of the drain-source path of
first pre-charge transistor 1406 is electrically coupled to first pre-charge line
1418. The first pre-charge line 1418 conducts timing pulses in first pre-charge
signal PRE1 to shift register cell 1400. The other side of the drain-source path
of first pre-charge transistor 1406 is electrically coupled to one side of the drain-
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peri ods 1350, 1354, 1356 and 1360. Address signals ~Al
, ~A2, ...~A7 at 1300 and | atched address signals ~Bl

WQ 2008205454 . ~B7 at 1318 are both valid during tPEOBEUS2005/011399
period 1350. The latch register 1220 latches in
address signals ~Al , ~A2, .gg ~A7 at 1300 while the
| atched address signals ~B1 , ~B2, ...~B7 at 1318 are
invalid for two tine periods, such as tine periods

' h b f
A SR T
tramsidier 1416 throBgh @itk afs nage 1t4|2© 'Wl“t&héﬁ#ﬁde{ Jr%%%ﬁqavhdes

Iatch i n address signals ~A
intefpal flodectignaliShe bﬁéﬁﬁi@dgtagBSgMnOé argl 1404atairegyatenof internal

ndd'e't ne enbodi ment of a single direction
Pé{%'%gf@?é? cell 1400 for use in other address

genélﬂw gmtemftﬁmil evailationtednsistor i1 4198 AOSIEEER Ry | bBupIed to first
&\{va reverse djrections. The shift regis
SVEHAUOR A r'f@? J4é< thak sonducts figing pulses i finst emgluatton signal

2AVE ) shlft%@@ié?‘%e‘ﬂ" fdvod 2fEGinek Q thel,r gig%ig as(og&c%p?w of first

second stage t is an out put s
evahation t[ans@oraMQ&(MeleGMeaﬂy ccsup!sdi agenéé% oinekuRam-source

o b B A S s o5
eleutdelly ciuptnl HABe ihpet Indem Ay Sﬁﬁé’ﬁﬁeqrsﬁiecgﬂrh%edra{m 1§opree

ﬁhan5|stor 1412, a second eval uation transistor

palihal BRUT ersinier 14d0ds elestritally soupletiao d refetence| ssth as
éﬁ the gate and one side of the drain-source

o %t%ﬂ?|rst pre-charge transistor 1406 is

eI em thecsectqndcsxage dd0dpttd gate a@rd&::@@:bl@%f'thé‘ BraifsBurce path
fT e fdrrst &hargﬁ llnﬁq 141 conducts timng pul ses
of PRGN %’98 Qi I am@fcwaﬂhpwplaégp§$@¢n@er¢-
ché@%QineT’WZ@t Ré sébgﬁd Bfe %gﬁrg‘y lf?'i fﬁ%&ﬁ&% lflmﬁ’rﬁ éhl%%g ina

pre- ch ar ge transi stor Yy coup
seeend gredeh@’getsh@al rPdRE%wshlﬁ negisteradelif 1400 Bvabtradriside of the

ardih F0EE: Bt BeoBf g ras R4 1 2dnBiecirally coupled to

oné RidY SbihentiER-dotA8e PR biigscdrid SidhadtiCHansisBRakL 1 i
bet ween stages 1402 and 1404 to the lgate of @n?lg §I%nd shift

regizige ottt §ng 14801 41w gatgeof @@p@nd)evahurayon &anbistor B4 is

e, Bl S RE A0 SHRUPI 1452 o

semnose\saluancsn snghaewmatto@mfsrmér €aI400.0TRBIdther side of the
1400. The other side of the drain-source

ARG AT SBEaNG SUARIPD JRERIe 141408 dlectncally coupled to
e R B IR o
othensise ofrthagirginesourda pattsof internal node transistor 1416 is electrically
coupled to a reference, such as ground, at 1436. The gate of the internal node
transistor 1416 includes a capacitance 1438 for storing internal node signal SN.
The shift register cell output line at 1430 includes a capacitance 1440 that
stores the shift register cell output signal SO.

Shift register cell 1400 receives an input signal Sl and through a series of
pre-charge and evaluate operations, stores the value of input signal Sl as output
signal SO. The first stage 1402 receives input signal Sl and stores the inverse

of input signal Sl as internal node signal SN. The second stage 1404 receives
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el ectrically coupled to the input line 141 1. The
ot her side of the drain-source path of input

w0 e@ss0zsor 1410 is electrically coupled to a PCT/US2005/011399
ref erence, such as ground, at 1426. In the second
stage 1404, the gate and ongpsi de of the drain-source
path of second pre-charge transistor 1412 are
el ectrically coupled to second precharge |ine 1428.

: n f har i 1428 conducts timng pul ses

it AGR et RiF B Bares M iveraeco! Inksronl nada signet S ae

outrltlsiged?@0.The ot her side of the drain-source path of
second pre-char ge transistor 1412 is electrically

coupt @Ee'faéloﬁnéhl irggistar Qﬁﬂeﬂ‘lﬂ%enewfesra:tﬁnp@t pulsé irsHeo pee-
t t.er, out put
on R SGhARE] 33t e atdes el b a8 andhisraa iode
sighdll3N t aeh@d::t\rdltagbllefvel hRIuGH first BrecctrR§e 'ﬂ‘én@?é?éruﬁdGo Next,
nal 432 that conducts second eval uati on
shil el Ot yeehves & Ging ulso g1 fro sgelafine sigria EVAL 1
tha¥ kG@sYn ﬁr@?e@'&lﬁéf‘oﬁ9P5§1§t0931t4|?)8°flf i) ﬁfggn?ﬁ@' Zétlgolg)g yitage

transi stor ectricall cot

levehthat turne -ofinputtransistoofi 41 0 mteraial mmdiemmaﬁd $ﬂit@fnal411)@e
e, of the drain-source

sigfipl SRTEmalt §hotdRa o s Fon VohdS Vel diibpysionsl Siaat adigh

voltayyedlevef aefFas oRURPUREarSi QHF‘Q’M@tln’MﬁQ J\O-Hée'l% En&internal
the internal node transistor 6 1 nc

nodasigriel ahcdisgaygertea lgworaliageilavar nal node si gnal SN
t. 1430
capSh ieisteroah Plod floep 8 A tyid BfisPin SEgend Bio-thfioe”
signak IBREZSthghpuie &Qrgghltoﬁtput%ﬁglﬁl #ihe dalb alfMJf gbgﬁg?ﬁgﬁ%%ﬁo a
n ro a series of pr
hlgbo}éﬁlfaa?ég\@ge P&%Y'gHé {0 theofiaing PSe i secaid pr@p@hargg@wal
PRE? @8 cﬁHblE?Hrnesi W&a@@torg té\ev%l'droﬂteﬁttsqgﬁal]g@ 2N %&gélh\éiﬁ o

I nput signa and stores t ers I npu
regiitensell M@0 redeivasde tisiing pliis8Nin sEbend evaludtion amalE%Lz
cei vesi nt er,nal de si stores the.inver
thah fTRR EEr gemorH e igh artietas ThI o finienial droceciondl N i at
a kswebnéa@lbvezsmaft&uﬂn@gjfﬁheérnapﬂ\édelﬂsﬁsuét%‘ﬁqmsso@tght [h&'9430
pulse 1n first precharge signal PRELl that har ges

ang putRUi §igNsd 8 remaingharged to adighveltagsi Igmall IBNtemahnode

sofBENYE 5L 97 5Fdod 81 8B L bofp G RB A RIRbE Ble
output Kree 1430 andtougyat digrial SO Sirg dRichENNEdLtot M Rhw { wnt Rel.
f| rst evaluyation transistor 1408. |f input si Sl

ouEe [13vp asliagige Niesisatinchan address gameraiopd 00 that uses
shn‘t rré@é’(e?tc%ﬂ 14td%o ProliBE HRIIrEQLS it 4 N8 InliHe6EAR! 4ifd8ns.

The address generator 1500 includes a first shift register 1502, a second shift
register 1504, a first logic circuit 1506, a second logic circuit 1508 and a
direction circuit 1510.

The first shift register 1502 is electrically coupled to first logic circuit 1506
thfough shift register output lines 1512a-1512m. The shift register output lines
1512a-1512m provide shift register output signals SO1-SO13 to logic circuit
1506 as logic circuit input signals Al1-Al13, respectively. Also, first shift register
1502 is electrically coupled to control signal line 1514 that conducts control
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signal SN remain charged to a high voltage |level. If

input signal SI is at a high voltage |evel that turns
WORrOSNEUS4 t ransi stor 1410, internal node 1420 BemUS2005/011399

i nternal node signal SN discharge to a | ow voltage

level . Shift register cell 1400 receives a timng

pul se in second pre-charge signal PRE2 that

pre-charges output signal |ine 1430 and output signal

: [ & | e Previoqus to the ti

3‘92’(%' ﬁ}ﬂel"ggﬁg‘;‘}ﬁ %ﬂ&?éé% é{hﬁﬂg'ﬁREZf"ﬁhéh'ﬁJ?Q@teﬂ15&2

redd@éb timingspalses FronatimihPsibRbls B{-ggal SO Next, shift
regl ster cell 1400 recelives a timng pulse in second

evafirst st repisten 1@ZA(§LGIQQia®aIWmIemtcsmsbhmmg sngnal llne
t na
1538 st Uorfelcld RS8Rl L1 6 ikt SR RE R ar TR s hEYF Prevaparoe
snglnahﬁRESIt OF ir <ttt rey,i$tptltl 502 ieelkéfRany @onlleUcb fﬁét%@{sto?o
E qg&,h gg)[fh tgh vol tage | evel . i nt erna
div] @Yog 3|5 Irg @.\raé%atm siggal |Ir@v'é'52Q hahetnmtnresustor
divide h@ﬁ/\ﬁfrﬁ é]|518qg %léd'tr"i’éb? EE eéﬂé%% ecBih Qﬂimé g% Q 1399 that

out put_signal SO are 0 a |l ow

conguass tinmng signal J2ite flastdealgtoardl\ndda netwerki T8 82T el flrst $Ssistor
1400 to

o BEDGF Rl 1578 fcbll8bs B7ERUERI Giioe sVer b ining sicnonts firs
shifthregitst 8509 wwgrafu@t eV RI081ibN SlgHae fnd 1 520 %% frby %\}aluatlon

ILster 1502, second shift register

sngnggEyA(l;_ﬂr dirst smgbr@,glsaersb‘i%lﬁ elegfricaly ccmpled mﬂﬂrcbsllgr&gl line
T, ter
1584 VR OBl i ML TR Bl PR e

char‘gecm@talS?REE lFergt slmﬁrregllstamtsolz i eSectidaly-corblad toTéf@;ond
i ft |ster q é es 1512a-1512m provi de shif
resit S gk 1508 YarouoBSeoand svabation sional fioe 18285 0%e
I
Se@"'*‘éo%ﬁ?i?'”?ﬁ IR 330 W BEHS Lodiled BTG it signal

line: 9530 Hratipsorides timing signal T#ito eetérd redistor d Mdi‘:uneisvork 1526.
shift register 1

Thé SR04 T er ol ieliark g 2b s ouis sTEUEPSR LA eyl T4
timing §|gﬁa|ftbcﬁrsttsmﬂm§?|§te@r1@b2 tﬁﬂouﬁﬁ se"dohatev%hjeftionfsﬁ?&haﬁmﬁé
1502 is el ectrical co%&edto irst timng signal

1523 As sesard @Namaben@mai Abdhg signal T 1 to first
shi t jgnal P -
o the SERbH S0 RLoBHBR A EGTEh B BbedR by
’cnrcfunr 308 trsougioshid r‘egié%rrtﬁjtpmf linebS15B3 221 58, fTiheSshift register
b\ﬂﬁ | Si 3 I'i ne 1520. The first resistor divide
oupbf R 5525 1 B33 caidhich aliyegising @apwosng@@@.ﬁpha@wgto
t 18 t
oo %8t 1SRERa 47 LA EDCEhAR AR AL Ty A,
second shift register 1504 is electrically coupled to controf signal line 1514 that
conducts control signal CSYNC to second shift register 1504. In addition,
second shift register 1504 receives timing pulses from timing pulses T1-T4.
Second shift register 1504 is electrically coupled to first timing signal line
1516 that conducts timing signal T1 to second shift register 1504 as first pre-
charge signal PRE1. Second shift register 1504 is electrically coupled to first
evaluation signal line 1520 that conducts a reduced voitage level T2 timing
signal to second shift register 1504 as first evaluation signal EVAL1. Second

shift register 1504 is electrically coupled to third timing signal line 1524 that
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di vi de network 1518 provi des a reduced voltage | evel
T2 timng signal to first shift register 1502 through

wo poostiomgal uation signal line 1520 as first evedCT/E52005011399
signal EVAL1 . First shift register 1502 is
electrically coupled to third signal |ine 1524 that
conducts timng signal T3 to first shift register 1502
as second precharge signal PRE2. First shift register

d di vi d
co i B Siral o o808 aitetabisiat fop op gaapnd pre-charge
S'%?ﬁfﬁ‘?@i??? c“o'ﬁg‘iﬁbﬂé*?ﬂf*ﬁ%?.%ﬁ%g oy eeongag
8

evalyation sigfad dge (15rBihatssanehictsT reduceeicmithgedsvelt Ty timing

S SRS 380 188 AR S Sotal Bz
i erlr@cHolg raarburt 0510 istlestrichtly b@gglébl% ikt Qhift FEQ?&%P 1502
thrgygﬁ d eval yatjon signal ‘|line 1528 as second

2 AWEGHen SignAl bne 1He0 aed dasesond shifieggister 1504
thr e fores Seblicn slohaf P 1542, ThER6RMtY fifchiod Sigbigbfie

154%@oadu¢ts the forwtaed diretfion signabBIRBHdm dbSAHBreaRAICI510 to
nal s SOL- SOL3 to | ogic

g Shistreb™aok0a “YhE evernd cliettiompianabinmapes Apndusts the
re\/fe¢§@dﬁéd:ﬁ/cﬁi ¥ign&l BRR $|%%’Hﬁle§t¥8rf EirduRYi ?ﬂﬁro é&%‘ég ﬁ}l ft register

electrlcall coupl ed to contr sl gha ne
ebndrs: éﬂ'f@@gﬂ’m gir th 4940 iscgentCeatly seupled ts kbhtrof sighaitiiee

15*5%“ 1 SoRIRE o SRR s VBl L oS8t Shegi . fdiion,

dlrecetglrsctlmwtlﬂi)m ne%:eBAeeQImmg@idlsescfﬂbrﬁﬂmné%lddd@tm”@ ng
i gpal él ne, 1518 ihat conducts timng I@:ﬁ
sec HEclen Fircwibdp Ly i elecigalis coypled tfpﬂ‘é Bmg"lg %ggalaune
fd; I
St SqnaGeR G ot N HirebBAA B 18T Sy Pl pre-
chaygadignal PRE4d Diredtion Ictra1gé15ws el€2trically ogupsied nalsewnd

o s@faling THed it chrdic? tns adicsel vaitib TAFMAG Signal to
dirsstioRl Gfwitol 310 a$ifdurtH é\ﬂal@étﬁﬂﬁél?hél@\/ﬂ(ézdf Atlé@to‘ﬁ%ﬁ%‘r? itcuit

timng signal T3 to second t register
15 ispigcipically: pawpjed ¢ @ftanmpn&glgreéhm 4544 |tlﬂat croasgﬁustsemmmg

d.
siog0fs | FhARTLRA Yo APk b AR ST B P aton
dirdetioni aftonit 1510n8lelddricsliyuidiptdtl fd thir@ Fbsic®r dhifé ndork 1546
second eval uation si %nal EVAL2. Direction circuit 15

thrauph thirg alyation signaldine taAd. oThe third resister divigiesnaiwork 1546
s ool qitiled B M LUR GO0 ANIE, PO ek BEndiiR sl Soma
T6 &0 tieal relsister djﬁmﬁ nektverié O54@r Hfhdlthnattesi&tosdgrl‘tfﬁ nétivoek 1546
provides a reduced voltage T6 timing signal to direction circuit 1510 as third
evaluation signal EVALS3. ;

The first logic circuit 15086 is electrically coupled to shift register output
lines 1512a-1512m to receive shift register output signals SO1-S013 as input
signals Al1-Al13, respectively. Also first logic circuit 1506 is electrically coupled
to address lines 1552a-1552g to provide address signals ~A1, ~A2, ... ~A7,
respectively. The second logic circuit 1508 is electrically coupled to shift
register output lines 1532a-1532m to receive shift register output signals SO1-
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1540 conducts the forward direction signal DI RF from
direction circuit 1510 to first shift register 1502.
wab@snesses se direction signal |ine 1542 conducPGT/URM05/011399

reverse direction signal DIRR fromdirection circuit
1510 to second shift registgg 1504. Also, direction
circuit 1510 is electrically coupled to control signa
line 1514 that conducts control signal CSYNC to

In addition, direction circuit

ngigg 5 Ci : ?UHH %é\i‘ﬁ FPSRactivelym Alsai srpasiddagicscimaitTB08 is
elddthicaNi délﬂlpféd fbuéddré% finés 13%%& ES?&% ﬁ d&ﬁ(’ti‘é) Eﬁggﬁs%gsngnals

third timng signal I|ine
~Adi g - TSAVonﬁpleéh‘lelxan circuit 15 10 as fourth

Dr 510 i
D1 ea RIS, SR Rebistepg AT PBisss skt fagtcpguise lonroltage
levbBQi@nblmh alhessignaiRe-A BAyUeRd, W7 RASoliletthif $ addresses
to direction circuit 1510 as fourth eva

as gy %WQPS E‘G‘R@Q”b%’ sohe dirstehift tagister 4602 ang fost leglc cxrcmt 1506
orefi i @hdan SONRLEGs | Pa Ky L figh LGl ke, 1544

hat con ucts |m ng signal

adqme thisteehi rquosa:{Iridasmk regigieall SORERG éetoaddbgub(mcuut 1508
Ci rcui is electrically coupled t

preie v SQ1ae, BVl sdtS i BeBieeSiarale nAdugH2: hi 17 1o provide
theethitatt A@de8589 M a kdfsd @‘?f@ctla_ﬁ‘ﬁofw{;édidjreég ?ﬁlﬁ%@ﬁ 8 b}ﬁhpeess

network 1546 is electrically coup
ongj dhglditectien £isoit 1HA0 O@Dddqbtdsretctmn siprelgDHRF 'éﬁi\dt [OIRR that

r.k 15 6,. The third.resistor
end il BT st Saliier 1803 KR onitd dineblion Pekdlionay second
shlﬁuregmgemmaﬂorm/ama%cmh 6péfaibh. 1510 as third

eval ’g'atl on signal _EVAL3. The first logic circuit 1506

s éhaediming &!9’3?"%'5&15" Gpravisesaseries efjsistadsesuingutepsatiog

B A D AR T8 e R e
of ik psisdsaaricttimingsighals ot T6 previde pulseal ihyordeufpbedinhing signal

ress lin 1552a 15529 to provide address signals
T1?93”“n ??6 respectively. The second | ogic

Ci r'tHe tflrs'ltii’@\"ﬁ‘t feggsﬁbﬁqsmz ‘ﬁﬁ!lud’esct‘PME&e‘ijsI’ilﬁ réistdr creﬂg' i as

out put lines 1532a-1532mto receive shift regis
shlﬁueg@terszeynmoﬁ Sthie thirtaen akifti rnglstersseya dM@O/Hreaal@cttmcally

colfIERTF e Wit 3 Butp HRE 400k Gt Ettibal ChumBy to the
lnpm fve: 421 @@ﬁﬂ@ﬁeﬁlgﬂmb%hrfﬁﬂeglsteﬁ&ell 1400~ Ahe first shift register
respectively., The first shift eg ister 1502 and firs

cel| Q'rbiheoiﬁrlesme@vw gontrel signah@PYbigeas ipatt signgh&l end
PRI HIS0T T0k per it repiaietiol 1488 Rltis pupu
sigeai $O 1rasginptibsighai0R] andipfovidds dutgutsighaic8OPR akki0éo on,
through and including the last shift register cell 1400 that receives the previous
output sighal SO12 as input signal St and provides output signal SO13.

First shift register 1502 is initiated by receiving a control pulse in control
signal CSYNC coincident with a timing pulse in timing signal T2. In response, a
single high voltage level signal is provided at SO1. During each subsequent
series of six timing pulses, first shift register 1502 shifts the single high voltage
level signal to the next shift register cell 1400 and shift register output signal

S02-8013. The single high voltage level signal is shifted from shift register
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provide the thirteen addresses in a forward direction
from address one to address thirteen. The second shift

WO e@sa0as4 1504 and second logic circuit 1508 pPOWUS®05/011399
| ow vol tage |l evel signals in address signals ~Al, ~A2,
.. ~A7 to provide the thirggen addresses in a reverse
direction fromaddress thirteen to address one. The
direction circuit 1510 conducts direction signals D RF

DIRR t hat enable either first shift register 1502
ﬁ’é‘? sinalRQY @ ?@%f@@ﬁt%ﬁémtua@n%ﬁ%eoa@oﬁn fup to and

o SR e el Eghat 52 e P Bofue S p Ligney,
SO4 Srle@seaeerm gg’s’@ra hlgmfolltagm lp\metlﬁaﬂs shnﬁ&@bns&?ﬂbd‘tﬁuﬁmgﬁé‘lh SO1-
n the series of siXx pulses
Soq#oagﬁﬁqg% @?éﬂﬁ?%e%y ?Pg Iprow de pulses in ordgr from
tinrhe fﬁstgﬁ%lb cTrcﬂut t1(506'|§bﬁ‘l€ﬁla‘7r't8 "@410 ;ﬁcuﬁr R8s [ihShn ﬂ]F Jure

regi ster 15 i ncludes thirteen ster ce
9). S'ﬁlaeh figsd lagic ptrculégﬁge ¢ecajedd thessiogleTiigh tvbltage lme!shllgﬁtal as an

inpF g PAI 81T arkd Pllaics eiortsst dpnthet Phaiaagedeveiasaess
sngnalstlh@dldrmsﬁ snbnalle ~pHL ~ADE . tag . NAXEspdhdd faea ﬁ@hf\Foltage level
1400, The first shift regi ster cel

inp{FSioRal AL, Fist Iogie ot 1 5BABToYiaes adiocaomecnddrens signals
~A$'a9\e|alA§bt Wvdﬂ{agq @ﬁlao% Rk oﬁ%s%”t%' ltéggllé‘\%éﬂn

shift register 0 'Fecaives o
sighalpAl2, §irsdhedic Sircaib d508 pvoddss addm& twowmlreﬁﬁigﬁalé ~®1 and
thro udi ng .t he | ast %{]Mt relster cel |

~AS 0 W BUEIRAT R oy tPtes SB0idibepeh sattagaevel
mpUﬂﬁ?haﬁAﬂ@@énoﬁlrs@ lﬁéwlﬁﬁo@HF&hﬂmé'aaﬁ?éssst%en':édo%ss

shift register is initiated by receiving a
sigpaltrhvt apd 96 atdowordttage levalsal CSYNC coi ncident with

2 niie Sfodi S el s M Rler Pt SR HRGRET 1B The
sedamldl shft e@g:htes uBS2 qrevities ardiegle ¢ighs Vaitddemens sﬂghél% shift

irst shift register 1502 shifts the single high
feg{ﬁé@*‘t Afeut gigepl §p§ da|re%r29fta$et0r%tm9 Yhfigted rbélga §<t>fétf0|d7éll$e
r n %gé e
Co'é‘ﬁﬁgf‘mﬁ? 3‘&"{’/@ t@géeé ve SI gﬁ%lfrzg i reg% %Er}ngrghl ft
subsegiuehbsernigpoft sis pgfsels Bathigb weltage levedsighal isaHifed to the

e sitEiagerenenni 10 i BineiSar pubtt REnalsEhrsbas. The high
volt@@bﬂébel%@'iﬁ;l'ns SAiftdd fRAe shRERgReér 6l§’cp§t Q?HQI 39|1 é@%guft

| evel regi ster output sig
regiséer ewphbeignal $@§eﬁﬂdemsbe, un'maaﬁd mmluahng|shlfbnagaaiert output

sngﬂéﬁ%ﬁ %ﬂ@r lsﬁrft Fe%lstglg&?tpu{ s;ﬁHa Séqg h(aS Soeh sét s':e ﬁ
voltage level, all shift register output signals SO1-S013 are at low voltage
levels.

The second logic circuit 1508 is similar to logic circuit 406 (shown in
Figure 9) and receives the high voltage level output signals SO1-S013 as input
signals Al13-Al1. The second logic circuit 1508 provides the thirteen addresses
in reverse order from address thirteen to address one. In response to a high
voltage level signal SO1, which is received as input signal Al13, second logic
circuit 1508 provides address thirteen low voltage level address signals ~A3 and
~AS. Next, in response to a high voltage level signal SO2, which is received as
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9). The first logic circuit 1506 receives the single

hi gh voltage | evel signal as an input signal AU A 13
war@sno3vd des the correspondi ng | ow vol t age | eR€l/US2005/011399

address signals in address signals ~Al, ~A2, ... ~AT.

In response to a high voltagg | evel input signal AH,

first logic circuit 1506 provides address one address

signals ~Al and ~A2 at |ow voltage levels. In response
%1] oltaeievel i nput _signal A2, first logic
'”é‘?')trsd%”?' éées%? l9eic cliryith08 nievides asissess tyvalves lowioltage

leﬁ%%@élghﬁigﬂ%gﬁfgggle %(eve | hpé(BO %ﬂaﬁ'&a“&ngénéﬁ@o”%
(]

to high wo&gg@ level signal $60I8, prhich idi regenéﬁltra@%pllum.g.lﬁam 1
5A3 vol tage | evel s e

o008 Foie R A0 1808 e flds 3idrels i Ipbrvargomiipeal ackiess

SIgrfal;s sAdrariktbOR2. The second shift regi ster 1502 provides

singl e high voltage | evel signal as shift register
out ﬂn f% fsr@w&n oBowiti 19 10ds gtwitar to dirsetiony ciraiit 464 ef Flyure 10B.

1 GRRE 1L B i L L L A 0

comc;demh I\m’ésa titrieg pulsk in dikiing elglnlﬁvﬁogﬂr&gaﬂn él&uﬁhf 5 1toe}5¥owdes
ce a

a lig‘gld} Oztggig Ia}tecép %na@ﬁ%@m a high Yﬁlwexﬁavelayectlon
sndn@V BIRFitg3alft i inSthé r\'brfv\Fa‘?'Ej ileRibs W{c% AL ?ﬁ%&%gﬁrf?sg o

ignal SOl to shift register put” si gna
thlﬁgen ulf diecling qtrnuitda”lﬁgeemvés; aropgirst pulse wondidericengith a

tiniied Bpiseh iRl sidnel 38 Ao Gfitit s A Stouiiesiaboove irge
level gmed:mfé@nmmlaéﬁd@tmgﬁ%u@ é AR HR¥&ich su§H§| @ﬂ@'ﬂ&'shiﬁ

|l ogic circuit 1508 is simlar logic circu
in V@H@Mﬁrﬁ irpciignefrom @cm;res%él@rte@@, te Addtesgioneol t age

t
s 1525 ecbEF 3582 3o o0 ifclufits SBetRh dsitor et
showiny incthe fasiostaf $®g|sﬁem cekve084n tHelssridy @ﬂ‘@rﬁﬁ s §§3rlctegs (13 400.
Thp dlerfh saReRieriS Sk in §oris Mo RP Ut ARSI pE IO, Similar
to ﬂ\'elé’ene%%&wﬁnbQﬁ'd?re&ﬁér?ﬂéﬁsé@%é‘ 50D %chfﬁf:ﬁ ﬁds‘HAg?‘%{%ter cell

thirteen | ow vol tage | eve ress si
403a8lushietad inj lﬁgu&i)@ﬁas dhedirectiog Itramslsttm‘ge elentetallyi @upled

d
befigen 18- SoliBS Pl 5t PR PRl d% gerilierdanes Tage The
diréetio trankslses & Sedirat §|’nft4‘§gl§ﬁ’éii cef 4@an % Q@rl?é‘ef §l‘ﬂﬁ?‘8&|ster

i ncluding in response to hi gh vol tage | eve
cellsch400 waer@ﬁes similae &0 dufactw franpsistoss Qﬂ]&lanAMMsnacsdmfd reglster

cel| 8948 of EIduhle oA %R nRJVEIAER 18Ol i2i8R Rigrdl DIRF S HirR
turns on the direction transistor to enable the shift register 1502 or 1504 to be
initiated by a control pulse in control signal CSYNC coincident with a timing
pulse in timing signal T2. A low voltage level direction signal DIRF or DIRR
turns off the direction transistor to disable the shift register 1502 or 1504.

In forward operation, in one series of six pulses direction circuit 1510
receives a control pulse in control signa! CSYNC coincident with a timing pulse
in timing signal T4 to provide address signals ~A1, ~A2, ... ~A7 in the forward
direction. The high voitage level direction signal DIRF enables first shift register
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signals ~Al and ~A2. The direction circuit 1510 is
simlar to direction circuit 404 of Figure 10B. |f
walReosavi4en circuit 1510 receives a control pul BET/UR2005/011399
control signal CSYNC coincident with a timng pulse in
timng signal T4, directionggircuit 1510 provides a
| ow vol tage | evel direction signal DIRR and a high
voltage level direction signal DIRF to shift in the
r wa i rection, from address one to address
15@2i%ﬂ@gﬁ%wwogt?e%&%\f%.ﬁ“répwmsngn@BDU?R@kmm@ssacmmsmm
redidle$ g 509 nci dence with a timng pulse in timng signa
6, direction circuit 1510 provides a | ow voltage

| evén ths h@dtsemlessnflg;gg;blgl@bﬁl:a ??rdrcﬂ p{njllqwmvcfdrﬂﬂﬁ Sign@YEISYNC is
o shi n the reverse
el dEEbbBRER? Bh 4G 4SS e b aimios Sanw 425 Grecortzaiipulse
commiideint nabithe thﬁé%ls@iﬂ tﬂﬁlﬁg élq}fdl bf‘ielﬁ ﬁ@?gﬁlﬁr}?glster

transi stor (not shown) int
1502 by qmrgwgtlnt@r@@lm@@ b«fzasﬂnrcowgh ﬁ@t et/aluatlelh rtmnmaﬁ 1408,

{ Sl t
inp§ Baflsis i 1400 ARl dliohsistdl (ios shadRke Sregna shi
reg:stephﬁﬁg imhotinitiatéd as ittis ARsibiddhr S 512 and 514 in shift
reglste ]pell 403a illustrated in Figure 10A. The
i r Eiret Shiftregisterdoge Rrevides @ singlgl high veltagetevekboulpahsignal
| 4

S%@e‘?éﬂ‘? ISOUARCUT ol brovRY 24 888 Pk Hactedk wBRRls a1,
~Aghi. fTA?edﬁa@haubseQUeMMIesmfténepslees eshiftd tiehhifh voltage level

sighfBoahEmeiE St St SanfkSOR R 1o F rstionicgmaitat508
redeiv@isl sacHHighAolthgh |l baghit syl SB1-8613%h¢h vgﬁsgh@:

or DORR turns on the direction transistor to
COR@RPAing afid@swarfrqrs@d@@ssmmtq address rﬁlmrheanemi ablyiress

suggg{gt :ﬁ?{ ﬁg—g%ﬁ lJIsgel’Alwn Cgﬂ%ﬁr :%dft i{e@%%r O%Ywﬁlé:%b%fjf E@@Ween high,

all bkiftaegiditeremitpoinsighais O DIST1 D ard b &Rt oW VItaEE 1éVeds and all
irection transistor o disable the shift register

addisgs signalssoAls TAZt or WAF dro et iathigh voltage lvelser i es of
Si Xlr%k/é%% &bér%ﬁ&h o d?‘er %W%l»?%ﬁ%&'dYr%ﬁt@ﬁﬂ&@l{ ‘?1510

pul se in control ent W
recpivesea controlmutse i cgmitol §tgnabC|$YcN@ deinaitibrg sWthsa gnﬂﬂm@ﬁulse
irection,

in (e S Pl RipH e 2UsieSs SRRFROM: Wi ST iy e reverse
dlréé!ilofnt TIRlo% | e@@ﬁdlﬁétﬁoh%vgﬁé@'dmgeduééméél g%ifsﬁi‘f{ tefister

i gnal DI RR di sabl es second shift register
15%@”%&@ higbrvaltegefleveldinsgtisr signal DiRRresiabied secdnd shift
9&1{@6 signal CSYNC is provided coincident with the
I'm Nng puI se in timng signal T2. The control pul se

[n the next series of six pulses, a control pulse in control signal CSYNC is

reg

provided coincident with the timing pulse in timing signal T2. The control pulse
coincident with the timing pulse in timing signal T2 initiates second shift register
1504 by discharging internal node 1420 through first evaluation transistor 1408,
input transistor 1410 and the direction transistor (not shown). First shift register
1502 is not initiated as it is disabled.
Second shift register 1504 provides a single high voltage level output -

signal SO1 to second logic circuit 1508 that provides address thirteen address
signals ~A1, ~A2, ... ~A7. Each subsequent series of six pulses, shifts the high
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coincident with the timng pulse in timng signal T2
initiates first shift register 1502 by di scharging

WO paosnosb4 node 1420 t hrough first eval uati on tPEREERN®011399
1408, input transistor 1410 and the direction _
transistor (not shown). Secepd shift register 1504 is
not initiated as it is disabled. First shift register

1502 provides a S|ngle hi gh vol tage | evel out put
ci.rcuit 1506 that provides

voﬁ%@?iés’vg?g#ﬁaggod (rg:te -gkgreglsimoutpuy@gnal S02,301Baddecond
logiclaireqitd 608 secdigss Shcls highAIBIGES: lezclhll Sut! ggn{ler L§Q13 and

vqQl tage | evel signal to the néxt
Preyides fhesepiregmonding addresgegs, drar racidiressl ilGeeretocaddress one in

O13
wosrss Qo uad 90, Xy, AL ST S e

beeo m@mraéwnfa negistee output athzts SCEii- S(‘ﬁl"&saré'%]at fco F fvpltage
i ster output signal

e and qlgfre SiphgR st purdigha tStiphsoiBgerievels.

set IA:ﬁzghrb O |§%l (‘ilgrgzaré zt(f%'ttr%tlﬁg %H éﬁ%@ﬁ%ﬂﬁthat lises

shiftaggisier Qgile%ﬁ(} iorone shlﬁrteglsmﬂ 1&)2(1.{) mowdetdcﬁlee‘sses in a
ntrol pulse in

ol S Y AR 05 S RS S i

shifti negmgem@mla fBfwa@ |@g@vm@@|tamme§5re§é&€%@c d%urt 1608-and
in the reverse direction. The

a q"@\?@P”&frP'é'éﬂﬁ% signal DIRF disables first Shl ft

di rect.i on
<1 ontr HRRAEE et B sBlickly biSFey e Fonieraigic Biowin de04
andeaverselogis curt:un!s 180 blysbift reyistenbuPlut fhéS 861 0a-28ADAR! The
owd coincident wth the timng

sh@ﬁggtqw@(p% lm?ss ‘QOm Phevide shifbregisieseutput signals

I n
SO.‘"EFP?E’?SE"@%%@E@E%"FP 804 e P ahal Al Ay & FegEvely
The shift registaodetput oes 76 tRazA61 Omgtrowidal shift register angiud tsignals

SOl Sl B30 S 808 o el R o812l cospestve
Als@ptshifﬂ?‘e@ls@ére%(}@sléled:tﬁcé*ll;ﬁ@dllpﬂ&d tooe6ssl s"?éHefl‘hnéel%'@ttﬁét

1504 provi des a Si e hi vol tage | evel™ out
Proerbﬁ%f Stg@agﬁ,;@afrl@c rt@gh%t repiséern 1600 adchtlorprsdswrt tagister

1 ... ~AT.
16%@% subi%l@ﬁ?ﬂserﬂé i Eipﬁ‘n’ %%@Pé@swlshl fts the
hi g8hifll regipter ’Eﬁﬁﬂ 1sseledftabau3pcdi dlﬁ)(flrsishh'f g ER@BLRE 1614
ut pu nal econ i C CIrCUIt 1508
thaf BiigesStid Ht%slaﬂalh 8 shifasoisin e tgffirst pegaharge signal
PR\‘_S_@rl SHf-3eGiREbrPIERY i efeduiGal 3{0&1@?&2@?@%&%‘?6?& VidR network

fromaddress thirteen to a
1616 through first evaluation signal line 1618. The first resistor divide network

1616 is electrically coupled to second timing signal line 1620 that conducts
timing signal T2 to first resistor divide network 1616. The first resistor divide
network 1616 provides a reduced voltage level T2 timing signal to shift register
1602 through first evaluation signal line 1618 as first evaluation signal EVAL1,
Shift register 1602 is electrically coupled to third timing signal line 1622 that
provides timing signal T3 to shift register 1602 as second pre-charge signal
PRE2. Shift register 1602 is electrically coupled to second resistor divide
network 1624 through second evaluation signal line 1626. The second resistor
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address signals ~Al , ~A2, ... ~A7. After shift
regi ster output signal SOL has been high, all shift

WO e@s40864 out put signals SOL- SOL3 are set to |POI/US2005/011399
voltage levels and all address signals ~Al , ~A2,
~A7 are set to high voltage dgevels. Figure 20 is a
diagramillustrating an address generator 1600 that
uses shift reglster cell 1400 in one shift register

[ f d di ti nd a
A0 aelilo fRO4'R ASHRER Gruinded @%mﬁgﬁ%&m&ﬁﬁeﬁ%mat
costlutts tirigigsdigrial 16OR sééofnﬁrr%i‘sg) é?\ghé ng! \X/&W P Sf}?e Qecond

reverse logic circuit 1606 an Irection cirtc¢

resigtes d:qu;l,% ngM@lﬂ( e mweﬁwmdweedoﬁagelle\m ITyl, ttmlﬂ@ $ighal to

sHOro 1 89l oMb ol P804 8Y B 8% ocona

evﬁﬁ[ﬁ@an%@@hEVﬂﬂQ shift register output |ines

161Qa- 1610m. pr ovi shift regi ster output signals
So1- OP&'ﬁ%Hﬁ Sg i$ glacically soupletdioforardripgic circuit 1604

thrdu H%ﬁma%"d‘hlec%é g@%ﬁﬁé 'Mgb%nd-rtgere?&s%gaélg IStga@BQt

ines 161 rovi de shi
thrgugﬁaegerse dlr&eﬂonslgnal lime 4682, W@@Ifomarﬁcdlrdctnbﬁ af line

1605y BT BriverrKetian AENG! SRR ol g @iom gt 1608 to

t
oEnL o 04, T SO £ e

revessedirestion signgl BIRB deom ldtrﬁctlwmclnqn‘si @Bﬁatcsre%rs‘l‘efdfloglc circuit
o, first
1058, Hiod SRER oHEGE 100 W SRLHT, BRI ket e
1612 ttlmatqdmf/ﬁese@lnabemgﬂxémsal(ﬂd td Giredtiopr ém@litgﬂi()%' Qﬂaéddltton
e Ister 1602 is electrically co_[p
d'"F?F%f%} CifQiy \”&@tﬁﬁ RfeMesd B RIS Ea® trAinguenaliTsT6.
eVaUl‘f%EhQﬁ‘ cﬁb@lf‘ QB b 'lsnélea:ﬁﬂ:%ily EBGpIIeH &8 ttthc?ﬁh?ﬁrgggpﬂﬁ{v Ihbe

net wor k 1S e ectrica to seco
1622 gchaaecewmammglgnabm ae ridumth pre- cham siggad?REZ and to

seofl o i Fonghifis Fo08 I Biecue b redhicodolans Fayening

sighal &s Faurth valnadiort Sighhbl EVALﬂg'ﬁﬁé@ i fén b0 9BoB i St
eval uation signal |ine fi'rst evaluation signal

elegtyigelly cgHpled tpe‘@ﬁhsttremglsamalmgeeméﬂhatamwdesmmingcsugml T5

o APl SR A bl 02 0885 o P i Brpston

cnr@un’g’t@ﬂ)S RRERctriBhily tousiel 36 eirdlRRBstbsdividecidtiveat 1836 through
ed.to second resistor divide network 1624 through

th'rﬁigec”\%%e%wa@h Itk 5fhaThe tit resiséor mngemﬁw 1636 is

eleﬁfgﬁﬂraﬁ ebd chS Sf’s:ilg&a lﬁg %g%%&g@e ‘?§2§ ttt‘ié\‘c %ﬁgg ﬁ*ﬁpﬁ S g T6
to mirgrramstm divide eebmorkr #8365 t Tine tHind néslsimtd\mdb nkdwdrk 1636
pro%%’:e%na(ljI reduced voltage T6 timing signal to direction circuit 1608 as third

evaluation signal EVALS.

The forward logic circuit 1604 is electrically coupled to shift register
output lines 1610a-1610m to receive shift register output signalls S01-S0O13 as
input signals Al1-Al13, respectively. Also, forward logic circuit 1604 is
electrically coupled to address lines 1642a-1642g to provide address signals
~A1, ~A2, ... ~A7, respectively. The reverse logic circuit 1606 is electrically
coupled to shift register output lines 1610a-1610m to receive shift register
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resistor divide network 1624 provides a reduce voltage

level T4 timng signal to shift register 1602 through
wa@ewsnas4eval uati on signal Iine 1626 as second PCT/US2005/011399

eval uation signal EVAL2. Direction circuit 1608 is

electrically coupled to forwgrd logic circuit 1604

through forward direction signal line 1630 and to

reverse logic circuit 1606 through reverse direction

odpdtiapali st Y Egﬁm&&&?ﬁ{ﬁ%&{ﬁﬁ@ﬁgﬁ;&g&; Aomeverse
loglicreaelitaBos!is %H&rlééﬁ%ohg o\’?cfaqe%%g ﬁ@{iﬁ Iél§4%g go provide

The reverse directio T ne
addsqes signalsredst,i oh2,si.grdl, résiRRtivelym di rect| on circuit

ci r o AESEOREr e et 9&%@?@%@‘?&%5&5@?&@04
it o0l o9 B M S, 1,1,

dlregtlon circuit I n”addi tion

to pEpyide duEror @ddrerses mrgwustyamaanlbedg Tsuegslrmﬁé rd§isE6 1602
{ { {
anth RRAIBo Gl 1 b oliip 88 thiftef B acivssebin mgoswarh

dirgstion frbtruaddhrqssemel”tarawréssgm#eé?REﬁhé‘BHﬁ @gﬁ&o%’o and
ine 1626 to receive the reduce

re‘(e%gl? ‘S@E %P{CE"[ ﬁgﬁé ripyAathethirtern addesspain hoaverisgriection
froa/éaeresél tﬁmeew tddr s GHE. th{e #@ﬁﬁoﬁggﬁul‘fﬁg{ié %’?"&'

coupled to fifth timng signa
dirertiemgigsialpn@IRFBnd DIRR that Enabiei mttwﬂfod:xﬁﬂ& Igic theid 1604 for

PRE3. |In addit direction circuit
forleFa Bl 2L5 Bb#iHiion o e uersPAaOiEs ewt 1G0P et areaiieation
opeeitivpr k 1636 through third evaluation signal |ine

1638, The third resistor divide network 1636 is
el edheittaing\signAlp TddTe pravide a series of siki mrisés.| Eaeh tifiig

SRS O i BBV T4 A0 R s

, T14BBprquide pises dn oedirdrm ‘Yiﬁiuhg@?n"éﬁﬂl itotiRIng sl THO

d 8 h | |
EVAT 58 AL adistaar 608 diides thutran 3180 ogistasioebs Sk esyshif
t
regrisggg Ihgrg 14005 thF ethlrrf;ét@gféﬂgr& r%lﬂét@\"kehé ‘i‘&é%ﬁel g%fﬁﬁc]agg‘cwpled
in sefjas wigh ghreabetpat iune\nalso of esqsetecmedllw colipded td thewapdt line

141 PREES bt T ESaiet o 1400y S fg?@ﬁgﬁigm%fr2§ﬁsi4oo
in mé%enes recéiVes b@ﬁﬁ@FélQNﬁ'O’SYNhﬁaé eIt §§e naP8l Gng’ ?&HH s

1606 is electrically Coupled to shift I ster ut pu
oufpuh signabBO4l- 1Bh®pexishité cegister sl 1409 egceslves outnmmslgnal SO1

as fﬂéﬂlg g'?\la\fgjr aﬁ%?l’oﬁaeé ré@{ébtugg;ﬁ& R5dhAG D on, through and

including the last shlft register cell 1400 that receives the previous output signal
SO12 as input signal SI and provides output signals SO13.

Shift register 1602 is initiated by a control pulse in control signal CSYNC
coincident with a timing pulse in timing signal T2. In response, a single high
voltage level signal is provided at .SO1. During each subsequent series of six
timing pulses, shift register 1602 shifts the single high voltage level signal to the
next shift register cell 1400 and shift register output signal SO1-S013. The
single high voltage level signal is shifted from shift register output sighal SO1 to
shift register output signal SO2 and so on, up to and including shift register
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logic circuit 1606 is electrically coupled to address

i nes 1642a-1642g to provi de address signals ~Al ,
WO-205/103454 ~A7, respectively. The shift regi st ePCLE8R05/011399

and the forward and reverse logic circuits 1604 and

1606 provide |ow voltage | eygh signals in address

signals ~Al, ~A2, ... ~A7 to provide thirteen

addresses as previously described. The shift register
provi de the

02 . I i i it 1604
otiitsigh %@é?ﬁ?&@g%ﬂiﬁf@%}s&%mumms@ﬁsmme;mmea
i i T j f i 160 n
o AR W it oSty Rt Srials BRA-Shith kg et Blow
vol{gaedavalss in a reverse direction from address thirteen

. The direction ¢i it 1608 i d
., 0 0O G St B o b
Figuev@)r drHeolirward logid éirclﬁt%d@r’ecfa%‘é’?@% 8%‘?%@3‘&'@83 level

.operation or reverse logic circuit _
S'Qﬂpaf 88 AohPELEsARk A -AlfSand piavigdesi thealosreEpoibingriowiiftage

: : . i i i gngl T1-T6
21 BOHED Sty Tp BUORES SR -2, 51 IR

ullR E8spange to a
high woltegesicgeldhput signalll1pforwiade |dgid siesuil 1604 g ({ésoéﬂdress

i
i nj . i m i | T6. The shif
0“%?8%%’%&?'3' E% ;%%Phagél%mﬁﬁqgwmggﬁilevels-egmesaswloneﬁt«f:a high
i &i j : } ' shift
VORAGEIc¥o! bl bighBlNFE, Tst383t HOiR16P4 Drbllub B8RSR o, o
addrass signrals cAduand ~AS at430 voﬁag@temagnﬂ: abh yt;]r_@fgtgﬁlaﬁ@
; . l; ' 141 1 of t t-in-l1ine shift
inchdin @ 1iBR Ybitadd Brye! fplt Blanel Rl 4 fetweed lnoie iouit 1004
reg e . ok A )
P e P alaess STl ho Uil & b voldt fovels.
shi fPereyersedegisgincuit 4606 e sinilasdo dagip mrcnﬁit 408(sI80n a5
L i ) . P i tput .Si.gn SO,
Figfhe'eh ey 8geih v Hioh BB e Bkttt sEESEMAAT inou
sighaBOALIBaAI 1 leefq;aoﬁs(ejlyhér rwrgvemwtogilﬁmgugﬁgml 2 Sr&ms tA8
| . n rovi des ou S .
thiggipy pofisees i regnse Pitanfiam a0, hirtadriorasidrgss see in
v L ot Lh e o
PO Ib SRt el 97w s taba TR So b Al
Al veverse dogit cirsuibrl 606 peavides SAdresBithiriegnemititess signals ~A3

and EAS°GERNoRERR TSI, Rkt in 4 é'ﬁ%imsﬁ“véitéaé!@\iei%%nal
SOhevhistis reBkfved ra%thbﬁéigﬁﬁlAméleéQ/e%@lo%ﬁB éifcditeﬂéscfé @quides
SO13 e hig eve

out put signal SOL- . The sing vol tage
addriegh dyvelve agdressaionalsmAhand ~Aegaisiowrvaitagpuevals garad so on

up #hnd thcluding in response fo high voltage level SO13, which is received as

input signal Al1, reverse logic circuit 1606 provides address one address signals
~A1 and ~A2 at low voltage levels.

The direction circuit 1608 is similar to direction circuit 404 of Figure 10B.
If direction circuit 1608 receives a control pulse in control signal CSYNC
coincident with a timing pulse in timing signal T4, direction circuit 1608 provides
a low voltage level direction signal DIRR and a high voltage level direction
signai DIRF to shift in the forward direction, from address one to address
thirteen. If direction circuit 1608 receives a control pulse coincident with a
timing pulse in timing signal T6, direction circuit 1608 provides a low voltage
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shift register output signal SO2 and so on, up to and
i ncludi ng shift registeroutput signal SOL3. After
wa@bdosiosegi st er out put signal SOL3 has been sePCT/OSH05/011399

hi gh voltage level, all shift register output signals
SO1- SO13 are set to | ow vol age I evels. The forward
logic circuit 1604 is simlar to logic circuit 406
(shown in Flgure 9). The forward logic circuit 1604

gh voltage | evel signal as an

‘e"%ﬁﬁﬁia&i%ﬁ'gﬂa ']Pﬂ% ang aamah pobage siectien signabBRRdo syift in
thd ered tingerdrPivain AffeestiRban 3 dﬂir%sg%gvﬁess si gnal s

I'n response vol t age
| evém ong ,gamb@h@lﬁat esidh IO@cmdlt I1694candl 1608 inchfié4 a direction

traﬂ%%i@%ﬁggedadlﬁ 1e§rW‘| fhf?\eelgéfgr%sl ?l? 10'31 lfn%waegghq;gé égnSlStOT
444 eV each fodic sireual 684 andfisos! tHéJ@ﬂa%-ngl%% ada&ljr %Xg'\ ¢ direction

rovi des address two address signals
"aﬁ%wqwte lesdriqally soyplegrhetween the Idr@l]gﬂmm&jpathnd)ﬁjdgmg a

Al 13 and f og

o R B8 B Ao S

The iggiea bf the/dirention-tmsistor m\/ﬂomérﬂa@?ld mait%gﬁhtg e!é‘t‘fﬁéa?@r
ogi ¢ circui

Coﬁld@%‘lé&ﬁ% i (fil g'cf)gﬁdozh@’lerm%éﬁ tﬁéé@n@ ﬂ?ieg‘ﬁrvwdtcamtlon signal
DIRIEV q1he‘§’ét6‘<btf tifd Gﬁ‘é&tﬁarﬁ%ns%?&s 1@%%%1{08% ﬁgﬁélgtga 1606 is

, respectl ve reverse gi Cc Ci
elew@@”m ﬁ@upl@déwth@ re\mrse dractohllins 4682 ito recmies e @veRde

aird G4MIIRA Dl LAAERSH SrRGdRE, Bhgh dde PSP 188 heae00
mclei@lsta Gir@ftﬁin tPhrisistor SR4tea ith @Qhés Wlth%’glb elfg%tl%cﬁﬁr%‘i"s%rs

address thirteen address S|gna s ~A
44Qo[n gaeh lagiericcuinggq4 ang 168 ptmsceratreswmegxaﬂw of tl‘@gdalrectlon

rah §40r L@l Eoub B R Reh 580 T h Bkl L RS o ogic
evaluemmetradsiBMsMOgamI referédc@d®8~A4 at | ow vol tage
| ev

ni ot 9% SRGetrece: b vOhee Pubdrarionsianal iRty on
theSdlﬂé'@ﬁiannsTs%{reih%nﬂlé?ﬁ'IS%IE éﬁ'n% A%H 66@% enal ﬂ#%stlrﬁﬂg etﬁﬁsc‘e in

one address signals ~Al | "ow vo
timmgesignaleta toehargedegic evab@tios ssgnal line 4{7d, Whlcm:mlrmon logic

o A B P A Bl oo

sighalisni Hem2, W, bA7antthE e ldfeclidh t Aﬂbﬂglo'-’rtbgé%veﬂhrectlon
direction circuit 1608 E_r ovides a | ow voltage | evel

sng@alrlglﬁf Brns Pﬂﬁb@ diseekiorn angls’mrgqa. dissiblex fpsweed) tsigic circuit 1604.
A hg;ﬁ g@%élﬁle%%ﬁéchgh%g% al DSIR'I{ fou 8{1 2@% LRERRS  transistor in

rom a S one
reverse logic circuit 1606 to enable the timing pulse in timing signal T5 to charge

logic evaluation signal line 474, which turns on logic evaluation transistors 440
in reverse logic circuit 1606 for providing address signals ~A1, ~A2, ... ~A7 in
the reverse direction. A low voltage level direction signal DIRR turns off the
direction transistor in reverse logic circuit 1606 to disable the reverse logic
circuit 1606.

In forward operation, in one series of six pulses, direction circuit 1608
receives a control pulse in control signal CSYNC coincident with a timing pulse
in timing signal T4 to provide address signals ~A1, ~A2, ... ~A7 in the forward



10

15

20

25

30

thirteen. If direction circuit 1608 receives a contro

pul se coincident with a timng pulse in timng signa
waegosdosecti on circuit 1608 provi des a | ow vol PeEbmmO8D11399

direction signal DIRF and a high voltage direction

signal DIRR to shift in thepgeverse direction from

address thirteen to address one. |In one enbodi nent,

each logic circuit 1604 and 1606 includes a direction

each | | - d 1606 incl udes :
O B LB S 285 s o
citoais 160 aditie BALAIRRM 1400 Qirelgn LIy P?yﬁlggﬁg?@gé N ce

the direction transiStor 1s electr
logigtGiisti 16@8- dr ai n- source path of |ogic evaluation Iine

) 0S| 444 and | pgj | uat i ' I
=BRSSO Gl B Sab LY T e and K i
Ovded cdinadernt vith tiel timi LS ireli j:call |

IOlrt Yge f rI Gr]gdi.V?,ec??oim[f?%{lﬁ%ggﬂ"tﬁg{gﬁgéﬁiv?f ﬁfgé’]p §ﬁ’{,{éf%ulse
cojGiden iv\gﬂw Sg¥RINgOYise inThsingasignalf T2 Mnitiates shiff register 1602.

C ot i se |.oal Gt i st 1606 i .
TR R v SlerTR02 PAPLERs o PhEe LGP oBAGH 38T Putel pigeat 501 to
forvend Ii@gic rcé;'ceié V604 nmvmﬁwﬁe adidr sy o a&i{%%%'si@ldﬁéfgég?~A2,

Nt . t n

- PG (R GoRBERUSE R toEd e VN iin alsscbiovidsersaiscident with
h 'R 2 . ., N i 1 - » . i
themifrind paise Iﬁ“flﬁhﬁ@%ié%%’l T?ﬁg%gﬁﬁﬁ’lﬁé g?b‘deb %g?ﬁ&% élgﬁélg ~A1,

circult 1604 and rai n-source

- ~Adi r-ect7dR the ferwiasd direttiorel ectrical |y coupl ed between

i - th f 1oqi | uat i )

Cr o Baph SE0SeRtIGRES B SRl = Goftiat Sl sbesonumt sional
CSYMCJh prolitiageoineiteint dithehé ititding i@l inBinthg it 1A

the direction transistor in forward | ogic gl rcult 1804
copinus BINVEAIDG Ehe pRfressRigrals ~AT MARng. sAgiatherorvard

_ . . - i 24 i oh.
SrEORSAIR P ITLSLARTT AL o 405 AL, St B4 1
shiftisrtbeihigh soitageolevet signali fram aher ke ré%!igmbﬁltpl%igqaréblm
SO b e O RS S B O o o S
1604 28666 OLaER lhdjrﬁllébél_eodtﬁﬁwéﬁal! SUISEEETY roGdas ﬂtﬁ%e

hi gh vol tage | evel direction signa rns on
cogpsrNding addeassi Foor addrese vaede adogess thirtean in ddidéss signals

AT oRe s a5k St isfetr ool 38ng) SBHs st ibgak s
ece] BBl S8 903490 St DAl s
S'QPﬁlstTéf:r%’s%_r-sé“Aeﬁ AEcsetdn high veliageolevelge | evel
RSt asRoR RSt el BBl onayt 100

recefvesracentsel pulss m contalisignB@BYNC coincident with a timing pulse
in timing signal T6 to provide address signals ~A1, ~A2, ... ~A7 in the reverse
direction. The low voltage level direction signal DIRF disables forward logic
circuit 1604 and the high voltage level direction signal DIRR enables reverse
logic circuit 16086.

In the next series of six pulses, a control pulse in control signal CSYNC is
provided coincident with the timing pulse in timing signal T2. The control pulse
coincident with the timing pulse in timing signal T2 initiates shift register 1602.

The shift register 1602 provides a single high voltage level output signal SO1 o
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In forward operation, in one series of six pulses,

direction circuit 1608 receives a control pulse in
wa@omsnai4ssi gnal CSYNC coi nci dent with a ti m ngP@UIUSIOH/011399

timng signal T4 to provide address signals ~Al, ~A2,

... ~A7 in the forwarddirectyppn. The high voltage

| evel direction signal DI RF enables forward | ogic

circuit 1604 and the |ow voltage | evel direction

' DI E [ I I rcuit 1606. In
refp 8ol SRR Skt ShaekARS. o an%rqmlogm éout 1605
\? th the
promdéé iddeé < Rirt<ePYAiress eg;%{léj?ﬁh C%EC' e/ﬁ’ ONS& agbntrol

imng pulse in timng € ¢con

ch.qjgfql signah Ctané\leummncﬂnd saincideht withghes tigeg pi{ﬁésce) n
tln'nH H56%8!dd Q\Itlﬁﬁ% .'ﬁ‘%'&'ﬂt e;sgglgﬁg L{%{Jte.%f tg(:imA?g@lthe

es a sin
reve:rsécuhmtldnl ogic circuit 1604 t hat provi des address
one addr Ss sngnal s ~Al . ~A7. A control

pul 3 &ag @HHF? penyisenss O@SQM}"S%S & Q@ﬂtmlqnulsmml control S|gnal
CPNCGS BPOidRH tcBIﬁcgferﬁ 'vmh[}ﬂeﬁhﬁlnﬁg gﬁ’Hﬁ% nnékrii%g I‘&kaé} T6 to

to continue provi di ng address s

CORfifue nrqwd;ng @dsess signalst~Aoh ~AD) . eadl7 inuhs ¢é1\kér§é direction.
a.contr.ol se in control

|
AZE i SRcReyReSaenElion ds Stopitreisit tagister ABDR Shifisghe high
voltaids RevieNsighs fﬁ@nﬁérﬂi‘@hft%g&fér%ﬂ‘ﬁg@@né}rﬁ ‘§r(5‘93 g&ﬁ)e next

address signals ~Al the
shifii registeoputput signal $0423018u lﬁﬁ@tmtogscecnrcaﬁt tB0Gteceives each

e S R s
ad@ks f&@m&ddoesm&rtiwﬁ tosdddrbss @tgesl»ﬂé 8gd@§f§§i§/réa§s g'éA?L ~A2, .
F I rcul r [
Aﬁ Olg‘?fa?(?le‘?mﬁ r %J\?!\%EPUBQ%E :ﬁ"gqn%%mshﬂ% baai higho all st tagister
Ul SRR IONSEHS R Sor 10 (oI AR BRar ol SGAREE signas
~AJhi-AR, r.egAtage setjtqolunghsnogagé 8818 has been high, all

Ol - t t I
v ol gk 2k Rlagi i Rk dhR 2o Segmnle levont of onaembadiment
of aPfinteads@ie 170N THe ¥Hhthade dl@“(?bémdlﬁblé é’&rﬁ?@ ¥ groups 1702a-

ration, in one series of six pulses direct
17@%@%%%@'@“9 dbsievik flyidciestrssiurgas, diere depm:t&d a$ feed slots

£, ul timn
174 07l SR NG0B BB i 3 Bl 1028 Y iSniBd 0RG
feedslof 1704 dire gveusel TO2keaihd A7028 age U@Ho‘é@!i‘éﬂﬂ% inﬁ\fséd slot
17&%@28U on signal DI RF disables forward |ogic circuit

W3 OFHPhT (P c/and 4¢a21 areclisprsascalpaa ink fpedl sioh 1708
ThEMALIRR IS AR, 1985 Gntl 1708 AreliBO%ted parallel to one another and

each ink feed slot 1704, 1706 and 1708 includes a length that extends along the
y-direction of printhead die 1700. In one embodiment, each of the ink feed slots
1704, 1706 and 1708 supplies a different color ink to drop generators 60 in fire
groups 1702a-1702f. In this embodiment, ink feed slot 1704 supplies yellow
colored ink, ink feed slot 1706 supplies magenta colored ink and ink feed slot
1708 supplies cyan colored ink. In other embodiments, the ink feed slots 1704,
1706 and 1708 can supply any suitably colored ink of the same or different

colors.
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In the next series of six pulses, a control pulse in
control signal CSYNC is provided coincident with the

W pevsngs4pul se in timng signal T2. The contr ol PEIIUSHE05/011399
coincident with the timng pulse in tinmng signal T2
initiates shift register 16Qg, The shift register 1602
provides a single high voltage |evel output signal SOL
toreverse logic circuit 1606 as input signal Al 13. The

[ [ 6 i d dd thirteen
;S\é‘rsf gﬁsﬁ g"r?éﬁp?@%' tﬁ? £ R’\ilﬂlﬁ?ﬂe%lq? §i§1rh?§2ta3ih;e; g?oups,
ingichtal atD¢OB." Bhckh Ugfb'iﬁné:@'% b MK AR GRl e E Fiing

i mng signa

th the timn ul se i
eyﬁa\%%fr?@ qasraldhe @r@gmws%EJZa-ﬁmzf Each/f the Pﬁ'él%harged
er ies of six
flrrnng é|§912‘gj |@%{i %ﬂrneﬁggsw @%b ggqj gouplsd\ko pre data line
2q@aam&mdData bives gmuqo it ¢ lhdtohgedn amag?@rdgg?g HélLfdéQ ;%%—charged
e 100 e Bt o
ul
|nd>’|ﬁ§l%€°é’tel‘7t12§e‘f719§ ﬂ:lu%i'e§ é:]?wg? egzjS é|"Iqt= ?%}fhg@el;eﬁgrfqaﬁy

fts the hi

cop@@dsnoejataunpmosm g:omra nﬁ@ngrscmm Indibgtedaitt1 73l 17141,
Reverse logic circuit

ind e DL P4 bR B i 2 e nCeaim g tpatsingnaste. Deta
linSQte GO0, mdca&é@\dtdesﬁéfme@nﬁaaee@g 18 érg%%ﬁgf ¢t 120

address thirteen to address one In
electrigglly coupledatp datatlise 20d: tDategine @Dup@’q‘aundlsawdaét 99Ba-

17885 1 bR dopg Wiy crlE MaDipelEh b o A o datm o
208egridta linéYroup BB, indicated &t A7205217200, iRkIdRey BPé -8H&rged firing
is a diagramillustrating a
Ce{%&iﬁj&eéeqf%%&tc%%p &shte atgdnemas. Batalipe ngmumaa ihidécated at
1722991 725?1 qnapu@é E?é‘gh%ﬂg%ldlfm?]%t %éh%' %@e? frita (5;'/ causled 18 data

ose ong-three’in
hn% aﬁﬁgeend ldetaelnmeglroupda&amdfoa@d al t124alT024f, héffdexste-

o bR G P De bR R a5 B o AR s Eaeh e pre-
chdﬂ@ﬂdﬁ"ﬁ?@ cslgMe0 lﬁl?)rfrﬁlﬁ’é’a&blfétﬂa&d)@ éé&ﬂ&?lgﬁ%fgjﬁé’@ )99y one

2c_and 1702f are disposed along In
dafﬁqlm ARkB8a-208hs Esch deta line 2086-208h it 2iectrcallyl cmatiedito all of

I Rl S DS a8 M ol Bl 320 Srvee

coyesporeling dataolinedgiolipeaggli e 1700. 1 n one embodi ment,
each.of the ink feed_slots 1704, 1706 and 1708

suppi'® §&oup ane{EBdhi703r és disrrsed alangonsehalf af theseagth of
mk'fggtg 'sgcﬁ ng%ugjme%m%?e&é%%ﬁ 7Phnn&lﬂéle°'s SHE?&‘?né‘E{Hes 1752 and
1704b that extend along the y—dlrectlon of printhead die 1700. The pre-charged
firing cells 120 in printhead die 1700 include firing resistors 52 that are part of
drop generators 60. The drop generators 60 in FG1 1702a are disposed along
each of the opposing sides 1704a and 1704b of ink feed slot 1704. The drop
generators 60 in FG1 1702a are fiuidically coupled to the ink feed slot 1704 to
receive ink from the ink feed siot 1704.

Drop generators 60 in data line groups D1, D3, D5 and D7, indicated at

1710a, 1714a, 1718a and 1722a, are disposed along one side 1704a of ink feed

slot 1704 and drop generators 60 in data line groups D2, D4, D6 and DS,
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colored ink, ink feed slot 1706 supplies nagenta

colored ink and ink feed slot 1708 supplies cyan
wa@odosnesdsi nk. I n other enbodi ments, the ink ferdI/EEmNT011399

1704, 1706 and 1708 can supply any suitably col ored

ink of the same or differentygolors. The fire groups

1702a- 1702f are divided into eight data |ine groups,

i ndicated at D1-D8. Each data |ine group D1-D8

g RSERC IR 34308176404 amdakaee. amlippasashaibogdne opposing
sidé n70ab oFirhcrotdQidery 7@4darn% At HAURCEDTR dlota ling groups

eI ectrl cal | I%cou led to one
[%e 137 eug Y at 17 hea,chitide, 47184 bod-172D6f arel disp dd@petween

on%;:1 §d§ hﬁ’b@ﬁ% Htf%tdc c? 1?93) Qgﬁlﬂﬁ%@ét‘i %%: %9325%3903 °

gebéitﬂarslaam datarmie@@a r@@ﬁn&'dsbaﬁbgfié 517]1%8 1720a
i cal ouledto datallne 208 a

an&rﬁfég{ qh%@pﬁf glgng@ninsidg-routiag chaImMIlniepsmthead die 1700

beﬁh@er‘? Wﬁ%g éét”@t nffk fbed gﬁgelgi)%l ﬁal l clzijﬁendentt odrop

data |1 ne Ine gr
genelaarsio0 6f daﬁariuielgfeapsm ﬂmrt@&:dna D7 éngﬂcmd 97349, 1718a

a“§ @?&I I Cal4 %R:‘?SO@E"?% gifia fengih %hgg%é%%dhm?}tjgfsmi( ?eed slot
1708 arefdrofgbridrioRIoe H @até@ﬂe?pr@@gé DALl LR B 4% 7124,

data |ine 208 [ine gro
17162047 20pand 1|7 Héa @d@dlqppeed redorgethef opposing sidks! 71326 of ink

fed] SELATGR harb oh et tosBRin 4B e Groupaktat 1770 are
oppoate:dmpg@@l'xérafdrﬁ 8048 ldasa m@g%lﬁﬁDQ'aﬁ"’IWZaCW &‘rgp

data |ine. (g) and data line group D8, 1 ndicat -
9eRerAQrs By C a’fgr\'aﬁlﬂi@%p Brerthbf e oppagitealrbg géRbrators 60 in

d 0, of the
oo 4 6P o 9106878 o ACH iy SRR bl s a
17@8@@“?; bppbsite dmmyatératmr@ B0yin daea e grduipB6 %@8&2@9%d drop
is, electrically coupled t

gelifiatyR Uin dAIE LGS Srodin D T bl 1f 4251l GtRsie 796 Damergors 60 in

dat¥f e hvupads bt Avpgacel |'s 120 of the correspondi ng data
aI i ne gréﬁp D1-D8. Fire group one (FGl) 1702a is

di spise@oup oy (Eﬁé) HZORd d$ dtslpeséé lfiry the dthér haledf tedtngth

of ihkdec K15 1798,y Pedarisaton Byt P §PB5T altvigosad along
opmsmg sRRE 1 0R1ala0D 17048 0PIk f@@arsuﬂd 704 dreLr G &chy 3&%)led to
printhead die 1700 incl ude f |r|n%are5|stors 52

'nkaf?%d §tt178¢ tareceiye ik Biewrink deed siet 1d04,p Dyep geactaterssdl in

T e T

1722d, are disposed along one side 1704a of ink feed slot 1704 and drop
generators 60 in data line groups D2, D4, D6 and D8, indicated at 1712d,
1716d, 1720d and 1724d, are disposed along the opposing side 1704b of ink
feed slot 1704. The drop generators 60 in data line groups D1, D3, D5 and D7
at 1710d, 1714d, 1718d and 1722d are disposed between one side 1700a of
printhead die 1700 and ink feed slot 1704, and drop generators 60 in data line
groups D2, D4, D6 and D8 at 1712d, 1716d, 1720d and 1724d are disposed
along an inside routing channel of printhead die 1700 between ink feed slot
1704 and ink feed slot 1706. In one embodiment, drop generators 60 in data
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generators 60 in FGL 1702a are fluidically coupled to
the ink feed slot 1704 to receive ink fromthe ink
wo ewd/18346t 1704. Drop generators 60 in data |iPET/gRmOp611399
D1, D3, D5 and D7, indicated at 1710a, 1714a, 1718a
and 1722a, are disposed al ogggone side 1704a of ink
feed slot 1704 and drop generators 60 in data |ine
groups D2, D4, D6 and ,indicated at 1712a, 1716a,

IR, A RSO 130 2040 o posen
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in Eérfeagrpméwgr(li@@) B702b l&dnszasedhbngrme baifief telengfiDof

ite dro
T B I P e Mot 75 BB BB3uE 20 17 g
1708héhattedendaldny tﬂaty?dlkemlgggffgiﬂgug’tiiaof?ﬁéﬁé({@i;u'gﬁ%groat
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Qeﬁg%éfst@] @é@g‘?&@kgrﬁt%?&o%@ alang gagh (of the gppegingsides
17@6‘2%%&17%5&?%& "éae% 1BP1 868 e %t"rép gg&%@%@dh F&2 1702b

group D8 at Ire group our
areffididadid calipleg tohbe inihfeedrsibt 1706 toheckivedhk frof inkkeed slot
ed slot 1704. The drop generators 60 in F&4 1702d
17é$e di sposed al ong opposi ng sides 1704a and 1704b of
I nkD‘réﬁgeﬁbﬁ&torgﬁﬂlrﬁﬂﬁiafli‘né'gﬂbﬁﬁé v, D3 pEghd f 1%% %@88 at
| ot

4 to receive ink fromink feed sl ot

17@%&7&4& d748bianddhi22b, ere digposed alihg @% side HiOBbOT, lnk feed

ol 1908358l &t B gl M o022, BBt
indécaded adn7 g2t 216d, 9 760b ianddEta), bﬂ@d&g%@g ﬁg% tﬁé op%smg

Sidgp&(’%éﬁfd@‘ég&eﬁ 53‘@%@%7%%8@3%@23%}5@@@ tailin ¢ groups
D1, D3, D5 and D7 at 1710b, 1714b, 1718b and 1722b are disposed along an
inside channel between ink feed slot 1706 and ink feed slot 1708, and drop
generators 60 in data line groups D2, D4, D6 and D8 at 1712b, 1716b, 1720b
and 1724b are disposed along an inside channel between ink feed slot 1704
and ink feed slot 1706. In one embodiment, drop generators 60 in data line
groups D1, D3, D5 and D7 at 1710b, 1714b, 1718b and 1722b are disposed
along the length of one side 1706b of ink feed slot 1706 and drop generators 60
for data line groups D2, D4, D6 and D8 at 1712b, 1716b, 1720b and 1724b are
disposed along the opposing side 1706a of ink feed slot 1706. The drop
generators 60 in data line group D1 at 1710b are opposite drop generators 60 in
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feed slot 1704. The drop generators 60 in data line

groups D1, D3, D5 and D7 at 171Qd, 1714d, 1718d and
waidadosase di sposed between one side 1700a of Ppei/nsivesol1399

die 1700 and ink feed slot 1704, and drop generators

60 in data line groups D2, ¥ D6 and D8 at 1712d,

1716d, 1720d and 1724d are di sposed al ong an inside

routi ng channel of printhead die 1700 between ink feed
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oppeYing siesal706alard 1206b of prksfiebd sistoy 0Gearet Adigically c@QpIed to

o B33 170R505 e B B s BB 08 om0 i
datelires giowns B0 D) Ld@badlmmnaubaté@ Qg\ﬁoeﬂ?‘i&kﬁ f”ffef and

roup two (FG2) 1702b is 'di sposed ong one
17¢%0 Freflisnpssd 7larg Paeside 3706l 06inkTred ishit 1766chred drop

o0l st RRIFHAR: BB, BESR: ARCIHIOR %5 e,
17 Toe, mwe‘m@rae@wspdsea@o Q?éao @suﬂ%gwmeﬁi Mgk

feclf ot $insh Thasror sﬁa@ﬁ%ﬁ?ﬁ@gﬁe%ﬂg 258 P32 536 and D7
T

o 17104 e ML o2k e ooty Wl e

betg@aminldeed siothd 766 amdsnbieed8lpt [DBO&,FBZhd:HrOpI geheratopsl 60tin

el yroh B 04,07 o8I 40 a5 TR, B2 anavaseree

dlsﬁ@se@a danl indRicéuttel BR prifthealRli@ N 400 et E&h ﬁﬁ@i‘é@ﬁ%‘iot
1712b, 16b, 1720b and 1724b, are disposed al on

17%95g,nm@,fegdoﬁgot117m monmgnfb@dungmtodrmg@qemtms&oﬁp data

IndGREERTY E DY o, 12508 RS G108 B Bl oseo

alongstheleercgnlanﬂeheksmewmeb oKinkdegd slovt 708 Ghdadrd Ig@éﬁem@i?s 60
t,.1708, and drop 8enerators 60 in data Ilne gr oups

for fiat5 19 ORPRIA2 004 HDE PPdat 24 37080, Wikeh 17208 and 1734e are
disposed along the opposing side 1706a of ink feed slot 1706. The drop

» generators 60 in data line group D1 at 1710e are opposite drop generators 60 in

data line group D2 at 1712e. The drop generators 60 in data line group D3 at
1714e are opposite drop generators 60 in data line group D4 at 1716e. The
drop generators 60 in data line group D5 at 1718e are opposite drop generators
60 in data line group D6 at 1720e, and drop generators 60 in data line group D7
at 1722e are opposite drop generators 60 in data line group D8 at 1724e.

Fire group three (FG3) 1702c is disposed along one half of the length of
ink feed slot 1708. Ink feed siot 1708 includes opposing sides 1708a and
1708b that extend along the y-direction of printhead die 1700. The drop
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and 1724b are di sposed al ong an inside channel between

ink feed slot 1704 and ink feed slot 1706. In one
weredysdoszent , drop generators 60 in data |ine gpo/pS20D8/011399

D3, D5 and D7 at 1710b, 1714b, 1718b and 1722b are

di sposed al ong the I ength ofjgone side 1706b of ink

feed slot 1706 and drop generators 60 for data |ine

groups D2, D4, D6 and D8 at 1712b, 1716b, 1720b and
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ind Siyps, 15, B ot0B kg at 13280 i iy 12807 ABA gy 246 avm aisposed
aloply thAkidppoery slie 17668 &ﬁw’%%a dl&k1 fo%edn%é QFopli ats 60 in

ink feed slot 1706. In one enbodi nent, drop generators
dagglinengieaip1 ahé?@@@gﬁgomomwrop@ammbk 60 maa@eune group

D2 gt Res T SRR fonk R U o3BT B o tn 7o e

oppesity ditopr gerfidafors 604ah datd Mee gmpm4 Ia¥,17ﬁ>éc ﬁiﬁe%né b8
at 1712e, 1716e, 172Ce and 1/24e are di sposed al ong

geperatersfikindptaiing oiourPoAt 1HiBorase opposite dramgemerators 60 in
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opposite p genera ors
1722c¢ are opposite drop generators 60 in data line group D8 at 1724c.

Fire group six (FG6) 1702f is disposed along the other half of the length
of ink feed slot 1708. The drop generators 60 in FG6 1702f are disposed along
opposing sides 1708a and 1708b of ink feed slot 1708 and fluidically coupled to
ink feed slot 1708 to receive ink from ink feed slot 1708. Drop generators 60 in
data line groups D1, D3, D5 and D7, indicated at 1710f, 1714f, 1718f and 1722f,
are disposed along one side 1708a of ink feed slot 1708 and drop generators 60
in data line groups D2, D4, D6 and D8, indicated at 1712f, 1716f, 1720f and
1724f, are disposed along the opposing side 1708b of ink feed slot 1708. The
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data line group D2 at 1712e. The drop generators 60 in

data line group D3 at 1714e are opposite drop
w@emsnei4ss s 60 in data line group D4 at 1716e. PAIYESTODWI1399

generators 60 in data |ine group D5 at 1718e are

opposite drop generators 60 'Bg data line group D6 at

172Ce, and drop generators é in data line group D7 at

1722e are opposite drop generators 60 in data |line

DS 2 [ three (FG3) 1702c is
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geﬁ%ﬁiogfeggﬂrhtﬂatashmrpﬁpah (73,125 gnd ipy¥saDI7 105317 DF, aMdsf and

782 2l EPa e aPnoahe etk A S s34 fioPRahinkTesa s 708 and

drem dedemiorseBkioaidats 66 groupsada, D4NBEHRUDS 937154 1708¢
M geden 7 1716¢c, 1720c ar?d 1724c,

172%3%[})3952@&%%2 igg@%%é‘%é%h@ iORgosingesidey 808lp bf Inkidetd etbt
OURS
1TSSy dRrdoRo0Tona MSgRe 1 81741 A8 S5 B4R aror
geapErioeell il datg lae grosp 2 ahdnt2fl Thet dvepryenekatored0 sh Bhta
ind P87 17 5% BBt B AP oSS58 B oum B a

pstersRin dafpdivegraup Abats1 8201 andidrep gemga[f?rg Zlmsin Data
, . 18¢ . c ar
ind oL D7 2P ArEbpRdairos Bt ratle B 18Rar s goelio Do at

1724kd sl ot 1708 and drop generators 60 for data |line
1712c¢, 1716c, 1720c and

d D8 ; ]
2 WESn BeharaliisoeiBaRp i dee 5ok 17 g3 ardeonerside 1g0a of
prihtheatiafid 1900tard 19 8ataliiti foRipsqoDal #5aR8 179082H3 at dg14a
line group D1 at 1710c are oOpposite drop generators
ang i 7d4daDbiatd 7dBawgndD? t8d ard 2. atThe22dr and ¢E22d.aDesis 60

oeh Sl WSt HR 65 o 1708 o e SRV 470Ret prpes
diegET0U aieoihsdA lihd glelss bbng 01%%%5@21 ﬁzgé@é%g Jgﬁg% and 1716f,
D6 FHIG20canA TFf ageioh @t 37846601 13dtaThimdogr daih Ines208a,
208c, 208e and 208g are routed between ink feed slot 1704 and one side 1700a
of printhead die 1700, as opposed to routing all eight data lines 208a-208h.
Also, four data lines 208b, 208d, 208f and 208h are routed between ink feed
slot 1708 and the other side 1700b of printhead die 1700, as opposed to routing
all eight data lines 208a-208h.

In addition, drop generators 60 between ink feed slots 1704 and 1706 are
in data line groups D2 at 1712a, 1712b, 1712d and 1712e, D4 at 1716a, 1716b,
1716d and 1716e, D6 at 1720a, 1720b, 1720d and 1720e, and D8 at 1724a,
1724b, 1724d and 1724e. Also, drop generators 60 between ink feed slots

1706 and 1708 are in data line groups D1 at 1710b, 1710¢, 1710e and 1710f,
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1722c are opposite drop generators 60 in data |line

group D8 at 1724c. Fire group six (FG6) 1702f is
wale@posads al ong the other half of the | ength oPCT/K2005/011399

feed slot 1708. The drop generators 60 in FG6 1702f
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slot 1704 and one side 1700a rinthead die 1700 are
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ord B P30 100 S AT 8y g e
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data |i_ne groups at 1712c and
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1780 #tluded WdrebQYEndiifrs' 1 d40% 40P 78000 and two sets of address
lines 1806a-1806g and 1808a-1808g. Address generator 1800a is electrically
coupled to address lines 1806a-1806g, and address generator 1800b is
electrically coupled to address lines 1808a-1808g. Address lines 1806a-1 806g
are electrically coupled to pre-charged firing cells 120 in row subgroups in fire
groups 1702a-1702c, and address lines 1808a-1808g are electrically coupled to
pre~charged firing cells 120 in row subgroups in fire groups 1702d-1702f. The
address lines 1806a-1806g and 1808a-1808g are electrically coupled to pre-
charged firing cells 120 in row subgroups as previously described for address

lines 206a-208g, respectively.
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208c, 208e and 208g are routed between ink feed sl ot

1704 and one side 1700a of printhead die 1700, as
woppsdedst o routing all eight data |ines 208a- POBNS2005/011399

Al so, four data lines 208b, 208d, 208f and 208h are

routed between ink feed slg 1708 and the other side

1700b of printhead die 1700, as opposed to routing al

ei ght data |ines 208a-208h. In addition, drop

generators 60 between ink feed slots 1704 and 1706 are

i n the addiess agnsigisrer8@a and 1800 are similar 1o didainess
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ineB RS S S8 do0syBond, Aktesyere i ditiasilies e

adcfr@@ﬁsn‘ghats&A‘V 0and ~p70, flré%;r@tﬁ&ﬁ@ﬁ@bé-@?!)%‘ihrﬁ!]gﬁ'a'ddress

ht data |ines 208a-208h between the ink feed slots

lmew‘ GantPOPeoe/\ddregs igereraten 18P0h supnips adiessy sgnalseB1,
- : hag.4
oL ool S Ao 1700 pd P UREH DY o ot
Theoadadmsbcscgnmobm pf-ﬁﬁt heafﬁ7 dresﬂ;f?;_ﬂ(édi b}péddies? g@ﬁech"top1800a
generato . C t he | X r (0] S -
to g Sroua] (e 1 185 g5 Gie solaet soonl SotT SECza0d Sirpare
proG’lH@Han éé'le@tqﬁ\‘és@u‘ah% id r?h@ %\GHI%%SJS?%S LE32t.gonc] uge are

drop generators 60 and two of the data |ine groups
supphee@(yramresmgemcanaéorg‘r&ﬂmbstofvegaoupﬂmwm -1 é02ias the select

s8R Y b Bt P BB R be A5 7 one
cycEERORiIOfie §OupsUuFin2ast 7229, sddresy geﬁé@n@f B0 Slppiese
t han 600 drogJ generators 60, In a rint head
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address generators 1800a and 1800b change address signals ~A1, ~A2 ... ~A7
and ~B1, ~B2 ... ~B7 to address the next sequential row subgroup in the
sequence of thirteen row subgroups.

The address generators 1800a and 1800b are located in opposite
corners of printhead die 1700. Address generator 1800a is located in the corner
bounded by printhead die sides 1700b and 1700c. Address generator 1800b is
located in the corner bounded by printhead die sides 1700a and 1700d.

The seven address lines 1806a-1806g are routed between ink feed slot
1708 and printhead die side 1700b, and along printhead die side 1700c to

between ink feed slot 1704 and printhead die side 1700a. In addition, address
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1706 and 1708 and the six fire groups 1702a-1702f. In
addition, printhead die 1700 includes address
w@eosned4ss s 1800a and 1800b and two sets of adeeEES2005/011399

|l i nes 1806a-1806g and 1808a- 1808g. Address gener at or
1800a is electrically coupled to address Iines
1806a- 1806g, and address generator 1800b is
electrlcally coupl ed to address |ines 1808a-1808g.
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to slgrtrigadly Sopple with ipye-abargeskfirgneslist 120 ms‘we&ro'@pef 17@2d-
17§%Pups 1702a-1702c as the select signals SEL1 , SEL2
d SEL3 are provided on select |lines 212a-212c. The

addma linkg2aBa, 26Hc,.20882and 208PBarearcuitedpetwesh piinthead die
ress generator 1800b to fire group 1702d-1702f as

sicnty 004 a8 1 (gl Iot10f argkbetwagh Bl feed Hotp 206 ad GiRe.
o sTahe PoBEme A8 2, 2000 AR G- LaBEtic bt
priatidragisdie sidm 47 80a-Atd ink-#2d. slot +7204 lsmlmrlcaltyfmlfpledato pre-
chg[g%;ao i rgﬂggé%r 2C @ gp%‘?grgﬁé’ 3 78 3%%@%88%%@ the data
lm@é Q@Ba hopdc, @fOStertﬁ"\d‘ 2(58@ R 4RS rd AA Yk 82K ink! fRed nsf?ot's 1706

di ment dress generators 1800a and 1800b are
angy’lr?(ﬂ& i8 mlq@dcalty cpmplecblt@ prieeckarged dicing @ells R0 in four fire groups
1702b, 1702c, 1702e and 1702f. Data line 208a is electrically coupled to pre-
charged firing cells 120 in data line group D1 at 1710 to provide data signal
~D1. Data line 208c¢ is electrically coupled to pre-charged firing cells 120 in
data line group D3 at 1714 to provide data signal ~D3. Data line 208e is
electrically coupled to pre-charged firing cells 120 in data line group D5 at 1718
fo provide data signal ~D5, and data line 208g is electrically coupled to pre-
charged firing cells 120 in data line group D7 at 1722 to provide data signal
~D7. The data lines 208a, 208c, 208e and 208g receive data signals ~D1, ~D3,
~D5 and ~D7 and provide the data signals ~D1, ~D3, ~D5 and ~D7 to pre-

charged firing cells 120 in each of the fire groups 1702a-1702f. In one
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address |ines 1806a-1806g and 1808a-1808g during one

cycle through fire groups 1702a-1702f. After each
w@yobaoi4bs ough fire groups 1702a-1702f, the adeeBEES2005/011399

generators 1800a and 1800b change address signals ~Al,

~A2 ... ~A7 and ~Bl1 , ~B2 .,,, ~B7 to address the next

sequential row subgroup in zke sequence of thirteen

row subgroups. The address generators 1800a and 1800b

are located in oggosite corners of printhead die 1700.

emepslivest, fiaie lines P08 02080, 208s@de0 gateheotootitest the entire
et itk RLRAH1RAT 1908 HuPel 18R BPfie data lines

ress gener ator i’s | ocat
2OBauEd&dd2(th8emm<{1_20&gt¢b g%ﬁe&ilai'g%gésw&ﬁv@ddtallgr%@muﬁ%m a
seven address |lines . a- are routed between
boppaBaaerons B sHE G P ALIRALIE, S 0 iRareyobe daindne
| : i i 7, i ‘
oYL 4108155 ORISR U iy
codpigéddeost borg pad@bngisded 740e of puintkaskedieddii0;, akd fdatallines

lots an 70 and bet ween i,nk feed sl pt 706
208k i AR a7k ey SUPIRE oS Bt POty 3t Trdi ot
prigtreg gigei7og. f of the length of ink feed slots 1704,

1706 _and 1708 to electrically couple with pre-charged

fi r iDejadiaps 208002084085 agd aregeytepoetweentisk feed slots
7R A PR By R ERR o

0 I'nCrease the
Eachearfdhe datdine=208h, RP8d)20BEagd R08H thdtearsirgoted stivesn ink

read ol 1805an95000 's lPtBRbFUBIaLPrErR SR GG Eols 120 i
fodr/#8 oo 78 AP, 47808 Bk "Hiie. ADALPLONE dith NhES2BaD,

ie side 170 between ink feed slot 1708 an _
20pd; A08fcant aD8h $hatare Togled hatweedink eed sioldt Esand pgsthead

. 1808a- 8 . d i ,nk y I 4 .
dier S0 1T B seube e K, (ot g o35 42004 528 e
gré\ﬁ#% ¢3824 bhed 7@§Q86a£b8mﬂ=92@8|@isr Slut#idaly ongpledeo pidreharged

half of the |length of ink feed slots 1704, 1706 and

17 .
firing wells d 26)in clata bag pyoUwRbRIat i1 2Ho previde setraiopal TiRg. Data
. . ' ' f 7 . ¢ ] [ .
inE % i5 Ekctionlly UM REprk Biftoed il oofe 1201 B8 ne group
D4lae1316le pretiibe data Sigrkali~d»4 Bhtd liner 288{in ctlduttivadlyrcaupted to
feed slofs 170 .1708.,. Each of_t he line 08a,.
pr?@gerg%@@%ﬁ@%ﬂ@n '@Pegfpset'%%a%?ﬁ&qpf&vf%ﬁ%@é&'g“a'
~08, & i Wi Y Ote-19argb8 Fikinb @RS 120 |
ljcbd%p edé&taé'%%??ﬁg? gé(leé(;ﬂ‘irléﬁﬁxdcoﬂp@éd o/ rb-bisar§ b8 $itihy in
data line group D8 at 1724 to provide data signal ~D8. The data lines 208b,
208d, 208f and 208h receive data signals ~D2, ~D4, ~D6 and ~D8 and provide
the data signals ~D2, ~D4, ~D6 and ~D8 to pre-charged firing cells 120 in each
of the fire groups 1702a-1702f. In one embodiment, the data lines 208b, 2084,
208f and 208h are not routed the entire length of ink feed slots 1704, 1706 and
1708. Instead, each of the data lines 208b, 208d, 208f and 208h is routed to its

respective data line group from a bond pad located along the side of printhead

die 1700 nearest the data line group in fire groups 1702a-1702f. Data line 208b
and 208d are electrically coupled o a bond pad along side 1700c¢ of printhead
die 1700, and data lines 208f and 208h are electrically coupled to a bond pad
along side 1700d of printhead die 1700.
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firing cells 120 in two fire groups 1702a and 1702d.

Each of the data |ines 208a, 208c, 208e and 208g t hat
wae@snaused between ink feed slots 1706 and 17P8I/1S2005/011399

el ectrically coupled to pre-charged firing cells 120

in four fire groups 1702b, }ZPZC, 1702e and 1702f.

Data line 208a is electrical1y coupl ed to precharged

firing cells 120 in data line group D1 at 1710 to

provide data signal ~D1 . Data line 208c is

el edtha eendugtive lipe baes 314a-81¢haregedatedralong i feedi<6ts 1704,

' ' . p Lde i gpal..
17OR AR Frds Rl BoByPipddit FIRBAPERED . 33REE Y0 e
groues ¢ho2ad@0Rd, resygeatioelys THEfirerlindatey dai—ZIMfQ{L@%W &ferdl to
.. 1718 t rqvi de data S|rgnal ~D5, .and data |ine 208g7is
firiBg SosieTcl oPyin SonpnENG BropRaass Jea0 cells Mg0de Mest ang eiaet ink

j 7- : E Q)4 [ ~ .
froH R P B Uy sk 66 et erafdf 0 in
a fup@raup 1702a;17028, the Do rrespondig dinel lipe @1Hdde2 14iés datfiyured to

oG SepN sna@¥ito secp REerraisk 8 109 68 Sronsod 103ar 1702t
one@Hegy VaRtiorditthe haamur? §ésce%9§ﬁfer&§&einm%gcggsipated

are not routed the entire length of ink fee
thropgh anytee fiiing resistors| S%ineane oithetiregreuns 4&@2a-17626 The

iR et of Ber RIRUAIA S HSE il odetol B SRE Wb

1 7?ﬁaplr7!02f,Hhadirid?&ei@ﬁﬁ_ﬂﬁg&;mkt Dtgba)dj?tn %asd 5%%;\92%%82%@),

si Fﬁ%it'rg{"éwafr-y%ééi %%Oﬂ&aasiss IfghresiipigSS issenergized.
o . | . _

e JaesAmEl b el e todiah s ety 378 W0 groun

170200 02f apallfiringaesisiers 5200.a oar aubgneap 26 &nerdddd, Layout
208f .and.208h are routed betweenp ink.feed slats 1704

coftiputidh & AnerB R Bhifc R 4FE Mt MarbeSiuadid #idlh metal

thidkifess alfd thediebgtFertedire ling 2d3ha 14f NEMe28@Bod #RS of ground
208f and 208h that are routed between ink feed slots

ling fayp W p@rdsiBg iis depistad andifisglased in 68-reidingpaieat gealication

SIS 8 o o S SRR 88505, iy o e
dafd8é tleen dueshapplebtion andassigphcddd e Assignebasfdhis| apiplication,

1708 and prjntheaq die side 17Q0b is_electricall
the saptests 9€Wbuc -Qfﬁé?%eoﬁtﬁ? hgreie Evgefﬁ@n%n %em)(rﬁs'-
: c . . b |
Erh) PaARRCoR 1o 18 8trachBhfe bidhémdd Bid'shefyffaiatidis b to
20grayaeniDeavet baar found tprimv$dablmenergygiaaiatiod2. Data |ine

208 oG58 B 5 o A5 ih s 782313 8hld bl Shong ink
feed slots 1704, 1706 and 1708 to achieve a suitable energy variation. The pre-
charged firing cells 120 in a fire group 1702a-1702f are located along opposing
sides of an ink feed slot 1704, 1706 or 1708. Instead of having all pre-charged
firing cells 120 in a fire group 1702a-1702f along the entire length of one side of
an ink feed slot 1704, 1706 or 1708, the pre-charged firing cells 120 in a fire
group 1702a-1702f are located along half of the length of each of the opposing
sides of an ink feed slot 1704, 1706 or 1708. The length of the corresponding
fire line 214a-214f is reduced to half the length of an ink feed slot 1704, 1706 or
1708 from one end of the ink feed siot 1704, 1706 and 1708, as compared to
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D4 at 1716 to provide data signal ~D4. Data |line 208f

is electrically coupled to pre-charged firing cells
waz2esies4dat a | ine group D6 at 1720 to provi de BeEX/as2005/011399

signal ~D6, and data |line 208h is electrically coupled

to pre-charged firing cells O in data line group D8

at 1724 to provide data signal ~D8. The data I|ines

208b 208d 208f and 208h receive data signals ~D2,

and ~D8 and provide the data signals ~D2,

the@@“r&b@gﬂh af amink f@eﬁrséo’fc‘r?aﬂ"g dd06iandnty @1 Each abtHenfire lines

2 BREB ekl 3 BP0 oo, 709 i 00
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energi zed. Layout contributions to energy variation

i nclAkdendin ﬁ1 {He”tébllé @isthg Qllﬁé'éi\ohrb'gﬂéuww’the%h?é fl?e line,

t hi ckness and ire line 214a-2

gerd én® e rﬁb&uwdih rgsw?ﬁtﬂm 3 laﬁteene aybunsuitable ppergy Vasiation (11
peq ?elsgﬁfl pgbse%lt)os’ﬂ‘?e bﬂefg?/ ﬁ?ﬁ%bﬂ%tf?&%ﬁ@é is improved slightly
by lncreasmg metal thickness by four times to reduce fire line resistance.
However, the energy variation is still unsuitable (11 percent verses 36 percent).
Alternatively, to reduce the energy variation to 11 percent in a linear fire group
arrangement, the die width is increased.

The substantially U-shaped fire lines 214a-214f are electrically coupled to
pre-charged firing cells 120 located along each of the opposing sides of ink feed
slots 1704, 1706 and 1708. Fire line 214a is electrically coupled to each of the
pre-charged firing cells 120 in FG1 at 1702a. The fire line 214a is disposed
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Serial No. [Not Yet Assigned], entitled "Fluid
Ej ection Device", filed on the sane date as the
wa@ osam4sappl i cati on and assigned to the Assi grerUsS$005/011399
this application, the contents of which are
I ncor porated herein by refeigpce inits entirety.
Energy variations of 10 to percent are preferred
and energy variations up to 20 percent have been found
to be suitable energy variations. Fire groups

alonmeach ebte eprpsing &ides ok inlofesd-stat4t7 0 and axﬁﬂ!ndatfrom one
ene' cﬁ“r?ﬁk Fé&ﬂ &8?‘#7@4 ¥ Ral Hr%“lenggghoéf ,ﬁ[ég%e}f{ a@gﬂ ?pﬁ;‘ i %}C’g f‘s

tabl e energy variation
dlrezﬂom nTheffire e‘ang 2ddp slipphes éﬁiéigfy @iglﬁal|NREt1@hcﬁéﬁé\@¥ _}aulses to

sides of an ink feed slot 1704, 1706 or
chﬁgfigﬁg%f having all pre-charged firing cells 120 in

a fime lﬁfeozlfhﬁlﬁscgéctﬁzglgf c?lﬁ@% %gﬁcﬁ%g{eeprle-%ge?fﬂrmg cells

one sid an ink fee
12@rie Féhaat@d02b.r The fiseling 2120 is disposéd alangeegeh of the opposing

sidb s foeL 1B £708 Rb ExeicRfo Brie td oEkapad sibsd706 to
halfTR6 l@tgth Ptk fEbe JictNatos iafthé I?Qﬂlfé@:‘tlbﬁs H‘P\'éohregmfa' 2®b
li ne 214a-214f is reduced to half the of an ink

Sufﬁ’é%ﬁ energy signgl FIRBE asd e_wgymﬁﬂsdﬁec%a?affozme i nk
I 4
et 410 A AR o I i ot
12Hde irGB at ihEOZo r'ehé |ﬁdreBr|\e’ZI4¢t; O&}ldaéyi%egi dioa?%& sfthd@bposing
S r n
S'O%Sefffsmk E%# ?Oﬂ&ﬁ‘ﬁﬁ a0 s Toorh e § mé f@%@apoé 1498 to
haﬂﬂé leri’gm@f ?Hk flaé@ %Iétol fd%rlﬁ‘tﬁe %@%&Bh' 33\*l'||e)‘f|!1 g‘ l@%"’%’@}

fire line e substantially p
SUpDhﬁ%ﬂ@lelmflSwfgr@ E H%Eﬁ @@merargy helsestta&EGRahi 0. a

o1 BB 4 7BLs S EREIN A5t VRt DB Ml BfhrtE ring cers

120qmﬁﬁ4iét ¢Pe2dly THefiratin®R 14@1s & FSE@dlbloﬁﬂg' &adh §ﬂﬁ§®i}posmg
i nes 214a-214f with that of linear fire

| S'Qﬂﬁ?an lﬂls fead $|@t 179/ andiexdendsirerneonenend ef inkiged stsvrt Tdhé to

a |1 near
supplies thenenergy signdl FIRE4 and aeficegydisesite $iG4 at 1702d.

| d i t.abl ti 11
vor 5 5 2UE s 150 SaE Sodbled B Pl uis drefiareng dring cell
12'0'19“1@(@ dt $7o8d ﬁ'Me bive | lu'i‘@ QQ@é'lé‘HlsggBédi aldHgCERGS §f tmé opposing

four tinmes to reduce fire liner I St ance.
sideseofdnie fepd siat 1 406 andiextendsl fromroneg mcbbémk feed_ stmé ﬂc?@ﬁtto

erce Ao r
nalfas Sneif o i Rt LR pesoR B 1R e 2
suabr@ﬂﬁr@rﬁérgytstg&mad FERME &ind drierhypuResaH FG5 at 1702e.
Fire line 214f is electrically coupled to each of the pre-charged firing cells

ey YN e R G e My el T R e e

120 in FG6 at 1702f. The fire line 214f is disposed along each of the opposing
sides of ink feed slot 1708 and extends from one end of ink feed slot 1708 to
half the length of ink feed slot 1708 in the y-direction. The fire line 214f supplies
the energy signal FIREG and energy pulses to FG6 at 1702f.

Figure 23 is a diagram illustrating a plan view of a section 1820 of one
embodiment of printhead die 1700. The section 1820 is located in the channel
between ink feed slots 1704 and 1706, and adjacent data line groups D6 at
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The substantially U shaped fire |ines 214a-214f are
electrically coupled to pre-charged firing cells 120

wo owatiesdsal ong each of the opposing sides of iPRI/US®AS/011399
slots 1704, 1706 and 1708. Fire line 214a is
electrically coupled to eac? f the pre-charged firing
cells 120 in FGL at 1702a. e fireline 214a is
di sposedal ong each of the opposing sides of ink feed
sl ot 1704 and extends from one end of ink feed sl ot

17208 ando1 120 The seeliqnt h820 indiddserdiiresotinds 0806a-1808g, fire

g 2585 0508 o R, BB P57 438on
etab 410 hautes uskiconlging etz he s e
1855%1 89@@% data measp&%m 298dng08kant 208k ﬁéddmbseﬁgwa @ad

18840ty AN S5 0o T 0

sloty 0804 mnidntr 06. dT lneectossmonﬁeetubm limes 18B22- MEZelan@ldls@@sed
ner 2 pul ses to F& at 1702b.
ortEpggrci%/lt g’?%&‘@'&z ﬂg‘{j? 358 coupl ed to each of the
pr eThRadIREsS iihdd) gss@éJﬁoég%nuradfé‘:ﬁnéé 2@)@’92208dT%8ff ah8

| ine 214c is disposed al ong each opposi ng s
208h aralconduetivel linesifoosed ss et @hf@rgt rayemmtal e tie unels 214a

an BB a8 sab T OGS lorfefas B B ool EF gl oross-
cohhectiurellgs 15822"33“85235& fonthetinRy it BEIpSI9Siliton. FFBe dolysilicon
1702c. Fire line 214d is electrically coupled to each

layer is insulsited flom Hedfivst lavegmedel by aﬁtﬁt.lmﬁqfémgakay@rzofae first
layER endtil B éé at%a%d @sﬁfgﬁeﬁ?ﬁﬁﬁo’\ttﬂ%%é%oﬁaqué?fmé%?b}[ a second

OpposI ng SI exten
msmlmrgwlayef |nk feed slot 1704 to half the I ength of

i nk | ot .1704 jin t d i
214 e AR PSS 1P 808apal s iSpoRRl befiican Bisjnes S14a
anBUl 5@ shieh izt idrdddisks F806H-1808g Ahd%ird ings 2944 iapdld Mb do

coupl éd to each of the pre-charged firing cells 120 in
nokceerdap.1Qvgdapming substantiaiy aﬁpﬂedd@a&ul@ﬁ@s@cﬂ)ﬁrtﬁﬂﬁg and fire

in§€ 2 d4d ar 1AL RN e Bordh of e foq BFC 1758 A B RY e
mlhﬁ‘fﬂlgéb totredude éroed-talk Hetd o6 flrenllrﬁéB%2’1/4all ane @ l4brandeih&jress

fire line 214e supplies tg@ener aq naI FI RE5 and
linas dBPapiA068s as Goptarad ta Hiseross alk hetwaen pyerlapping fire lines

2IBLEFET50) b ARy s i gl doa

208f apdél@ﬂhedrmhﬁyedmb Mifdatdrel Dpdimsvenps akbag thé lemgth fofdtk feed
sk§§8§03708 ?ﬂﬂsextends fromone end of ink feed sl ot

The address lines 1806a-1808g receive address signals ~A1, ~A2, ...
~A7 from onboard address generator 1800a and data lines 208b, 208d, 208f
and 208h receive data signals ~D2, ~D4, ~D6 and ~D8 from external circuitry.
The cross-connection lines 1822a-1822¢ are electrically coupled to selected
data lines 208b, 208d, 208f and 208h or selected address lines 1806a-1806g
through vias between the polysilicon layer and first layer metal. The cross-
connection lines 1822a-1822c receive and supply signals across the channel
between ink feed slots 1704 and 1706, to the individual pre-charged firing cells
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hal f the length of ink feed slot 1708 in the

y-direction. The fire line 2 14f supplies the energy
wak@nabs4kd RE6 and energy pul ses to FG6 at 1702PCT/BRZpos/e11399

23 is a diagramillustrating a plan view of a section

1820 of one enbodi nent of pﬁ' nt head die 1700. The

.section 1820 is located in the channel between ink

feed slots 1704 and 1706, and adjacent data |ine

ps. D6 at1720a and 1720b. The section 1820 i ncl udes

12§adheduelinge 2 188cuKl A tib oo e sionals F1RG and DIRER from
ex@?ﬁal%rc {,é) nes 208b, 208d, 208f and 208h. In addition,

section 20 i ncl udes cross-connection i nes

1827The I8atng sdlmadial sestior 1826 isLiahbdtd@en, inkléted Slotee$704

and 108 BRGay A aRd S0t 4 /088 ey befiiesstiiiedd St 1784
andi bRel S8 004 of Bhnﬂfé%@ cﬁé qt?@OHt% battbeh/ PR fed %lot 1708 and

cross-connection |ines 22a-1822c are di sposed

thepothro gisteal 7Q0b ehrrirtaead §leoi‘é00.L704 and 1706. The

2081 Gike 2405k SParEn AR08 S el iyt o Bpe Aigaiment

of Aiprigthdaryé¢ie 18902l Thd penthead dié N880 Heladewcordpéhemeahat are
conductive lines formed as part of second | ayer netal

simgiied te coOmRORRRt RIintheabgier an%émﬂadrrwmwﬁ@dea@ed for
sinpdrt o?ripog@{r\( ?ﬁgiﬂupth@a%l (Fae'mb' |h89P6%9§§5 ¥¢er%s%osa-zosh, fire

I NSu I'rst |ayer
lines2 dia214§ lhlaf@d slotee1 704, sit7 06aanet 177@8, &ind theﬁéapﬁreagr@dlps

ndierien A 1B raly 020 el detn SN b Bl nlBs “ERECSs

eHé%@&ﬁ?@b@%&?@& fare1 S0M e RdLairmeyd1 @dgkh 1 9686 Aintihatched
address Iines 1806a-1806g and fire |ines 214a and 214b

addte%dme@v@ﬂ()@pmtﬂéhr»{\d@ﬁﬂsﬁ geperioahPPals glegirically coupled to

ddress | r
g Tenel R TIOR o 0y ey okt f Feck o GRApA®
latBhéd aham%stlmeeemfoa - 19 1R - thaddditiet, \aelelresfs gendratoesi 9D24a
and 214b and address lines_ 1806a 1 as c 8 0
clqqiicallsoupiad 10 Srmes ateh 400 JoHg b kodTeEE T JO0r
19§é§b and address |ines 1806a-1806g. The data |ines

b, 208d, 208f and 208h and fire |lines 214a and 214b
overOmeaib@dgnemaoﬂ auyess génemtorf R is [sondarlipGaidagsh

geéggqi'g[ 15 Q@ g&vﬁjﬁ I'-Jlgunrgs1 Ag&)c%%(gﬁll%g% g;sﬁ@t% Eeg? g)gdlen?esnt of
adgge\é% %’ﬁ%ﬁﬁq%@?% lgef]‘gﬁglb@l#ﬁe@% lﬂlus?r@?é& |n2l@i Uref’é{%i% 2.

ext éxduaess latchull 994 js one embodiment of an address generator and may
be utilized in lieu of a second address generator on printhead die 1900. While
address generator 1902 generates addresses based on all external signals
(e.g., CSYNC and Timing Signals T1-T6), address latch 1904 generates
addresses based on a received internal address provided by address generator
1902 and on external timing signals. A suitable embodiment of address latch
1904 is similar to laich circuit 1202, shown in Figure 15, which includes seven
latch registers, such as latch register 1220, illustrated in Figures 16 and 17.

Address lines 1908a-1908g are electrically coupled to pre-charged firing

cells 120 in fire groups 1702a, 1702b and a first part of fire group 1702c.

Latched address lines 1910a-1910g are electrically coupled to pre-charged
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The cross-connection |ines 1822a-1822c are
electrically coupled to selected data |ines 208b,
wQ@oedd0R88f and 208h or sel ected address | i nesPCT/US2005/011399

1806a- 18069 t hrough vias between the polysilicon | ayer

and first layer netal. The qﬁpssconnectlon l'ines

1822a- 1822c receive and supply signals across the

channel between ink feed slots 1704 and 1706, to the
cel 1 s120. The fire lines

|n| % e-charged firin
firigg e ﬁ‘é 2@3&56 96&&?%792%7%3 Tl 8 speemd par@f freRgroup
t
7RS0T QDR o TRt 1 TORE S froRB EAREn S 16706
angddnkéesd slok 1768 dndlintladay Aataline §rodPs hEIDEEDS anld HZad
t 4 00 f i nt d d 1700,
17308 164 dt PrETReliE%: ohelSembahiett At kg /e s

dishtieel Keftweeh MR 5%161 73(7839nd Fhﬁﬂ'{e%d?d‘}e ngjgg? &fr}iﬁe(%:tgéﬁ‘z?“includes

illustrating an exanp | ayou one e
dai [ BEskipLS. BODE AAEDR & A7 iaact ThGs, 19000 ndliTads. The

G AEREBERL 387808 iR bl & RTBRISHGe4 Fifl LRS20 in
fire grunend2c aﬁ'dh ¢hepsectritbpalt of firel@O0pi 1M02¢desludas thd bies half
Ofﬁvga 208h, re Ilnles 214a-214f, ink feed slots 1704,

Breaﬁ'aﬁ@?éé'””&ﬁ? BHE0dN fire grouiny ! (RRss | Theandessdings
15BA2 0ROl k05 Bt 194052918 kR BA bt o

rowvisuibgraigssas padusindescriteiaddr addreessshnleislr?éﬁa 2069,
91 02
reShRGUY 1 Dobisarade s fes S le tns s esitealiutled f o

su%g%ﬁssaseé@d?e’ss GAk 1206608 ebaﬁleHQolr@Méﬂu%gr&% %ﬁaréésrlﬁ}%

10a- 1910 In addition ddress generat or

199PBEHOb s Blectiverlly apUpiEchigdionssngroups @Q@mdfﬂ%ﬁr&)lm%ﬁb is

r
ool HsFE I8N Ibdrb 3P 28838, BR16 R PGB AR BF .. o
190300 SBlogviseing efdctrivadly Coupkectormivnglibgroaps ds adless line 206g
enbodi ment of address generator 1902 can be

is CoMpleddR IRy SH89MUNSst rat ed in Figures 9-12. Address
| at gy, ks g@ﬁ@raggf‘)?@(?f&[lppl%% eﬁ‘ﬂr@é’sdélﬁﬁ ﬁg%ﬁr@&?,r...~A7
u in ress

and may be utiliz a second
to gddmmlatchoﬁ)q# amd teefing ghioaps 4@02a\h702b addi thes Eirst part of fire

o T8 M BRI o BARRE b bet, 2
~A7lo T8 dreds Fﬂtéﬁ’ng@&%uéﬂ%’teﬁc%?ﬁfeéﬁ ﬁﬁe@‘l’@b@éﬁ 9@6@%8% fire
on a received internal dress provided by address
grouprel 4927, 1702b and the flrst part of fire group 17020 through address lines
1908a-1908g. Address signal ~A1 is supplied on interconnect line 1906a and
address line 1908a, address signal ~A2 is supplied on interconnect line 1906b
and address line 1908b and so on, up to and including address signal ~A7 that
is supplied on interconnect line 1906g and address line 1908g.

The address latéh 1904 receives address signals ~A1, ~A2, ... ~A7 and
supplies latched address signals ~B1, ~B2, ... ~B7 to fire groups 1702d-1702f
and the second part of fire group 1702c. The address latch 1904 receives
address signals ~A1, ~A2, ... ~A7 on interconnect lines 1906a-1908g. The
received signals ~A1, ~A2, ...~A7 are latched into address latch 1904, which

supplies corresponding latched address signals ~B1, ~B2, ...~B7. The latched



1902 and on external timng signals. A suitable

enbodi nent of address latch 1904 is simlar to |atch
W@R00s0a03454202, shown in Figure 15, which incl uBEBUSEN®011399

| atch registers, such as |atch register 1220,

illustrated in Figures 16 and,17. Address |ines

1908a-1908g are electrically coupled to pre-charged

firing cells 120 in fire groups 1702a, 1702b and a

i 02c. Latched add |
adde8s SKatn, B~ BB eotvh faia suriliasitodins graups 17024-1702f and
therRcohardeobi ﬁrbfqgoﬁ§'1?§2&%ﬂohghfléf§§§9%Skﬁﬁess ﬁ%éﬁgg; 021 g10g.

and a second Ire
of fTheagddmss latmz‘tﬂﬂéisredewaemmr@ss gigaal +Ak thﬁ@rédrﬁ{ect line

T TR TRTE K W
oriléza\red Abgress tinad Bkt Atfdréésé Patéﬁ 2994 H%%@eé éd@gée%?g"r%l

bet ween ink feed slot 17 pri nt hea
~A9eprnteRepnnact line J 968k andllw@hgs ampm Bjrebd sighdl and tB&upply

7 The st of
lafthed didess {0B5. -84 S aREA A s 10l akfiRel o
addressatclel D84 1eeiving faddee sy siyRallIA2 @naﬁl@réd‘rﬁle%? ﬁﬁ@dgoag and
rt of 44{ rou %\7020 i ncludes the other half of
'a{éﬁé‘gpﬁnea sﬁg F 40 sEPPY latshep pddress gjpaal~B7 ondatched
ad[ﬂég@ﬂﬁéngogl nes 1908a-1908g and | atched address

lines 1910a-1910g are electrically coupled to row
subngm;pédms;gemratosnQOESEppMésewlalfdoadcﬁédss eRmals ARS, ~A2,

|
- 5837 385 1S BERb Pliing JFoss freS s Bejiods Bglestisgnals
SEis1 B 2apd SFIE3 a%gjgmneaqu mré‘@ré&bsr sz%m%@?l ﬁgs?ectlvely,

addr ess |ine 1908 is electrically cou
onesseledhygoripeElht Skid? o8 §E|L6rn;er2m peamdoﬂ'blseaﬂdr@ss latch 1904

BRSO B 5 M e e
suppligd dal fiee g%'{md%%&s Thmeut@ﬁﬁ?of mfg#aé@ztnbwleftaw ngwé gettle to
ner at or suppl i es_addr ess
valilGRtafel Fgress SGNHIS ~B ks B, a7 csssaleslion GE e aupplied
tofiré @r(ﬂfrp 4"22267 éﬁd addRal sr?@?aol% b%91f N IO,aAt; Al \féillﬁefatched

grolp 1 ress gene 02 supplies ad
acgirgmﬁ‘»lgnalsrm 43’2 ..~B7-ax¢ duppiiddte fie gmupm Aas select

sigji) S W Teg 6 s 2 st aidreds Taich d dghypplies
vah&@&t@héb%@dﬂéb@@ﬁﬁ&ﬂﬂ e 190@?"féi9@%9tm1‘édﬁér‘?r§o€s During

ignal ~Al is suppl on i nterconnect |ine 1906a and

th%@f@gémﬂ& n@rlq@@@@leca@mf@&SELénSELAlASE.Lé AUPPELEdren
supBligl 5 IR Glogibfiog 2B BEENER] one gt il ¥E¥
SEL4, SELS5 or SELS per time period.

The address generator 1902 changes address signals ~A1, ~A2, ...~A7
to address the next row subgroup of the thirteen row subgroups after the time
period including select signal SEL3. The new address signals ~A1, ~A2, ... ~A7
are valid before the beginning of the next cycle and the time period including
select signal SEL1. The address latch 1904 latches in the new address signals
~A1, ~AZ2, ...~AT7 after the time period including select signal SEL6. The latched

- address signals ~B1, ~B2, ...~B7 are valid during the next cycle before the time
period including select signal SEL3.
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I's supplied on interconnect |ine 1906g and address
line 1908g. The address latch 1904 receives address
waer@ghabss+Al , ~A2, ... ~A7 and supplies | at chedr/us2005/011399
address signals ~Bl, ~B2, ... ~B7 to fire groups
1702d-1702f and the second part of fire group 1702c.
The address latch 1904 receives address signals ~Al ,
... ~A7 on |nterconnect i nes 1906a-1906g. The

rec i ved sn%ﬂal ~Al ~A7 are | atched into
add @9@6&:{9 thiokgh flrmrehpgdagzadiocz&ra@&@smgem@ator 1902

B
SUF atc eda g Slslc"léﬁg?lgﬁgBlLA7ﬁegmg9§ QEQUE)%%beand the
firgtairi mfe17glmnﬂsséjé62$igﬂm68%lah cSEthaaﬁieﬁE“uB ?é%rl %Upﬂils:ﬂigé fire
ro ro t che ress, lines a-
gr uﬁ%‘ﬁ%é@ q&gt%ﬁ]g ?B@f@ 'g'éel @g%e&é%q@%s sigpala ~B Bi1~Ea
. *BV%’ré‘@OBBEéd {dmés’le%%a of mbcgl?s&? '1'7’029%:?118?%?}1&3?4

~Al to sup Y | at ched address signal ~Bl o
1793d+g92f BB@@ end sgnalsn8i8sSEL 4t SELSQM $SEL@iave supplied to fire

o PR POR, TivddesoBharIBREo0s B apless Bt teos

supﬂlqrtae sasa@addresBdnaaddress esk 400829 soBg %ﬁdllé?tl:ﬂbd afdfess
up to address latch 1904 receiving address

'm@,$aﬂaba-ﬁﬁﬁoerﬂqrwgeq%ﬁf?&thrpual@ﬂn@gwpgn Q2 ¢Fiafg i n
dd | .
T Ao AR IR WSS el 88 1004
ongaoenert afrprirfditead dignt QmstMde:d byl grinteadidieside +30b and
pripfisad e ite 16005 iParddind Seppiator BHbAtH addiiss 18fB 004

adftepk bAe ah@tﬁérr edheREBy GRS %re&@%%‘é‘é 4RHY-ABNE ~AT

sel ect signal SEL1, SEL time period
frondaddrass|genenatog 902 é@ @Hdgessdam %@sdms@v@ @mompared to

oo e 99 -4 5oL Al o) BB nke

10088498t e to valid | atched address signal s ~Bl :
~B2, ~B7 as select signal SEL2 is supplie

gr olip othes ambegiments, fideess genpraly 1982, an&i@ddress 1ai¢h 1904
cafHd éﬁ@gb]&jed ﬂ&ﬁ@%rﬁ‘%ﬁ%ﬁs %'f%ﬂg{tﬁea@al 1909 (v
are s

upplited to fire group CcC as se ect sngna? SEL3
embsodimept, iseldiress §énaratprol§®21c0ice dilipesad dn Hescoraec bf

T i B B ot TR g i
1 9@9&' Qﬁ’@ adéﬁis%%tcﬁ' Bl Sanbé dispasbd betiibén AftlgIee B0Rc and

upplied to fire groups 1702c-1702f, respectively, one
17§af slonggirintaeadseiezsidsHOA0b Sin this embrmdimpet. interronnect lines

198%51%69 are used to supply address signals ~A1, ~A2, ...~A7 to the
second part of fire group 1702c between ink feed slot 1708 and printhead die
side 1900b. The address generator 1902 supplies address signals ~A1, ~A2,
...~A7 to three fire groups 1702a-1702¢c and address latch 1904 supplies
latched address signals ~B1, ~B2, ...~B7 to three fire groups 1702d-1702f.

In the example embodiment, the seven address lines 1908a-1908g are
routed along printhead die side 1900c to between ink feed slot 1704 and
printhead die side 1900a. in addition, address lines 1908a-1908g are routed
between ink feed slots 1704 and 1706, and between ink feed slots 1706 and
1708. The address lines 1908a-1908g are routed along one half of the length of
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The address generator 1902 changes address signals
~Al, ~A2, ...~A7 to address the next row subgroup of

WO b@stibd4s4 een row subgroups after the tine perPOLUS2005/011399
i ncluding select signal SEL3. The new address signals
~Al, ~A2, ...~A7 are valid k?ggore t he begi nning of the
next cycle and the tinme period including select signal
SELL The address latch 1904 | atches in the new address

_signals. ~ A7 af h d
ml% If‘%qﬁﬁ‘gﬁg%%‘?’evto%ﬁ% &70&:&6%%{”;6”1? &gi;hngdﬁlg‘;ila?eesbarged firing
| |
ceﬂi;/ a2ali§ fw@érouphst?TOZa 17??{32{51%' ﬂr‘]l%lfi&%t &53{ épﬁr&g oup elry@pc
SEL?II' hms@:mfl lafatesl add‘resg findés 1@1@a-d0p8g b?@?-@ﬂéla%%ng the
ertfi efietn BRI Beflciat 1y DasRR e o0 3k feprtnt R aha printraad die
sidn000b. THeastched %Hﬂ@és Ifrle3ned 1%35@-1]0790%%% ??gtgg%gng

are supplied to fire groups 1702a, 1
printkend digside 4900dtebs Eg;[hlallkg‘eGCBﬂot 1782 and printBFaddie side

I 1702
1B b, BRORRSR R beSladld Gl &0l oo
sIBENF 0drahdSELES, el satppkhdnk faad $I61% WGBI@ﬁd 1708¢ méoa?cfdress
q dr ess generator 1902 and address |atch 1904
““%38 ga il Ogzare ratisckaleng fhegatitesiengineldnis feshsion 4898

befidoh Hictied A RRPald BERNLIAIRS LR 510 ofRR (FECifier

hrough fire groups ess generato
haifgﬁZhe sengitep of indt faelqi atdetl 76401 266 ahaﬂﬁ 0318 @edtnicallyecouple

or ner, of r|nthe 900 bou rinth di e
wil %R oo BB T e S SHESS bk i fire
gréenen a02d, P2 afymi1amkr ess |atch 1904 adj acent one
anot her, the reliabili t% dagassn ng address signals

~Al DataAmes 208ap208¢,2A @8gererauted bebeeen printhead die

i 36632 ah@ i ebdelor F704BAPKEMES FRTRRA Sfhel A7BB SR Fros.

addr éss

Edohtefrthe mam:tmés P68a, 101¥ 2088 6ed 208piduesd Béivmbrf@fﬁtﬁead die
snc& gress enerator 1902 and address |l atch 1904 can bhe

podaand inkyfeedstient 7Joefleeinsalbncoimiod keate- ah@gfgdmmg

ool 190% SRR Rl LG, 47024 ol A, 30 e 20
206¢, p08erahd 2D 8gi reutadiiectb@edlink febdslots hZGRiadd d 78Bde

1900 and a ess | atch 1904 psed bet
ey, SRS $H5E ehiTosd s5n ceiRd 2B e fehitta cpass  GE2b,
170280970319k 811502fTODLERIE 2085‘15%!69['&63@9 cbu;ﬂ@é to pre—charged

1906a- 1906g are used to supply dress sign
firingzells 12047 data time group D1 at 1710 to supply data sngnal ~D1 'Data
line 208c¢ is electrically coupled to pre-charged firing cells 120 in data line group
D3 at 1714 to supply data signal ~D3. Data line 208e is electrically coupled to
pre-charged firing cells 120 in data line group DS at 1718 to supply data signal
~D35, and data line 208g is electrically coupled to pre-charged firing cells 120 in
data line group D7 at 1722 to supply data signal ~D7. The data lines 208a,
208c, 208e and 208g receive data signals ~D1, ~D3, ~D5 and ~D7 and supply
data signals ~D1, ~D3, ~D5 and ~D7 to pre-charged firing cells 120 in each of
the fire groups 1702a-1702f. In one embodiment, data lines 208a, 208c, 208e
and 208g are not routed the entire length of ink feed slots 1704, 1706 and 1708.

Instead, each of the data lines 208a, 208¢c, 208e and 208g is routed to its
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second part of fire group 1702c between ink feed sl ot
1708 and printhead die side 1900b. The address
w@eosned4ss 1902 supplies address signals ~Al, PERPS2005/011399
...~A7 to three fire groups 1702a-1702c and address
| at ch 1904 supplies Iatched1?$dress signals ~Bl1 , ~B2,
.~B7 to three fire groups 02d-1702f. In the
exanple enbodlnent the seven address lines

1908 are routed al o printhead die side 1900c
r“Z‘tSIE?eE) \f I'\%rpéedr%n @tbmpgnacémamd alohgdtie dide ofi plinthead

d'%i%d"%e?%@ﬁtﬁﬁ pBEROF Ty e iRyt 17034 02s nhta tines
205t am@20Bnlaré e&zd:tmdaﬂyz:ohis%ld’@mld b@ﬂ@&ad’aﬁ?d@?eﬁrﬁmc of
o3 B30 P00 PR S 62 Ul B lscicaly ovpled o

balcesad bRl sadéqggb@ FiftHe: d firing cells 120
in lf§|re grdou s 170 OWpI?OZl?%a(ﬁgq:ggg first part of fire

gr oupateripes, 208ke 2§§d eR08fanch20Btdtl mated betseen mk feed slots

R OB PR b B TR Rl Yot 1Yo B0 Bipkeabiate Sae foop.

qughlgit theathtdilines lzdleb 12@&bt20dﬁ1* and m&%uﬁﬂﬁﬁtﬁgéd lﬁﬁ%ed slots
a e also routed al o rinthead die sid
17@0@# %238% %J@éwqaﬂk cpdRlgddp @treﬂp%ezg%ﬂnr;g Cﬂtﬂwb%(dlrdﬂoer fire
arLEE 1709851 702b, STl chid 17U G 8o} bR g fed 2588, 2660,
ZQEéBNQé?Oahmm@isUeme:ﬂmka@@d alodl 1708 &ind Thvintlastst ldi%SSId?] 1900b
910a t engt
is sl ceiiplae R S AsSe 0 BEnS R 128 Er s gtsaimai T 02
arff 1 703fe DhidilineSiods lé%@ﬁn@éﬂ' éﬁ fd"{?re%ﬂ“éﬁ% q%gg biis 120

the I engths of ink feed slots 04, 1706 an
in detafine gmuWDaaﬁﬁﬂézvtmsupplyedaia sigred ~D2: i Patadizie 30&12@;

o1k G589 P4 BlrabuiFr AR 1005 R e oS8 Mo
to augpROBgazignal edlide dDhet WREPO SIS @Iém&féll?ldbu@leﬂﬁol&@%arged
and i nk feed slgt 1704 and between ink feed slots 1706

f"@ﬂocei'?dg irgata dpe gRRURIBE At 177840 2pRlY datgsignaladtmnd data
hnf%ﬁﬂ%k@?ﬁl@#g%ﬂ;ﬁ% egc% #d: fﬂﬁ'arggg Ji?lingg:eﬁg q%@ lﬁ'?%té m(e group

D§ bt 1 g tebupply 2i@ta algnmb~IDBr a k@“dﬂtﬂdlnﬁmbgﬁ%dm and
ch of t data, lines 08e and 2
2080 HBoBveciia Sl -DEeaDa) SP6 A EDE BBl Be data signals

~ [ fibpi
T S841 4% Ml pl e O SRRl DR G5 AL

grww 70221708k Insong e@bpdmemtyﬂmdwdmﬁ&qebezeadxm and
20f8hré B i{mt%gjtég errd A3t bk HE84RoR 1204, 475 &Sa 1708,

Instead each of the data lines 208b, 208d, 208f and 208h is routed to its
respective data line group from a bond pad iocated along the side of printhead
die 1900 nearest the data line group in fire groups 1702a-1702f. Data line 208b
and 208d are electrically coupled to a bond pad along side 1900c of printhead
die 1900, and data lines 208f and 208h are electrically coupled to a bond pad
along side 1900d of printhead die 1900.

The conductive fire lines 214a-214f are located along ink feed slots 1704,
1706 and 1708 to supply energy signals FIRE1, FIRE2 ... FIRES to fire groups
1702a-1702f, respectively. The fire lines 214a-214f supply energy to firing
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line 208c is electrically coupled to pre-charged
firing cells 120 in data line group D3 at 1714 to
waeupphiys4dat a signal ~D3. Data |ine 208e is el etT/USENS/§11399
coupled to pre-charged firing cells 120 in data line
group D5 at 1718 to supply QQIa signal ~D5, and data
line 208g is electrically coupled to pre-charged
firing cells 120 in data line group D7 at 1722 to
supply data signal ~D7. The data |lines 208a, 208c,
regigius addn 2oBgueing:PreeChriogd diriggaelis 180 to heas and@ectriok from

~ ' o~ ~ ~ nd ~D7 . .
drop GeRRE SR Y TR 68K frou Son A, B5Fe ST 68'in a fire
grgupUFe2a-1rD21f e Zbrrespondiag €ind lide Pedh.2 G idcbmitRfed to

2fOSa 208ﬁ, 208e and 508% are . not_routed the entire
unifegsURPlY RREFYQ eachikmgrgaistarfisindhe firg ggoun 4€02ard 702f.

eac rErQ:fr?g Raridfdrtid ﬂh@_‘-’rﬁaﬁm peH&Gt d?ffé?@n?s?gx n?gzﬁ%% lg'%sipated

rout ed I tsrespective 't ne group
thisaghl aryaivmedfidngrapistoes 54 theord optherfireandups 470280702f. The

g8 EMon 3 or AL ol i i 56 5851 321 o Prearopy

17026pP] BRftae dhip arindlediriah 98sistir &2 ié 2feegiebd uhaehpadirst firing
die 1900, and data |ines 208e and 208f are

regiptar 134 isdhe §iring upsisier £2 neasesidhp hondl ratyreseiking tecenerty
O] dgthes 19 ta ] |
SRR F e 1 RIReRE T VB 48Ry PR B i e s

firmgcdtebistoveihot ankird grdips! 202al TR farsdalpfining fesdetod 82 # aleow
900b. Each of the dat Iings .208&), 208d, zogf and ..
SUDGERHR BlR BRETACHe drRYOHK CPRIERULPRR 10 8RRygy Aialop inglude fire

lin_%'vﬁ?%ﬁ, ig??iu'ﬂ 16O WHtB drricRaiRhRKRESS 8R4 tHd E?ng% 6ftHeSiird e 214a-
In four fire groups 1702a, 17/02b, 1702 nd 1/02e.

21d4c knefgyt variatims dofi ifle tHpércend s pidtecdadd 20@rgy variations

d b ink feed sl : d pri d di
ur 0 et FeVe pBte PR 3 5% stftls gt koinliFGeq ©
firime Q@dggS%?ZQaLWGZMnHiﬂré liE8 PARalR aramid bwafong ink

Data |ine is electrically coupled to pre-charge
feed siatg 1¢0#1 $70@end 1 788ta achirved ﬁwgatdz eperayvariation. The pre-
crRIGR HRG5RIS 18072 I8 orolH F7024T7 8208 Boftsong Bpbdsing
sidgopabdihkafeet &ldt 1794s UBp6 Yrdd08. dngteal of BavinDadibprierctarged

firpgl GelS 15D 1 i Growb 1 Do D 2B6IGH P Ais tergiic) Oagside of
i ~ , d i _ . p .

arpip1Bed Sidt 170471 706 Br 708, e chaRySF fing Bchs 190 PpgFe

gratip 1792at 17 621 ppd {ocaéechaingriwlf ofiBe langth @deach ofiéye opposing

sidgsiot angiiisan et TR 2008 T RE Bl e apRoppaing
fir?rﬁ?ge%ﬂ?lg:@&ﬁig rédiceintaaathbilendgte ofeln ink 368 b1t 8704, PF06 or
1708 from one end of the ink feed slot 1704, 1706 and 1708, as compared to
the entire length of an ink feed slot 1704, 1706 and 1708. Each of the fire lines
214a-214f are disposed on both sides of an ink feed slot 1704, 1706 or 1708
and electrically coupled at one end of the ink feed slot 1704, 1706 or 1708 to
form a substantially U-shaped fire line 214a-214f. The substantially U-shaped
fire lines 214a-214f are effectively half the length of a fire line that extends the
entire length of an ink feed slot 1704, 1706 and 1708. The table below

compares energy variation for substantially U-shaped fire lines 214a-214f with
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groups 1702a-1702f.

I n one enbodi nent,

208b, 208d, 208f and 208h are not

WO eovgtibs46f

the data |ines

routed the entire

ink feed slots 1704, 1706 and 1708.p¢Esmasi(11399

each of the data |ines 208b, 208d, 208f and 208h is

routed to its respective daq%
pad | ocated along the side o

near est the data |line group in fire groups

th%m a-

17

anOir,!% dPQiot 3764 IpF

ectrically

cou

R

prlnthead d|e 1900 The conductive fire |ines

21 A~

1-Af

arn |l arnatad al nna 1 nk

sl ots

1704, 1

line group froma bond
printhead die 1900

Data |ine 208b and 208d are electrically

\near E? lipass ihptiadiralliong tatdun the @otivs lepgtmobhesa side of
qgogOSf and 208h are
o a bond pad al ong side 190Qd of

06

L 1T

AT T T O

Ray 1 7ddre 9" %o pl ;F‘B*ner gy Giiqynal o Perwidth FMetal | % evar
FI RE6 |t re grg 702 02f, respectl &)
fire | |ﬁg;b214a 2%@ riumnl vdténer y to firi X@? Si 541 rs

A 52 i n |Sulhiantially |[@50uchar dé8ufri ri|MP00INk S | BBOnHD hEal %
and ej q%t |nk frqm drop generatoris 60. To{uniformy
ej ect each dropjgeneratdr 60 in a fire grpup

B 1702a- Lﬂ&-;rf [he TreSPanglng 117200 e | SB0ART 1T 55%;
configured to unifformy supply energy to each firi ng

C resist|/ddng® i n t H2H0une gddGpML 7024200102 . 1E|46ng1y 36%
vari atli on is the [maxi nrum percent \di fferendz B‘&% er
di ssi pated through any two firing resisto i pne

D of the [fihéar 97 oUNS5b(RRa] 6156m _ NerJ00aReS BERRARENT | P1%
power lis found in the fi *gt firing resistor 52 of

Efire gldgari702a-|B7dem ab38auy a [st57§0eni i 1dGnm | 11%
resi stijor 52 is energi zed; where tijhe first f'r{n
resistijor 52 is the firing resistar 52 nearé%’f l}uﬁg bond
pad receiving the energy signal FIREL , FIREZ ...

FIRE6. The | owest anount of power is found in the | ast

fir
arqurd fife BRS o fidih

ons

$3sul{§ouﬁ 4 &

lf?:\rb?e

Asgsfrow iy the tgbleptisingrg W%,eajrftﬁé ,srqwmwahihggﬁrrwsflra| line,

EREIoY Afftion (11

y varla Ion I nc

peroemﬂe vwrsmsr52 pemend). IThmemngyh/,anaBbaldlftdnenw Esimproved Slightly

byétpcr%gs

Ho‘(/@v'e@tt]h

sui tab

| 1704
argnient dfe
gr oupels(BReanticfyiu-

an i nk feed slot 17

f I 214 2 14f
ing s, dHeliss I GIoRT Bries tede
BEhetgy LArigtbrPR GfMin sﬁﬁ&ﬁle%? Ther

e energy vari ati ons.

706

fe Mgt

nd. 1708 t
Bt i1<geas

Fire

variations
QH?PE Iﬂ{g/remstance

grou pseé@glzez\ébgg%) ercent).
Alternitivelye 1o redbicetthgssrrgy varatidraiod! bpercainbira linkaf firedyroup

| nst ead

achi eve a suitable energy
‘ring cells 120 in a fire

O@édom@tm@s AP IIRPS 'elé]:tﬁééil?%o%bled to

1706 or 1708. avi n

prerchatsied firtgr erlls 130 dingosed plongamchrofihe ioppogingusides of ink
feck’ Q88 17021190 1765 ERRL Tifie'ARALE Moty TP to each of

the pre-charged firing cells 120 in FG1 at 1702a. The fire line 214a is disposed

along each of the opposing sides of ink feed slot 1704 and extends from one
end of ink feed slot 1704 to half the length of ink feed slot 1704 in the y-
direction. The fire line 214a supplies energy signal FIRE1 and energy pulses to
FG1 at 1702a.
Fire line 214b is electrically coupled to each of the pre-charged firing cells

120 in FG2 at 1702b. The fire line 214b is disposed along each of the opposing

sides of ink feed slot 1706 and extends from one end of ink feed slot 1706 to




10

15

20

25

30

an ink feed slot 1704, 1706 or 1708, the pre-charged
firing cells 120 in a fire group 1702a-1702f are
wo owatiesdsal ong hal f of the length of each of tPeT/US2005/011399
opposi ng sides of an ink feed slot 1704, 1706 or 1708.
The I ength of the correspong%pg fire line 214a-214f is
reduced to half the length of an ink feed slot 1704,
1706 or 1708 fromone end of the ink feed slot 1704,
1706 and 1708, as conpared to the entire length of an
haffriie flergthf 1k fepd SlotI 7S arthe y7dissctioac Thst fireHines 214b

supbliés et gl FiBEA 4l %@%@@E@%tf@ﬁ(??@iﬂ%@gub?id

i, il s nbeslsbots bt S8 ca kg ity o
1200p &G 8t 17028 B st ling 238S s disBosad:aloppsack @ the opposing
sxc%csf&%k‘f'%déslgﬁbﬁ)éé Bﬁd'e@&%{& ﬁ’(f)mao ér?% F R f&?é‘ﬁf%wos to

ext end an 1 n
haiftbe length Of ik feedélmtaﬂ% lbethew-d:t&qbianeér Imferegme 214c

f b U-sh '
sufBlieSHEgharBY <ted FIRED Anglendr By BURRs e PGl TTaze 1 o
I | N@Sret It 2 74thistdlecteiBally @ouﬁ@aw efQth @nmesgn%ecwérgéa fmﬁb cells
feed slot 1704, 1706 and shown in the

1204 rF@Aaat i1 fe2d. fhe dirgjfine B 14 tis dishesed aiorig each ofitbe Opposmg

SOl FodPBE 76 Sl citdndsptihchd hdol Al38Ea I 5704 to

unsui e energy varil 1 on ercen
hajfehe daasngth of rek feedrijyt Vi iatthey-dirddtiene mde fire line ded

suppligR e Ty B E IR A Nasay PolEsan Pahat SRRy
var isgld 1pe 2 Sl éléctﬁeéw ESRdI8d $& &all b?ﬁﬂat preErsged biring cells

percent). Alternatively, to reduce the energy
1204n R85 ah1?©2@,1Tbe fice tine 2A4e i$ dispased atanggeaaipof the opposing

i @RIl #ot B7faBeiiete FoRdtiSAAEsLnkdesp slot 1706 o

hatfltRé tendthldf Ynicleer| tet 17060hehe Yadigsdiohi mm:@qid@ﬂ@
di sposed al ong_each of the opposing sides of ink f

suppligs; thereergy piomal FiRE7 emd @qe@y Puksesie £35 at 1702."

cer FALTE) 2 YIRURFA SPElo LA e RhaRefdd oo
120 ia G dt ATO2Y Hecfireding Dbifdp dizposgd siateseadh ofthefammbsing
sicieaca 7l g P10t LE0F BHgaeTas R akond of I 7ged TPt Q8 to
haﬁﬁﬂﬁéﬁﬁ@% ineelidl 170"3%2(&%? &M.bheﬁr@m@%esz M 3upplies

energy pulses to 702a. Fire line
the eabrgyssighaldtiRESahnd energyl mdsesntOeEGB aif170aé

Pl b6 Bidtees iy dhlfhe A8l Buo TR Pheslffupfs denetators
and/or an address latch on the printhead die, the address signals may be
provided from an external source as well. Where the address signals are
provided from an external source, address generators and/or address latches
need not be provided on the printhead die. In this case, the layouts described
in Figures 21 through 24 may be exactly the same.

Referring to Figures 25A and 25B, diagrams illustrating contact areas
2000 of a flex circuit 2002 that may be utilized o couple external circuitry to a
printhead die 40 are illustrated. The contact areas 2000 are electrically coupled
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sides of ink feed slot 1706 and extends from one end
of ink feed slot 1706 tohalf the Iength of ink feed
WG@b@s/145486 in the y-direction. The fire |ine 28dbUS2005/011399
suppl i es energy signal FIRE2 and energy pulses to F&
at 1702b. Fire line 214c is1§}ectrically coupled to
each of the pre-charged firing cells 120 in FG3 at
1702c. The fire line 214c is disposed al ong each of
.the 05| sides of ink feed slot 1708 and extends
viq PR UH eeting 20D o Fertacis 2008 whish proNisle caupding do g
pﬁ%héé&-%ﬁed slot 1708 in the y-direction. The fire
l'1Tne 214c supplies the energy signal FIRE3 and energy

pul femalie iF€Bontact af2s EFiHEals cehiglfsh toSre%leﬁ/étéﬁaQﬁé %Egnals
cou t 0, eac re-charged firing cells 120

froﬁéﬁga‘?"qﬁf‘@éﬁ"ur’?ﬁ@'ﬁ fPePfBV'H@ the siable Ygapssed. splesysignals
SHacBFb, ‘E)F@:lﬁ%’é@igﬂglsspﬂﬁ IﬂlfQEBngn{i ﬁféj&éggﬂ %16%“ %%ever,

extends from one énd of Ink feed s
it ghondd e srotechthat dhel relatinnstino betwedrhtheylingdisrdestciibed wiilherespect

to F r%rﬁa%/ '42% [aég ?%f égﬁltf&?e %@t %%ngq%rsr O%ﬁgg@m@ Eé one gclo one,
e.¢|sigrialiRREY Yieed ylt 8@ grovigad fat ebnidee aRa‘a?E@h@!(l&ﬁQt sl leb0fed is

cells 120 in FG at 1702e. The fire line
thafiappseriiptsIssirrtdnes apd nreehaygpdiseagre musledftmtm appeapriate

b extends fromone end of ink feed slot
en%%%cc%rﬁgﬁ?rgg?he length of ink feed slot 1706 in the

y d |Daéatl|ne rcontéot aféaseDH D& aBd denfigurpll ite seddiee SigBBBYWhich
" % E Rﬁ and eneé%y ulses to FGb at 1702e. Fire
prvics PET AataTeRreRaratg 9 WL BRIt be PERied #1d tonrrovide data

sng@faﬁs 9‘1 ang ?é*srféd’u\/@lg ﬁﬁiHeSné@Qida‘i‘ dﬁ?ﬂrﬁt %I%Zl?%f e gpgg?a line

fire line i s di sposed al ong eac poSi Ng
greyipsel 1d98.i El{efh@@ccosutaat atgag F A+t exfiqudad to mneaxr&aenesmjy

f 0 f_the.l t h_of
puffes,dHi o3 Rerthe o Be3ls 198 fird s Fifer-Elep 15 he
apprugplate $ird Hroupeeqy fiss gftﬁlpsFQ@EﬁZ@QldarQﬁWMa ARb3ESGEdund

FG at 1702f. Wiile Fi gures 1 through 24 depict

ling £0ptACS areas CBHoRDSRIELNT '@éf@r prayide aretuet pa f@d@tg@@és that

aré %H@ucfﬁgd I’p&eche rflhﬂé W?grgtnoﬁa’ ‘Frg(r)vt ?';%ef?r%gjr%ﬁ? s g\h rgﬁés BB2a-

202ﬁdr fresgreupadl782a+riy 02f o Ciodrd! $ignal eontasttarendl isscunfigared to
address erat iﬁﬁ'f ﬁ%/ggr addr ess | at c\h S need not _ be

rt‘Ff%!‘ ptegnal oneration of heginthead die, e.g.
thé@Wﬂ@s ribed in Figures 2 1 through 24 may be
exactly the same. Referring to Figures 25A and 25B,

di ageameraturesense mtgstoo noafact aresaESRGDIDWSTa armieemoupled to
angﬁl% Eeg'cgnwgg% té‘ a el"l‘r}ﬁ' r%tp'eratﬁFedJ t?\ecporfjrﬁheade é E)ased upon
a measurement of the resistor. A temperature sense resistor return contact
area TSR-RT provides a return path for signals provided at temperature sense
resistor contact area TSR. One approach to utilize a temperature sense resistor
is described in co-owned patent application serial no.

An identification bit contact area ID is coupled to identification circuitry on
printhead die that allows a printer to determine the operating parameters of the
printhead die and print cartridge.

In one embodiment, an electrical path between contact areas 2000 and

the pre-charged firing cells 120 comprises conductive paths 2004, contacts
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printhead die 40 are illustrated. The contact areas
2000 are electrically coupl edvia conductive paths 2004
WO eoosanmi4act s 2006 whi ch provi de coupling to theCT/US2005/011399
printhead die. Enable |line contact areas EO-E6 are
configured to receive enabl :i a[s)i gnal s from an external
source and to provide the e %1 l e signals, e.g. select
signals SEL1-SEL6, precharge signals PREl-PRE6, and
t he LATCH signal. However, it should be noted that the
2008, and dhe mpprapsiaie signahlings, weg dida dined208ai208h; pspebarge

. [ 4- r24 the cont act area 0- E
ink8 270868 5 S6iBefes 71252 P2 o B ke, R B e tha
prev-oivargedinals 102t 210f HESIEE lindk! 2120282 12f5ma P BRI dotfiddto
that appropriate select |ines and precharge |lines are
enabiglingicelachareasdi&pbi at e enabl e contact areas. Data
lin - e ' . '
51 guafRad ok iedhafin craffo BBl e fichifiag 1gyes
disqusged m_@reile areiahbeﬁbam gpp_rqgaimfnte(djbezidmaw whileltse [iw MBltage
respectively, to the individual dat i roups, e.d.
ot BREHRES PBIRIE ot S8, BRONAT R RE ARV L0 areadthat o
enfiSBHin@tS phalyQUSeEdifbieht SBRAGH I&féhssﬁm%natﬁg_drgvieuaylo‘%gc%@d
energy signals along fire Tines Firel-Fire6 to the
levgdpropriate fire groups, e.g. fire groups 202a-202f

and 317 i ontact . areas, GD1-CGD6.ar ‘

confYVERl SERE o oM e Rl RepE 8RS 97 AssCut
he¢@iﬁ,dl!Wiﬁde@pﬂr@@afédﬂb%o@@?df%wihagf siamrt ipe drt freat a variety of

groups, e.g. fire groups 202a- 202f or fire groups .
altfmﬁ-@Wf@th{??fdm@ﬁ*@ﬁ&tat'@ﬁﬁmﬂ ba suhsiituteg for the specific

. r . o

erf RS S EREKErDRT WL [1BhefilD ity o ledlFof the
pr&fiiineengival. . THie mpplicationds seiraded és covar arpoad aatatiamear

TSR al | a printer goupled.to an ink .jet. cartridge
vafigliot of fe-sb e icnpbpdRiES Siscnaee hefhe daorrare. iS e
intéPEBd I FBARUKGERIEN Bé liFMed'RH By He clhirhS BREMAS Eolivalents

sense resistor return contact” area TSR-RT provi des a
therstofir n path for signals provided at tenperature sense

resi stor contact area TSR One approach to utilize a

tenperature sense resistor is described in co-owned

pat ayhatiRClafagd @ serial no. An identification bit

contact area IDis coupled to identification circuitry

on printhead die that allows a printer to determ ne

t he operating paranmeters of the printhead die and

print cartridge.



In one enbodi nent, an electrical path between contact
areas 2000 and the pre-charged firing cells 120
W@ owpnoEes conducti ve pat hs 2004, cont act s2006PCEOS20051€11399
appropriate signal lines, e.g. data |ines 208a-208h,
pre-charge |ines 210a-210f, select |ines 212a-212f, or
ground lines. It should be Aé¥ ed t hat pre-charge |ines
210a- 210f and sel ect |ines 212a-212f may be coupled to
enable |ine contact areas EO-E6. It shoul d be noted
that in certain enbodinents the high voltage | evels
di scussed herein are at or qﬁ%ﬁ approximately 4.0
volts, while the |OMIVO|t£ag\ el s di scussed herein
are at or bel ow approximately 1.0 volts. O her
enbodi ments may use different voltage |levels than the
1.pr evh HU sieaiiit devied compsising: Al t hough speci fi c

enmbagd: : il t .ed and descrjbed . .

nor o MR k8888 o conb{EHEY <PRtueSigRalsamasiys eneray
puddad;] in the art that a variety of alternate and/or

equi val ent | npl enent ati ons may be substituted for the

sped ??‘@%Aﬂgﬂlr\‘?@ﬂ@@% ENRORAIF Gesraonbgernearyy Rigmal comprising
erié@§?pliseg; from the scope of the present invention.

Thi's application is intended to cover any adaptations

or \afilshatldressafenenatos penfigured dolpoaliide fitst adidsessssighals:

her gj T ore, it is intended that. fhis invention
e Sl ATHESE gebhitr coMBUisita R vida senardhadsress
sigrizgg:eof . Wiat is Cainmed is:CLAIMS 1. A fluid ejection
device conprising: a first fire line adapted to
condiigtdrapigeneraterreelgpiricalin spuplediipitis fitt dire figg and

: . . duct

coBHTESI oRSSERRDI, i et RS, LR AiFeh SPH

adaldesesigngenanat or configured to provide first address
signal s; gésecond addr%ss Fgalenerator configured to

pr oveARNE &Ko geaattdsLlestraliscoynied fo Henrpopaddiatipesnd
coti§Grdd t%%%%foﬁc? W{h%dsédbn‘d%é‘rw ?@n“a! foeejkabf‘ﬁlié"ﬂ)%seg on the

configured to respond to the t energy signa
seeperd adtiregsdsippaled on the first address signals; and

2. The fluid ejection device of claim 1, wherein the first address signals are
valid while the second address signals are invalid and the second address
signals are valid while the first address signals are invalid.

3. The fluid ejection device of claim 1, wherein the first address generator is
disposed on a first half portion of the fluid ejection device and the second
address generator is disposed on a second half portion of the fluid ejection
device, and wherein the first drop generators are disposed on the first half
portion and the second drop generators are disposed on the second half

portion.

4, The fluid ejection device of claim 1, wherein the first address generator is
disposed at one end of the fluid ejection device and the second address
generator is disposed at the other end of the fluid ejection device.



second drop generators electrically coupled to the
second fire line and configured to respond to the
W@ ewenas4eher gy signal to eject fluid based on peEUS2005/011399

second address signals. 2 . The fluid ejection device

of claiml1, wherein the fir &)address signals are

valid while the second address signals are invalid and
the second address signals are valid while the first
address signals are invalid. 3. The fluid ejection

device of claiml, wherein the first address generator

IS e . O I kSt f portion aof rthe fluid .
5o e P aeiftheR gt el Gl Tohifii Ble fisfaratdss geperator s
dighospdde dnercoaneesithd findl &jepdoh devicefaridtheldedbld address

ej ection device, and wherein the first drop generators

geneeatgr isfisResashinanother earnanek thediuid sigctien demisesecond
drop generators are di sposed on the second hal f
portion. 4. The fluid ejection device of claima1,

6. wherldierfluith ejefation tdenibdy efsdaige hecanprising: di sposed at one

end .the fluid ejection device and the second - .

Ao s bnd eblelta Gifsliela e Rietinoa seranrising.
enkldyl puiskgction device.5 . The fluid ejection device of

claim1, wherein the first address generator is

di spdeuthifiie fine agdaptast tooonduiet aifoirth epergyi signaleonapyising

econd address generator is disposed in
en%%’té@rge%’or ner of the fluid ejection device. 6. The

f | uitisirce eyt gemerdiors efedtficallyadoupled otfierthisd figs lige Bhir d
fire line adapted to conduct a third energy. signal i
copigheddergs theuhisd eneggy gnakorgjeet flti'% bager pndae first

ad{jﬂ?é‘sog;gHg,E- gndourth energy signal conprising energy
pul'ses} third drop generators electrically coupled to

t he founith drdp gendratars etetticallyi apupdat! toothedoprdi dire 6ne had

third ener signal to eject fluid base n,the fir
cobfiueg 35 3pTd & e ohufisFar singLRag il baSed bhihe
seBbR§ bbibfeds! Sigkgypled to the fourth fire line and

configured to respond to the fourth energy signal to

ej ect fluid based on the second address signals. 7 .

The {1 ud i ect| Vi . cl al m: ' .
7. {1 r e BEiahaRyIR b ath sbALE et 8h shiRg orop
geheratbraalef disppsdeddon adirst hdlbpsioandnaitite $ecorichand gurth drop

generators are disposed on a second half portion.

8. The fluid ejection device of claim 1, comprising:

a fluid feed source having a length, wherein each of the first drop
generators is fluidically coupled to the fluid feed source; and

address lines adapted to conduct the first address signals, wherein the
- first drop generators are configured to respond based on the first address
signals provided by the first address lines, wherein the first fire line and the
address lines are disposed as non-overlapping metal lines along a portion of the
length of the fluid feed source.



generators are di sposed on a second half portion. 8.
The fluid ejection device of claiml, conprising: a
wo basdofseed source having a | ength, wherei n eaptm/of2005re11399
first drop generators is fluidically coupled to the
fluid feed source; and addrgess |ines adapted to
conduct the first address signals, wherein the first
drop generators are configured to respond based on the
firgl ﬁﬁﬁress signals provided by the first address
9.1 i nddre e eiatiop rievicer aftclaim ¢, sorpriging a fiuid ferit sewrce,

B RS oB R BITan T B S: FR Faorid}Fdo
gesetatars. i9 fluktieallyl adupley ectheduidiéadcsourtec! ai m 1,

conprising a fluid feed source, wherein each of the
first drop generators and each of the second drop

109enaTifRig ejeptibh Weiiceabf! dair DY Pfpiiding Bl Wl §6e,
source. 10. The fluid ejection device of claim]l,
whesriprihe ifinef diop igeneratersiarediispesedwie opposing sidas aft the o

oSSR A ABRR R AP AT G5Bl o e
fluid feledisoakdey, teiuthbadcbad dhep HeHerkhtbeestetspicsed @dppbéing
second drop generators are di sposed on opposing sides

sidep qitiae fllig igepsauren and eagh @f di seeand drepaanaatons isp
ﬂu%éﬁlgg:‘o%ﬁed@thlaﬂuﬁlﬁ %@d!é’o&@é‘.pl ed to the fluid feed

sour he f ej ectron device of claim1l,
conprising a first fluid feed source and a second
rce, wherein each of .the f

fluid f 1 ' ,
11 gend MBS STeCPh eyl GAED i rang Adtref il T surce
anfi2Se M fd 368t §8GleeOvhERSN SBERRA tKE Akt BRSLHASTorsSs
fluidically coupled to the second fluid feed source.

fluiﬂiqa_lWW@Uleﬂ_ to tbpdiesti ford Eﬁﬁd QUIGE aﬁ‘ﬂeﬁalﬂh;]_qf the @gpp@d ﬁggp
ool Bt O RGN et e o2,

signal conprising energy pulses; a fourth fire line
adapted to conduct a fourth energy . signal conprising

12enerlgp gl siection devige GG hetAPBHSNG] ectrical Iy
CONRS Aate M e LT A eont) gurer L
bas edsemontiHiid feext source; J
a third fire line adapted to conduct a third energy signal comprising
energy pulses;
a fourth fire line adapted to conduct a fourth energy signal comprising
energy pulses;
third drop generators electrically coupled to the third fire line and
configured to respond to the third energy signal to eject fluid based on the first
address signals; and
fourth drop generators electrically coupled to the fourth fire line and
configured to respond to the fourth energy signal to eject fluid based on the
second address signals, wherein each of the first and second drop generators is
fluidically coupled to the first fluid feed source and each of the third and fourth

drop generators is fluidically coupled fo the second fluid feed source.



address signals; and fourth drop generators
electrically coupled to the fourth fire line and
wa@eosilgused to respond to the fourth energy siPOEIUS1005/011399
eject fluid based on the second address signals,
wherein each of the first apd, second drop generators
is fluidically coupled to the first fluid feed source
and each of the third and fourth drop generators is
quidicaJIg coupled to the second fluid feed
135 ouremetnod of apenating & fluig eieation glexige eampdsiagt i on

devi i S DG, ' [ ignals in

t e T aTe) S} Adire2 SRS BOEl T eBRHBR3R Rt cos

si gigehsrating secdnduadtirege sighals iddkié dlaid sjectdry Hadcs;

first ener%y.si%nal coqprisin ,energ ulses on a,

fi r SeO§1VING 9 {inst Enery YN FONRisingh g éfrs&rrwsesﬁ gn & first fire line;

co Sl - i I e,

oo peeaing ORI PR SIRRI SORRARIG By phites gn 7 gecond
firphie@d on the first address signals; and responding to

sec Oop IR ERET LB oy o B B et Bl ot ey

addregy $ighalg; an@cei ving the first energy signal at each
of first drogh enerators; receiving the second energy

si griesPending secangrRNeIgY siggehts eieet Buid based o thg

Se&gﬁdfapaﬁéss -gﬁalgenerators based on the first address
srgnal’s, And> A ivating the second drop generators

based on the second address signals. 15. The nethod of

claim 13, .conprising. supplying valid first address
14gj g esmﬂhchgf{‘ﬂ%'%g%o?ﬂiﬁgﬁ%mss signals are invalid;
and rs¢dPinYtAE fiYst dridrg @ Sinel éﬁéjéi&géf %ﬂ@@psg%r%%ré;hf

first address signals are invalid. The nmet hod o

cl aireegigingdbensecend @nergat&ignalr@.mhqafﬁegnad slrop generators;
PR P TR Bohde: an
si gretigatithe second drop generators based on the second address

signals.

15.  The method of claim 13, comprising:

supplying valid first address signals while the second address signals are
invalid; and

supplying valid second address signals while the first address signals are

invalid.

16. The method of claim 13, comprising:

receiving data signals representing an image on data lines;

responding to the first energy signal to eject fluid based on the data
signals; and

responding to the second energy signal to eject fluid based on the data

signais.



respondi ng to the second energy signal to eject fluid

based on the data signals.17. The nethod of claim 16,
wok@saoiast he first and second drop generat ors BEBEUS2005/011399

divided into data |ine groups of drop generators, the

met hod conprising activati ng ghe first and second drop

generators in each of the datad 1ine groups of drop

generators based on the data signals on a

corresponding data line. 18. The nmethod of claim13,
TEonpFhemrfhad of elabnt 16 gvheneinfthe dirsteamer speovidgivab demetdters

r . W Ih an energy varjation of |ess than
3B e TP s OuRE pf e Salol, Geertpgiomeraing
activating tie frstfanell s¥icond Hro 9BREIEHRAN Hazhldind _HQ% il groups of

first energy signal to the drop generators with an
droR&Isy\eraters E?? opfthe gatapsignalistan a svsrsepording alaja tine

of the first drop generators. 20. A fluid ejection

devi ce conprising: a first source of first address

1&i gnBie methee ob ol dd; cemplismecdisuibatiey &ss fisst @Ratdy signal to
thf I&{ﬁSt addr ess |Iﬂ['1€S confi gur,ed t o_ conduct tohe first
SAIPRIENEIYRL With ap LI Haralan of Igss thath29 Yubetween any two

onﬁ@@pgtder@eﬁ@%}Bg_addr ess signals; first resistors
el ectricall'y coupled to the first address lines, the

first resistors configured to cause fluid to be

je first .address, sj.gnals; and secaqnd
1] eohal AR of Bl Ch B PR Bl R o
theidnes gehbeatbis with basrrgy Faatidn el 1 0%CBUE, ethv8en any
to be ejected based on the first address signals; and

wprRiitae Arstitopigegeraiat ess generator and the first
resistors are located on first portion of the fluid
ej ection device and the second address generator and

2G.he A domhejeckan device cangprisowat ed on a second portion

of the fluid ejection device. 2 1. The fluid ejection
devi%gr%ﬁolﬁcﬁ_ ¢ﬁef2‘§t, a%@?%?ﬁnﬁﬁe first address |ines
ar e glsEpaRPeolurBeVTlskcbR® alibifeds digidis;on and the second

address |ines are disposed in only the second
por tfirshaddresslines cantigwpd de iconddehthe dirstfaddrassisignals;

wher gj ' . ad i he he first fire . .
1 ne Pt RS i S Rfrod B Portes B e edril iR sanals
secdirst rdtbtesselettiesallacsligiae ¢ grofirdt dd@stilines athe first
dj sposed _in only the second portion. i
resistors configured to’cause fluid to be ejected based on the first address
signals; and
second resistors electrically coupled to the second address lines, the first
resistors configured to cause fluid to be ejected based on the first address
signals; and
wherein the first address generator and the first resistors are located on
first portion of the fluid ejection device and the second address generator and

the second resistors are located on a second portion of the fiuid ejection device.

21.  The fluid ejection device of claim 20, wherein the first address lines are
disposed in only the first portion and the second address lines are disposed in
only the second portion.



23. The fluid ejection device of claim2 1,

conprising: a fluid feed source having a | ength,
wok@saosast he first fire line and the first addPe€EES2005/011399

| i nes are di sposed as non-overl apping netal |ines

along a portion of the length of the fluid feed
sour ce.

22.  The fluid ejection device of claim 21, wherein the first address lines and
the first fire line are disposed in only the first portion and the second address
lines and the second fire line are disposed in only the second portion.

23.  The fluid ejection device of claim 21, comprising:

a fluid feed source having a length, wherein the first fire line and the first
address lines are disposed as non-overlapping metal lines along a portion of the
fength of the fluid feed source.



