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FLU D EJECTI ON DEVI CE Cross-Reference To Rel ated

Applications This application is related to Patent
wappisilosdsson Serial No. [Not Yet Assigned], AtPOTASY05/011729

Docket No. 200210152-1 , entitled "Fluid E ection

Device," Patent Application Serial No. [Not Yet

Assi gned], Attorney Docket No. 2002091688-1 , entitled

"Fluid Ejection Device," Patent Application Serial No.

[ Not Yet Assigned], No. 20031 1485-1 , entitled

"Device Wth Gates Configured In Loop Structures,"”

Pat ent Application Serial No. [Not Yet Assigned], No.

200209559-1, entitled "Fluid Ejection Device," and

Pat ent Application Serial No. [Not Yet Assigned],

Attorney Docket No. 200209237-1 , entitled "Fluid

Ej ection Device Wth Identification Cells," each of

whi ch are assigned to the Assignee of this application

and are filed on even date herewith, and each of which

is fully incorpora r 1 f fully set

forth herein. Backﬁiﬂ%‘ziﬁaﬁﬁﬂgﬁE@f@%i ng system as
one enbodi nent of a fluid ejection system nmay include
a printhead, an ink supply that provides liquid ink to

t he pri nt head CrasstReferenee fTodRelaterbAppliddtionst hat
' trols th i nt.h qoJ inth .
cemboiranergrta G e ERH ARfaton 33u8(No; et ve
Agkignad], Attongy BoketNb.i 2002001621 1, icp@ile @ FFIDREE]eRSon Dice,”
ink is projected toward a print nmedium such as a
Pgwé\éﬁp@ﬁcqilmwﬂald\l@rlm Ygh Asgiggedb Aittornel Deckeit No.
i T. les.: D Vs A D,
205205880 1 rfiEd G ERcib ilcd REIAARhIIG $efli o
[Notk dt Amsigrieel] 9 22603 1C1d85ek erftiledCDevise Wit Gtes iOvrgigared In

to i nt n.the prjnt _nmedjum as the printhead and
Lo S SR ettt Arp Batieh SPaRktipyBiat y & ABsidRarorien o
_ 1 | 1) -
2006 1841 D Eleoh o415 54 SRSl Sl No
[Noiet Assignedd, Atfornak Davket BNd. 2O0RAHGRIT- 1 atnitiledc Fréiuid &jsction

The i [ ated wi th,smal |l el ectric heaters, , such.as
DEVER it IderlERaFEh LeliSs BRRht fstiibie apidied f g Kobiditee of
thrsegp@tc@ﬁ@n arlgadre fled 68 evBK deddiABReWiIle dnbkedch oRRRIER IS Tully
~and be ejected through the nozzl es._'i'o ej ect one drop
ingprponatedinereterepce @siltfuby set tarihdrereitat control s 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 controls the printhead. The printhead, as one
embodiment of a fluid ejection device, gjects 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

woaorsaspendi ng sel ected vapori zati on chanber aRdTAESE®E/011729
the ink through a correspondi ng nozzle. Known drop
generators include a firing 2esistor, a correspondi ng
vapori zation chanber, and a correspondi ng nozzle. As
inkjet prlntheads have evol ved, the nunber of drop

en
grl ﬁ sgclagh and/ ﬁ&?mtﬁg%ﬁ% | n?jreritlfs?eeél nfe%%s ink drops
thmuyjmemozn‘lesjby) pargdiyeheﬂtmgsm@lr vqﬂurgretshsfadk Im;cercemamxdlzatlon
|n a co i ncrease in the nupber o
rﬁed‘I &l hegteﬂrwm AR elpdric Heatrss giud %@ﬂm film
rebi@.?dr@ FeRGrdiIESrel ad fifihd edigtdisSt &St {heol'ﬁﬁ da¥|€§s fe ink to

printhead, each firing resistor is cou

ve@@rlzemm aigciethiiroyghtheonerzies. de povver to energl ze

becobEIaeRhER RS e Rl RosRSler ol SPat SR Er

printissfRaetvatds ansksdtacalGurng ﬂo&eﬁfp”owé?rs%ppﬁ/feﬂémdl e
IS S|qg_1.n| ficantly increased in another ty

pristherdchedbeieatnienl sument israssed throughea ﬁ@%@ted #ring resistor to
he2lt 2Ye lnpé)é&’r%&?brﬂ rl}%gél%bfégl \Farp%réé%ﬁ cth‘B@? and eject the ink

prim resi st

thmgugh & berrpepmdlhgzmdzalad Kﬁmvrddmmgemratrﬁs mtlnhld@fa fmmg
correspondi n fleld effect transistor, (FET). The gate

re8tasa 8 FOPEPPER diggyapRIERNRN Fharpgeh asy % soae%cgwaa Bpyzle.
energl Iﬁﬂ(@ét r%‘i’éﬁé&t\é\@é\/dlm thé neHet bf @Yﬁhﬁél@t&s ina

pr|n1t urers contlnue reduci n e nunb
profthéaghbas MGaaedjtq lmnreae prigtingnepeedraad/wfg uzhhtyp The increase

thead di t head ,wi t

in R0 BRI 2t BT oBhe RIS 3or BrBindadiad ekifEa it bkohBEBRnding

m&%@ewm no@Ber of\npat padP Fédiliferrsh ‘é"ﬂrfhtﬁ@&oedi@rtgl%nerglze the
generators typically prints with higher quality and/0

ingrepmed mymkesa firmg ragibiorsd i ebes fpepkpiiitioadieeach flrmg

BRI KhBPIGR M (e SRR BR b BS b2 ok Graize

’[h@fflrldgCFESISE'ﬂe Criedinput pad ¢eo firigg nesistor bedemeistimpsactical as the
i ncrease. and thenunber of input pads decrease,

n%?'?‘?ﬁ‘?fé&lﬂ‘%%'ﬂ"%?d@ﬁ@aﬁ% beconme increasingly conpl ex.
o LRG0 P RERACTS el IR g BRERA B iBasec
arfetiger typé df printteaat ees/ing privithvedi rﬁeeinglﬁ pawer leladj p‘:rbwdes power
pr fﬁn‘gﬁgggﬁzrrp Qngldﬂiﬁwﬁ\ﬁ? E‘SI"‘CE flrln %g'lrs]“rllsl; %Sﬁéléé'nr? %e%es
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
wehoeis/iosmsene enbodi ment of a printhead die. Fi garasg05m11729

a diagramillustrating one enbodiment of a firing cell

enpl oyed in one enbodinent a&f a printhead die. Figure

5is a schematic diagramillustrating one enbodi nent

of an ink jet printhead firing cell array. Figure 6 is

a, schematic di agram one. e i : .
B AE b o ARG s PHEMGR S St CRR BRERE iRtreBsingly
cobfgram il lustrating one enmbodi ment of an ink jet

printhead firi nt%lecel | array. Figure 8 is a timng

di afpathasel and ether repaans. Bisse is Adeedriobine Riesent mfﬁﬂﬂon

of a firing cell array. Figure 9 is a diagram

illustrating one enbodi nent of an address generator in

a pri Etpead di e. Bxﬁéfgblf?crtpmnicﬁtlae Diragings) i | | ustrating

one _shift ister ce in a shift I st.e Fi qur e

L CEFIairg GRS PR RTPARRGT & AN U Iat BHNERS SuFEm

Pl Ofigtrd s is% diabldth Mistiafflg A BoribH o bAL IehbARficht bP8

of ar addr t he

- ess generator orward direction.
prlﬁir@adejléz isatim ng diagramillustrating operation
of ress ener i.n _the rev

i ofuied B2 grah Rl iayaa By p Qe HenEfrbR tocated

aldHPa infkeRREd @lotlivena dhIBsSimEmn f atppinthatidiel X f | re
groups in a printhead die.Figure 14 is a tim

0 aigueid Bussdiegtam dlustiodiag @ errmbadiErar ohaTEg &l of
IS S BRI ehtory fiMikaek Ol e; Fioure 15 7o

ustrating one enbodi nent of an

addF@ﬁﬁe@i@% s¢tmatic Hiageamdilustrating ame ermkodiment @f anpiak jet
printhead die. Figure 16 is a diagram
p”ﬂthﬁ?é’tfirﬁtg ‘F@l Y& -enbodi ment of a latch register.

CoSHRL e S RSB M oA S -
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 illusirating one embodiment of two 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
wdaizegviamss | | ustrati ng an address generator thaPCua®2005/011729

the single direction shift register cell to provide

addresses in forward and reverse directions. Figure 20

is a diagramillustrating an address generator that

uses the single direction shift register cell in one

shift regqgister.to p

o Bl iR L trt R gl WASEERTE R Rl BVt Meration of
add!ﬂe%k#%rné?étﬁﬂs Whﬁﬁﬁmélaﬁ digyout of one enbodi ment of a

print di e lgure 22 is a diagramillustrating

anoFlgere a5pa@tbl@¢k dmrwa\lﬁﬂt@tmayﬁm emboelwwérﬁf G aﬁtﬂlfﬁss
ool BBy 1Y G e

enbpjuiens isfa cﬁaglranmilhlleardtmlg enefEngbodinht bﬁa datdh aggiater.

illustrating an examnpl e t ,.of anot her enbo
of Bige v isadiaing dirgaen AUsbaireAR %m?@paraim#&ne
en{[?oldﬂﬁéfﬂaéf‘ep%t&p br areas of a flex circuit that may
zed to c Ie external circuitry to a

pri Rigwead8ds & d@gtaam iligtrating onptanoipodiment of asinglevdirgction
talledqscrlptlon reference is nmade to the
Sh‘ 6@8 g drawi ngs, which forma part hereof, and

P’Edbﬁ@ 1'951353‘&1 rah’is{ iINBYrafihg iahl Atfiresd g@ﬂeﬁmqhét gses the

ments in h the invention may be practiced.
smgha dineefianesft megmtar@@tl topvide aﬁﬁms@gyn fW@m ggd reverse
d ‘fﬂ bottom “front, ""back," "l eadi ng,
're?tll ﬁln etc., is used with reference to the

or i F@Lﬁé'ZQnS?C duﬁ%ﬁadrﬁulmtre(lﬁ? ahadu@eels:genem thBeusesthe
omponents of enbodi ments of t res i nvention can
smlgée 9&5@%%%3 register e Pn%ﬁhﬁp f@@‘ﬂ@h? BioVIdS: %‘Hf gR%es in
nol ogy is used for purposes of
forwgl? %‘%gzdrﬁtc%%n no way limting. It is to be
undﬂgilrecml isteadliagtare illustiatidg merexannple l@oudof bngeambediment

structural or |ogical changes may be nmade w t hout
of gdsuNheatydier om t he scope of the present invention. The

f ol kYWD OR P 8FhrA AR EHaBhY %otﬁé‘r%[s%fe@f@fthbsemmé Gayout of
be taken in a limting sense, and e scope of the

onprazsieedineant ef gipsintheadidiei 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
wonRs oG syst em 20 constitutes one enbodi nent POT/U82005/011729

fluid ejection systemthat includes a fluid ejection

device, such as inkjet printhead assenbly 22, and a

fluid supply assenbly, such as ink supply assembly 24.

The [ nkJ et prl nting system 20 al so includes a nounti ng

) se 26, a nmedia transport assenbly 28, and an
ba@K ed??‘é‘ﬁg tféﬁ'ﬂgolqt@r Isgigsedayith gaferensiad Oﬁbﬁﬁ.qf '%&'E/O@Qe

f
Figftefs) i PRKEbOE EREaVSR ool 6 Efibod ARRERI ©
premntnmmaabnmem ppsmanedlm adesnizr dfelifddrenterigmtatiohs dte

nt h t_hat t f k th h
diregfigfal P inglochy s e donpuliosss of TSl audmand s [y aoiay

' EnatiotiRer EmBoY
hmlﬁﬁjnHh%éggbignlagréotﬁ%@enbgdl nment Bgflmaed@%é(}%&ggltl%egnand

strugtirater. logicdahchangisumag denmade avithept dgepertmg samntthg iseope of

the far%fegtsrg gr?\}eq?ﬁ 'ogls T%ut%ﬂ?\?lﬁ]go@#%ed gﬁécdr ;ﬁlg?\c rqgéefore is not to be
takehy i & 8hlithg $&¥st, @hdIRe acepaiof tHrgettsient ention defined by
colums or arrays such that properly sequenced

the appended CMBnk from nozzl es 34 causes characters,

YL 1 ﬂiﬂg{rgfesoér%gémgbﬁ %@fof%{nl |hFE9 Eﬁnﬁﬁ’%gﬁﬁﬁm %@ed

upon®prin as 1n
Inkjanﬂnmngmystem m&ﬁstﬂmesrmee@mbed ieent ef acﬂlmhejeombh @ystem

thatgneludes f s EITheR ARy G SURBRS 1St piEad AispaioRe. Bnd a
ﬂwc'f %g;?plgtalégérﬂbhﬂ ‘é’u@ﬁ ’anlhkl bgﬁplgras%bﬁ%bb@ TREShkjaL Pnntm

i ng clear ui d eejectedfromprln
systess @0tmlgo imludemka mmmtmgaa@gerrmleQAa mecia bapapod msaltnbly

25, Joddnprebo RnRlECaTo A D thTarvielsubB & Bl
powdtito thS vaHSls eledlridal @Mﬁnlp heMs! TSRk Ppintiy éy%temkzcet
printhead assenbly nksupply assenbly 24

i nupanemmh@wérmta@gﬁt@rlytf@zdmemwa|Im¢1@deﬁabﬁ¢@smr)7e
pnn‘tﬁ‘%ods bﬂ%éaaﬁé ﬁﬁ’tﬁét §e§§%r6 bﬁﬁwkr%ﬁrddb‘ﬁ Bl ARy Yor

I'na o

orms:ébsﬁ ablizzleb |3>4 tal/vlard)b prrm médqumwsd ed td prinbisnet print medium
print head asse [

36. SPHBORRR 0 01G STIROGEIST) & § TUJR elecionaRyls. Joiaadigm 36
mal B8 yPE Y bbik el o, AEPEDL 2 ey g
transparegnaigs, iMylag tfabme drddhierdikes diyploalipsserdids 32 4re 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 to
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
wonkgsems4sartri dge or pen. The inkjet cartri dgeprPar/ysens/o11729

is one enbodinment of a fluid ejection device. In

anot her enbodi nent, ink suggly assenbly 24 is separate

frominkjet printhead assenbly 22 and provides ink to

i nkj et printhead assenbly 22 through an interface

connection, such as a supply tube (not shown). In

supgiyt assenelip Gdi anchinkiatesithasd asenisly i22kcauippineities entherway

ik BRETRY oUEnt BRaTEC AL ik oiEatotEniny oo B ik
delisenpdysterns subd tindailyedleotipesar ptcm@édw lnkjét pAntHedLAssembly

cartridge, reservoir 38 includes a |ocal reservoir
22 i sonsRmes duiing piRingar inra ER}‘éFCHI?@mﬁa'yk delivery systese anly a

porﬂl@ﬁ Qf“’fhgr lﬁﬁ%késf\%éd ko Bﬂhﬁ‘%aﬁ%%% €fy ?2 fi& afhd fifed Suripg

ara arger reser

pnnﬂ;agvées $u];h @k hot ¢dnsuhmhdummgspnrvtmg is rétumed itd gHkysupghe
?rza | arger reservoir and/or the local reservoir
assﬁﬁ& renoved, replaced, and/or refilled. Munting

asﬂﬁ'&ﬁb%rﬁ@ocﬂiﬁ%ﬁt'@ﬂﬁt Rirladhids BhR 93 SRARR SYoBl

relative to nedi a tran port asse
assembhspbere hovsed ltqgahetpmgm inksjad cgrtrtdge oegeamT3@ inkjet

cartifof or a8 ohe S hadialh TR WATAR Y diSicee i ncihera

emkﬁﬁcﬁmehetnme eOppydsebnivly Rit hesgpaatefbhyinkidt ﬁﬁﬂtl‘@ddnéssembly
I n one enbodi nent, inkjet print

22 %ewqﬁwk tg inkietRiiniherd agsrmblyi2a teauglaendntsriace As ‘
conBr, WA= TOL (A8 HBGLCS? o EP BB M losorvol

38 mfehla&upplytass&nﬂhlyaznrmanysberremase@%b}acé& bAd&eashilld. h one
GIH n an the odi mﬁl I nkj et printhead
9” eilakigt pemthea RATSRGDIX£2 apHiinl BuRRIY Assembly 24
are ﬁ5u§é’& Ebgé?ﬁé’rnlh' aﬂgmﬂj%? %ﬁﬁhﬁgg GrekbXRY 3§ﬁcﬁfde‘%ré ﬂ)tcg??é}ervow

assenbly 22 at a prescribed position relative to
locatec ndipay thm‘é‘ldgwamsmaMSQ inoiutiena farges rgsawcas keatdd/

t di relative,to
sepafhtBFitarh ¥ oBlttife DBS1sEh e sartiatés 1AsrLESs o sefves to
refllpm@tlb@éﬂr@éer?v@lrt Yidcordihylyl e skRfa, MraeefRsrvoir and/or the

firmvare, and other electronics, or any conbination

locay FRearveir may: be mmoved deplagedi and/anteflledt r ol | i ng i nkj et

Ito:i’sll\)irBSloorg" assmws%s'tgﬁ" dbkiBEp ARRERR ASefRI1GE2 BN to

media trangpsrt datambly 28 amanhmattrmbﬁm'sséhﬂiw 28 pdsitions print
and u uaII% i ncl udes mam)r%_@ or tenporarily
u

meﬁwrﬁbel@%\feat%@ jerppnthead,assgably 22 §eﬂﬂormbzpm p@t!s
defiRéd BH|4e8nBYShEIEO32 P8R ##8a 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
wdacesnmesseand/ or file to be printed. As such, @8aras3®s/011729

fornms a print job for inkjet printing system 20 and

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

paraneters. In one enbodi nent, electronic controller

30 controls inkjet printhead assenbly 22 for ejection

of I f n . y i

ot TghlBRn It ity B iR AREIRS B ocessor
firhgire f aidrother eisdt®inics, oY ahylcombimatio thetds | foyicapthasicating
or images on print pedium 36. The pattern of ejected
withrngi eeptsoliiag M%trnﬁn%fé%a%ﬁ%bly@ﬁm%m@oaﬁmy 26, and

| _ : kiat

08 s RAAER 207 ER ok oSSR SR8 i ik Fom
hoshseydtem, enbb disreecomputek) and psiaityhieelddes sesrhbyy @2 terapararily

StqiEade S SimBahichl 3 rb Gk ASRETRL st A Giong an
eld A dridasfrarceRbpli€dl; oMbihePifidmiatish Rahstenpath. dhag 3.

provi des el ectrical comunication between printhead
repliesenty) famekashelet adocumenihand/ar éile ®obe priatesk As gaeh, data 39

fluidic.c ni,cation. be N AP ies 4 .
ot T AR P P ALA P PEREI % PrBR pin jon
comrhtAds ahtieg contaid paraphetenss enbodi nent of a

printhead die 40. The printhead die 40 incl udes an 4

ar r 49 ove gipbadimentpleeirenig copkielien?) eprirrlifdrkigtprinthead
i i n t .
asGRirEly 2861 G otk Uifips RORFHoflediad, AS St sftbtronic
contrsliéesel delfimes é@aﬂxjgv b?ejsc;hadsigb mllrgpsaglgt foron dhanskcters,
rintin e nts . ee Sl ot S e

SyBTRsRI ArEHET SPORIRRGIGE PoBIASSS RERIMAPRAMTE B0 eenatiem of
cj@tedilitk 8rdpRaE dRRthfifsd by @Hwé‘éﬁnﬁﬁb RhnBAls bhaldre8nirRand

corresponding 1 ndividual ink feed holes feeding

pacametzpondi ng vapori zati on chanbers and nultiple

SO S Bl R ol B AR 7 OS8R

405t IhUsdther dbbane ﬂfhkLeft peftHIzaRenisly Rarisadvidbalretyor
whi ch communi cates with ink feed slot 46 forned in

multithaadaprinthaad agsemphi de angywidesayrapsmiodineit, fridel pidhead

[ 3 r in.. . 5 .
<R 2270 B0 008 RaPes Yl Tl Puipal e 300 Bvides
elogtioal comhmanicakianetwdén prntimeddtidies 40 mndhdlettronic controller 30,
communj cates with nozzl e opening 34 and | nk

anghprenilessiigie comMmumicatRsbeiaeny Rrinigea dqur451§ﬁg ink supply
assERILY 94. 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
woanisriosdssng t he application of electrical curPemus2005/011729

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 fron1|nk f eed

rization chanber 56 via ink f

ink?ﬂ%} ﬁggmtaé)ﬂ 541@?@@@ thpksin w@méuccprgmwaéw w@hynk feed slot 46
forgaas 's@b§ﬁ|?]ﬁ@ 44 Ah'dritge rlagy;é W fhctehé’éa Q{.& gl e

I'n vapori zati are ejec
operting Ggrformed Inefrop’eiaca@(lad, Qefice layeuﬁému had; laywazziemﬂiamber
to the 52) and

f
or Vebsritai§e Sames BB e h JieRin Whith sl anb AR GyRh nozle
opééﬁmheammea@ Bhan9d! 59 bithiiefieh Sir@GtuAd48 nsz\ Mﬂf@ fesistor 52

thermal printhead, a piezoelectric printhead,
is posiisnedsvighin yappriztinseharbernbf apd feads @éﬁaelaﬁncfallwawuple

o BT ST Rbd e SEby e, e s

throwgH Qeéleretéd ﬁrmrg esivtpise A dfopsgénarator 8 &S fefeged adhereifi’
a stapl e ilfger andthlnfllmstructure 48 i s formed

'”Clygeﬁrf'é'PQJSS'é X NREEIe Cﬁ@@%l?emw@ﬁoszam%ehwbemﬁ and

nogzipélgf)g 5354 l'i con dioxide, silicon carbide, silicon
nitride, “tantal um polysilicon glass, or other

sui Dabhée pnatieg, ink flowsifrorh iintnfestrsict 46 & vidhoridasion chamber 56

viaiih e Shainel 5 NSRS UAAS e ORI SNENCRRSGIAIEH I fring

resishér szogdwﬂaf@rbﬂw ofGARWithfPPapdi¥atiBi %ﬁﬁh%er@G%Pe’bﬁ@&ted
gold, tantalum tantal umalum num or other netal

threnghanozgle epening Fhee.gqisubistastially nemmaido dae plasierafifiringy ,

oo R R et MR R0 P el B ARG Leetah 2.
andekdmple émbodintietts of pridtheadtion 20 endlod: ﬁ&ﬁérm@lfprfﬂtﬁéad
| ayer 50 conprises a phot oi mrageabl e epoxy resin,

a PieZhRIACHIC RRNBE3syan Bl TOSHtICETIEAt o AaYIieityRY ‘ot fluid

e Be RSBl 8 ol yaFAGBL ol g Phver
strmxbdnyerreﬂ%sbﬂraieddssrfml’nmﬂ |for ebaraplle oﬁsnhl.(:jcﬁu gPass%aro‘,érdﬂmc, or a
589, por orate ref erence.
stable RAUNER ARG NI S BAd BBimGs o dofdsie,Ses o Mars
pas%ﬁpcﬁioﬁt@r lh&\’lﬁﬁén aﬁz(e?é bﬁﬁhééh é%xﬁ@lebéfh&bﬁrcaF é,aseigﬁngnitride,

hot o si st barrier 1ayer)
tantailunm pelylsduyen olassgor othenisuitable ma’mmei Thlnefrlmmlcémre 48,

als? hlgg%lg}eﬁf)a&leqsgygg co%gHgﬁjves%lyr hoqg e? es }mng resis OItor ¥5"and
leads 58. In one embodiment, the conductive layer comprises, for example,
aluminum, gold, tantalum, tantalum-aluminum, or other metai 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 o 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
wgoeneriassass 60 | ocated al ong ink feed sl ot 46 PAT@SE005/011729

enbodi ment of printhead die 40. Ink feed slot 46
i ncl udes opposing ink feed g 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

| oang i nk feed slot 46,

dro enerators 60 are | ocated ] N .
hetgin INCRIRRTBPd B EFTSEIIcS- d0 nscambadimastiqoriie IPyer5a isformed
: . | .
of SidiSeiate BREreferfedi®Bs SENGTiat %a%h%?@éﬁ@afﬁaﬁg resist

|nk feed sl ot side 46b. In one e
barzig0 lajfespand aenatad pgficd ldyec é&.gd aahickel, cappdre @dnslickel 4Boys,

pa i, SHIE L Y 0TI SidiiBe nabioriGen colihrsinale
maBias, RSROENBAN Be calofed takd Gﬁﬁﬁ%ﬁlbxérf 5@ir op

generators 60 can be di sg_osed al ong ink feed sl ot 46.
| nkFigeee) 395 ardiagrapn dlstiatng Akon geeeiators 60 lreateddriong ink

e ' | hk. f eed . h, 0
foclSI61 74 an EnBoapie it oP itiadiie 457 ) R0 Mgy s
oppdsing inkafeedi stettsides 46aahdrd6ht Brup geraiire 684%re gibsel

the n ve%pori zation chanbers 56 is fluidically coupled
alopg ga¢k 91dRe oppesingdni At gifles dRaranshibh.nA tpidef n drop
le0P4re i FH ' J0f 0
e A o O A e R re: il m 6P gBRBRIBI6S
locaitadi alofig dmh fesdaloizside dbachadiner ;1 S pagehdratorsi 0 located

aloff g Berslet SaBi4aR: Jfiomel Febedihdtly b ettt dmoeserators
60 Iddate afpigl ink G BIbOY6 Gnidm QMR P00 UFE gedralirs refd;ngeéted

die 40. Firing cell 70 includes a firing resistor
alopgregshafdhe eppoeing ik teedrsiot sides 46awmer46ksi incether 74.

BB ARG Fn St pl iR o i Bafio B STRECHL e cipossg

alongfigkufdadysliotéd. control s the application of electrical
current through firing resistor 52. Firing cell 70 is

f or iEdepd SIt4R-RIOVides iRkt ereh aBtherdudinp gensratars §044.
diséBs&f‘Slo‘?\BJqﬁﬁ“f Liot 46T 'E%%h;%%%hgfr?? éegérezflﬁe%@ idcldBs a

esi stor “and drive sw t
firing eesistet 62, 4 FaQrizafioni ahgumbesyi 568 and 2hdzzlecdecEack af the n

.ed fi dpne. 7 d the drain- t h of
variEHEBlS heibers 56 i 1 ican 2Bpled o e P 46 thaugbint
leagRond irfk feed €harhél 54! The ¢iﬁH5lrs§sfol9s §2ro?fd‘?{>}§ Qegg}dte% dPare

that is coupled to a reference voltage, s
engypFeddn angentiplied sequence éo sjsict Bnidfeom vapbdzatidrcetidambers 56

ang fBLGE nb288 BA'tS ik &H'ifnadé Sn'BintTRHLM Se! N 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
woeesivesea data signal that represents part oPCaWS2005/011729

i mage and enable lines 82 receive enable signals to

control operation of nmenory ®ircuit 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

75 r ; ;

oL patfoR IR Te i BDleictyiod 5PN Ria feterence fine 7
thahis doupladi anefecenaeovaliagel suth as gnadired. afide gate of diie switch

ddress. signals. Fire line 76_receivyes a er X
7L iarrice M FoUrIag e g RictiEd Ahat Frailades alte gk dgye
sWhse to firing resistor 52. In one enbodi nent, the

energy pulses are provided by electronic controller 30
t o Hdemory eduit ¥ 4ris elegtridaliy soupledttoraedatalingt $®dand enable

i i Pt B BE oA e KRG =l BBt it 8PS ikSge
argPesaise the§ B2 rebeilei atmibiebiyhhls 13 cjoﬁtr@nog@@ﬁ@n@firﬁ@hog
the energy pul se heats firing resistor 52 to heat an

cirgud 4 tMemery coRy & 6 styenanat it oledatalas iis enabied byfthe 2
erlebi ioriplt) THE RHE IevBR the Mo b SIS 1O BRI R gy o o
offjenadatiing 60noficgndecting) ©f alrise lswitehi72. dlfagenable signals can

. iIIustrating on ephodinent of an inkjet printhead
ingliIp RpecRl MOt PelsSt Siciar e AKcPna SeTe PFTERs S@MiSar r ay
ot IREivel78 racdlvbs hidnerd) sibhb! Embfting ehrdy 38EE and
providea@noenérgy polser to fitinganegistor 52. olnsone mbodimenty the energy
02a-102n. . ) n, ,0ot her, enbodi pent s iring,.cel| 70 can
peSareaoideR 1] SERSHR RIS b o i Sta fgiifes and
tird&d dudlidh tosselidasa pper amoiRit ©f EheRyabHes a_ilaa&laalpéﬂz@ fluid

_The firing cells 70 in array 100 are schenmati cal )
in e ¥apedrzativnochambrisSGata Arepgeneratortie If drivaswitch 72 is on

(ephidhegaheren€lopBIeGIREE FfD 1358 82 % e AR et i

frdm rdr@% geaéfaﬁto;?&]?. lfej‘r'wersvfi’lcdhoma Br aff (nc?m@dnmﬁlnlg)l, libe enprgy
r subgroup of firing cells 70, is electrically
pules AiPEs NobheRkNG resfeian iy And e fldfi Temaing & digbegenssator 60.
The . i - i . . e
i o1En e Bub el of SR B P
privvineaxs fivinglical) asapgindicated af 100.nHiringl dedl atbayTh@0 includes a

o U T el RS L oy D2 3o R e
erhBSMRfEHt VRing cdiRCID Bfe AfEngeLPite/8Rire 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 celis 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
woOQodsaweisan as a data |ine group or data group, PCE/US2005/011729

el ectrically coupled to one of the data |ines

108a~108m In other words, each of the data |ines

108a-108mis electrically coupled to each of the

flrlng cells 70 in one colum, including firing cells

Gt AP 1Gant e BlesTicHd AP a4t ek afEaTpbthat

reddivd ﬂgtaC:ﬁ hals 191, D2 t h®rhafes F@Eﬂiveq@l BBBh of 8% HEEAOmns
firin s 70 in each of firTe groups 102a-102n.

inciydas nr}gecqlﬁslp inseagteet thednfiteygreuns188at W 2seand each kelumn

of fn‘lﬁ%ﬂ%ll§?b,l ; q;ZrPed bh %iﬁgé%q &k i ﬁ%gﬂﬁaﬁymggy %yver

elmq@llyd:oumeeﬂomné oﬁ the ddta lings 4084s108n.i h diter s, ehach of
t he

the §413 5e8 A1B b b Slettia &kgﬁe%fqé%téfqagffﬁ?»g%@@s 78 in
oné%bﬂl?ﬁﬁqnbl%ﬁ\gﬁﬁhd éél% '% q#%%:#lgﬁt@fa]fﬁ)@g @%}%S 218bn. For

he six fire groups ude roups
examglezidgta linet ﬁ8anmelegtrmaﬂy colpledttheachrdi dioé fnang gells 70 in

TR NI TN E TN T

Dafa/lhgs 9085 nﬁerécﬂﬂiaﬂ%lcbusie@rt@%%h JFth@fHng '&B@éi 'TGﬁ‘r'i”the > adjacent
fire groups 102a-102n are not |limted t0 having t

colypreant FB@N, eVesivuynd g dingi data ling 1 @&ﬂdhaupﬁlectncally
colfi% 882 ot 16 PR R A RFEOIORT rRARs BB A con

70 &s eachphtiedfiitecgrangs dORas102nc € group 102a-102n. In
addj tion, ?@J}Usubgroup can have a different nunber of
firihgneem egk apgpilg armngey intoneix figriBEpuRsp! 02874020

an?@%éh %ﬁr?? FI'XW@%%&% t62h- hgﬁﬁ irtigidd f%gpbgatﬂgg%{nﬁg&ght data

iring ce as conpared to any
lingggmups. Th @thenemgodlehérﬁs 7drray11 @Qlchn bk drrenddd int@aoypaitable

nuPRE e RrenutLBs o281 nd ISRy Sosebleduinben otauparotps
and uataﬂmepg}d@s?qn Ia‘hyeérﬁséd.mk 'ﬂfe @%@Ase@’oté’-mah%ré n"IgEmuted

110a that receives'fire signal or energy signal
to havirg the sagedmbexy, subgeeunst anChéaifa linengroeips| dnstead seach of

noBBSrel 2 TR e AR bl SG ¥
datariithel grolipsiaB @ dnared o apy BHaY fikE &fr i 16281 0Ph. tIh%ddltlon
firing cells 70 is electrlcally coupled to fire line

each PJrRHP cABdAveea d ﬁar@wtﬂtgm@r Jriiriggeaalls 79 amepmprREhto
o) B SLES g, 390008 AR 1100 G5 3 BB Bpes o
firirgpoeitsn’ 0 as epepzeed toanyt bthdritaita Ime graup.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 fine 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
woQeEA11966 t 0 enabl e one subgroup of firing cebPCE/UBN05/011729
The enabled firing cells 70 store data signals D 1, D2

... Dmprovided on data |inegg 108a-108m The data
signals D1, D2 ... Dmare stored in nenory circuits 74
of enabled firing cells 70. Each of the stored data

I sets the state of e sw.tch
102590 B By oyt R 2o FrpStediceafheo Pt i ied o
greshd.ch 72 is set to conduct or not conduct based on

the stored data signal value. After the states of the

sel deopgrajiar, subgiqUprrrable siginelse6,1, 852nerg. aregypadvided on
suﬁg%ﬂ gﬁﬁgﬁ lihes RB4L Berldife B%%gb{g@pl&%ﬁ{nlg &R 70. The

spon to the tTire group
enlabtﬂdmrmg cdeits E(IG:; Is%e eldts silggatsu:lt’ﬂ gszJ DApreeided ol?pdatahmes
na I ncludes an energ ul se
0fe! G, ;[% féé'gf?'%bav Red B 2iecStgEachiyBaoTY sirguitse74 of
engag%ﬂn hﬂs"?(?”EéEh BEtHd StohsH 51%' SIGRAIS tDsﬁ pd | 'Dyr{r%%ts the

t have conduct i ng r| veYsw es 72
staja of grive ¢wifichi 7inrers ef tbeer@bldtbﬁuungandlse}’@cﬂ' herdtiverswitch 72

s SR DRRCL! §3 ol Phsgilon TR Siorsd pobnamnphive.
S U b gfiew I@h@éta‘teé bitheCedibsted Qtnvétsw icRes 92t el Qﬁﬁ
t he enabl ed . E oup and providing

S'g@ﬁé F!;%E&Fdﬁgm isPrevideq raithe efme di19a-TTioni chrese)smdingrts the
ﬂre'sgrdl_@) ﬂ?!;a gggﬁk@ogaﬁaég H%aiagéfeg%zﬁgyug@é laf] ﬁﬁg”tcelﬂe,% The

enétg?Es‘.lgﬁalFEE[REthRE)Nlmtfkstﬂésoaraeﬁéﬁwqﬂﬁ@b fThe &fe@gﬁppulse is
als SGl, S&, SGL

bl ..
Prolfdir N seleetad HRdinbiias T 4o pomiisyfngrasietars 52 in
!
i £ PO AL i any Ao ot OB i
r e&#ﬁOtﬁaﬁ& heahagd g4 irl0gmtogiht meobumr?gﬁ/tcspmtadn image

e SOR e Oty 9t0 STy Eite i1 Y - Bl pgrasseat anabling a
subbgelup a7, @ﬂ)ﬂh@' deﬁa %@7 naf¥ DanNp2onen ﬁLmhe%Waléled

one subgroup_ of f|r|n O is enabl'ed by subgroup
sukgiayp&nst piiexidingsean enemzsngnal FISE1-FtREn to endegize firing

resRBR YR e ST SR e ope. oy

on babre ehierlirh8hn-atQinesergy tsigid FIREH IREWE'p%ﬂHSd%’ a
|s. Also, onl one sub roup in a selected

I gha
selbRled b diaun 45227000, PHYORUBS RIS BbAl SRdSC?. - SGL

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 fo 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-FIREn is provided to
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72 that are set to conduct while an energy signa

FIRElI - FIREn is provided tothe selected fire group
weQesA93n. However, energy signals FlREl - FI RERCT/US2005/011729

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

overlap. Figure 6 is a schematic diagramillustrating

one enbodi ment of a precharged firing cell 120.

Pre charged firing cell 120 is one enbodi ment of

the xRl auiy 4025 TR BT bhidligns riREd e

prdvidéd differsiitGire gPoupgs1 OZe-162ihedh lmldtdo dverva: swi tch
172 is a FET |nclud|ng a drai n-source
ia

el efigure 8 isya sehamalic diagrae "Bﬁ:ératleg one Q@Pﬂﬁ"ﬁ%ﬁ“t&f a pre-
Ch%tlgrﬁd'}?@rgeé#ﬁe j. PR ﬁﬂgrg%l'd ﬂrlh%l il 2l e%dé gmaoaﬁﬁéﬁt%ﬁﬁmg

erence 1ine
cell G!D.emfmev@iargge firing celld20dndudes aThivemvitoh 122 slectically

conpleg th A ENEbESIHigt 57 i pusenpadirent Hie SwiEhal & FET
mcﬁﬁcﬂﬂg 2 ﬁhﬁ%bm@ﬂym BIRAAY PubRRSat e €S Sie RHHRA! of

I'ze Ing resistor 52°if drive swtch 172 is on
firigg oeslstor |5ﬁga)nd a‘tlﬂaegzther ed tir & vefesamaeclinel 22.f Ehﬁﬂe&rence line

123008 OB ARE 9SS e LB Bl o in

re§§t@H entis élecﬁh%le’cUdu@[bd)lfo AR hec 24 gfattreesiobs bdire S&fhal or
and a select transistor 130. The_drai nsource path and

engegyesighalgriREc ineiigéng eaerdysiudsest 2Bhe paeiyaRlsee anesgize firing

hat receives a
resg%g’P?ﬁj‘}%@"ea?‘Bﬁ w?ﬁ%&d #ﬁﬁg* ve switch 172 is
el ecttié gatd of mﬂm\mbh 072 rtﬁmi;raasmagel nodepaphcitdnce 126 that
pre-charge transi stor 128 the drain

fUgoBs % 3 BIRTEYH! emgt t qﬂ@r%gﬁ@ Rirsuantdodie seq e?%
acﬁ&a@tldtﬁoﬁé ‘15@ tYau’?é?é’tBl' ‘Fﬁ' LAd& %é%aﬁélﬁ%r 134, timatdrain-

recel ves e storage node capacitance
solids pesthglmm;aterofqlmemarge ’malssls’r@s 128 are qimtncaify ehtipled to a

préthutaalifa 132 11 TBasvES alrrem HaedE SipbAh T Bafk it vk witch
17Qa§ alddtddiyIRilB® the drainssored ?@ﬁﬁoﬁ ps@namge rahéfstor 128

and a second address transistor 140 incl ude
andrthée wraiowsaisce patisot selectdransistect $0.c Ahewate gppelget fiansistor

B35 B PR s GRS A Do d0hE LA AN e
stdrag8Fotlesapbetflance ¢2663 showah irydsshen miasb@fs\mmpetrh@f drive
drai n-source path of select transistor 130 and

switshek/en chlterna vquze capRcitas seRArate from drive spwigh g2 can be
L,Sg,g F‘Scé rriérﬁ&%) ent30 coupled to the parallel

|na i on ata transi stor 136, first address
t r a%dataohraﬁs'iﬁoan665&@m1®dd®trselsemmstansBStamd d décorgl address

el ectr %
transistor

|nc¥ude drain-source paths that are electrically coupled in parailel.
The parallel combination of data transnstor 136, first address transistor 138 and
second address transistor 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
woaoupliesssso data |ine 142 that receives data PCT/US2005/011729

si gnal s- DATA. The gate of first address transistor 138

is electrically coupled to gn address |ine 144 that

recei ves address signals ~ADDRESS1 and the gate of

second address transistor 140 is electrically coupl ed
recei ves address

a_second address |ine 146 that
~Dé7°/an | gai@@?q giaddregs Yansistor Jaglis elauivallyraduptitt tosan
i ; _ iae when |

A SRS 1 S CeltoS BprAs Bl -HDRES S o] By oot
second raldresstsansisior nléﬁés emmzrida_llwa;oepllbggco egé@ccﬁiwéwess line

t tor 1 ect t r , data transistor
Gl S AR i
addésdd siﬁhQISOFXﬂDBﬁEB‘m BRI ATHPRESIINGS é@l@e'% E)yv as

pre-charged through pre-charge transistor

indigat@di ki the tida(yhatitbe deginslinggbthesigealorame e T Fba‘rolji@
L 3 I Lment,.,.af t he .hj .
capabfifckatan, e W ardT ARk AT 128 e bl fa0C Hgtaaransistor

136-pAlTAddresy temisibtstsorBaiaid 140 ferni 44néMoRetell.he state of
dan%Rtransi stor, 136 and address signals - ADDRESS1 and

petion, Boge Gapacitpse biftlisaye-ahanged thraugh gra-Batge
tranSRtort 1}»‘861% ?Pcﬁﬁdiﬂé d hipﬁtle\?éi %&8@%&9%@%@@%3&%@%&% 132. In

secon_ ess transrstor
onesumibodiment, afteyrthe bitsh levepraltdgegstiss oaqir@%akgélﬁnéaéz,tz 8

datg $GRRCTRRTA TS RiYIgEd oltalioe 193do S fig Sl pbasia iransistor
136 Hnneddbes swlﬁnﬂbmé@w%ﬂd%%tézégraéé ng{ogfgde]d“é’n 'S

on. Alternativel g node capacitance 1
addeaserlies 144 and 440 taset tentatesayf firstradtdraskitraasistor 138 and

i dd i St 140  ar
seodrif A3y RR8 bt Ar fad “ARAABS B abyhdedl Maattesd i
provided og sefddt liné 13attb taehdsesslesi ﬁﬁ@é@taﬂ@@%ﬁﬁ%f@d
- ADDRESS2 are | ow and node capacitance 126 either

capagiange ybsdiseharges iidaja dransisiaral 3G finstpddsess transistor 138
' i TA i Sl QWL Pfe- d .
and/of 386 ghpflsaraskigt 12015 0h, Buelf¥Ely RGOS sipapiange

126 remsinsoctargéd tftinta deinetors] 39) dirst addRBERESSsiand 138 and
e_capaci tance 126 di scharges

secq _ 3¢§%§§§}%§%‘%21@gr§n%fj@ﬁal - DATA vol tage level. The

Lobes TN B el B b P
signalsmARBPRESR1 a0t -ARDRESE2 ane lowcend apde chpaczntas i6
eithé}rﬁé&%{;gg % Jaité isfb%afgblA'lezg Aié’h %9 %r%gﬁ'\%ddharged if data signal
~DATA is low. Pre-charged firing cell 120 is not an addressed firing cell if at
least one of the address signals ~ADDRESS1 and ~ADDRESS? 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 number of other topologies or

arrangements, as long as the operational relationships described above are
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Pre-charged firing cell 120 may utilize any nunber of
ot her topol ogies or arrangenents, as |long as the
wopearsabsenal rel ati onshi ps descri bed above PCT/US2005/011729
aremai nt ai ned. For exanple, an OR gate may be coupl ed
to address lines 144 and 146, the output of which is
coupled to a single transi'Stor. Fi gure 7 is a
schematic diagramillustrati ng one enbodi nent of an
inkjet printhead firing cell array 200. Firing cell
maingdi rﬁ@d’ FH0 axaehpldesn @R bateainay Yeodoupled taadeestilines d44

cells 120 arranged,into six-fire 202a-202f. Th

and 14& dhe pytrptaf wf\?@ iseiquplachi 2 ﬁ'r@é%g{?fggg'g@rgr gup °
| .

2P R A TRREAL A KSRt bR ReniarPRler

prmtlpsrad fitirey geltiafray i200. daling calbarray 280ringludes aaplerallty of pre-

d to.78 d h I
chardid oo 20 SERRe I B Bimg GRS AR Hel T B
charéélﬁfnr nd) @éﬂ%iﬂzw edéd ﬂre-?‘éro@lgszUMZOZWE@e@cEBha@@bWﬁaﬁ@ed
pre-char firing cells 120 are electrically coupl ed

into ’tl’oTCBlil?gﬁﬂg eiahd cpium@s 2@‘8@3‘!2@9mqmoz%aazwcmteacharged

fing QiR 2047 ey, 20 pis sl Tl BFEgke o PR fudnd oy
colur@hs Caltrdbughahie nuinilser i @se-ehargabi r@@céllsr amdythedd Ibyodizﬂay

in each of the six fire groups 202a-202f. Each of the
vary g destiedel | s 120 in each col umm of pre-charged firing

AR BRSO Aeiad Bl el #2058 feckigyfRkapies
to eigtetdata lines §08a208hehat mreivecddth\sigaiphed , 02 he~BEne
respelelat BEC P! (ireciat SPITmorSrEed 19 B o8t fatiinegroup
or da@é r&lﬂ@rﬂcﬂﬁdéé bfélGhér@leUgﬂrﬂa%%éllQ ﬁMn%cﬁWth@@tﬁwb'd’f@ups

als electrically coupled to each of

202ap2@32fc Hzagheof the firing aeds 11201n@ach colemn &f pr%ﬁhamddrﬁng

cells &%@dg%lefgﬁ%g@d%”%ﬁ%@a&?é hf]@\?d%cgshnbgl r | ca /&I?p]ié-r €

chargédlﬂhﬁgl ckhs 826 n afdatd Bn@ lgﬁ@hﬁéwdeﬁtrrcalw coapled tleﬁJe same
acent colum and so to, and J ncl udi ng

data fine 2 0B ADBI bR IS AIECT BoUY Seuhled b fye Gotematdng Gatieh of
transm{srsf)i@s g5 Jwgr¢éwf.ﬁﬁ¢ béldslf?&o lﬁ‘tﬁeh@cr Pﬁm‘h ri ght
columm, 1In e-C_ ge

C I ng rring cell's 120 in each
of Datadirfe ZGBHQJISC&l@lﬂrlQﬂE/aG(ﬂﬂﬂéd tarkach ofvtheoprepsrearged figad

ol RS o B e B SO MBS P B2t

fire grgups D022 209P Pkt fheY Zoﬁﬁﬁ‘elﬁbﬁmﬁwwﬁﬂeﬂ'té leRgh @t the pre-
in a row of pre-charged firing cel

charged firing 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-



10

15

120, referred to herein as a row subgroup or subgroup

of pre-charged firing cells 120, is electrically
woaoupgliesssso two of the address |ines 206a- 206gPCBUS2005/011729

precharged firing cells 120 in a row subgroup are

electrically coupled to thel®ane two address lines

206a- 206g. The subgroups of the fire groups 202a-202f

are identified as subgroups SGl-1 through SGL-13 in

on b0 AP o B RS o 6 e same

twcaadd'ressllmélsrﬁj)&aﬂb@@g)ups SG6-1 through SG6-13 |n fire

g: gﬁﬁesfl(‘)’)%g ;%ogtgﬁ fir %b?ﬂﬁ@tgh%ﬁgp gﬁ?{j%%eaeﬂ{f ?S 8pbgroups

S@Hﬁ’gh%ﬁ Se4ors ﬁ‘lsflré‘br@up %é%FSﬂl?QOQHP%ng@QFs SEBH Hdugh
of pre-charged firing cel I's electricall

SGipliretire: grovpdwad fiGes L02braryd s0 68, 2 Y anq‘mcludwg subgroups

S b S8 PR B PRITEOAS B BT re,
cadll fife §foup 202d-202f carl Bluaiztary/uitabl@hLimbee of Babgedips, such

firing cells 120 of the subgroup. One address |ine
as Jderr-Poeysikarerest rical Iy coupled to the gate of one

Yot 250 hErohe: A8 FHRA T 12 g sRickicat) Bpled to

['1n
twe |addt‘€_¥SsdEﬂds3/ZQﬁmb®@gi ThettWe aglairessolineshz0Gs-A86g coeresponding

to FiROLgERHRAE TIRFECoROBAIRERJo Lk IS aaed acifies Gansistors

138 d~ 1407 all pre’*zhéfr?ed Firi Agwglm deh@‘sQMgl%pt r@ne address
dress S|gnas~ ~A7 to the sub grouso

nne R@GarZQﬁg is@dectscalty capledsimitecgate ofoneral tee lirgemd second

Gidnaratisie®s 1E2aR0 IR UFIR ey RIS HE2RELTE
eléd‘ﬂrléﬁ!l‘? PRt fEhE, ga‘-té @f #lo@es ohi v shefist aRB&@cane address
el ectrically coupled one _or nor.e address generators

trapst&Wrae@%anan%t ﬂéa@o@#r@smmeﬂ@%ﬁaﬁgée¢€rlw%§ddfﬁ§§ signals
ei i PRES. and
A sl THA0E 2 Ro 8 O PRAiaS TilqudrESRSionats Sifp-ARS
~A&70tbrthsmbgrmg>sfofrtbegrmyrﬁ)az%fﬁlm. Pre-charge line
210a is electrically coupled to all of the pre-charged
firing cells 120 |n FGL 202a. Pre- charge line 2 10b is

RO B R B 25 on. iy o SROETRY i g

~Adr eAdharge |ine 210F that is| 86Gdet,r36241 y. 8@@pled to
all pr-e f\hnrgnd fi an_g cells 2{\% R FGR 202f — Each -of

At"he%”re charge lines 2 1Ca- ﬁ@ 'g’sséﬁct-rfg%"?—y

= A£d o the gate and drai Nggqus SGpA N 8Geagl of
Ai he prechar ge ’

~A1, ~A5 SG1-4, SG2-4 ... SG6-4

~A1, ~A6 SG1-5, 8G2-5 ... SG6B-5

~A1, ~A7 SG1-6, SG2-6 ... SG6-6

~A2, ~A3 SG1-7, SG2-7 ... SGB-7

~A2, ~A4 SG1-8, SG2-8 ... SG6-8

~A2, ~A5 SG1-9, SG2-9 ... SG6-9

~A2, ~A6 SG1-10, SG2-10 ... SG6-10

~A2, ~A7 SG1-11, SG2-11 ... 8G6-11
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transistors 128 in the corresponding fire group

202a-202f, and all precharged firing cells 120 in a
woiows/1gsB6p 202a- 202f are el ectrically coupl edpco/usmiog/o11729

one pre-charge line 210a-210f. Thus, the node

capaci tances 126 of all precharged f|r|ng cells 120 in

a fire group 202a-202f are charged by providing the

correspondi ng pre-charge S|gnal PRE1 , PRE2 ... PRE6

to the corresponding pre-c e line 210a-210f. Sel ect

~A3| rﬁés 212a-212f receive sel 15123%%—18&136689_2

+ o ocalap t A8 SEL1 - CEl 2 —
~A3 Eﬁé ?gucglr‘rjgs;;narﬁgafc} rmé g$%¥ %ﬁgozfﬁ;@a%ct

line 212a is electrically coupled to alT pre-charged
firing cells 120 in FGL 202a. Select line 212b is
el sebargs of prewhiasged tring cells $2Q ase gddresised iy providing

oo AR R A e

embpdeme:hlaﬂ@ﬁéddtﬂnessmges Q0ba-208Y are ¢lettri2QRf colsied t@Bnéhﬁ
sel ect lines 212a- 21(%(13 is electrically coupled to the
morg 2ddress ggnergiors R en rintaacsdierdd. 130 in the

COPF@‘S‘HQ%I sf210-91 |s"%@’%"’ér%%af’??g@a?gu%RE&E.F%?zf--

pre-charged firing ce
PRE@rmdapE!Mde el pre-carge sipriats BRE/, FIRE2 el. RREG toe

com&siiaiid s afolip 23203k s tha G fingea 10 BIRGHIAIY e
coupﬂé@'té])éll%*fﬁ@bl% Ehdrged aflrlﬁb%':eﬁs 120 IEIP‘&Eﬁsza Pre-charge line

corresFondln fire groups 202f. Fire line
210ejsceleeirically 9%@@9|t@@lltme&hargﬁobﬂrmcgl@d120 in lﬁ@ZCZiQstand

so oft a3 aniindiiy pkeichaldel ind PP 20 & FELER i to il

pre- aﬁmgeammnngme(uﬁ 120(n FG@EA021, NEAdtbhthel preecidrgé lird€ b 10a-
ectrically coupled to all pre-charged firing

21 0fd§|e| %ctﬂ%‘ﬂv. Gouplss! tegbe gata @ndairainneoyrce gath akall of the pre-
charﬁé‘lﬁ‘an?s?s%rs' aeﬂnecﬁ%rdo?r%'s %n&‘ﬁHﬁlr@én{a@p bea ‘éfoz’f oo &if bRY

esistors e corFespo
chargeddmﬁg’ﬂe lls 420 ialal flrprgeremh aogadZO‘Zf rare glaoeﬁdeﬂslyl:wplerd t® only

one b Chaiad e Geraadh i s, T Fpfie Gapp iAo b Al Bies
chargbacrnhgcc@néylzew @I e gtrguﬁ)ﬂ)%%ﬂ %H@ eharg%uft%}ibﬂo&gi ity the

appropriate interface pads. Fi gur

corrgsprNding prqacreamarsggmlfHREthBEm s ARB6ito the cayegiinding
: I spypled to a reference line 216 that is
pre @ﬁéé hhg?wéf%%hce vol tage, such as ground. Thus, the
pr 8elebaligso2 {24-2nof eekhve Selbctisigials SELSIU I QUD, SELG and
charged firing cells 120 are electrlcally coupl ed
provﬁj@th %4,_

Reeleghsionsls o541} BRL2 20810 (e gorrpsrondiag fiee prawps
2022309 230Ect /i 88a is electrically coupled to all pre-charged firing cells

120 in FG1 202a. Select line 212b is electrically coupled to all pre-charged
firing cells 120 in FG2 202b and so on, up to and including select 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,
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line 212a-212f and fire line 214a-214f. In operation,

in one enbodi nent fire groups 202a-202f are sel ected
woaQodsimesssn successi on. FGL 202a i s sel ected betomns2068811729

202b, which is selected before FG3 and so on, up to

FG 202f. After FG 202f, tige fire group cycle starts

over with FGL 202a. However, other sequences, and

non- sequenti al selections may be utilized. The address

= e e SRR
. Hﬁmeéaﬁd pFhadeds essrgyi dgeadls FIRE1, FIRR22 ... FIRES to

provi ded on address |1nes 206a- 206 are set to one row

Cor%%ﬁ@ﬂalﬂ@ fifggiredes 89??1?&2@al§ﬁed'96|2é4tahs Glefirieally gqupded to all

pregff]%lr‘géd ARG cafigh Z%W ?@\%ﬁsFﬁé Qﬁé‘bﬁ 4654 eldfrically cdipled
sel eci one”row subgroup Tn each of the 7 Fe grouBs

to aliqite-cazfed ﬁnngnells:yﬂo n FGZ:)Z@Ib ahe Sf)IGTE uprtoumil including

fwe%gg}élg%fat i$ ﬁ& he Iggﬁhgﬁ%ﬁ Egrggc rgg@ flrln oﬁg% gPdn FG6
20BN EAbHRe KR ds 2004-Danf Fs%’léétHESl‘l)Péﬁhldlé‘d ?@5E ofthd fiting

fire grougs 202a- 2 . This contindes up t
resistifs sind gmrr@smdmg firg group 207a-26R% @ndrajl prieechanged firing

ceIIF. g:%()slﬁ b%ﬁr%uﬁohg g&fgg%@ig%gg %ﬂezc%i?al%/ co’h@lég oecgr)i}t,} %Engl fggﬁme

214202141 rie firewirkistlraeupl 4farbededirit Ay Gslihias o extehital QUpbly
ain. In another aspect of operation, one of the fire

circgLp% apDIRTAR Mg dapRade. oibaR) Fia o &oRand ABB). chlege-

ey 8 SEE g PO ol SRR | rence o

216pihet (siI;dmcg‘en 3|r<gfeaéndéREital,ger as grcEthB_ Tledis,rthe I*?ae -charged
.. pre-cC e tinme I nterva or er|o ur i C t] me,
iy 1R A0 Bty SURIBU 32 P oBg et ool T4 Srerglepfically
cousoi&n meféarnee gaa#&sa%az%@%tzoég ?J'r‘é%ﬂ??bé %@2'1‘051-'21 Of, select

volta eve harge the one fiTe gro

llnezzﬂz?aa%mszandaﬂr@rl Maga&#é; ~A1 , ~A2 ... ~A7 are

ded ,on address I| es res
P st i, M Ahg TP A AL 0rotR 23 BH aTS gefttted o
firelimelLiteh g3t roNeGH mz&ub%mu@ed Befdie szzezgmrwm@hﬁé, E6lected
ar oug§202a- 202f . Data si

| s
befwreok‘/ @ndoyP At 4P f9 FES gﬁsit%rﬁf%Zngomejﬁrwwmqycle
staﬁé Ev&l iftn ¥t ézgoaa%&&?ép ofls guaacéggggﬂ%ggéweﬁtfaw

e pre arged I'Te grou
selectlons may be utilized.

The address signals ~A1, ~A2 ... ~A7 cycle through the 13 row subgroup
addresses before repeating a row subgroup arldress. The address signals ~A1,
~A2 ... ~A7 provided on address lines 206a-206g are set to one row subgroup
address during each cycle through the fire g*f‘;,Jups 202a-202f. The address
signals ~A1 ~A2 ... ~A7 select one row subg”’;froup 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 ...-~AT7 are
changed to select another row subgroup in each of the fire groups 202a-202f.
This continues up to the address signs§lé; ~A1, ~A2 ... ~A7 selecting the last row
subgroup in fire groups 202a-202f. After the last row subgroup, address signals
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Next, a select signal SEL1 , SEL2 ... SEL6 is provided

on the select |line 212a-212f of the pre-charged fire
wgnroespo32a- 202f to sel ect the pre-charged firecgmusums/011729

202a-202f . The select signal SEL1 , SEL2 ... SEL6

defines a discharge tine |q erval for discharging the

node capacitance 126 on each drive switch 172 in a

pre-charged firing cell 120 that is either not in the

addressed row subgroup in the selected fire group
~A1267 202A7@el@aﬂdh@ﬁ@édowmubgmm@mkm@d tie addgrsswycle over

02a- 202f and receiving a high | evel data signal ~D1 ,

ag@8Try, . ~p3. The node capaci tance 126 does not
di 3§ bﬂbﬂ%rld’epébﬁoﬂﬂbﬁrﬁw fdrd Gahesird gy -2@Qﬁs
addressed jn the selected fire &rou%EZ and
operaigdibyi Rgvidinwapre-gharaessianal BREN, PRE2 . ~BE2E6 on trmmeA

cafl 28901 86, 3% RSy OHOLEAEATS S165 0 B
PRE1i RRE2S.. IFREBnicfines aepreatlmﬁgé itifree BteTugl @Q?elih&pé’urrrfg ®hich
an_ener ul se or

t'mev@\etéfgdé‘r‘cg%nf?%l@gﬂgé a?%hrﬁ%%&%%ﬁmwm:r 477l éheane i group
ZOZQIZGZ‘F@S éﬁ‘ér?%&!%é afhrgﬁ VBEQ% Consro??gfcha eeﬂﬂ%héﬁégﬁ%h%roup

firing cell's 120 t ting |ve SW
202&-‘22)2fconduct current through the firi ng resistor 52 to

o Ao SRaGI AR L. o FRT A s o8 SR ikrs ¥ a06a-
206gw@eaaﬁessrbné v SEb&ol sh @aah o fire ??E'uas 202an¢2€% for

one fire group 202a-202f is used as t pre- charge’
incluging sneprpsubgreiin the rharaed firegioapt2G2a-202f ddata

h
b gd0a, 0t 9186, Ao by e
to ak fignatoupsl2n2a- ﬁliﬂ.fZIncluduﬁjEtt@ addteesed e SubBGRU 8"—|hﬁﬁé pre-
52 . FIR]ZEd r the one fire group 202a-2
Charﬂ?ﬁ reieunP@28?he signal PREL , PRE2 ... PRE6, data
Si Bféﬁr%s@éﬁbsrgrg% SEL1,3SELA € érb rS?ragﬁ o this &g‘ﬁne

stored 1n t ressed row su gr ol € one
212g2dap obthespraodfarged fl@g@peZﬂZ&Q@ﬁhb selffect the Pkd-2harged fire

j I L2 L SEL f h
b 8 T S 00 EbA 52 v Bl
el s R oS oy S 17

in a gre-ghagied: fiinasealR@that is eithgrowgs llZUEaan)@Ssed row subgroup

in thEHEIALE fir¢ Db A 28200 hatbrded inibp st cted B aliiipe o
ZOZdQDQﬁgndeéd@vrﬂrﬁ@r high id\es! sielt sighell sphg«pgp. f4m@ trhefrﬁ;%re
e stored data signal ~D1

i nk baszﬁ on t
capagitangg 1 aﬂg@mpr%h@ged firing|celts 12i0r‘lbatrall‘eng
addr@8sEdH the selected frre group 202a-202f and receiving a low level data

signal ~D1, ~D2 ... ~D8. A high voltage level on the node capacitance 126
turns the drive switch 172 on (conducting). C

After drive switches 172 in the selected fire group 202a-20%f are 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.
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pul se, is provided to the selected fire group

202a-202f. Figure 8 is a timng diagramillustrating
woOhersapessat i on of one enbodi ment of firing cel PCamusanns/011729

200. Fire groups 202a-202f are selected in succession

to energize pre-charged firpgg cells 120 based on data

signals ~D1 , ~D2 ... ~D8, indicated at 300. The data

signals ~D1 , ~D2 ... ~D8 at 300 are changed dependi ng

| t fl d, di cat ed at
S0 IS Lkoros BPeDaF oheralbd fbsicasaion, fe selsgpsional
SEE@ZSEZQZf SEMP ks Helve agﬁ@ﬂbgg%a%@?% ﬁsec%a éhe ?é%—chag:)e

at 304 are provide ress |1 ne
Slgaalld?BEé BREZ omP&E}ﬁgﬁoolﬂpﬁ fiextfiregroup 202802 r & hgrme@arge

T e Y TR e e

sighaIcSEL 1 heBugh. . f[SFIs gn@@nérg%pagnamm%fmlalszt heFmEé fbr the
is conp lete, the address si gnal s ~

onesfice @WP&%@@ZfatAfWQh?@r%ﬂ?bﬁéﬁb%ﬁ'ﬁnai I?REﬂeRRE%W PRE6

f h
datﬁ%tg% S%‘ |D~S[1|f1'(‘rj zeacn?g arERﬁulftlbfe?(eg.}ﬁ ﬂ?%%%?%oi%% %m-lé €
addressed ow lsabgmupsmﬂtge @msﬁrta@raulpi 202a-202¢ by AMe sulegt @iglh&l
SEbf hSElE D st nTBS Selirt SnaL ﬁ&i&féﬁﬁf "8E or the Sefected
flre%jr_o@BAZlOQé[Edﬁ i$8fsoltAe i‘)‘ﬂgfcﬁéfg ﬁ’ ﬁEqupﬁF_@ am‘lEG for the

sui t e throug

e order.During a cyc i re groups
next e gpogf 20222821 Aﬁaet@lﬁa‘led&m’nd@&ldl BE_2028E6dor the

solBiRy lRetows ofide 280" Ritb el e Selesf paial SEEL-PELAI <c

SEBBGor the rhe fiegasdi a-202ﬁs§ﬁbﬂ§éd| PP8-chardedfithg cells 120

gre chardc;e line 210a are electrically coupled together
in the selacted subgreupdiie os |hgﬁta|nk hasedrast hersterasbdatasignal ridt,

~DE e cit et Snciy 3% T BRI FHE, "HIRERY iR ap eneray
pulse,gs@irewdé"dm@o Hid_s¢lettiet f&égn@up Qotaeoaf 310 on

pre-charge |ine 210a, precharges all firing cells 120
in E@mrezgz%a W@gﬁ&ﬁaehwa%ﬁr@tm&@elwrﬁwn ehene gmhageiment

r i
o i GIPUBAL2A0" FI8 Golhs 2938200 E00ed i fheet
engrgzeqgirerciedged flnm@ celid 120 baded onatata signadsibBrioup2 ... ~D8,
ted,at. 3 11, to a hi

Gty 08, B S hinPakien 8 S LS L6 Enti il
de;%ﬂd%‘id 5n O BH2HEs Hizl-dfe t8/fbA fIHRL %oﬁéaealat%gé fir e%%ﬁ row

provided to data transi stors 136 pre-charged
suhfgr@umgdd@qqssanplzﬁrecgrogp|202a-202f comblnatlon Address signals ~A1,
~AZ2 ... ~AT at 304 are provided on address lines 206a-206g to address one row
subgroup from each of the fire groups 202a-202f. The address signals ~A1,
~A2 ... ~AT at 304 are set to one address, indicated at 306, for one cycle
through fire groups 202a-202f. After the cycle is complete, the address signals
~A1, ~A2 ... ~A7 at 304 are changed at 308 to address a different row subgroup
from each of the fire groups 202a-202f. The address signals ~A1, ~A2 ... ~A7
at 304 increment through the row subgroups to address the row subgroups in
sequential order from one to 13 and back to one. In other embodiments,
address sighals ~A1, ~A2 ... ~A7 at 304 can be set to address row subgroups

in any suitable order.
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fire groups 202a-202f, including the address sel ected

row subgroup SGl-K The select line 212a for FGL 202a
weanasposschar ge |ine 210b for FG& 202b recei vePCnas2005/011729

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

pul se 316. The SEL1/PRE2 signal pulse 316 on sel ect

line 212a turns on the select transistor 130 in each

of the pre-charged firing cells 120 in FGL 202a. The

node capaC|tance 126 is discharged in all pre-charged

f i riPWeng ajayslerthoough firsioreops 20Rar20H esalect line 212f coupled to

ORI ARIALSAER 2RI IIRY ) 2la kR iitipre
SlgmaicﬁQQalrexttlchng mG/PRaﬂmgnanqml@@ew weﬁe%nﬂ?&j»mfeni hRe

sel 1S L G e et i 12 e eldeiapalirccupied todether f

recénﬂérﬂhé%m@élgﬁﬂp ln%t@é‘rﬁﬁ&ﬁ%@t @lse?éﬂﬁlﬂe 1|Z§%$%)re—

pre-char ine 210b, prec argesa frrimn
chayge P@Ziga lare hﬁéelﬁﬁﬂmaﬂamupt@rtoge&% hﬁu[trreeemb sirhilahe
i charged firing cells 120 in F& 202b is charged to
sig %I gh voltage | evel. The node capacitances 126 for

pr SFRNBEQBIPRIET isithat ghls% #2A0 éh aﬂeecﬁé?gg% ﬂﬁé) re-
S&2- K, i.ndi cated at ,_are pre-char a
cha(ggs allfiring gells 220 #p5G113Ra. othe nbde @apaa;mnmtz&form@h of

the P ERaTe LS 12 i @7 4318 bati Biq Aighairae eret
Thefmcvdmgapz&ﬂﬂascéQ@%ffoabte T,hartgeg ﬁ?g%&gﬁ%ﬂ?gﬁﬁ%ﬁe oW st subgroup
S} difirigd 2l 347, Biepirechaendy adghapiaeicsl ohal 2afee
row&ubgroup é@@e&g'ﬁgog%%ﬁé gﬁbﬁﬂg)lrug%é Il(:’feﬁn&t% gspai I% &Fset at

firf'ng resistors 52 in pre-c
314tip provided ta datautcansistods 1 9@ irsall prmelsargéa ﬂrihg’-‘délls%f all

fire 4psciiZ- 2057 erBing Sroy 380 88 Relhcteth lowmibarameSaads

cafThei dextding 26! 22 FoR F@@@m’w%d pge BhbMR RV 5565 or Fd2

are being activel éﬁ pul | ed i ndi cat™ed on energy

2028 repmive AY-BE L4 IR Sl 20 ehding theeSERG/RREPsigral pulse
51053 PR 5 BOCR FARTELRRER, 270 ks bl

tranbletcnr EmaMtcﬁrthé relehagrd fifigosd’ 1ArindrGY 20 t'FHé
72 gs t he g(i/ pul se %Zﬂ goes high. The SELl/ PRE2
sqi

nodg Icaﬁgpltag@ aggd imall @f%pggrq@m fingaetlsi €20 in FG1
202pUA 8k R d0E8, okl AL BTl B ihges
selecigd: low suvgroup iSE14K, elatsat @134;! afe sfoned,datlicatetP& 318, in the
node capacitances 126 of the drive switches 172 in row subgroup SG1-K to
either turn the drive switch on (conducting) or off (non-conducting).

The SEL1/PREZ2 signal pulse at 316 on pre-cha{ge line 210b, pre-
charges all firing cells 120 in FG2 202b. The node capacifénce 126 for each of
the pre-charged firing cells 120 in FG2 202b is charged to a high voltage level.
The node capacitances 126 for pre-charged firing cells 120 in one row subgroup
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.
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The select line 212b for F& 202b and pre-charge |ine

210c for FG3 202c receive SEL2/PRE3 signal 325,
wonelsudsasg SEL2/ PRE3 signal pul se 326. After tPReT/US2005/011729

SEL1/ PRE2 signal pulse 316 goes |ow and while the

energy pulse 322 is high, t SEL2/ PRE3 signal pul se

326 on select line 212b tur®s on select transistor 130

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

202b. The node capacitance 126 is di scharged on al

pr el Hreyline 2i4a hecaleds enarpy signat GIREA 2 ndiderded at 8280t

inchBirkl i BHEFE3R88 a¥ 302 40 15 S THAY Beitloran2 i plareharged
fmrg@eusmﬂmwm hiave condetive didfe aliteiead! Bum 5632624, JThe

di cat ed to either turn the drive swtc
FlRﬁ%Zewgycpé%gff 9955 Svahohile o SEbA RIBERsignal Phise 316 is

Qc
oSN AR ST B i s 172
are 1@ing astivady piilied Rﬂnﬂ,ﬁndlea’;eid\msenek@lygygr‘lialﬂggg Fﬂ%ﬁo& 324.
_ ul se
switghind P playiiee SPE i WBIS e Bbed cnareiances: aare
actiosly sulizadof plenBdRe Adt chiis aﬁ RLESYSE in BEinte
sw tches 172. The FIRE2 energ goes I gh

Inadvﬂrte@ﬂvwé\am&cttmm,h Sigydeve pwltslaa 132@3| thelengngy pulse 322

PP R TRER Al T RE b AT reSTaiied 922 i
prmhdau 1@  LPOZ farnkpfddeteriifed iecrntdtiingani @oot he ink
throgxggerat 60. After t he SEL2/ PRE3 signal puls

d19Zg(5s3thcomesrondiag Endegsonsiucsiag pee-chargadyfiringacells
120SEL3/ PRE4 signal is provided to select FG3 202¢c and
precharge F& 202d. The process of pre-charging,
selTéet selgctdine Dt2bfodiFGR 202ieaad gyeshars liné R¢OGHITIGEN

20 e e B s e St o
AftePtife SEAMgRRER!di GgHéIrﬁdlgb s Pée%%?/v bR ﬁleztgafeneT%pU@g%ZZ

capaci tance for each o e precharge

is hl@él the &EbZJFfRE@IMpulsg Fitaony edlecblire il B tvrok tomoselect

o 10 A R R ol A ECI A0 e

nodatcapaBitaratee] 26 E;dilb@}ﬁeﬁgédtdh & ;B‘ﬂegéhé/rgéél #9fRgl RS 28tin FH2

The row subgroup address at 306 seél ects su group
202k tpatiarediqd iy ieaddigsaselasteay Bebgioupi $162-K.oData sugnal set

s20orPaaIba SR Al 986 FRREASRel/ B 0 dhoup

SGZ}KL mdlcmied amgob@r@trrersmme drive syatcbet 1|7|2fk§h ?cb%fduEQﬁg) or
202f an i ne 210a for FGL

off (non-con uctin (3 IOlrhe §EE£/%’?R&3 signal pulse on pre- charge line 210c¢ pre-

charges all pre-charged firing cells 120 in FG3 202c¢.

Fire line 214b receives energy signal FIRE2, indicated at 331, including
energy pulse 332, to energize firing resistors 52 in pre-charged firing cells 120
of FG2 202b that have conducting drive switches 172. The FIRE2 energy pulse
332 goes high while the SEL2/PRE3 signal pulse 326 is high, indicated at 334.
The SEL2/PRE3 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/PRE3 signal pulse 326 goes low and while the energy
pulse 332 is high, a SEL3/PRE4 signal is provided to select FG3 202¢ and pre-
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recei ve a second SEL6/PRE1l signal pulse at 336. The

second SEL6/ PRE1 signal pulse 336 on select |ine 212f
woronssosset he sel ect transistor 130 in each of PCiAIS2005/011729

pre-charged firing cells 120 in FG5 202f. The node

capaci tance 126 is discharged in all pre-charged

firing cells 120 in FG5 202f that are not in the

address sel ected row subgroup SG5-K. In the address

i PEA R G THO B i Eon iy S B A B b
enkrgy signal, imgudihgram émergypuise, sohtistieop e aalfincldditg FG6

SEL6/ PRE1 signal on pre-charge Iine 210a, pre-charges
de capacitances 126 in all firing cells 120 in FGL

20285d ' i | 204 A .
saL e PELRIRES S By drfprecharbe IR iR harges all
firihgraetlg 1€01ihG2202H HEd n2de mapaeitgioe- t2thfogyehchvofltee phe-

chatiss it ol 170 EeBadt s therseh 4 wioh lpgr dtis'. The
no%@ﬁ:dgacﬁaﬁgéé 126 ForedhErgé® fifiny B8IIL N0 &Y oRé 96! subgroup
FI RE6, indicated at 343, 1ncluding an energy pul se™at

SGaK, tindiealed ptA3Y are preshaigeddosphigh veltage ati341. The

fir] I t fd riv i t.ches
ol SylBfo it a0l oS SRR SR K P o SiGRoet 238
is prsviddd-f FaGliranisistols 136 iralBpfe-tisargedHiriagtalede0 of all fire

capaci tances 126 on non-conducting drive switches 172
graves BaZamOgbtingledipngdhe asdressiselesiad dawetbgrown §G6-K.

Swi tahi . .

capadtt St SRRrHsr PoETat dha TS 4 ing 200816CF 61 2022
recaide acsaranidt SBICEYP RE2bsipnahpiileé ag 3B88.adher demonidySELSYPREN

.th h ' itch 1.7 th | se. 344 ,
s UL 5,08 o3k ihe b2 Lt PR R0 SRR st 1 msch of
thé PRS- BMaRjddSHrindfdelisS1 RNt @b hirg8 Hode @pacitance 126 is

f.
predetermnedtine to heat ink and eject Ink throug
disaharged irgall pra-changeddiring aedist128 io driski202hihap aes pokingbe

firing,cell,s 120.. After EL6/ PREL si gnal ul se 336
adg A PRI Tolf R URPE SRR T hiF 28ei0s siéel o SubdPoup
SGEWK, efH%a 388 Ré Stordd at 3464n the node cdP4citiret Ni@BIsbath drive

308 to select another set of subgroups SGl-K+1,

swdjeh- K Rrtogithes dudrthe gsivesvaias-a-ar offhe sel ect |ine 212a
sy T
capbeitsidel/ TARER il iriveg celld $20 BABGA202el, amlluding éiridd 2alls 120 in
o RGHEYSE R INiiFased AL 4300l aa levele Thsduing cells
1203R35G{ 2098 até Pré-Eharged while the address signals ~A1, ~A2 ... ~A7
304 select row subgroups SG1-K, SG2-K and on, up to row subgroup SG6-K.
The fire line 214f receives energy signal FIREBG, indicated at 343,
including an energy pulse at 344 to energize fire resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG6 202f. The
energy pulse 344 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
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di scharged in all pre-charged firing cells 120 in FGL
202a that are not in the address sel ected subgroup
wWECHesKe4s6 Data signal set 350 for row subgr oupCB®H205011729

is stored in the pre-charged firing cells 120 of

subgroup SGl-K+1 to either turn drive switches 172 on

or off. The SEL1/ PRE2 S|gﬁﬁl pul se 348 on pre-charge

line 210b pre-charges all firing cells 120 in F&

202b. The fire line 214a receives energy pulse 352 to
pulsecBdt goes high. i Tige SELIGIPREY Signaindiigy 836 hoegdslv bindithe

conductjng drive

energpyiER s snamlaig i fo Earpiré QoML ITE 4R oA ink
eject \SIIF_IILﬂIrS’I?&? n%kﬂ@é"34%3r?e%p%hd eIE:'o?IIiuct rI‘%m%EI:IIérP gﬁQﬁrmg

gnal pul se 348 goes | ow and t e energy
cellsﬂaﬁm ns high to heat and eject ink from correspondl ng

dr n 0.. The 0 s _continu unt j. |

O 450 S R M B 85 BB b eneray
pulsd 3441&4 lighl address s HEntAQf  avnadda ess cEQﬁQé@IaPBOS to

400 in printhead die 40. The address generat or 40

seleqt ﬁapﬁ@é§e§10§ﬁWQmHE§ SG EK+ 0 8G2Kai raéhdt $QANCHP &5@61541
The ?%Igctahnecigﬁé for FY ﬁgf? gﬁg%ré IthaI d R 5Y 8{) f%%%G?‘CZOZb

ectric cou |rect| Ci rCul At Gugh
receide ae&ELﬂPREﬂlslgolal pulsesinditBtedbtd48.s ThetSEIYPRED sighdl

putse. 4 oy selct foe BaaHhie orhhe sl GaRiof ACp i each of the

pre-cf iRy Scfessl IrI’FGWﬁIZ@N TF?’éIHE)Sé %aﬁﬁ&%{ 6480

provi des "address signals to firing ce n one
dischargestiimalhpre-ciargad dmgs:egije @f0dn &G 1202a doati aresnot m the

I 25A 1 I
acargdl SERbg M B SRR O ioiR st LGB N
SG1KR-1r ie SESrR8En e préleRarRdemgiais st 20 mb@ro@é SGTR31 to
~A7. The address signals ~Al ~A7 are

eithepBiM FEVRIMAIChESY! 72r@N PROThd heo‘s‘aElvHPP@vesngeabpulsggzts on
pre-chAfE RS 6 PI@%pBIq%%eéII ﬁIﬂ\SqI LRy ANnGASH pghal  nane.

ar € provi ded
o mﬁredlnel ZTA%re(cel\@s emgys ptzlsbl IEstoZeristgize Fithgsresistors

[ ure Addr ess _ge 00 .is one enbodi nent
52 angfoie- flﬂesrf@dﬁﬂ%@oqf&eéﬁ?@éaIBatr*@'&ow%ﬂag drive
I
sw;théQQt’lIT,Q zPIsegée qI?éu erﬁg gru%e 3??25%8 QISQ(IL\I,X\IlIIIé i A§Eﬁ1ﬁﬂﬂ§g '%fﬁ\al
pulsef afr 3¢ i¢ rogh.r é'herﬁ‘sEéLHP&Ea sigbakpiibe 848goeksilowrandotiiel energy
nerat or 400, i ncl udes

f
pulser 532 (R RGHISRIS Aot BN As ok TPt CNEoHIB AR ccel ve
geneza'ltgim.sﬂ‘ﬂé@récérs% corftingied uRfil pssigicQUonshistede net wor k

Figure 9 is a diagram illustrating one embodiment of an address
generator 400 in printhead die 40. The address generator 400 includes a shift
register 402, a direction circuit 404 and a logic array 406. The shift register 402
is electrically coupled to direction circuit 404 through direction control lines 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 fiming signals T1-T6, and in response provides seven



receives timng signal T2 through timng signal |ine

418 and di vides down the voltage |evel of timng
weiigsalbs4f2 to provide a reduced vol tage | evel PeTmiISH0BG11729

signal on first evaluation signal |ine 420. Resistor

di vide network 414 receives 25 m ng signal T4 though

timng signal |ine 422 and divides down the voltage

| evel of timng signal T4 to provide a reduced vol t age

vel T4 gnal sighal _
a‘i“;ﬁésfﬂ‘a ?Qeél st%? \/A‘ZeTﬁgﬁw‘ﬁg %8}‘{? e iy 2
aétiwheﬁ @néWé.@nghéum NBItadE vl Iamadrbat?ecamd ttehh pieteding tilda
down the voltage level of timng signal T6_ to provide

on eaeh sigigl neMmeagld ons embodinenf Heing @lsaﬂISoW —tTﬁ. g provided on

Ll S t
s?é?&elﬂ% s<%' 'h%ro?hg{légsggl M@g%ﬁ convf ﬂ&df’é%%aqenerator
5 400 ﬁséoﬂé@nﬂmdilrden*eoﬁa onn’solgma:hﬂ dohflgu@lui toi reepcDmd)to a control
Si gnal i nes [

402
signal (o9 S%YAWIC)rtolm!tl@i% @gquuieﬁpﬁ Zg Igi?ﬁ?éqzqqqr}ﬁrgeésaﬁlcﬁgsses ~A1,
{xhr St~/$72ﬁ1 fb'?\%ﬂfoﬂe@/@z%e BRIeh) to dritbIé BRIAREG Kelld 96 for

evel timng signal is recel ved through first
aetinadtioat i on si gnal line 420 as first evaluation signal

AL R oS ST LGRS 1

10 ah&@tmqﬁaﬂ%éew@ tirdmg digvab T4 Tyl amom;ea siRgistor dslvrdecmtweck 412
through second eval uation S|gnal ine 424 as second

rengitesaliming sigaalal2 thymugh timied §lﬁnﬁt linegj1@ pg dijges down the

B 53 AR UM 21 Bk BRI i

si4Pal bA ¢|kst@@|ddmlohtsi@m|31hef4t20r d@es!ster doside nethitl-44dIeceives
that provide the thirteen shif I, St e

tigtingh 08 akEA Jeah trping SigRnkine 427 efd Ahidas dafisihe yatiage level
15 ogﬁﬁw@gngl}rﬁ ?%Pmﬁdég' %EI@&Q!/&H’Q% l@UélpFK tlﬁilrgéﬂgﬁal on second

rteen s regi ster cel
eaaleatibesignat lihé 24 o Resistor divider networlo4po aseq:edées hm‘mg signal

Torhisuas oo s 1Rg 4 2 an St USRS R 8 o ing
§Wa§ #Blt§ gﬁ@kﬂ@@% @Hué@d fvblté icvEET6 Giedihg sihal ba thirdevdiation

ny suitable nunber of t register output signals,
sigmaplinw #@8. any nunber of deS| red address signals.

Shi f t I

20 our et iroisBE “Bg ERtyEe BEhFERINY G TG hidign gontrol
sigfal tiné 480 Hrelrdifsdtion I@tmmugleshrebncﬁri sngagl ey 408. Also,
output signal SO2 on shift register oytput Jin

SBif R0ister A2 ncai@s mBLSghat LBEousH FIniGssALine 452 as first
g%—ltc%?grez\églggglgl?ﬁg% OfheStddubed §8It54E TevRY 7B Yimihy ¥grfbl Rreceived

through first evaluation signal line 420 as first evaluation signal EVAL1. Timing

25  signal T3 is received through timing signal line 434 as second pre-charge signal
PRE2, and the reduced voltage level T4 timing signal is received through
second evaluation signal line 424 as second evaluation signal EVAL2. The shift
register 402 provides shift register output signals SO1-SO13 on shift register
output lines 410a-410m.

30 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
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cell 403d provides shift register output signal SO4 on
shift register output line 410d. Shift register cell

woQews/1p506vi des shift register output signal SOBCDMWS2005/011729

shift register output line 41Ce. Shift register cell
403f provides shift register 26utput signal SO6 on
shift register output line 41Cf. Shift register cell
403g provides shift register output signal SO7 on

135k 011 BAPHak sy Tl ST s

psowvitie shét;mgiremeﬁfoppartd dlretéloﬂa arﬁTtheS’evéntserdawcslbar leekher
3i .pro shi i ster o t put sj
canhients, P it 08 oAb Tdare agm.smtg&@gm%@r st register

. céﬁ§140@rt8 r&ﬁée%‘?‘l fstwtéS%' ﬁlﬁlﬁbePHFMr igRfloy , to
o8 SRMED

shift ster otput [ine 419 . Shl regi
M@Gdem\nmbemﬂdetsnredgackte% @lnplst signal SOL 1 on

hi ft t toli Shi.ft 1t Ll .
2031 S TedRE" cRlfB3hasblfies Bl et ot Sefal §' on i
ré@)T 'sfér dugaiitsiner4 104, Pohift regrter1dEl 408 srldlvidesr <P %ggéter output

cell 403m provides shift register output signal

Sdfmaé $32 op é@ifbt%*St@UP\éWt jine, é1ﬁb;o|§hlﬁrr@l%ter @@U #BAc provides
s'f‘ﬁff Feg# étﬁrd'gﬂtpyggfg'n%?%()%&i Iég#rf]targb%&] @gﬁgﬁe\?@!ﬁ@ ”éh?ﬂ register

cteilmcx?pg proyidak shifeeglstdr astplud slghbl BOdchas kit mg@t@d output line
PRE4. The reduceﬂ %Ita e |lev T4 timng signa
4196 Shitl registas £ell 4056 Provigrars vft F?@'QIQFA,O‘& uf é'GPPhSO5 on shift

| r%c%(l@ tet Ut Iﬁ’l'eﬂgﬁjﬁ Eél'ﬁih"r E'té? E‘% bﬁlftrr% ?s‘té/re&htput

timng sig i ne as t arge s gnal
sRIRES SGB dntshét r@Bieedutpult tingd1 D‘évShlﬁTregtsrten call 403gnarovides

bl ledisieb R BN LIRS R TRt A BRIGME1 4o L Sfit register
cBll %3ﬂ%od|Ué§%hifPfég§ét6ﬂébt%u! §|g$|BI ébsr&gsﬁ’ﬁ%gé%’r output line
t hrough direction signal [ines 408. logiC arra

4406. i ftma@lstea@@ﬂé%l pravides shigg m@@lgt@rmmusgrmiéi ga-shift

il LR TR AR B RLiERE) 2098 YRR i Borstprovtout

sﬁgfrw SCGMRbH @hiforegister spuYné 405 Sthiftiredidtbr odlI B3k prowdes
?rgl c.array 406 includes address. transistor Eal rs

register q¥iput RignahSEdeon SfegisifTBpUdine Ok @lwm rggister

cé%b%%?b%?ﬁlﬂ?e%lﬁgr?@ﬂ%%dii‘Sﬁ ~sﬁ%‘9&ﬂﬂ%@%ﬁg@gt line

rovi ress si
440t agd 466t iegidtedes| 40tmesevides shifaregisi¢oostpddSignah8013 on

446D, ddre transi stors 448a and 448b, address
Sh?f?@@'%?'éﬂgﬁspé‘fh?%ﬂé% and 450b, address four

t r ansipd @FectibaZdrcBR 4047eBeivad SoRfs| SihMs CSRNS élt\ Q:bﬁtrol signal
454a and 454b, address six transistors 456a and

lingd38s sTigung sianehnaiis regeiversen tiatiey si58B| lingldé os feu@hipre-
C%ra%]es le,r?;tngf IgRﬂ. ®he reduced voltage level T4 timing signal is received on
evaluation signal line 424 as fourth evaluation signal EVAL4. Timing signal T5
is received on timing signal line 436 as third pre-charge signal PRES3, and the
reduced voltage level T6 timing signal is received 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-

438¢g, address evaluation transistors 440a-440m, evaluation prevention
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and 460b, address nine transistors 462a and 462b,

address ten transi stors 464a and 464b, address el even
woORess0s4560r s 466a and 466b, address twel ve trareTAS200S/011729

468a and 468b and address thirteen transistors 470a

and 470b. The address |ine pré-charge transistors

438a-438g are electrically coupled to T3 signal line

434 and address lines 472a-472g. The gate and one side

(hsihienaafnsss, B el o heTiphl o . Ao
logio @rey406Tineludiesaddsesketransistoe parra|4t46$ d48ce. AD thatfdecode

[ t 438a i .
BitttatrsesPHpE S BF-S0TR et 1o gttautdngadg 0a-410m
1@ RFoIAE adtifs sofighdns ~¢>r1gl~msoum¢ PRHIoBc Afal QQG .r‘ldlmes

pr echar ge tranS| stor 438b are electrically couple
avdressyeng transistarg 446amndot4lr, addaessotwa ﬂﬁ@nsjsfarm%&a: aod 448b,

0 S b
P  Phedl oRgR s ASOR SR AT B 20535 Bordifly Boa anc
4504, adéressdwedfarisistodr 484 and d64baaddrets spdF Assistbid856a and
pr.e- char%e transi stor 438c are electrically coupled to

4’15§bsaaw S|§eNen Aransisters "cﬁ&?e@n%fié%b,oadqrﬁés gicht Ha§§l§tczf§ 460a
afﬁatib(ﬂi‘ a@@fé&sﬁné tinsisrs 3@?& %gfre§§%rn frSnsistors 464a
C. The gate

el ectrical coupled to ad ress i ne
aad|4ﬁ4dm adslrem alevermradsiatars 466aemdpédoh, alddeekly tessdvd trapsistors

-ch tr t 438d I | led t
55 gt phE R it B StE 4104 B BB sour co
pat h19fe é’diﬂé§§ finé 'eréicHé@'eCtFé’ﬁéJ@toH 288 atae@ aﬁlﬁ %ﬂedtﬁcany

electrically coup dress |line 4

~ canplegrie &3 aignaf |lrt61’é343| CLED @ddmlmq@aﬂﬂae#n@ldfrbesgate aad one

PSRl L8 Bt REAGIRES e BES SheRia Yalas R E5an e
efttiically aigieb® T3 BRynal iné B34 9T her Gthst Sitielof 433 Erdis-source
el ectricall imcou pled to address |line 472e. The gate

patiiobaddresg dngforeshargaairaRysios 4 38atis elﬁthmﬂV@@S'pleidnt@ address
00 0 AR 8 56 0 S B SALEE o
chatde tnénsle‘tdlr d88bldraelqutdecdigrapriplechtesT3 tighattBid 484. The other

sHerhe Cris o pethuptadiress ég'pg%%né‘é?ef iransistol b ds
e@&n&é]ﬁr&ﬁjpﬁécﬁtbséédr@éiﬂ§§Q7ébe Tfh' g a?ﬁ rger SiAER)F 85k Hifain-

sig i ne 434 e ot her SI al n-source
sputde pathafdddsssy Immpw@:argartmststmm;?»&a are eléégically coupled to

Ta O R 434 B 0Bt s BB B4 R phadiRss tne pre-
cﬁg%% #388sir 438t e blechRially coapRHaE dddrdsk ilPdc.! TRE gate

instead of T3 signal |ine 434. The T4 signal |ine
andpriesside sk the deain-poutneath of eddressdinecprerchasge traingistor 438d

aPd el JARBILSH T3 signal line 434. The other side of the drain-source
path of address line pre-charge transistor 438d is electrically coupled to address
line 472d. The gate and one side of the drain-source path of address line pre-
charge transistor 438e are electrically coupled to 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-
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pat h of each of the address |line pre-charge transistor
438a-438g. The gate of each of the address eval uation
wORessioseser s 440a-440mis el ectrically coupl edpco/use@so11729
eval uation signal |line 474. One side of the
drai nsource path of each of 28he address eval uation
transistors 440a-440mis electrically coupled to
ground. In addition, the drain-source path of address
chergé wahsRforl4381H & I I
evgaﬁ3 uat i onEb line 47Fe‘§fncf‘<lgﬂ§e)%81rjglle§ tgo(‘atlﬂdgée%pgq%&??p ﬁ% é&e and
onavsife & ithm dfainnsorscopathafaddsess lm picecharge dansistor 438g are

f., add
ol EAbatt ¢tz RE T3 e 18 35 TS tter S g Rlarpaoe
paeivaf natliess linenmredittege T@ﬂs@t@l%@qg ety c,Q:fup?éijoeéédress

\fg uatl on tra sistor 440d is electrically couple
ing A{128at nGtha emEodiRRRNt aﬁ@re@ﬁanm@mh@muansnstoraeaBaepseSg

ARS8 308 GEHEOLLY RIPL AR, e

eval uaf | Fai n-source pa
T4esighaldineo#22 isaelsciically dd@led $o deegatel xad bie eRiepdaHe tdPain-

sof{ B G bach i 4Nd Ao TRRipe Iren B0 (eRP IO AR e
evalTyt 448 dfiga@hbFeRe aaa%ﬁf@aﬂfagfgp[t@ﬁ?ﬁbﬁ @iof‘ﬁgbﬁusé

eval uation transi stor IS e y Ccou
elesfracalytgapled telogiteevalgatiordsighal lnewd ok Paersidd ofathérmm-

soff Hhi B bachil e Rt el e SO a0 b e cos
el@tmmmamléd wngiosihel 144@dition, Hecdiain-sa8lils ;saiHrlea didds

eval uation_ |line 476j. The drai n-source path addr ess
eV@lPé‘lf'eat Faéﬁ'%f%&&(?%@cﬁ'emgwly @ounl@@tq euaiuayo@ bn@ UéBat The

dréiMé ch' oS dtEEK ev%ﬁ% idh ﬂjaﬂ lecgﬂ%qal é(gcr(fu‘?’g?ed to

eva Uatl n transi stor IS e rIC

eveliatioatine  716bn eTHE7 Bitain-Sbercdrith 0$ edd msréildmalfonﬂ%ii@ﬁér
on trans stor 440mis, electrically coupled to

|
4455 5 SRRy CRUD sk e VPR BeA P coritha iR spUtdepath of
addFeliseVepyHLich fPandisl 4408 'Iscel%\‘,ﬁ,c'éﬁ% bBPpl%H ré?léﬂ:eatlon line

transi stor 444 are electrical nal
476¢nd hearaimsourice petihof addlnesefevahratldnaransmﬂw M@&tdﬂecmcally

t I cealatns nal |
o3tk e B lafioR 1847 el aTed i S kth i e s vakagtion
trahsis@dreRtof isalekiticafy pbepletQo EdakiatiBallinki 4784 Fhe d-FQi‘ﬁ -source

.drai n-source path of eval uation prevention transistor

paifuoiaddress svaluatian tansistr 44Paon eferiricallycauplédty evaluation
: a ot.her .sid
ing 254 BBl At el e it a0
elqctrmaaymopladrmranamiairom#@man eTIes tFdifdouyces pathl SithddPess
ts rg ne 422. The drai n-source
evalua 10 transnstor 4401 is electrically coupled to evaluation line 476i. The
drain-source path of address evaluation transistor 440j is electrically coupled to
evaluation line 476j. The drain-source path of address evaluation transistor
440k is electrically coupled to evaluation line 476k. The drain-source path of
address evaluation transistor 440l 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
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pat h of eval uation prevention transistor 442b is

el ectrically coupled on one side to | ogic eval uation
weigsabs4ssne 474 and on the other side to the petasens®11729

at 478. The drai n-source paths of address transistor

pairs 446, 448, ... 470 are @ ectrically coupl ed

bet ween address |ines 472a-472g and eval uation |ines

476a-476m The gates of address transistor pairs 446,

sidlélﬁf the draftY.8o@fce rSchV@élebiﬁc%'ﬂyfcbubﬁeﬂ' t8li6gic @hRIdtion SIQnaI line
4W4i g_EaI s SOL1-SO13 t hrough shif ?I ster output signa

e @@tﬁaOquwamp@a?@BO@traaa@ < 2aris edecan@almmmled to
b |
TS EORaRe 4580 TRESBICLITHE Baliy o SV Sty BrtBhfibp ransistor
442 |b|ab%ctacwlyaxmmm¢ ohromessidé ¢ Iol@ékﬁevézllggﬁrbmsghbtm#éhélm and
0, n S etoa SS | ne a an on e
orgRther SBedt tad keiRmde At Eﬁ%aafemee\mhﬁtmrér@a/@eﬂon
traﬁ%‘iéloPM%"i%r&éétri%ﬁﬁy Ebameb b a4 ;ﬁ@% lin /ﬁi é aﬁ% h-\eéource

coupl ed one on side to address
padin o€ evaluation or@\xmitloattrammtonmm Bmleﬁrnba@bhcbmed oshorid side

t t SO1 h t t put
to 5Bl g 8 A4 anc G5 i i SR 61180 Pl hepugtrra
and 'Hﬂaﬁ@ra%ﬁs@dﬂieeﬁaih§bﬁbdéﬁés§ﬁrérfsﬁi§ﬂ SAify 4480048 S . 470 are
turned on a high vol tage |Ievel eval uation signal

ekmmﬂyofﬁpupé@ ée@w%ﬁmadqir@ssémgﬁéinamag@m ewaiuatmjhm

e NS st
AT B M SRR R HLIA B A §inen
byl shift vedisiay @utmﬁ@hgnaT@ SGIESOSBSthmIﬁgH shiftsegistar otdeln
addr%ss eval uation transistor 440a conduct to active y

ling§ 14108418 |ine 472b to a | ow vol tage | evel . The
gat eghehha é@f%&&%&%ﬁé ﬁaﬁéngfo?é i4é§%ﬁd%b44r%bc?lé&ﬁcally
el ectri Iy coupled to s regli ster output

codipul toTteft degister sotput sigret hnef41ﬁeld rMéwesd r'awssmtnmespath of

448 | de t _
adif&Ss o Fatfistes Plorls ey S RIS Cos S d peidess line
47%6&4101 Jﬁ%@bﬂiéﬂsﬁi@%@%ﬂbrﬂfne@%&s?hé‘él?alhf W$ES bath of

448b is electrically coupled on one side to addres _
address A ansigtas4chds elemtiicallyqwupledong ontsidmtd address line

75558 Bu oLl P i B BT BBt
oudstetrtgisal (IS®1 bhasmift edgister ddthut aliphal i 4408a ZLisvkﬁhfsftjv‘fﬁaddress one
eval uation transistor 440b is turned on by a

rapBIRt g AACR NG A9aP B81A0GHESS eyRlNSENRaNGROY dgoa S tumed on by
a YR VERELO TR B0BualbRSIGhe! LEVAR. S0RIGRO8, ANRriSH QUREPHAL 474.
Thecaddreby opaltlansiddore446d and addssstevatudtion tvardistoe440a
colng\dgtl fo a-lc_:l%l(\a/e@/dpdurlleasdsdrtegg hrt1er 295&1 ?ct) %rlow voltage level. The address
one transistor 446b and address evaluation transistor 440a conduct to actively
pull address line 472b to a low voltage level.

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 472¢ and on

the other side to evaluation line 476b. A high level shift register output signal
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448b and address eval uation transistor 440b conduct to

actively pull address line 472c to a | ow vol tage
woevsl10s48he gates of address three transi st or spdbaa2@8d11729

450b are electrically coupled to shift regi ster output

signal line 410c. The drai n-¥ource path of address

three transistor 450a is electrically coupled on one

side to address line 472a and on the other side to

Se2Jrustift e8giktatoutd @Gigndl §iner4aion- t&ﬂw 6% aBéFé?ss%voWé’dé?ﬁ%rs
three transi stor 450b is el ectri cah@y coup on one

44fiagend 448l @saddressevaluation ransistar Obtlﬁémrngddm bya high
R el 8 LA OB 0P S S 47, e
adtréss two traneistardidi8asand hddrest ievakiatibatndier 440 é&%uct to
AV Af HIRTEEe he daBad0 2 QM VaiROs: Yl Thevadarans R fansistor
448\baéh’cf‘hhéfés%'é3/éﬂ}atignrl?aﬁs?§or IEQ? 20REES 3o HEESY pull agldress
ress eva ¥ P8 AR5

transi stor 450a an uation transi
linechiecto a tovaeoltags keveul | address |ine 472a to a | ow

| t l.. Th d th 450b a
oo B oalhar adBEe S € Fansblas aBbatRw AL 42 Rle b Bay
cd@llpbléd aﬂ@mﬁ$§gnbtem@ufaﬁcéngrfalmnémo&olﬁr@&ratrﬁy@urceﬂw of
ates of address four transistors 452a and 452b are

ress reatapsistarAals iseletrically eqipiedon mmemnfe & gddiess line
412923’“;30‘%8%8 Sy S 14 SO PR o, TR Sh i hosipattyot

adalidscset ﬁms&?&mms@bd’m&alm dwipled 8/ one s‘bd@tdlaﬂdlfé%s line
i ne 476 T dr |n so rce path of address f

472d:A0d ep aluation | ine ¢6ep| Adigh leybsaiftdegister
ulfﬁ?t%rs‘? 3 'S@@ oﬂ\@ﬁﬂ fé"@sﬁ%? o%lﬂﬁlt Qe rigé 490k %r‘ﬁ%%d@&d r?gs

76d regi ster outpu
thisedtramsistors 4502 gndt4é|0bca,ﬁt address @naluahon daram;mbttmmssanmed

ddr fo tors 452a 2b as. addre
o idh iAae Ao b Caea e80T WAL 885 S hiion signal
lins A48 gEhé QMG}esg\tﬁiééaﬁré@ist%t @Béé ah%dr@éb &8lliStion transistor
eval uation signal |line 474. The address four

440e 00508Ebio a@w&lyawdl adiress $inevidRadoiadow valtagiedevel. Aded

oGRS et BBt A HEE R 4P, Bt o

activelygasl idrbslin®n72d &nailowanliad&ievepnduct. to actively
pul |_address Iine 472e to a | ow voltage | evel. The

gat ddegatgs @f agddrass\feur ransistors |4§2a@m 462 aremledrieally
cofbREH 0t g SRUBLERASRBILAG 4100, T B8R
addresssiosir tranéBiar 45226k @b&o‘mwllyl qoupdndable dnersidwio address dine
47§gdarn%son the other side to evaluation line 476d. The drain-source path of
address four transistor 452b is electrically coupled on one side to address line
472e and on the other 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
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472a and on the other side to evaluation |ine 476e.

The drai n-source path of address five transistor 454b
woO0Blesss6i cal | y coupl ed on one side to addr esBCriusen0s/011729

472f and on the other side to evaluation |ine 476e. A

high I evel shift register oWwlput signal SC6 on shift

regi ster output signal line 410e turns on address five

transi stors 454a and 454b as address eval uation

§

fobt BRI N4o2b ] SqtutRE SaRBuK (arbich, X804 Bdfu IS actively
plAEdldrireesl line d{?éestoallammlﬂaga levelnsi st or 440e conduct to

t I 472 I
" evel e YaBaf eSS v beRsinerE abia Rost diimieidPedcaly
ccﬁ)ﬁ’édiﬁi sm& rég@,fé‘ﬂ &Itﬁut ég&ﬁ mermhwret ma aﬁém 8 lidcedpath of
address line 4 ow voltage | evel. The gates of

addrdse fye iraﬂSlst@rrﬂéd@t isredectBeallyonipksbon sne side ta addmissyine

GRS By Pe BenoBER Sidlhalil S 47bEThe dRyddlop St o

adilress fivé alahgistars4idis@ledricallyi cupled af dnessidé taaddrésa line
and on the ot her side to evaluation |ine 476f.

The
A and avihiecethgrsidedo eygiiation 5154 160 rd il jevakeiftirggister
oS RhERSO8 e RN Rl i sihalRnp PR D} S aftdits fve
trérwgbr$n54a andgiEslbeas addrees esalyation 8@dsmtorsAdJe is turned on by
o R 5 e e U S P G 4
?th@sls%ama%ﬁwﬁéﬁwstéﬂmé §orﬁd’t§d’i L, a@ﬂvé]y p@.u Rldgfess line

age | evel eval uation S|gna dress six
4%2aatmsa v woldmlemeﬂ Abelndd @%ﬁanedéanScwtOf ﬂéﬁb a@d @ddiasy

ex;aiw%ﬁoétﬂ%w%\%? AR ot @ TSP RS a@ a7l % row

@qéﬁeqeval uation transistor 440F conduct to act | vel y
pu address line 472g to a | ow vol t%ge | evel

gat eE %gamf@c@rgﬁxéw transisdPrstbr6a 35%@@@@&%9&/
t
cThFE A B kR SR 08, T B B g e
address six tansisifa4b68a ¢ elebtrloaay cyupiedmrecn@siderte aiddesd line

4Tarand poghe PSS 1p SURlHe oD e 4aph e SERIG Spures palh of
addj@8S s XindlstdP 4580 & Efebirica) LYFIRHRINOBidRN8 Ridfésd he

I ess 2c and on he” ot her Sl de to eval uati on
472gand pedghe Atihdrgide m/eValaatucon lined7 6t eh mgh level shiffmegister

ol SBosC5 b e B B R S b 4 AR b0 six
tr@YAstord 156a bhaHeht BcohdBt 4S alidie_e@valudivn transistor 440f is
turned on by a high voltage level evaluation signal LEVAL. The address six
transistor 456a and address evaluation transistor 440f conduct to actively pull
address line 472a to a low voltage level. The address six transistor 456b and
address evaluation transistor 440f conduct to actively pull 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 fransistor 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
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a high voltage | evel evaluation signal LEVAL. The

address seven transistor 458a and address eval uation
woOnRenssiosser 440y conduct to actively pull addrees/useome/ 011729

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

transi stor 458b and address ®val uati on transi stor 4409

conduct to actively pull address line 472c to a | ow

vol tage | evel. The gates of address eight transistors

adthiss @Mréﬁ%@é’coﬁﬂﬁ%h@?b{iz’ir&%ﬁl{/ lfgﬁ&%@ dﬁ@ sl tBtadd ress line

reglster output Sl gna I ne ral n-sour
4720t ancbbn kel 0wy sideyta evaluatiors fine 4ZG@aA sigh lle] lshcfan‘dgyster

| t 0, add d .
o §BHEN G 0R07 S DA TabRtsd il o] ins 0 Bgtis G i iess six
trérpdidtory 458k BAG A5BLHY addrass bsémbtléﬁ %nls@t&l 210 1s<ta+r{e\d on by

coupl ed on one side to address |ine and on

a bigherolisoedeya avplyation signali Lk ALzoR he,adhiir@ehs $eMel trammsuor
B LT ST NI AT e

Fns on addr

lind6ZR atda kﬁ:@boh@g@tﬁ%ﬁﬁhe\aaum Mehrtmlﬁbmﬁ%@hdl S
turned on b h vo]tage | evel evaluation sig

addtons Svalliat G leBsdlen Ao Sanghis & astipbORU had-mag e 720 to

ansi stor 440h conduct to actively pull
ag)\c({@{rlgls %)Ii%r\{ér 472b to a low voltage I evel. The address

ei ghThe ga’tw m‘tanidraﬁ)blghhh‘aasidtoes 466a andaA60bnare electrically

ooy kb S g it R bR S i SRt
adcﬁéé@ b@‘h@h&néf’é?& 480 |§%¥@ctﬁéﬁlyeécﬁfb‘]éd 6ﬁ|o|n!é éi@éJEB 84dre8s line

reg i ster output S|gna I"i ne

4 Taaind 90 ah@ etheitsideto avrivatien I«nmé%h afrbe@tram -gaae ipath of

B ESe Rl PR S el b S i ige R5qddreSs ine

ATHcand BAURE ethtsid@to adslugten ine276kh anshigh dvet 8Bt icyister
el ectricall coupled on one side tg address |ine 472e

oufpit ianaleOB aResNg reaisies culptsiana ine 4i8hAvgls omaidigss
eléﬁtvﬁénﬁﬁbfé 466 bﬁH%G U%so r%%%@{alu%gn ‘ﬂ%n§§ d6'1440h is turned

ster out u urns on address ni
ort bgaasmgm aoﬁa@@@eﬁeﬁalaﬁﬁm sxgnabhEVAL dEhenaldidress eight

e aERb 08 obH St ot BT DR epbalio ety pu

adHrB@s lih@AZDE 4Ok Iéﬁ%lﬁpg B! e RIRESRE] ﬂﬂtég%ﬁirﬁa‘% and

Oi conduct to active pul | addr ess I|n 472
acldms:v evalagtiom a‘aeststclrhﬂécﬁimmb@t to activehyapgll addiesgdinb 472d to
@Eaijrels fval uation transi stor 440 conduct to
ﬁu?' address line 472e to a | ow vol tage

| eVGI‘ he gates of address nine transistors 462a and 462b are electrically

coupled to shift register output signal line 410i. The drain-source path of
address nine transistor 462a is electrically coupled on one side to address line
472b and on the other side to evaluation line 476i. The drain-source path of
address nine transistor 462b is electrically coupled on one side to address 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
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The gates of address ten transistors 464a and 464b are

electrically coupled to shift register output signha
woORoBs/144465. The drai n-source path of address tear/Us2005/011729

transi stor 464a is electrically coupled on one side to

address line 472b and on th#& other side to eval uation

line 476j. The drain-source path of address ten

transi stor 464b is electrically coupled on one side to

add’r@@é fiRd 47‘2‘5%497!%% wolthgenetble THdaddizkd airietransisioauibab and
[ine 476) . high level shift register out i .gnal
addsese ewaltahlpﬂttrar@ga’t@t #40isenduet i Qj?ﬁ%{EIYI nuileacgﬁféﬁs fijgAd2etoa

Fqg%tfg ten transi stors 464a and 464b as address
9;{ tranS|stor 440] is turned on by a high
V0| ThREYatay 6f addrebs tén transispnak6hEdhd. 46AMearedeleetsisatien

coéééaaézh%éﬁsﬁtsu%%‘é% ins 48 ettt 0 use pt of
adéfr? quﬁtﬂa‘?\‘é kor 462 |§‘é‘|*é&ﬁ§aﬂ L f]é’d“éh%in@rsd@f@aéﬂ':‘éss line

ress eva uat| on transi st conduct to actively
47 bhdagdihessthéer side4d 2vatuatian |how47@u .t Abe drainegourqg path of

additsedel tareR TRt qotan ta i el P13, R0 10 Bl ine
4751 5% B4 %Ke ofitd SHAtdevAUASEh MaS h76f Nﬁ?‘rﬂ%&e&kmﬁ eegister

transistor 466a is electrically cou | ed on one side to
outid .sml SO a7 shiftiegister OWBULSIABAI lerh G duids AN aadisRs ten

tra%'glgf@' 4545 %Eg%éj%baég F\éeﬁs“sg %%ﬁg@mﬁtr?r%tgﬁﬁgﬁ" 'elg‘fll?t‘?\ed on by
a rﬁg‘ﬁi vBRage igvel dvalgatitriisighat hEVA\Lh e1fhesadhire89 tmuauastcmme4a
angamdresmewiion Banskir 4901 pordis i aftvebbl aeRiedi e 4720
to %q%\ﬁu j ttlgiéé l?\}e?vel“ﬂeta{o%‘ﬂééssfs?{ Farfb&dr @B@'b ﬁﬁ@ %&ﬁe@é\mﬁé’uon

ransistor 440k Is turned by
trameist@gm(}}‘nahdad:tl toractively aiulllcBdagss Hﬂﬁa4§2|fdp@b\/\ev@t&g$ level.

condiergdtes L ARgRES SiENan GanyReLs APRE pyApRRE Yy
coﬁgig'dat%%h'lf? ﬁste?raet@@@rg%ﬂwé aYek. Thanrwhiptsyurdé patraot

ress evaluation transi stor 440k conduct to acti vel
adduds aelduer transistar 4662gs eiecirically Gayipledyen pagdide fhaddress

s e A L ki e
of bdafed1fldver andisfir6sous efeqidddilyadfoupttdl es snewide/ address
inaddResand phéhal ot sie GrP YGRS B e AdIEh BVEkEEn
bl 590 02! BnSHY RRue! Buphadiiring bk on
adiidesLeieveh handislers atdacand n@Ghnah addse@ee\tabum twansistor 440k
is ltdrpmgddgn(sbly a’?\ngI;hl 9&ta{g%vg\|/a13§t%gnt mgﬁgl' lf’é\%\L The address eleven
transistor 466a and address evaluation transistor 440k conduct to actively pull
address line 472b to a low voltage level. The address eleven transistor 466b
and address evaluation transistor 440k conduct to actively puil address line
472g to a low voltage level.

The gates of address twelve transistors 468a and 468b are electrically
coupled to shift register output signal line 4101. The drain-source path of
address twelve transistor 468a is electrically coupled on one side o address line

472¢ and on the other side to evaluation line 4761. The drain-source path of
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out put signal SO 12 on shift register output signa

line 4101 turns on address twelve transistors 468a and
woaels/1as4saddr ess eval uation transi stor 4401 i spcumusSems/ 011729

on by a high voltage | evel evaluation signal LEVAL

The address twel ve transist¥ 468a and address

eval uation transistor 4401 conduct to actively pul

address line 472c to a |ow voltage | evel. The address

addresl YRelbarsisior 4688k aBetrivdlly es8pied Anugid Side to address line
transi stor 4401 conduct to activel 8u|| address |ine
t

47207 2nd oo theldhenside sgevalkation limad7§ht Aigh layghphifigegister
t hirt i st i
outpll SBE ST ShRaBoibRfh 909 B ) RihSidfaddtens
twé_N@'trlanQi?tms eﬁG}S@téth?&ﬁ ds eddrddsi guamttim %mséistbo :4_4@!71@ durned
IS elecliri ca coupl ed on, on aadr ess I ne
on bYﬁ:hiﬂh_d’OéiﬁQPH%V%ﬁ"{gwaé'Pﬂ é'gr@?éMat Tos agrifﬁésiw e
tra rﬁg%ﬁi h@'SQ'Mé&@rgF?%@a leatiﬁg gﬂﬁ%&témcf@ g@ﬂdﬁéﬁg%c‘ﬁﬁé’l&/ pull

is electric y coup on one side to address
addidese lihé 2y 2arid solowt YadtagieHevels i The addresaltwalvedransister 468b

and 33 e T D Ehah B 1 DMl keSS e 4720
to gq@,p%ﬁaé@ié\;e@en_transi stors 470a and 470b as address
evaluati©on transistor 440mis turned on b

vol Thg@ates ef addigsadhirtean diegaistors /AR anmb&agir%ggl@ctrica"y
t . : i
corlgfias St FRSR0oShuf SR EE. ARG The R 80URR path of

addré3e thitteanl tRansistbt 4PBa iseslettriclhe canpled om drie sitleda address

~transistor 470b and address eval uatjon transjstor 440m
line: drde.endion theothal §idBiPIEvANATRR AN 4787 Jhe daln-auie path
o ARSI arosy | L iy SApEI G qheint A8 ross
lines dgRetaen autheudther giciel toldvatuatib®ding14)6n .o A igh eval shift

iy oul 50 SO BB S 0E0 A R O o on
adta}e%!%achirfe“é‘ﬁ'\!%r%?steﬁm?@é ah# AF0R3R adiieds eesluatotransistor

Imng pulses fromtimng signals T1-T4 to shift the
44Pecisituetedcamby @ highiveliageieyet pyvaluatiey signal LEYAL. | the

oo R bR e AP BT 620, SR Dt
cogg@-to@dﬁv@r& puNeadeirbss lisd 7 2c tegilon eoliage mvel. sThealdsress

SO13 are provided at | ow voltage | evels. Shift
thirtegn troasisiorA 70h.and addrass avaluation tEhsiftor ngt%@#%&o

sl RU A BFLToTh T ofualh e, o noe D oh

out [Tlie shiff nRedistBP403QNE a sirtyte bigh \adiiage leegjiatput signal from
ongulﬁt%%egsiét ?%htp%?lsig%gjf ﬁr’le ¥i‘1 bg-ﬂlolm % R\%rng’x Istt rre%gs'tgF SLrltput
signal line 410a-410m. Shift register 402 receives a control pulse in control
signal CSYNC on control line 430 and a series of timing pulses from timing
signals T1-T4 to shift the received control pulse into shift register 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-
S013 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 SO1-5013 to the
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signals SOL-SOL3 provided at | ow voltage |evels. Shift

regi ster 402 receives a repeating series of timng
woub@sassand i n response to each series of tim RQT/US2005/011729

pul ses, shift register 402 shifts the single high

vol tage | evel output signal3to provide a series of up

to thirteen high voltage |l evel shift register output

signal s SOL-SOL3. Each high voltage | evel shift

?ﬂé@ 809G Fithwingthenshifoegidtsrestput

ne)&%g‘?]fgfegme%gﬁué%‘ B448 ... 470 to provi degaddresrs)
sigsalgr30$- S(AIS proviged at lowygitags levelsn ggmg IrqBQ;‘St?ZdOZTﬁQe'VeS a

reririing Sercan fitag PlieeSaNg o resadhee el e B bntining

pulk8s, férﬁ‘ﬁ Fegibick UoReagiifts the singlptigls wgmgesles@nou@m s[gnal to
anot her enbodi nent, shift i ster 2_can n % an |

proyide alspeen ofbBro Sirtean figh lé@}? 'Pv%lu‘t i realp s

SOASSEA4! e hibR RHAYE H6c SRRt ORbEt Sifhal SO"VSO13tums

N any su er o ress time slots, such
on mOfa@ldréssehnamglhoesalrs i4dB, 449t s. 47Khto ptavide a@@regs signete

TSRS S a0 TRt SRHAR L o
oﬁflég@ﬂnsthﬁféen%dr%s ﬂhfeeélbtsotﬁapéoﬁ dride the thiriekh shift

reglster 402. The shift register 402 can be set

regs:ttef butdué signglts sm -84 3 do anothﬁr@mb@dlm hft 5eglgter 402
d_direct |
e T

fodr@éé?f ¢ priViRS il @ressfsigimals RAf) ~ARQI. S’PAV i ahp lswtalolgmajmber of

to shlft regi ster output si naI . In the
adﬂtﬂesdme glote @uchras onrteen asgragsim Pecel ves the

con ﬁl'{ﬂ‘g eq‘;f?l’ep 462 '?%&?I{/e§ Hﬂ@&ﬁor@%ﬁgsaf% Qﬁr‘é\étlgﬁ Birduit 404

hi g eve regi ster output signal
thraligh @m’@et’on; Bighta! liregs 40&r Tbatqmctnem grm1a§ mmﬁwlmlon of

shifing vt eaisiee A03s irssh freudtar Az 62 s s hebion
vo%é\% F&;Yleyelé@g Sign8Y fl a $8talrd HRaESIe rfrd?h'%ﬁlﬂ regisgoebutpGsignal

shitt register out put si gnal s. SO1L and
scsoaa SOt Iegistar aldputsighal®O b8 eige d wyerss digggstion, from shift

402 r t.he t [ n ul ses
regint gt iandl 7 b 6 sh RSl AUt ST, P
out FPHfthéfcgwakd &&Betldn tchifetdgisieh402 sdudives #gi cxintrol pulse in
out put sngna S SO2, and SO4-S0O13 i ded, at

comtrbt sigaal CEYNE a@ﬁupmvmal@@ adtigh valtaoeleve ﬂuéé‘«‘@é’feé rﬂlﬁ*
é@phf\h ?(rﬁg%rs I P %@%’%‘r %Uﬁ%ut sggnnrgﬁ?@@?s' Ot19 eﬁ@gﬂowded at low

voﬁ%qe mﬁﬂsg?ﬁdgﬁﬂ 46D Iréﬁew&sgﬂhe:rg{x? §3§gslmg19 ’sn?%rgallaullsgg and
prg@eg@ﬂggh voltage level sh| t reg|ster ousfput agnal%’(t‘)z, A &irother shift
register output signals SO1 and SO3-SO13 provided at fow voltage levels. Shift
register 402 receives the next series of timing pulses and provides a high
voltage level shift register output signal SO3, with all other shift register output
signals SO1, SO2, and SO4-SO13 provided at low voltage levels. Shift register
402 continues to shift the high level output signal in response to each series of
timing pulses up to and including providing a high voltage level shift register
output signal SO13, with all other shift register output signals SO1-S0O12

provided at low voltage levels. After providing the high voltage level shift
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provided at | ow voltage |evels. After providing the

hi gh voltage | evel shiftregister output signal SOL13,
wehodst1054gi st er 402 receives the next series oPCTiUSRING/011729

pul ses and provides | ow voltage | evel signals for all

shift register output signal3 SOL-SOL3. Anot her

control pulse in control signal CSYNC is provided to

start or initiate shift register 402 shifting in the

reé%’téﬁ’aélﬁpm élﬁlﬁéI §©1§e§h|ﬁ5regfsté’r'4ﬁ? Aekhvad QPé gé% s sﬁb‘ltt'ming

nals fro regi stér output sig
pul%@ﬁ aﬂ@pr@udmto%vglmge IS@&BSlgnaIstfhleali elvn&rreglsbhrrm.ttpum\gnals

eqi ster 40 rec ves a, c n_caontr ol
Q75 AR pel BB YR SoRnG P bags SUNKT o raliRBap start
orantlaté shiftgagister@UR. shiftingah fies ferlviatd direstici §éné§k§fﬂﬂ§h voltage
i gnal s SOL-SO12 are provided at | ow voltage |evels

Ie‘@IquttpWeij%%Ié ifrapp shifigegisiersoytaut signel 3@ ite shist reglstéﬁgutput
s@'l’é and provides a high voltage |evel shift
egi’s er out put signal SOL2, with all other shift
r egilatthe revérpetdirection| shifbegisior 402a0ckiFéd 3 gonavi gakdedhn

corbfs GBSV it bbbl s it S
SGfp! Aothel BNt Byister it andy SO4-s0 e iR 1%
vaoliage $eess p Shnft thgilstat 402 vesaivesatie mwmsIeses shtifing pulses and
ortifeS i il Yoreas v SRt @oislen Ak (Eabndlsdfiz; AR qy Slfier shir
re Iékér&iatﬁups@ﬁaléfsbﬂmwwg snwbﬂim&anbww bé}a@as

evel regl ster out

Shift egistati402 reegives dhe aax&éneﬁ qdanl@gswsesgmcgp?n\mﬂajwngh
3ol SRRl B Blpus oSBT o e Sl Peoisparquiput

sigres SC1-SON, ST mﬂd SO3 peodidectat lew Wiltaigertevgls P @hafes
and provides | ow v nals for all shift

I I
registir Qe coftnygs 19 .SE “high Valtage 1oxgbeHAU sisipl B response to
I I
N o A S A B e
shd’t ragistieo putpart rsmabﬁ(hll gvithvall othge Sb[ﬁIt negistei qutpltsignais SO2-

SQfs pirvidse 2h Pusialidteneiof Aunar ninvieale Mol ¥olads kst

re%?éfér%dtﬁﬁﬂél@ﬁ‘a@@ﬂ‘aéﬁﬁtr igtegn0gi r’é@éﬁté@%éhgﬂaéerlésrkﬁ‘sﬂmmg
08. The ditection signals set the forward/reverse

puises and gratidesciomoyoliagedavelisigrals seraall stoft registen outhid signals
o T, hon . Sj I , 0..cl .hi gh .
ShaL R RSB PuBE B EHARSTIE Ri8vigeg o tor
or Thiatd $iERré§iBte? YOCWHIfIAG 4N HRERIVERSe diré@RPAddrRE STeigieSoltage
of timng pulses from
output signals from shift register output signal SO13 to shift register output
signal SO1.

The direction circuit 404 provides two direction signals through direction
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
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timng signals T3-T6. In addition, direction circuit

404 receives control pulses in control signal CSYNC on
woanisros4sbi ne 430. The direction circuit 404 PCT/US2005/011729

provi desforward direction signals in response to

receiving a control pulse co¥ncident with a timng

pul se fromtimng signal T4. The forward direction

signals set shift register 402 for shifting in the

f i . .

ol R i DR b SR Loghla ) SSRbcent it
a tinmmg: pulse foomdiming $ﬁg¢|ab dv |Tdmfomaﬁd dieectionesignals set shift

Bttt SITROES e RrbSio e ctRr bW s vtosg sional

sCBh Qo sPyEfeHfistel bafiut Slynal SUAIZS TR dibétidn élﬁﬁmsztcﬁf pr‘b@?des
for shifting in the reverse direction, fromshif

revetgiesdicgctiontsimals iy rraposee do recaivingta earyral tp@liseocmlp@dent with

= QG PuRE e TP b el 7 dgfe 0 SR S o B
reglslt@M(DZJfbrCshlifﬁug in Hedreverss diredionofronpshiftukgieter output S|gnal
coincident with both a tj mngn‘slul se fromtinmng s

S@434nghit fagistagopinut signabaXl RirRrtiongiuit#H4 Wﬁ’é'qeégi"@dlon
m@éﬁl?%&gﬁ@%ﬁ@‘t@@??g:@? ellFr] ‘?g J%r%re t%%r%‘&loﬁ 'cﬁggﬁ 204 receiving
cohiti@d pdises circidemt with buihsmhnﬁrlg)pullserfrmrg timiggsighal 34 Emd a
.on timng sSi naI l.ines_434, 422 and 436. In response
f'mwgamﬂ%)%ﬁp 8 g vang | evel output signal in the

shi (1he aeie by A0ERELeRbS Bﬁifﬁre?%eﬁ%ﬁuﬁé‘@néi&esml@@% on

pulses romtimn na S - | ogl ¢ array
shift oegisies oulrutisign djneagéoaé\ﬂ@m add rtlayeg pulpes|feoro dimiog

e TP &) UbESAEES 438 422 A%, iBipening single

high ¥6fthgd fevdhatitgut rsrgehaq)rn peadhire tedistep baYR A sighals SO1-S013
transistor 442a to pull the evaluation signal |ine 474

anchthe tirpinovieirisesg Eomey rngaﬂan@lg Al |09!§»‘oﬁfé%\é4@‘§ preMgesivo
lot! \R‘fﬂ%lgét %vél a‘b@esﬂlggalst&ﬁ of 'tHE Q%é@%&%g %[Qrﬁl%n-ﬁﬂg, ~A2, ...

charges address |1 nes
~A%Itage | evel s through address |ine pre-charge
tra ors 438. I n one enbodi nen

{1 onThS IGiGAgRKASE TP8oNes Pdmagauss HoRim N Sl St

tufﬁso&‘\ teK/Hlu%Qoﬁ Iﬁ)@@\%ntf&'\ tFéhsﬁ‘éléf 482 26 pEF the &iSation flgnal line
472a-472g to hi vol tage | evels through address |ine

41 - 2w geltag@lwet and e‘.urmmff address iemahigtipoltsmsistann 440. Also,
vial uat i

I.m.n n T4 turns
tne EBH LTS FomiinbbiiindluEs TR RRBrieaines 424724 tp nioh
vakaevievéls &mgheac%lre@%é pfelcifdrbe arkHsRASrsA/3E, URt i
transistors 440. The shift register_output signals
ergiopdiment, the timing pulse from timing signal T3 is replaced by the timing
pulse from timing signal T4 to charge address lines 472a-472g to high voltage
levels through address line pre-charge transistors 438.

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-
S0O13 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
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SOL3 settle to valid output signals during the timng

pul se fromtimng signal T4. A single high voltage
woevsl10e136 put signal in the shift register outpar/us2005/011729

signals SOL- SO13 is provided to the gates of an

address transistor pair 446,348, ... 470 inlogic

array 406. Atimng pulse fromtimng signal T5

charges the evaluation signal line 474 to a high

lo?i@' dregip4b@v el tnhﬁhgt pUilSe GRNRAMIRPSigRMET 518hARYRs the evaluation
ransi'stors 440 address eval Uation transistors 440

sighal lingrdvedtoon hlgihvcdmeelggelttpatum en adessrevahgtiondensistors

440 (855 i PabPbiol? 4b ot 1 BEG A abddefEiransistor
paﬁomi@ 0448 Q.. dirsA7BINdegicheTrayo4 06 e neddive disihighsyditagedevel
72. The correspon%cg address lines 472 are actively

Sfbf& regigter oWt SN &Qﬁ feneHrd i@ dischaegpsther Qs:rrrqmongmg
adtftlss fiASs 473 46[?1%%“3 5 her rb89ji ﬁé’sdﬁ?%%@\é@hé@% bliled low

transi stor ress | nes
thohagtgeshductiag taidgihesa)iraagetolr pagb 4415hé48 091 47Gandya dcﬁ}ﬁjuctlng

ovi des, t QW V eve ess out
2883 vanliGn abs TRl i ptne? SRSSs ks redipipharged
toafHighSltaERevd| Ot - If shift reg| ster out put signal SOL
is at a high voltage | evel, address one transistors

446aTia¢1 tbgiciatsay 4ABUYOVides pupllowyakage ldveh egdzevszasngmjs out of

e Gy b SR PR IRAR A%, " AP BRI S Bhpsy Birelop, st

reglm%utﬁﬁﬁslgﬁamoa |§1 lagh high telgsye rrvel, addé&"s%ﬁe trﬂﬁmstors
ansi stors 448a and 448b conduct to

446%@@1 4468 candugttoPullpddigss inesde2a é0§|4§2§rt@ l@wo/@itage
le@élg'a\h% eﬁr%Wd%%tﬁé%ﬁ'a@&%%%s s@ﬁa@ngﬂ\ SI? bmﬂl regi s|ter

gi st output si at a tae
owtddt sgaatt&@ﬁes at arhfsgrst/oltagm!é@al addre%&htoctmnhlstbrst 448a and

BB R R A e S

pr%()féiesébti% IR adRREds SiBhhls iﬁghﬁél erA3o L!T QH?‘t r‘éb%‘ﬂé’i}l /Ac\)?ut%tr signal

OL3. The addresS signals ~A
S@aasn aba higleveltage leval, addrwsthfem’ﬁaemtoss 4a0a @nd 450b conduct

togUlldtbEs bies 4728 Phbiarzarbionolb? felt FRE prafivg pctive fow
acﬁﬂ‘é@@' sigpals ~ADBhE A4, BAHLS R T8¢ SHANVEHIR ragibier dLASHR§5al

nal s ~Al ~A2, ~A7 for each of thirteen

S@& @43. {iheeadgress sigaalserAburAZ.n. Wf%laa@wqaﬁghe Hhirteen
a8t SR LRGN B inbifir RRiGeRbLE Bhafi8Pd-

SOudpere gbt b@l\/vn\thétfcamﬂwhgvaﬁleaddress signals ~Al , ~A2,

... ~A7 for each high voltage | evel output signal
SO1- SO13 and in

Address Time Slot Active address signals

~A1 and ~A2

~A1 and ~A3

~A1 and ~A4

~A1 and ~A5

~A1 and ~A6

~A1 and ~A7

N O O B W N =

~A2 and ~A3
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any suitabl e sequence of
signals ~Al , ~A2, ..
wexerFsLs6 appropri ately | ocat
446, 448, 470 to dischar
i nes 672a-g.1n addition,
array 406 can include any su
lines to provide any suitab

| ow vol tage | evel
~A7. This can be done by,

i %t her enbodi nent s,

addr ess

f or

i ng each transi st BCTUS2005/011729
ge any two desired address

| ogi c

i tabl e nunber of address

e nunber of address

ILn operation, a repeating se

gsignals in any suitanle nU”D‘FF-AQTar?cPdAESS Timestors.

[ies of sixX timng pulses

[aY A atWi

9is provided fromtimng signatb&2TdndiéASEach of the

i m nog-ci-analcec T1.TA
1(%‘ LI ||9 P | I
eri

g‘lla‘l
es of six timng pul ses.

T L

rdoa
rO—pPTOVvVI Oty

lca i ach
T

one—+t i nm-no—ni p—eac
The ?f’?@lﬁ%@”p& se from

1f1rmng signal T 1 71s TolloweT,.p%édhe.,Aym Ng purse from
timng signal T2, followed by the timng pulse from
12imng signal T3, followed by~Aleand mddg pul se from
H-m-rg—stghrat—H4—FoH-owed—by—thetimpgpulsefrom
3inming signal T5 which is forAG@E B9the tim ng

pulse fromtimng signal T6.

he series of Six timng

pul ses is repeated in the repeating series of six
ti miinganatheresmbodineny, logid arsay#06 lsan giravidé mictige pdt s,

i rcui

[ AT, H%%%ﬁ’ﬁ{ I

.di rect,i_on

SigRale Ag\ s ™

s a timn

St A0S IR sPRa8 qun the

foldwingdaple: se in fourth pre-charge signal PRE4 charges

a first one of the direction
vol tage | evel. The direction

lines 408 to a high
circuit 404 receives a

Wf Liagetevet—timmnyg
A | u;gfl leeval uation sign

el A, T

1circuit 404 receives a contr
CSYNC_coincident with 491 th

bhAnWe~A8 control signal
e sanme tine as) the fourth

2 eval uation signal EVAL4, dir

ceATemnderAMdui t 404
+H—direction

—discharges the first—directi
3 .
404 receives a | ow vol tage |

AT e 408
évé‘hgﬁ%ﬁs | signal CSYNC

4 coincident wwth the timng p
evaluation signal EVAL4 the

Laa dng tAe fourth
first direction line 408

S remai ns charged to a high vo

rAgandevd . Next,

(M R M e A-O\ A4 M
urrcciroir crrourt 4u4 1ecerv

timng signal T5 in third pr

eT’é‘gaa]nge~;§$' gnal PRE3. The

7timng pulse in third pre-ch
second one of the direction

Arfne oA PRE3 charges a
ines 408 The directi on

8circuit 404 receives a reduc

coAZEANdaR7 | evel tim ng

Qj:uﬁ':ﬂ:‘ﬁ‘l oMt ng—stognat—T6-

EVAL3. If the direction circ

PR P - [l £ 1 e ot e Al
n BIH ?.L%%d_rual Fot—Stgtra
i ‘[A lﬂp r ei ves a control

10pul se in control signal CSYN
_pulse in third evaluation s

A8IdMel demt W ith a timng
nal

11 ~A3 and ~A7
12 ~A4 and ~A6
13 ~A4 and ~A7

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

transistors that provide any suitable number of low voltage level address signals
~A1, ~A2, ... ~A7 for each high voltage level output signal SO1-S0O13 and in
any suitable sequence of low voltage level address signals ~A1, ~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.
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EVAL3, direction circuit 404 discharges the second
direction line 408 to a low voltage level. If

wdi2oBscsen circuit 404 receives a | ow vol t age Pevais2005/011729
control signal CSYNC coincident with the timng pul se
in third evaluation signal BEWAL3, the second direction
line 408 remai ns charged to a high voltage |evel.If
the first direction line 408 is discharged to a | ow

vol t ao8ddiEvA) macﬁﬁeF Bﬁ\b%@ﬁﬁé‘rﬂsdiobﬁzc t‘ré’;MbB 'E:‘r%n‘h%u gan

remai ns at a % vol tage [ evel € Sl gna eve
suitablef hubenptiaddiesadings rt@pto\m!e lanynesltahs]s mmnbermfsmidﬁess

sigf i By sateb TUMbbeardies o8Bt i gh voltage
| evah dpetatidrs ém@ﬂnglséﬁéé bpglxl tiring Biflsdssis freitan

to a low voltage | eve the signal [evels on direction
tiningesignalg Tdet6.ufashiof the tiging élgnaszH Bqnprides wnettiming

BB 8 o i OB Bkl PR BE p sine

is Fallowtes] by tid timiregpsise Wrom@amusg SigeBET2 er@uéwembgrtnwmmg

h [ta t I put
pulsy g S6an L foliohed birde Hiswia Pheiom iR sionab T4,
fofidied By th&fihiifg Bak.R M&hitRfng sigiar 5! Whg @lf{;m@??(d B9 the

begin, "the direction is set in one Series o
thlhmnﬁiiﬁ@flbgvewnmgoslgmlfTG r € sedes 40 8ixiteningipulsesdd repeated in
xt serle Qf ..Si. X tllm?ng pul ses. To initiate

th%ﬁ?ﬁ’?a TS Zﬁ?ét'mérfﬁ PY'SPRgi ster 402 receives a

ti m|ﬁ@)ri@lééi%sfdeﬁétsiﬂnﬁmg_5rpLﬂé@é direktibn clrbli® 404 receives a
pre charge si gnal PRE1l he timng pulse in first

flwn@m emsfirgingl signa IT hindou i hges arge sigsahBREdodehe timing

o R SR PRE G55 8L o AU FTHn s

408etdur hidhwalltagedevely dlhet dirgotign wircait 404qavéives GQeGUGé@k/oltage
fir val yation signal EVAL1 . |If a control
ey (188G 1ol 5 91 Taing am A fourth svaluatian Syongh AL, If
dn‘é%ﬁi:ﬁtc%ul{@&98&&%19%%5%%‘0!1??&5% kb r@l%l%?YN f ddiflident

eval uation signa reg | ar ges
witi‘h(eat it eamal time ) tfe fmuleth(ﬁvamailmmlgmadem/&m fdirection CIrcu1t

it e T et AuBER e b ffslBh Go04GrGis edoRc

voltggRidel 8bniol g@hé{l@svt@ écﬂnéxaeﬁpwrﬂﬁ Itrsi@ﬂh%gmsbhﬁ the fourth
timng pulse in first evaluation si

evaladienAigna de/Alt, dhe firgfdinestion fine ﬁ@grfemalms cmaargedttera high

mai ns at a high voltage level. Shift register
Voﬁgéé?%\{:e& ves a timng pulse fromtinmng signal T3 in

secmtmleeamr@@uﬁlmabcé’ﬁéa a tifihgt pm@ﬁoﬁviummg ﬁgnal T5in
second pre- char si gnal PRE2 pre- charaes each

thifthpra-gbarasriignaly e%E%t Jhedlmlﬁgtpul$eh@sthtr (meﬂ:foarga @vgnal PRE3
chBFJE §8econd one of the direction lines 408. The direction circuit 404

receives a reduced voltage level timing pulse from timing signal T6 in third
evaluation signal EVAL3. If the direction circuit 404 receives a control pulse in
control signal CSYNC coincident with a timing pulse in third evaluation signal
EVAL3, 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.
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hi gh voltage | evel shift register output signals
SOL1- SO13. Shift register 402 receives a reduced
woabdsagsesbevel timng pulse fromtimng signal pPC#/USE005/011729
second eval uation signal EVAL2. If the internal node
in a shift register cell 403is at a | ow vol tage
| evel , such as after receiving the control pulse from
control signal CSYNC coincident with the timng pul se
| n T bl fn%‘{atreéﬁdrprhéuga@é dis¥hbrbedBid IHAP\%IQ%%' |e€éh?and the
mai ntains the shift register output si
setdmeldrdlmctlonllmagdc@a r@mams et athigh vnﬂmm@ethlgmahlevels on

3 o 5P ofoton Wik 0 by W Ol ¥52 Biii n e

fohﬁgﬂosa@c%w Iflttechrat gpsctiohdirdds raragingtfia Kigh Raltagé NSvel
410a-410mto provide | ow voltage | evel shift register

ansLthsusecsngirirestionding s isthschaaed to adewveitageievel, the signal
legﬁl c{naén?é’ctio% IS ‘f‘ﬁ{ %&%&éhnfﬁ?&g%@%@b%ﬁ’m f& v%%%

Fegister ou si'ghal's beconme va
dickotiong If bethttheifinst a:nd secdndodirdatishiipes i4@8adre Wischarged to low

seco d eval uation, signal EVAL remai.n valjd un
valizgerleysl ﬁgsmﬁlr§%'Squ 'ﬁmrﬁ\gerﬁ'?@ Ao pEviding b iltage level

srgﬁrréﬁéte?fouﬁ')mstl HBID PYEES Thé‘ dﬁé&fbﬁggﬁﬁ%t’&?&r?@ﬁdrﬁ%es

e six timhg pulses, shift register 402 sh
A0 arehsefdwinigt eaeh $enad ofsﬂxtlmlmgagubeer out put signal

SOL- 3 f t th
b o begins 5% diSeioriiset fhate SrS of sikfimibg Al i snit
relghfes i Is iNRBILS] BY theidd beAEgBREIX tm?%@s%s |Tb fHiate shift
énbodi ment, logic array 406 receives timng pul se

regisden 402y ahy‘t seqjsigr 402 reecipe adinming & ulidiredistimingesigngiof 1 in
flrgﬂgre-%%gg r?aquFgé’? ﬁ‘\ﬁ%‘tfﬁﬁ\hg@gﬂé& im‘?ré e;') - L}ég Slqjl’{él PRE1

|OgIC arra recelv

preutisRgés @mlhﬁeﬁmmma&iegnédac}ﬁfbftme tmrteem)%ﬁlﬂa%mémells indicated
eval uation transistors 440 and a timn

at4Qdand03mgnkhe shift t"@g'ﬁF% AVtiegevead o8 é’%ﬁg Ne aggievel timing

f
o908y i S8Rl P25} WS G AP ERR {8 Bl i
ccmftﬁbl a,:glm GSYN@gs seagiverliby Bhiﬂsneglﬂe‘eMQX)Ielﬁmdﬁntmth Itbe timing

t [ tp
e ¥ st gralugtion sl Evaly, Bl BoBiter 40 flschales e internal
n&UE BEENS b thirfdenSHift ré@@%rrb‘éllélio 9r6ﬂ1(ﬂé‘a%ﬂvtv%ﬁ§gé AR at

after the timng pulse fromtimng gna T4. Logic
tr@rdlaghaarged nrﬁem é@dEh éf therﬁmikyobavggal EPYING T¢ﬁ1ﬁglssﬁt@nlé>w

g eI NG LRIRY i aaah ihaf v

thfeflﬁtéﬁfhéltrﬁiddolﬁl dackst, thé4l8irteen shitf’ fegisiet celRcrenvaiss tiba high
hi gh voltage | evel shift register output signal

valapedend. are turned on to pull two of the seven

addr 88 \lyfGSr A0ZAs NS 4 Bty pUREYARE timing signal T3 in second
pre-charge signal PRE2. The timing pulse in second pre-charge signal PRE2
pre-charges each of the thirteen shift register output lines 410a-410m to provide
high voltage level shift regfster output signals SO1-SO13. 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
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| evel s. The two | ow voltage | evel address signals in

address signals ~Al1l , ~A2, ... ~A7 are used to enable
woi2005ngsael | s 120 and firing cell subgroups foPCT/US2005/011729
activation. The address signals ~Al , ~A2, ... ~A7

become valid during the tim4%g pulse fromtimng
signal T5 and remain valid until the timng pulse from
timng signal T3 in the next series of six timng

rea&étére@oi atftafrs thedngt Péglé‘t@?— oug)uﬁ @an'aﬂSUﬁS@Eig &lthe high

hift register output |i'nes 410 are di scharge
vqbfuageu leell dithedntesigal naslecin asshiftiregistgroed r40c3us ;aina hxgh voltage

h l.
ofe5 Pl pSh A sthel St Mo o8 40T i s el P schares
thtersatms tegister patpus lind @.1044810m to ﬁﬁm@mv Q&fﬁq%sl%vbl 4§19t register
472 remai n_charged to provide gh volta ev

oadt Hanalsi AatSO 13\ The-shift register 462 Isrtmétla%e@m Qoe sages of the
s&ﬁﬁ?ﬁg ?g%egsg' rﬁéﬁﬁﬁg@ lgﬁ"ouf@?t’s nals o%@@:éﬁ%@cé]rh% gd

dljrmg tamettlmmglpmse ﬂb?dmmggmgnam 4 eswar?mdse\mlwtnon signal EVAL2
I en Fess .ClLrCul ot her
fB?'i“ﬁ@ Vg it eGP USe ER i GG Clvp i B hsgries of
t
sn?ﬁe i EUE;%Q IFRacR%aPRE uerR s‘“e?u@%ro@ltllnéélx tfﬂﬁﬁh% é)l‘?ﬂs%sv_%@lﬁ

described Input signals, e.g. sig
registier 4Q& shiftshel bighavhitagedevelgiit segwtmr putpm signal SE{7S0O13
be u | strating

rReresit sl el DU 18 BeP e gl Telidod” 55!

Shi fthe Richeby 408 rebsives @se bhiftrbgRFerdiithlit $igFaIStSW1-SO13.
cell s 403a-403mthat provide the thirteen shift

Inrang emnbpdisigriulogia giay $08recsives thectivingsipiilse fiogytigtrg signal

4 t r
S b S8R B e 98 U A sl ST et
444D3m drﬁé%mnb@dﬂnemﬂ wogi¢ arra9|4f06 reegives ¢te tiling é@l@e froTheummg
hi rteen shift glster cells 403 are electri.ca

%pr?etp U o8 ackE %e\@leetl%trgnwﬁqrﬁ g4p @n@r?et'mméw@e from
tirffh g.gﬂaqrmzo%rree&{argg%gdk&sqm&r4fngod' ments, shift
re can I n e

er 40 any suitable nunmber of shift
r egi lsagic acnayl4@64r@3elves phetimirg anisedtir dibtieg sigraéiT4dd turn off

adifast eheitatos bahpisrdt ArRes it oRet antnynsih e SRf8013
sétﬂ@l lt& aaRfsHifttrBgdasirtblit 5igsals iSRS O dif Qh?ﬁﬂéegiﬁieﬁtl@@ i3

Is an output stage, indicated with da i nes

m&ratesbzonefrs‘mft fegister wﬁgﬁ sinal |SrQ1 -S§¥3 remaipg at pridghuelroe
oA 38 RS e T S UG S 32, B b oBYBeoifes e
tirhingnaulsé fronbilingesinaMes ¢ ehdrgetdvaludtionrsigridl dihe72 amdlturn
onaaddress evaluation transistor 440. The address transistor pair 446, 448, ...
470 that receives the high voltage level shift register output signal SO1-S0O13
are turned on to pull two of the seven 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.
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reverse direction transistor 514. The second stage 502

i ncl udes a second precharge transistor 516, a second
wevalsuasdsen transi stor 518 and an internal nodeCT/US2005/011729

transi stor 520. In the first stage 500, the gate and

one side of the drain-sourcet3path of first pre-charge

transistor 504 is electrically coupled to timng

signal line 432. The tinm ng signal |ine 432 provides

tim IF gh# r@ﬁ@terﬁéz fs%cﬁt?ﬂ&’&%terdeSl}%@ﬁ%ﬁe@%elaé%gut nesh41 0 are

firstpre-charge signa er si
d iskmarged do peevigaidw sbltdde Bvepshitthagigtertaudprst Sgmals S-S0 13.

Th i U v SL ettt bl iy SKOESUR Hra g Bdaress
trem‘s.star Eéiﬂ@hwo‘mt I R0 Sh@adardsst|WelUErD ichhAh RRbrgiie

e internal node 522 provi des shift register

priomd@rmgln valiage Kvghardsrg %%eﬁ1sréées 500. ﬂi@ 5ol voliage

eh el Ponplt AT 7 b Bent lind £l 127 p8 ¥Fing'co

subQupliseifrom tﬁemgtenebwmt aetivatiognal |ine 420. The first
eval uatl on Si ggl_ | ine 420 provides the reduced

vol t\iddle Figne IrdesriRasPng gmepdimeriinfan addipss eircuib other
erﬁﬁoélg{ lettts | \S’rgﬁlb‘ﬁﬁb eﬁbﬂ?l%bm%f@ﬁ%nt gﬂ&cBHb%heﬁ{é%‘ﬁagfbe

urce” pat ITST BVal tat ion T ans: of
uthigédi §oelexamnple;a t:cyntmjleptt}mi receigeg the dieowd desaribed input

I Nn-source orvvard I npyt, transi tor 50 and
SIGhAls s Sesignal R T Sih 1l e B A Ao pi) - ~A7
mby ®Bsitftizeq. 510 through internal path 524. The ot her
side of the drain-source path of forward input

t r arfsigeteot OA%audga@Battllus’rcaﬂmg/on@ abtﬁer@gts@erocr&il 4 Ipeingghift

rebifSerd O o e ReREA G Rion e S lndPich BT uo 8 0m

thﬁﬁblfd)vﬂzfe M@t m&eguéquﬁmrs:gﬁﬂb SO ebextar i EadH ¥hift
pled to one side of the drain-source path of

reg@wrrseél mﬁ%épﬁmrprpmﬁ&oaeoqf the shift reszeéer qugut signals SO1-
S@ﬁg'dﬁdsé)éghc Shift 3L efi A0%aIAh A rﬁghﬁ.@? 14 SARTLSIM: %112403&

feverse dire |on[ran3|stor areeect |cal
Thmttm’rt@@h shiftregister esils et03saretelestrigalpucalipled irb8éries toTpmvnde

e forward direc tra tor
srefagt F%quwasiaaﬁéavqraeaﬁrﬁgﬁ?n%nfw & Gebodimants, shift
GREE K2 A QI s hamE LD FRA Rl E0I 403 to

Irection circult ate of the reverse
prdvidecanyosuitabder sugtoer ob shifti regslt@cmrtpufamglyalsoupl ed to

o1 Shd Rl R 8 Koot B RASY 8 Sagmput st
indicated with dashed lines at 500, and a second stage that is an output stage,
indicated with dashed lines at 502. The first stage 500 includes a first pre-
charge transistor 504, a first evaluation transistor 506, a forward input transistor
508, a reverse input transistor 510, a forward direction transistor 512 and a
reverse direction transistor 514. The second stage 502 includes a second pre-
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
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In the second stage 502, the gate and one side of the

drai n-source path of second pre-charge transistor 516
wanesabessrical ly coupled to timng signal |inec#®42005011729

The timng signal line 434 provides timng signal T3

to shift register 402 as sec®nd pre-charge signa

PRE2. The other side of the drain-source path of

second pre-charge transistor 516 is electrically

preQHRIr68 sighaP PREST. dBh@ bt dissidl 8f IitafiRsOFCB Rith SE6 R Pre-

eval uation transistor 518 and to shift register output
charge trangistor Sikisleetricaliyieourled krone side efdheckaipasauroe path

of SRR Al S8R R AG s e B! fhdd igfhsistor 520
thrduggy inBBrnabgedd 522.s Thednteh?4l mideE@ZZ prWﬁ@aérﬁft @églster internal
second eval uati on transi stor el ectri

n@&&i%@' W1 hetyaan ét?é!et?a’iqcbﬁn% 58% 19 the Eéte4<z°4nt%nal node

tr:ﬂLé?%’t? §he reduced voltage level T4 timng signal to
shi reg'i ster 402 as second eval uation signal EVAL2.

The T gatef ofi fns’eevaihaﬂmdtaatuslahms b86ads emloatly coupled to first
i,nte node

I [ 1y I
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reblBES USkae Fe%@u LE ti@h:ﬁgtsiqrrmkd yh.ﬁQégisﬁé# 492 &s fich %(/SF@J%ﬁon

such as ground ate of the internal
signal VAL br TB@@’£h¢fC$ldG@§ the dm@oumtbmfﬁrﬁa efvafuatlon

b0 B B B e PRt o
fohadudpst trassisee soarm—@l @1e 6id8 drdhie Gianisbarddgathiiffreverse
‘register o ut si . Each shift register cell

'nﬂ@fééa'mﬁfﬁﬁgﬁlﬂf@ug r'P@ﬁn%fpatﬂhﬁ%een shift register
cel I5,48 er%a% gft\wgrdé é(%UrEé ﬁgb%ﬁka&ebbgﬁggﬁsls%%os is
or Wa I'rec

gate O | on ranS| st or
elsttritally @cglpfle@ to onélsidiD8kthéBain-sowrte path offdryarbdipbetibn

to.the 430 or on of the shift register
tra iy 577 A 52818 TEpnes S §The G RS oL RRT of reverse
f
m?utr #51didBr 510% Qé'bﬁnf%l]lybaﬁ feBMBore Slhé %Ffﬁ@@gggggf%%ﬁ path of

ransi stor 510 I n eac regi ster ce
reversel ditgotipo dtdngistoupl 4 at 558t Hbewamrsﬂuwe paths3af forwande
[

difietibfiraaidr S Ra Ryt Wikatiof FRpSitey i e e diedly

cotiplstilo 4 reteferfbl) saclg aglge6lind, Grlg3p. coupl ed to one
forward transi stor 508 and one reverse transistor 510,

extelfie gate afithe fomejt stirection trgnsistargri2) is |lertgcallyozoupten to
dlréé]ce |I§Q IOlt8 rtﬂg{% %h/eg%gqérc\)/\?d\xg@e&léﬂg %%?BII—'{IS from chtlon

I Ca to a transts

circft 4IO4 SHid gatree@f ithe eevarskIdirdation transisturts 161 |B%\r@dtﬁi@ally
di rectl(%n transi st or ti] 0. Shift register output si %;nal
coupipd Fqtiondine4Qaky 3F99Q?d>\{ﬁ§ tbg revergerditgetion signal DIRR

frdth'Geklion clrE@pabgt or 510 in shift register cell 403I,

In the second stage 502, the gate and one side of the drain-source path
of second pre-charge transistor 516 are electrically coupled to timing signal line
434. The timing signal line 434 provides timing 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
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but not a forward direction transistor 508. The shift

register cell 403a is the first shift register 403 in
woheossesdses of thirteen shift regi sters 403 asPeniuSeo0s/011729

regi ster 402 shifts in the forward direction. The gate

of forward input transistor %8 in shift register cel

403a is electrically coupled to control signal Iine

430 to receive control signal CSYNC. The second shift

51184 slestricallyl cotplinl ionsnelside dfIRe aRig- s‘bﬁr&@ﬁav{hoéf"iﬁ{egnal node

uelSor SR8 532 The Gale oSeesnccouationtiansistogBdds
emdirﬁbdllyfdd{ihﬁﬁd dec @t \}Sgdéjﬂo?lhéd{}ﬁﬂdﬁ% zﬁ X ﬁrglyjlgp tﬂe reduced

i ncl udes e gate o orwar
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rltdfm f nod@522idrerihet
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r?@?j d8Elratricallyreaupkasto a ;'m‘teferfdfegrsm Bt Iglrr]@gh@taﬂ 534. The
0
088 of 8 #teh il rbHE MR85 Monldhs 4 Ripetitash A 636 for storing

th@mmfmregnstee céll utetral hedeisihas SN 1.
I %r@% The si Xt h shi th r egi Stgfggéffﬁ'ég%g%rpéﬁtput signal
it &C 458 F5PRAGRNCRAt BIBar storing dhe shifineigister output
sighgicgoncal |y coupled to shift register output line

410e _to receive shift register output signal SC5. The

severaeh ghlftfr‘eglsajlcmﬂmm%rﬁﬁﬁme Qéﬂléﬁj@ﬁthﬂ&rﬁéﬁ it rQélster
Cet“EQ@:,,orP ﬂ tra Si st r electrically cou ol
\ggf' elp Eﬁﬂ's e fe! ﬁ@@? tl Ber@é@p@&ashmard dlrectlon
traresiitst 508 bRk sﬁlﬁ%glsté%u A5 8 tlé‘eise'&g%f edl Bledl to the

C?L 403h i ncl udes t ate of the torwar
conirghing ¢gp 0é|0@@tqf|tb<arsh5ft regisiéreauitpot ls’resf410£9ﬂ§ﬁt©rsh|ft in the

folertircgkif. ThE%atd of Bt Brsb i estian tansietagi in each shif
re@iatarmwgosnm@mes erectrhﬁug oVpled tbriﬁé”coh{r?ﬂﬂe {lé)d gr gne of

thel tric Ié/ coupled to shift register
9 éa%t &9 WEUglqut 4 T%ﬂé@@rtomfp i thei rgmeﬂseSﬁlbctIEEh e The
i C 0 udes t
shiftrigistehbuouf SBhat fileso1d ol SieclidSly ESinibd So Bppdarard
tragRistar 5(1;99am one vengrEe tﬁamtstdrlﬁho lexcBBLRY YhifrRgldter output
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coupipdtto taf faRFARL dlfec,(flbﬁQFdds‘Fsa}bll ¥o& Wﬁ%lﬂ%@g S 0§Pe but not a

relster output i ne Q to recelve
reV&u%qb diresligmiansisiop 510h @mmg.smsht;mt sigrail ﬁh@mgﬁ{ s

t ate of the forward input transistor
ele‘éﬁ%all :&%gp@%ﬁg aﬁ%v%&se( glr%Wo‘nttrqr@?rtg[ afo gyslyﬁtreglsta; cell 403,
butiidtia fanwa&tdire!@tlcﬁhﬂrér‘isét@g bpger output signal SOL 1.
The hhi Lt eenth shift register cell 403m

T Ift register cell 403a 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 input transistor 508 in shift register cell 403a is electrically
coupled to control signal line 430 to receive control signal CSYNC. The second
shift register 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 403¢ includes the gate of the
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i ncludes the gate of the forward input transistor
electrically coupled to shift register output |ine

Wwa2005/108456 ecei ve shift regi ster output signal BOLZIS2008011729

shift register cell 403a is the last shift register

cell 403 in the series of thi4teen shift register

cells 403 as shift register 402 shifts in the reverse
direction. The gate of reverse input transistor 510 in
fomidrt! inet tedresistorblec Ry Icéusleat%Ls'th?ffténc}fstnggip%g lih€ 410b to

t he grecedln shift register ou
recRive saItkIagister aulipst §ngnau8@3t Eme;fmxrthm rérg]etesheﬂuow

| th f.t
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u Sl e sni re ster cel
Sﬁﬁé cipier %@%‘2\?%"@? Ssdhegnte @é%%fmwatd lapst tramlstor
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to receive shift register output
oylput signayiS4r Tbelsixtlztehrﬂt registerdesl] 4087 igat@ethd §fte of the

BRI AP eS STH A LSoSAl S 1 o
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.includes t gate of The reverse 1np rans
ing, u&qsrthgagqt@ o} ﬁlqgiOéwatd)ln@ht tranme@rsientnmllymﬁuplledm) shift

. |
oy DML Y3 Y felgh B PRl Bt sy S e The eighth
shifivegisteri oglut03h |aol$lld@§ dhe GhRCOHT thééFbWarHQH;Putec%ﬁs‘P%tﬁp' ft
er_out put line 410y°to receive shift regls

elgﬁﬁ"g@ily spyRsd Séh'ﬁ "ﬁgés’@hpﬂﬁpuf beg 41 0g te e¢deivdsiift register
outPG‘t signal SoF. gﬁt@pi‘?@ Eﬂﬂsrﬁsﬁrér Aﬂﬁiﬁnc Lﬂﬁ nstlpséfgoa{;% of the

ectrically co
fongard l@putetrens'letcxialécttncaibﬂ csjupied)td $hift régugt@alouﬁg?z nnEfkﬂ Oh to
des the 0

re?%b’f 'St r M.S@oﬁ Sé]?éc P@&%nmsh%g{qeglaar @Il 403 t

| | ¢
'”‘33?‘93?@?,. ?tnga?““s’&fb”?rah@ APl s SEFLIC R boliEub Shir

regﬁge;rwggu lire @a@léodecelhe shék/relgﬁen opput sigaakEevOIThe

oI GNPt 60U Ak ol s b o s rameistor
eled:trlf:ally eglpieé to shif re@%r chﬁﬁbHﬂﬁ,SM % Qé‘ééiyé’gh gjster,

rever.se I%(Sut transi stor electrical cou
OYtR; %9%@' 18utTheitwelfth ghoft regusm@euvx@st hncfudasetgesjaeas of the

fon%‘ér@q es ; lst§% rlc[-g{]]g cgnb{g%i es%@t[ﬁﬁgrlsttgghgﬁpg? ﬁqxe 410k to

inclu
ree¢leetshlszdgls;tecoulpluedlghal Sift Wlfég!m&ntﬁléhﬁﬁﬁegiétéﬁcell 403m
i ft register output si 0 12.

ndB % S SH B Bhi T e B onty oo i
cETAmITRE O SSSSEEalg 2 o

out e shiffnegisteorsil 408a istd last sigiftatgistaraldil 433Mthe series of
thlhggh léﬂﬁ?r dqseteng I% /-%3 as shift register 402 shifts in the reverse
direction. The gate of reverse input transistor 510 in shift register cell 403a is
electrically coupled to the preceding shift register output line 410b to receive
shift register output signal SO2. The shift register cell 403b includes the gate of
the reverse input transistor electrically coupled to shift register output line 410¢

to receive shift register output signal SO3. The shit register cell 403c¢ includes
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the reverse input transistor electrically coupled to

control signal line 430 to receive control signha
WCSNNG0s4Shi ft regi.ster output |ines 410a-410m BCE/USE®6/011729

electrically coupled to logic array 406. Shift

register 402 receives a contrgl pulse in contro

signal CSYNC and provides a single high voltage |evel

out put signal. As described above and described in

tikeyatd obtbaevelseanpii trandistof bleRfid-Ap CBLR@FJ b hﬁ{ﬁgéacﬂ%t%r output

402 is set in response to directionsi
lipg #ri0d\ipireseine shiftragisteeauiput siggat SEN gTrszlslﬁsegmer cell 403d
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SE.f Theghifivegister calb4@3f ldclude$ trengaishifithe re@irsé shptdransistor
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pelfallobplio et e Bepytng Facm il o dpesile shtsgister

9A
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inpug transistor electacally ¢eupied ta elnifttrbgBtgmﬁmtﬂmeré’g“:fﬁtcﬁfecelve
403 t e next shif

S5 abB ARy S0, i i renieienohl bl sidlives the gate o

thei revesesingoedrangi étor%ctﬂ-étﬂlgsd@iubled R & glé%? oﬁﬂ?lfttllﬁre 410i

tral d he si ng
tooERUE ST FREISIEF GHIBHE A SO cghe st weisteriedl 4asitiheludes

tHacgdte T thd rdR9sSt ut ngl fo(e}seé%c‘;t ggl,)}o%%qp?qcﬁgg Iglﬁl %tg'{eglster output

operations and t a ua _
llra 410 te0eceite ehrfhr@nstét outpot sigaal SEND. 4the éfﬂﬁ%gi@ﬁer cell 403j

[ ' | DI RF d direc
ingfighRheRle Slhedeveite oty anssigsclsubicly cauplecHornit

re@%éﬁé@t uf‘ﬁﬁ’e ﬁ?@l@ by Rsoelvd :gr?]ﬁ’?é&sﬁel? ofuttpdtes‘?%r?eﬂ Epif\e shift

nal SIF and a reverse t¥register
reg| er gell 4@3K includegitbe gates of the ré08rserinpii tfans’ ﬁgr gleefrically

oS by Pl el 551 el et e

oot 41t el st e o 3By

trqrgg%tég g{ecfrewlghy cgugkpgﬂ tosihit rggistaeoutputlise 44 Binf to receive shift

' hgRak .Sl R hi gh | ow vol t age
BB Moot 9844 090118 iy KIS a kL ALLTAS gt o
the rre@raeuspmrtcansamdr electrh,elly? bbiiplet @8icohRb] SighAUnesAsNaY
reg'elve conﬁ'ol S|gnal éé%\lc S%lft register output lines 410a-410m are also
electrically coupled to logic array 406.

Shift register 402 receives a control pulse in control signal CSYNC and
provides a single high voltage level output signal. As described above and
described in detail below, the shifting direction of shit 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 shit register output
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500 of each shift register cell 403 pre-charges
internal node 522 during a timng pulse fromtimng

weigsabsdfe 1 and eval uates the sel ected shift regralsSens/011729

i nput signal SIF or SIR during a timng pul se from

timng signal T2. The second 4t age 502 in each shift
regi ster cell 403 pre-charges shift register output

lines 410a-410mduring a timng pulse fromtimng

s‘igtﬂiﬂ O T aMygieveitatd Rvel Merehﬁf)ﬁéé“@ th@oc%%tl%ll gugegaﬁg tlmmg

, SN1) during a timn
W@emtlmlmggglgng 1-ddal IésﬂDﬁREgat&T 402RR shifting Irethe reverse

f shif
B0 Y120 S0P S0H R oRlAd SRR ATt o
olfStisigreliSO13 egh i véile Bhefih ré§|9d>t$§é9fo tf‘n@?co?]'% gﬁlse and

in the forward direction 1f forward direction si

tipy)iRg: pllses;in Aining signal T4gk4.| Ebelhigihwoltagedesel cmtpat:s;lgnal SO1
of ISt isAHieed ﬁwrﬁhgﬁshﬁf"f é@é ‘%@% %‘rgﬁ'ﬁ?[ﬁe fﬁfrtegl ¢ &hos to

402 shifts 1n the“revers
theenextssiit regisiencel 4g6ah r&ﬁ%ﬁhsle&odtmnﬁ? Emﬂésvﬁﬂfrﬁﬁ S|gnals T1-
-IJeveI and forward direction signal Fis at a

\‘}OI tage level. If both direction signals D RF and DI RR

are Fhel sift ¥&Jistee20b QKfsSin tAE CBf] rBﬁ%ﬁl?% %ﬁdé}s%ift d&\% smg?le high

shift in either direction and regi
leyel putoud signal FosOIneSehift ragistern 408 toothienmext it regititer cell

| { hi ft hi ft
R EN R T S
s@igee300 ofesdtostft réYiBfericell H03 reeeRel fSHate 'd‘ir%@ﬁ?rlm &iRal DIRF

and reverse direction signal DORRis set to
apé revgyee dirgetion sigaahPHRRy Alsadbeifiesteitage 50a10d each shift register

A e Y7 s SedtE ol plfal FlEaid RdkeSs shit register

ingut signab8IRi @stlhlfue@%téucaﬁs 403 in sMR reGistir M@Qtér@%et to shift in
transi stor,.51 % pul se fromtimng signal

thessaips dirgetion Bng &t fhe ?@@?§F’é@ ag ¢iming puisestar prrec@nmad getlmlng
s@hﬁl@ah PREL1 to charge internal node 522 to a high
vol tage | evel through first pre-charge transi stor 504.
Next The fitstistage pod sbeach shifl negistersiedingd3 Jhifts $n Bitigat ted

d d duced vol
ool S48 Bl ST e BN oS
SHRO2The High 6t oAV @It level%fqrié'se%\ééédlshlﬁf}sgﬁér@ﬁ&utps%r?aﬁ SIF

in first evaluation signal turns on

oreRlH isrrvidedrasibeshit ragister paitput sighat GE1dSEHISE tThe first stage
i . Si .~ E is . at a. high volt evel ,

SE0t ST SRR RR 405 Predrefed inha Bos Ra2.dufg & timing
pu‘lm Warrdtndlmgsslgnalrfﬁ aad BvaliteSthe 816686 shiftF P
Slil,: % node 522 is discharged to provide zsq%i(e hout signal

't 'gﬁdvfén\&ﬁ timing ipyige fﬁ%é'@mgrmnatﬁﬁ .Theheetanickstage 502 in
edtPhife

transi @?ﬁéggﬁquﬁg%h%ﬁpu%ﬁ a SI < X‘%%{g@eﬁ%oa-mm

durimgvitiching pulse from timing signal T3 and evaluates the internal node
signal SN (e.g., SN1) during a timing pulse from timing signal T4.

The direction signals DIRF and DIRR set the forward/reverse direction of
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
signal 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



10

15

20

25

30

direction transistor 512. If the forward shift

regi ster input signal SIFis at a |ow voltage |evel,
woansanshss nput transi stor 508 is turned of f an#CT/US2005/011729

i nternal node 522 renmins charged to provide a high

vol tage Il evel internal node gignal SN1. Reverse shift

regi ster input signal SIR controls reverse input

transi stor 510. However, reverse dlrectlon transi st or

dirkétion sighal BIRB & o8 \écljﬂgﬁ 8kadd lereah CZ t%ﬁ}eﬁ@@'gglgnal DIRF

be di scharged throu reverse I nput ?ransn
isrgka ||<Pwypﬁage|l€wé Hi larilrsmomsugnalsdbm and @#RB2&re at low
r 520. A | ow vol t age

VBABGS by, Bt R8P 67 WeBO BT SRl R Sher dlraglamand Al seit
reglam mntput ﬁghﬁhla@@ﬂ%@lar@éléé{% toaNStiveNber %g@i@’\%ls.

sign SN1 t i nternal node transistor

tim °BGT§@W&%‘H' IngiSAlt eoisien catbd03a pirfdjelfdemhrdcmrectlon
felad dirgetish §fgnépl%llﬁls |§ 8%, Righ \ﬁﬂgggie? %lnalz@yerse direction

The timng pul’se I'n seco pre sjifivel

sighal PESRgaiset ta a@wt\/ertagmtqwt Theadighlésitdge lavélifaRvard
re char ge transi stor

AR Eiap8Y QIR e L REEr afctionitiaistor a2 amd the low
voltans Ree| teefsd éﬁé@ﬂd}‘f sﬁ_ghéﬂ' SIRA R roli‘f ré@rélrs%ncﬂres%lan {ransistor

reduced voltage evel t1mng pu se IS provi
S f“t iming Rlse fmtlﬁnngselgoamémpMdMOssmmaégu&éﬁh@:z in first

d |
P ERArE A RE LG BBERORTI ARl 572 B § o volkas e
thnoul@h flrsime&hargéﬁénslﬁto@ﬁibdf Smé)&ta hﬁﬁrhgsfnﬁfse%&ﬂfﬁmhb Wfynal

é remaanscar ged to a high voltage |evel
T2 iR BFQYéﬂ'e kyresistairdivisiedietwork 442 end asisdited wgitagetevel T2

tiHgPlls |§ rdtAd f&slﬂﬂ?%@@fse?%%gllﬁ §?§lt qvgll.{qij : ?ﬁwl%“

The shi egi ster outp

Therliming pufsetlhélrstm\mlumlonmgealﬂ\mm P on iEE SlhIMSTon
f.the forward shift register

he hi
it 80, i ther e rwarkhis paiister inpm SaBel iRt ich vofage
ASOBr WA SO RS A L IR
trayustor SR alr@admturnsldl dn, integiad nedei522Lit dmcmﬂagecﬂo':pﬂo?wde a

N N T 0
thpodghefirshevalntion trahggtﬂr H08YMrwiatd IR ddistdr 5dse?r?c?\?83rward

tInE as a tlm".f Eu se in fII‘St eval uati1 on Si
digaghipn tranpjgtorc? the feryard shifiowgister nepghmgnwmmdnaugw

| | se fr im n nal
vdlt%gégtlé\ﬁ? a]:é)z@é“# #)pt {rr§§|3|§ og]5'6§d§ !tJLfI'HFd s‘#) 51"?4 H‘Gern 522
refrwmsacldar@edetotpromdeIahlgb%ﬁég@ré\,@i ing&¥nkl ho8e %@naﬁ SN1.
ister, cell 403a in the reverse direction
REVETSS s Ift register input signal SIR controls reverse input transistor 510.
However, reverse direction transistor 514 is turned off such that internal node
522 cannot be discharged through reverse input transistor 510.

The internal node signal SN1 on internal node 522 controls internal node
transistor 520. A low voltage level internal node signal SN1 turns off internal
node transistor 520 and a high voltage 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
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forward direction signal DIRF is set to a | ow vol tage
| evel and reverse direction signal DIRRis set to a

wai2gis/1vsis6 age | evel . The | ow vol tage | evel forraras2005/011729

direction signal DIRF turns off forward direction
transistor 512 and the high W8l tage | evel reverse
direction signal DIRR turns on reverse direction
transistor 514. Atimng pulse fromtimng sighal T 1

RRED chsigiatsHif ré%léﬁatr o@t;ﬁnqnh@fzﬁl%a%ggﬂﬁ@h%ﬁ%ﬁé?e %?ﬁr%%gh

i nternal node 52 toahlﬁ\llﬁ vol ta vel rou
serpid p&@hﬁ@aﬁamslah@f, PdBoMe/a tinkng pulsetfiom tigipglsimal T4 is

t dj
el iy H8s B Bing RebaR A4 452 o Balrse SoRaen ayel T4 timing
ppld&me prewned\tcb dhift fegidter 02 a¥ akbdhd @Oalﬁl'aHBﬁ" %%i‘fALZ The
ng pulse in first evaluation signal
t'fTU'FS’]Q“[g? gl%”@%?l&‘é’i'%ﬁlgr}%@l@t%ﬂﬂwen Slebondevaluatlon
tr‘éﬁg%'icﬁesﬁé"" Iff?ntéﬁﬂl Pb8E tidRIEoSs AR Sfﬁ gF fg%ﬁsrttgla pﬂ gane

vol tage | eve reverse |1 nput transi

44Ra ramaing ¢harged do schigh veltage level. af sritefridl n2dé telns@AeY520 is
s di scharged to provide

o §f teBRter il PRisthscnand & 8o vokmos eval. The shif
rddisteR bafgirlsighAIS PRB the @WWW/@%& & tﬂ%qntefrﬁél‘ﬂng signal

eval uation transistor Y 'reverse input trans
ShHiflp wivieh wasdhe @l@lb@cmwerset oftheifetward Sh#t rddisteh mput signal

S 58S BB R T o S e

slmrftfregmbndutpumgnmmwﬂ remai ns charged to provide a
hi gh v age, | evel internal node signal SN Forward

shifin wé iregistericel fi0Ss; Hiralorear sivfitregisterfioputeighali§iftis
{ t
QBN CONC LRSI ine M Fo HlseRAtdecRiorhaliidn o2 to

lomevaitagehleveled dontroligblsédn wentiol sighkl CSYNE & drﬁbwa@é-atfhe
ulse fromtim T3 i s provi

sUbE e B o nimoguits Bk pvé534lménwahﬁwgmu|w sontrol pulse
inSsHdiell siin@t C/YNIES tﬁétgé‘%blnﬁ%\% i gﬂ?g@ﬁb [pﬁﬁj sroeuig{)ﬁ]ttlmlng

output I'ine 410a to a hi
sigaalohdliniiates khifiyegistai %@bfor&hﬁtlng\mthea‘otwmdwrmioﬁe

et vior 498 38ort kESRFinGeeniE sSsier 25l 4b3aan *‘I\é&&eﬁ%]\é“g&lon
fopMdamedlréctiI@h ?NECDIRTF i§ 22 isla g BRhGO VR Qg? %@A{ﬁ%%hrectlon

tim ng se in second eval uation sign

S'Q’Gﬁ’rQ'Rﬁ]'Ss‘@idﬂ@ highvalegefevel. a?ﬁbéécnwwoliagﬁle\ﬂeﬂ forward
f
B ST MR ool ] oo o o

vdltagellevelfreverserdivelction diyrial BIRRILATS &?Fé\)e?sé’ﬂlreét"t&rf fransistor
| ine 410a is discharged to a [ow

gj ster outpu
5{/‘% Az'gang é’\‘/‘jﬁp fqumé"@'ﬁgfstlgﬁ%a 1sis @rovidegin fikst gnalchage signal
PRE t5icHBdLitd RYEAGSE 522 to a high voltage level through first pre-
charge transistor 504. Next, a timing pulse from timing signal T2 is provided to

resistor divide network 412 and a reduced voltage level T2 timing pulse is
provided in first evaluation signal EVAL1. The 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 sighal SN1. The
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of the internal node signal SN1 , which was the

hi gh/1 ow i nverse of the reverse shift register input
woeigsabs4SsR. The | evel of the reverse shift regCsts2005/011729

i nput signal SIR was shifted to the shift register

out put signal SOL. In shift rédgister cell 403a, the

reverse shift register input signal SIRis shift

regi ster output signal SO2 on shift regi ster output

iltensal 411)@16 5dNisdisdHarged! ‘tﬁ"fbﬁbh ‘ﬁ?étle\/éﬂiﬂfbntt%sr &3??5@ reverse

shi ft %lster i nput “signal "SIR i's contr
iREENEnss eoni® and |revmrse@tUecnr@n tiagsistordil 4. nif mmmverswsmft

: t [ |t
B N dind SRSk o8 B v Bl B fitor 5101
tmnedmféaln@intéh@l node BQQFFemnsacﬁargbago Fb%ﬁ&e 'arhlgﬁ ‘?/oltage level
first eval yation signal EVAL1 . e control

intemal srdeisignal ShEynComyare shift rrgister input SlgntahSiFheontrols
fdr\/\mrﬂ'%ﬁllﬁt't%s;srtm 8. "HBdevhp '??lhl\é 4 dn%lpggﬁgj%%gw rf#12 is turned

regi ster 402 tor shifting rd reve
offratiehghat interagi mode 522 chn|46t3be tisshadyesithfdughednva Ry input

In operation of clearing shift register
tr%ﬁ%nlstq{% and all shift register cells 403 in shift
regi Ntﬂﬁm@%ls@“ﬁbﬁ?ﬁm §|§EQ?’|‘? léjbr%\:/ dn gghé pre- %g%:rge

to | ow voltagel evel s. W VO tage orward
signghBRE3. REhe timirg bﬂlseﬂmswamm pre—ehangerslgmarmsz ehafged shift

rfictef oL Y6 4188 163 8n BHEHS Tl LiToio8 BaSorkl prarcheroe
resistor516.0Next aitimging ipainsd frEFm]tlrhﬁngFH‘@rYéIqQﬁls' rﬂoglgéég% res%tor

char e signal PRE1 to char i nt er nal
d&l‘%\/ kl‘h GrRNEA fedie eriemageﬁe\eelm tlmtb'@ePLﬂS@lsaﬂ)roSNbd in

T2 IS provi
R sfehiv A PR e o
EWphR tatrisoon segcmﬂ ewaaﬂom trahsistor&18f iIf ﬁ»ﬁerﬁ‘éﬂhé’@é traﬂsustor 520
rvvard direction transi stor

s ?‘@%@?Qggggg?@&? [ P%ﬁ%métfﬁcwge@iﬁ%athﬂmédlt@e vel. If
lnﬁ#ﬁbl hbdd trbﬁélgfd?fyZOr]Q%ﬁ Skift kgls@o%ﬂgﬁﬂn%rfgﬁﬁjae hc?,lgﬁ?g]rged to

either forward input transi st P rever
a{gwneltageleveloThe Isblfhnegistelodamtagbsmgaa%On ¢ eenhighnedenverse

oftstbgm'?ﬁﬂgrrg%”rgog %}@rﬁﬁl}wtﬁgﬁlg %%shtlé 9 qsﬁ(ly E’\ty%ﬁ?gfo t‘heAFeverse
stk cogigtep immtai ?}%I SIgnat heHBE@I 6f0ch§ rﬁé‘&&@e Shirf fe |§Qf ?1%)% S|gnal

ut put si gnal ne 410a and shift regi st
WﬁﬁlShl'ft%@ WQ@h'ﬂ\I@QISteEOUtM ﬁ@nphS% from t| m ng

| IRl g ) S A 0B 5k e s
regrstsretmnipdt sigaadllBOR@wn éhlﬁméglsts?foufﬁél& llnEhﬂCﬁbh' thishift reglstgr cell

ter outp line 410a 1s discharged through secon
4@?&1%&6@25%3@%}%@3@& npit gy ﬁd%ﬂ%ﬁ@ntﬁd@@n CSYNC on

control line 430. To discharge internal node 522 in shift register cell 403m to a
low voltage level, a control pulse in control signal CSYNC is provided at the
same time as a timing pulse in the first evaluation signal EVAL1. The control
pulseAin control signal CSYNC that is coincident with the timing pulse from
timing signal 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 cellis
403 in shift register 402, direction signals DIRF and DIRR are set to low voltage
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transi stor 520 to provide a |l ow voltage | evel shift

regi ster output signal SOL . Also, all other shift
woegissiesse out put i nes 410 are di scharged to pPOYiUS2005/011729

i nactive | ow voltage |level shift register output

signals SO2-S0O13. Figure 10B&2s a diagramillustrating

direction circuit 404. The direction circuit 404

includes a forward direction signal circuit 550 and a

IERMET R0 \Vcﬂﬁde%nﬁéﬁf@k@%%r%l ﬁ RF tﬂﬁf#n? Wa‘ijd direction

direction S|gnal circult udes a
tnsisiar 962 endmsiost witaedevel reerse dirationtsigial DIRR turns off

T T M
ipfirst pre-@hatgesignal PREAGE, charded Hﬁér‘ha?ﬁ@ﬁé‘ 8bhofhd %rgxlde a high

transi stor 562 and a second control transistor
veHagg avel Hrarmahacde signs SNe ﬂrﬂa‘llngwiae:@omaﬁrhmgf&gnal T2is

p?@w&?d %%% FcE] \forlta é'l?\’q‘?l %gﬁﬁ@gr eleﬁfft lg%%fslgnal

coupled to timng si

HVAle! #sturpoovirdesvaliatiorgtrangiser 508. tBbtﬁl PderW%Ird @itection
ci rechar ge si PRE3. The ot her

¢ rc:? 544(1) @ thlrddp %ﬁ
'NFBIYr O 1 andrayeise sireetion aRsistor tidrarefrasheif guch that
inteAs inobers 254 ot dfécﬁ‘é@éocﬁﬂré)d *ﬂ«?érq'gr\bé’rdC}HﬁgﬁgrigjsC}or 508

t he drai n-source pat uatron tra
opFevarae dyyh tinsiston o10.si gnal |ine 408a. The direction

5 8 HAE B 7] B B e e
mansrsasrrszsml Attiniiag Ip@ls%rfr@rﬁltlmmag%lgr{hlw xE%r&ﬁSé 'ir%%(‘i'i%?d pre-

such as the Eate forward direction t anS|s
ch arggﬁlgnalr%@ gtt@,chgﬁgq smﬁgaglsmfe)l.@mteslgrﬁalthher@Oa and all shift

refSlef BLUAR SO Th34 A0, Wik i buS3 aai Bl Swelme s
pravidack ds woletaged vekage I%et TaitRgN lpglb@ ints@c8hé %Q/bll.fé"ﬂon signal

uit 404. The other side of t dr ai n- sour ce pat
Eg/fAL%hqortHr LORSESPNS FValuafien §rt36|3'355’65183 Eheshift r@gisl’tgf output line

4‘?%”%', 8@05&9@?%%&&1%@&%‘6%3@&@&?@? h 5&)‘? ARt S hode

at 566 al N-source

tranaﬁtqréﬂ@rto&ﬁwlde aalosovataget Ieve:EéHlﬂz registel edtgud siynal SO1.
8. The gate of control

f
Alsp Al ol S%@éeg'gtseé%él?mi}%ﬁﬁ |498@69 a'%afgﬁcttﬂq@rmda inAgtive
|04\BGo|tafge"@vél Mﬁfw@@&fé?lou%m&@%aﬁi?s W26 IOgate and one

side_of the drain-source re-charge
t r ankigsre 086 %dleg@redmstrehhg directign eidcuib4®4.nThg direction

ST LT R BB B S rton
siphalcdiruites 5. gTiaé fdriRadd dTB@tlcSH SighabdifRiit35d Reludes a tgbrd pre-

drai n- source gath of fourth precharge transistor
chayog)tensistendds & thifsl @ualyaiosricansister 656 @nd a first control

tr&h 510t S8H! SfhePA\Brse direction signal circuit 552 includes a fourth pre-
charge transistor 560, a fourth evaluation transistor 562 and a second control
transistor 564.

The gate and one side of the drain-source path of third pre-charge
transistor 554 are electrically 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
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of fourth evaluation transistor 562 through direction

signal line 408b. The direction signal |ine 408b
wonosdeset he reverse direction signal DI RR t oPChASy®6©11729

of the reverse direction transistor in each shift

register cell 403 in shift register 402, such as the

gate of reverse direction transistor 514 in shift

regi ster cell 403a. The gate of fourth eval uation

eﬁlbwlbﬁttpéns@ﬁgr 5 %rﬁﬁbﬁ L hn Q@Hm fﬁgee h%hégﬁfggﬁon signal

eval uation sig 'l ne rovi
line1408geprovides ﬂTa forward gi lrec’gmmblgmal DiIRE ¢ tIWg@ﬂer ¢fithé forward

AR epRs T srCR s siedieter BoLads i ShityoustmE, sych as the
gake ofiforivard aié StorPRamsislor 5@2% hift r(eg[&érséé?lf 4084 ?@% gate of

570. The drain-source path of contr transi stor
thied gyvalyatier ransistar %ﬁﬁ:l@lﬁks@ﬂcalty eoupdda taetheethird wialuetion

t 564 | s
B8 e 42854 rolRBa %06 FedunaoTabedbiaoT BisSeval ©
direotiorokirsuipsod. THENIheTside o HRCd i ssl@eAth B Bird8¢aluation
t he di recilon of shifting in shift register
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to a | ow t age eve or war

coupledds o refevende dsuckhcas groundanas 568 0Thelfite af eohudIneshsistor
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538,& Blbclioel 2RCPLECl Shutcl 7S 43h % gseaivs Comkplgonal CSYNC.
regi ThergA0 Analtrld Side bf the dfmh ‘é@[lﬂ:e%étﬁ%f‘f éF‘? ?harge

forward direction signal DIRF is set to a
traggistor P areelectscally eoupled t@ng\m s@hmlnes434at The tmmng
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direction transistor 514 are turned ft register

chergedransisior a6Y felestiicady cavpleditp ome SBH\%Oﬂthee@nanroaource path
(0]
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direcficst signdlliheatd8ly pioyidds theseierseiditeetion BRyrfap DARROEoCthe gate
é erse directio To term nate shifting or preven

VRGP Cotiregtion ransiitet Breaghpshi reqister 6al 4 ntalsblfblelgrster
4@@%&%&% ﬂfeegeﬂstoftrevérezéf et ﬁahgﬁfdr%mh |fFl‘%t?r cell

t he single hi votae eve fromt
4924 ghe@a@@pb?aurm evalaticOranssios 562 is blactridallgldouplect o the

oSt B0l S Pl pirides e redlyred ¥pltaae e T4
tlmir@@bﬁaﬁ@ﬂdnw@n towrenit abll. ate GteeF §i§lé df "tﬁ’é‘%fa‘-‘lﬁ %UP(% path of
448, ... 470 and address signals ~Al

fOU)St’ﬂ \@iyationdrangigtar H6R isglectrisadly sotipled tadhadrauamur@e path of
ot RbSs8£8t 570. The drain-source path of control transistor 564 is
also electrically coupled to a reference, such as ground, at 572. The gate of
control transistor 564 is electrically coupled to control line 430 to receive control
signal CSYNC.

The direction signals DIRF and DIRR set the direction of shifting 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
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In operation, timng signal line 434 provides a tim ng

pul se fromtimng signal T3 to direction circuit 404
wonodsaus4sh pre-charge signal PRE4. The tim ng paras2008/011729

fourth pre-charge signal PRE4 charges the reverse

direction signal line 408b td4a high voltage level. A

timng pulse fromtimng signal T4 is provided to the

resi stor divide network 414 that provides a reduced

direlctiad eraneisbrs Téudh HE RO/ %lﬁe&@or?j{r%ﬁglgto‘?%ﬁ' LR L&géﬁ? ﬁff

in fourth eval uation signal
Shift regisier 40d-ghiftminsthgfarwardalivection n 4f fonmammetctuon 3|gnal DIRF

R 50 10 VS EIETREENE Reges i ianafilR i S6tTo a hign

vouage drbvdi rfanﬂamlt difechibA tRinsidiérss 8018h bk F8rviitd (die
| se gurt h eval uation signal EVAL4 is proﬁ'%’g}c(%%'smr

u?f% LEO% eHftanshreversesticgctiondeansistaes, suok @seeverse direction
r@'n%l%%ﬂ DU SiRhed bRE SHIP Peaﬁét%ggﬁ%%ﬁg%ﬁg@e i;%\‘/’veo{\slg alfon.

level . 1f the control sign
T‘Vleldle&y@ohamalaﬂlﬁiﬁeartd DR apeisetdirng bach Qé‘ﬂr’] iédlof timing pulses

R Sinl ERdias shidassisteAdadied whifeén sisrer the forward
of rélferbe irBetidi¥ 8o rt@t‘ﬁ‘ﬁhﬁ& émﬁir g&st Orfr@v&t@h%]n%%lf%ﬁ&negéster

| evel. Timng signal |ine pr des
4p2 odirestiangjoralg MIRFrand DllaRraafetsebto i cmltagem@'éelsn This clears

oSN AR IR ERES) 5ok R Pk gl so1-
smae@ucn nhat @h@ﬂlft Irbgisted @B it @ighdk S@fﬂbm@ear'geéé%w Voltage

ni ng Pul se fromtining signal T6 is provi

'eﬁlé -stioR loyy vplrgenlsv@bshift 1egister autputeigrals S@T-Sdllkﬁshhm off all
pul rection cir
SRR ot ST B PR A B ) LB
rerhaincatdniglh valtagmievilprihht ﬂ?s/:ﬁbBehabl@SIrm@ defusr@o
evalratlontra sj star |f a control pulse from

cont FbPPEAYRG; T f&@ﬂl\i‘c@n%ﬁwﬁoﬁ%@mtd@smwym pulse from timing
t ti i ng .
SIGRRLTO Yo UIBARIPLRA R B ol K8 ERalddiBd PREA, e fiming
pylge i feurth pm—chﬂfgemglml R4 Bﬁérgeishhefre\lvemaé dilrlébt‘ @Fblg‘h}?ﬂ line
{ ow vol t e | eve
o e oS R o Pl e S rovdes

thbe‘eelst@Sdltllhé ﬁdt\ﬁbmw’[rﬁ# lrdS\/ dbe 3t
gnal EVAL3 s {)row ded to th ugrggu%ata{#@k%' T4 timing

lﬂ'?@ﬁ% dieglionsgigcuit 44 bepwﬁhcﬁvalluaimnlmndllig\h%lm | The tiffiBg
p15|§§‘% ﬂ?wﬁhé’véiﬁgtlc}rpfla [f’QA}f% éﬁ 61% veI {gﬁeéésllsstor

imng diagram i
5@23nEfreadmrtromﬁIsefrcbrh&:ofn@bv\@lgdaHCSWG @proﬁ@%dttb"fhé Yate of

Uit Behsiskiroad ot e et Rgestsinel tmng-oréop rofoldbsvahstion
su@h‘élé‘.ﬁ\/)\m ﬁé“ﬁrowded to fourth evaluation transistor 562, the reverse
direction signal line 408b discharges to a low voltage level. If the control signal
CSYNC remains at a low voltage level as the timing pulse in the fourth
evaluation signal EVAL4 is provided to fourth evaluation 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 T5 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
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series of six pulses. In one series of six pulses,
timng signal T 1 at 600 includes timng pul se 602,

woiznisngs4ss gnal T2 at 604 includes timng pul seP60AS2005/011729

timng signal T3 at 608 includes timng pul se 610,
timng signal T4 at 612 incl fdes timing pul se 614,
timng signal T5 at 616 includes timng pul se 618 and
timng signal T6 at 620 includes tim ng puI se 622. The

vottage tdvedi gnisrhingHiNEe HonbBrhir | »

t hat Zg{ h]h di r ction of sI%@tglpﬁgp?Gn%s) er@é.%?% or divide

n@@@o% E? Ipé?\é % ?frﬁdu@@ g@@geélleﬂefm J[lg’Elﬂ@ patsertg dlrec’uon
ndi cated. a

cﬁrggl't ?P?n lﬁgﬂgﬁbZaelué%%n c%r@tﬁt EV%B d1§a{|m4ﬁglplg§e &b lrdsevaluatlon
sjgney B3 turs$ oh tthire: gvaluatlo#ﬂansiggcfzrl 354, t P é%'o;?l%f g6lse from

n ul se i nterna
céb%gfi%lgng%ﬁ% §ﬂg lmeB%o E% oateef eantral traosmma at the

sahwn 12?2 afgﬁliégm\f hQ%u'IHéJiﬁ H?H '?e?rggilail M%l EFES;,{QI?J’ ﬁd%'gwded to

thiichgalyatipg tran%!stpat@@ ﬂle Marchdleeaeih igndli ;e 4084 disharges

4S5kt R AT g B Bocne
I@@Dass meeamlithbultsb&n 1 lerdr@\ﬁllﬁtﬁJn § héISE\ﬁQ% 13481 doeéﬂ‘ﬁ) third

e series of six ng pu Ses

e\fﬁnH@ﬁ'%ﬁn’Eﬁlﬁtﬂr Sa ttherfwarmﬂg@ctmemgnau |iviei 4082 mghaihgcharged
oA Bidhevo |{ég{e ggn initiated, such that all shift
ut pu

register t signals SO indicated at 630, are
di scﬁ@ug@cﬂtl@ altmmng@a@rgm Illayﬁéﬁng bﬂéﬂaﬁ@h%‘f‘ a@Hr&%ﬁé{bﬁator
t emal

4@ %aﬁ\‘?ﬁ 2‘1 ‘% 'I°§ A']h?d‘?"@ﬁlge‘iﬂm's G'QSTgDh@\%ge ;m s?les of six
f
o e B g B Tl 18 v

Seﬂ%qufl)pw@@sﬁ% turns on the first evaluation
ister cells

¢ the shift
40 aan Bl Seri ol Six Bfkds i sibheichiat 600 indiyias ming pulse

60 Wiming s I loatt

e ranars 2%'3%‘658“6?5#3.'Réﬁ?eg"‘ﬁ“'ﬁ%k’yﬁ'@;@ﬁ”f b3 §finet st 's08

|ncFlH &2 timing, Bu[setﬁmqglnyngﬁlgs@sTérai Grlé\aaclsldes fipning Fulse 614,

triEA BB 75 S 1d PoREl inb Bl abS g misron soiat 620

mttludestlmnng pUBG®B2N dT i bERAGIEGNA T S ENE' 5t 24n|§gfudes Sonfrol
no

tors 5,10 prevent the 1nternal

e e & e e disshion of Sb@lngsmzﬁmfaremstm Ap@randi initiate ghittg
re%lgtez 4|SOI‘2VY0V 955@%‘%@9?6%&%%%@2 '%11 \e/%’ts ;S[@ﬂ @;ﬁpé}egtat 625.

638. hﬁ*tﬁfnmlgmtﬂge 502@@ tifify efgnbl T 29 69098 Blovidedio SR
reééte?ﬁ%‘é'lﬁ?gst pre-charge signal PRE1. During timing pulse 602, internal
node 522, in each of the shift register cells 403a-403m, charges to provide high
voltage level internal node signals SN1-SN13. All shift register internal node
signals SN, indicated at 626, are set to high voltage levels at 628. The high
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
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regi ster 402 in second pre-charge signal PRE2, to
direction circuit 404 in fourth pre-charge signal PRE4
wanwstiosaddr ess | ine pre-charge transi stors 438Camsg2005/011729

eval uati on prevention transistor 422a in |logic array
406. During timng pul se 6103%n second pre-charge
signal PRE2, all shift register output signals SO 630
charge to high voltage | evels at 640. Also, during

e OO f : i I
e T o 2 gnal” & B B et Hig RonddS e, indicated
aj6BBage I evel at 644. In addition, timng pulse 610

char ges [ e nals 62 vol tage | evel s

o e fane S BRegy AR Thg .SW%?Q@E@?’%% Provided & shirt
régidtert4@20nlfirst é\@l@atﬂﬂf’élgﬁé" EVMABY gﬂ'ﬁhmlg%e @pé t&r‘?\saon the first
| ow vol tage | evel at 65 Ti ml’rﬁ% pul se 614 o

eyplipdiontrangisten 306 i erelpiibe shiff segister cells 403a- mem i Whlle
SHBIEHORATE SINCBRA LePRlSa Ldle B A 54 sh s

regnaiemamtpllt smgrmlsStO GGOIremam at low vbldigel 16v&19 @it 638! fotlard input
second eval uation si gnal

406, i m n ul se
tigPgiston f@i %% H@L&i@nﬁﬁeﬁw&ﬂ Q ingaghseigheshift register cells
4686 Hm taP@oﬁh iHe r'iclﬁ'gbéﬁ&éct@% ﬁﬁﬁl@%ﬁeﬂﬂfage%w#)@%nd non-

i nternal node signa evels
chaducting teveese ioput tassistars ﬁdﬂ@reverItSheﬁrtIerr&Iaode 522dh each

of lns S7E7°es B AR s st e torne B 7 v nhtage tevel. Al
skifl feg@ger m@*hél @édeﬁg)@na@l SI.626! réhitin Bt h \ﬁ)‘r eNevels at 638.

fourth eval uation_signal EVAL4 turns on fourt
eval U&eittingiatse 610 of eing pigoehT3 et 6p8lis pravidebib stiift

a5t Ahzih BESnd PICEN S S ImRER B iRsuoh TaUE lfeig fourtn

pte—ahalrgetﬂgnﬁ(PlREdlraﬂﬂdocaudréss"mé RAclkargBataridthrsodsB had
di sc ed to a low voltage | evel at 656. |In addition,

eyalypa a“ Ipuantion frangisier da2a indgigtareay #9@v Bwringriiming pulse

SIS 8 5 100, S A g Yo oo

chﬁl&g@l tol Fugih volkkage leaelsoat 640y nAIsoLEEMgmg g pmselemfo‘ |g 1fgurth pre-
ress tion transistors ul se

B ) R Predhestion Som WIRRL L Shalaescioipigh

v@lltég“élleklel“%dfzﬁ hhéddkl&ﬁ erﬁlhérpﬂﬁsessg@éha%%lpé%rhgs signals

I ¢ eval uation pre- ch arge transi stor
685 apighoeltaperievels at Giansuiuses 6n@valation rpde\mrﬂmrtaargasstor

| DI RF, 658, ch
23898 B o QU0 S P EVAD S0 B e i 60
for V\mrdlnglmﬂgé 604 of tigived s@hBFT@%@GﬂE"@ErdVUéded"@{lﬁ reglster

irection transistor 512 in each of the shift register
48 21N seeqhevaluatiqmysignal EVAL2, to direction circuit 404 in fourth
evaluation signal EVAL4 and to evaluation prevention transistor 422b in logic
array 406. The timing pulse 614 in second evaluation signal EVAL2 turns on
second evaluation transistor 518 in each of the shift register cells 403a-403m.
With the internal node signals SN 626 at high voltage levels having turned on
internal node transistor 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 EVAL4 turns on fourth evaluation

transistor 562. A control pulse at 654 of control signal CSYNC 624 turns on
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set up shift register 402 for shifting in the forward

direction. Also, during timng pulse 618, logic
wevalsuasdson si gnal LEVAL 648 charges to a hi ghreolusags/11729

| evel at 662, which turns on all |ogic evaluation

transistors 440. Wth all shi¥t regi ster output

signals SO 630 at |ow voltage |levels, all address

transistor pairs 446, 448, ... 470 are turned off and

o@htroﬁﬂdnﬁst@ri‘a&n af\ith Té\rth evAidation tranéié&c%ﬁ ({ (3
at high voltage levels. Timng Fu se romtrmn
f@n@fﬁi@r St lrned on; dlrpqafmn siguak DIRR 6d2tis dischiargad fo = RAy

A SR B A b BB B,

s ont eva
pwretrrtmln teangistor ZMNG ﬁam Ibgigevatuztionsid Y L\E%@S&g at a low

gvel at G?é control transistor 558 turns of
vpliadriqyedpt 8e8i Jhedpynaitage fevel kwie evaluatiomsiognah LENAL 648

t%%@ﬂ@dd@%@bva{ﬁ%ﬁogg%@gﬁ? rrﬁd | evel forward

direction signa ow vol tage | evel

r everldwingi pwse B4B ofitigring sYART64R 65l6tis ?ﬁﬂoﬁ@é@ td)?lrééﬁbn circuit
ing in

DL e tHrcg ioa) HRIES S Lt Svaluntion pra-charas
trg:olgrﬁg*lfrséléﬂ ﬁmégglc?y%@h@sgﬁpgg Qlﬁfi @ g'uléer@r mﬁﬂblrg ?ﬁ% -gharge

sighal PRES foward directien signal DIRF 658tchangestooa highbvdltage level

00 el R0 58 fEenf eeehon SGialdas S8irs on
fo‘rwawadutecmmutransnamtss]zqn caef dfﬂ]é@hﬁtreQ%Eérsde‘HF 4‘%)%5 L403m to
rward direction transistof 512

S?W%%B’%ﬁg'ﬁ%@%@r shiftrg ) edorvend directinhf tAlscegjwirgrtnmmg

PRble A0SR ST O Y SRR e
662, Wblw‘l\twtrisag'eall mgm evalt:aﬁamtrﬁnfntsms uuotn:wmﬁ taufshﬁt register

n SIS sni i ster cel
° tBEE%BéIﬁ %’q:{ﬂ %ﬂewf\@?%aﬁ eyeipAll W(gn%s §'1365§tQj’fFfalFS 446,
4@@ch 4370 BREHPHEE bffiNdes] rgggé Ig?fa%”ﬁl\? Ns- SN\]/;%{ 9{;‘8%5

shi ft %hster cells 403 mal n at ‘hi'gh
remeyjin|ad hi weltagedévals. 676. During tining pul se 678, all

o U BBl OB ke A S0 S olRASS diSotion
cisuirt04 & B dbdvalistichanaacEVALS. Wr@mrﬁmg Srﬁﬂﬁ bﬁ%guméton third

?2 In addition, during timng
evglygtignstrangistor 5aB. Since cwtr@zmgrmi EIMNC ltemndnng at a low

A T NI o mors
DIRTe658 vemalrtsaatea hlghedoltbgeIl@veivalhéaﬁglﬁ’ﬂoﬁa@‘Rivel—%\%brd
dlrec§on &gnalﬂl&FaéjS% ané low voltage level reverse direction signal DIRR
642 set up each of the shift register cells 403a-403m for shifting in the forward
direction.

In the next series of six timing pulses, timing pulse 666 charges 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 pulse 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
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eval uation transistors 440, which prevents address

transistor pairs 446, 448, ... 470 frompulling
weaddrsass4sei gnal s ~Al , ~A2, ... ~A7 625 to | owpeoiUSa9e/011729

| evel s. During timng pul se 688, shift register output

signal s SO2- SOL3 di scharge t @8l ow vol tage | evel s at

690. Shift register output signal SOL remains at a

hi gh voltage | evel, indicated at 692, due to interna

1D @dewsidIRak 1SN, NdiGed bHER Dgn8shitt fiBRbulRlS Signals SO 630

transistor 520 of shift register c
are @it Kyv poltage Bysls alrGt, ovhisetuons offithe datward inp@ntedriist6r in

SBRreitef GRI PP DTy Witnithe ek S iensisierscn emeh o the
o:méromterml naesiynaiel SL-SHOfB |n|§h|ﬁgé’§tu§ﬂe‘?'&ellé hﬁﬁg%%}ﬁ (F)e%a.n

ﬁ urns on eval uation prevention transi stor
ighy E

Jtpge levelsuindicated pyPES. LEVAL 648 to a | ow
I L {
10, PRy BB e KORe B VRS B e
cUaIrg@modngls Nghag% IB]VEE; &6880 lancﬁffé\fﬁrgé E!Iﬁécfli’én %ghbgbl%Rtmz is
0 v n ogli.Cc eval uatl on si gna 0
\ﬁé géﬁgtP 59?‘0 Oi‘aﬂﬁdﬁ & St PSge In @ddition: guorzg timtieg pulge 678 all
auaiés@%egﬁeﬂyelml o s 48 iea0el i B I 8%t oea

turns on evaluation transistors

aggilegic eygluation sdgonLE\éﬂngm |sﬁmclaarg§620fanWSvdlt@ge level at
and addr ess

6?? S ﬁif%%‘t"’A‘%’qéﬂét'e‘i@ Q‘?ﬁé'{’ %ﬁ‘gﬁlg‘?en édéﬁﬂ% iﬁyﬁéumwmg offddress

vallbtge traayietsrs @407 ] 9
e btigre el oﬁs 07 gfﬂ'nbcln @Sg@?%%dﬁ@%% Fraggg’[cﬁ 4&605&8

4%@%'0% peling pedressasignalsiviin siAR, or SATHR5 tHBW voltagé?l@vels
| s, ~A3-~
i onPUEfE dnthg PO 886 S id8p Bl Sorals SGAT 043"
dlsclgzm@lestow voltade, Ievels at-690. aShﬁQl%_#PﬁéPH@t{)\/ﬁlsl?ﬂaijU1”1%ma|ns
H1 %Cg%ll 7OIO| n.tim nttzj nal

i vliaog Jeval. bigated v 8921 dia fotarnahoda signabeN1 at 672
R R Ayl LR
pylse@iBBdues an laegtnd/evalag’ﬂaod transisr 56225;nd éb7r§1t|2ﬂ pEl@ét 694 turns

Ses, timn se char

o Bl nsiitr S8 e HisRhipERiever® 4todiopre Al QUG 642 to  low.
vdiege! 1svéitat 6Y8. Ihiddditbn? ﬁhﬁﬁﬁﬂtéet%@ﬁx 0ok 'e"v?tuatlon

eval uation transi stor 506 i each of he sh

preyantiareirapgiptos 448bdo pulidegic evaluation digret AEYALOB48) ﬁﬂa low
t i nput _si SIF h of t
vabfie Jbvel et Bos i dod BRladBRAhaslors anfdmed it age
| eveDurifgtimirey ﬁaleé ﬁomﬂ’éhNéﬂdgd]ﬁéctl@h s I\%ﬁalﬁ]Rﬁﬁff@%‘rﬁéﬁ“{%med

ceII 403a i control si
ata high wphpge Vql &pd|logic exatya Wﬁ@lgnﬂl WEMAL 68ito i ghreabed to a

hlgﬁll 50%9@%9@ 8 762h.eTﬂé rIlu‘fdh voltage level logic evaluation signal LEVAL
648 at 702 turns on evaluation transistors 440. The high level shift register
output signal SO1 at 692 turns on address transistor pairs 446a and 446b and
address signals ~A1 and ~A2 at 625 are actively pulled to low voltage levels at
704. The other shift register output signals SO2-S013 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 708. The
address signals ~A1, ~A2, ... ~A7 at 625 become valid during timing pulse 700
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shift register cells 403b-403mis the shift register

out put signal SO 630 of the preceding shift register
woebds/1489B86 The shift regi ster output signal SOBCTAISRIW5A11729

hi gh voltage level at 692 and is the forward i nput

signal SIF of second shift réf§ister cell 403b. The

shift register output signals SO2-S0O13 are all at | ow

voltage |l evels at 690. Shift register cells 403a and

i 06tRg 8 Bymal T6 eit 646| OMmiry palge 7|0%Vtﬁl'n§ &h Yffeld104ion {ragsistor
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i SR relofi <295 4032 el s 12 @8 gfil Thesgorvard input
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eval uation transi stor urne

cm@étwbeh valtdge ¢eue1$)Iat P28 sed féderise diR¥hibn ‘é?g‘ha‘l DIRR 6YD to a
hlﬁi‘?%ﬁé’ée Va5t 7$3td) rA SO, tlmrlﬁgv Slr.llség 726 charges all address signals
~A1, ~A2, ... ~A7 625 toward a high voltage level at 732 and turns on evaluation
prevention transistor 442a to pull LEVAL 648 to a low voltage level at 734.

The address signals ~A1, ~A2, ... ~A7 625 were valid from the time
address signals ~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.
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direction signal DI RR 642 discharges to a | ow vol tage

| evel at 744. The direction signals DIRR 642 and D RF
wesBsaosiseet during each series of six tinng parass005/011729

In addition, timng pulse 736 turns on eval uation

prevention transistor 442b t &mai ntain LEVAL 648 at a

| ow voltage level at 746. During timng pul se 748

forward direction signal DIRF 658 is maintained at a

hi gh Timlingpelskeas tupis 3 8easst b%lati@ﬁl?raﬁ@@fcﬁeﬁélﬂ éhch of the

| evel at 752. The high voltage

FH@EG&’%E?&'@% 4&3n-4P3malo avalumte drternal nwe sngnais s¢h|626 Internal
I [ ta e

BB SISO e 1B 5 7

damlam shlffaaglstémtﬁpéﬂﬁgnale$@4&hdt80918¢1 Qt’cﬂro@\ﬁﬁoltage levels

~ ~ |
e 1S sooe ol SNAB Bl cvnioliage level a3 tiabeuins off

ted infeial Medé e ssBIIrShit r ter gélgh@%) Qh IZPag #hlﬂ register

on third eval uati on transi

OM@MS%@ta@qutagaﬂeveuatﬁg@ | evel at 760 to

t f orwar
ai v oS T Syl R saastGior 28R TG T i by v puee 36
aneé>xonger &ISeCYf42§4hCSYNC@@#Urﬁ@%n%nftrbﬁré{?ﬁg@é%@t‘f [everse
vol t age, Fevel shift register output signa

dw%%tiorsﬁlgfl? PIRR e diseiargas sradowvoiage iaves ah 74 gﬁ'he

AARPEGITIRT 2> ABDRITROS P bt By ach R of six

tnmengspslsaaI ilrh addmbnstmnfﬁg pEge FB6rtumist SHEvALEHGH prevention
once After shift register

tr%ﬁ%'ﬁél’ %@Sﬂaw@@% Al R4 at ghiow vrage lavet ab746i gh

s il s R ST B e

aty htgmwltagegeaelcaierﬁOcﬂlncbhEVAu Gn&gmar?eh t6 'aQHiQIh véﬁé@@evel at
coi nci dent. wi

7%??@83}1 v9 t?ﬁ%%u Igggq?eo\ipiuaai{orbﬁgnglr{_ﬁmwg at 7529turns on

evhlugtdn GAnSIBRIEULON The Iﬁgﬁ%ﬁé%é’!élv%?ﬁhlﬁ r%ﬁl%'iéroéutgplgé@hal
CSYNC 624 is provided col ncide

SPLh 14Ghiunas en gddrespatransigtors 4483 and YMébdo rpemtaduress‘ signals

AT D0 o Bl 81 o By oot 2 an

~/k4>4~m>c7i almmamtanhea dt higmeolRigesievéle @7seM ng si gnal. T2
at 4 to start_or initiate the shift register 402

shi f LI RU eg?ﬁQ/BF P%Q@ third eualuakion tignsisher 536.f Control S|gnal
CETHCES B o8y AP GIRRREIA 70 0P df B vansitr
5afcand mamta&mfbnmard Umectmlgaaldbmsw At a High VbMadgWlevel.

i gnﬁwe nex ser| S oqunéJI te mtlnhgeplﬂlg g g“ftrs]%he high voltage level shift
register output signal SO2 to the next shift register cell 403c¢ that provides a high
voltage level shift register output signal SO3. Shifting continues with each
series of six timing pulses until each shift register output signal SO1-S013 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 control pulse in control signal
CSYNC, such as control pulse 670, coincident with a timing pulse from timing

signal T2 at 604.
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series of six pulses. Each of the timng signals T1-T6
provi des one pulse in a series of six pulses. In one
weenisaes4sb6 six pul ses, timng signal T 1 at 808CT/US2005/011729
i ncludes timng pul se 802, timng signal T2 at 804
i ncludes timng pul se 806, tiGt ng signal T3 at 808
i ncludes timng pulse 810, timng signal T4 at 812
includes timng pulse 814, tinming signal TS5 at 816
i

ncl yd Warmd'l@cﬂ(dh @)Qe?ak%naa%oh'trm le ij9 B@ht@%

i_ncludes timng. pul se . The con
63243 iPRRYided sot IWITgbm ﬁ@i@ng palseim tlhnngi sigeal Tamat 612 to set

t d t1 at
b G Miing o g AiRaRaE Aoy AdicGtDhRUIse e
controlgignali @8Yd 624 & pRideditsintiiahngiti vl tﬁﬁln@%lééfrom timing
ro'eqito shift gilster 402 in first pre-charg
S&”@lg REf to st |°|"1 Hatgithg Sblﬂ registen402 abhidlingada hlghjvaoltage
Pl itoagh %év&hﬁtgggmrfautg GRIGHEE S} IS fP3a- 403m

char provi corres ng hig ‘age | evel

i nt e rgureril@dle asliging d;uagmmq Sklk&atnﬁ@lobérdtml @ﬂa@fdress generator
et to high voltage

4G LI /RESE o R et e Ui 6l TR ATV thacdssating
selignaf six Pissd Ea’(fmopf‘hettﬁﬁmb Ogﬁeﬂf‘htnﬁéjgré\fl@é?{)ﬁé Bgl%e ina

520 in shift register cel exa
sQIis aksiymulges. tIﬂrﬁnﬁigseﬁlﬂss@‘ssl)haslsbs,ehnnmgo&gd@ldrbai 800 irludes

tigfl Bl 802 ity BARar'Te 4 BhauRuna 8l tithe B 408 g signai
T820 898emciude$1anmgi pulzel 810, Yi Vﬁilﬁ%g@]nlaﬁ‘rﬂ'a‘?t e1t2nﬁélﬁaé§gg@rﬁg

addr ess si

32 d
p‘r"éﬁ'&ﬁqg QF"W @Hn@bTﬁé@@%éWU@eS fimineptlee 846 BBBtimifesignal

[
9 rep0 iRl 8 fising puBemadathe Eqfiislori ReShib st fBotudes
capiral ipellfeisrthat setaheatiiection paskiftiigin X6 rédistearab? %fndtlhﬁlate
F@EW@ r cells. 403a-403m The control signal
SIS R RE oRSetaling AHPm FoRge TALGIAZ . 547  instcated at
gz | shift register output signals SO 830renmain at | ow

voltage levels at 836 to turn off the forward input
t r ansh@ tigling palsgrfi? is\rowided tp shifit registérs42 irbidt pre-charge

SRR 6T PP R Bl A2 o e

refB8eraaelisSIIBap4 @3rAShatdes tohel
tghe shift regjster cae | s %Bam%lo%%%i?ﬁagd mﬁﬁ%nagé el

internal Hes siggals| SN ESN14. | Sbfﬁl'l registesghtareal nodeeslgadalsrﬁme% are
SRRy Py R 528 T B Y 8 Bl o i bodd Siames
SN 826duomdn mlnehﬂam@da node transistors 520 in shift register cells 403. In
this example, a series of six timing pulses has been provided prior to timing
pulse 802 and without initiating shift register 402, such that all shift register
output signals SO 830 are discharged to low voltage levels, indicated at 832

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
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signal PRE2, to direction circuit 404 in fourth

pre-charge signal PRE4 and to address |line pre-charge
woOnRenssioseser s 438 and eval uati on prevention traReTAS®005/011729

422a in logic array 406. During timng pul se 810, all

shift register output signal $2SO 830 are charged to

hi gh voltage | evels at 840. Also, during timng pul se

810, reverse direction signal DIRR 842 charges to a

rg n éPloﬁAﬁG&tdg‘é}’Il@{/el%tat%@-to_'t[]r itrgé'zgi?\ggml"?gﬂgtraﬁ%iggoer 508

10 mai ntai ns "a address signals hvo

ang\ieversgniopuiiransistor &18in gaich of theeskifitregistdrraatis i40Bar403m.

[ 1.1 oaic_eval uation si | LEVAL 8t
TR b RoBeluctngdBhFa' G Vel fot eogstors 508 asida aiaeevent
the irtBifdl nbagiseRan 4R dfths SRBNBgRYE B AUBaAEE1A from
EVAL2, to direction circuit 404 in fourth eval uation

discprsgingVapdowneliagedowelu il Hiift pegisteninternal nadeisignals SN 826
RVIPAIN éﬂgibﬂ%ﬁ?géq%'ég%i”%' m ng pul se 814 turns on the

secon aluatron transrstor 518 in each of the shift
regi Sthertimizigl puldd) 840 gl PRvidedl toshifttregistlr 4020a secon@Ippe-
ﬁN 826 at IQ Eg %/ol.ta e levels that turn on internal
chAtae $ipBALPRESy logbestionaiauitdto4 IRdoyrh pre-chgrag signal PRE4
| ' b i e
D e o A S HGR T ang el 181 e
treinsister 424ssia 18di¢ artaynd0@®nDudng timiey plulset 810 dlirsiifé redister

Pt 3 S 10 B SR TigthiioRde leVeh At ddl o, during
tiffRg palsel 8 AN Fevree dhettibh i@l DIRR 44V 6558eS :té a4y R Voltage

signal DIRR 842 remains charged to a high~voltage
leve) af 844 n Imadditipantiminapwge $l0gvaigiaing all addeess signals 825 at

Y B OR S B SRR R RGP S22 g o
Iddf8evaloatibnsignal LEYAL 84&to & (e Goka@d kwvki angs0.gnal

LEVAL. 848 turns off address evaluation transistors ]
440. ngr@“%%%%é I3 pEPVidechishit sagister i02da tsesand ievaluation

Ky Al B . ' . [
P EVA2, 16 ape et AmToulhyefliioh o EVALe and to
exgifiation prexgritionitransiaibs 4284 8, lobi aveayd406.r Ferhingp i@ B8al turns

oRbe EoPRT ARG atPS faRs st Rk inahon S e hit elstel exim 403a-
' | |
4838, Ohathadsridl ridddl dhnN8ISNE26 a%%?fo\?él@t@ﬁegﬁftt%ﬁpﬂ? on

call logic evaluation transistors
intediad nede dangistorsiZghial eacbigBe shift tegistentelsgt032488m, all shift

. 1 ' aj.rs 44 44 ... 470
ARG ST L3 RBb oy e ey B85_pjeo,
timlind Bhlseeaal tardd o ettty eldlagson euAsiStor BEYI Ml BOMtRS skpval
[ rovided to direction circuit 404 as third
G G &ZAdovides a low voltage to turn off control transistor 564. With
control transistor 564 turned off, reverse direction signal DIRR 842 remains
charged to a high voltage level. In addition, timing pulse 814 turns on
evaluation prevention transistor 442b 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 PRE3 and to logic evaluation pre-charge transistor 444 in logic array 406.

During timing pulse 818, forward direction signal DIRF 858 charges to a high
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signal EVAL3. The tim ng pulse 822 turns on third
eval uation transistor 556. The control signal CSYNC

wa82dospossss des a control pul se 864 to turn on cearmskeosn11729

transi stor 558 and forward direction signal DI RF 858
is discharged to a low voltad@ | evel at 865. The |ow
vol tage level forward direction signal D RF 858 and

hi gh voltage | evel reverse direction signal D RR 842

veithge talel at 860e AlY, fduringdingihgpuisd B*FS W@eé&lﬁ%éﬁ rS|gnal

Lglglftlng in the reverse direction. e next seri

|°H?Iﬂfspﬁ9l & Bigh vnlteigrdeve! mt r8@2|doltlslm @68l Icqjld: evaluatlon

BB P S0 SR SR B ot

lavedd, Lt adoiress Haas;storrpaﬁr@&zlm 4d8ch. afotde t@hbatoff and ﬁn

i ster_cells 403a-403m A control pul se ,
aﬁa&sﬁe‘s igpals st 6% g A %@ﬁﬁdem@n@tbwmwtag@ le\aela on

t he I‘]Wﬁ{gsﬁﬂéé@ 9 i$ E?&ﬁé{éﬁ gj: dir tﬂﬁ' ct,u{cu t%f% efhl \@éﬁatlon

403m and Wi th ver se lon transil's
signal ENMAd3n aThmbmmgspglaaISZBNmmsjms et g@uél%rﬂtréﬁwstor 556.

| indicated at 872 Th f1 0
TS ] oo Tt e e G ra S conr
tr&ﬁéstmmrﬁwfd?ﬁ/aﬁﬂ Hire&or ﬁgﬁélslﬁlRFﬂ BH8 |§ Hi@@ﬁér@%ﬂrto'eﬁow

shift glster cells 403a-4 he reve
V@lﬁ%q%leyfe 28@7.f The dew voltage tevel fmfwarmdmec:tajn mgdal DIRF 858

o0 80, Pl BT B difohistaal B84 SErRensar e sh

ragisfes tells 40340381 fpnahiitiOrdBe raversehdiraa@gnt o hi gh
voIt Iev | s at 880 and reverse direction signal

DI RR ﬁ&f RS &F AkdiningPWeam dusng ékgre;ng ouise 366,831,

m’cé?n%gﬁ‘g&éi Al'lbnaié glﬁlr@d)é'ﬂesﬁxﬁéég ?@b% cﬂé\ggl I%\éeagd ICIJeg{)gllgSpulse

863 ttaas aartthefurst evalwagion mwlstat 606 irs eealabf ﬂ@ﬁhﬂ&é&sfé? cells

he | | |
G0 A B R P Tre 70, Vibloh Mau i 01ReUer SioBebEENGris
priovRIEsl ®itars ol 49 r%r%‘nﬁﬁ‘(r%ﬂ%%tf}qﬂrsﬂﬁ?r(ﬁg' nglsbél 26 rp and

pairs 446, 448, ... from pul ess Si
withhthe rev,@se directionrtrangistos tu:rdmd\mﬂ mstgmdl ewdés:gjhm ISN313

kR 16 ol ORI oL Dl o Seospu

s@hmlfstS@%lOSérerat%watta @vels SEA, VaTBh RimaloftthBl
V0|tage | evel , i ndi cat%% at 892, based onnthﬁatlhE rBlerse input

transistehin $’é‘ﬁé¢9'ﬁ?ﬂf&eﬂél40§@tf@3il Wit theNeserse iBpat trémsistors off,

A S6thef gi\é) 0 _of h ft
8 eg(?':tt gréﬂc]:%rlnlf.'?%{ﬁ%i &%dgghé% M n H’Sﬁ a8 M%O'Eﬁge levels,
indieatathae®Z6.uat i on transi stor and control signal CSYNC

824 turns of f cont r cy t [ RSI stor 564 to

uring timing pulse 878, all shift register output signals SO 830 are

charged to high voltage levels at 880 and reverse direction signal DIRR 842 is
maintained at a high voltage level at 882. In addition, timing pulse 878
maintains all address signals ~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.
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mai ntain reverse direction signal DIRR 842 at a high

voltage level at 896. In addition, timng pul se 888
woOouness08136 eval uati on prevention transi stor 442BCraShwbdi1729

| ogi c eval uation signal LEVAL 848 at a | ow vol tage

| evel at 898 and keep eval uat84on transistors 440

turned off. Shift register output signals SO 830

settle during timng pul se 888, such that one shift

r egi D@ringptitning pBISé%B ShittFebBtaodp U’!QQ ?(IQ'S%?%S%%EE
all other Shl ft i ster output si
ﬁ?&a&seqi M%V%@@Ieye I%ISQQur$|m regusterg:umtutsmgmcsms

rél‘?{a‘tﬂ%%t ?h \;ﬁf@%{%&ggli%‘lai ot %ggggﬂ)g stbo %ﬂﬁl&r\}v %&gg_e level
igeenal Imdlgigmai &N‘Irf’b ggsviz kr;a{t?g%dsgfew;?haBQﬁe igéalgsﬂggﬁiszo of
Sﬁﬂ ng%gﬁ gﬁ@%‘iﬂg S%@H@igs%% 8&§<bum$mn W@md\@\ral@@tmn
tr'aﬁ‘é%ltorséhcf EomtPdli shyridl CN N%tSﬂ @%8@ %l? g%# 583 to

on address transistors 470a an
nAigiedn sevense dirgctioxssignal BH?R\BdQ)athhlbhd/dltagéMel ek 886¢€ In

t 904. Th th hi ft
8 eSS o o elafiafa prevetion aRisiges42b to hold
ldwebaluatuoﬂgfgnaﬂs uelvALhg4s aﬂan&ﬁ%&é Rl af 8 &aha K%éﬁ

are turned off and ess sl gn

eugjyatlo%jfrans;ggorag,ﬂﬂ&m?n@d;ﬁ@ P hift ragl@lar outm.rhg@nlaés/805830 settle

e T K T

higinl \stagedeveirarsl alhother sHiferegisiat betput élgséissé@ﬂ -S0%2 ad at low
con‘t%, pul se 910 in control signal YNC 824 turns
 transistor 558 to discharge the forward

d' r eplurifg tﬁmﬁg?ulg §ho Gefvard cﬂré Wn\é?dﬁdaéf%ﬁﬁg §ﬁﬁ:2l?@'ges toa

t he next “seri sxtlmn ses
highl \@étagezlemllat 901 amtalloglmmlsatgmed;lgnﬁl‘{LML B46 CHAGSEE a

| s I 18 t
nigh eBGe YeaIRR Soror e ik veltege s [Hyi€ audiuation pisnal LEVAL
84dit o t
e s bl R SOATA, TSR
regisies ewliput signgl 8@3&&(,&92 ﬁusnsaon address trandistges 420@hnd 470b

RS SRR AE AR A bl pbliod TR} Sk Vo eyers,
intipatachit 9 Theeher srﬁfztaegﬁfree OUPUR STl 18018000 e P ffled to

el%gh of the aother shift register cells 403a
'OWh\éO erlevels it $08y S%@hﬁm’faédgewtr@@lsﬂet)pars 448, 448, ... 468

sk 06 80 gLl 541402 gl L o
valtage; Isv@lh,elndmamd;at Qmﬁxuﬁhela@lnlaéss%&&lfs ~(1 AT egiptregos
beccolnl1e val3ci durlng timing pulse 900. Timing pulse 908 turns on third
evaluation transistor 556 and a control pulse 910 in control signal CSYNC 824
turns on control transistor 558 to discharge the forward direction signal DIRF
858 to a low voltage at 912.

In the next series of six 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
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shift register output signals SOL-SOL2 are all at |ow

voltage levels at 890. Shift register cells 403a-403k
wanws4031355 have | ow vol tage | evel reverse input peT@salos/ 011729

SIR that turn off reverse input transistor 510, such

that internal node signals SH§-SN1 1 and SN13 renmin

at high voltage levels at 922. Shift register cell

4031 receives the high voltage |evel shift register

IRt hife Fehister 8613085 i5h8e 'E:SHﬁ'{)Isﬁ hé\% ?@A whith is at a low

that turns on the reverse input t anS|s
valtage igvgb at A2@r he rﬂ@d@esngumlg&IﬂRaat m ofmbelorhlger shift

HiBleR 2T DR a ™ e st B ol sl Y 3538 e Rlowing

shifvegistedtsIP403. OmhélﬂlrfﬁfedﬂtBRoﬁﬁp%t sRINERE0)13 B eA a"ﬂlgﬁ voltage
h| h voltage |l evel at 930. Also, during timng

ahPP2 aadris dke Evgrse mpUAflgnaLﬁﬂR of shi m@lsﬁ%cedbr@& The

S SIS fo DR SO oo

régiSter celis HﬁﬁaAA(ﬁ)IBKEEgEi 4@3mlhaat I8®4lolt5!j§ e W@\ﬁéirsé irgalsignals
were valid fromthe ti

Sé@éb%@é‘r% PHHEY?SGA@péﬁBa”S,@OD\E? @ syoh that lntﬁvnat negrsignals
swv-sN Al én@éﬂﬁ@%n?dng %@h@h&r * Sage“l@@els At Qg%fi‘éhﬁgeg%t%r cell

pul I ed hi gh at . d signal's
40§&|7r®%le§rtbe\mgh vbltage leyek steft régis ey optptﬂessglﬁill&so Blds the

0 s T S o B PR SeS s

lrﬁQﬁ%ﬁ@amstghaqa\staéteggme i nternal node signals SN
826. Internal node signals SN1-SN1 1 and SN13 are at

hi gh Dwnngatg"@mgme:ﬁ , @bshitt segistss loartyd signidls SQ:§86 taee

| .
R E e e R R S N IR
methiaagel atey highatol{agé Ié\b@ltatmon%l% fddrlh@ tirﬁlr@f;ﬂﬂée nodeill
transi stor of shift re |ster cell 4031 and mai ntains

adflase signals rév!. oheput ~87 G arssharged to aihigh veltagejevel at 932
ah&‘é%lt%‘hoﬁ‘b@eveﬂt%‘ﬁ tréﬁif%tgggﬁ%é R Bg{tg E)gﬁ rﬂé%égg joa

eval uation'transi st or contro
love valtage level atd34agehé eddiesswsignals ~8i1, ~da@nt.r sA7 825 were valid

tra si,stor 64 to i nt nre rse dlrectlon Si

8 BrdfEss s LA U5 e wﬂl@dulﬂwa?a& il all
HHr8s8 G |§eA936AQurns \/ I
atrar?5| l#}‘dr 442b to nalﬁ?gzﬁ ?E%EQT at a o\?;lﬂ\e/(_ﬂddress

sigaals| ~Al, 94%... DW 825 erervalif duling tremirigopwiees 908, 914 and
9(lllgrectl on signal DIRF 858 is charged to a high voltage
I evel at 950 and LEVAL 848 is charged to a high

vol t ageinguide 886 turns on second evaluation transistor 518 in each of the
shift register cells 403a-403m to evaluate the internal node signals SN 826.
Internal node signals SN1-SN11 and SN13 are at high voltage levels at 922 to
discharge shift register output signals SO1-SO11 and SO13 to low voltage
levels at 938. Internal node signal SN12 is at a low voltage level at 924 that
turns off the internal node transistof of shift register cell 403! 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 leve! to turn off control transistor
564 to maintain reverse direction signal DIRR 842 at a high voltage level at 944.
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952. The high voltage | evel |ogic evaluation signal

LEVAL 848 at 952 turns on eval uation transistors 440.
wohershiosise vol t age | evel shift regi ster output BCgmakoosni11729

SOL2 at 940 turns on address transistors 468a and 468b

to pull address signals -A3 #d ~A4 to | ow vol t age

| evel s at 954. The other address signals ~Al , ~A2 and

~A5- ~A7 are mai ntai ned at high voltage |levels at 956.

Iﬂ_ 'a@IHﬂE)nO Hhigg Pﬁ%etgﬂe"ﬁm%‘oﬁ @vémaﬁﬁﬁlﬁi‘é@érﬁ[bnt(%&ﬁétg]; §ﬂ2b to

. A control pul se in control 'signa
m@mtasn @E\é‘kinﬁﬁ&lattarlawyoaage ls&s ahRd6f orward direction

565, i EaPba SR Rifehd aflor HRuatOly Y8 s fharged to

ahhigh velthye devel %\Y@BO?dwdeE‘VRQISSEBqé chdided tosd Bl voRBgddevel at
to the next shift ﬁql)ster cell 403k that provides a

%hT%hmg\@lﬂas@éeved gie ewabaaélpe signal |!>E¢VAJ+ g3 At 862 turns on
e%g d;éélé)ﬂﬁr tgg&g ) b? h?@: f‘ag{e' I i}lﬁ 'ré(%gfe:lnoﬂgput signal
SIDL’Z 860230 rhlazrsnskmfeaddinegh tnansstorAf4t66a aﬁd 468b egpsht address signals

480 AetB owabend Sl at S84 oie otaes aaded signalsriat, ~A2
apldi {4520 Srethartginedt AyH v g@t|s\¢?| gggby provi di ng

a control pulse, such as contr coi nci dent
Wi th Tarrmgrpulgepaﬂ%tarrfs omrthlrd’rekuaiuqm&ané‘ gtoB®56. 1Acontrol pulse

BBYRcBhR PRl GovRRGSZ s i M rarBiiag B fyward
direefion synag Dngraallz di §cﬁﬁr8§§% racrow%lttagé sl @€ bsan of

shifting to the reverse direction. Al so, a control
pul sdher wt@sm@oégm tingingridUsereshits ﬂm higbricoliageteve! shift

-SRI BRI B0 R By R0 cdPaB o Brovices o
hwgﬂ vag;gd level smftgeg:btdﬂuutpmmgﬁm SO 1.t Shigiingp teritiridsinith each
3.i.s a bl ock diagram

naI S ocH-ﬁ %
SBifhof S iMpagtis et isachiehit reuiglenauin SUgeRS 04 §PY 3 has
b%@ﬁ%%ﬁ‘ BndQ0AraRdni it gigi%ﬁ%&geya%%@éa .&9%4{ theEg@Jbs%f high

dress generat or
vatﬂalg@we@ ehifr ragtstem@ﬂpuf sighgle r30 B38rslops.r €hgsbifpwegister 402

41 02a- 2
o A eBareRiovtind $ieriRLFUEE” Sufora ortauss 870,
celrrfddrit Gth o tlﬁﬁrgg’bﬁléetffbrﬁ tifing SRIH T2(pka- 1004c
d 100 T

t hrough first ress |lines he address |ines
1006 l@f@\wra@@ldécm operatiansa camtrol pulge from CSXNE 824 is

PRBRAET BOBRRERME  hd BuSEEbef hrhd sighTE 7420 to set the

dereetidn bEshiftingcloutnk eevéree eiivettion. Aigte alébkirol Parkerffidm CSYNC

line 1010 recei ves conducts contral signal Y
824 is provided coincident with a timing pulse from timing signal T2 804 to start

or initiate the shift register 402 shifting a high voltage level signal through the
shift register output signals SO1-SO13.

Figure 13 is a block diagram illustrating one embodiment of two address
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
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to address generator 1000. In one enbodi nent, the
CSYNC signal is provided by an external controller to

wea sims43ead di e on which two address gener at oPeTARRDS/011729

and 1002 and six fire groups 1004a-1004f are
fabricated. In addition, addmegss generator 1000 is
electrically coupled to select |ines 1008a-1008f. The
sel ect lines 1008a-1008f are simlar to select lines

Ul AT 0 R e B8 v
fisEgfoups @(?;mnaeseog@namx addﬁ%&é%arima%tﬁ |1boa?s talﬁctrhfally cr?upled
t§ PRSI MO 0B iR 10T ceiiessenswisanta glgnal CSYNG
té“é@ﬂﬁa%% é@rqméopponé Bn%%lrﬁgfﬁ‘lloﬂﬂgéﬁYNé f% Worovided

si gnal timng signal . The ect I1ne
by@dexesna eostrolle tgreaprigiheadidie addvidsis t\ge aeldeassrge‘tmators

oBotE TR RR e Tobe® dBntedBBacar tabentia Rgcion,

aﬂqr@séc@méraﬂﬁn@mn@@lé&@&lﬂy%@@%&@%&é&%@s'ﬁ)d@afﬁd&f The
gnal T3 timn gnal T2. The select line

slswtilies Q@%&Dg&‘ Bs iRt Ip soeatines a2 A2 Ellast o0t

e PR REIeRE e, TobRi OBttt ekl Pbls i Brsr2. .

SELEHmhckﬁesg generttor 1000 Gs well a8 to tHEdesHe&tindirsg fmef@gﬁgps
@ gnal tim n%\lgsl gnal T4, and the select |ine 100
108 au1<90§' fatsbong gnal SEL6 to address generator 1000,

ino edgdi i ; g
5. CTRE R IRE 0058 ddriueiy Sy eetial 1M BadiSe gengrator
1060f inrenegembpdimettds {imiog 4fgnahil 8 dighing e@mad Téd dFtesselect line

16bRRZpadlas 36Nt Sh1d EiodsaPoaet it na ooz

 elibaRABNDIS A digrtal TI8HMgIAGHA ﬁqooﬁﬁe sé\ie'éphnélﬁipbgl °

generator 1002°is electrlcally coupled to contro
canducts sglect §mabSEL§dmad@I|resﬁ genarateIQ00tio om@oarebednment is

AT EALT? SHng st Ye: JRfeedeR RES ABREESBlout SSleptSianal
S&tMetotaddress gd0dBitor Y, irc ond eaibdtiment lssclrﬂlﬁ@ﬁ?lﬁtr% timing
SEL6 to address generator 1002, as

SGpaL ha. derealers o Ut oGt eledorianal s iq adtross
g%ﬁé’%r 108, $¢ bﬁéten%&ﬁnﬂegp%atggﬁﬁsdﬂ§ T%e n‘ﬁﬁwté; §hH8RT4, and the

t o address generat or inon
selebbliliert608f nductsselecigighal BEL G tteaddiees gehergod 90D in one

em%?rﬁ%rsm ﬁ Jlgﬁﬁé snsglngarl]qj3 tlmllﬁé stlgona ci%r ess generator 1002

The address generator 1002 is electrically coupled to fire groups 1004d-
1004f through second address lines 1012. The address lines 1012 provide
address signals ~B1, ~B2, ... ~B7 from address generator 1002 to each of the
fire groups 1004d-1004f. Also, address 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).
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enbodi nent is timng signal T4. The select |ine 1008c

conducts select signal SEL3 to address generator 1002,
wohoashos43e one enbodi nent is timng signal T5. PO®US2005/011729

select line 1008d conducts select signal SEL4 to

address generator 1002, whicH®8in one enbodinent is

timng signal T6. The select |ine 1008e conducts

sel ect signal SEL5 to address generator 1002, which in

one ETHOSkIEBIind %G8d‘b6\91t§it§§él'ec S'éﬁﬁ ?Lli b aa}ees%tgenerator

l ine 1008f conducts select sig ress
1@@ReW£\th lnl@@emhbdmemtns (bln’en@ B‘[gmﬂll FfﬁntTh&ssélea:tl limg 1008b

DBk Her A 5L APAS e TRE, i e’
emtmmevmg |§t®hlr@53|€iﬁalsr4< vué %@rect M€ h008c bBﬁdﬁ&% %%iect signal

signals SEL1 , i ncl udes one pul se

_ terddress gesprator 10 Wh"ﬁh dh@n%@brmﬂdmlnnt lsatlmmlgﬁgnal T5.
TR o ctdine51 OUERL corlcubs S loBL SO SN Fa B R8s gbuRfatSF ooz,

wgiigm orﬁembddn*aEni |s tisihg @igerthl ﬁ‘ﬁ areissiect lihes eOE8E conducts
pul se in sel ect

i gnal S that is fol I owed
s8R SlonaEBEL 5t tAach s Gt Wh2awbinis e Sebediment is
tlﬁhﬂ@%lgn@'ﬁﬁ ah ted sél@@t e ?@O?Bfrbo?ﬁhﬁfst?eﬁé& nat 116 to

he seéeries repeats egl nning wt se | sele
agdw gega_ratdrﬁ@oaommm ms)r@rmhbdm]ffmtlmuhmgas:gpal EBS

7 A S oLt oSk AHuda ek ot sicaulses

thmdepéai%ﬁh aUrI@prﬁn@' SERSS bf)le(Huls?é%' fEééPgoPﬂheaéHécﬁ%ggrnals SEL1,

eneration in address gienerators 1000 and 1002
SEknp!- SEIS inchdesane pulse in thepseries: of six gulses. 11 oaad

L R T p—

samt thedt ip édlloevetiobyna ipditat |nvsetlébtés|gnaﬂSEQ_30lﬂ41é:‘t|€is falldwed BPa
pul se in

nal T2 that responds to the timn
pUlsRaa et SabEEsY 8 inipBed yeh shisadn s8us sighal SELS,
1A S TR & RURSHIA R sl BELE Afer thaBlisd ' sglget signal

SEbft the seliemetpeaybigginiing thfdaemsls&smgs%cst sigilal SEtA2, The
tral r & Iegthr hf|r gqressllnes 1006
configging) Ga PNCTpEkEes dulRe qaincidentulh Gules it selesboionals
SEddr 883 251 IBHIB Mﬂntlaté‘éé?dress gené?atéf§1 o6 gﬁq_i Bbg%}%d to set

tlmng pulsesmtlmng i gnals T6,
uR dhe dEpelien ebshiftingray qﬂsdr%%s;gemergaoem add@samnsaimrs 1000

n oIy nal Y cl udes
o202 S B8 RS B RRb e R i 13,
initiage akddiess derieraticr foRPAdEebe geherdtbim 0G0, Ridn%@I signal CSYNC
sel ect signal SELS5 to set Uﬁ addr ess
includes a control pulse coincident with a timing pulse in timing signal T2 that
corresponds to the timing pulse in select signal SEL3.

The address generator 1000 generates address signals ~A1, ~A2, ... ~A7
in response to select signals SEL1, SEL2, ... SEL6 and control signal CSYNC.
The address signals ~A1, ~A2, ... ~A7 are provided through first address lines
1006 to fire groups 1004a-1004c.

In address generator 1000, address signals ~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
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generator 1000 for shifting in the forward direction.

The control signal CSYNC includes a control pul se
woainsciosisat with a timng pulse in timng signatT/i82005/011729

that corresponds to the tinigg pul se in select signa

SEL1 to set up address gener&For 1000 for shifting in

the reverse direction. The fire groups 1004a-1004c

receive valid address signals ~Al1 , ~A2, ... ~A7

nmlude@atdmetrphbslee oomcs@rﬁqﬁltrsaﬂﬁﬁh glselin tin%
one §EOO4anr lecglb\%égg@l f& that

SEL3 d F {% %rouLﬁ
CRH&PRARAS [qythg timDg pUlseyn Select Slsmala‘iﬁlLﬁ tmsmuu@seddness
geRbRftbr $000fr shitkihg in thd fddarEhir ctf'o%o e §|1|tf$ltsigne{l%YNC

subgroups SGL are enable or ac Ivatio
ingl a epRirel puiae m:omqtd;erg mothpa timind P2k lﬁﬁln'ﬂlﬂ@élgna(lj T6 that

e redRRnB ST, Ao et dndl Sttt avaross

geRbradetO®RerSHITERE iPtheSevepctdifitaidhed for activation
by fire signal FIRE2. Wen fire group three (FG3) at

10044 hedtreigredps he04atd PB4e retajvenvalid-address ARynals ~AAZA2, |

ATl B el SR S0 G ADRE) TR L 88 SR 3% group
oae t(F Gd) BbN004a Fecaives maaadxdd?é§£§}gn5l§e~,@1j d‘ﬁE‘QS ggﬁgﬁéﬁ& e

s signals ~Bl ~

pl %&rates gg&reg
Fé@b’& §eCf §I9NRLSEL1BEING cliral 20 saqlectegapw suhgro@et 6G1 are
=Alea 61 GlysbR 13 eIl FIRE 1290hER 3 bR Suceio2) ot 0041

~B7 are "provi through
rep@n@sttbefaddeﬁe@ Sgpal51%14d~ﬂ2)04f~A7l amcﬂthé" 1898 B¢ BElcat §|b(rjlal

5 ~B7 !
S%B? Wdﬁ ?J?%Sﬁ‘g %ggﬁ"eﬁ rPWn‘T" f%‘ﬂ@f‘rﬁ@ 318, enlabzilégf&/raamvatlon
b |
LI S0 R g RG9S R agores
sngnglgmAb|~%| se«A,?oamd;thﬁemlswm helact SIgnalgSEuB,Sfmnglcells 120 in

s
SRR e Sl .

for Elhe taudru;ggertén@tofrqom@rg@n@rété%uerbss@ﬁ gmgpk B7
ul se coi ent

. i ncl udes a contr ol
'”e{e ﬁ’?ﬁsr?g OptB'C leg} S!Q']ﬂ|$1§Eé-|1gﬁEIL2T6 S5 anut cmwrmgnalo
el nalL-SEL4 t o
O e kb S B B2 1 BT TP DRSS Sy ichigh second
adgiresg tinem 1012 to fifet gMQsammesm(mnm adders’ e PRYASHH 863, the

1 | CSYNC I
BERES MBI SR b f-aoA St YAl Prgnapidees i tiningignals

T g A
angaPEHG a ddeceantrsil gignab CSYNC indides a confBadl plisé eeirchrent with
tmﬁﬁ%gz)%;sréoﬁ &ﬁﬁfn%cstlgr?a'lgl%‘ %hat ggr"ré'épon sto tng tl?nElhg pu\lgheelrrll select
signal SEL2 to set up address generator 1002 for shifting in the forward
direction. The control signal CSYNC includes a control pulse coincident with a
timing pulse in timing signal T6 that corresponds to the timing pulse in select
signal SEL4 to set up address 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 SELS6.
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four (F&4) at 1004d receives the address signals ~Bl1 ,

~B2, ... ~B7 and the pulse in select signal SEL4,
woi2005ngs5el | s 120 in sel ected row subgroups SGRCEMUS2005/011729

enabl ed for activation by fire signal FIRE4. Wen fire

group five (FG5) at 1004e red®i ves the address signals

~B1 , ~B2, ... ~B7 and the pulse in select signal

SEL5, firing cells 120 in selected row subgroups SGb5

are [ en

i re IRonetroBbs A0S eheite LaIEu8iEes SIdieRs <17 0e2..
~H7gdating HBpulse8in select sifiialarBEIL4 SPLS aad ISELs:| WtHen fire group

ST Qs dieselrs e aoftrsanan it 57 11 rB7 and the
PR s&é&%@gnélrsarkﬁ fRMgroells 12R4h %blé?;‘fbd Ry (il 0BG RABs SG4 are

series of siX pulses control i nc
evehladbior petivatioroby fitd signal ﬁ\hREtﬂ t etn| flferggoppl |ﬁse$FGﬁ) at 1004e

rSailra s B00eds TRS0R1 757 o el R WA Peleptsiona

SEIIEECfIringrt:eIEWQOCm Helavted % @ubgtdm?e@cas afé RabRE for activation
m ng pulse _in select signal SEL2 sets addr ess

b@{éﬁ@rsé&ftﬁl FIBES. \Ypes fire grcntp $ix% (F&+6) Abi Q% degpives the address
y;fa@ Oy r Qopul Eﬁg%‘?fd”tﬁb%‘?me i éé?e&t*g&? ﬁdl T@bé%{aj)%‘ 120 in

ect signal ts up address eher &

seladtéd ngyw isnbgioeipsdB@a ranle énableid fon acﬂlvatbhdowm%ts@mﬂlms{%
of six pul ses control signal CSYNC i ncl udes control

oul 48 ORI SYAMRIROPRration, BRIRG he SeEiesiat seopuses oyl signal
CH¥NC |§é|uaes %Eﬁﬁopﬂlﬂsgbémcﬂé%t WPtﬂtt g 'tm’ﬂH%.; gﬁfﬁes in select

coi ncident with tlmng pu sSes I n se ect S
signaSBED 2sand BReS5d0 set up addogsssyerfgratogs 11600 madf momiod shifting

i iR Bt Tl BENFEHE eoRPRsRp G das imiag putse in
sicwh 8lghaPBED 2a8tds Bplfidrédd d@iaratdiel morbﬁgﬁlftgfywtﬁé 968vard

1000 and 1002 for generating address signals ~Al
dirggtion. Thegpnielpulgg coingglent with thgﬁlmmg@L&sﬁq[nrsﬂlegLﬂlg@al

SEITEAET el et IO S ek
pul sén the nextdesriesvoftdix phises conl BlgjnSECISYr\KBhlﬁﬂmdes control
RS o RATROR R 1G4 BSGs Tt PHERESIBORSCIE Uit SELS and

w_%er?ﬁé’EOAQQpp&%heFﬁgégiSﬁfthﬁ%mﬁ%g)ﬂ%'é% inAtlect sg%als SEL2

hat are va ren ul'ses I n
aﬁdg:?sE?dL& seHlhe direstiba cistifiBig B theHferwardi diretionéis address

A7 d f hl. | .
BhErRE%. I 2nd 07 e Ll Bulidedel Yol fiisgpyises in
skidce snawPSEEShnd $1926 HitatE @e AdA ¥ Afenkrfs 1690 and 1002

activation. During the thirdseries of timng pul ses,
fefcarnassting Addeassrsiame ~0dneA2; es~AdandsBbigial.s ~B3L The

control pulse coincident with the timing pulse in select signal SEL3 initiates the

address generator 1000 and the control pulse coincident with the timing pulse in
select signal SELS initiates the address generator 1002.

During the third series of timing pulses, address generator 1000
generates address signals ~A1, ~A2, ... ~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
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~B2, ... ~B7 that are valid during timng pulses in

sel ect signals SEL4, SEL5 and SEL6. The valid address
wekgsabsss¢Bl , ~B2, ... ~B7 are used for enabl pagus2005/011729

firing cells 120 in row subgroups S&4, SG and SG5 in

fire groups F&4, FG and FG57at 1004d-1 004f for

activation. During the third series of timng pul ses

in select signals SEL1', SEL2, ... SEL6, address

s%hEQ%Ifﬁml Pulseézaddress het &6} ‘I‘Q@Z h “hbd g résgvszénals ~BA1,

i gnal s that correspondo one o een a res
~£r2d .adB7dbat aregvdldsdumng timirigPpulses lwﬁlecirmgmle Sk, SEL5 and

I I I l. th t th
356 e uBlT afi i DR 1 B h BT BB o Earalgig firing
c@fIs anuﬁgow@ubgsodﬁsoﬁGaeBeca aﬁd g i fﬁégﬂmupssﬁé% FG5 and
address signals ~Al addr ess

Fﬁ@ﬁbﬂ@O«BIOMH@z activatiorgy | ncI ude 1 ow vol t age | evel

adar el e (676 SERBERE ghtnd BFcBE IT 88 Pnkly SHffcsLe. .
SHLU®; asldedss anhlst'ﬁm ~NIE . OFNﬂWﬁcIUHbﬂé\ﬁ%ltagdﬂm%@da% that
rovi de ch series of timng pul ses.

BERRP Iﬁq Igr@%nggﬂﬁ%'é agdresses a?@er%%e%mélgngl%?% R ..
lrIdIu&é I V& ee e|3§ ﬁél@ttﬂétscc?]r H%III% F{e %ljlé’ﬁf&e&(en

address two n throu ress t en.
addrasses. tDurrrtgeeanh ammngeemsaommmm@mwﬂoﬁﬂ%ect signals

EG | D A9BSR A PO IR S

BT 189, Of ~B7ThAUdE bW SBIthEE BeELBAkIStHE spant
SEL2 ,... SEL6, control p% | ses alIge prongJ()e@ecm nctlo Qﬁtsame

oRetdf thirtern gdsliesses. | Faclesesias @ﬁtgnlags)m@amamess time slot,
GRS b el oo oS BRo UGS GlG8 pal 8588 B timing

palsesr ol signal CSYNC includes control pul ses
coincident wth timng pulses in select signals SEL1

and SEforwesd disection apefiadion, adaiepapeds povidedhfirst by address
g%ﬂ%reﬁaﬂsf’mdtg%h@ 1008 foﬂ?ﬁéﬁﬁy&é%‘é&éé aH—H So ciorpﬁ}ré)ugh address

se col nclident wth sein-se
tha'itgeta,l ASElr Addedss thivtesaid addﬁesgegmieaators 1000 ahdr 002|prowde all
shift in t reverse di n. T con ul se
G VRO S A e AR SRS A DUTAS . ATeRa (B, R - SEB.
ASSS, YukRg %@h%%ﬁe@%‘%mhg guIs%Q%rJrﬁrse@& Epn%% SELH hSELz
reverse direction. Int next series of SIX
SE(LI@I contrgli @,ﬂaes asypovides miecsldemmlltlmtlrrmg petses |n select signals

§ﬁad§Ef:§v¥'o hﬁgﬁéh?qﬂ]gqlnptHe%gr%NérH direchsh, Stanals

In another example operation, during one series of six pulses, control
signal CSYNC includes control pulses coincident with timing pulses in select
signals SEL1 and SELA4 to set up address generators 1000 and 1002 for shifting
in the reverse direction. The control pulse coincident with the timing pulse in
select signal SEL1 sets up address generator 1000 for shifting in the reverse
direction. The control pulse coincident with the timing 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
SEL6. The control pulses coincident with timing pulses in select signals SEL1
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SEL6. The control pulses coincident with timng pul ses
in select signals SELland SEL4 set the direction of

wehodstionget o the reverse direction in address PCT/US2005/011729

generators 1000 and 1002. The control pul ses
coincident with timng pul seg2in sel ect signals SEL3
and SEL6 initiate the address generators 1000 and 1002
for generating address signals ~A1 , ~A2, ... ~A7 and

andISEL4 B8t the dlrec%?)n iRt e %E{%dﬁé’ét[bﬂ ﬂeibtdré\éé h

t he tlmnawgu se I n select SI
aeReriess & ﬁaddIOOZO%eamjﬂttdi@leaﬁtﬁGMCmmmnh timing pulses in

SERICTEITRE itk SEhb M tsom des Get etei AR and Too2

foregémsratihg bidaies sjglhélg&A1ad¢rzeSS~A$rhﬁfoﬁLBﬂ l@QO 5 ~BT. The
gener at es address S|t%nal s ~Al ~A2, are

C@HFFPHF"éI §e$ sgincidant yithhedining P&liﬂeel@tseéﬁﬁ@m@grml %113 initiates

aﬁﬁkgssag@naééﬁlﬁ s@g)@?aoﬁrba{g n g%cﬁﬂ | i |ér?gﬁ &éémts%gjq @%F@AP ulse in
ssldul sipnad SEG6 initisE adwe%generaftmf 0aez.oups FGL ,

and EG3. at 1Q04c f.or actjvati on. Address
gene g ’fi’GdB" éﬁ@?%PEL%PB%Ss@%ﬁﬁ% geperator-H300

genera‘tgg aHB?’éss nglad diap ng~h*7rfh5€%t%%ﬂﬁsdd]rﬂ1gf‘tlﬁjn %O?ulses

signal s L5 and’SEL6 “duri ng
in se:l\enQSIguabe&ELTh%Ehzlland Steldd.e$he ﬂabjd]addresBklgnalBZA1 ~A2, .

Bl Berhabins b &l Mot i Subdipube 851 b A sa3
i@ gloup8 s, @A antiFGa &t '1@@%@'004@%1‘ é’&uvtahSnt Wd"g%szs

series of tinming pulses in select S|gna s
generatpr 00 gpeg@ieraddiesssianalepBiatBan,.. 'alaartlwsare valid

ABliB8 A ing fhises A ssisct sigrels SREACPEL R SR HGrRg s thir
sanels afltimesppslsgsallaevalid addeess signalsBB1, rE2de ~BVEre used
vol t (i;e Ievel{{@g gg@l s t hat cor espond to the sane one
fCer'}a% Ing BRI £&dF <8R rowsubgrp G4 Srivch 8Gseini fire groups
Fefs, 8 B M@ﬁﬂédﬁmé%ﬂ% ngenfa'ns SELL , SEL2,

ress si ~A7 and ~B1, ~BZ
Brringribé dloied semesxof tirag pulses irssejec sighdlatSEL1, SEL2, .

S 380 e S B b0 B3
oV It RFtE IRt é@ﬁakhhéﬂ &ﬁfbs%%%m SiShirfeRY ARfleSU8d A%

each series of timn Eu ses. |l n reverse I rection
adpeesatsigngls aBds eB2, t-hi-BY daclude lqw woltagsellevet signalg that

cALE3 BERE A ohOR0 TR BRtoGRL! et
senies obfftdirgssulgenfroat sslectldigfals BEIMO&EL2, ... SEL6, address
signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ... ~B7 include low voltage level signals
that correspond to the same one of thirteen addresses. Each series of timing
pulses is an address time slot, such that one of the thirteen addresses is
provided during each series of timing pulses.

In reverse direction operation, address thirteen is provided first by
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
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provide all high voltage | evel address signals ~Al ,

~A2, ... ~A7 and ~B1 , ~B2, ... ~B7. Also, during each
weenisassst tim ng pul ses fromsel ect signals SBC1L/US2005/011729
SEL2... SEL6 control pulses are provided coi ncident

with timng pulses in select ®ignals SEL1 and SEL4 to
continue shifting in the reverse direction. To
term nate or prevent address generation, control

1 e comYOipuIBEs HREBrRIL CoimBidapi O B h et
semats Skihilsand S&lLé ’tpmnslhuétshrfmm Bt tbeseverserdiastish) f t
Cons i erititate PR B 4 dhlion, cantdy SignghisYNC
wdhd@@&%ommd)lsmﬁses coipeibhoWith tieflAg paRENGn bRt t signals SEL1,

rmi nat es or&ﬁﬁ-l}r events address generation and
k4 pad SEhR abjis|ddeass they shifimegistersi gueh asskfiTegister

| 00
402 In 884rgsR el SR 2 9n8e 2tk ndB00) 80 o108 eyl o o
seeee of bighpeolteigequuisés, dd dortis| JenErCSYNE 4180 Aerdmiflatlls-

The cont,rol signal used for shifting in the forward
PiFVRsEs POFTSS iengRd 2 conptantdew Violage dpuel ) centeplsignal

OS»\GIQCf\MH n%‘?'ﬁlilé@gaddﬁe;%@ﬁeﬁ fre O‘é)'oraﬂd ‘I@%' S A2,

he ad ress signa
~A7 Eugumzld léraatlmﬂ‘tg/ﬂlagmrbyllmatlagiorg\mdraﬂ%vé%(brﬂ-frdtlon of

LA SO 4 5o AL S o
forh@0d directisrpiy GSYNTY(FRIDY 8651 2£8R4 %‘ié’boﬂi@&%@ﬂéﬂ used for

|ncI ude both forward and reverse operation a ess
shifling ipfbedevatse dikactien is CHYNG(RIEV)at 1161, 2The add@Sistsignals

~BAPLRET 2RI Ao BGE HibfiBed by Bt Bl GTkral %@meae
R o e S h i e Sy Serest iRyl
~ﬁ ggkncig uég t‘%%é‘ﬁlﬂﬁe ;ﬂh’@‘g@e‘iw?ddﬁ%‘-}%@@n@ gtgmoogaa_rm mclude
bdHORrvAR] A58 fedrsd %geﬁiioﬁeao%jﬁgs re?s¢e%%[e signal SEL3 at

1108 includes timn signal SEL4 at
1112Theseishtsignals S&LAuBEL2]1118EL 6gwrbeide asr@@@lnn&ééﬁes of six

plbed Ech g Reieh BUnpIT PG TpeCE §Bbs aikdespnmpaise in the
séligLol $iePuRRe ahidve: setRi3ldfThe PésIn Q%Yﬁg(fﬁ\é@ ?n&@éé select

i ncl udes control pulse 1132 coi ncl d nt wt
signpkakhk1 @6 11A0desledes timirgapulsel1d 02t sejmomslgmaIeSEbmat ah04

B8 ShAEE (S 0 S o RSB ARl e T e
1CRYNB(eatBignkl BEL4 at 1112 includes timing pulse 1114, select signal SEL5
at 1116 includes timing pulse 1118 and select signal SEL6 at 1120 includes
timing pulse 1122.

In forward direction operation, control signal CSYNC(FWD) 1124
includes control pulse 1132 coincident with timing pulse 1106 in select signal
SEL2 at 1104. The control pulse 1132 sets up address 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
SELS at 1116. The control pulse 1134 sets up address generator 1000 for
shifting in the forward direction.
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i ncl udes control pulse 1134 coincident with timng

pul se 1118 in select signal SEL5 at 1116. The control
woub@saodbsd84 sets up address generator 1000 for pemiuStiosgi1729

in the forward direction.In the next repeating series

of six pulses, the select sighal SEL1 at 1100 i ncl udes

timng pul se 1136, select signal SEL2 at 1104 incl udes

timng pul se 1138, select signal SEL3 at 1108 incl udes

ti mng tRehest rﬁ)%%tiné 85A6S of sBNMIscElfle ShietiGnalSERYSR 1100

timng pul se Sel ect signal SEL5 af 1116 i1 ncludes
in¢lreles timing putsesul 3gn gelest signakBghalat 3804 ia¢ludaiming pulse

142G I i I 46, IOl Si I Y \D

1138, 4080 B 9o 8 14t B 288 Bl RLBR YRR bt s
dtirmadngubes tikld@ puleconf?, ReRcs SighaNSERI R 4396 includes timing
generator 1002 for shifting in the forward direction

¢4t ppe selpd signak SELE atch 1@drinchides timing pylseul 6.

1144 ééhtﬁﬂ%ﬁg'{r@i‘e%ssﬁ{légrg&ﬂlgﬁqdlrziﬁﬁclgag\?gngf?@ Or}r}ﬁ?%pﬁ% coincident

shifting 1 n Torwa rection.

vﬂtrglrimlingﬁm‘xfslé:.ﬂ Ffﬁﬂ)tp Toatnue lsétﬂimhgaadgm_%s géTmt(ﬂﬂGmﬁlQr shifting in
nt wi.th tinmng pul se in. select signa

ol SpglionARd SoRTPORUISEI 1462 eoutsidantonin e auilse d 144

aggpinlescihatsaRalyTROTGs sy BTk Tond arecton.

Aty NONRDSignabd SYING (RY¥D) d 884 indlugies senttd Balssol 150 deintident

el dfe Binddn 465 poraPELs S gdPa. Troarutial bike 1150
iniffsfaidresngeméransr DY @3 gehbalinhaddRdss sigRals ~A1, ~AF ...
at 1130. In the next or third series of siX pulses,

~é¥| alct124. ginaaddifian, centrel signahe SYMSHFWR) hd24 includesigmtrol

R SE T A T T A 5 oo
Tshe: cmcrztrcﬁ ngrse: 1’;&Uﬁitm:teslé%?e:sﬁgeg§§oz ?%@%ﬂ)r%ﬁatﬁ%«idmss
Sigf?\??%’éﬁic'tgggi gﬂ%-?g_%ﬂé%ét 1120 incl udes t?mpng pul se
1166, Tﬁ%ﬂfﬁ%ﬂ‘tﬁhd%bﬁ@é"ofgg ] cfs“@lele’c%é@gbggrzsﬁig%}fggo

_control pul se 1168 col ncli wthtim
inaudemtimmgepulee t11aG, seldcesignaglddiek2ab 1040 0ttiddes timing pulse

19550588 Ba ey Bl 74 Da ey s BindieuSe § 168 sffeeiianal sELa
a8 &t 1 2 Micladel Bmigoemeeatien, 4086t dighaisdEf 5 kg1 16 iddi&des timing
forward direction. The address generator 1000 provi des

Palser EE34 ang palest signal SERG at 1120-inciudes timirgy pwisedr166. The
oA SY R DBEES! B3k BRE e kanciignt wi
timing palgeat 1588 qntinvedetidipaddesogenstator 1002 for shifting in the
forward direction and control pulse 1170 coincident with timing pulse 1164 to
continue setting address generator 1000 for shifting in the forward direction.
The address generator 1000 provides address signals ~A1, ~A2, ... ~A7
at 1128. After being initiated in forward direction operation, address generator
1000 and address signals ~A1, ~A2, ... ~A7 at 1128 provide address one at
1172. Address one at 1172 becomes valid during timing pulse 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.
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1172. Address one at 1172 becones valid during timng

pul se 1146 in select signal SEL6 at 1120 and remai ns
weoabisgosussi | tim ng pul se 1162 in sel ect si gnabPCcBESd00a011729

1112. Address one at 1172 is valid during timng

pul ses 1156, 1158 and 1160 i nSsel ect signals SEL1

SEL2 and SEL3 at 1100, 1104 and 1108. The address

generator 1002 provides address signals ~B1 , ~B2, ..

~B7 atheldd@resdigeperditi 1002 BrdviddLdddrdsk %%@Iéhgm ~B2, ... ~B7

direction operation, address generator 1002 an

A ddBes Aftardeing iniisated in-Brward diregtioraoparaion padoliede generator

1174, ~Add 74 b lid
00 AP o0 sigrald ~ B EBE, BT o 1470 hlo g At nspat
1eliTd. rAddvess onaldtd 17dthdcotmeas viidrdtrigy ’MJZ\% @unséqlh;sgﬁn select
1S vall

signal _ SEL1 at 1130. Address 'one at 11 / )

sl %@FL@ A 1@0%1\ samainsvalig usiil Hming pelseitd 76dn select signal
i L . . . :

e T SE AR R PRI il thifing o Wik fib2. 4104

and~B86 in.sele@signald 881 4pShilisdend BELSaatel 14@dn ¢$6 and 1120.

o | g saeds kel 2BY, A2 i o f 1205 Bg B A« BT at
1301 gr8viel the shiitbadd@ds8Naddas¥ohB dt 172Gk f/1. 1%5@@33 one

Which is the address tinme slot for address one. ring
i3 Reovirad dgwng the sgries of $ixtigdrg pblsgs eginning withttiming gulse
S r si gnal.s.zAl ~ gy A7, at 8
185 gte il 3 Fbr A58 1368 ds B st gt for
adBPess one.~BUriaY tAd BexPsariasiss shdgures, bé\glnﬁi_ng%itﬂ fimirY pulse
dress generators 1000_and 1002 provi de

, ad
1\3%ér ég‘é‘,@sfsr'gﬂﬁ'%ldé\ﬂ e582one~fhh1JR8 payide address twenat H178
; ! Af .
I L
thik meayg ladtres svge natators 686 emdatBi2priovidehad dressesitym dddress

oDe S5t rEese SRR MbiEce ROt MR arckess thiriden,
aHtIF@d%Q?éH&rﬁﬁréll%O'dhdsﬁi@Cér ﬁi@éteé%%yé’lb tﬂrﬂog%g tﬁ?%alid
rol p at or O Tor

cont ulse 1180 sets up address gene
addressesagdain irnhersanee w@ydi recti on. Al so, control

i YNC(,R 1126 i.ncl ud t .
coi ndl (R B hPAG <ol 5 Al S G OgFWha 26 includes
cORirdl wilsd 1380 chitidentivifl tiligseuldd 830264 Selelt SiGABESELT at
1%gnerat or 1002 for shifting in the reverse direction.

At ridie eqrgred pulssYMGGResty upiadsirese paderteroGQior shiftirg in the
e SR socblbl 0504 581 REAETR 1125 R0 8% Bonto puise
1182 coincident with timing pulse 1114 in select signal SEL4 at 1112. The
control pulse 1182 sets up address generator 1002 for shifting in the reverse
direction.

Control signal CSYNC(REV) 1126 includes control pulse 1184 coincident
with timing pulse 1136 to continue setting address generator 1000 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, ...
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the reverse direction and control pul se 1188

coincident with timng pulse 1142 to continue setting
wadarsaesisgener at or 1002 for shifting in the repPeras2005/011729

direction. Also, control signal CSYNC(REV) 1126

i ncl udes control pul se 1186 ¢6i ncident with timng

pul se 1140 in select signal SEL3 at 1108. The control

pul se 1186 initiates address generator 1000 for

~gehat #128191regddiess, corumvrbRnaft sy i

In a?di tion, control si gngl CSYNC(N%/E)V)le In%!: dl%g%ntrol

Pedsit 1690 painsident vithdisningirudsr 1946 i selettaignall SELA 246120,
THE écﬁ*t?oqg)ufégg{‘?éo iﬁﬁla@e?hgér:e%% %?%t(ﬁ?g@ﬁg !f%r]to &%@eerat}nlg Oddress

initiates address genera
sighiiesB1s~BAal.s~BBhAt 11382, ... ~B7 at 1130. The

7 e R A S
cORiciddHl vAgHARY SIA8SHAEB 0 %Qﬁﬁrg)%eroéeet‘ﬁ[ﬂg%ydp&é clarﬁ]%ﬁ{or 1000 for

reverse directicon and contro coin
shiftimg in Herrgversesdirertion and canital pulsestt94 cgineidénewih timing

oL RE o O BeRait e pnetter U6k By hutigain B reverse
dir@dtiorA7 at 1128. After being initiated in reverse

direction operation, address generator 1000 and
addr d§& agldjpss gengrator 100D provides/diess sigalsroA1 &7 at 1128,

1 hi g d .1 hi nat 1172
AREEBEED hlted Al Tiaois Al and AR Snsipf 1000 ano
audfasd sigrtals ~ATAR, pukAF at 1828 pedtesRidrddd thatderiht 1172.

ring timng, pulses 1156, 1158 and 1160

72 is.valid d . >€S 1.
APRss Birtden gt ehomes wRichdeas i uise 106 Argbemains
1 S Q OV [ ess
VAR g i 9162 = ARBRE TR Ripel 1 s VB (R Thing
pllsesildi56d 11168 medelr SO idisetst isiymatsp8EAl | BEL2ahdr SEE3 at 1100,
1 ﬁgergtﬂr 1002 and address signals ~B1 , ~B2, ... ~B7
g P30 |r9|80vi de address thirteen at 1174. Address

t hi r TRedAresklddnta e MRD2YSb! i i _
1160 and reﬁgns_ val |ﬁ§tﬁvgsrgnléﬁg%ﬁéslgh€@%q%z . ~B7
ainith @ s&ftenbeingdnitiatediinTaversediteiction wperation, addegsujermsator

I e IR LTS S W <O T
147@, AddressARirienldt2B) 7ansbcdiles valﬁ?durin% timig plisé Hg%gnadud

rovide.the sane address, address thirteenat 117
refiains valid uatktiningrnides, 11146 p Asidressdthitaamatt 1het isaralidsduring

tidingSpoliskd 7189, PHAERA 1985 58R Y biGRalk! SEM® SEL5 and SELS at
1112, 1116 and 1120.

The address signals ~A1, ~A2, ... ~A7 at 1128 and ~B1, ~B2, ... ~B7 at
1130 provide the same address, address thirteen at 1172 and 1174. Address
thirteen is provided during 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,
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pul se 1156 and ending with timng pul se 1166, which is

the address tine slot for address thirteen. During the
woents/1eesses of six pul ses, beginning with tinmPaguswose11729

1176, address signals ~Al , ~A2, ... ~A7 at 1128

provi de address twelve at 1178 and address signals ~Bl

, ~B2, ... ~B7 at 1130 provide address twel ve al so.

Address generators 1000 and 1002 provi de addresses

dddpsR P §ators NigpasHY ﬂ@U?Hﬂi‘re@ﬂﬁé@%&o?&SwH@ Vall§ addresses

reverse direction. After address one, a
agéifer at ors 1000 and 1002 are reinitiated to provide

1 LSS RERGR eRER g RSyt o eBuuRo 8 acoress

gkhefaton 1260 Cdil latch elrcdit 1202 apd Gisfive érh UPs 92914&51 204fin a
e address

1204a- 1204f in a printhead die 40,
p@l@Hﬁazsil%'P ‘Ilozo?i he §p§r€?ﬁ8| agneratos JdPB4s S@@ll?értgtaédreascgeﬁerator

r [
4POCEfTFigBher g 1€ SRARNP Pk 20408 il IR by 202a-202f
Hhﬁﬂa&xﬁug%bema?or 1200 is electrically coupled Lo flae

12 1204c .an . latch cjrcui 202 throu

o e $9diEes v0eratay To00 s elicSlt Soinled £ frvgronpd 1204a-
10026 tHnidae| Iéﬁéhccﬁ’f‘éﬂitel‘iOQQh ré&d rbé@ ﬁnés2 1906 tho address
conducts contr ol na NC t o address generat or

gepetor h20Q i ehe@tmca do@rsled decontioblinel 2210 that conducts control

SBrES it SO0 ot 200, b PRy, dBiss Henpaalor 1200

i2dl@atrithB coliplesitto alefstt lllﬁe§l1998§-1_208rh$hé %b%‘c‘t I|hé§1 ¢208a-1208f
1208a-1208f conduct sel ect S|gna s SEL1 ,

agEpinilay ta gelact §needdlatddef ilpstategdsndgureas Tbetsmect lines

4f
OUPAEERARSL L Sl SEDITGHIT (2% MM o
1266r as wegljen;ehoathercoftrhé@ﬁon?lmg ;ﬂnle Igl’oup"lsgl) Zstgtamizg&ﬂ(:mt shown).
i ne conduc
fc,le;me %‘ﬁ‘;““@é@é’g@gwf@&g selgetrignal rEl bispaddygss gengrator
1908, ®ARACH B! erhbBdi rﬁ'lé?*ﬁr"i‘lllng élgﬁ%ﬁ@eﬁgtselléﬁgpé%%ggb

conducts sel ect signal SEL3 to ress generat
Cth@ﬁSlSﬁleﬂhelmﬂbSEL&dntaddmss gemfgamrg‘nwo WhichTineone

1208d d | SEL4 t .
e siibehl BRinte ahatbhoT ket fife 43098 Sonivta sefact signa
SEL'B tathddress eﬂ'&ata'r’f@(}iﬁlvﬂﬁéh In & éﬁf%%@nﬁé’ﬁ‘t%%ﬁn% signal T2.
sel ect signal SEL5 to address generator 1200

Thaeseleat dapi98d; @Mum&ﬁﬁlg¢tgﬁmalﬁELdamddfess eEeetator 1200

\A)Eé%lpé%%é@%%&ﬁﬁs?ﬁhrﬁﬁ%@'agﬁgog'?ﬁe Iéﬁ?tg dmconducts

seleghsigndbSELS5 to address generator 1200, which in one embodiment is
timing signal T4, and the select line 1208f conducts select signal SEL6 to
address generator 1200, which in one embodiment is timing signal T5.

The latch circuit 1202 is electrically coupled to fire groups 1204c-1204f
through address lines 1212. Also, latch circuit 1202 is electrically coupled to
select lines 1208a and 1208f and evaluation signal line 1214. The select lines
1208a and 1208f receive select signals SEL1 and SEL6 and provide the
received select signals SEL1 and SELSG to latch circuit 1202. The evaluation
line 1214 conducts evaluation signal EVAL, which is similar to the inverse of
select signal SELA1, to latch circuit 1202. In addition, latch circuit 1202 is
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The latch circuit 1202 is electrically coupled to fire

groups 1204c-1204f through address lines 1212. Al so,
woatashosisscui t 1202 is electrically coupl ed t opPeEiUSEi05/011729

i nes 1208a and 1208f and eval uation signal |ine 1214.

The select lines 1208a and 12B38f receive sel ect

signals SEL1 and SEL6 and provide the received sel ect

signals SEL1 and SEL6 to latch circuit 1202. The

eﬂé&ﬁhé&ﬁy @csumé@@o é&éfbs%qm@%tz%ﬁ}@# &% | s ﬁiéJMreE%é@Pals

I's simlar he i nverse o ect si gnal
~A1,0~A2at ¢ Al todatah dicpit. 1202. dddirte @nbodmaﬂt evaluaiion signal

PR DEN R R PLby B Ao 5o SEA B B
SEteh circuit 1202. In one enbodi nent, eval uation

signal EVAL is generated ,on prl nt head die 40 from
sel eckthessejasl Sjgrmls SELGESEL2, ... SIg provithe aseiriestof six pulses

tﬁé g@é ﬁﬁLalre peabé series o?'élxgpl.pg@é’ | gle @sci%rg'fﬁ@tho es?)'ect to

I'na repeating se
Fpgllllrsse’SS and 1des'lfhe betrolisignal EPENC inclulieg pursetTonividdrt-with

s Bt ST Sy s L B gl SShEEs ceberaer 1200
drfdi tbls@t%ﬁqﬁér&@%t.ssra% a%@@@d&l%‘%st n%?ét.dmnt&?dress

direction of shifting and ress generation
M@rws@@aerator 1200. The address gener at or 1200
gener. ddress

e oo eS80 deeh G_BeP Tadh ifierated Fudroghsianals TAderp2, .. ~A7
n@?@hrﬁﬂi%bﬁ@'thé seRzt sigh¥NGETNesEddr esSESE A e?on‘fr‘& S gnal

~A7 are provided t hrough' address |ines
Q%YNCr eThe adgress signals 204 ~ARn.. avhT ese pgfe\ﬂ@%dithmugﬁ@@dress

Ilﬁgg 11998 (5 'fi%‘?t'oc'urpsAiIZMa 304 a‘n a@éeé‘érafﬁg g&%%ﬁ%dress

I'mi'ng pul'sé t 1M nNg St g

S@Tmﬁsp\dnewzp L +AT ge palis daring tlﬁﬁrhgiptjls%tsgﬁ ﬁhﬁn@Elghals T6, T1
nd SEL3. The control signal CSYNC includes
LT% §1a‘f;99rr§ép%¢ i e Pulses T selet fﬁfgn@lm%l:eu rSEL:ﬁang

S| arhd QOHH?F Ségﬁélr(%?f‘@@ﬁtcmetg%ecéﬁtml dish a%% ﬁcn?%atowﬁh a

sel ect Ssi to set u ress
trmjng Pl et mrtg;nmg sugnalﬂ'drﬂmt domiesmmdsdo thé’ tienicg putse! in select

YNC, | t th
ST kS ret el acins Bgferunial 2GRbior Rafitha it e omuare: o
d‘ir’@@tléh NMTAE ddwtrdEsigRaPEsYNC MRS asgéﬁ-trélﬁnﬂﬁ cHiBcident with a

dress generator 1200 for shifting int reverse
tlmln@@uiamn tinaging rsignad(lé faaﬂc@@esmm@brtatthe mmm@ wumdnwdect

SRR S U AR e TR 1200 T sh g EEeeverseng
direction. To initiate address generation from address generator 1200, control
signal CSYNC includes a control pulse coincident with a timing pulse in timing
signal T2 that corresponds with the timing pulse in select signal SEL3.

The latch circuit 1202 provides address signals ~B1, ~B2, ... ~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 signals ~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
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signal T2 that corresponds with the timng pulse in
sel ect signal SEL3. The latch circuit 1202 provides
weaddrsass4sei gnal s ~B1 , ~B2, ... ~B7 in responsecrmws2005/011729
recei ving address signals ~AL , ~A2, ... ~A7, select
signals SEL1 and SEL6 and eval®uati on signal EVAL. The
address latch 1202 receives valid address signals ~Al
~A2, ... ~A7 during the timng pulse in select

a%!d@@@é tiSBleloRThe atighes sighdidepyakpg, addB? e %'r%)}@é& through

~A2, ~A7 to provi de address signa
adgzess lines-g212 thEregrotips 4 204 griR04f.~Rhe address signalsAB1, ~B2,

TR R R i R e e ARETE L, R4 SeLs and

SHie5.address signals ~B1 , ~B2, ... ~B7 are provided
t hrough address lines 1212 to fire groups 1204c-1204f.
The dd@NeXampygaperation, duripg one seriggpfabepulsesdeontrol signal

chy N@Qingl'u%g% &Htﬁtﬁﬁ)u'léé étﬁllwﬁﬁénﬂv@ﬁ !tﬁmﬁgtpaﬂ sleﬁ’gl sélect signal

SEL5 and SEL6 e exanpl e operati on,
SHr5 tassetfursaddms gweraionﬂzm fori shifeihg CoGorwatrdidiesctidn or

<GPt T8 Bl sl e SEAIdoP 308 Brthe reverse

dﬁ@b{" b n%dd?eés"@eﬁé?é’&ﬁﬂ@oﬂ' i ﬁ%f In‘ﬁﬂat&? dﬁﬂhﬁﬂt]lg%'éhe&"otfg pruIses

timn pulseln sel ect S|gna or s tin
angy iy ks axarepls, @l’pVIGﬁ@BJIaléb!gl‘g\mﬁagatlevelmme$$3|gnals ~A1, ~A2,

Y Bt Bt e R inghe igh {Z@Lasqeeékﬁ&d%hpgﬁlgnws
~$N1gRAZS . ~ALT, tophdvide. hl?rertaqEWI%vépéddTe% SRHals 1@@2~BZ
IBatches in the high voltage |evel address signals ~A

7-p2, ... ~A7 to provide high voltage |evel address

o1 9n8h e bt o of i 7 oL IR HGRBLESTNE ilfges =
cpotrekpulee nmmb&hint wmhrthehmmg rpénig?llpttéét@ctltsrgﬁai@&% or select

5 Q. set u
g %ﬂgﬁéj% sedupi %ﬁeiﬁrf? 5?@%& of Sftidipads aeér&asaemerator
12800 A1 Sdbntr‘b‘PQfghQ' C%’Ygﬁ@knc%@g% 'ch"l{rHﬂﬁﬁsé‘ c{ifﬁ'&[dve% with the

pul se coi nci dent W th etimn In se
tigiing aulssEn Befect isignal SEé.3etddmlﬁaE @;Mresagenefazcim 2@0 for

g%ﬁﬂ%]jig'tglt\fﬂ%g asdé%%%%sd'grgg‘%e tg’@’x p%s e@u""a@él?'%§§cond series of
sgqms@é csrdoncaémg@rﬁ@*at&em@l 7;Lrobidaa an%gﬁ%ué% @veﬁgéar%%é

gnals~A1 | at ch tches I n
S'@@a}Se§/§1 st3al s*AMnd latph 1202 latchesmagdmscsegrmw ~AilghA2, .

K b3 S B Yo dse AT ianei®2ny: g, o 3t

CSYNI thechextesgrigs of six timing pulses, control signal CSYNC includes a
control pulse coincident with the timing pulse in select signal SEL5 or SEL1 to
set up the selected direction of shifting in address generator 1200. During this
third series of six pulses, address generator 1200 provides valid address signals
~A1, ~A2, ... ~A7 including low voltage level signals during the timing pulses
from 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 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
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control pulse coincident with the timng pulse in

sel ect signal SEL5 or SEL1 to set up the selected
wdioBsabsen of shifting in address generator 1200T1/US2005/011729

During this third series of six pul ses, address

generator 1200 provides val i #0address signals ~Al ,

~A2, ... ~A7 including |low voltage |evel signals

during the timng pulses fromselect signals SEL1 ,

vkt 2dansksEigRals W1, Wi, d.. Al @sing th@”tﬁhﬁllgs ses fod select

~A7 are used for enablln firing cel 120 1 n row

sigrials Skbs, SEL4, SEED andiSELS. | her valldw@dcyee@plgnﬂm~8113@2
00 0 i 1D B o EHENEA 8 505
SG6 in-ive gnodpp FG33,0664 vlﬁGEdamﬂlﬁtBG% 12098-a1204f Bk, actiBgtion.

@ The Latch ci rELé 1202 provides thevalid

addr d441ng 1R 4PEd sgiies ol ging pulsepfram selegt sigaalsi BEhg, SEL2,
PlSELe@ efdd?@éssﬁbﬁﬁts SAQn@dé SEI#@? mé@d% Io@%@@%@eﬁ@ als

he valid addréss signal's ~B
tlﬁaircoasmpbhd dofanei ofghu:telehsadrlzessas arahaddriegs csugjml§@1 ~Bz

H7 o 1895 8s 18 siched B Salanera frbthe sarae SR, Bine

tiiftebh Ridageduess Eurid aaaeé@@é cp
SEE6 addressS Si gnaﬁ) eqfil' §éﬁe§5’-§1x|§)&%§ﬁ?m select

S{Qcﬁladsa§5|-ﬂ evEL2si- g|$£|-@ taﬁdfewmaipcﬁd hé\Zone~Af7 and ~B1, ~B2,
- BT iRENARI6l TREG RS SREGE el RRRYSaE terstus g of

thu:teeh eddesssesnEanh $driest dfitinhiag rpm&ng%&&ddr@gg tif: §18€Ruch

bse t series of six pul ses from sel ect signals
thigh eq&égﬁih'”ee“ %@L%Sse&da PE_Yded gHENG eaph seriepf six pulses.

o1 gnil AN direclon apergTP, adliod a3 M B it Bl Hacress

geddrades €200 &ad atsk |C|re3|t 0202 i follogeg blysekiréss avo addsessh
een addresses is

”tHing'i‘%ls‘gt S‘ﬁcﬁgeet@ga fteieddr §S%H1e§é$"1r ¢ ddressgensratard 200
afdngehicheuRALDPrevide 2AHiIGS %oﬁ‘é% Ie%epé@dﬂegggécfdaﬁssLAqy~A2

addr ess ?enerator 1200 and | a circult
~AdlansleBTbyBaddrd8% two and so on through address

hi d 1 hi dd
genel St bEEaRarbERNOR: 44080 vugSeR RnRien frohbyn
auowersagprieemer 1addra¢ﬁslaﬁ:lhgﬁr@hﬁ 1202, follovéd by addrés AElve and
In reverse direction oper at i on,

sagibeuighaddrashons. &ﬁﬁna@iéaesa org, asidresrigensyator 1200 and
ARSI R B A B e il S P2, . a7
and dBds sB@ne, ~BAdrAlss, cgﬁmg@am sdrifdlofastd pLites Hromh %@Ielct signals
SEﬁ%ZSEL%I d%EEEQ_ mco% oY fseqs plroe\x tlad ggl%rc%sé%t 3v'.t naa’lur?ung pulse
in select signal SEL5 or SEL1 to continue shifting in the selected direction.
Figure 16 is a diagram illustrating one embodiment of a latch register
1220. The latch circuit 1202 includes seven latch registers,rsuch as latch
register 1220. Each latch register 1220 latches 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
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and ~B1 , ~B2, ... ~B7. Al so, during each series of
six pulses fromselect signals SEL1 , SEL2, ... SELG6,

we 20546 pul se i s provided coi ncident wth aPCTMSR@®5/011729

pul se in select signal SEL5 or SEL1 to continue
shifting in the selected diré&dtion. Figure 16 is a
diagramillustrating one embodinent of a |atch

regi ster 1220. The latch circuit 1202 incl udes seven

|At8h GFansRAGE 1 226 and W s@SonPfatdh §t‘égb9| fﬂ"ﬁl id 27btri&y boupled at

| atch regi ster 1220 |atches in on he seven
1288rtede sithpraide ofthe dragpsourcepath afithtgh transietort1226. The

oB8E BEBRAREAl HL 380 3R, Sl B 7 o0 e
cohdgetsls2iect sigrat GHIA {oatith trdragstod 2246 aBdateh|sijrfd) LATCH.
transistor 1226. The first |atch stage 1222 is

el ectiedist piehsigoed 222 inoludes @ fispkprereharge tramsistor 1234, a

S PG 2 LAl AR 030 100 Ao
capacitarol 240: Bhdérgatesoftbedirsttgre- aﬂmg@translstm 1284his @fectrically
oL L BB S e T Bl 2 LIS bR i 12081
tiRbHeLBtsSSI 86t s@ﬁé] B L Sk-frst Bre- éﬁ&?ettfﬁﬁﬁt&t T%%Ag 24 %irst pre-

as latch SI% The first st age
chageugighabPREAs t The sownaof §rat paershargs trandstor 4284liect

d 1238
RIS Rkl 1508 B NS SRe oFES ghoisatfo pBf ofdften
traheistrar 285 am@ttsoﬁé @fdd&%drés@h@@é chpatitof 1%@9'1% bmer side
the drain of first pre-charge transistor 1234 and

o pgeeass|nasie aanswitor A40 tSoﬂlagtflcglhs epeRled 4¢ grigfersace voﬂ.sage
sﬁblﬁ 35 g‘?é%éqhﬂ{ %ﬁdl‘ﬂfaﬁnl%%?ogl?ce?lgﬁﬁrs?éré‘ -Lh egFﬁcshsq{)P?ZM is

gnal sour rrst pre-c

eterc&msallytamupmtb orse sideadfthe dtdin-soargd pathadf sklet tiadsiier
of Iatch transi stor 1226

1350° T ialS o slat T RHNRr D 230 8 clesiiedly sioupiRebto sagct ine
10b88 th&t %o@&t@@&é&ssﬁgﬁm%@ﬁ%lé&f trér%ﬁ&of ?’236 .The other

el ectrically couple reference vo
siglecfittie drainesulire path ohselsdiurarsisior 1236 s qﬂeetﬂclaﬁy geupled to

| l of.
obf 3 8 fle At fabiwan ot afusbs TS 17585 EeS olfies Side of
tHapdRink o8 RIeesAthiof BBl SdsOFarisdtBr 1338 iesietirkally )éoeﬁlée'ts%
to select Iine 1208a that conducts sel ect sign

refgrejwec@ltageasdeh as grayss . Thegata Qfeadctrﬁa%traﬂslstm' 1238 is

j t I i 1236 is
Rl PR Il P8 Sfthedd BB 2R, 6 ai 1o sour ce
pat hTot saddndsatchistags $224 intARfbs él'bécmid'l@fe §hzﬂ@learisﬁ'€ﬂor

ath of address transistor

12484 BUaEoR SapeBte's 45, pdnloha addvens esisior 4R5Aand a
|8 HeldrERS ridRleSeRacRIN 58 TheRale bPheletBnli$re-charge

transistor 1246 is electrically coupled to the drain of second pre-charge
transistor 1246 and to signal line 1208a that conducts select signhal SEL1 to the
second pre-charge transistor 1246 as second pre-charge signal PRE2. The
source of second pre-charge transistor 1246 is electrically 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
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el ectrically coupled to one of the address |ines 1206.
The second | atch stage 1224 includes a second

wonesscosssge transi stor 1246, an eval uati on tr aReTASB005/011729
1248, a latched address transistor 1250 and a | atched
address node capacitor 1252. 8he gate of the second
pre-charge transistor 1246 is electrically coupled to
the drain of second pre-charge transistor 1246 and to

o‘? 'e@ﬁﬁJatlbh 'Tﬁanls?é?gm 2481s éﬁ@@l‘?n%ﬁfc&%ggfto Heiin- ggl:n]cet Fath of

second pre-charge transistor as seco
|@t|cbed lrddirsssirgimeistoPRE30. Tihe atber side aff tsedmainksource path of

B85 LR ISR 2003 Bt S Bl EPYRES votage
SUCARR GroOhd 1@ ¢ute df tateR&d afldidae t+e\5ﬁs‘1“el’t§1d121@t§jfseé|§ctrlcally
lines 1212. The gate of evaluation transistor

couplad atcmq/t%fa@pﬂram $QHreq pathuef lstchstramsistor it aa611rmddntuon
0558 OFicnelaicbLalbRiar PRy S Ol SRIRA 7250 0 one

IS €

sitteaoflatahedcaddrass notle Icapabiest 152 €Hse bthensidy of lafched-address
The ot her s al n-source path of |atched

|
n&&'&rC@@@Ct‘f?'aﬁgg%tso?'eité@e ly coupled to ?dﬁfﬂ@n%uﬁﬁw tSeich as
gr&hgd.ence voltage, such as ground. The gate of latched
address transistor 1250 is electrically coupl ed at
1230 Tthe firsbpig- dnargsdtartséstptai %@fedeatesrprEFdrmgsstgnal PRE1

226 d th ddre
PR sidhsl 0scigtRE AfedBrtyetEh ToRe s o aelortsigl SEL1
tisotigh & gﬁa’cﬂhﬁé GIQ%GdrIﬁ%eBtOQQnQ%EQ lsdet Jfg 52|owT\nﬁta@br|§vel and

side of | atched address nod aci tor
Péﬂ?-@BﬁFQQ:%iQW' RBEJIiaget to a highs mI&g@éev@l salget tramatoag 236 is

R e B 5n 6 RS o P SRk

vokthge leviel timeugh pre-tR3fa wandistes 1284 ect signal SEL1
t hr ough scicgnal line 1208a. |f select signal SEL1 is

set t &5 bRnsiston 1288 resﬁ'éreﬁP@ecq{éh@@dgrey@aﬁlgrmﬁm
2, SeLAfigm%fuphgdadfeéé 1064, egf the ?é@e(j\tée& éaaﬁés ts‘?énélziq

I s'turned of f (non-conducting) and addfess no
~AZpactAdis $eud x highgedtage lavél] addrees tmgelslt@wﬂw isrtougid on

(R RE RO B8 s iNed Bddinat Bar Rl piara2. ATSA7 et to a low
volta Vevbhréﬂdﬂé‘ssaﬁgﬁ&ﬁ%)r'mﬂg lslﬁﬁﬁed b (hBﬁ do‘?uﬂﬁbﬂ@ Select

addr ess sign ~Al ~A7 1s set
traoslsaye123@ﬂéltunmlomess Sele@hsllgﬁabSEh.I?o@nsﬁlmsrtn echigh voltage

5 1 ARG 38 o B b I e alh
discharge! ' a IBBoltagd I6vardif abifirdsararemet t238 @) off SAH Seldress
node capacitor 1240 is charged to a high voltage level, address node capacitor
1240 is not discharged and remains at the high voltage level.

The latch transistor 1226 receives latch signal LATCH through signal line
1208a. If latch signal LATCH is set to a high voltage level, latch transistor 1226
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



10

15

20

25

30

transi stor 1236 is turned on as select signal SEL1

transitions to a high voltage |level. |If address
wonRrenssiose#ser 1238 is on, address node capacit or PC2ARB20(0S/011729

di scharged to a | ow voltage level. If address

transistor 1238 is off and address node capacitor 1240

is charged to a high voltage | evel, address node

capacitor 1240 is not discharged and remains at the

(SR Lot RO LIS ol B

asidgess ne Gipagtcgét%Qoade@u@tﬁ palpy Veltags levelsakemain on

Ctaégggé 425)1%%??\,135?turned on and if latch signal LATCH

tage level, latch transistor 1226

is tuf Ia@&h phhsisBhd 2D8lis biftasaasdrese hod@28phséitdruraa®lcifitges to a
to pass the voltage | evel on address node capacitor

hgingoltage levehiboughifiess prersharaeaipansistor 12@$zthemétage level on
éf}%o ug a{dﬁ?&% Rbdd 95;?5’(9[%?9’28 '?qul%hﬁ‘sa&?&‘latn bl é&c#ﬁgs node

ree tines 1arger t € capacl ance

capbciterd! 24isqws- ctmd@ect ajithout a:ﬁfecftiﬁ'@&he sebbhalateh etage 1224 of
node capacitor 1240

h | d
4R el PG e S fa dReS sk5R aaé%{@a@@ aﬁ'ﬂ&?ﬁs ine
1‘2r1 2I Q’F"tﬁéolbfél‘\gt@aﬁs%tﬁf §2D6 T8 bA a‘é%o‘?ﬁ@%hé@é & 8 charges

atch transistor 1226 1s off as a%dress
t@ amalgh NOHGQQ Iegyet thapyek firsi paiemhgrga/hsanﬂg@r 11234 |a1t¢hemu@did ress

ok el 22 BRI Aind Vaae Bukbond Mot tebs

trERQiAGIH BB s dapathe Gecdrd tatth sk 132211 gﬁ@luWnbhﬁéqatched
affecting the second | atch stﬁge 1224 of Tatch

addiess dignabgrlatehad addregs line 123 2cisaffesirnt a8 $he pddmssarpde
{ i .
coBfRic1 ZRPATE Btchfaddibes rotel dPaLior 8 ARSCAGEM fo 2 high
v?gg%emeu ﬁg‘eggb\glgét mé:ohagge franslktq@ﬂQBilggg @ﬁetdrﬁlﬁ@dih ifiedit, latch
ed address n capaci tor i s char

tEpSaten 1474 6 reRisen dtash DebHes Bl iloh dtates 1228 Hnd Seeend latch
SRR854 W1 86190 pTHRASEEASEL hads B4R 223%an be removec
aaddhemphcﬁmdbzwa]ue iof adéfesstreeasapetiion 24 @ san bededuced as

tor 40 a ed .addr ess de capacitor 1252
t5 B e nase, coriaton RS0 R AGASe SR CBEdR o1 fiSEharge
|t Red AAH eSSt AGHRSE 4 Ritod 2342. Imtm@@wadaﬂﬂémeaadrés%trfdae
transistor 1226 is renoved from between first |atch

cgpagitor A igidesbeagry m@gh ﬁtsé@ée-mange transistar 623 to turn on
S SR 5 8052600 ool Ao a2 NG
charyihg of addese raslet dupariior $2490 ROttt iselarel frérh sbéhAd Mich stage
1Izgnger needs to charge or discharge

The second pre-charge transistor 1246 receives pre-charge signal PRE2
through signal line 1208a, and evaluation transistor 1248 receives an evaluation
signal EVAL through evaluation 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
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| at ched address node capacitor 1252. In this

enbodi nent, address node capacitor 1240 is pre-charged
wohowughséi r st pre-charge transistor 1234 to t BCI/USZ005/011729

| at ched address transistor 1250 in the second | atch

stage 1224 and prechargi ng of84addr ess node capacitor

1240 is not isolated fromsecond |atch stage 1224. The

second pre-charge transistor 1246 receives pre-charge

\@lteg@ue\}%?ﬁxrntsmlugdheﬁ adirbsé traAsis 82502414 EY&N %Ftéé’@ level

transjstor 1248 receives an evaluation signa

%"T'i‘ts(ﬁf@ﬁt@\ﬁﬂ regh tangisier 12560 Efzelevaluah@nalgnm EM'&\L is setto a
I
0Bk & S a2 AR ) S b e e
Imladad: addnesst signali tstaoiom\zm&glesewr Hestchéd adakdsataitiastor 1250
.address |i ]1? estoahithltaelevel_ _
5 RS H”pr'gﬁ@n cé@ §§§{r595|§@4 25%e offasc@valuation transistor
1088Ns thihed okl A% Ia‘-’tcﬁéﬂ Q@Gireg hh@ 1@"’}?6lt Lr%‘?n o éﬂ@s\llcﬂyagee level.

on address node capaci tor 1 addr
Thgdatshttsansistep 1226 g tymoed oﬁge Iatehen thewad’eamel/eltmhmbhed

S A 12 AP e b S5l S 1250

si gnav aE\é‘)damme%@brétfbrﬁoi*brﬁi‘efﬁ@b&ﬁ\%t'cﬂ\@tbhtr |"s’t€r”lzg@ first

eval uation transistor 1248 and di sch arﬁe t he
Pé%f&h@% siggaPREd, seleshwignal Slgle pad datc fSIgna&‘I ¢AFECH are setto a

36 {e[vggz!n;%&’cﬁ |tlﬁg%coﬁdy§-%§gr€%gp IE’EE2| i§ tsep Fo a low
voitzia[ge; me&aandmtaluaaﬁn m;]glmﬂ lE?A‘AL rsrsfet h@tacm% v8 @Feslel | MBth
G RG] A TEsE6t & 10w IPIGE Isva tafoh diarisistey 1265 Goumegboft to
it tHRIVdiloRNE iR Mt eEERAAE Labadift A AR NE ot the

state of | atched address transi stor
Oelﬁfnﬁta’@ @frietditeldcnﬂdr(ass;trenssstmd%ﬁnt\NmIﬁ evalualion @er@l @VAL set

el yoltis BIEL RYALRTeRk HalSiter 248 3imackan tupiesyue the
|dtetv] addresaditirid] fatchea UidresLrahaser 18587 urﬁ&F%EVZVIth pre-

set to a |low voltage | evel and eval uation si
chargeesiona FéREZ §et (o ey yoltage levelitbe vbliagd Iesneg oallatched

h 122
adYEsBRE, R A0S oI St B BRI EATRSS sl 250,
If datdhes sdum teamsistor 250 258n ! ahedaidurédesighapiB sidp e |
{7 a] hed ress transistor 1250. Wth eval uati on
gé’rﬁ‘a qhes address Hne 1Ri1gHs aeﬂl\teé\gérlvmmal@wpu@m tavel If

eRERNeSs VAR 1D E A biNAL AT R
on lataleed addraﬂStIhnep‘rmWns iay aqire%ﬁé?gétEhlghQ/oﬁtab@wevel
vol t?ﬁ flrsecvperle chtapgee \s/fgjglngﬁgﬁéﬁg %let ’?ona lh?g}h vol’(cjage level to pre-
charge address node capacitor 1240 to a high voltage level. As address node
capacitor 1240 is charged to a high voltage level, a valid address signal ~A1,
~AZ, ...~A7 is provided on address 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

PRE2 are set to a high voltage level and evaluation signal EVAL is set to a low
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address line 1212 corresponds to the state of |atched

address transistor 1250. If |atched address transistor
wa28i3/105456n, | at ched address signal ~Bl , ~B2, PCT/US2(8%/011729

on | atched address line 1212 is actively driven to a

| ow voltage level. If |atche®5address transistor 1250

is off, latched address signal ~B1 , ~B2, ...~B7 on

| at ched address line 1212 renmains at a pre-charged

V?Itgge Y&l ag"ﬁ S%Yé‘cl,t SI i §I%U1Sﬁ1|rrﬁ’% gﬁ %r R é:g?raﬁ%g d‘IZ%%E&nd latch

to a gh vo eve arge a
sigrx Léditd rtmms oIlZIéO:It Imaraasi$ﬁogh296I ﬂfatge vIaGdeJddre,Qes signal ~A1,

[g; ch\o,%pﬁg ﬁ\%ﬁf@ 12 @hs‘{ogﬁa?q@%i gddt}igggtransistor

1238‘ré\Yuﬁnéd RIrPAhdl 8l d RS sathid dcitbe 1340 Qn&l q’at%ﬁgé %ﬂaress node
transi stor 1238. The valid address si

capacitgr saZatendisefargeel t@tadpw \sritagede s Ift’mar\alldtaﬁidress signal

38 d
8 AR BhT ST AbHR MO Te Eits bhARled8Ts), Agdrass fransistor
1288i i turndedff aseheadiessirpual capElcitor 1240 @ha@e@ﬂ@dchb&ﬁ@ﬂress
signal PRE2 are set to a high voltage

oBedrarionlEiata a&%v@me level The wersadtine valid address
I I
Sl R B2, PLPAT r4HKSE of Siarial ARe 1288 sldtbdpipacitars
1I240c5tnd 126851 st or 1226. If the valid address si gna: t~A1
~ 1206 olta
| evel TheaiGE STs ERlingd AGUBSS capanina35A shteithe oot state
RAERSS aB@%sQ%ﬁtéPIZé@4WIﬂI@de@éﬁﬂ?€Q @?I@E@AE sfé?gfa low

capaci tor 1252 are disch alg to a | ow Vol tage |
vpitagé ievehnd paetehargse siggablPRER1set te-athigh voltdge tavel, evaluation

AR 1401 R A S S RIS o

VORAGS isve. IBéQeIHmEs@fml S@thmcwd@hgsﬁAmﬂeamE&.cbﬁ@rr ge
1252 to a high voltage | evel. The inverse of e valid

sl E’?sE?sa@ﬁw%@t tomlow vcz@ge level gt the eaf\aé ghe aelecttime period.
AT SRl AT STt 9088 58, R Rl goal i umen o
ta haetch)m tbfefstateamfdatuhbdlaﬁdrewtradsisms260an5| stor 1250.

ARl 8 Bl L
ebﬁI(x%'tlon Ql\éfﬁ's%r' oud. " g %Q&{%dlgétﬁg‘é Hérb%gﬁeﬁér 794 is

| atch address |ine 1212 1s charge vol tage
chargsid tornbigheladiagedéevpl 40 t8HLdn latd:IaaddIress @mlsnsmmmmluie

e BaUS S LS eehodElo s o bbb
a?gg%%: I;ddt‘ézﬁﬂ)ea?itgf f1 bewiy al 4 a8 vbRAG levbPioClirh bANScAE®address
transistor 1250, latched address line 1212 remains charged to a high voltage
level. Thus, the inverse of the address signal ~A1, ~A2, ...~A7 is present on
the latched address node capacitor 1252 and the inverse 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, ...~A7 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
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to latch in the state of | atched address transi stor
1250. Next, evaluation signal EVAL is set to a high

weoabdsagsesbevel to turn on eval uation transi st oPCt248005/011729

If the | atched address node capacitor 1252 is charged
to a high voltage level to tw®n on | atch address
transi stor 1250, the | atched address line 1212 is
di scharged to a | ow voltage level. If the | atched

SFECTSPEMF BRS i L2 12, 67 B Ay S

S@M@J |Iateh3mrialﬂ_MHhandrmegmdrge)s@nlal BRE2aareags to a high

vofigSe tevel gt At St B Al et iy dbSe .
capafig@e 12k2a 8ffing BRGraMaN$Lraiin té?‘?e)‘(éfjnbfégc?pérgﬁ&l\ oPBne

the | atched address node capaC|tor 52 I's present
etrmi@odlme@h@ﬂlaé@m register i1380.1 Adgress $l9nalhe~d\hd~d5c2%ss~A7 at 1300

a3 Fansiion ot 1962, Brecefierad “BaBERRFIR 1 8 e sst fopaion

vptta]qe ekl as 1866 ¢d516c§h@tiﬁh@€;fého‘dl grcate®@ht 13082 Duringthde period

atched address |ine The | at ched addr ess

1$0§naelecksignal gbL1 at 13p8 Wdﬁtqli'sS'WhLd\E@,Hrﬁté%H&fg@et toa
S $8fag€ by i I (ledt Rhsidof PRSP BTAEA T 2aRAG 1226,
ré'd;rmdtlaetyhemeatj@hegjtagegewél ofBie—pham.hmgnaHB?EE%gges

lid I t t S| gn an
chPis A0 dRs8 NighaicaBREIo 1 AL troug B aROp dransiRior Sogd. With
|ABH tRalgiat 1296 ﬁlrﬁ@@bﬁ%—vdl@g&%vél%rﬁla?c@i@dvéﬁqtr@% node

level . Figure 17 is a timng diagramillustrating an
cenammrd 2creanaina untchanged nivoaddition, difringaing pedgd sit3e8, pre-

opatdt sl PREZ MDA 2 d awystansied Ard e villiatish signd

AL bD1316ipht a6l agevelelad 1dP0sh EQalugtién trlaﬁ§|stor 1248.
Tperlod i ndi cate 08. During tinme period 1308,
be latohed) %ﬁsgggmaer 13182.andB /el 138 mraging Amchaaged.

1312 3¢, ﬁ%ﬁ%% gZ’r? dso}"/g\&( 2Lh ge lAe/V%l @lzé%r Bro? afedsoey) §8dress

tranS| St or ranS| S

geaepsot 1260 ﬁnd'Ejeezohwgshalmlcxeiaddargs?JI Srg‘nels Qi\jj &2 chaipgeat 1320.
sig 1306 es addre node capacitor
fafthﬁr‘fﬁ}ér? %S%ﬁ'gf‘ﬂg "%ansﬂ‘?st of” Zﬁéﬂ 32(yig proyeled on signal

IIFléE‘%B bQet I2Bn/of 8@ Gidadrédeyy 9Lt @99 258V &lhe echarge
o3 e 1403 eI

| at che dress no capaci tor remal Ns un
slgmadaE’oSRl:'H ah] 3@141trangltlon$rk>vpet 1320 asthe emd etinaegrermdglﬁ(lS

PRE2 t 4|s at . a | t | e and .eval.yati

si gn regs Sighals 7 é?’at’a{% %ﬁ %T/%edé)gf@m%wﬁ‘a@ttﬂg?ﬁ
dgﬂng\tﬁé waki ffet eai@al ﬁfd%até@égmié‘edu%@hﬁé t.ﬁf&iﬁ@ﬁ&d at 1326,

signal ~Bl ~ .~B7 at 1318 remai ns unchanged
pre-charge SIgnaI PRE1 at 1304 remains at a low voltage level while select
signal SEL1 at 1310 transitions to a high voltage level at 1328, latch signal
LATCH at 1312 transitions to a high voltage level at 1330, pre-charge signal
PREZ2 at 1314 transitions to a high voltage level 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
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The address signals ~Al , ~A2, ...~A7 at 1300 are
provi ded by address generator 1200 and becone valid

waddrsaes4sei gnal s ~Al , ~A2, ...~A7 at 1320. Onecofustdes/011729
valid address signals ~Al , ~A2, ...~A7 at 1320 is
provi ded on signal line 1206 &0 set the on/off state

of address transistor 1238. The pre-charge signal PREl
at 1304 transitions low at 1322 at the end of tine

b eiddeskslipaisistbh e 288 d1fesddre 5 Bahsistoih 238 18%urned- i ¥y #He valid
1300 remain valid at 1324 during the next tinme peri oéa

adr%ﬁ%%'*a%'saab'r 13282, baAiat 1324, tadﬁléeq:ﬁelh¢dﬁjcaﬂacl®26240 and
Bfied BARESH ARttty 3253 HE ditTRId B a Tk B¥ftage tevel

addm fransistor 42881s ghmed loffagethlearsid aiidrés'ﬁ’s?&gnbﬂt/w ~A2,
1{3,% gt 1312 transitions to a h vol t age
|at 336

ressd1qdegapaciipg héfo PREiafﬁhed@Mress node
cbb@BﬁcerZB’iﬁrérﬁ’alﬁ dﬂ'a%]gH%ﬁé%@éé\féYel at 1332 and

eval uation si gnal tfransitions to a | ow
vol t AYith pesreharge sigaal. PRE2 atdl3|1é sedim assgis voltede leddl at 1332

et 8 EGA RT3 BeR ' Ty valiad ket 3E 0548
evaluatibh drans@toe 8 RMBIN&NSH bak qne %tgﬁ@d a&d‘rTe@E' lf'f‘\Te 112’5&2'3

set to a hl@%h vol tage | evel, the voltage |evel
Caameéis’f@ Hbigh Wiggeilevs! fhmhmohdtmﬁ@djlasgmtresastmdQ% As

7 8RabaRn SEmL YA B STE od Uehavg tpas

and prg- dhlaege/aigndl BR@2ests1 Bidomahsitidds to aAgh voltagéﬂie@él at 1332,
324 dress node _capacitor_1240 and | at ched "addr ess
eﬁ%%?@ﬁts&n 958 1ar824i stihahdd 18 faasitiow to dnvaligdatched
aeg?ﬁe%s S'%'garlgggﬂg?é Pft%‘%%ﬁ&q{f Aé?ezﬁeﬁ %%@,%%’SIﬁalgﬁ1 at
1340 tramsitionddo @dpwwctl’mge]lem atri@3Bdb tinmcbfagdieessansisior 1236,

L L T B Srb 5o o 10 o
dtety eansistok 3326041 Bf'éabh‘é’rg;b%ggjr?dl @%1 AtralSBnS £ a low

to a | ow vol tage | evel eva uati on transi stor
valtage leyet @trﬁ’eddz tsf stopreharging latched addrissdine 12 12:tht@igh pre-

oot o "N B R B85 g vlage

lelrgPbn #dtchSd Gdtresssiddeotspdoiton 1283vy flrh a8€or &FF Ritcidd address
1334 and re-charge signal PRE2 at 1314 transitions

trgngisiph 1¢80t age 1 evel at 1332, latched addr ess signal s
| Sicﬁgﬁ%%a&aé'gg%i g VALt 1318 e BPoh g d 1) Uoitage tevel at
1W i duintBhe, nese ket penlqmaﬂwlSﬁieﬂ #A13UBLAS t‘r@lévdluémﬁl $ignal
V¥ gﬁbﬁt"?‘%ﬁ@? ve ﬁ'ug]h o) tatg% Ite\lljeglr.]at o1f3]:14s’?he latched address
signals ~B1, ~B2, ...~B7 at 1318, including the signal on latched address line
1212, become valid at 1348. The address signals ~A1, ~A2, ...~A7 at 1300
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
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| atch signal LATCH at 1312 transitions to a | ow

vol tage level at 1340 to turn off latch transistor
wQ206G/1amde pr e- charge signal PRE2 at 1314 transPCTmiss005/011729

a low voltage |l evel at 1342 to stop charging | atched

address line 1212 through pré®harge transistor 1246.

Turning off latch transistor 1226, |latches in the

vol tage | evel on | atched address node capacitor 1252

ddelition, mdaresy sighals!~ € had addpgss 1t3r0®ﬂ%hﬁi|ﬁfnv%ﬁéQilunﬁB%e

eval uat| on signal EVAL at 1316 transitions to a

tipe pggjd uracv@a:teatatﬂ%@ Ther latehedraddress signats pt |~€Bl2

h n signal EVAL at
réi@‘%lg? %ﬁg?b?%ﬁé%pé%% 5?15%\/%':“?‘33581 evel at 1344, the
| at cHettirassl sm|§+gma+,sz BLA7 atBR300 arewﬁlr@tsnib%l& 1358,
atched address |ine

| h |
dydiaribe e Bericd HfentSd mt 7280, nd bergmavelidagdressssignals
~A1, =B at ~AJ04 1@’69“%%?@%??2%%?2’4@1% 4o tr% ﬁons to a high

remain valid during tinme p addi
votiage lewvel atldlﬁ%andllghmed addtess siglals ~BAB2AL .. 1BOGiranalid

dhfigithé BEfad B6; Tk daiions 7% is st ieime petiod duds and

tied cy@8Pepdite lﬁéﬁﬁﬁ@%gﬁ'tmbénod‘é1326”“12346 135671 854 Zi% 356
becone invalid address signals at 1352, at

begi Hnithig eprbadiment, tee prelpdaciudes sixttine aerlazeﬁésuch as tlme

PrEREP SRRV AS RS 135NEoR A gpPodepidite flagels A1,

~1\‘256 ~Alieat 1800 ed valid fethres m§|¢érroaé 1 32633346 andBB350 and
tinme periods 1354 and

d
i etkd Syt Sionks ~BTaoBS, | 2By aiis 1800 waiel fonfour time
pg{|éa§'1959n13’5 1353, a@ﬁ%@ﬁ@@r&&@ﬁﬁé' 29 A% ' Catﬁé‘}’ at 1300

1360, and Become val ress svgnal s
and IafAﬂledtadﬁm sifnals ciiddr, g8 2. grBY dPRB18atre b@‘ﬂ*ﬂvahd during time

o850 e B R USRS Bl SRt vz
. GUAT g 1BOUQviﬁI%rth8¢atlaﬁ§@adEkéE% §§ﬁélgd~81|3ﬁ%2 S §f§?"a!t%18 are

to time period 1308 and the c e repeats if'se
invalid fiefiiwa tise periodessuctpss tumpmnoﬂssmzmmm 1r836ther

ol ne RN GEBbeof e K A5.E51 B b st

ml%ér afitimb3setodEhndather lateh Giicainal2D2-éh latedlin addrady srahals
é re valid for three time periods 1326, 1346 and

50AaNd- e al 2800 Eutwiar mese §menperiodsa] | ~BZ ... ~B7
igséﬁﬁ rfg é%%l %\%%1{ 1y gllhgﬁétrl]@ gﬁe%iﬁﬁooaqri@ﬁ? 3P as E?egfiirection

sHig0egister cell 1400 for use in other address generator embodiments that
provide addresses in forward and reverse directions. The shift register cell 1400
includes a first stage that is an input stage, indicated with dashed lines at 1 402,
and a second stage that is an output stage, indicated with dashed lines at 1404.
The first stage 1402 includes a first pre-charge transistor 1408, 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
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and | atched address signals ~Bl1 , ~B2, ...~B7 at 1318

are both valid during tinme period 1350. The | atch
woenssnerse 1220 | atches in address signals ~Al PCEFAR2005/011729

...~A7 at 1300 while the latched address signals ~Bl1 ,

~B2, ...~B7 at 1318 are inval®d for two tine periods,

such as tinme periods 1326 and 1346. |In other

enbodi ments, the nunber of tine periods in a cycle can

Tdd 8s €thet first pre-shatgeting MrBesndicts tiffndBllsedtn ARY pfdi8harge
Lat?ilg,RCé{ uit. 1202 can | atch in address signals ~R ,

Sigigl FRE &73%# reg§teTi Gell 14900 r Thapether isige @fet?lecﬂltei.n-source path
IFigR4h ' i Rl ' odi nent .of .
STty f SRl o 0061 Rk 09RO 052l e, ran-

sotinsr pathdrfdisst eyaluationorarsidtod 1488 aadtthaigaps eFintstnal node

BRGRET P o bRl et 13297 b Gfoae naim 1420 Biovides
rtemall notia@igndl BN batvRsbryétabed 300 Grid 15 & ik tife o ilernal

a second stage that is an output stage, 1ndic
ngdeh@msistolet4 8- 1404. The first stage 1402 includes a

fi = - i fi eval '

B AR AR 0% o 9 o
esaloatidn sigree li1d 0422 nateteriuatsSRaRRCHEEs MfsP8valyation signal
Eyﬁg-qSI st O{t 1412, a second eval uation transistor 1217 _

o9 $hift segister ﬁ@ﬁé‘i'ppaﬂ-éies(?tb?r sideef the draje-sbiures path of first
i - : l ain- sour.ce
oo ol A R G P to R s e ki Source
pathecftinputdliransision jH 4@ at d424r Thepyate ol dpue tlaingick 14 10Tige
[ - i, 418 i m | [

e R i 0, S TSt e
patOSF. ingietranidistor 3496 i§élebﬂ%_a§\y gi)ﬁplée Y6 %lerle?é}jeﬁc%fs éﬁh: %é

pre-charge transistor 1406 | ectric y couple
geneds pH@428. t he drai nsource path of first eval uation

L and) Bececbi Y ShF, RicBes ant Rsieda sbthersein-source patn

off ssoandgirersitegd 420 sietervi Aesarensiesthahiyeslpisd -
bet\éﬁ?en st ages 1402 and 1404 to the yzjlte 0 %?ée(r:na pre

chayge line 14255 e sa@nd nieechaige lipe #428sconehusts imingrpulses in a

Bt et o
drgin-sesrcerpzth of seerd prs-tlarge tonmisteNVMA2 istelebirhily coupled to

regj st er, cell. 1400. The ot her side of the drain-source
ong Ped the drainsipires patiOlisegnsr svaluatigngransistor 1414 and shift

A R R e S R R
elegipigally coupled to tha gacbricsewdleation sighbMineot4d 2that @ohdects
séc%%te\)aildﬁio%ﬁd'sllg%al &ELQ 'icp glﬁiftsrieggté)rfcetllhﬁo%r. ali'hné 8’31%5’ %?de of the
drain-source path of second evaluation transistor 1414 is electrically coupled to
one side of the drain-source path of internal node transistor 1416 at 1434. The
other side of the drain-source path of 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.



10

15

20

25

30

path of input transistor 1410 is electrically coupled

to a reference, such as ground, at 1426. In the second
woebteagaoi#se4, the gate and one side of the drai RETWSLM@ES011729

pat h of second pre-charge transistor 1412 are

el ectrically coupled to secod precharge |ine 1428.

The second pre-charge Iine 1428 conducts tim ng pul ses

in a second pre-charge signal PRE2 to shift register

cel | v :

econg rediSlt? oBl N O Teseer AT QT AOIRRISh Slseries of

W]Jalaeqp and evalugieleperations, stosstheo@lue OfJﬂilpht sngnabSbasI output

L T3 e 8 Gade Va2 deterf uuk o) BDE st EbR inverse

oIMpfutls‘@rﬁl St asiic@irhal rmlem@@bltSNt ﬂ'ﬁe%é@:@ﬁd sexg8 1404 eceives
ghal |ine 1432 that conducts second eval uation

'%fﬁg??dmorév&@nal&'% rndisteresitae dnverse pf indernal mpde signat SN as
é difgndrai n-source path of second eval uation

tran3| tor 1414 is electrically coupled to one side of

t he dnaperatimm, shiffpragistef celht40rdceiveden timimppsiserin fikstore-

1434. T i f d h
P SgnaleRET Pahers it des TS Bode: A20and misng| ede
sﬁgﬂaﬂ‘%f@é%@?‘volﬁe{g@le@él BFSUYHsirsfbrel geT%s&%FM’éG Next,

i nternal” node transistor 1416 inclu
sbifpragistancell 1483 reanives atimiag phtserindirstravadiatiograignaNEVAL 1

T B3 e B Qe o B4R Borage

] et tair@neft inplt ﬁbhéitstdrelgllwt fiteeel hoéé@ﬂZD %ﬁﬂ' Mfé‘-inél%ode
|nput signal SI and through a series of pre-ch ar?e and

stgral St eerapiarchargsd to aﬂuﬂfbsoltag@ leyel df tmtpUt Blgnel 81 tgrafia high
V?h%@? Iés?}iég% t@’lngw m? otrgnﬁfﬁ or 134 Osh?@rﬁaﬂﬁgge Etgﬁg i éﬁjpternal

and res I'nverse of inp
nSUeaﬂgmeﬂt&M disichargetosa gwm/olfﬁge [Evel.second stage 1404
recei |nternatl] H8a naI SN and stores the
i nve 6?9'§‘i‘-’r(€? | 6%%6' ¢%Adiming PalsejnsaseNdinya-pharge

s%ﬁ%al P'REJPF{ bkélﬁhaﬁ’d@sfdurtg@ﬁ% §ﬁafnn%914cio]%%g$h§%ﬁb}@%%| 80toa

timn In first ge signa
hpgl“ev@tmegleseh R revioas tndUe timiag palse inrseeondiprerctarge signal

PR i o 30 59 388 KT outolf FBPALGPL et e

rddiStericef elume&e@ememarmnmglpi@sé ih dddoPll eRiatdh fnal EVAL2
nal EVAL1 that turns on first evaluation trahnsistor

tflatggrnq on pegand eyajuatiorsiransistar 1414 oW witgrnaljeodegighal SN is at
<ty el i A0 1313 R Pl L g 1400
ahtgiutyol digigel 3@ vemairl Ehargpdito i lgaivofihge feval. H ifteetal node
signal SN is at a high voltage level that turns on internal node transistor 1416,
output line 1430 and output signal SO are discharged to a low voltage level.

Figure 19 is a diagram illustrating an address generator 1500 that uses
shift register cell 1400 to provide addresses in forward and reverse directions.
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
through shift register output lines 1512a-1512m. The shift register output lines
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vol tage level that turns on input transistor 1410,

i nternal node 1420 and internal node signal SN
wdizeshasge to a | ow voltage | evel. Shift regi sper/usedos/011729

1400 receives a timng pulse in second pre-charge

si gnal PRE2 that pre-charges 9utput signal |ine 1430

and output signal SOto a high voltage I evel. Previous

to the timng pulse in second pre-charge signal PRE2

15122018 1uth provi€e 5A ﬁpre@?éi‘elsélﬁr)ﬁt §‘i8H§'s' SoEBYS 1§ lc%@!:wcwt

SO. Next, shift register cel receives a
1506 logicsaitstidnpyisigaals oM 14Igaatespestily.hAlsa, tﬁrs’(shdhreglster

14 I de
SO R A it e AT R B oo
sngﬂaﬂeO&N’Nﬁddélrﬁrs&ﬁ!fs redister 13082, 119utigiton! flﬂéﬁsﬂl‘ﬂﬁ@g%@r 1502
out put signal SO remain charged to a hi gh vol tage

"F%"?)\é‘i’s timing Rulses flom gaing;pignals ENTés at a hi gh vol t age

I I

ot Sl Shift GRSerols0Z e AR CoddaT T ffsGintid Signg! tine

16|d|66thabmnduclta’gmmdgés'lghal H tpifist éﬁlﬁlregést?hﬁ?]m first rr]Jre:-charge
re rat or at uses shi

sl BRI Bt iRaises 180P & lelriceleasupledttoray rasister

divede ha vtk ERli8l tARSughiet 8¢sliSsen Er‘éﬂgf 153308 he ﬂr:?t resistor

includes a first shift register a second
divigp sebyorksiy 8 ia eleatdeally mgiuplad tocsaqonﬁamngas@mj dind 1522 that

oh =AY St 2P s SR bt Fatf e resistor
divides hetvagrk ! msrmuvveém@duaé@ wBhagdidviel Tzqmﬁhgfsugﬂéﬂ B First
l‘ll nes 1512a-1512m_ The shift regi ster output

ifiregistan 05 fuangh Hist @yalsuﬁitlpn srgunyl fnerl 580t6]@dtrstse\(;ﬁ1aatmn
@%&g%ﬁ.&t C’I:Alrs‘?%gfft Féé;rl glt: ??@%% l@%rlcgﬁ\/ %o@l%& y)]tﬂ?lfcp Bhal line
1 Bé@tlsateron]:m@% firaing sagmalchmid fyrst:@hiftlreglste? 1BOA dLsecond pre-

cFa BB ighalRE 2o F L EhiRsBg otqT B etricalraauniad fa second
rés@ﬁbfsaﬁﬁdelﬁé)@vdrﬁ%%%ﬁrdu H‘é&oﬁ&'&%&é%@@l@éﬁnﬂg 1528. The

ignals T1-T4. First shi egl ster
sgq:qnﬁ resisipr givideupttedrk $526 isselettrivatlg coupled!to fourth fimiify signal

i} 330 3FatiEhTicss i 3l T4 asgeoas rsibtopiide netwask 1526.
ThbiskEtone gbsiser dVA2 nEvdtk ashsi p?a{/lhés %%eheéd R/e‘téga é fvel T4
resistor divide network 1518 through first eval uation

tiginghaigng| teefirsshft revisteri1662 theaight sacond\dvaduationsighal line

o second tim ng signal
1 %n‘gsi%fghﬁ u%@hh)éﬁ%ﬂ@l\rﬁ}ﬁ‘% signal T2 to first
r eS| §hersedond @hlfﬂ@mﬁﬂdm& eldtteichily sduples tée¢ond Ioglc
ovi des a reduced vol tage | evel

t wor k r
C|ﬁ62u| ’? ﬁq&ﬂgwrgp%rhgﬁ rgg&tqrsqutput lines 1532a-1532m. The shift register
output lines 1532a-1532m conduct shift register output signals SO1-S013 to

logic circuit 1508 as logic circuit input signals Al13-Al1, respectively. Also,
second shift register 1504 is electrically coupled to control 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
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shift register 1502 through first eval uation signal
line 1520 as first evaluation signal EVAL1l. First

wehbdst10s48gi st er 1502 is electrically coupl ed tecrhiseas/011729

signal line 1524 that conducts timng signal T3 to
first shift register 1502 as %econd precharge signa
PRE2. First shift register 1502 is electrically
coupl ed to second resistor divide network 1526 through

evalt@tionaigial #he o5 29i thatondutes 4388 &fq@l
or %Tw de network 1526 is el Lé%}%rallﬁ%la @g%IuT% tamng

559?5‘%}* g?}??‘FPQq shifigegistaral 504 arcfirsb evaluntion signai &é/sALm nSegpnd
t k_1526
SBlORHptaC 150 Sremeticafy kaudo fo BB Rid Phlia i Ledl et
contiuctgdiniing signed Ti3i toi segosid @hﬁft rdgistét 1504 abisttoh@ Wré—'bﬁérge
w gh seqc)ol[]]g evaltu ion signal line 1528
SR RREA nRssionh gHteTElp4s efpnealborruied fa second
el/8bEbAR S| %‘Wﬁnéq 50BaRAT diflucks & P8I J& { a?;%clg\')& 'ILépﬁan?ng

circuit t hrough shift register ou
sippaPte 9eamd shifisegintert 5|Oégass$amndm\4aul|atldmgnal EVAL2

son- it ot 4510 bleriEfy Salhieddb B shilreaistep 602
trrbggalicrwaird 3irdkfion sigPBPRSS 1580 ¥indAb %@coﬁ@%HﬁPreg;fEtéF 1504

regi ster 1504 is electrlcally coupled to contr
tfgpgalare\rqrﬁ@ dirsetion Rignat bnrih542. &'bﬁtfelwvarslmgmtlomsml tine
d shi
1986 8300505 Sha et et By AP U s sl 410 o

fiysh Islaéisre@ilsté’m 5@2cPhd revarbe diregtisr Srgnéﬁm*?e H§42 conducts éhe
i ne

| L] t f t t
refieise BlsSater snARP R Bogh dlreetion Srribtetimiossadond shift register
P
15041, Y, dieRtioR EIblit 1510 1EEBRIRE N bOMed T Lbptror B6RA ine
1 514 m%mhdacﬁsmrénog aignal CBY M(Sﬂﬁ)dirbeﬂomanﬂﬂm&‘l ® In addition,

| T2 ti t d shift
o G RGBS oy RasRdFo B hiag Seveis 1 35bond
hi f

L e e e, e IO ikl o lips

1934 that epndyetsttiming gignad ™ 31temure@goee:¢romu15neasrfaugb pre-
t 1
o3l PR DRREISY Sl SIS lsCaieGeRun Savmipdito serend
e\zaaasnamsrgnaumwze thatedrdects\thd fr@dlﬁ:éd%tﬂ!ag@‘*l‘ 4 tiffirtPsignal to
secaond shift reglster 1504 as second

RO T oS v AR ostigns VAL Alsts Hrection circut

t 1502
1| e %&%@%?g% fift i, sifte) ind 94347 pRdfets timing
SIg@@JoTﬁjtasdnréa’tlanecgrcmitetS 1058EMtHiddrpregihargy sigseil PﬂlE@llt Incddition,
nal 1ine

B R DR i il RS T nepeprc 1540
thEbUFCHiIraev@lbgtion sigRdidineC1548. The third resistor divide network 1546
is electrically coupled to sixth timing signal line 1550 that conducts timing signal
T6 to third resistor divide network 1546. The third resistor divide network 1546
provides a reduced voltage T6 timing signal to direction circuit 1510 as third
evaluation signal EVALS3.

The first logic circuit 1506 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
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first shift register 1502. The reverse direction

signal line 1542 conducts the reverse direction signal
wORRR/sem direction circuit 1510 to second shPET/US2005/011729

regi ster 1504. Also, direction circuit 1510 is

el ectrically coupled to cont 8l si gnal |ine 1514 that

conducts control signal CSYNC to direction circuit

1510. In addition, direction circuit 1510 receives

to addl'eﬁqdm&seﬁmaehﬁﬁzgﬁmgro&lc@ﬂ@di&eé?)sBﬁalleA@’CLAQn ~A
coupled to third timng

rE3Rsivol nHe sSepndBola Gt S04 Riaieairigalhyauptes (wehi
@%éié?tdﬁfﬁhtmnbgul'5t32£5ﬂf%2?ﬁ té Pt ﬁ.ﬁ%@gfsg?erl ont@@t}Jdg%@s SO1-

Direction circulit 1510 1s e ectr
S[Qﬂ%gammjt@majaﬂl‘o%Aﬂ grapedtivedy. 18128, séaindClegibusitcuit 1508 is

oA GRS 8T B R 0 L e il

~A1r 62, on~Ai7r ﬁegpbcﬁMQ is electrically coupled to
fifth timn gnal li1ne 1544 that conducts tim ng

si gndihefigst 'ﬁl@@&qrdﬁoglaﬂdﬁllﬁt Iogicocieait th0&iprovide low voltage

RGN SRR PR AN SR8 L0 Sl B Sl

as epxmmokslszl’d@&cnhe@ughetfimtrﬁlfev istar 1802 Sndrfast lbbl&ecwcwt 1506
e network 1546

h| rd reS| stor divi
P[ﬂ"é‘%? %‘F% eeges i aifqware |dﬁi9ﬁ@0%frgﬁhad<ﬂﬁeﬁs ones0
aHB@ssCtﬁi?'@éﬁt STHd %d%d%{gﬂt QE%rH%oh*?al séac dgéglﬁec(l%plg508

di vi de network 1546 resi's
PIBAde [pvovoitage leveksigoald waudsegas sT@nals AQ ~$\lzgnaLAt7qo provide

ﬂ%\}hﬁ telon ircuit 1510 as {1 val uation sig
Heerddiesscs I 3Greree dibefion B9 pddresestrieoatte pddress
oﬁ@umh@djlﬁ&tlﬁhlcfrbuﬂt agh @%@hd@é‘l‘s@iﬁec’hbﬁ %ﬁ;é%?%&#%&rﬂ)lﬁh that

recei ve shift register output si
enakyaeitdieg fiest §hNUegllStQIB1 5@25gtpe°cmwafrd |djrectibs operatizin drogoond

st elarsBl 6P TR e oBEMRLRG © 2R ° ! "

~A7, Thesipting sigeials TTS proviieta h@ﬂé§ o’r:s&wées%ﬁ%?rég%ating
el ect |callﬁ coupled to shift 8| st er out put
SENES AL SIX BYIHEEo Efeéé‘etim@gs%ﬂlﬁl '|F1e§ Sfﬂ@!dd%t)p@mulaegnéhe series

oﬁ:@l u%gi%hr?aﬁplﬂgr’%érﬁl? gﬁll #’8 {f%\ége ?'ui]ﬁeg é{n ?)?(g%rff}?}n%n)(mg signal

Tt@mpm@g signatiiBess |ines 1552a-1552g to provide
ectively. The

dd )
£ o TRt SRR Baier 1908 Fiokidesthinien sl cogirier abls, m0b as
i %‘glg’%r'c@WM@bt 3!% thi¥sdn %ﬂ? l§te|rr3:eﬁ§|q é%ré 'e%bg@gally

to provi I rteen a resses
qytpé%qi tsuss&r;eméia thEbeutpuThlee fl4B0 of shiefdlectegalit @upléd® the

Bl 1211 bE B EIN oPRERR e Tl it e
cell 1400 in the series receives control signal CSYNC as input signal Sl and
provides output signal SO1. The next shift register cell 1400 receives output
signal SO1 as input signal Sl and provides output signal SO2 and so on,
through and including the last shift register cell 1400 that receives the previous
output signal SO12 as input signal Sl 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
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address thirteen. The second shift register 1504 and
second logic circuit 1508 provide | ow voltage | evel

weigsabs4ss n address signals ~Al , ~A2, ... ~A7PCD/US2005/011729

provide the thirteen addresses in a reverse direction
from address thirteen to addr¥ss one. The direction
circuit 1510 conducts direction signals DIRF and D RR
that enable either first shift register 1502 for

Jepiewart &ixdiimee p@l@e@ ﬁﬁéﬁéhlﬁ Re@ste? %@Q%rﬁﬁfg fHe élﬁ%bsﬂléﬁ voltage

1504 for reverse direction oEeratl on. tim
leyeysignal 1g thesnpxicahit eegistoe cplb 4460 %Id)@fnfmr@ster nutput signal

S92 TR e e R 8 S B i giser
cmtqnhttmglmadg':‘@ﬂ g@ahﬁft rEdistér qutput @ignam@QSanorls@bﬁeu fd and
i.gnal l1totimn nal . Theflrst shift
”P%@'@geﬁ?‘ f?s?ﬂsteﬁevtm%@qnﬁ %Qs@ éﬁ@ﬁhlﬁégg@teéro%@tlssgnal
SO 138 1R dot 19 HERofald IVAP G SHiP i O«ﬂ%ﬁ?ﬁ{bﬁﬁ Igrlajs sO1-

regi ster cel are ectrl’ cal rn s
S@i&atéleebtwtlpmvdltage léved®. of one electrically coupl ed

14 t- | ft
t oot e b logic et b B Topia diuiede Bbphnin igure
9') n T%@Gl@?lbgiiﬁclf&ﬁﬁ 5085reeB Vet The %lr@]’l@h gﬁﬁ?ﬂﬂ%g@slevél Riinal as an

%nal and grOV|des out put si gnal
fsugrraégﬁléwéﬂ @ad| prmmdes tee ebwespandingiiovs vgliage s@m address

t I
RN P ey o
it AGigiE Al eftvet logic (cmnma)e Prlovideistatitresd BAaladdfds? fi§nals
|nput signal Sl and provi des out put signal SOL3. First

~éyli and B¢ alilew VP#@Qeu%Valﬁn in respanss to adighv veltage level input
s?‘?ﬁ'i A‘Pi fﬁg Ilﬁgld cqrc‘il‘?c”ﬂf(f(’)J r%\/Qi'égl q‘.ﬁ?gé\%qvfooégc?l‘o %g% gn‘é&lé A1 and

tim n nres
~&N3nafi lemcgﬂagedévaganhwn sthgn@lh arsd mbmdlr@d h@gh ﬁ@ﬂage level

oAl 13 B e pole susUGIDP SroHEIng AT IE R gRsen adress

?Na‘l@gﬁ@'eﬁfd@%@agwvél@aééﬁ%v@%’“ shift register cell
00 and shift register output signal SO2-SOL3. The

si nglldéersagondsihifhrgister 4604 isysimilarr o §itst shifdregisten $502.t The

SBEEPRE BUT LRSSl hiabiieifeg ta) SISl s shir
ré@gmbatpmtgigfw SO Dirttespbhse td'bémng lﬁi'ﬂbféd lﬁ)ﬁg'c%h%l pulse
out put si SO 13 has been set to a high vol

cv@ment Wiih g HMing pelgedn dmirg signel $2gharesmwose tS@B:Bhar e
iAot SR of SBPIRE i R oHelgBtio Eidrd S ta the
na)(t sﬁl’ﬁee@stes'tcdlldgllO@ arid shlfttreQ@% ougsuti Sigsal t9B2-SQMH . €The high
Iltg he I\é?llei Si na |s s |fted f%‘r%l sh?f? regr}ster output signal SO1 to shift

register output signal SO2 and so on, up to and including shift register output
signal SO13. After shift register output signal SO13 has been set to a high
voltage level, all shift register output signals SO1-SO13 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
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i nput signal AM Al 13 and provides the correspondi ng

| ow voltage | evel address signals in address signals
WOAN05/105442, ... ~A7. In response to a high vol Pagais2005/011729

| evel input signal AM first logic circuit 1506

provi des address one address %ignals ~Al and ~A2 at

| ow voltage levels. In response to a high voltage

| evel input signal A2, first logic circuit 1506

veltaye 18| afHaE SO 1, Whidk & @%éiv%ﬂ%@ihﬁufﬁégépﬂn?ﬁ eédnd logic

| ow vol tage | evel s and so on, through and including a

cicyit 198Btgwdes pddressoiirtegnyow vollaye lavel Fddress sigpals ~A3 and

Sl CMi i di i rtee dress . - .
A8 rhiple DB oR SR G3F 18 S Le Y Wilhisasreived as
irgutfsigri gl $2 esectblddogie chicuit!1308tolides tadelféds twedi Bfloltage
1502. The second shift register 1502 provides a single
'@Neg RAdErss3jendlavéls angadv and seipnt up &y peddncledingin response
- - E OOk i Nt . .cont 4,0l
1S 5it18h vBltlac ByePSRARRSTR, WhiHis rRLbEN B iBGRY AT
stzond togie sipouit £508 peaddties atdregs ene levnicitageflewdaddress
ul?es 1the h'gh vol tage level signal is shifted to
ngﬁ@ $ekt AW 782y egi ster cell 1400 and shift register

out PYthesdigstRion R URIEA0 id BRNiHreH deklice Eir&ﬁrﬁg@k tﬁ(rj&ure 10B.

is shifted fromshift register output signa
lfsdirgationejicyit d518uepeives iageraitrobprlserid cootrohsignal C8YAQR

i.ncl udi i | SO13.. Af .
cbffeidi e g BRIsR G g te Bldor THrgredian it £519 provides
ahbatvoltelgbagesdireetion aidnat DIRR drkbA fhﬁ#r véligeUevel difgdtion

SO1-S013 are _at | ow voltage | evels. The second | ogic
signat IRF tghift i tbﬁrfpirv@rdtcgrelcagmcfr@nr&dﬁresmgae te rddressn

1 FUEARIES 1015000 SRR o inn
tisecg pdisedgitiening isigria! TE>GBegtiavcicmst 1570 plovideseslow voltage
i pESERnina B pofeton vatRod inef Slsetarsenasp o snit
itk revBRLHirdtionS f8hY 84d %22 it@ﬁgén % %Bﬂhasé' dre. second

logic circuit 1508 provi ress thirteen | ow
vol t &gehlshiferegister 4662 sindrii04 inglBdesd dirgctioNdransistor (not

t hi.gh vpl t I L, signal whi ch i
ShERRY Efells{ShToukt P00 S g oS absepistiicels 1400
TheQfiraetion indesisteids entatetaih\series Wittihbagsut tPaiflistBf 44 86 Ssimilar
signals ~A3 and ~A4 and so on, up to and including in

tq Bpepries equningiciidirestienansistass 5d2¢mal 5 Borsshifiegistercell
A5SE B £R SR et VoS hCithl oo
bedeamthe-dkain-source path of input transistor 1410 and reference 1426. The
direction transistor in the first shift register cell 1400 in the series of shift register
cells 1400 operates similar to direction transistors 512 and 514 in shift register
cell 403a of Figure 10A. A high voltage level direction signal DIRF or DIRR
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 signal CSYNC coincident with a timing pulse
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The direction circuit 1510 is simlar to direction
circuit 404 of Figure 10B. If direction circuit 1510
woeowsivesea control pulse in control signal CSPSOUS2005/011729

coincident with a timng pulse in timng signal T4,

direction circuit 1510 provi #s a | ow vol tage | evel

direction signal DIRR and a high voltage | evel

direction signal DIRF to shift in the forward

iy sigmal Thaoproldde asidrses signatddies s AN 1 LagTn the forward

dgrl rﬁCtl S_rCUI t 1510 receives a control pulse _ _
§CHeR-dénedigh vValtags |evehdireciionesignakDIRfmgnahlga firstBbift register
' i ' i j Y level .

1502310 R 10h/ il R SRERHOR SRRy DR Bs000E seB shir

registartliSdd. si gnal DIRR to shift in the reverse

directi,on. fromaddress thirteen to address one, Each

shi f I FlyNEKSTEE Y ShhRulgsBya CRiraludsa inieenttal isigmal CSYNC is

FoAaSd SbRicideM® i imihg dulss i i '

|Oc_el | 1400 in thé@ggfé?tglhg shi %ttrrﬁ@gi%g%érl izgﬁ@é %B%OI pulse

Cofgidant #dth be timiagsiwsein tisingi sigrald® initistes fies shift register

' 1 st 410, .54 mlar to the series .
1802 T Beendro R Ra R eat Poplon BBt i1 an fronsinter 1408,
inRgiteinsistorel 410183d thd Hinsdtion ®shdistoF (t'shohds: SER8nd shift
transistor is electrically coupled between

di, ti § > .
r%lﬁét%gﬂ'éﬁa-'%aer witiated gs dfisidigaled.r ansi st or 1410 and
f ; : ' ' . i ' he, fi .
i £ ec enifFeflstch 50 IRy HhBRIGH Vppide Jatl butptt signal
SQxytosfirst lagéd tiscuit (BB ihert preddes sildeisstomediddress Signals ~faA1,

é&ansiz\%or }312 and 514 in shift register cell 403a o
~BPgur 710 /EA0R FHASRAYEN: SRS @A PHiSEaceiitn e bishIvabiags level
sighaPldiRel e ShArelgigedbipet éigng {’QQE%QH 8r Fﬁl%% gﬁé?%{:/i?%uit 1506

the shift register 1502 or 1 initia
receitesopagiuhige volfage ieved loutiussig naLSONCSEri handl prdvidéd the

W I in tin ' | T2. Al vol t
ot g ek Be Bt e i aeaross
sighaisctA ON~AR ansi/st. oAfte skt sk toridifodtighal 'R $Hhes been high
1502 or  1504. In forward operation, in One series ofe ’
all shifiygoisier Qlitputsigaals 3P H @13 s1esetiodpweassitage denelsand all
y . Cneid it h ti i
aflthe3S o P oAZ, O oA 7 8 Sk ERE \Bfhe B 5 et ™

~Al In reARyse operafign] in drieesérigeeltsix gulsestdireBtiod BRcit 9510
vol t age | evel uﬁ“ rection signal DI RF enabl es first

"ESRIMES 7 SIS Clee! sighal G XN catwidentavith a timing pulse
in‘iﬂsrfd ﬁ\@téiﬁﬁblsF efPbroAdRRd réé’:? B@iﬁ )?ESQR pd_ghi T t_Aepl ﬁteg'reverse

1504.” In the next series o ul'ses, 7a’contro
dipestion. i the: lowt valtags Iguel dieSYiNG signa) DiRFdtisalsles fiestdpift register

0% dob & bl ¥t dieckPh ) BIZR cbiesisogpna shit

reglig@epl 504 initiates first shift register

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 second shift register
1504 by discharging internal node 1420 through first evaluation transistor 1 408,
input transistor 1410 and the direction transistor (not shown). First shift register
1502 is not initiated as it is disabled.
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1502 by discharging internal node 1420 through first

eval uation transistor 1408, input transistor 1410 and
woOheosdios4set i on transi stor (not shown). Second BOTMUS2005/011729

regi ster 1504 is not initiated as it is disabled.

First shift register 1502 pr&ides a single high

vol tage | evel output signal SOL to first logic circuit

1506 that provi des address one address signals ~Al ,

~A2, Secondfshift Eag:bte‘iuBSﬂq#@ﬂHe§%fS|ﬁg‘?‘>llegr$\/é$It§§é 98l out ut
vol t age | evel si to the next shif

shifts he h
Sﬁ%@@% %ﬁ%ﬂl ogielrcud HR08dhat Dravidas addjess dhirtean address
ﬁ?‘)%@s Lﬁqek gs CRAR MR ARSERIEN see\fg ‘%ﬁﬁ@%&ﬂ?ﬁs the high

provi des the correspon

vbitage d&imi etgsnabtcethwad aghifsregidter wtpﬂt ?@nadsoessm 3. Second
shitft regls

i, s, ~ W ~A2, ... ~A7. Af
HiE Felt THgireaies Rach Bishivalage level ouspit 90T HRIHO13 and
PP\ thed 6@@é§po$@1ng'5%§re%§§s Sl%mtéadré’é’é ff%éél‘gfo é&%’r@ﬁ one in

and all address signals ~Al
aidgesRignalgeAbvds ... rATL e%!ﬁ&rs&lmftbmlaier ontpit sigaé SO1 has

ti t 1510
B8, i S B SRS SRS R atis v i Rade
levels an@@ll@.doﬁ@ss snghal@w swpal ~BF &re 8ty hilth dliRSEvels.
nals ~Al ~A7 in the reverse direction.

Thg Fére A ﬁg%dlagﬁﬂ" llmtr@aﬂg@m addjras generatal t,afmﬂ ﬂflmt uses
shiff Sojsieh 41 1881 i grie S 7eBRfer 102 HhpV e e tRiTTh

faraead dlrachdma and>et reverseediradtionl XHaudddiess eﬁ@fﬁtbﬂ*(lj 600 includes
CSYNC provi ded coij nci dent

it RSisier FE0R. toptp@liRais SraWiStal gsverme 1ogiacisuittionp and

amj,le%goﬁ@,regitqgog wWth the timng pulse in timng

signal T2 initiates second shift register 1504 by
di scAaegihifyregister 1802 imdiectricaty cbuplegftoffommrd logic circuit 1604

S TR Y

shifigegistsr drpat lirfes 81042161 @Fhgtod8eishift fegister output I
di sagl ed. Segond shift regi stgjrii 1504 provgl des apg ﬁl lnas

SR gh Qs tofgavarsViegicaicyitt! 694 @sinpsCRIgnalssdd eld 3l rﬂypectlvely.

Tﬁé N‘l’ Fegki%?oh%hﬁé@%?@%%g '[’}]&%MEE}% %‘hgﬁ?glg Oé] Sl.gfsignals

S€i1xSﬁ11I36tesrevemefIbglctdlle:uhm@%\asl ihpgesiyrxiel Al9BoIal rdspectively.
SC2- SOL3. Second

Alsgg sBitecistet 16658 SledirsbeSainind B ganteol Jaal Tneviéh2 that
09 I OSPEEOE HSTOE Y
1@@.@!’wvea timiédgspulgds fronmmng sngmﬂ% TiATder shift

regl §H?tr re%lijsttQMG(ﬁ & g\ec‘mcally coupled to first timing signal line 1614
that provides timing signal T1 to shift register 1602 as first pre-charge signal
PRE1. Shift register 1602 is electrically coupled to first resistor divide network
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
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been high, all shift register output signals SOL-SOL3
are set to low voltage levels and all address signals

WOAW5/105442, ... ~A7 are set to high voltage | epreraiS2005/011729

Figure 20 is a diagramillustrating an address
generator 1600 that uses shif% register cell 1400 in
one shift register 1602 to provide addresses in a
forward direction and a reverse direction. The address

memaeatnmmg@mal Teltodest rdyidter 1602 8k %%céﬁ@%re-@héfb’é"%bﬂal

II%ch circuiit 1604, a reverse logic circul
dRE&c Shifh registeni 902 épelectrally ﬁpﬂpledéglﬁlceﬂd IG@stqrsllwde

ﬁ@éﬁ*ﬁ*f?‘tg@%ﬁ '8 ehd uhBais ek 8P 7625 . rhe SR o Psistor
dl\ndeslemmtkammlll@reledthealiymdupledagj flueth tHdingWighalNige 1628 that

1610 610m provide shift regjister output signals
6% %éifws Adta SgoRd episinrdivide networktia4. The second

résigtldivide i‘aeﬁb&rﬁ 16225 6;&%9Fde‘éeé bééiu-gg‘?/oftgbétle\feef §igSH rﬁ[ntg SIQnaI to

out put |lines 1610a-1610m provi de shi regi ster
Sblfgmlsesﬂ)&iz #ooughsecord evaliatioyisignal hmu1626®@63mnd

Al'l , respectively. Al so, shift
elvggﬁ%i'f)ﬁr ?ﬁgl']%l ectrically coupled to control
SI gn@weldtuaﬁ chelR 1608tis BIRYiE§ HOPIdb f&haal
hift register 1602. In addlt?on Bshlft regi sl?géﬁ\%ggomm

ﬂar@@ah\f@@/vardrﬁlr@@tlgu isignal fing 1680 mndgtogegeraegog'mmunt 1606

tfﬁ%nbh ré\%ysét rrelcillgrq %@Aﬁb%%ﬁé%r? eé"gﬁlv ,%ncf fgé:t’ugpfgﬁ@]sél fine

1630cprehdés thleEngweed dité@tibrﬁ@gﬁarDﬂ?prr@n'ﬁ@I?é(ﬁﬁJnSélﬁﬁuﬂ' 1608 to

PRE1 Shift | st 1602 is electrically cou
femetd lodie pupl 8031 Thertevarspidiiesiion signgh e fBaatprovides the

r&¥REY %ﬁrle@f‘or? é@ﬂ§| Pi RRSrokR %I?rectm‘? cu{rétgfsﬁ 6OSH iév%r@eld L:é?,]cgarcuit

net wor k I's e[ectrically cou 0 secon
160gn#lisa, |Chlaecll|612©|rchlaﬂ 668nmlakactrldalllyncngpledqwionﬂ'rbl $ignal line

g A e
dif8ctidrtirgLisd mfedeﬁ/e%ﬁhﬁhjg_ éﬁﬂééé ﬁbm]tﬁﬂ% %,%gﬁg rgr st

eval uation signal |line 16 as first ev tion signal
EVAL Diregtipn cirgiityil 608 s eleolrically epepledite &hlwtln‘mg)!slgdat line

1628 K rece e i Pl 13 & 50 b LRARE At bR nege
ssa:@mhévé{E?Eﬁon Signbl liee §636 &5 rePie the reblaesdd veRade/ T4 timing

cou ? to second resistaor divide network 1624t hrough
sigpg ﬁ% févﬁl avalualionssignal EVARE. 1456 dimesios sirenit 1608 is

S5 UGS 9% 158 BREhA! et P
tosdligeationTelravdt mSoamltl"nnelsprethargle gighal PRE®I Ik ddifiton Hiection
C\/%l]u{) £€%§ es«%}éit:t?{?ﬁ 3'{ %:/qlﬁﬁsg Zq) gﬁgr rqls%%gfr I(II%\Q r?eet\?vo?k qggg (t:herough
third evaluation signal line 1638. The third resistor divide network 1636 is
electrically coupled to sixth timing signal line 1640 that provides timing signal T6
to third resistor divide network 1636. The third resistor divide network 1636
provides a reduced voltage T6 timing signal to direction circuit 1608 as third
evaluation signal EVAL3.

The forward logic circuit 1604 is electrically coupled to shift register
output lines 1610a-1610m to receive shift register output signals SO1-S013 as
input signals Al1-Al13, respectively. Also, forward logic circuit 1604 is
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shift register 1602 through second eval uati on signal
line 1626 as second eval uation signal EVAL2. Direction

WOi2005U05454608 is el ectrically coupled to forwaPdTiusgios/011729

circuit 1604 through forward direction signal |ine

1630 and to reverse logic ci rCuit 1606 t hrough reverse

direction signal line 1632. The forward direction

signal line 1630 provides the forward direction signa

e[ljpcmcallydmlml%@m address linas t1648a98 G@gftorpwmde|a@i@llr§ss s:gnals
1 Gl %@. The revFr dlrectlon si.gnal line 1632

Boes AL FRT RSN T TR Gals CibuRe Gdtmelectrcaly

cdur)%@t tbCthﬁi régislel o&ﬁﬂﬁ Ilhés A 6‘4 @é-sl%ﬂOPrg{d:r uéﬁlft ]r$@gter

Al so, direction circuit 1608 is electric

ol signals SOHSA13 a&mm@mnalsam 13 Ai, dwenhnéiyolAlso reverse
5B TS BB I b TS A roie
atdressgsighaisalA TT3-AT, ... BA7eeddpeietigelycui t 1608 is

el ectric coupledtothlrdtlmng signal line 1622
to ré’r@@l ﬁ%‘l‘t ¥‘?91‘§Wt'j 1603 7ad ting farvgrd @ndhr eyesseclbgtcgmrcwts 1604

aPloKeRe (RBeABH JhaBeqan RIL R AdeSt dflad LRT IR2°. A

to receive the redu

td provide thidiéemaddresseg aalprEMéUéJy dalssrbedli ﬂ'ﬁ@ts}hﬁﬂ register 1602
led to fifth timng

it oS riguf Rl napBue Yos Tiflaigudrapeas T foovard
deERsH from &ddreds bndG8Bdareddthirbeil erﬁ‘é‘gfgigeregis?é}aiesoz and

PRE3. In addition, direction circuit
reMeEse lagiarirguit 698 pepvide the thirtearsaddresses iri aieemsmnhctuon

A SaA RS ARk SRl oS 8RB Gt P res
dicectipresighalsDRFhand MIRB tﬁaﬂ@ﬁéblé'e"lﬁeﬂﬁﬂﬁ/aw Riglé’{:lﬁc‘,’dlfj’?ém for
gnal T6 to third resistor divid

tim
foi\ggg:? 8”’%%*'9%?9%{3?'@% 0§ feyerge logie ciiewinvdBRo icﬁﬁevgnse\dllmrmn

o@erra‘ﬁ%Hced voltage T6 timng signal to direction
circurt 1608 as third evaluation signal EVAL3. The

f or wiihel timigg sigrials Ui {TEG04idesa sbeies bf sijldutsed0 UBA@ftifthg
i ster out put | ines 1610a-1610mto receive
SiGfipk 1TV Eles Shefiiss i 7ise101 504 pulses s iming signals
T ST @oviddbhiked #h orrd%?'%gf 'Mﬂcd/b 86‘%?? td {:?r[n ggh?ﬁgs

circuit 1604 iselectric
1642hba shifiyegister mwmchmsdbxt&engim seg@tér celis"8uch as shift

regfider SALERR Yhefhiader shEecitet by 1400 S eieciionbs coupled
in k@l@a-vﬂlﬁilﬂm S @plLERRS Y436 Bf Brﬁe é%trﬂa‘ﬁ espg@&tos’c"l@ MG line

fS as input signals Al 13-Al1, ctive
1 %156 theghaxt-dsling ghiit registen eelh BH%0. 'Eh@lflmﬂshlfbmgls;ter cell 1400

in 4R/ BLREs FAMY ES5trdisifimal %C%%ﬁ%ﬂu{ S|gRa[1IO§I and provides

output signal SO1. The next shift register cell 1400 receives output signal SO1
as input signal Sl and provides output)signal S02 and so on, through and
including the last shift register cell 1400 that receives the previous output signal
SO12 as input signal S| 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
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address signals ~Al, ~A2, ... ~A7, respectively. The

shift register 1602 and the forward and reverse logic
WOR0sui0$456 1604 and 1606 provi de | ow vol t age | erelr/us2005/011729

signals in address signals ~Al, ~A2, ... ~A7 to

provi de thirteen addresses ad0previ ously descri bed.

The shift register 1602 and forward logic circuit 1604

provide the thirteen addresses in a forward direction

HexPBhRdeGRicr GEIE1400 aAdsA ht
mgl ster§3160r2 and reverseﬁﬁregrggéiﬁﬁgm %Bﬁ%E%Ogr%(\wgeThe
S

ethigh veltagelgieksigaal is shifteddvemshiftiregister ontpiut signal SO1 to

A laRst LR SR SR S e up B iR RSt
et Sgealtse1 3 f AfteasHif r@gisterccbl!tf?ut $igABIZOf ema‘sqcsé/@f §’et to a
di rection operation or. reverse logic circuit 1606

highy ¥plageylevet @l praister @Htputﬁ@naiaﬁ@d -§0dRaare seitortaw

\,f%[tgq%qi&,eqs series of six pulses. Each timng signal
provi des one pulse in the series of six pulses

and tTihe fogwaidlogicsciicH{TEe Qe is \siritamtol legie dircuit4der (sho@mmin

Figeder s Prt gl T oo the sy Blatwtiage level
s‘l@tde‘ ag%rﬁlhbﬁi Slbﬁﬁi AHeAI 1BL4hd %F&Qﬂ STtIPl% édi‘%e{sggﬁamﬁhb\flvtvoltage

g?l ster cel are electrica coup I n"series
laddrﬁs&mgmuls nn addrejswlgmﬂlsmé ewéct r ~AZl |lg resparisedo a

'\5@5 v BB mbBESNH A1 Forkea R or gl 8 Plfqesiagress

dn@ ddiResesighals €A tiands-ADat ool vcﬂta@@abv%YNCr@sﬁodri%e% a high
gnal Sl and provi des output signal SOL The next

vglm@ lgvedinpus signal Al fivet lpgieagingy 1@@Hrmpw§|eg raalur@mtvxem

4 [ d
RS SRHER - AL AR ALATRIEHE Rels S S S Ep B e
n‘lal@:ﬂ]ngIaahlghemﬁaged;e\ldtmmlt&grmmlTﬂlhpdltfom&ddtbg@ak&lﬁwm
I and rOV|des ut sjignals S

shidodifre Pingns aBarass Sanae At ans Sbaet kn paltags fevels.
cont e 1BVBRY 0GR \CHe RAIGTR) i€ &l th flodic irBliR doBHbAGwh
timng signal T2. Tn response, I!ng vol'tage
FllgwelQ)Qr@ﬂalcelvgsrhhewgiewblme%nel d]lilpmtmggleais I801-SO1 3 as input

S BHPRL FresSstighe The,ie et Bois e The piavites the
thireas dddeddskt ih eevst8ordsy f‘rorﬂa%@iré’é@thﬂ‘éér{ td &8 r§§§ "one In

out put signal SOL-SO13. The single high voltage level
resrpnge tpa Righotage deval signel SQlgivdiieh Isoiecpivedsisginalit signal

R e L L T
aAﬂt~e°(5 atlofut volegiesitesls o NexttinegioiseS01B highsvdiege 18@&s! signal
802 Wthh is received as input signal Al12, reverse logic circuit 1606 provides
address twelve address signals ~A3 and ~A4 at low voltage levels, and so on
up to and including in response to 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



10

15

20

25

30

hi gh voltage level, all shift register output signals

SO1- SO13 are set to |low voltage |levels. The forward
woagisaosisscuit 1604 is simlar to |ogic circui PCHW82005/011729

(shown in Figure 9). The forward logic circuit 1604

recei ves the single high vol i@lge | evel signal as an

i nput signal Al1l-Al13 and provides the correspondi ng

| ow vol tage | evel address signals in address signals

sigvhl DIRFQto shift imthé fohPardeiRAeR, H8mPadHr8ss Bﬁétté%dress
l'evel input signal AM forward dlogic circuit

tirteend dkdisgertioasircyiicl 6Addiessiyes iageriitel PAIEemnGKZIQntaWIth a

e Slan B, 2P0 By P BBl 4 votage
lgved dirdetiomdigings BIRF@andds highsvaliagaaliectién siyml DARRAb shift in
| ow vol tage | evels, and so on through and 1 ncluding a

the Q%VQI%ﬁdH@ét"P"éIf@m adgyess dhifpan taaddeass 3 war d | ogi c
|48 ) SRS IO R B g gpecton

tlangistorcsituatéed inéfrtes \mtls ithme I@IC ewaluatipreline prschad@dransistor

42 st Jou SiEni D8 Eils’ He Hrsecli Bat Hine direction
té‘né?s‘té’ﬂ i% eledtRENRCEIUREY bt Bedram-$AUCE paith 6FIdgic

6 provides the thirteen addresses in reverse order
evabuatiad dinegyetdharge ransistaiddideand logic evaluatiypsignal line 474.

e AR BhIRRL I Idyerd oot B8 ielsfiieany
c@d I@ISI‘@ thBifotweRt dvedtion ingi1638lt6 redsivalite foward diré¥fion signal
l evel s. Next, in response to a high voltage

DRFe| Tiae gats ofdhe deslion TRSSRETdh reYeTas l0GIRENSISII606 is
e'IchtﬁcalIyeé’ & @@I'ecre%rrs%udo;IechII€I|/R§I’F§§2|dt%\‘j‘rve glq%ggé reverse

ve a ess si gnal s
directbs sigrmad DIRRo rin @motheraanmbodioientli eachi Ingm&smlts“l@(Moand 1606

e S At ShasisT g el B haresauth [Seye dubiiniragsistors

4‘4@9 Ig@cﬁ% %'dIIEQItSI(SOZI‘]alﬁWbOBA%hé‘H élﬁlﬂom (ﬁ ﬁ&lﬁ $EME ldfrection

irecti nC|rCU|t 1608 1s S|m rection
trzannsnahmrt |s4abactucau§q epupded betwaen @lacrheoft hherd raincgalirce paties of logic

I I I
WEfLRERdriatots 249 Rl Aol L i hg si gnal T4,

di r eqiope éihb@dIMenl@ﬁlghTWIa@@Se@elIanctI@h Rl DERElturns on
direction signal DIRR and a hjgh voltage | evel

tar diseeiombpgeiator i farwesd kadic eireyit 184 toenatle the timing pulse in
t@{nf@%ﬁg’r&n TSItB%Wa?éI#[Qg?e@QSaﬁ& é’@qggﬁf&r %If#;)\klljlfﬁgg turhs on logic

on Circul recerves
evaluatioderdnsidtois 440 innfonganaulbgie dircuiti 1804dfos parviding @ddress

s(IIgInra sI.: LIA(In Rhreul 2\7 IrI5 ?hse r\?l\aIIrddgl?ec?noInovﬁ \I/OC\)III I/glgage level direction
signal DIRF turns off the direction transistor to disable forward logic circuit 1604.
A high voltage level direction signal DIRR turns on the direction transistor in
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.
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| evel direction signal DI RF and a high voltage
direction signal DIRRto shift in the reverse
wdioBscabsan from address thirteen to address oneCTIUS208011729
enbodi nment, each logic circuit 1604 and 1606 i ncl udes
a direction transistor situaff® in series with the
| ogic evaluation line pre-charge transistor 444. In
each logic circuit 1604 and 1606, the drain-source

pat h Inffoterddipezationnn bhareiiet of stSplﬂé%td" te&Bbh Xsircuit 1608
coupl ed between the drain-source th of

recelVes e ntial pulssyia C@ﬁHPb@gﬂalafﬁ§Y&Q)¢ommeaguIIth@tmmg pulse
i Y EIg?fél ?MQ??rowH dféss & s-rgﬁalga{ﬁﬁl gkghe A7 ifi%hé Wrward

tran stor in 0|ccrcu
dirlestion.i dhkl lygla valihgel lavel dinectfanrsngnail DiRFeehaloles fomeard logic

rec the forward direction n DI RF. The
ch8ng 1BP4atE theriatRuASe ISl dresios monal bSE dispies reverse
ddieRFLsit 4608606 is electrically coupled to the reverse
Irection line 1632 to receive the reverse direction
si gndh time RRXxt seriegnefisie pulseboa icantiol pwWsee in tonfra sigmat @SYNC is

o e A R B L R S P SR 2 8 RS buse
ceeiddrigiith thiertiring p’llﬁQélwﬁlﬂﬁmb@@naltmlrﬁﬁa%é‘sﬁ%@%ter 1602.
ath .of the direction transistor is electrical

Wik fegisterd 8924 evides atiﬂ'églérmgmvgkbage;@vsh@ut@uwgnal SO1 to
fér@@r& nﬁ%glcﬁ@&ﬂ %ohft ré(/ﬁ@ a%?)evegné ShgH %gcigri'e{lg

I tage dFrect
D|~RI¥ tA cnstrokpmlhe wdcomimllsagnal IC8NNEtio Ialsmprferd@Irébmmdent with

e BB 45 ST o bRl aseeignals -1

~pione  4A%, inWhe fdrwaid ifreBifod. 00i ¢ eval uation transistors
440 in forward logic circuit 1604 for providing

addr &3 sash gubhbequexit seriep®f six. pulses a controd pfudEaNarcrd)ntrol signal

CRYISE 5 BPovifled BBinsiiehd Wi B Smubb s GitiiiplStanaludrie
cbﬁﬁthl@e providing tA&addrelshighnly slatiaga2l eveh7dh 1eCtdrRard

gnal DIRR turns on the direction transistor in
dF@G@%eAIS@gifbe%W supseatens setesaboX Pulses, shiff iegisten 602

SRS L B AOnE S B S o
SOMB fontheaneet shift gjistercoutput $igh80SOF cﬁ%Othﬁg\Flrdgwaﬂ:i logic circuit

1%8‘? 3%?5‘8%3 %ﬂgh B@hﬁéb’?bﬁépvwenalﬁ@é{:‘é%ﬁ a@ﬂg@fawdgs tive
cb#éé‘ﬁorﬁﬁlﬁ%b@@régsr ﬁ%grl)?@drters@%bstb‘gdd'r g fﬁYr‘l?ée?ﬂn rEss signals

circuit 1 to di s e the reverse Togic circul
~AdO6ARN. foAWatheménfhtegmter outpahsigaal €4 3dfassheen high, all shift
di,rectio it 160 a Cco

BB S B b0 RSB O 4 ahagress
sigRbRe~A1, ~A2, ... ~A7 are set to high voltage levels.

In reverse 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 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 1606.
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intimng signal T4 to provide address signals ~Al ,

~A2, ... ~A7 in the forward direction. The high
woabdsagsisbevel direction signal DI RF enabl es fecnaiseos/011729

logic circuit 1604 and the | ow vol tage level direction

signal DI RR disables reverse®dgic circuit 1606. In

the next series of six pulses, a control pulse in

control signal CSYNC is provided coincident with the

tim g thelhegt seridd of sig palsesak cEﬁtroWﬂS‘!ﬂséWbéﬁ’t'rol%r% CSYNC is

coincident with the timng pulse in timn

HfﬂYlfiﬁﬁthﬁ’l%fiﬁrftthtfb esfraingmise Irrrllfrélngrﬁlglnalgé’;l ghelcomgolzpulse
Ry ith g ot IPURBRTLEICT: B sRiERBluS ooz

Tdi\eesfaﬂme@ster31|6@r2airQV|eIA$ 3 sindi2, high voWe Ie‘etetotrtpru@blgnal SO1 to

d
Bl RE e ek opBS Py oRelARS! e fvaesDgis.pirond 1608

ptré\/@@é‘btjﬂk@ssﬂhm.‘ée‘ﬁ aradelspipalsSLANal g2 ~Al a7 ~Ako, arcontrol
~A7 in the forward direction. In each subsequent

psitge iBcapirod pignaliCSYNC ds pmvidesl cqintident witle dime tmilng pulse in

t}ig 8l %?%@nﬁﬁﬂ%g?f?%%ﬁ'oa”o@fa%%”%aea%?o%% 27 in the
r@g@fsemﬂe&n@mal s ~A1, ~A2, ... ~A7 in the forward
direction. Al so, in each subse uent series of six

pul s&s eagh |SPPS@@¢¢@tsarlemﬁgl Xhilses a wtm@wlSﬁoilnt(agérol signal

CEBINC 2 P ited et Yt he B8 bifsedliibodigfidliTe o
centingOpRviding eaiddedsogignalsi~Ayi~A2] 604 AT7aRGhY @éveﬁ@é |aI|rect|on
RN TR - T X1
vbfﬁééé ReBI| él@nﬁﬂﬁéﬁS&éeﬂﬁ%gﬁst’%% nal- SO?}@(?J ﬂc{ ﬁ{e next

regi Ster output si been
shif ITGQIS’t@Tg(DlﬂpQ't sxgnab301s$@ﬁal sRefB@tsétagB: arc&msmoa cededfws each

ok Sl et S50, Bt o soorcin

a0feIsatfrom addiedd irked RSadtiress ¥nB i 888reds' éIQD-A1 ~A2, ...
CIrCUIt 1608 receives a control pulse in co

i g ridftercbifkredisien evtratisignal SQ hasnbﬁgn blghs@lhslmft ragistgr
OW?‘ e SO0 3 e Kt IT R PHRA Byl Baissp signais

~Aitr eAR| on~AV@naIsefld¥Eigﬁl\@&bbe$e\feI§ ward logic circuit
1604 _and t e hi gh vol tage | evel direction signal D RR

enabf E4Ire iPae iiHating ancaempe (s pnlgmte@iment
oPé p?lpgbe‘ééf %@?&Oﬁcfﬁ% ?ﬁhth@ﬁb?ﬁﬁ% ‘l?Ogm%@epsuﬁk%@ﬁr&@@%wa-

1?021mlla|go&ﬂcgalahgmree'l‘|hk flo@hfeed|sqpudess here depicted as feed slots
1704, 1706 and 1708. Fire groups 1702a and 1702d are disposed along ink
feed slot 1704, fire groups 1702b and 1702e are disposed along ink feed slot
1706 and fire groups 1702c¢ and 1702f are disposed along ink feed slot 1708,
The ink feed slots 1704, 1706 and 1708 are located 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
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coincident with the timng pulse in timng signal T2

initiates shift register 1602. The shift register 1602
wonwsiidesea singl e high voltage | evel output spgnals2080211729

to reverse logic circuit 1606 as input signal Al 13.

The reverse logic circuit 1608 provi des address

thirteen address signals ~Al1 , ~A2, ... ~A7. Also, a

control pulse in control signal CSYNC is provided

170BNRIpHHES cph Eotdwd friki mgotﬁéﬂ S®ibbBinhérits nﬁheﬁh@ fédd dBts 1704,
to continue providing address signals ~Al

17R% and 178 can §ﬂ9@lycarryesmma@iv colaraskiok oiméqm@mr different

C%%rrges of six pulses, a control pulse in control
Sighal CSYNC is provided coincident with the timng

pul sa‘hdrﬁr"elg‘rbogs SVQBaH?DQf are GNIMsdan&) @ght/ddﬂaﬂthe groups
addr ess fp?nal ~Al in the reve

ngicaied B T-KS oEa%d%f@clmesgmge@kﬁB igelurlgs ne-chpsged firing
c@H‘é 51?6 froh 'efa% ‘RS RS %Iﬁ)?l?tg 1F0RhLFrd 2R e EACHbF YL h@@harged

I"'evel "si gnal rom one regi ster output si
figog -celd 3 20dn tehdatadixe grbupDﬁ—lgllsemctmallglﬁoupieghm one data line

2Bgr P 1 D9 s e B fufelealichar et B Rl R raeharged

fiing censreanaadingAdslined d tam ddoees bhid hRegrdi® D2,
I ess

ress one in ad S|gnals ~Al

indicatedsati 1711 2aety 1&f einclydep pre-shgrgad fmmg cells bf&alentrgia,lly

Bt T b BB e Ul £ Tt i 844

mcludes%r@’lbﬁa@etl fIrthhieﬂlb 1Q@|élé@ﬂcblwleél§pledf&®dé% hel208c. Data
di agram il | ustr yout of

iBrissaRPLHe ICaoH At AVHEaT 706 Relbes prchataateing erlls 120
?{&Hs& rdre@ 5 t‘;a:lgq%fg@esgPpéaﬂaﬁ%agroﬁﬁ%é uHH:%?féZF%tswma-

sources e depic
174 8¢ usd:ludes prd-dhargeddirangdcellg 020 éiecMchy)uqn:qoléd 6@ datenline

2B Rta T aie b dxdoated B URDeH 2 JAgitar preharged fiing
c§h§t1 2@7&&:@8&\ a/ éddbl&l RstalifR2R0dNhatd BRE 66 B7S ARAGSted at

al ong slot 1708. The ink feed slots 1704,
17286- ‘eZﬂ?fllmo@das pre-cbarged fringaeelis 120elentsicalp chepledrtd data

. i nk _f | 0 d ingl ud
ifiE heg" En s i o Op eI Bt Hada-575% Tifudes ey
cliafyefithg E&lIsOTED erseaibalipebupRAdB d2fta like 208k, TRRM of the pre-
sl ots 1704 1706 and_ 1708 sup Elles a different col or

chﬁpgqcbﬁrmgagel&eﬁ%q i prirghead die 170Q isgleaipisallyr opupleddoonly one

C'P? grﬁ‘% B mﬁ%chd lﬁn%%?ésﬁlg “leéﬂr‘xBBig;} &3%668!1 kWit of

tiea hatessdofi thés cmtwltranklsfoeed Sslumtﬁéﬁfb-sh@'gbdefmngm:; 120 of the
Cg&l@g{)ggldlhg data|1 ﬂngtgpc?urp BEFPB .i ments, the ink feed slots

Fire group one (FG1) 1702a is disposed along one half of the length of
ink feed slot 1704. The ink feed slot 1704 includes opposing sides 1704a and
1704b that extend along the y-direction 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 fluidically coupled to the ink feed slot 1704 to

receive ink from the ink feed slot 1704.
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1706 and 1708 can supply any suitably colored ink of

the sane or different colors. The fire groups
wa20Ba0348602f are divided into eight data |ine gComss5/011729

i ndicated at D1-D8. Each data |ine group D1-D8

i ncl udes pre-charged firing é¢&1s 120 from each of the

fire groups 1702a-1702f. Each of the pre-charged

firing cells 120 in a data line group D1-D8 is

el ectmnopagénerawwkiednti@ta)meg sHDﬂeDQO@Q*a%@aW iRdicated at
i ndi cated at 1710a-1710f, incl udes

1r7r1QaeﬁZﬂ@@’d17f1§q #ied d€RPa, argalisnasedraleay weaﬂmnza% of ink feed
d
9T e T i G T Ry 2 Bl
naadheabdl atad7R2ac ddp6adl TZOedammq%ﬁfaﬂ@&bsplxﬁ?ﬁdaalbn@ ¢he opposing
I nNCl udes .
581%*2%%5 QEH‘kfde??a ﬁ»Scﬂ @t Orts ﬁz%‘drapeaﬁnqrem $0dp dataling groups

trag | I i
988 oL P 710501948 By 1Tt bter

ovkeeide 17808 of poinfasd die 1T80aMd ink feeddlot D04, amchdrop

oo e b ot DDA 1 B B 253, g0p 720m

adlatWMan@re?cﬂgﬁos@éI@nbldﬁﬁngﬂé%uﬁ@? chéﬁhé]@if%@'mﬂﬁead die 1700
1720a- 1720f, includes pre-char iring cel 120

befween i%ﬂeegl Sé@uﬂ%%%"’d{d‘ﬁéd Isiatel 7968fIn QD@t%med]Iment drop
7 d, @
BT O Bt OB e o 5 b P2, 124017102

aohdt”a? ZZa"WeZ’cﬂ&gosemdlodgttm lengyth of ong sk 1704H 6ﬁ|‘hRde@dl slot
éﬁé %24f i nc ga g g%tharged firing cells 12
QP 9PNS5A V26016 dtpdNEiGTeUDDHIZ, D (36 and meat 1712a,
h i I [ 7
S 2% ph4 aoap o dbebERd oy e i Sgka Dlpof ink

fezcbalotidv a4 iThe d0p gyeresiiorss6@ iredatai I grxoupdim”pbbdi?i@a are
at e of .t .he

f .th '
ofpasii dhaitaditraior aokinstd bl GO b2 aZ0 it 7 %a a
gbhémtgfmlﬂat@ame@]r‘bﬁ?@@éim'Pﬂﬁa ér’:ecﬂﬁpés?@?d%opgqe nerators 60 in

di sposed al ong one the |l ength of 1nk
datepline graup RY atéléd 6g| dtheidron gem@ratoees%ppdatadgwesgr@ap D5 at

1184 e b B 50203, 08 W o L DBk PgBhana oo
generatorst 66 indd abadink/group 7 ade7d24 arf@ofrﬁ%lt&td?bfé g@%e?é’t@?s 60 in
t of drog generators 60. The drop generators 60

dg??ewgéwla atd7 I4§posed al ong each of the opposing
oencrubaaag3ed FLR0° g BdRataslla O dng ALY B enos
of imi fead slately Gzl ofheldtp generators 60 in FG4 1702d are disposed along
opposing sides 1704a and 1704b of ink feed slot 1704 and fluidically coupled to
ink feed slot 1704 to receive ink from ink feed slot 1704. Drop generators 60 in
data line groups D1, D3, D5 and D7, indicated at 1710d, 1714d, 1718d and |
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
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receive ink fromthe ink feed slot 1704.Drop

generators 60 in data |ine groups D1, D3, D5 and D7,
wondispasesd at 1710a, 1714a, 1718a and 1722a, aPeT/US2005/011729

di sposed al ong one side 1704a of ink feed slot 1704

and drop generators 60 in dafl81ine groups D2, D4, D6

and D8, indicated at 1712a, 1716a, 1720a and 1724a

are di sposed al ong the opposing side 1704b of ink feed

grbaps b0H4, Decand 08 g1, a7366017204ahd 17048 56 @hégﬁ)sed
D1, D3, D5 and D7 at 1710a, 1714a, 1718a and 172

ai@@@agéasld@tr%mg efnngl @ plintheadatie JrDAtesweenink ferdcsiot

SRSl 7B Ao b aRnRen oI Yo D53 Bata

Imeogrwﬁéﬁﬂam cDSandéIY al YA 7HAd] tR18dahd nqzzba;m@@hsposed

2fond Inelleneftuet arve gice) 17 Ao ks SeRchiit 1708 8pd slkna gangrators 60
8P4 1A gohbgfba 9456 Bnd DA3: 1 JPW%@& ?Zzéﬁ? 18817244 are
1714a, 1718a engt h

, d 1722a are di sposed 'along’t
dispases albdg the opposingiside 12@4b of ink f&é’cﬂ)&lodu’idder dhe drop
data I

FeRh260 17 Salaing Bisiin 3l B4 §5348 Sreonpasin dipriisgators 60 i
dli& 1188 RSP D2SatdEy 1P Hh&lirdp Yerictatdrs 6otin HZ\%IInJ gﬁ‘oulpem at

drop generators 60 in data |ine group D1 at
dJpeareonposic geere panerados®q in dﬁadunem@u@mm 1721@, The

d}%& ﬁgngE%SBsS%@ Q} @&'&3%% @Ri%a?{;? 'P‘?%gage' gfg%c%ét%lu(f roR generators

agr iawfatéMinatgrd il 6. atT‘rVQOdf apd @ﬁfﬁp gahertoR®B0 h dathdink gieup D7
D5 at 1718a are opposite drop generators 60 in

Ay a2rliae OpPEae BomgenSIatS 68l dAtefng SreRDEral §EAdn
ggazrﬁaﬁé@oﬂnga (Pgszt’v)g 730&%%@ d?ég%seg%‘?éqé ?9% hal of the length of
injt fagol sﬁIoUi?QG:GJ[me Imoteedi sloinh H}ﬁmetﬂ:debmp@osh@ Qdé§ﬂ7OGa and

148hb et edSes Stie s voboelar e irdheaddisa Blg Eheteom
g@n@ﬁ&oﬂs@é% RO AHParf dlbﬂfséoe&lﬁné le@lch b e 6PSosm9 sides

fluidically coupled to ink feed slot 1704 to recel
Ti7RRafanshd 7GAb oldialy feedslot 1346. ﬂiherdrgerg@nnaraioas 60in RG2 1702b

{8 il (P e e R red DR 7% to LN EIR e it siot

1§i08e 1704a of ink feed slot 1704 and drop generators
60 in data line groups D2, D4, D6 and D8, indicated at
1712dropgesgratersen "aﬁataﬂmgjrouaﬁ@ij.E&?pdé@anm%gndlﬁeted at

(900871 ' ek D1 2820 o SRR Do e ST 8ot ik
slot 1706, and drop generators 60 in data line groups D2, D4, D6 and D8,
indicated 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 groups
D1, D3, D5 and D7 at 1710b, 1714b, 1718b and 1722b are disposed along an
inside channel between ink feed slot 1706 and inI,< 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
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« datmbine greHPBAB6HD3f Db Andf

at 171Qd, 1714d, 1718d and 1722d are di sposed between

one side 1700a of printhead die 1700 and ink feed sl ot
wa20s/10543d dr op generators 60 in data |inegroupeTmM&2005/011729

D4, D6 and D8 at 1712d, 1716d, 172Qd and 1724d are

di sposed al ong an inside routd’ng channel of printhead

die 1700 between ink feed slot 1704 and ink feed sl ot

1706. I n one enbodi ment, drop generators 60 in data

félﬁ'?dzbgggﬁh@g@éu% D204, Pp ang D@7?taf71%,16@?ﬂ6t5/,uﬂxzob7é$&i Db are

are di sposed along the l'ength one_si de 1782a
disioosatl alergithsd oppasitg sided! dl6apofgek éeed slot 1606.f dhedhiop

osharateisal I 85 6 wBte 60T Rl S5 8%erieafife opfigtors 60 in
dafa limk gfrgdDelat174204 ThEndrof gemegsioes 60 i 8ak0lirgg@apaD3 at

[ine group D1 at 171Cd are opposite drop generators 60
17 h4bare oppreitg dmmaenerators PPAR datm Eng gepH iy Pdata’d6b. sthe

clidh ehSrao BB Eiia e Hrods B iR AR e Hiop gengrators

60dneiatd tines gédup D6dxt1a20bnend doap g&herators BIBid data line group D7
ite drop generators 60 in.data |.ine gro t

28 3333b cie, GPAPS GmISIIREOTe 60/1A At Ing SrirobB g 132

1722¢@r oGBHﬂé%Fésng@za% 8lspbeed aﬁchg thedthér half&f the length

gr oup at 1724d. Fire group two (F 1702b is

oflirkfesd et IIP. ohke Hedpf gereratars 6O tHGDfl 702& afedispobed along

obpgsin aites JERaF B D8P Sh e leBA N AR HURIYY Ghupred to
inN feidhfed TietolrédBive iAR fidiP hkIese sist 7966 Mrop Jepérators 60 in
1702b are di sposed alon%@each

ch of the 040 osi_ng si des

_ €dngicatec ity 10md 7dfiep!718e and
178281 80 Se0a] BoniRnk 148 12080 L HiCleea A PRI iEgHb
g%getal% dirg;am di apgm’m%%sbdaﬂ?&gmﬁ?dsm gmgé’

an ,..l.ndicated at ) ' .
17160p]7 802287 dfededoa ﬁ@%@a@naéhqwea&aﬂﬁ@m??@&aof ink
eaPhich 17Ha. ThG ((PRcBRRAbR 0 Ty S8l Bediblon O I8, Pand D7
ahrid10321b1 4earid 18e o B228 anegdispesashalony ay isside chizd6al

oBhueS inRedmIct 176 s HikTesh St 4785080¢ B gendraighbo in
datsllide gFduRy B2 0D3 PO emdaD8 g 1aN2é& NFT 18, 7208 @IndbEt2MREAre
ink feed slot 1706 and ink feed slot 1708, and dro

dispesedtalerg a0 inside ghannelrd pgindigad dig, 1709 beteegndnipieest slot

1704 hhIRRL L dIRaEI ohe Sl YRFENSIABR &B'n date

line groups D1, D3, D5 and D7 at 1710e, 1714e, 1718e and 1722e 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 1712e, 1716e, 1720e and 1724e 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.
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and ink feed slot 1706. In one enbodi nent, drop

generators 60 in data |ine groups D1, D3, D5 and D7 at
wWa2aBnps4614b, 1718b and 1722b are di sposed al eagushms/o11729

| ength of one side 1706b of ink feed slot 1706 and

drop generators 60for data |i#%e groups D2, D4, D6 and

D8 at 1712b, 1716b, 1720b and 1724b are dlsposed al ong

t he opposing side 1706a of ink feed slot 1706. The

dr 0p R @lotibahreSF G3) Az |§'d§b<ﬁ%@%0l% énéthalﬂow@e ?érfgth of
osite dr@é) g]enerators 60 in data |ine group

|r1k7 | slghd7 l@f@ﬁérsé@to1r7§86ocludea|@paosmg@l@es)mﬁomaad
15586 n xR Hon ] RGEERST & Mo S0 b, P4 T8 %om
genergtofHeain EGE3Y7 GRearpdissoser aibng e@eheﬁah@bﬁp@élng rsxdes
0858 anch T 54nRleh bt 35BS et 0 o3 Trooe
HERG o"i't% L% o@%lé tFi@eank & S6PYPOSR FéceWezlﬁ]'R f[) trJﬂ él’r?k feed slot

group 17/02e is disposed along t
17&Bf of the length of ink feed slot 1706. The drop

P e e R S
1f7|10bd*|¢134é Y1 78RRt 1232d ’é'l‘e a@,Brasédi alonl/&%e éiaermaV& ink feed
nk fromink feed sl ot op generators 60

smiﬂaY 08, aad girep g@n@r@toaﬁo msd@tﬁdm@grouml P2aldéd g and Ds,

i ey op. 5 S0t o BreitRPRSH et Perbosing

sz 1708abhinkifaed glad ug@SDZ’hdHrop@er@ﬂdtoEBBO lim dafaaﬁlﬁj%ﬁiups
1712e, 1716e,_172Ce and 1724e, are di s%sed al on

iy 288 dY avH6H06f17ilAk, 1¢ia6 andil 72%08re diseoses glong an
JA
S5 Sy ) e 3 9080 Bl
gensratercB@imdatabletergrenps ik2, ik D& aod DiS7a61 AIRE, i1TH6E e’EZQOC
BT R 58P B VR3S 15 32008 o B aalg 8 0B i
fé’éc? BR%t9%08! q’lﬁ‘ SnaerhbSdifne rtﬁfBB 6@fen@?at@l‘é 6‘@ h?ééitaqln% &BQBS D1,

bet ween i nk feed slot 1704 and k fe [ot 170

bhdeabdd) hehl (1@, df 16@1113?13&%@ 6622matead§pbsma@1mdbs

et ol Epe e 27 0 oF Ik EERplor 6P Gne' dERO S RinkR B fogate

liheeglosp® D21 1A6 D:'EﬂﬁlncsilI D@Ratgﬁ’ﬂabaﬂ P16c, 60 20erardiet 2244 &@ disposed
roups D2, D4, D6 and at 1712e, 1716e, 172Ce and

alonghepRPAEIRG sisled! 7598«!%@‘ ink feasbsleb 1 /R8s The diomeanerators 60 in
HPRAEERY B 40500 HE F RN e e orove
BOai 17 tizg. aThe deopy gengrafits &0 ih A= lind lyeowly DB ajetTedatapes
o%%olsﬁ]e g‘%ﬁa glehgr%tgrgoéboin[cylgatg Sine group D4 at 1716c. The drop
generators 60 in data line group D5 at 1718c are opposite drop generators 60 in
data line group D6 at 1720c, and drop generators 60 in data line group D7 at
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 FGG6 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 sldt 1708. Drop generators 60 in

data line groups D1, D3, D5 and D7, indicated at 1710f, 1714f, 1718f and 1722f,
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1714e are opposite drop generators 60 in data |line
group D4 at 1716e. The drop generators 60 in data |ine

wgnroespofseat 1718e are opposite drop generat or BCOWSRW5/011729

data line group D6 at 172Ce, and drop generators 60 in
data line group D7 at 1722e H% opposite drop
generators 60 in data |ine group D8 at 1724e.Fire
group three (FG3) 1702c is disposed al ong one hal f of

afd8id %QSH RicHg b sidRetl7 (8061 iAK $ed §I6l<1 ’79@‘én§|d?bp Jgegﬁrators 60

i ncl udes opposi ng}sn des 1708a and 170 hat extend

lrad@ﬁ@qlrteh@roylpa@% 4,d26 @ndgd§, nndiéa@doaté 7112@01 71Riel @@ @mnd

1758" ol Sishei o il S5 SRR fk PR SBF 1768, he

diﬂ;ﬂ@ené’d@or@remung@tamaecgreu@@ Di1n DBGB 1A D 7adtel 71 Of 1714f,
di cal | coupled to the ink feed slot 1708 t
17&%@% i Béf ar.eoqlﬁp@ﬁ@cr a@agsarbmsu?%é]annﬁbbefg@%» 'akcﬁeed slot

etk ol 897090y BendBrR o etk 2, oa

DS aed DBO&al 7012 1kl Gfe €26l atd 1728 aradispehsed bgpdweenoesside

1299b3 PRnthgad So 780 s i sake st 4700 . 1 oo SRy HenE arop

@HBPa?cb%%@Irﬂ&etﬂ%h%r@UPslm e hshed 017;%8171’6161 ﬂmgwmf and

generators 60 in data |nepgrous D1 ,
1722bare digpased alpngdha denath 2P enarsideil €@8e efiink fead siat 1708 and

ol oo GRS T o Bl s aRlyrsri8? o34 o abBP AR 172 13 36r.
1P20f 84d 1P84Pae diSpesed dibag, thé?)Eﬁ@smé%?dE 1708b &7 ikcfead &lot
di sposed between one side 1700 rinthead die 1700

14R8. iThe drepenesatoly 68 in dataline eri%l@oﬁ)ﬁehﬂﬂefr@re opposite drop

oRHREHBI B4 Pt XrBub ' gfT P THlE ardd adrial B iftata
liheubip DI3 atriey 12lif ciee ﬂ)EﬁBate)draprgerfaahbrs Botin daéBlimndroup D4 at
115588, P45 Sy GemamiorsBnyeiatn dng sdus HRcatr 0 dbss CRpaRiy crop
ghéreﬂB%"@O RodstadpelyiB8p 058 at rodressd 8"%519&7&&0@% in data

enerators 60 Tn data |ine grou at 1710c are
liog ;goetup O70atoly 236 aece apposntesdrquejmratdr$ A6 igdatmlim2 geaup D8 at
1%% The drop generators 60 in data |line group D3 at
4c are opposite drop generators 60 in data |ine

gr oumrgé hetatbfr60 DeavasPmkrese siita794Ghd @n@'@ld@ {7002 of
gr ou at 1718c are opposite drogagenerators

pdlatmead die @ﬁ@tﬁ\fem d@ta liregeoursrd’ af dp19= Aedk7d0d, @I@ atnl 714a
8 AL Pt e e 17 fEg ST AREPEA §od 1 982d. Drop
generators 60 between ink feed slot 1708 and the other side 1700b of printhead
die 1700 are in data line groups D2 at 1712c and 1712f, D4 at 1716c and 1716,
D6 at 1720c and 1720f and D8 at 1724c¢ and 1724f. Thus, four data lines 2083,
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,



10

15

20

25

30

Fire group six (FG5) 1702f is disposed along the other

hal f of the length of ink feed slot 1708. The drop
wgensriassss 60 in FG 1702f are di sposed al ongropussiosgi1729

sides 1708a and 1708b of ink feed slot 1708 and

fluidically coupled to ink féHd slot 1708 to receive

ink fromink feed slot 1708. Drop generators 60 in

data |ine groups D 1, D3, D5 and D7, indicated at

1¥i6andlT2de, OF 4817204 17608 12064 AhaPooed, hTB 87244,
side 1708a of ink feed slot 1708 and drop generators

1884Pn 1624 andrile 24e0 Uiso.mirop menermtosm a0 betweeniinkdeed sints
1383 88 e 858 1B ies Du AL 93366, £ ARSI 10t

Oeatt At4ls,s1 8Gc| 17 dée antli1Td 4§odias 1P18b, 1931.8cD37 486 aRd 1718f,
17106 1714f . 1718f and 1722f _are di sposed al on

t
andsPhat dR3dhel 7228, dd2Reianed 1122 dPue, fornatminesR0fleapsd,

| _ _
257 bng 208 18 ofl{ceRb ifRENANR IS0l AR nd 1 706 S AHBR! data
lides 208ad268¢,v28e amb268g ard rded dbetweeminkdadd dlats 1706 and

i nk feed,sl ot ,170 A nbadj ]

1708 P2 0pPoSEs o FouhbAl oinht 3418 FERYUS T en B5flkap thp ink feed
sfits 4 70QfandLl72d8,  ant’ihRfead dlols’ 2206 ahg 1%SP°IQ@| si% %gﬁg%head

the | ength of one side 1708a of ink feed s|ot

dig 3609 éseaduceddyeoUting ferrt datailines iséead oDgighbdataDinesn208a-
Ia% at 1712f, 1716f, 1720 and 1724f are di sposed al ong

2( E opposi ng side 1708b of ink feed slot 1708. The

dr op |gonerehbodinteht, prirdBéad Hient7Q0 piefudesl600 drbplddnerators 60.
opposite drop generataors 60 in i ne group D2

d |
Earhat thesix tecobnar a2ary 0gbinciides 100 e GRRIBIOrS 68 Six

dafd fihe BiSuRPRISICHorhQRIIGRAIGY Ofd208702t ifGhde Halion
geneeatgrs06 abf tad df T8 Hate ineogmumpistie edich pf e freag@ups 6I0702a-
Riichde E S8 o onnd S Band S chgyhcsa B rroc
caBNBEIAE Ry &RitaBlctRIAbE! aﬁd@bg@le%to% 68 'aith a1 00 drop

generators 60 between ink fee ot 1704 and one si
genecatots 6 or maredbian 680 Liro generatorsdi. aln additien, quinghéad die

7 9Biseh RG0S Hy ShfiBls, B S5 SnflRe 2514 fe gholbs and arop
gefBeitatns irbalietiegiouprind ¢gd likeUrodg 08 uathdr, tthe pPinkitsad die
side 1700b of printhead die 1700 are Iin data |ine

mgolnsdidspa fewarmrgreaiad number of flyickfeedsoaecespd 1716f, :

Cp 20 Yo Ry B R frappe vout o
ohewdrmbodietemt @f printhebelatie 9700. THdprantbead dies1 @0 helides data
lines 208a-208h, fire lines 214a-214f, ink feed sources, e.g. ink feed slots 1704,
1706 and 1708 and the six fire groups 1702a-1702f. In addition, printhead die
1700 includes address generators 1800a and 1800b 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-1806g
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
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of printhead die 1700, as opposed to routing all eight
data |lines 208a-208h. Also, four data |lines 208b,

waasd10268f and 208h are routed between i nk feedTgisedos/011729

1708 and the other side 1700b of printhead die 1700,

as opposed to routing all eidht data |ines 208a-208h.
In addition, drop generators 60 between ink feed slots
1704 and 1706 are in data line groups D2 at 1712a,

al;lﬂlé’d:shdgslﬂSlO@mdS% 2ed BbHsat18080ave diddhie é&.@bl@@% -
gL1720b 172Cd ande 1720eau%nd pre

1716e 1
chasgad 'fﬁ@%”s ﬁ‘glﬂj roy gubgroues a8 I%r@VlO@ﬁlrypﬂQf@ﬁbedtf@rr @ddress

m Nesh&aneR) ots 1706 and 1708 are in data
"ﬁgﬁ?%group Besh et Ob, 1710c, 171Ce and 171CF, D3 at

17 14H'he1§ddmess gen&eatarsﬂ amand DB0aAh ate’ $Bhilartd B8dress
1718 an 18f d t ,1722b 22¢c, 22e an
opfsitoriadd aRd. 1R E e I i 135 dEconbinava satatien

diiengs obaddvess geRkrd
e?glﬁ? Idata FI nes 202§JI 562?1%0002?3%%3@9%%8@23%% ﬁ?\ﬂgnted as

iihstratechin Rigure®d-12. ot s 1706 and 1708, as opposed to

Feed Wb, creSh BehelRb B s Rar? HRods o8 AtERdenREanR A1

~B208, ~Alfearsl 2B10£BRI. | MBRRMfrdi g?o&ﬁ@@?ﬂzaﬂ?@%ﬂﬁo@yh address
routi nggfour data |lines instead of ght data |ines

lingsd 80 swoﬁgnaraﬂwé%%dépﬁsnﬁddmwmat%1é30ﬂacmlpphes
AR 000 4 0\ CH N oL 10 Bl s

liBes 1886a-1806g. ghadness igenemtdr ©800thsupplies amdbelw&gnals ~B1,

- qaPA piTHe OgpU 7264 04 rousheAdaess frndeb8nd8ass

ladr.o e I
iy o0 ) B4 i 50

tefire guwpsnilitZa-1002cas thayeelect=ignals 8EL s BHL28nd GEL3 are

o5 TSR BB Oh S RS LSBT -o7 ar

s&ppﬁ@bb? addrésy gérierhiorel 8@05u6$|re grsuds! 1 702 'P@Q%’Sasam@ select
rop generators 60 in each fire group and data Iine

Etdy Ské0, ancheEpSiate weavided ensgledt ioes dd2d-Z1@fein one
°8¢'s%§d’“}q‘?{ TrR4TBGDs J702a B2l SR eI Ad BTl
alddymm sighalened & rif@li. meAT tothalfrthefiregrbupisel 7022017 0eand

r| nt head dj 1%7%8 i nc ude data.lines 208a 208h, _fire
afidiess ganerator 4B00P uPPissaddinss Signals BT, nR2r et L tofhe other
1 h
h%ﬁ% ghéllg %ég Lﬁ!)s 1;73%da1|’1§brgf grr1 Iahté egrg%p‘ad%ﬂv Rfe address

generators 1800a and 1800b are synchronized to provide the same address on

address lines 1806a-1806g and 1808a-1808g during one cycle through fire
groups 1702a-1702f. After each cycle through fire groups 1702a-1702f, the
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.
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1700 includes address generators 1800a and 1800b and
two sets of address |ines 1806a-1806g and 1808a-1808g.

wadarsaesisgener at or 1800a is el ectrically coupl edTs2005/011729

address |ines 1806a-1806g, and address generat or
.1800b is electrically coupléﬂzto address |ines
1808a- 1808g. Address |ines 1806a-1806g are

el ectrically coupled to pre-charged firing cells 120

i N 1 OMhessd@Oadress lihes @ 8068UB96¢ H8 2odiédsetwaBsH ink feed slot
u

@%gr ess | ines 1808a- 1870(§O%are_ el ectrically _co_J)I ed to
-hpgeiepd die gidee] 20d;along prieiegd slie siden 7GGasto

: - I . -18 .
EABKET [HOBELOE o RTRANEE dLRER RS A ARG Saress
lihes i18§6ae1 835g12@ rontecbbetwugegrink fesdsloty €104 aat V706, and

FriSah e ds and 358 ” 1ha atdotis I Bioaa Tsdsgare
rogédessng @hemm&hé@é}@qtﬁw irﬂ@@%diélét§51t7][0ﬁt, ggoé Binkl B0

13. Accordingly, suitable enbodiments of address
elegideallyraipianid riacheegeb fidag cells i 2 irefitengretipasi 702a-1702c¢.

TR U St YGRS P0act BT RN S ity be
utifdedtwlincRdase thBArequencBof bpefation 18 mm&in??%aeﬂgt%f the
t hrough address |ines 1306a- 1805§%and 1808a- 1808g.

si esthsjlodbeargrchesarshiidngppelies2@ddr ess signals ~AL |,
~A2 The & ' . N
72 T e g O B i GRS o

170drarskpriitheat sie-Sitle, 17082, and alddiy printheae diis sides1700d to
ohbiosh HORGe a UD 815 U iRl g R, adress
lingd r1%@8a9mbaér@rro&%0@et%eﬁiiﬁl@f&rgoéi%% P and 1?9@,0%;?&

th I S e

e select signals SEL1 , SELZ an 3 are provi
between ik feed redats A728-aabt708ThEhaadddess lkiegt808a~B308g are

e 4o e 6 BHR B ebbrRar GETGRT SER TPE. Siiana d70s
tSEletiaiily Youpleatrh pre\che ffbdoiriret IRt 140 Mefre +8dpL 32624-
In one cycle through fire groups 1702a-1702f, address

1§8Rkrat or 1800a supplies address signals ~Al , ~A2 ...

~A7 fi - d :

genera t%?h%ggggas%%%%dsélég%ﬁ %@?2@%’3@ B%ﬁ”%dl@ﬁt%??d die
steld717@0a hed diknfeedsidtf 1704 afebéiwesrnginkigsd §/6824708 &§6-1708.

n, o enbodj nen t he address generators 1800a an

ER0OR (a5 BOG, Ve 2085 CDaCo 2056 and 2UPadhhave s bsen

AHEHeRRAdIE 1 P K | -
pcycl Ridic g‘li}!;s] ?@é‘%ﬁn&%ﬂ@%@@oﬂ%@s@@&ﬂcgwécﬂﬂnl@@?o pre
charged firing cells 120 in two fire groups 1702a and 1702d. Each of the data
lines 208a, 208¢, 208e and 208g that are routed between ink feed slots 1706
and 1708 is electrically coupled to pre-charged firing cells 120 in four fire groups
1702b, 1702¢, 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
to 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
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groups 1702a-1702f. After each cycle through fire

groups 1702a-1702f, the address generators 1800a and
waa0Bhosssange address signals ~Al , ~A2 ... ~APCaS2008011729

, ~B2 ... ~B7 to address the next sequential row

subgroup in the sequence of tRirteen row subgroups.

The address generators 1800a and 1800b are located in

opposite corners of printhead die 1700. Address

~DFNETHRY Qataliffid08%n, I2088! 208¢ And 20853E66ie Rt dighaky~D1, ~D3,
rinthead die sides 1700b and 1700¢. Address q%enerator

+B7 | anshpeyidenthertata signals nBindP8, nlPSpnchrRéda pre-
K0,
@%@gﬁ'@ B oo Bikabhiind dfo BTN, EREET 2021 Tfpme
eﬁdggﬂmtea’d daitae lise<2084, Cﬂﬂﬁc aloae aingr%{)ay anat ﬁtﬂa?utda’detheieiﬁlre
C en Sl 0 an rin a
le51ada of FigBst P e 6706 a0 208! [Tnsiead s Bemoh bosirtaiges
BQHt %@%B%%dd%l?é %%u?é@fosltsl Bk d4(20i é‘l&?@g)up from a

etween i nk fee ots 1706 and 08. The a
bbhd emdiiecdtad ooy ther ademﬁpad’tma@rxye dii@0hwarestfthedata line

ol BT Bl Bl ezt 7ol Va8 A 0Bk pre qagtrcaly

chlplelts EHP adm&? did@2700¢& o8 pliptHedd fié 1Fddr 8RE data lines
28enerators 18 Oa and 1800b nay vary and nmay

be
Be langde8f @re @@Céfz!@élwquf%m epd @ed@d@msnd@m pd of
t | ength of the signal paths to the
pérﬁ&égggcgaég%ﬂri ng cells 120. The seven address lines
1808 @at&0ifgs 208b ) 208d; R 08¢ tnd @08hrarefroatdddbetivedin Gik faedl slots

%'@%&w%‘ﬁ?ﬁ%x‘?@%’a%ﬁ@éée@g&rq%%%%r%ﬁérn“rh%?ﬁq%;%d%lﬁ‘?)Ob
E%bﬂ%féﬁ%gﬁta il ezygds?ots 2b8ﬁ‘ t]a?}giéuéﬁgﬁw@éﬁ ink

routed between in
fekm:t slet:1 YMahéddOﬁllselecHMymdplbﬂdﬁ pr@#uhawkeh‘ figsg cells 120 in

iR GhaTR DR AR, AT A e’ D B TS e 208
2@880208f%d YOSP it Arérdlitel bR1WESH Sfkdfebtd|dtol 7@@ aid éﬁﬂthead
fire %bou ps 1702d- 1702f. Data |ines 208a, 208

dzaoséeaﬂr?@ (s glentiically nosglastiorrercharged fidad callwgodetwo fire

9%‘?7%}%611 %ﬁfﬁ (]9@2# 865% Il(gfg%(f&}a%delg&[' %IV%A@Q%ggsre-charged

firAgeell® 26 inadt2Rfggidupt D21¢ 1792 te prdsdaveata sighak +B2d Data
die side 1700a and |nk feed slot 1704 is electrically

lige ?9Be ds eleglicatiy foyelec orkrachasged fipg cells 148 in data line group
O SUPA1 e g v h Al Aeghal Ras Bhtd e S6813s electrically coupled to

pre-charged firing cells 120 in data line group D6 at 1720 to provide data signal
~D6, and data line 208h is electrically coupled to pre-charged firing cells 120 in
data line éroup 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, 208d,
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
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i nes 208a, 208c, 208e and 208g that are routed

between ink feed slots 1706 and 1708 is electrically
woaoupgliesssso pre-charged firing cells 120 in foRCTMISE®S/011729

groups 1702b, 1702c, 1702e and 1702f. Data |line 208a

is electrically coupled to ptlécharged firing cells 120

in data line group D1 at 1710 to provide data signa

~D1 . Data line 208c is electrically coupled to

&trical 16§ td 8 Bona Aohb R/ 1 PO BBp@ithead
a?%?%tagérgﬁ?u I gg?%mm gnal ~n ngé%)tzaltfgl) ?I ne 208e ?Ep ea

dig €240, |aml d@tad@@m?&ﬁifaa &Oﬁh@fﬁrﬁj@d”@&ﬂl’y ¢Rynied tasa bpad pad
aloggdsq(g%abggﬁ oq{p?HH“%'g g1]7668 to provide data signal

g is electrically coupled to
pr ecraegmhdlictiven freckindss2 142021 4f atetlechted ealgngink Bédalots 1704,

1506 endz6RS b aéﬁgn%&%q%lgﬁaagifﬁﬁi | HEEG?’:%%% fire

o Zﬁﬂf’%%??%%’é SO, e P& SrEs PaaTz pR s ppg hogpy o
fitihg résisterg) Sauxpsomdwmmm@mhargad {irieg @aﬂmdeﬁénheauanda eject ink
| i nes 208a 08 nd 208qg,ar,e. not ed the
fiomT fip FSRIRIPTS 0 Ao FRBaTY it PGHOMieAsR URG deftpgator 60 in

'fﬁ‘é tg‘?é‘lﬁb 1¢688-1702F, h[lfie Q:ét'r@sbd)rﬁtﬁﬁg #PSane 2948-2 12|@1°-§c@YﬁI§ured to

08g is routed to its respective data |ine group
uauf@r@mlu suupe Y ererg¥do gash diring sesiptps Sgfinghe firs geryirdi @23 1702f,

1r0o BN ErasPAriagi, BAhE o BB BeftebP alifiende fhilissipated
th?r@ugh ttWoaﬂrbfgnféSMSeﬁmlhg)rﬁa dfethé'tfﬁ@@r@ipSJi ToRAN4ZM2f. The
di e 170 and ta |ines 208e_and 208f

highest amaant ¢f pewgr isfoupd dn Hzﬁ]ﬁrsbﬁan&r%@tog pdof aijegrenp

e e g e

siymehl BEREBe eRIREX . f E4RIES) ad odlyGBsiaghkt firingtasédar 92 & snergized.
h dat

Thedawentamaust phmrady s dpved iR lEs U imiiesid5 52 314 fee aroup

1#6?5 1'7$)z?b§%turﬂrﬁ@| Heg.s%}gm.zeiﬁ d fbv%@bg%ﬂg%é ehnlefd |Béd Layout

s 120 in four fire groups 1702a 2b, 1702d and
comdibetiofa it coergyhearidion in¢luds fipn e w,lzcﬂbdgromgfh@rwmth metal

208h that,are rouyte 0

BB Bt BBl SERS TR 22k A £ Pl g Al aroune

liRE Eay R EMeGifihg i Bepietddaddfiscdsktdin Ebrpiar@lirﬁypéteh? Qﬁpllcatlon
and '1702f . Data |ine 208b is electrically coupled

S@f@l NeaENeldY ¢t Assigned) estittes Flyd ddectian la@wge J\becbgn ahe same
[
obfe B 0 B ) ook 036 A8ty pplcation,
the cdatieatd ohwhighaarp if¥orporatdd Getain pyoefalenciireits egtiraty.
~D4. Data_ line 208f is el e?trical Ily ougl ed to
Energy variations of 10 to 15 percent are preferred and energy varlatlons up to
20 percent have been found to be suitable energy variations.

Fire groups 1702a-1702f and fire lines 214a-214f are laid out along 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



pre-charged firing cells 120 in data |line group D6 at
1720 to provide data signal ~D6, and data line 208h is
wehesiwsaal |y coupled to pre-charged firing cebPts/us2®s/011729
in data line group D8 at 1724 to provi de data signal
~D8. The data |ines 208b, 208& 208f and 208h receive
data signals ~D2, ~D4, ~D6 and ~D8 and provide the
data signals ~D2, ~D4, ~D6 and ~D8 to pre-charged
sfd'e%' d?%nclﬁklféeégfbt H ‘70@31370@& 1768 The IERGHR the ccz)BrS%pondlng

2a-1 I n one enbodi nent, the data |ines

figeluk 22@&‘21Aﬁ$ redgked te halithe lngdl of ae inknfeedesiotehigid 1706 or

18p8ihin BB e ifbedaln b ORan L BEREES oifidpa o

thePehfire Iéﬁ?ﬂheéﬂaﬁ/mkd’éé@ sldtngogr W'(DB Bha m7@8bCEr£bm@ﬁhe fire lines
| ocated a the side of printhead die 1700

20 e-23df are RisposPa 0B Haih ﬁnqe@ @fram@g Taqu alot 17041 1708051708

A0S AR PN T o 1l

formasubetmtialy LR2SSdpett firedinec2 t4zc21 4y Timjslulesiantlalhy hbsiiaped

d al i 170
f ke 21217 816 PHRRVAIDR oHoD ¢ SRRolinesslioh g iems the
chfiffle gfﬂ 8f drf %feéa%%tafmlmeta%d%m YTIRO B below
sl gnha FIREL , FIRE2 ... 6 to the fire groups
cmmea goerfgy va@aheotfbwetulg,stanﬁailyfhlﬁbapeﬁ fte nem2 P4aL14f with

AR SB35 1 o Te LAWORBU bighe sice o
ah'iARYSEPHoH §764 2 T06sak@1708. uni formy eject ink from
each drop generator 60 in a fire group 1702a-1702f,

t he correspondlng fire line 214a-214f is conflgured to

ilifun | IO crston T | 5275
R TP BRSO LT 07 | % ovr
maxi mumgpeipeent difbidtrencewidthpowgr di ssi pdttladkméufswgh

any twg flrlnn redistors 52 in onag of the fiire gr-oup.

AL702a- 1RvastartidlyHi Zp0un  AdEHN of| 479R8M i ¢ 3BO0RY | n11%

the firlsy fLLELQO rlesistor |52 of afire groyp
1702&_1%5;1,55{5 e fliring resistor 52 nearestl the bond

Bad reddiivéag t he [e260ugy $i1dBam FI|RE200unkl RBBOnm | 52%

El REG, (as onl V%—Sﬁ—%“—l Istor 521is

Cener gl Zddnedthe | ow Uiro i {1 OBM pquit00uen 1 ¢ JAGOPm + h86%
| ast fijring resistjor 52 of a fire |group 17()%@Xw%f as
all firling resistdrs 52 im a row slubgroup are

Dener gi Zddnedrayout |c&G0um businéom t q €f0yyn v 360ati on| 11%

fire linpnewidth mrnllnrl l-Hrewidt h nmat ol

B hi ckndddn@@d t he |Z1RAH 6B8PHE £ i|rB71900n 2 1440pus | 1%

One enfodi ment of |ground line Iayqut and silzhpehik
depi ct €d and di scliosed in|co-pendiing Datent¥ it

appl ication Serial No. [Not Yet Assigned], entitled
"F UIAfjs S o%\(l:rg in phe ta\éle usmg a lmear lr}e grgup wnﬁ the same fire line,
ground line and die width results in a larger and unsuitable energy variation (11
percent verses 52 percent). The energy variation difference is improved slightly
by increasing 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.
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date as the current application and assigned to the

Assi gnee of this application, the contents of which
wanesiness por at ed herein by reference in its eRCTUSRNS/011729

Energy variations of 10 to 15 percent are preferred

and energy variations up to 2® percent have been found

to be suitable energy variations. Fire groups

1702a-1702f and fire |ines 214a-214f are laid out

al 0ngrﬁéguﬁﬁﬂlaqwqﬂ%héﬁgéﬂreﬂr% Qﬂﬂaéﬁ@?an‘eoelééﬂicﬁ}{)‘? c?gpled to

suitabl e energy variation. precharged firing c
pregharged fiting celiola0 lonated almgfeaﬁ:hepﬂtbe appdsiagaides of ink feed

SPIRIAS TOREDOT o PR bRy AAFDeio bR or e
pre-fchaegeat fitiy ¢&R2420 FORG 1adtoIm@2ah erenfirer el 2144 R d?éposed
one side of an ink feed slot 1704, 1706 or 1708, the

ajang eaeh ghthe PRRARING 8ides of ik fepd:slet W@%@"dfjﬁ)(tends from one
ehitank fdkd siBE 702 S0hEM 1R RIGITBE iy Fbed B0t 170458 Hﬁé y-

03|ngS|des an in
dirédtionr Théﬁﬁe Imihé1l4amjimlle$ ehbargycsignaldfiBEd avgd €hexgy pulses to

Hf(%{; i%@? 214f is reduced to half the length of an ink

at a1704 1706 or 1708 from one end of the ink

feed Fﬁn‘eoﬁneli@tﬂb lsle7|86tn68 ddi8led 36 caBRRRIRID IcH d fi
entire | engt an I nk Hiy '%as ot 1704, 17%6 %n%%% iting cells

128ch 52 tahg792b eThenise Ilaaiéwmﬂlsapeedi |akp@%blmf ﬂb\etopposmg

st s 14 Seb e FE and Mmfiom o8 ofibReBd St oo to

hhfQhe Iéﬂgﬁﬁ oPlinklfEed diet 708 Inahe Wt&iﬂﬁbha"ﬂhe fiteSima2Hb
fire line 214a-214f. The substantially U-shaped fire

sHpRbes gma&yﬂmalzﬁlBEéfar@b@nwy;pwfeﬁSftOtE@Z|aér1 PRbof a

; Ie:eg Iisulleg 28‘4 ﬁggﬂéaw‘m& ﬁeé@g ffhegﬁ eaévbdragd firing cells
120NpHES ab rhét)@ny Vhe lfl&t line 2fldc issdispbsed awnlgyedéhscbfahed)pposing
st of oK o 8 1708 apdlsctonds ror@ wia FiG0f bligrd slotaes to
h%lilfqﬁﬁ%ng'%ﬁ df ik fe%ads@t' Tfﬁoalmﬁ %%t.%ﬂd Thlfte @%

in the taable, [ e same

usi ng near group wtht
stippbes theeen@’g@’@mal |F|H§Earaahddanergy @uhseusde HG@3 at h762c.
vor sqarede 2 PRI e FirBEndingd I Bhaf Be nei b SRR firiga cels
1I200H PG4 a8 H 7024 .| ThBYire NAE 2334 g diFpbaéd hlirkésstobthe opposing

four tinmes to reduce fire |line resistance. However,

sides efink §ged alot 4704 andexéends fromane eml of inkTeep sk 704 to
h\éﬁg;ﬁsﬁ‘e@h%?rrﬁ% sl fﬁﬂ‘uﬂtthw c%rec‘n?m Sqiie ellﬁ% 2.‘1‘%
gy ri at 1 on ercen In a hear re gro

sapphey teatergly @&gr&hl F lREdtdmdl energy pakesdo HGH4 at 1702d.
substFant i al I U-shag | re lines 214a-214f are
el ectiliecfg ¢ ‘li%lﬁﬁ'l@ tricg %P%U%@F%@GC"F of thegprectharged firing cells

109GRRSS at 9762625 Re Fe TiRE 298RS HRYoSEY SR eddHof REDpposing
sides of ink feed slot 1706 and extends from one end of ink feed slot 1706 to
half the length of ink feed slot 1706 in the y-direction. The fire line 214e
supplies the energy signal FIRE5 and energy pulses to FG5 at 1702e.
Fire line 214f is electrically coupled to each of the pre-charged firing cells
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
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slots 1704, 1706 and 1708. Fire line 214a is

electrically coupled to each of the pre-charged firing
woebdss0d0 in FGL at 1702a. The fire |ine 214aPC%/US2005/011729

di sposed al ong each of the opposing sides of ink feed

slot 1704 and extends fron1oﬁ&'end~of i nk feed sl ot

1704 to half the length of ink feed slot 1704 in the

ydirection. The fire line 214a supplies energy signha

HalfRES |emgtheferigfedaldises7 08inRé yadirdotdda. TrFe fie Kie®14f supplies
214b is electrically coupled to each of th

the eneray sjgnak Flﬁ%ae@ engrgmwlses b Gh at1177@;_2f5 The fire
| f
of 't FSHR A% '8 BREBER MARA B3 Hiefrviol s SPRATIORY B2l one

dnelmiﬂsiemﬁ oiﬁﬂﬁtheadh:hda fi708e ﬂhersgidtlolnﬂ 820Ns ﬂcﬁmﬂec"o irlolhe channel
06 in.the di rection e line ., suppl i es

0 EGY Il Jg}.%y e 6.4 %@lﬁ@@%ﬂ& ipe groypgpbe at

17208 did€7204tCThe sBLESH "IBQ@HCYUd‘éEJ@&!@r@s& ﬂn%@qgoﬁéﬁpﬁég fire

pre-charged firing cells 120 in FG3
linea@14amnd 214 spdslath MWQO%WW ZOBfeamxﬂ)QGBhngln addmsn

<Pt 3484 A AT T8 A0 el nes

18088-1806d) eata ﬁ#hé@@@&@FBOS'BhQOBf &18d L0BR a%@l‘\‘ﬁef’ﬂHé@'ZHﬂé and
t he energy signal FI RE3 and ener y pul ses to FG3

2j#bare dispased prrabalig qaghéat@@t an¢parafletioiprdength Cée!mlhfeed
S U e S Rl L

oonhpgsnagtosnkiéeednélotmkmceaddsir706 1704 and extends from
04 to half the | ength of

O B AddrRs tings 18364118069 anciata dhes Hiabs 9k, Fias and

204y td o Barn 3 T SN i s 21

andufl4bdareccaruttictios Ilnessqumeobdlﬁapgﬂ of secomd layel hsatamhd oross-

cBarclan e 1070 o2 pin BTkt Sabdn S5 PERERCaS0q M evsiicon
e 8 s Lidteafne tiersofayen lmétare&y §Fn%t ﬂ&ﬂéuﬁgnéwf Theqlrst

I'ength of ink feed slot 1706 in the y-directlon.
lawarénepﬁah@ seppsatedpd iasulated ﬁﬁmf@@ sgcgndllasrarmtaéhm a second
?y %gkres to FG at 1702e. Fire line 214f is
H y coupled to each of the pre-charged firing

ceI | She24ddrasE Hesitl 80644 808y aré disposed dedddén flﬁe lines 214a
each of the opposing sides of ink feed

a@do’f 4%333{3"&%36 Adisss inash0e 18460 and fie inee.a14a nd 214b do
n)?/a? gﬁ?@%‘?oﬁr\{&l?ﬁm@%@ éhftlalhé%A%?ﬁgd%s%tlln%tggl?dg% ‘ffﬁ%g and fire
lineg 24dHaEINGES1 4maloag ¢ng Jenmith sémktfeeEF@otaﬂ 704 Givd. 1706 is
minimized to reduce cross-talk between fire lines 214a and 214b and address
lines 1806a-1806g, as compared to the cross-talk between overlapping fire lines
214a and 214b and address lines 1806a-1806g. The data lines 208b, 208d,
208f and 208h and fire lines 214a and 214b overlap along the length of ink feed
slots 1704 and 1706.

The address lines 1806a-1806g 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-1822c¢ are electrically coupled to selected
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Figure 23 is a diagramillustrating a plan view of a
section 1820 of one enbodi nent of printhead die 1700.

wohaosgestsson 1820 is |ocated in the channel bebP@EaIs2008/11729

feed slots 1704 and 1706, and adjacent data |ine
groups D6 at 1720a and 1720b118The section 1820

i ncl udes address |ines 1806a-1806g, fire lines 214a
and 214b and data |ines 208b, 208d, 208f and 208h. In

wa4liihé®n08B ez@sdanzcmiéadlzuyhtﬁ%%lééteéﬁde%%qmés%qaﬁéoag
1822a-1822c. The address |ines 1806a-1806 data |1 nes

thigeigh vias betvwert thenpplygiliconalayer am@ﬁrstri@sgerznafal a'rh'Ue 2iks-

c%hﬂe?i ﬁgéj |1#3 8?8?&\?(5 er@ 6218@‘;&:@ a%%;e% thsThannel

betwesn d:mmeedtslohs 170desndl $206,-td 8RS hdividud) @r@Qﬂ'ﬁaﬁged firing cells

ort fe slots 1704 and 1706.
20y BT inss 4 Brsa0d 8dh Taseivaiasbnaba IBEbaG GREZ from
e%@@ pﬁg h are conductive lines fornmed as part of

Ir ayer’nmetal. The fire lines 214a and 214b are

cond LTche roeitihg rsebefnar imessbction 1820 infisse betwleémmrfeﬁdtsadts 1704

ST SGROOTT B SO SHEE0 TR0 el AL ot 70
andseHendigd WO@@df"iﬁlrﬂhéeﬁi die@VR0, BRHHet¥eR ifi forl slot 1708 and

i nsul ating | aye The first layer netal Is separate

t%@’thﬂﬁﬂ%ﬂéggl? pbpiintheadstioddolayer netal by a second

I I 138Q06a- 18
o0 B8l RS ALOTRARIE0 R iomen
oﬁécbreﬂheéd tdizs1 9@R 67ha Phinthericié 1980l iheladed ééﬁhp@ﬂ@n’%ﬂﬁat are

do_not overl ap. Overl appi r&gﬁ]subst antially all

Sﬁﬂ'@régscqmﬁ’@leri%%ﬁ['ﬁ@@@@ 4760 ﬁ@dlﬁlrﬁ@%r 'Zl'YIbe@n%f eassggl for
sthidlLdniiSon &9t Dg rlrﬁﬁeéc? aI ﬁé(@te @cﬂué% fo%?% |lﬁ'g§) EOB% -28h, fire

mnimZzed 1o Feduce oross-: ween I'hes
lines 224412 1dfidnkdeedsotd 17e4, 17BN 3068, ar&Bth@(KmﬁF@Qrdups

ishoaieH T2hApeu i FEae 945k 5RBb6% v Eouhmetudercandioss
g%ﬂ@ﬁato?@@@b a’%ﬁ%s@fb@c@%m aHHrEsd fndd '1‘?@83*%%@%%%&

overlap along the I'ength of ink feed slots
agdoss Ines Hidlee$e109.nAddEssgenesaioy 1062 és electibaily ssupled to

=Gu s a0 and 20fissedRBat b Rl cpupied to

|265bd BEaRIsedinda! 10 19018 0y. TRZdditih, adBfest §endridr oM is

external circuitr The cross-connection |7 nes
elppically sppplag to @?{@@ﬁs lateh 1904 dueueh intereasinest b i 906a-
1 b@ s 208b, 208d, 208f and 208h or sel ected address
I Nés 1806a- 1806g
One embodiment of address generator 1902 is similar to address

generator 1200 shown in Figure 15. Accordingly, a suitable embodiment of
address generator 1902 can be implemented as illustrated in Figures 9-12.
Address latch 1904 is 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
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t hrough vias between the polysilicon layer and first

| ayer netal. The crossconnection |ines 1822a-1822c
woeewsissand supply signals across the channel POBUSR®E011729

ink feed slots 1704 and 1706, to the individual

pre-charged firing cells 120119The fire |ines 214a and

214b receive fire signals FIREL and FIRE2 from

external circuitry. The routing schene in section 1820

1984985 RE Sk 120, S0 IR A0 S e

latatDAegistere rseichiasdaichoegistér 1220 tilhustatel i Higooss dGand 17.

o BBl SR G50 5 8 i
célld 436 lirafmer(pro@?s eW@ ¢7d)2t)/@ldél irsOpart SFfRIgiTRPt 1 70202
pri nt head . Brlnthead di e 1900 1 ncl udes

L aisivedrasisiress lings 319150@1 RilPaere slesyigedveatpladioprerahasged

I
g selened M RLooBG RN A 6T P gt BLER gromes
12088~ 7088MHirstfpareof fireagrodp 4702844 dispoked eetivesroirk f2é04lot 1706
1706 and 1708, and the six fire groups, indicat edqj'lg%7 at
S

nd oniateprlsiet 1108 and ingldes datadinerquas 11655 Dhan

?ﬁiﬁés P07 85 8hd 11820, THY Sxdnaid of firodp 47028 is
dﬂs%b@leeei éa@thggen Aﬂﬂegdsslqje??@egamﬂ Pﬂl@ﬂgéad fr!@lsidefj TQeQQid ehryi anludes
d$80ine drapsad sy 55 D6 DELRT 2b 17 125 chieey 220k 568 Srpdbe The

flﬂﬁ?yat r&%@@mu@ 1209 tH el 66thedBRINRTGEd ﬁmj’, céFFs 120 in

I cal I'y coupled to address latch 1904 throu
frengeTpo S and fhesBURLHr 0B, oD 70B0dsHedes B other half

RSt EraToRH RGPS 120 bl | (P2 L RSk

1909§dugmagtarm‘ lafehéesddress inied 091 Oélﬂgwglaré)electrlcally coupled to
i mpl emented as illustrated |n Fi gures 9-12. Address

rowisthoIBmS asspigyioushheessbed fef a re&ad'n%@ Gareiost or

b |
Sl Tt I, hdfieet tng UORGH A GRS tﬁﬁﬁ@%p'w to row
sgbgﬂn@tslosrs é{ﬂﬁésg éneR8bads ac\i(ﬁpéedstesgr\bwbgrmrpsalalbldress line
extern a Imn n
1§4bkR Topdilbcy Toaly hupissiaogencriharolbafs aubESsine.2000 is
ceu Rd"t8GE ﬁg)g'réﬁnp%’ AR B &Pt @n@‘ﬁhéﬁ@&n@kdﬁi@é§ﬁﬁe

erator on externa tlnlng S|gna S.
19089&@1@9&@@ elestrically cadpledste rowt stbpsoUps 8s @ddf&sérllrleo'ZOGg

t Ité?gwtsu%ér%%fpssmm in Figure 15, which includes
The address generator 1902 supplies address signals ~A1, ~A2, ...~A7
to address latch 1904 and to fire groups 1702a, 1702b and the first part of fire
group 1702c. Address generator 1902 supplies address signals ~A1, ~A2, ...
~A7 to address latch 1904 through interconnect lines 1906a-1906g and to fire
groups 1702a, 1702b and the first part of fire group 1702c 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.
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| atch registers, such as |atch register 1220,

illustrated in Figures 16 and 17. Address Ilines
wh20Ba046608g are electrically coupled to pre-chargsenoso11729

firing cells 120 in fire groups 1702a, 1702b and a

first part of fire group 170220 Latched address |ines

19 10a-19 1Qg are electrically coupled to pre-charged

firing cells 120 in fire groups 1702d-1702f and a

SeCO”IChéJQ(Hdre%E IétbﬁelQgﬂQHEel@@Q%Gdre-Q%esléﬁ%ﬁL—APIa~5°] 0f  ~A7 and

fire group 2c 1's disposed between feed
sLleBe&laiCh&d(adém‘,*psﬁlgnala?Bs aBa, i.neBidedird graups hE02d 1702f

d D7 17 714 7 d
AR SoRh P AT Hous 1 Phat The sisiasrmict 1504 e
doereeesighals 4&e0-42 ot Wgnaﬁl@r&iridéfchﬁﬁ’é’s @9@62?—‘1@@69 The
1900b and i ncl udes data |ine ™,

ro
regeived signals184d, ~&220c~%areﬂa%zttedp mteaddress Iaiah t19@14 Whlch

' ' h PLE »char
SPPP?%% E@@P?’g@%g ?d%&*%@gég@%ép g%%%c%ghd hé s c'o;me latched
aplairésso$ighalse~Bit,0tBR, 17687 aracuppisd t@ﬁr@@@bsfﬂaﬂogggf 702f and
re group

thaehod 5a8 41T aroum S0% toeudinlaiched adiisadee 48 10a-1910g.
l'i nesrplddq@lasd Iaqccﬂ%oﬁrréc&{/%ta\gd%%% u@hegn Frﬂefc%Wnect line

subgroups as previously descri dress
1906a-a0blatchesspecidfeds signaihed 1 tassumﬂyi iaftslsedl address signal ~B1

ohdefiiprcaditers s 48100 Addlradfine bdd e BlisR il es® Signal
@@déﬁ%ﬂefddhﬁeépmf@/i d880BNd fatehes Hﬂh@adddfe&%lghﬁmﬁ‘? to supply

row subgroups as address |ine 206b is coupled to row
laighgd @dgse%aﬁg@d 42 o pbatpbedﬁddreas@l lingi 1l God @ndszo o, rup to

aﬁ%ggg %?&10996’43 |\ﬁ|11§ Idﬁt %&%1 oﬁrg rfegrctogn%(/\;me 1906g and

groups as a ess

Iaubgﬂgdh wdré'ésesngddress tcgswlyuaibhé&aadfsd@&hgr@ ~Bldb 8 fetched
als ~ .~A7 to address |latch 1904 and to

aﬂﬁf%gsgh'%ﬂ)%m@wa 1702b and the first part of fire

0 ouR k' Adresé ERR0ORIN S It IAAHRLLLSOBILGEF, ~n2,

1 hA@' (fghthreé dinmoperdads. | Dukisg ﬂl&@@ethﬂéﬁ)ﬁl@eqom‘ldds §eleet signals

02a,.1702b d. f ;
S S8 022 S U oo 5, M
oﬁbgié%ct“s‘?énél%aupl@EL@oPSELBtp%? ﬁﬁ{énﬁéﬁod | PRe !a%e gﬂﬂﬁ‘:h 1904
address |1ne 1908a, address signal ~A2 I's sup

latahes iovalistaddress sipeE~AhARd: es°s7 as ﬁelel:gélgbahSE{Léds
BB oD SR el o st o
vé@@@cﬁé‘@aadﬁgs@ rhaas cB11982, 1 eCRY we st sRffal SEL2ak Supplied
to ﬂre group 1702b Vahd adc?ress signals ~A1, ~A2, ...~A7 and valid latched
address signals ~B1, ~B2, ...~B7 are supplied to fire group 1702c as select
signal SELS3 is supplied to fire group 1702c. The address latch 1904 supplies
valid latched address signals ~B1, ~B2, ...~B7 for four time periods. During
these four time periods, select signals SEL3, SEL4, SEL5 and SEL6 are
supplied to fire groups 1702¢c-1702f, respectively, one select signal SEL3,
SEL4, SELS5 or SELS6 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 _
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supplies latched address signals ~B1 , ~B2, ... ~B7 to
fire groups 1702d-1702f and the second part of fire
wgnroeosnodde2c. The address |atch 1904 recei ves adumuss®s/011729
signals ~A1 , ~A2, ... ~A7 on interconnect |ines

1906a- 1906g. The received si@plals ~A1 , ~A2, ...~A7

are |atched into address |atch 1904, which suppl i es
correspondi ng | at ched address signals ~Bl ,

S

R R s Sy SR A1 R A
am%f\/talld)gef aredhg b@gmmrvgmf:theme)m ghicleanchibe tioel pesied lindieding

SERER GOt AT (e PGS 1aBh TR0 1Si50aS iRing Bedimsess signals
O o At chad adg: Sos T e 1oL SLIAHCgAR SRS Iy latohed

address agnalgarEk sBR gna'B7~aﬂiQ vghd iduifisg doe next cydle betvo e time

signal ~A2 to supply
pﬁgggﬁﬁgﬁgﬁgré&%&% naI ~B2 on | atched address |ine
191OHJn oaBctyslz bhmugfpfn@gmdds d992haA702f Weé@@éhé’ﬂaw 1902

ddr L ~ I
SPRbl ST Bt RY, Rar P hugships idggnodl 02b and the

flﬁ’é?l‘i'ia@tséf 0P s saécpﬁ su?EFL | B fﬁgdl & el Ilg{ﬁo fire

address gener at or ress it
groups, 170y, 1702b~am 1?102(1 hAlse, laitchedbaddreds signails AB1, ~

B2,
B g e L i
17 638ETI02Y 8k Yelcdh %@ﬁl@SEL@' SEEh §EL$ and35EL6 GFe %ﬁlied to fire

per t| ne perlo dress |atch 1904 Tatches
g%uns(j R £6d2fs i ieaaddreas genepior 1902-and adldgasisdatch 1904

b0 ihe Sairk adBREBI &Ryt [ds1 B0k o040 3R dtfige adaress
lihex ¢9e©las-a®d Dgimlrmlgg{né cg,/ctl@ﬂ}rougﬂﬁﬁre gro $S1Z?a§/¢{(¢zgt

i gn is s ied to fire gr al i

dar abe ag%‘ﬁ%?r gSagiator 1902 Is 'Sp%%daﬁsﬁawtuasidr%ﬁ&lam 1904 in
Oﬁ?%&ﬁ'?élr%: c as se&%&g sig qde@ pﬁémseagp g’%t |b|r%r$d

pgntbl@pdmezde mcao\dhthwdrmS:gené}@ﬂomm ared addtasd latch 1904
l,Lat ched addr for four

SS ﬁ?,i ?{nfal a.~BJf . ~B
agiBkEnEnd Ghothon, ferg Ty St paseingiadkiries Fignsls wlerA2,
freroadd r’és§§bﬁera$5#490§%—§dé¥é@s RER 1808 iS H‘ﬁ B?dv%ﬁ és°c<}r+1f>§red to

groups 1702c-1702f, respectively, one se
passing address Signals oA ISEAR, perAY ithtougbrionger lmtmcmﬂwoedmes
158@%@b86 1902 changes address signals ~Al , ~A2,

In other embodiments, address generator 1902 and address latch 1904
can be disposed in different locations on printhead die 1900. In one
embodiment, address generator 1902 can be disposed in the corner of
printhead die 1900 bounded by printhead die side 1900b and printhead die side
1900c, and address latch 1904 can be disposed between fire groups 1702¢ and
1702f along printhead die side 1900b. In this embodiment, interconnect lines
1906a-1906g 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,
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to address the next row subgroup of the thirteen row
subgroups after the timeperiod including select signal

WwWeBLB/10345¢ new address signals ~Al , ~A2, . ~AZTAIS2005/011729

val id before the begi nning of t he next cycle and the
time period including select %3 gnal SELL The address
| atch 1904 | atches in the new address signals ~Al ,
~A2, ...~A7 after the time period including select

.S r-gﬁetb tﬁlﬁeﬁflreTgTeubaﬂ 7b2d-1addcesr sddress fatciB1904 sagplles

e valid d he pext cycle before the ti
'ﬁ@h?gﬁd%ﬁ%qwgﬂﬁlss ﬁtﬁ%%l gniBY tathriee firg g5aEPS | £P2d- 1705

t hr oyghind LkamIERDoYIASAL H&%Wﬁgé iiAES g\gég-g 908g are

1902 suppl 1 es address signa .
rouies ajoog psinfteeriadie B hOPeIta betwieensink feed slof 1700 2ad

SEL1 ,,...SEL2 SEL3 d t
TR HB G 2099300 “Trgn BB B85 s 4305s SRGIR e
bAees misfeadal|sts 1504 and32706 . ardetVe@nSHR RtdESiot91 768 and
second part of fire 7’020 and fire groups
1fﬁ62dﬂp7@®re§§ lises é@88§T&O§I§FSEQBted3EQng opelRiffithe length of

t g
AR 38t 10 L 8Pl S5t el B fpargec ring
celie 1201ir fiesl draags Pro2agdizegs einldrthe fli&QJ%ﬁl’r dﬁm’éggrand 1702c.

| at ched address Ilne 19 10a- during one cycle
t hr oug 31? $even lgiches 9%“&637@%06 -tH&0g aee Eaued along the

HRRE (g oﬂ-#&%eé§ s%t%ﬁ%%&@%éﬁ%?ﬁ%g@%&ﬁ%dé g@& Brititd die

I n one“corner ri nthea
sigleé h90@adThe datsheled aﬂ@fmsks laned 191i0at Tty aliccalso deutédGiong

o 555 SR B3 B o e 5900 i di s

1200698 atlddival adartks lined2, 91Oa~T9°1?)9q AR o @éﬁvegn ink feed
ggnerator 1902 to address latch 1904 is | rove
S

i Pé dndo’ s sindpetweendak iagislots +HAD aneLAZOS TheAaﬁdress

B 098 O DGR o R BRORGEIRE R s e

be@lieén ikﬂ@l%edémbtbﬂaa mpﬂﬂthleﬁd Qilé Eﬂbﬂ’godb%?@d h@h@ tR8 other
prlnthead die 19 one_enb

h@ e !ﬁngim)gf '@Me% shnt% 63%& 706 awé 1888&@ eleﬁtncally couple

Bt s SISO LB P e
cmpebda?@&dsmﬂmdz dret WE@2F. fire groups 1702c and 1702f
O B s aS e aubioag B Bl BT atinead i

SR 850 ShTR gl 7T e By S80S 1700
Bachrafiee dats knes 208a, 208c, 208e and 208g routed between printhead die
side 1900a and ink feed slot 1704 is electrically coupled to pre-charged firing
cells 120 in two fire groups 1702a and 1702d. Each of the data lines 208a,
208c, 208e and 2089 routed between ink feed slots 1706 and 1708 is
electrically coupled to pre-charged firing cells 120 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 supply data signal ~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 D5 at 1718 to supply data signal
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si de 1900b. The address generator 1902 supplies
address signals ~Al, ~A2,...~A7 to three fire groups

wWa20Ba045¢02c and address |atch 1904 supplies Pparaisems/o11729

address signals ~B1 , ~B2, ...~B7 to three fire groups
1702d-1702f. In the exanpl e &bodinent, the seven
address |lines 1908a-1908g are routed al ong printhead
die side 1900c to between ink feed slot 1704 and

~D5, raridedatgogdlne ma@asw@ﬁd gcallyl“ccmiﬂbc:( tc?preda@'gl t@di‘n{l? 4%‘&3 O1|20 in
1 t etween ink feed slots an
G ine GRUL DY T 2o e PRl SrBoeloD hriha vot Imgge206a,
| »
20861 208 B ZDek1IEANEIRA SRifeyd B4 P03 208 AELHR dndCupply
d@lt@etgnla% +Dy, cBpr@S\ﬂrtdrvIBVéo pheucgargefdl fmr@ceilsmzo ihZ&hch of

the it st e 1088 4 0B raRciimar L.deith 1inBS 2bs8) 208¢,208e
ahQ1IBgLEOSLtabatddMEShtRé RHyth Bﬁrﬁ%ba%ldtgﬁgbh 9706 Bkd 1708.

feed slot 1708 between i nk feed sl ot
Instead heaeh of thegaia hmg@@@8am%8¢ aaoﬁlseanohmgawoutecbm its

A S R Srdie fob 24t B e Al MRS thef il B Bfpthead
déa dQO%%@aaest ttime ddE! ';"e;gmé?gf’gmﬁ%aupﬁg ﬁgﬁeﬂgg]@:ﬁlaam@s
DB DS aCE B Ca et 4 d BOTSBRackAONgAH@ 900 of
R0 A8 et ot U SRR S8 o
bpndma‘mbaidngls&iesﬂwdlébmmtheddalllmggom Ts gt gﬁ[j Tglofs of

ol eciidangs 20ahnfosd et s aBl e oniad Swesn gk feast slots

1704t SEIREA Batwedt inkife8d $Id L#Fro%%gpmﬁeéa H?e 9.68%@?)%
1702d, 1702e and 1702f. Data |ines 20

Eqeh qfdlsg datalinesui2@gb, b”&&de@ﬁ%andwfzﬂéh(ﬂomed tmtwreeaqmoaeed slots

196 '; J—:‘& lC o d feed eﬁl i17ogr fire
b 0% FRESEE5RY fsBEeeTs g i
E@ﬂ@ 170Rd m)ebmveoz@ ahatiread. CEa‘thbeC{ﬁe B%@ﬁn@QOBW k208d

feed slot 1704 is electrically | ed to pre-charged
2PBf ARg 208 reutegdpatyeendnls fead ﬁpb 658 and pantheadidie zifle 1900b

<oy B e bR 050 235, O Bups 1702

aaHeato2f .c Dlaty lice2p8e ds electrioallg caupled tblpre-rmgcgéd ﬁr]jrig?aells 120
and 1702

el i b P21 28 o S90S e e 192 g
efséﬁﬂg)d%lyccgugfegltggparbfblﬁééd |ﬁhﬁ§ c@ﬂéﬁi@% i aat%t I|n]e7&r%ub‘b4 at 1716
tebepply ideéa signabub#edats lipe208f s gledtri‘caHy ngupledlte pi@@harged
flhﬂg %8 I@ﬁb T adfLii group D6 at 1720 to supply data signal ~D6, and data
line 208h is electrically coupled to pre-charged firing cells 120 in data line group
D8 at 1724 to supply data signal ~D8. The data lines 208b, 208d, 208f and
208h receive data signals ~D2, ~D4, ~D6 and ~D8 and supply 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, 208d, 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
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D3 at 1714 to supply data signal ~D3. Data |ine 208e

is electrically coupled to pre-charged firing cells
wa20simsgdat a |ine group D5 at 1718 to supply dac@us2005/011729

signal ~D5, and data line 208g is electrically coupl ed

to pre-charged firing cells 120 in data |ine group D7

at 1722 to supply data signal ~D7. The data lines

208a, 208c, 208e and 208g receive data signals ~D1 ,

diD3900 Roarat th®datbhes gRRIPYindRé @réu;fﬁﬂﬁ@za-@iozf Tﬁﬁta line 208b
~D5 and ~D7 to pre- chargedflrln s 120 i n each of

anhe238d @regﬁlsg&s@aﬂmgm do .. bans ma@W@d%HQOC @hpenthead

4478502982 AREA008 Q685081 LN d pna e

alorgj sidd, 19£lﬁ)dqufrlrttﬂ1‘eadlldba190mes 208a, 208c, 208e and
208g.is ro edatal|ne gro
= bodegandustye dee e Thame 141 & Beaisd HORGIK eed Siots 1704,

A0 1Gslo B Ay 950 8 IREIEIRS TIHHES 1 e

1(76Qa+‘§d)2tf,oreapbomcehpa?ﬂharﬁm tines A¢4a-20a€ sapplpenetdetadiring
s 20

rS3iStrs Dadn O i G ardna fiRa %enS 1an 30 Gt and iset ak from
d%p Ebhéﬁsﬂoﬁé‘ 60.198QnifBarhR djbctank #8RPeadP8fb §Qr$éraf’d‘r‘130 in a fire

are routed between’ink feed slots 1704™ and
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el ectHriergy variatiormpisatie imaximems pered differénee tepdvserldiSsipated
in four fire groups 1702a, 1702b 1702d and 1702e

thrugh any: twe H&tgarqsﬁﬁ‘é@ %@bonqgfgﬁh\e BEOWRRI150RA 1702f. The
P IR eE B 685t AEORATIORBFEDI feroun
1i70Rasfy 026 labs:rﬂyz_a single fidng iresistyr 5@ps eh@ffizedywherédRé first firing
B B8 7 Mo e 55 Ot BB B eroy
skiHRPFIRE A F|m2nalF|R@@ Tlﬁéuawbsﬂ&n%gﬁfiof ﬁoﬁéﬁgtfbuﬁ@h‘l the last

coupledto pr e- char ged ng& I's 120 in data Iine
figngugsistor&i2 afza ret gfoypdﬁloﬁa @f@s@ila‘lrlnmsmmmsaﬁz inreerow

sBdioleiof FiRbizER byt Puifiontbor ©.5B367 Sanficn [Rustesre

nﬁe gviedh, gRSunchinet dédth, micks tRiIBRMedssamd &1 lehged bmmw@md 214a-
pre- char ged fII‘IﬂBéCGHS 120 in data |1 ne group D8

248t 1Emrqyovayr@él9n§ ai dP4oibgprirentzre pratertas and FRekdy variations
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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 slot 1704, 1706 and 1708, as compared to
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slots 1704, 1706 and 1708. Instead, each of the data
woRoBss0268b, 208d, 208f and 208h is routed to PCE/US2005/011729

respective data line group froma bond pad | ocated

al ong the side of printheaddi2 1900 nearest the data

line group in fire groups 1702a-1702f. Data |ine 208b

and 208d are electrically coupled to a bond pad al ong
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ast
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Nésest Or s -&5(Tlhn@ M5EMOgT UID0RNE  ¢1360BHY7 ed
Layout [contributigns to energy varliation imnclude fi

giring 52%

e
1 Be%

ns

Qi ne wi|dtimeargr ound 35088 w{ dfl Aimnet|A200mint k nd$40amd
l ength|of the firg |ine 214a- 214f|. Energy @Hi‘ﬁél&)o
of 10 tjo 15 percent are preferred jand energx

Dvari atijqngeard to Z075meingeenB1B8ame deerpdowdnd 360nAe

11%
sui tablle enerqgy variations Fire droups 1702a-1702f

Eand firdingares 214H15um 2880ua d |otR79%9ushg 1i1ARNeeH11%

slots 1704, 1706 gnd 1708|to achi gve a suit?ﬂﬁ.lquaergy
vari atijon. The prgcharged|firing gells 120{i‘'n"a Ti'rpe

group 1702a-1702f are | ocated al ong opposi ng sides of
an ink feed slot 1704, 1706 or 1708. Instead of haying
al | ﬁﬁesw @ef@eftablengswa bnegrdire greur Witk the sape fire line,

ST 60 o R SBEIS Brb sl LR Bt Yaron 11
perdentgeests 52 pefrent). aTte erergy variation dlfference is improved slightly
by increasing 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 disposed 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




10

15

20

25

30

group 1702a-1702f are located along half of the length

of each of the opposing sides of an ink feed sl ot
wWQ2MW5/1048606 or 1708. The | ength of the correspeadiusgnos/011729

fire line 214a-214f is reduced to half the I ength of

an ink feed slot 1704, 1706 &f5 1708 from one end of

the ink feed slot 1704, 1706 and 1708, as conpared

tothe entire length of an ink feed slot 1704, 1706 and
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cells 120 in FGL at 1702a. The fire line 214a is

haifdhe dengih o inklzed ot 10 laﬁb@yrmgecélpaes'r r@rflredmef%w

shhffies R ety SIRIEIRER FR B By R 1BFLESE TOR,
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sRIe SHaKk Eé”é!i §I8f 766 9 'é(tér?o% ﬁ&n%ﬁ% é}?] AFﬂ%treeJ Rt f1i768 to
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Fire line 214f is electrically coupled to each of the pre-charged firing cells
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 FIRES and energy pulses to FG6 at 1702f.

While Figures 21 through 24 depict layouts that show address generators
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
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suppl i es energy signal FIRE2 and energy pulses to F&

at 1702b. Fire line 214c is electrically coupled to
weaais/10f4s6 he pre-charged firing cells 120 i n FEBTAS2005/011729

1702c. The fire line 214c is disposed al ong each of

t he opposing sides of ink fed¥ slot 1708 and extends

fromone end of ink feed slot 1708 to half the | ength

of ink feed slot 1708 in the y-direction. The fire

n [ o
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y-direction. fire line esug ies the energ
froing al emmassaw@eamkf@wrpuidgdbe te:malétéa&gnalwe:ge seléct SIgnals
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of ink feed slot 1708 and extends from one end of ink

te Eégures ¢+8 anddl 134 madithe gentash greasdE0iBfkneedokhbepne to one,
70 Af
2 gl AR e Hedoyle8 o il Bred b pHaPl] Burea e

tAatdprofateassdiéguines atdlprebhargetingd atepoaplddapahé %pﬁroprlate
t hat show address generators and/or an address latc

eHRPtneOHALHRI®88d di e, the address signals may be
pr ovipslad ||Bé%n?ébt%?ﬁé§§ pal dDﬁ eBnfiguriglth -reé/¥]\(?é §i§tn|5?s which
ed sour ce,

addr ess si gna S areprovi roma ext er na
pad‘ddgmlggdata W&rﬂa&#/eogf ax_dulna@e;td Ee @Heﬁedmuﬂtmpltovhm data
oyl n the n ad. gl e case,
Rirtalt, D et e e il iaual Yalg life 68 Hs 20" gata line
g@é@ﬁ% by -b8e FraMRie dRHtSdtdress Fa-Fo Gﬁﬁ%zrééfo ?é&b.x?é&nergy
di agranms illustrating contact areas

peiisesiand fopvidestherenergy signals aledd fiee foep Féeévﬁl@ﬁrialthe

<€ v edtufio 6 8 Bl Aoa PGt a4 T 02 " Bround

lige udintd dt \eee 0 G5! -80IBa teOc drdigiudsd prma\ﬁéﬂu@ﬂﬂ patHfer @®ynals that

coupling to the
are conducted by the firing resistors from the fire groups, e.g. fire groups 202a-

202f or fire groups 1702a-1702f. Control signal contact area C is configured to
receive a signal for controlling the internal operation of the printhead die, e.g.
the CSYNC signal.

Temperature sense resistor contact area TSR allows a printer coupled to
an ink jet cartridge to determine a temperature of the printhead die, based 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
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printhead die. Enable |line contact areas EO-E6 are

configured to receive enable signals froman external
weawsaes&and to provide the enabl e signals, e.gPCsRISE®E/011729
signal s SEL1-SEL6, precharge signals PRE1l-PRE6, and

t he LATCH signal. However, if2&hould be noted that the

relati onshi p between the I i nes described with respect

to Figures 4-8 and 11-24 and the contact areas EO-E6
résietbrtohtdit 2088 TSR.00Re & eaéﬁ ﬂﬁlﬁ’ﬂlllze%'sznﬁtf‘@(ﬁtd?étsehge resistor

_provided at contact area EO that is required is
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W'@’?@G{&@é plilfg %igﬁdl vi dual data I|ne groups, e.g
dat a h i@ &HBSEmRS: Q?ele%frfc%lg o C&on@é&%egslzﬁﬁo and
ses an

configured to receive energy to provi
thae er@yhan‘g@daﬁrmgad:ejis@ 20 c@npnmcmdmvéupﬂﬂﬁs 2004 fmontacts

ri,ate fire. rou 2 202f
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&ﬁﬂﬁgeémés 10pe2 i angssedectdines @32act12fimay be coppled to
e},Z,B%q, %"CPC%%E%O gggnal contact area Cis
con ure O receive a signal for controlling the

i nt erlimhoub@beatdtm tedt ith bertaini athbediethahits thechigh Viditege levels
ture sense resistor contact area

dﬁnsaqei b Ia ane @hp@ age\s%ap@r@xma@w #9qlisy wile the inye voltage
IdvRISIgisel e hardie GRS %maowfa sp!? .mdz\é‘lwe@%ﬁ eogﬁésed

upon a neasur enent o the resi era
egdsiments mayusedifierent voltage Ieaelsahasmaéeﬁr@nmmlxd eeseribed
L& n path for signals provided at tenperature

@ eresi stor contact area TSR One approach to

uti | iaodgh @pBeffildmiSodifRpts AR Eé@ﬁ |IFu§trQFe%Céﬁd38gsérfbed
co-owned patent application seri al

heering it wilt ﬁ@ﬁremlatedchyttb@se af eednnaryu %nlbmdbeant that a variety of

5P Ebt S A RaBRb SRR S Gz B oo
epbodiments shicvraadd Riesoiibebnithodiodepdriing fReneHEOsHIFRNf. the
an eI ectr| cal _Ipath bet ween contact areas 2000 and the

PEsené Huegdant i Thisngreliaation i intergast toseaves @niastapiations or
vARRAEbh?MHe spRRlREmbodiments discussed herein. Therefore, it is

intended that this invention be limited only by the claims and the equivalents

thereof.

What is Claimed is:



2006, and the appropriate signal lines, e.g. data

i nes 208a-208h, pre-charge |lines 210a-210f, select
woRoBsgos2a- 212f , or ground lines. It shoul d becnasems/o11729

that pre- charge |ines 210a-210f and select |ines

212a-212f may be coupled to é#able |ine contact areas

EO-E6. It should be noted that in certain enbodi nents

the high voltage | evels discussed herein are at or

above approximately 4.0 volts, while the | ow vol tage

| evel s di scussed herein are at or bel ow approxi mately

1.0 volts. Cther enbodi menCd-AMyp use different voltage

| evel s than the previously described | evels. Although

speci fic enbodi nents have been illustrated and

1descrA fheid djectiimdevite wohiprisingappr eci at ed by t hose of

or di nar slflijl in the art that a variety of alternate

and/ V'né(ﬁﬁ Val ent inpl enentations may be substituted

fortsiha BRES bbAfigureadb PEELi%e SR W b RRCEhACd

wi t hout departing fromthe scope 01§ t he présent

i nvedn address genaiaion eenfigvned o iqvetredeudses froovthe saries of

t.atj riatiqns of .the specific odi nept s
PS80y e AL paRE8 Sinits B Rpehte i Mirciccentes
usesnihereinehé iset bEad@eky sinaldm ' iri
plequi val ents thereof. What Péh d alﬁeﬁtﬁt@&%%ﬁe flerlng cells
fon agtiyatipRct i on device conprising: firing cells; signal
lines configured to receive a series of pulses; and an
address generator configured to receive pulses from
2t he Seéeifasd efeqiohsievicenof dainel alvheis te ériclol BifsSes is
SFiPéaqal S i r{ response to the recejved pul ses, wherein
repgAted angithg adiess 9enRIalaY is sonfigied do generaieasaries of sets of
HFd i [ j : f e j ection
aggﬁéggsl%fél%ﬁ%i?%pﬁ% &htg?lgéla ﬁé’k%ehagmgesr i %g d&lb' u%l?l%]é es is
repeated and the address generator is configured to

generate a seri.es of.sets aof address signals
37 oo pnEd! b BiESHOR elRvice, ol Zeungiein, feeiossof sefpf address
signalgis§ire¢itiedin @6 pdhdigdddhied. of MRk &ddtimhBSIoRe! | es
of sets of address signals is provided in a
correspondi ng series of address tineslots.

4, The fluid ejection device of claim 1, wherein each signal line of the signal
lines is configured to receive a pulse in the series of pulses and the address

generator is configured to receive six pulses from the series of pulses.

5. The fluid ejection device of claim 1, wherein the address generator
comprises:

memory elements configured to provide an active output signal in
response to the received pulses; and

logic configured to receive the active output signal and provide active

address signals in the set of address signals.

6. The fluid ejection device of claim 5, wherein the memory elements are
adapted to provide a series of active output signals in response to the series of

pulses. ,



4 . The fluid ejection device of claim1, wherein each
signal line of the signal lines is configured to
woeesissa pul se in the series of pul ses and t ReT/US2005/011729
address generator is configured to receive six pul ses
fromthe series of pulses. 5130The fluid ejection
device of claiml1l, wherein the address generator
conprises: menory elenments configured to provide an
active output signal in response to the received
pul ses; and |l ogic configured to receive the active
Tout thhesﬂLgd &jeciion daving ofkclaim Bywhatkin leqgugreﬂes,vesrthe series

oG byt BERFEENT RIS pReripfpy GBS 4ars

résieaisetotthe pefivs ¢ astigebufit 8ignafd. i ve output signals
in response to the series of pulses.7. The fluid

ej ection device of claim6 , wherein the |logic

8 Ce Vil dSRT a6 oo bophisig; Out put signal's and

provides a“series of set address signals in
r espenslardlity ohirirgecellss of active out put Si gnal s 8. A

fluid L
i1 R Tedieadapted Kefadend anEhPlly SaRaldiming.cas oy Ryisgs: and
Si gnaln ARrbEY gBREFWT EBHiREPed &J‘Sro%iﬂé‘é’@éﬁé§ ogsaﬁfe%%ﬁgnms

configured to provide a Series of address signals
adapfactiy erabdafiing cells pﬁ@wecneluraunoof immg pﬂallﬁrlala sweﬁ of address

ties e 2 Y En o Prf S 8F sl 8 Bnaeyparise during

ea@h iofghe& adlreet tiniss|aiddn €8s skl of aldreks tisIse tb enefdize
address tines|ots to energi ze sel ected enabled firing

sg[gqt%d epabledt{iging|Ggllg. ej ecti on device of claim 8,
wherei n the address generator conprises: nenory
el ements configured to provide output signals; and

9. ogi Thedfid gjeotidntdevicecefi claim Bewhetghthesaddrelss gandrator
provj de the series of address signals in response to
CPAWTS&Eput signals, wherein the logic is configured to

prov'nqénbﬁﬁe|§ﬁ{én%§csﬁf.@9e W roViBe Bl Bicrafs
PRSP B S

sequence I'n response t brOV|d|ng
t he $agic esnflguradfto rreq:elwmmbuwdqa@nals amblptdwdé t series of

aﬁanfl %glﬁ s m I srp%\ﬁsg%o the ou prult%Tc’gn%ﬁs W derrgﬁ’lsthgllg&%liss 'n
configured to provide the series of address signals in the first sequence in
response to the memory elements providing the series in a first output sequence
and the logic is configured to provide the series of address signals in the second
sequence in response to the memory elements providing the output signals in a

second output sequence.

10.  The fluid ejection device of claim 8, wherein the address generator
comprises:
first memory elements configured to provide first output signals;
second memory elements configured to provide second output signals;
first logic configured to receive the first output signals and provide the
series of address signals in the first sequence in response to the first output

signals; and
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the output signals in a second output sequence. 10.
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address generator conprises: first nmenory el enents

configured to provide first &8t put signals; second

menory el enents configured to provide second out put

signals; first logic configured to receive the first
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out put signals and provide the series of
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the second output signals. 11. The fluid ejection

devi ce of_glain18, wherei n the address generator
Tdenpringsuid gigriion davisrat daion A1 wherala the agdwss generator
Cngg%bs§ignals; first logic configured to receive the

out'put signals and provide the series of address
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signasl ots. 13. The fluid ejection device of claimS8,
further conprising signal |ines configured to receive
a series of pulses, wherein the logic is configured to
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series of pulses. 16. A printhead die conprising:
13.  The fluid ejection device of claim 8, further comprising signal lines

configured to receive a series of pulses, wherein the logic is configured to

receive three pulses in the series of pulses.

14.  The fluid ejection device of claim 13, wherein the logic provides valid

address signals for three consecutive pulses in the series of pulses.

15.  The fluid ejectién device of claim 13, wherein the logic provides invalid

address signals during three consecutive pulses in the series of pulses.

16. A printhead die comprising:
a controller configured to generate a set of signals;
a first line adapted to conduct first pulses;

a second line adapted to conduct second pulses;



a controller configured to generate a set of signals;
a first line adapted to conduct first pul ses; a second
woios/1asigpt ed t o conduct second pul ses; a firstPgrasposni1z2g
resi stors coupled to conduct based upon the set of
signals and the first pul sest32and a second group of
resistors coupled to conduct based upon the set of
signals and the second pul ses. 17. The printhead die
of ¢ baﬂrgﬂ @r@upvéfeéelsfbré keuprRatb %h@ﬂcﬁéééodﬂ@oﬂ e S&tlof signals
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1§r [ ntT hezrrinihead diepfeiaim 46, Wharedn H“Q P@an teqller &P”W@ﬁﬁl S

i ncl udgsi i \Aﬁezﬁﬁcilﬁcjelﬁgrasﬁluﬁéll %f% QPEQESE?Eﬁconflgured

and wherein | nt
te pedvideat keaShenéloumutg;lgnad); of reS| stors are coupled to

duct t t of
St at & R FeSebrena et B i pus af e St aonats:
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the set of signals conprises a plurality of states and
wher @i plutdiity et switchesr eorfigotedisal that ad leas) twaswitebes kéthe

p?urallty of switches is coupled to receive an output of one shift register cells and
wherein one of the plurality of switches is coupled to one of the plurality of

. outputs.

20.  The printhead die of claim 16, wherein the controller comprises:
a shift register configured to provide output signals; and
logic configured to receive the output signals and provide the series of

signals in response to the output signals.

21.  The printhead die of claim 16, wherein the set of signals includes at least
a first state and a second state, and wherein when the set of signals are in the
first state only the first group of resistors are coupled to conduct and when the
set of signal are in the second state only the second group of resistors are

coupled to conduct.



of signals by the controller.
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22  The printhead die of claim 16, wherein the set of signals comprises a
plurality of states and wherein the states are provided in a sequence as the set

of signals by the controller.



