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5 FLU D EJECTI ON DEVI CE Cross-Reference To Rel ated
Applications 10This application is related to Patent
Application Serial No. [Not Yet Assigned], Attorney
Docket No. 200210152-1, entitled "Fluid Ejection
Device," Patent Application Serial No. [Not Yet
Assigned], Attorney Docket ,No. 200208780-1, entitled
"Fluid Ejection Device Wth Address Generator,"” Patent
Application Serial No. [Not Yet Assigned], No.
200311485-1, entitled "Device 15 Wth Gates Confi gured
In Loop Structures,"” Patent Application Serial No.

[ Not Yet Assigned], No. 200209559-1, entitled "Fluid
Ej ection Device," and Patent Application Serial No.

[ Not Yet Assigned], Attorney Docket No. 200209237-1,
entitled "Fluid Ejection Device Wth Identification
.Cells,” each of which are assigned to the Assignee of
this application and are filed on even date herew th,
20 and each of which is fully incorporated by
reference as if f th herei n. Background

An inkjet printi r@@éﬁgﬁ{-' PE¥IERbodi nent of a
fluid ejection system may include a printhead, an ink
suppl y that orOV|des I|qU|d |nk to the prlnthead 25
and an el ect&rass-f o iRelata ;

b i aaslioatl %&%@W?*eﬁ?éﬁﬁﬁaﬁ?ﬁg%ugﬁﬂé Rt st 1
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20020838@-&denﬂﬂe©|ﬁ Eluid Efetion EIeIVlt)éSWitﬁ WeldrddaatensraRer Patent
uen ct| 0 4 ink 30 fromthe nozzles causes
AprigtomSeral s THPhEet Assignest o 120031 148504, aRtkr DavioRt
Wltlﬁr@HtéETCBﬁﬂéJP@d m'i LB&;BI Sﬁdcﬁ&s& t B&teRf Aﬁbhc%dh @r ﬁﬂ @6?0'

relative t0 each
YetuAﬂsjgﬂedmetZOﬁgO%@Eﬁ émntﬂhé PiuichEjestien Bpmce,§ and Padentps

APrIERAUE S fANG TRobY o AliHal MR ARPBER NG 288287 1,
entitiedt &didvEjebtiemBevtice Wit identiffcative rCEeIIs$ @@abh aswhivhraréi | m
s,.referre to pt<la.lrenas resisto

ass{qzlgigﬁtﬂ g'rnq ﬁgﬂgpﬁ@ Q fation,ang gre tl le c? on even da{e hereWIth,

and each of which is fully lncorporated by reference as if fully set forth herein.

Background

An inkjet printing system, as one embodiment of a fiuid ejection system,
may include a printhead, an ink supply that provides liquid ink to the printhead,
and an electronic controlier that controls the printhead. The printhead, as one
embodiment of a fluid ejection device, ejects ink drops through a plurality of
orifices or nozzles. The ink is projected toward a print medium, such as a sheet
of paper, to print an image onto the print medium. The nozzles are typically
arranged in one or more arrays, such that properly sequenced ejection of ink
from the nozzles causes characters or other images to be printed on the print
medium as the printhead and the print medium are moved relative to each

other.
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5 vaporize and be ejected through the nozzles.

To eject one drop of ink, the electronic controller

that controls the printhead activates an electrica

current froma power supply external to the printhead.

The electrical current is passed through a sel ected

firing resistor to heat thg ink in a correspondi ng

sel ect ed vapori zati on chanber and eject the ink 10

through a correspondi ng nozzle. Known drop generators
a correspondi n

| ud

o Sptabivelid bRt Biina. et be bAninegteincts ink drops

thrégH mdiziis Wnaptdlseﬁééhﬁgaéfﬁaﬁ?v&hﬂfég of §rfk8 E‘EHEH% végorfyaﬁgn
nera(rT rsin print head has | ncreaseg

chag'ptpqz{fs1 gueé @d‘legltgg with ginallielgciricheaters; Badses Itmn tf' Im
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or s TS BREEORAIRR o Mk, 18 PBERGTE OME0s it cantlsthe

pnrtth:eadeaq:twatbm elepticalafren® frBhpé( bgﬁe Pé’N}ﬁﬂy EReRTH O
tor One in pad per firing resistor

P’"BE%%FLEJE ?3‘5{{59% Qe & E@?@eﬁldh@wh rselected fring msistor fo
hedt e PRIF 8-corespEndibgBEEcRY \%Egﬁzaﬂ%etf@w& #i'e Jécﬁ RS ink

pad is significantly Increas I'n anot’her type
th rqsmhrﬂ srrEReReadingdIazEieni Knavesdrop geneterspioslede befinig

residt s FETeHRRind Parrizatorl Wnbet” ik Bl petatiiing pprele
wi tAs inkjet pontheadshaveaenbivets thl almbeoo drep gahbraddrsan a
orr espondi n%ﬁfl eld effect, transi Strg@o(FET The gate

prinfije IPEFRaSRd 10 ERRMRYVE PURtIng spesdAndior gialins o Hig incmage
in tRe nmbégbﬂ&bk/geﬂéfﬁt@%%ér BftheBadhak FesiRaad a%r@éﬁéﬂ#ﬁh§

rimtives nuf acturers conti nue reduci ng the

incrgase Hpthe ryirRer oh innuk prds Eqyired e mnmmbea@ﬂnedp@@erguze the
inci88SEd AliRb3r SfirthoRELRIREAth Sietypl df bhiRfREA M dlineer

I'nput pads typ| y costs le na pri ea
resigtor és cmm!ed ’[:maisorrﬁmdlr@ ippuimatmblad)rwme pmnree talemgrgize

3 R S R i i p

nuqﬂmrtof@uh@resn*torstma@asmt h hei ght, pri nt head die size
not signifjcantl chan e vvlthaé,(a,n i, n¢r eased nunber.

of degpeReT &t Srop genetaton BEN igauRad issighificantly dgreased in
anoti hédtehaving PHTRRES Ofa élﬁ@é?oﬂr@?feﬂeﬁbﬁaﬁpower

prin hea die Iayouts can becone reasingl’y conple
to all firing resistors in one primitive. Each firing resistor is coupled in series
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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For these and other reasons, there is a need for the
present invention. 5Brief Description of the Draw ngs
Figure 1 illustrates one enbodi nent of an ink jet
printing system Figure 2 is a diagramillustrating a
portion of one enbodi nent of a printhead die.

Figure 3 is a diagramillugtrating a |ayout of drop
generators |l ocated 10 along an ink feed slot in one
enbodi ment of a printhead the. Figure 4 is a

nuflbSRET R ARG SR EIBY penk o R LLrng cell

corﬁplgure 5 | s a schematic diagramillustrating one
e He églnlnkjet prlntheadflrlng cell array.
15 i‘HJ- gsqand ohes krRseRs; ets g Bead for tha presenignuerdion.
enbodi nent of a pre- charged firing cell.
Figure 7 is a schematic diagramillustrating one
enbodi ment of dArigfllesception oftha&xrdwinigsi ng cel | array.

Fi | | ust t
oI gﬁgt eS]nillg t?zg%ég}égn‘%nﬂj %ﬁ?ﬁ%@%skr Plf"ﬁgn%%\rqte@r ray.
F| duigure® issa diagiamy illastratings poriond of8 @nERdLAESTty Of

Wéﬂ ess generator in a printhead die. Fi gure
®a di agramillustrating one shift register cell

| N Rigwdid ik o ¢igysing Mustitrigos Ia%ro@ip& drép @eﬂér%%r@%cla{ed

|Ilustrat|n%}éa direction circuit

along & ik feed s ﬂﬁPF¢G§'le§tm$i§Ctﬁ|§‘d?f@¢hQﬂd die. an address
gerﬁé%%ls'dﬂlég ustrg??ﬁee%b%‘i ent of%ngﬂLég@dlz 'S

timng diagr Ngoper At o] ress
empjeyied it ore emboﬂlmeréw‘éaspﬂnmeadaﬁe on. 30Figure 131s a

o 5 A B 5 R ¥ e

printhead firing cell array.

Figure 6 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell.

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

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

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

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

Figure 10B is a diagram illustrating a direction circuit.

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

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

- Figure 13 is a block diagram illustrating one embodiment of two address
generators and six fire groups in a printhead die.
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4 Figure 14 is a timng diagramillustrating
forward and reverse operation of address generators in
a printhead die. Figure 15 is a bl ock diagram
illustrating one enbodi nent of an address generator, a
latch circuit and six fire groups in a printhead die.
SFigure 16 is a diagramiljustrating one enbodi ment of

a latch register. Figure 17 is a timng diagram
illustrating an exanpl e operati on of one enbodi nent of
a latch register. . . Figure 18 is a diagram

1 PR A 'gg tBe0 Siaskamnilustragng forslardrad srvessr pperation of

addpdis derfeRilofd Brla §Mthead 8fal gure 19 is a diagram _
illustrating an address generator that uses the single

di Fégre d# is kikleck diggraneiilusteating: aneperobodienent! of @ adsress
e o s o 2
gen AR Ea e 80 Sl SEAIRBIR A NER B8os” oL oore

ustrati an address
di Fégre ds is hidiagraeglisterting@ne ambativeertvfid latdOiegistsr, t 0

provi de .addresses in 15 forward and reyerse

G FULE 9738 5 TH0S dlagrays 1L R0 an Gragolrpparation shaneng
emigitlimsangd £latcyredistetf one enbodi nent of a printhead

[ " Figure 22 is a diagramillustrating

di e, . ] ) ] ]
anbidiee 18dpadiagsam ilisteingene aralasliment ofeneingleistigictiomt

shiffegfstd ddit head die. 20Figure 23 is a diagram
I Igustratl'ng a plan view of a section of one

enbéglired Atis afdiagrami itudtadidg dineaddress geneFatguthat 2des thea

singl, ARG R el (o R Bu A B 7 biroBardaRy Yokarss o

diredii@grans illustrating contact areas of a flex
[ rcuit .that ma%d,{fe utilized to coupl e external

g?hgﬂrg ,29 I$ 8 déaqﬁ\, ystragingap address generator that uses the

single direction shift register cell in one shift register to provide addresses in
forward and reverse directions.

Figure 21 is a diagram illustrating an example layout of one embodiment
of a printhead die.

Figure 22 is a diagram itlustrating another aspect of the example layout of
one embodiment of a printhead die.

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 {o 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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Detai |l ed Description In the follow ng detailed
description, reference is made to the 30 acconpanyi ng
drawi ngs, which forma part hereof, and in which is
shown by way of illustration specific enbodinments in
whi ch the invention may be practiced. In this regard,
directional term nology, sgch as "top," "bottom"
“front," 5 "back," "leading," "trailing," etc., is
used with reference to the orientation of the

o FL glr e(s) ,bei bed, B ts of
bagh ey it S rs deer wih iR ianeh 16 JiF sReraten pbined
Figiit(€) binpasscibeti fB@éaﬁﬁE BRAbAIS! b ddifiefils/d fhd ONnal

term nology is used for purposes ion and
present;ipveiiofeande pasitianed in atnumber @f Hiffeterd @rightations Hhé

d structural
creRABE8 EFAIETE Gocilr Bt bd P AL PR S i | e
limitingpk isfo behencﬂ:eretnedtthatmtbeﬁemhodlﬂﬁbatsf mh (Y umzétﬁaﬁd | ed

t her ef ot t
stru U orfodigdoraGES 1 e B0 Bitg Ot dipagtint Bom e seome 6
the ipseséeit invedtiény, m@f@l@nﬁrgd@iarréo%é&npﬁ&ﬁtﬁéveﬁaré is g?ot to be

|IIushmat es one enbodi ment of an in Jet prin

takey 2 MBI SeRRE ANGINPRCPR Ok etsaserd uamnpnumdefme@lrmj

the @BBORHEALingd. @ fluid ejection systemthat includes a
© PE ée&aec'tl on device, such as inkjet printhead

as fdﬂﬂjeyﬂ ifgstradesione Embpduwﬂplf @n dregatringing sysfen'azo i n k
BB ot Bl TS B R SR, B

thatdinsladis ¥ fluk éjéctmfmb\dtm ebel¢ bs Q'rhdjét p¢mme”a@| ds@énf&@,f 2Atand a |
f ({/east one @uepsg row des t he
uid, SR GBS uchi K st e ermbly A ctheshiiet Prieting

_sysfY$ eAsinclLBed E%&Iﬁ?ﬁ? I243B8Mbly Z&Ja%eﬁlé'tfgrﬁﬁéﬁ assembly

assenbly 22 includes at | east one printhead
28, pp¢l anreigeiraniecograllsa80.c Ableast enepewer supply 83 pw@ﬂeSa
pov%é gcls Eﬂrﬁ \%%’10?1“5 ecl’édtﬁ%aq %ral Bn%r‘ri]’ttéo%lf ﬁﬁqé?rhﬂ%ﬁ%ﬂgt%%m

Pr ilnnbheaemmialimentomkjaphntﬂneadlatsserhbbr 42 inciddes etleiastone

prinﬂ,eéagf&rmﬁ}benag{ die %g;{ﬁ’a ecga %léc?pes cg’dﬁla%%g@fg p ulf'.l:;lltltg,‘?l %jf €
orﬁbé@ﬁﬁﬁ@iz@é&lirﬁﬁowd‘rbl|a3f5nntf1ﬁu‘lhrﬁ 3eava>da§ i&ﬁartnt lefito print medium
Typic nozzl es 34 are_arranged. i

36. rinthead XO is one embodiment of a fluid ejection de\nce Print medium 36
may be any type of suitable sheet matenal, such as paper, card stock,
transparencies, Mylar, fabric, and the like. Typically, nozzles 34 are 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 retative 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 fiuid, 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



one or nore columms or arrays such that properly
sequenced ejection of ink fromnozzles 34 causes
characters, synbols, and/or other graphics or inmages
to 25 be printed upon print nedium 36 as inkjet
print head assenbly 22 and print nedium 36 are noved
relative to each other. Wigle the follow ng
description refers to the ejection of ink from
printhead assenbly 22, it is understood that other

1 ds, .o mat erials, including clear

S“FlfFi'ﬂ 5%‘95%\// 24 ang; 'B%?Lwi%%@ﬁe Bssamiede Oaai@rm eifhara one-ay

ink livdsy SyBiehY 0§ St rﬁ%
Sm gssen‘gl y proe?éélgg"?ﬁdél?g prin ead agééﬁ%q'bb%

deliyREy $¥RiaT cRubsiantial Al of thesk pmvmdono. inkjet printhesd assdmbiy
K] th
22 S Vori MR ARG HRRES. 4 rodirel B M CmE i Peqnty 2

portion of ﬂ‘@ﬂdk ppsvidedl tp Rdtiosed dssemidy 2ZI€§ccﬂlsgﬁ‘%deh‘lngnk

I
oy Y55k kR Sondunf iy st Fetverest toja sumoly
assemidy aatially all of the ink provided to inkjet

prlnthead aifenbl 22 is consuned during printing. In
a riBOne&mkadimgnt, mkitarinthead aspembly 22ang ink SIpphy t i on

assBb124 ahkn Bl t@ﬁchEPeréﬁ R BEASRE Gy 2Pod Ricet

consuned duri ng con
cartifigge oy Pgnulmaneume@drreemtrqﬁedlwd)ejnenkorsd@pd:ey Hsenmﬂbduy 24.

L. L nbl
emb 5L S0 ST i B SA T inty i Aty
22 amk pedvidesrink talipkjed pripbead Bbsernbly) 22t thidughadri inteieeOr
corbEBi 58 SR L hahaP kA o hiod e
38 & iARSUPKY %tss@hbgtmﬂay %éfreﬂ‘bbéd 2r%pﬁ169d pérfer/d,rdﬁégnéw Kintdhe

i nkj et printhead asseib hrough an i nterface

embertiment.ivdrere fkiat pa@tf@aﬁﬂsﬁsmbdmaod] ik suppirgssembly 24

are L?tugéﬁ tcgdgﬂfegr &ggggnk,é@%.gggrréé ()rrds'rxggﬁpg@gxoc%??&zgva‘r

locatsd ewlﬂmoﬁﬁhemaﬁ,ndgﬁ and ma;kqaleo ipnilude 4 Eageraesenvbiryoc2®edind

sorb BRI SRR A6 AR BB e Terves
refill Seclowaliresérociat Adcordinigly) tﬁ&@epaaraﬁar gk rasshvORYanaloF dhe

include a | arger reserv ir eparatelyfromthe
locqjéﬁqryg@@ay%e remayed; ep a?’é‘?@r refilleder reservoir

Semy&snting sggfﬁg iehsoé.ﬁ&ﬂ inkjef ﬁMHé d a§§é}fhg gng}Ebétivé'Et?

separ at e, E{a reserv0| r and
medl@é@mpoﬁt aﬁa@mblu ZBeQnd/r@eduartmsaoé@ssamwycﬁB pefifidriseutint

medBiflie BRI driheRaR Aceliy 28] Thub'd Biliafe azgs
deﬂaeg Iaﬂﬁdﬂegt t:)rrmztz}@sém Iammh)beﬁﬁeeg?ﬁkht pl;mztggad afséembiy 22
and i adignida. ThigHe asmpodimgah iMkial Padiea ReopBDLAS fia

scaﬁl‘nngﬁyﬁé‘ ﬁﬁtﬁé‘a@ﬁ&éﬂﬁﬁﬂr' wﬁ@kh%bnﬁms@ﬁﬂﬂmm%&%

medi um n one enbodi nent,

carr@g%&%a@%@sfeﬁmoymznmt prirbeathassembly 82 pseljiahvmtsmedla
trar@.?ﬁﬁ'é%é!m?ﬁ?t B n'ﬁ?ﬂpme@%n?éée'wlﬁxﬁotﬂgb ?lﬁlﬁbﬂgrge@tﬂnkjet

rriage or noving i nkj et
prinflyseinddsenitly P2 isaa noe-stanmieg hypet privtisgsot asmﬁ&yrbAg sﬂ& to

mourﬁ% rs'epntblynfghxes lnﬁje’t prn nthe égge[.erﬁ&b %%'a fescnri)éd

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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printhead assenbly 22 is a non-scanning type printhead
assenbly. As such, 30 nounting assenbly 26 fixes

i nkj et printhead assenbly 22 at a prescribed position
relative to nedia transport assenbly 28. Thus, nedia
transport assenbly 28 positions print medi um 36
relative to inkjet prlntheﬁd assenbly 22. 7

El ectronic controller or printer controller 30
typlcally i ncludes a processor, firmmvare, and ot her

el roni.cs, or any conbination thereof, for

co fesue confralier AT iifetenitroder 36 fypicay énclystesrg pmdssor

FmgERE i o BB e Y SEMARn ANLCAR bR
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hos?ﬁg;ﬁér@pga:étﬂa@h e;@trfpmtércgrt]dh 08 %ﬁ?gﬁ% Lédﬁ mrégigg] \:Ug t%ESFanly
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elediidhib, wﬁ?éréd ﬁt‘ﬁﬁf GFo@leP rifé¥mdth tfa‘?l"sfér'ﬂaléhﬁt Dgfaligﬁ ing

system 20 a includes one or nore prin
repr@@ﬁnﬁnfﬁng example, acinviment pad/endiedo e prtmtelh eAeabu:IdldmmBQ

oL B SoFRp B, SR D RO hoghl BB

conﬁnarﬂméndleﬂmhmnd@amﬁterﬂ l er 30 defines a pattern of

ej ected k drops t form char cte nbol

o 57 65€ siboahot alBiont ShRlgIEE SBirophpisintit it ens
assé'ﬂhﬁlypﬂ fo efecibn Hinki RepLHomMozEca%. | As S8l eEBAICPY

the print_ job comands and/ or command par aneters. In

Gontfﬁl«l_ere?r%f&ﬁa‘m@@m pattesn pEejepied itk deapsdbatdatn gharactarel udes
[

symBiOR, BRURY B8R e tRlons on e ety o6, Heatiom,of
ejeqted imkidraps @sﬁwermmyed by tienprintijole cammeande mipddir wenmmand

%klgﬁé printhead 20 assenbly 22 includes a carrier,
PArIAFENS carri es printhead di es 40, provides electrical

colnrone leatbd?a;lgnmtt iéﬁ@tl pﬁntge‘adm ];alaslenglblgszzélaclaads eheptintehd
ontr er an vi des ui di nmuni cat.i on
40. B @nether gmhadiasel. ket POIEAR SRRMBYH 15 SuSEASTEY 4.
mull JrIT-%HH%r%tﬂe%daaéébﬁﬁ:'lﬁqh'danﬁﬁé%ﬂaggan%da%bhp'ihk‘ﬁi p?iﬂfhead
odiment of a 25pri nt head rint

assambiyrie? inglsleam carviely whichmairigs piintoead digs dOep@MdEﬁg

o ETED o G AR By B Ber o,

andtprevides fluidic conefunicatiorf etdeshqrintteagrdies 4@ snd irdusypply

‘assgr%!blylsf%l dink to printing elenents 42. Ink feed sl ot

ne enbodi nent of a fluid feed source. O her

mﬂgfnrwnbfa mégr{awudstfamg afiﬁcbm@l@%f bihs btedipréntafa 30
|

mted to corres i ndi vidual i nk feed hol es

pnnﬂp@a. ig 400 rihespbthgaddio éBdWF YRS InaTARRbRMRting Ry fluid

ejedmptéiéahsn 204 tﬁﬁntang%rérﬁsﬁksu@e&e h&Pndd G a%asgtréteeﬂ  which
respon i ng groups l'uid ejecting el enents.

hastan ink feachslot 4Gitarmed tigeimsAsiauch, ink feed slot 46 prowdes 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 muitiple shorter ink feed trenches that each feed

-corresponding groups of fluid ejecting elements. A thin-film structure 48 has an
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8 ink feed channel 54 formed therein which

communi cates with ink feed slot 46 forned in substrate
44. An orifice layer 50 has a front face 50a and a
nozzl e opening 34 fornmed in front face 50a. Orifice

| ayer 50 al so has a nozzl e chanber or vaporization
chanber 56 forned therein ghich conmunicates with
nozzl e 5opening 34 and i nk feed channel 54 of
thin-filmstructure 48. Afiring resistor 52 is

ink Bt oHePREF o4 fele SR WAGh BB Sdrietes whf i feedisatyte
formenﬁirr siidstrate 44leAﬁ|@}DIF t€ RiyePB0 Bhs &l fRsHt fédé%ﬂacéﬁd §Mozzle

iﬁ?ﬂqrse ec fr ri Bg resistors. A drop generator
opeggigr e i GORRER ROfnEITtiGe aver PP bas 8 norzigzhamber
or vﬁpéﬂiaﬁioﬁ%ﬁﬁﬂfer ‘56 YRR herdih M HRAInkE e%%kr}g?zz&%

nozzl e ’Edpenl ng During printing,
openingni4 and inkdged rsbannﬁt 5¢ of thipdim stiuctore 4B.aAtfingF6sivion 52

is prhoﬁ&F@nt@H%&Pﬁll%ai%n cjﬁ%ﬁale? gﬁg@ﬁé Sé%é%ﬁg{{?:e a%(la.?[/ !‘F)s/

associ at e iring resi
fi rlngfre$lsmor a2 tdn cincuity oomtnﬁﬁngxhecdppmronﬁﬁ efdctric] eatrent

I tantial | I
vvob s UL RERTREESRRN o e Bt 5 Gt
incluEd fifig3esisfR 522 AeFAé shaabef of dpoRgatidhséiing rﬁ% and

npl e enbodi nents of printhead dies 40 1 nclude a

nozgﬁ%@,g@gmgp}é} nthead, a piezoelectric printhead, an
el Mlhgz)tr@hh§ iRk ﬂ&k@ﬁ@ﬁ? mere&f‘M?Pt%tﬁg véﬁggﬁ%@n EhdthBer 56

] _ekectl‘ ce known I n the ar
via inlsfegd ehannel Ao l‘@znlﬂlqnenlr@y&flr issiperativelyeassBuiatad witle fidrg

et S B e ol bR HhAE e SE Y b
throtigh mezzle @penmbLBﬂe(e@QSLMStammﬁy naﬁml\tath@ﬂaﬁé of fi rln%

%at I‘ﬁ{] ers of siljcon dioxide, [ con car hi de,

resigtdF Peband et orint Greiim, i ChoR poriaimoLeTesBiordzner

SUEkakipke émbeainfints dhprinthédddies 4o Ghdlide 43hertlat Bnnthead

i ncl udes at | east one conductive |ayer, which deflnes

a piezqslegfric pEnibead, apelgaitostaticiriMbead. orany ofigsdwererfivid
ejec.%@ﬁ a‘éQngLk‘ﬁbWﬁP Ig‘?é/t t 'XBh 'b%eﬁtelg!"?fféd ﬁﬁ?%ﬁtl—layer

al um num alum tan um al um num
structuner Substaatedn mﬁtrHIedafdr eyample, oﬁahmm @dhsseneranfac rorrag

[ 1 t |
statfi ol e 8y it stlefie FB AR 1 M & mBtE 1, 56
pasﬁvéﬁdr’f &t ifsdAtiGNAyeRi of-sllicbMdidxides sifieen éﬁrbndeﬂ siigBn nitride,

nbodi ment, orifice |ayer. 50 conprises

tantﬁwm Foiveiean B@Sép@wh@bsmf@&!ermak%aal e'ﬂé!ﬁrﬂ'f@ Strygtues 4By
i, HAIAUSA BB S BT NGT Rt S g
leadsPH8a lnrmewnéxadimenb rthq;gmdtmhse layer mgn$¢ﬁecﬂon exampd@.u |
alurﬁ;ﬂu}i{, aold??e}n‘?é'lbm',\'?antgu%@gluél%m,V@r' ocfll?elJ metal or metal alloy. In
one embodiment, firing cell circuitry, such as described in detail helow, is
implemented in substrate and thin-film layers, such as substrate 44 and thin-film
structure 48.

In one embodiment, orifice fayer 50 comprises a photoimageable epoxy
resin, for example, an epoxy referred to as SUB, marketed by Micro-Chem,
Newton, MA. Exemplary techniques for fabricating orifice layer 50 with SUS8 or

other polymers are described in detail in U.S. Patent No. 6,162,589, which is
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9 herein incorporated by reference. In one enbodi nent,
orifice layer 50 is forned of two separate | ayers
referred to as a barrier layer (e.g., a dry filmphoto
resist barrier layer) and a netal orifice |ayer (e.g.,
a nickel, copper, iron/nickel alloys, palladium gold,
or rhodium | ayer) formed oyer the barrier |ayer. O her
suitable 5 materials, however, can be enployed to form
orifice layer 50. Figure 3 is a diagram

herdih s o B BP e e ued 501 formea
of k@ edparate lagérsi refdrtetits anpPBaagldyak(d §ed cﬂl ﬁfm Eh&%srﬁéiéf‘

ong eac

nerators 60 are di Sposed
barfifdagish 3aT AahT HROTSBILST 46 S, SRS eIGbORIR, HEUNSSIcow,
paligdiu, 4o of it 1yey el 8LSr hatArRd 18N Bihoksifpk

sl ot m dr Op generat ors ong
matpgalg, m%@ve@ w s emplayedito form oliifine lggareitat or s 60

et 2y 4 ed it N8B0 BaR bfcralels ooy slonadar

feechsiotf imbnd embodimﬁnt 46prmttiead digldl. Sink@8edl5I0P46 includes

ner at ed a ach of the o osi ng i nk

oppAgHe i Bed sl elhelsecanl 4400, Bioe GfiesAtorsSGamAPpRs s,

alorgreacﬁmtbfttn@ bgpdsr.uﬁ@ﬁﬂ( f@éd ero@ aldes ﬂ%é%‘nﬂﬁ%bw\ fRA % drop
i sposed al on sl ot . feed slot 46

genﬁﬁ%@ﬁ@@saf?rﬂw %%d e@@a "ak fopRiof 46 whg@déﬁm@i@am 60
Ioca?éoSQBﬁ Shicfe %Idt%}ﬂef £ aﬁb‘ﬁt ?h6dro§ ePeIto%Ebeo fécgtreap |

genera ors I NC des'a irin stor
alongdplo feeziaslotmd@ Aebb by omembddmem,zrx Equdld 208actp géndrators

ri 56 | dically co d o

60 6ok B R SRR ol 0 e Fenea R Rl
alor@éleacﬁhﬁﬂ(ﬁje bpn@sm@mm‘eialﬂ slgﬁﬁldeé 4da®ndg@berlﬁbﬂ;ef? 63 ?r e

energized in ontro sequence to eject ui rom
emBRRIBENS R FH BRI BUPBOY LAk deReiE lRexdisposeg
abr@r'hme@pswme on print rredl um 36. Fl gure 41is a

Irg@cam illustrating one enbodi ment of a firing cell
70

eeflslad deprevidemiakdepadh pbthe rodropraeneraac @il e 40.
dispr'égédli g?)g@q’g}k fell él&f{ %ciiaofgh% n;bQ%é ﬁ%hélta%rs%% mé?}l.}gﬁs a

I'VE SW rcui
firingrresistgr 52,53 saporizafion shqu'aber 56 anad dmpzlgeﬂﬂlerlz’ﬂaotrof&ﬁe n

Dr.i.es'th?a.rrerc' ar, t of the
vap@izalin Eiebl 6 B AR dpubleiiol it g g Ahhathn dth)
least Bhé fiK febB cAHBRel 54! I THe ArRiyl r§§@f0r§82 of dfdp gerk@htors/60 afe

formed in thin-filmstructure 48 and on substrate 44.

energizacHngheoTiiaied SAavRNCErtp e fluiddTam ¥aperization ghambers 56
andEﬂoﬂgﬁ'nbﬁlé@%ﬁ% Pﬁn?_ééfj nﬁ’éd':l r| ttrﬁgdﬁ% 3¢ a field

? t t(ans[sto resistor 52 is
el Eigure 448 biagramli tnad:mg onemqumeﬁleofafmngrmll 70

r.ai,n-sourc h ve t,eh

empyit 1o K oG el 4B, Fifa e Pl ffing
reSISIOIfusﬂ,@d retstistcarl drivesswiteh 72, end aﬁﬁemgqt (_:l!I'CSJItC?WU n—'ﬂﬁ?b gests&or

re nce vol tage, su ate, o rive
52 is, K OF 4 740p GeRpiatdr Alc ﬁfw‘gﬁ B e meutiay St Apie 74
partidi@tie SifffithPihat Eordld fetapiilicalidrV6f Qukthed clérent 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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5Menory circuit 74 is electrically coupled to a data
line 80 and enable lines 82. Data line 80 receives a
data signal that represents part of an inmage and
enabl e lines 82 receive enable signals to contro
operation of menory circuit 74. Menory circuit 74
stores one bit of data as 4gt is enabled by the enable
signals. The logic level of the stored data bit sets
the state (e.g., on or 10 off, conductlng or
- conductin drive mnt 72. The enabl e S|gnals
st e ok 8%0%?2%?'50 iy cghaled o adetsrencs lineofe
thatid doepledsb @nafeence voitageFSl!cﬁh ad gounf. 'Tﬁé?a‘l’e?éf @ switch
conpri si ng ene pul ses and prov es an

i gnal
72 @ﬁi@%ﬁ}‘caﬁlwcggplee tp MRS VISR ¢ 8ﬂh$230ntrﬁ|8dhe s @ﬂﬁﬂmt
swilchezener gy pul ses are provided by el ectronic
controller 30 to have timed starting tinmes and 15
t i Ademeycitchd i 4tis electidatly coupled frea datelinet 8®and eRakly t O

8, (M NEBAL e L Hid QNS B eERl S &/ e

and(emmtuln’lesr@ receive anmablegsignals $@cdilﬂﬂil DpkidtioR®Hf hRshéiyor

&7 eat and J@C%Qflwd ft&% drop, generator 60. If
circy PRFIFEY! Ies ORE At Aatcas | enaied bty

enablé §§n@|§e$ hB%gl@ RAL! bi thé'%%ré&%]lafé tﬁf setd ti?é‘gtaw?e §! Bher
remains in ener at or 60 ure

off, §@n@tﬁﬁm@r@pagmgwﬂmg)§f deve ﬁ\gtt@h&q emb® QnﬁblntSIgﬁal%man

f at 100.

tncl@@ﬁaﬁ%o &égsggtélq{%@%ﬂgﬂﬂ eozs? n<5:1é]-élalﬁjrda fs?ﬁr?#i firing
celRire line 7& neaegesl anranergy gigmad ogrrmmpmg]eﬁmgylﬁlﬂees bndone

odinent. firi arranged.into,six fire

profile i B Ak, B e seReror i n P Re AoG TP e Shargy ©
pulséd #aprédded bpeetiohiticdneolersd todizive tiedstartmg t%?es‘ ane

groups 102a-102n, such as four or npre fire grou

timqq)éwai@@w provide a praper pMOUREORNEreY toheat aé!ﬂr"é‘?m_’!%ﬁ)ﬂ%iﬂe
in tﬁec#%ﬂaizhﬁ&% buarﬁbé.as@sﬂa HFH}:P%énerré’tWF(S@nT’f E%Wﬁ%ﬂsrz
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(comng) rthleheeergwUtsedleat%ﬁmw@sawkﬁ%mhaﬁh ahg ejﬂﬂhldr ow
Sy v r r
frorrg B;gd @%r%ggfrb?lgbbgfr%we s%\uﬁ?: ??jiﬁ té)‘ﬂ‘ C(Eﬁﬁ %b@%&?&w?), t%venergy
pu!ﬁ dody mmﬂ&iela?ﬂm@;dsmﬂort@ atd thecluieetersdins urbgwomgenerabr e0.

 cdiht S orrelh o GRrERERE e e
pnnﬁf@d@ fﬁlﬁgh;%llcé?fdyeﬁi@l‘iﬁé%wﬁt TP IFiAng cel afrby 100 ;rﬁ.«njde% 0.

he mcolums are electrically coupled to m
piur@&wﬂf nn%ﬁ%@%ameeaed id@ nilee groapps dAga-1925ndn ene1, 02

eml?odlQO fii ﬁ‘&@%ﬂy %I'é’e grrﬁ?%ﬂ lﬁﬁ o dif ﬁl};é%r‘bﬂgi?" gg%% '1?gé ﬂ‘i oo
otherreinmmmeutsl tﬁmng oélls 70 catg be arnasgé'd);nttp afig smiinble numblele oh
fre S5uiecizBoldAe s B P #R et of B HECHuRa 08 rIO%R, ot her

WO T, firgigelle 7 otim Errdt}iﬂ a0 lare E&el'ﬁ)&&:alljbafmnged into L rows
electrlcally coupl ed_to each of firing cells 70 in

andgREolRmTe fepti PhEng wlﬁgoc%rmeéeei@caﬂm c@yeleddp enpble
linek! 1108 tﬂéﬁé@&vé@ﬁéblé alézOEa&?(Wbﬁin adefls l7oNferdiAsRtd S
electrically coupled to each of the firing cells 70 in
hereinasfarow sfhgrevp araubgradp atiiiing ¢e!iﬁu7@gl&@ec’c§calbr goypiescie
one{ FSU%W@/%QB‘]%%Q?QG%Q@ ?%hﬂg o'uﬁee ?ﬁqfde?‘:.? Giaﬁ
106LIreceide aubgrbup @Iname sagnhlsSGdn Sdeer St(h_thabbnahﬂé thei ng
data l.i ne & ?g Ifsnﬁft“ cally coupled to each of
coriegRoRqing /Y @QPPQ 6”9 f®nefar right col um, i ncluding
firing cells 70 in each of the fire groups 102a-102n.
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In one enbodi ment, array 100 is arranged into six fire
groups 102a-102n 15 and each of the six fire groups
102a-102n includes 13 subgroups and eight data line
groups. In other enbodi nents, array 100 can be
arranged into any suitable nunber of fire groups
102a-102n and i nto any suiq4abl e nunber of subgroups
and data line groups. In any enbodi nent, fire groups
102a-102n are not limted to having the same nunber of

I|n rou each of 20
¢ N RBP4 olitiOy FoRRRia vl A5Eihes CRBA Tu that
receie detzosignals Detn @201, Dhart ﬁeslpleﬁﬁv@f OE8éh éﬁhéméfuﬁﬁﬁt 0
ac

th 102a-102n.  I'n_addi t

inclddgs i eree%rfma%@"ﬁ%amri‘fnmrgﬁeﬁﬁeﬁ‘aﬂbzia%ﬂu@cwpmn
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B LN T e
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Lls, 70 t | | dt
exaffplg, Yl i 184 e dta copbRaTS g of fiedirng:aals 701
the fdri&ft e6i0M, HRRMRiN &ils tA0an fdath %gtﬁéﬁﬁrbﬁraﬁbé $02a-102n.
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coupledrioehak of ﬁtee‘iml@sce‘lls i78 ustfganhlr right @hﬁngymslugmglf iriflg Retis

N ic L, h t firi I 1 70 i h of
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and¥fs ThEBRpsT 1BV BLLigh fig ol PRI iefitimted

to hBuing ¢hes séine eindies orbfsulugroups amd data lif@ groupselnsteadheach of

bl 12
the Ei5arotbs dPerB2 srn ner abTeRl oS st Bartlnt 28l
data\/ﬂrllélgroubgé%tcﬁfndd?éd £ aiyesthef fnbf'g?oﬁﬁ Hez4-4d26r Ivaddition,

swtches 72 are set, an energy signal FIRE1-FIREn is
eachsyboug 3 have & different Rembenal Wingrceds 7P s amrnargd {o

anytcﬂﬁerféurb rcg{pof%md aer dé fhe%%‘@h;?_'cﬁﬁ hdges &l#&eﬁ?hﬁ'ﬁﬁ&dof

subg I ring he energy signal
frlngbRETGBRmmpdeMmtheh@atgymplgr@up The energy pul se

end PG IERF 2g  EadoffFk e bl Bag 0P bR g Mgy

coupbatto loagof tenfifedines d 10ai1Mens W fichgouF zoza'mace.nﬁmge firalg
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subgr oup of rlgg cells 70, storing data saﬁnals D1,

coupled to fireiing #10ththak Feosives fise Bignal ey q‘rﬂﬂgspﬁlaval RE2:a0d so
on, 55 %6 8 kg fte Brbd 1 B2h rengif 8ah fle drktbels 70,
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FIREO 5 aq i iosh ordom il el gh edfreoung o2y

change to sel ect and enabl e another subgroup in a
different fire group 102a-102n. The newl y enabl ed
subgroup stores data signals D1, D2 ... Dmprovided
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25 on data |ines 108a-108m and an energy signa

FI RE1- FIREn is provided on one of the fire lines
110a-110n to energize firing resistors 52 in the newy
enabled firing cells 70. At any one tinme, only one
subgroup of firing cells 70 is enabl ed by subgroup
enabl e signals SGl, S&, 42. SG. to store data signals
D1, D2 ... Dmprovided on data |ines 108a-108m 1In
this aspect, data signals D1, D2 30 Dmon data |ines

e SR A e A BT 7

grour@Ra- 102n i ncl udes drive switches 72 that are set to

copduct ile ,an ener nal . FIRE1-FIREn i s provided
£ o GReralion, P BR BBl g 0R SO AEA 025Gt Bircievided on

sub@%@b@haﬁl&ﬂﬁ@ssl 15213 21 %ﬁ bie'dhd r&ﬂ) & ffrfngrceﬂ& 76' Ir'l‘he
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one _termnal of firing resistor 52 and at the other

enfftepthe states of thessqlegied drive Swﬁ@%e??ea@uﬁ,eé an aeergy? | s
S{gnsn Pﬁaéprmgﬁgeﬁrsaes%ﬂ'tﬁ@ﬁre i Pilﬂg% It

term na resi stor rrca
fire group|1&2at 12 thay lecluda@tftezseledtad Sumreup@ﬁﬁmg cells &, gliae
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f t 126_t hat
firing GRS 10 At Bave CRRSHSEPS o U sHiches 2o ke GRSt iZEa
residtBrd %hé%iﬁﬂééééﬂ ink 5n1%cﬁrln‘t’ Addhiin @6 18 pRhtas hﬁé_r%e
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sub@’l%ﬁp%rf ‘ﬁnﬁ# Efid 7@ @t&%@ﬁ@#ﬁ ls%%aisﬁ%f lﬁ‘%_h e‘ﬁ?ﬁ‘frgﬂﬁel ér%l%le]jsz

recerves te of drive
subgnoiup @mndipfevid mged reenargy allghal E:l&ltﬁd I-IékREmtotdmr@Iza firRgour ce
.pat h_of pre-c transi st. 128..and e, drai n-source
resifiis 52 QieneBRHA RGBT Bhes Gl BRI S1obsa] oot
t I gehs EMbodiHea, a§al¢bﬁ§|@5lls¢g’ﬂa|l FIRPUPIREN ipravidetdesh
line 134 that receives a s€lect signal. The stora e
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chahg:e f?)a'.‘ge‘iIe&fz:ln@rén‘é‘i"JIeS Wtk %JB%TOU%J e tﬁiﬁ&l‘e‘ﬁ?r Rup 102a~

aclitor sep arate romdrrve swtc be used
1028s Taermmby 9nmledrenbgromp stores datarsignals D1 1@8 aDmlnrswided

on SIS TG4 R AL R AR ey an e

of thel firetlines 41 05-1d On b edergizerfaingl resibtors” BE lmﬂ'reahé\my enabled

» t f data t { 136,
firing PalRs & BF AAGENE iTes O SR UBPILD of RGeS e atted
by s%b?ﬁiu? ditible/sigRMB STl mtaveers & e dord duta @?n‘zé\% mﬁtmz of

transi stor 130 and reference line . The
Dm pegvidad en datd ltneﬁri&BadM&gv sk thistaspesh dpta Ygnals ®1c Bdpt-ed

om G187 408 Bl Gl el ones

onlytorensikgiroup i sélectetdice grocpl 102ae il indudes deee switiches

72 (RERE ey opsisy Gt el 97 B 1k e T B ef 30

142 that receives data signals
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14 ~DATA. The gate of first address transistor 138 is
electrically coupled to an address |ine 144 that

recei ves address signals -ADDRESS1 and the gate of
second address transistor 140 is electrically coupl ed
to a second address line 146 that receives address
signal s - ADDRESS2. The datqg signals -DATA and 5
address signals - ADDRESS1 and - ADDRESS2 are active
when | ow as indicated by the tilda H at the beginning

aci tance

he node ca
the%%[eatcﬁaﬁggﬂ@ 8 15gwegsy; Qg?rqyr%]%{: BELERERat a
promdadim differerit &fe g:mdp@ddgamztiroansanatdb"éveiﬁ and 140
or. cell. | n operation, node capacitance 126
i s bqlg gﬁﬁ@g‘%&'eﬂﬂt'ﬁ Giaoramndilysieatiga ong rseu’urofm&eby
h L
chaE I, o i T P SR g o

cell 7§} (Hgeprpeahaegashiiingcalltdlgechiesa Heige santdlam 72 sllapidally

142 f
couplRAte A il Xisit 520 Tn b Bmtolffuctly ghidh SV tairé;iﬁ
includiDPREBSIR- mwpaihml@dnﬁily&@dbi@dfat |oh@%d%43néﬂ§rn41ﬁ§l &fo

of first dress transi stor 138 and 15

fiing ERsG SAARESE tis alher SHo10 4 AgeTance ne 4ge. guieJefasence ine
122581t €0 & RefoRERIokelge, SucRRYrEIGH OTh BIHRF terdinf of fiflnd 0

turn_on sel ect transistor node capacl tanc
resigfo 84 4t glestricalhveaupled ’Eﬁh%f@?i line 123%6that i‘acetveawtrese@nal or

ene@iﬁl%%éﬂlﬁ%ﬁﬁ@u@ﬂ&@ﬂé c IeEs: ?ﬁ%;] L g& éﬁﬂéﬁ%b%&gize M iring

resigtonbg ddirive sshitch 1t72as'i shgcandutieg). fi r st addr ess

ar o1 G8ior b SRl 2 S SR Hodel e 126 hat

funciides @s satefmory elgnieit to stbrd@ata ;ﬁ.@]&‘?ﬁﬁo ﬂie@ﬂé%'uéntial
and - ADDRESS2 are | ow and node capacitance

S1
act“iaé@néi'? rRIF-dhases uanRisior 128 and asﬁ%ltfanmfpm 9. Ahgterain-
soui‘c%']?dtlﬁ‘%n& @%f@&ﬂbrefch@?qé‘trﬁnﬁﬁéi 1288 ek Str Eéﬂys oupled to.a

Pre-charged firing ce I's not an a I T ng
pre-gbangeilinegk322bal regeved adreicharge signale Jhegatmeaf drive switch

17235 Eeghisaty, e R e Shanishurthaind pROE o BaARERR Tos
and\tioe: tlesgie-sbercel patﬁbé%élictgtammbrsm rﬁes%bée of select traansustor
1 co e, an addres ecoder
1305, &Ralriaf fakiSd fn saie FRTIA Fét iR saedtvianat. she
storagél Aoda Ragaditanes 1286 sHow i?rdidéﬂég ¢iﬂe§ 'efs' g ;faei kB is

addressed. 30Pre-charged firing utilize

SW"“&W 7Au ﬁi!iéfnaéif-’e'dt & éﬁpﬁ'%ﬁ% ﬁ@@ﬁif@? f(ﬁ@meﬂf i"a ﬁ@}@iﬁ’e r1t7 g cagde
used %Q%@émtoﬁﬁelﬁﬁfernﬁ“ onal rel ationships described above
are

A data transistor 136, a first address transistor 138 and a second address
transistor 140 include drain-source paths that‘are electrically coupled in parallel.
The parallel combination of data transistor 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 parailel combination of data transistor 136,
first address transistor 138 and second address transistor 140 is electrically
coupled across node capacitance 126 of drive swifch 172. The gate of data
transistor 136 is elecirically coupled to data line 142 that receives data signals
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mai nt ai ned. For exanple, an OR gate may be coupled to
address lines 144 and 146, the output of which is
coupled to a single transistor. Figure 7 is a
schematic diagramillustrati ng one enbodi nentof an
inkjet printhead firing cell array 200. Firing cel
array 200 includes a plurghity of pre- 5 charged
firing cells 120 arranged into six-fire groups

202a- 202f. The pre- charged firing cells 120 in each

2 2 tjcall dinto
~DAA 76 S SRS A e Cims IO IRt elycontied. ooy
addpewd IPeetahmaRGefves Iaaarééslshgﬁmais?DADDR@"s Rﬁﬁreaqﬁt

el ght umms,

schematically arranged into 78 rows an

secand pddrgss taasistarddp l%elegrr@aﬂshmlgéed toa Sﬁgomieﬂldd!emlme
Th
146ttH?ll r‘écéi@éé?‘ei&dr‘@%}é S ga}eé?lrl¥l rng cel-ﬁ% q.ga Séﬁ’ngls ﬁA%Agd

ums of pre-ch
addedssctigniala MADDRESS tdnd e ABDRESS2tee hitivesvizéBiawlash

.t hat r ei.ve data,sianal s

incibalet o e e CRafnBEofniha tine sebeLierme bedded o

caphéitics 128, preietidrgb Itr’ﬁﬁsrgfo@lflEa%elgéttt%ngfs%m:w BSta4etisistor
pre- charged firing cells 120 in each of the'six fire

1369%%1@3@&@ pansstors2138 and Q@ formamemanigelel 1s 120 in
f
ol LR oBEHHR, Rt PaERAHBSG phd B il Inibeih be-charge
trangisu-1285y. prAvildlr}graehrghde\@doﬁtage pigse oh [pse-tharderiina @& dn

one oo BORHE sBRF B (SYER bRl b IF 12 4
datagagnal —d.DAlT»lhes prividet] rcrmkataﬂrne 44236 setthe lmimteroedahatragmttor
196nel At 658 $15nds aAThRESST SoH "R BREE2 are R 91 i ng

addfe&s 1ﬁ1e§.2|(2r4ldhdtm fodet 1R dtaterl of iFst allBfdsediamGistor 138 and
pre-char ged |r|naﬂcells in each of the fire groups

second address trapaistor [148e A2diage pulsefisufficiant ynaghifsde s t o
prorﬁ%@oﬂfse er&? ik %&Hﬁtﬁﬂ?gn Eék%ﬁs‘ﬂtbﬁ%@%d ﬁogl hg data

acent co um and so on, over to and Inc
caphcrt&ncéomﬁ discitarges ig Haiattrar@edtd)ryl 360 fipdt eddess drankister 138e

re- char firin I 2 t.
andfRgRAR Artresa AR s E AR g e el uRlad lbimnos o
1260rfen'td’rﬁs éhdrged) If dastraidistoR 038, firstzeldransstrapisisioret38andyed

cells 120 are el rically coupled to address

irin
secpndggg@ggér_agglgg)r {If9are éﬁ@&ve address signals -A, -A2
Pré %ggrged fi rrnP ?b'ré’ Sh)éddf%%%@d lﬂfrﬁg SR %%fh édldréé@
ceI I oW 0

ar ge Iring cells 3012

signads eADBRESS hand PAD&{)E;S$%W%IOBQQT&J%O® c@ﬂ@gamq& 253
B SRS PP M g SR i
~DATA is low. Pre-charged firing cell 120 is not an addressed fmng cell if at
least one of the address signals ~ADDRESS1 and ~ADDRESS2 is high and
node capacitance 126 discharges regardless of the data signal ~DATA voltage
level. The first and second address transistors 136 and 138 comprise an
address decoder, and data transistor 136 controls the voltage level on node
capacitance 126 if pre-charged firing cefl 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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charged firing cells 120 in a row subgroup are
electrically coupled to the sane two address |ines
206a- 206g. The subgroups of the fire groups
202a-202f are identified as subgroups SGL-1 through
SG1-13 in fire group one (FGl) 202a, subgroups S02-1
through 5 S02-13 in fire group two (F&) 202b and so
on, up to and including subgroups SG-1 through S06-13
in fire group six (F06) 202f. In other enbodi nents,

mauﬁ@ajCh IH%:S—%%&E%@%@&@Z 021 Ca"BF' ncl de acéhsw t abl e

and 46 h& SRR ePwhRlchis 60@;51@6 &?Q sfrig‘lé ﬁgnéi@tblr S 120 is
electrlcally coupl ed t t wo “address |i nes

2déauwo%l§> a yphenalis @a@mé@@uﬂmm arecembodimnent, of an inkjet

printfighd FAF0AL %) 208 PG 2Bl 208 it { Spl g bELRS

chargdd firing aélls arcdmgegkidtd six-firmgoapk 202320af. The pre-

charggn s Bels TR B Tie Wip AR e bindheidy Sightied
into qisi des and Ee?mi tollfing. 1@ medrdubis 2024-20%F aptitRe-chEfeRsS

line 206a is 15 electrically coupled to the gate
fiingopelisHi20gn ARy 90 asp Sehempfivally aEAI08a J8Ad Edawe & cight

colu%Qnélirﬁ)hggghe}ﬁgmﬁafdof]ﬁr%—chyi’@ecﬁﬂﬂ{ Is'drd8Reif PAS@U?IQI@?

recei ress signals -Al are coup
vary@msalgsitedt he address signals -Al, -A2 ... -A7 to the

S SURe g g Mo A i

"o el%ht ddiefinds 2082-2083 trﬁﬁleéélvéﬁa%lgnajs 06 2D2 Al. ~

respectlve?y I-_§G2h of the elg%(t;%oﬁjmns referred to herein as a data line group
or data group, includes pre-charged firing cells 120 in each of the six fire groups
202a-202f. Each of the firing cells 120 in each column of pre-charged firing
cells 120 is electrically coupled to one of the data lines 208a-208h. All pre-
charged firing cells 120 in a data line group are electrically coupled to the same
data line 208a-208h that is electrically coupled to the gates of the data
transistors 136 in the pre-charged firing cells 120 in the column.

Data line 208a is electrically coupled to each of the pre-charged firing
cells 120 in the far left column, including pre-charged firing cells in each of the
fire groups 202a-202f. Data line 208b is electrically coupled to each of the pre-
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-206¢g. All pre-
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-Al, -A5 SGl1-4, S&X-4 ... SG-4 -A, -A6 SGL-5, S&X-5

" S&-5 -A, -A7 SGl-6, S&-6 ... SG6-6 -A2, -A3
SGl-7, S&-7 ... 806-7 -A2, -A4 SG1-8, S&Z-8 ... S(6-8
-A2, -A5 SG1-9, S&x-9 ... SG6-9 -A2, -A6 SG1-10,
S02-10 ... 506-10 -A2, -A7 SGL-11, S&2-11 ... SG6-11

-A3, -A4 SGL-12, S02-12 .45 SG6-12

charged firing cells 120 in a row subgroup are electrically coupled to the same
two address lines 206a-206g.

The subgroups of the fire groups 202a-202f are identified as subgroups
S$G1-1 through SG1-13 in fire group one (FG1) 202a, subgroups SG2-1 through
S5G2-13in fire group two (FG2) 202b and so on, up to and including subgroups
SG6-1 through SG6-13 in fire group six (FG6) 202f. In other embodiments,
each fire group 202a-202f can include any suitable number of subgroups, such
as 14 or more subgroups.

Each subgroup of pre-charged firing cells 120 is electrically coupled to
two address lines 206a-206g. The two address lines 206a-206g corresponding
to a subgroup are electrically coupled to the first and second address transistors
138 and 140 in all pre-charged firing cells 120 of the subgroup. One address
line 206a-2064q is electrically coupled to the gate of one of the first and second
address transistors 138 and 140 and the other address line 206a-206g is
electrically coupled to the gate of the other one of the first and second address
transistors 138 and 140. The address lines 206a-206g receive address signals
~A1, ~A2 ...~A7 and are coupled to provide the address signals ~A1, ~A2 ...
~A7 to the subgroups of the array 200 as follows: |

Row Subgroup Address Signals Row Subgroups

~A1, ~A2 8G1-1, 8§G2-1 ... SGB6-1
~A1, ~A3’ SG1-2,8G2-2 ... SG6-2
~A1, ~A4 SG1-3, 8G2-3 ... SG6-3
~A1, ~A5 5G1-4, SG2-4 ... SG64
~A1, ~AB . SG1-5, 8G2-6 ... 3G6-5
~AT, ~AT ' SG1-6, 5G2-6 ... SG6-6
~A2, ~A3 $G1-7, SG2-7 ... 8G6-7
~A2, ~A4 $G1-8, SG2-8 ... SC6-8
~A2, ~A5 §G1-g, SG2-9 ... SG6-9
~A2, ~AB ' $G1-10, 8G2-10 ... 8G6-10
~A2, ~A7 5G1-11, 8G2-11 ... SG6-11
~A3, ~A4 5G1-12, SG2-12 ... SG6-12
~A3, ~A5 SG1-13, 8G2-13 ... SG6-13
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-A3, -A5 SGL-13, S02-13 ... S06-13 17

Subgroups of pre-charged firing cells 120 are
addressed by providing address signals -A, -A2 ...
-A7 on address |lines 206a-206g. In one enbodi nent, the
address |ines 206a-206g are electrically coupled to
one or 5 nore address genggators provided on printhead
di e 40. Pre-charge |ines 210a-210f receive
pre-charge signals FREI, PRE2 PRE6 and provide the
pre-charge signals FREI, PRE2 PRE6 to corresponding
flre groups 202a-202f. Pre-charge line 210a is

: eI ik @gisll of Ff?@id:ﬁb%@dtfﬁln@dellé’ﬁ 2b 'a?sf Q&&e%%@:g%grcf\h{,ﬁag

Pre-charge Tine

addeess signaia A, e0dpl- el 7 on addreps &nQSMQﬂBH%Q rinnepecel | s
ettt T addtess 1 20e22004 e Sedfitaly cquplsd oama g
morecadsiress g@emalorqapmvmiedrcg\qmrﬂheamﬁeq@ s 120 in FO6
20 t h | 210
of Ee AR (e Datiff ot slc&%ismsaeﬁaém%wc%egm h
PREB antl providd the m'é&:h@l‘g?s” §ignals iP'llE‘lSthREZ 12l3rﬁ*
a re-

cor onding fire rouP 202a- 202f, and
cor rf%El’l‘él-‘f E%Elf & 9TOHRY 20881292h Adrerghasge |1m%2@9&3l§pﬁ|e@ﬂml@02f

| L
couglfeﬁ 16 aﬁ‘b‘i‘ﬂl Tﬁ‘ﬂe c)ha‘F%étPl ﬁ'@eééglgolggl ances %; &%1 bé fifte
21 Obﬁ%elenmcgllsdcwmedlg: eiépnescm@ed firirg éelisel @unmzm anef

so o, Bpip 3t RinEhRLEEE 1o 2400 hr BRIE Ry Hoitedta e

pre-k:ha@eﬂﬂillagz:bﬂé 12Q@BEGBQ02K.i Eaeh dilthe- pl‘é%hafg%clﬁle‘éQma-

mi S ieruCalipuleds due BotepndPICoBIER RiNGT Al Qe pe-.
mistbrs 139 inche bbm@spbhdng fir% ?rﬁ@ﬁ QOEélhbin aRY! B'l %ije to

re-char ed firing cells

chargqééemﬂz@"s J28|paifve smup;ZQ?@um?é@rfe @leatrlcaldlr @ounl%d ger@nly
onefldrél 'cﬂgrq‘;eglrles%‘lb%oz 0? Flﬂéi gtﬁgt oﬁ@% QCIPJélceQHZE f ?Pgre-

i'nclu select |ine ectrica
chargeddiring cefis 4RO ipadire gwuge'RDZlarZOZﬁ gre charged 29 providits the

: f . |} 2129-212f is .
congP R ik Sharkt el PEEINERER. o TOREGH et rinsponing
prechamngl lpe@190alB®fi n the corresponding fire group

202a- 202f | pre-ch ed firing cells 120 in a
{1 Seicgt buss 3031 sBoqive Septt anals S e ShbPed iy
I
pro»?%%gﬁé@éﬁd@?;ﬁ%@z. S S8EEng o paRnbinS oy
202a-202f. Select line 2
120 in FG1 202a. Select line 212b is electrically coupied 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 £G6 202f. Each of

2ais electrically coupled o all pre-charged firing cells

the select lines 212a-212f is electrically coupled to the gate of all of the select
transistors 130 in the corresponding fire group 202a-202f, and all pre-charged
firing cells 120 in a fire group 202a-202f are electrically coupled to only one
select line 212a-212f.
Fire lines 214a-214f receive fire signals or energy signals FIRE1, FIRE2
.. FIRE6 and provide the energy signails FIRE1, FIRE2 ... FIRES to
corresponding fire groups 202a-202f. Fire line 214a is electrically coupled to all
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FI RE6 and provide the energy signals FIRElL, FIRE2
FIRE6 to corresponding fire groups 202a-202f. Fire
line 214a is electrically coupled to all 18
pre-charged firing cells 120 in FGl 202a. Fire |ine
214b is electrically coupled to all pre-charged firing
cells 120 in F& 202b and4go on, up to and including
fire line 214f that is electrically coupled to al
pre-charged firing cells 120 in FGB 202f, Each of the

e R ) BT e B e et o
to aﬂw@@h&@%é‘fmﬂéfce{lsﬂmﬂb A FGEQ@%%H%%%J u t8%n8%¢l§%{ﬂl§o

fire group 202a are ectrléa cou
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chadRmAQ%ais 150 y¢ 41ap20s i aRLORR A SHEEE bt e

2164hat ie tiod tn mfer&nqeefogage;rwch@mﬂmﬁ ﬁlnlm dkee pre-eftrged

Sk 120 SR o e SO AL

couplen ta @Rf sarﬁé addrelésﬂineﬁzoea-lzbeg foreehgrquimecy 2 sifasdisct

ine 3455 ot B o P e PR Ty bt v e adress

Si ggbératidn, in oAE embodinfentdié Gfoupar2o2aRd2i ard Selefi¥d to
subgroup 20_addr esses before repeati ng a row subgroup

fire W%SIorrhEGéc?@ﬁ@s% sglegﬁedl @form FG2 202, whichnis salestedied
befd?g Pl 68 S0 bhNGs ﬁé ? ﬁbogf’t @%OEH QEoup
cycC r oug lre up

dress durlng eac
star@02ar 2RFG TREZ2ad dHavesyves,i cghal sequahceshand.non-sefueatialct
Ioge r ow ublﬁrou in each of the fire groups 202a-202f
selep ?nso'ﬁ'@yi\? @z? rough the fire groups 202a-202f. For
t hTha extressGighald~AN-Agh. FAT eygeanpuigh e 4208k subfdup
address,_ signal s -Al, 7/ are chan‘g_ed to se ect

addigssen Befare pReaRE GUBW ﬁ%@&%’ Hdreske The addese signals ~A
~A2202%729§fv1de-5mr§a§d}8fwé f‘h@sSZGGﬁ]ﬁGBgt & AW 888 rék 80 r%u

ectin e ITast row subgrou
addressaluging egch zpcle troggh th fitergroes 20Ra-202fw & §s

agn%%.gr/?f‘spé' g ‘%l?sseléét one’/?é\grsubgrocﬁé 1|?i%|a%ﬁtof I'%(e)fé 'grrélﬂpsr ow

group t'o begin cl'eover
202412020 fr bee oas[a&hr(ough tiop freagroops 2022021, t e the nextoryeleps

oS B Soue EBIGE T B BES YR, 210 SRS S0

cha%‘gd 125set8 ahbfHRr 86w ¥bd8dp i 83t oflthe fiRs Qrcﬁlibé@ﬁa&@'ﬁ al
PRE2PRE6 defines a pre-charge tinme interval or

Thlwnbge@ upitathapddrass signals ~A1, ~A2°... ~A7 selecting the last row
subgroup in fire groups 202a-202f. After the last row subgroup, Iaddress signals

~A1, ~A2 ... ~A7 select the first row subgroup to begin the address cycle over

again.
In another aspect of operation, one of the fire groups 202a-202f is
operated by providing a pre-charge signat PRE1, PRE2 ... PRES on the pre-
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time the node capacitance 126 on each drive switch 172
in the one fire group 202a-202f is charged to a high
vol tage level, to pre-charge the one fire group 5
202a- 202f . Address signals -Al, -A2 ... -A7 are
provi ded on address |ines 206a-206g to address one row
subgroup in each of the fijge groups 202a-202f,

i ncl udi ng one row subgroup in the pre-charged fire
group 202a-202f. Data signals -01, -02 -08 are

i d ta li 208a- 208h t de data 10 t
chafie s 22082101 e 08S Brssarop 20paciozs The besrahragesighabu
PREYPRRERR. . IFREGeftic £ PRLaRigE hifR iR o?B%ﬁon?Qge%g which
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time the rRedeseapacitancey12Bom eath driva switgh $72 hﬂhgexnﬁeffre group

fi
20250808 S fodsh S a BRLSRIESS 467 BT Eafied e phe Bif bk
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{ tc
o Bk naIs P o 2T ~FR B IOVNSS of Glerose dnes ROBRre
206gd0med e dr@Wowtdmgm ih reabh %f&ﬁi fﬁ@tg@guﬁd SE2L5EMP

t2‘82a 202f or, addressed in the selected fire group
incl

Pg OBBIPW SHRgrOMpdn m%@reacl}ﬁr@@ﬂ fiegrpup 203a-208habPataD1
~ [~ ~ |

srsfe 01, 080, TS agPor ol s AR Kifoue ot

to a&anﬁ Q@wa Zloﬁa-taﬂaf sml ing the addregseslipw im0 thagre-
vel data signal -D1, -02 ... -D8. A

chafﬂ%“dﬁﬂ%&?@u&g‘%&)é’%g "on the nodg capaci tance 126 turns
t hiNenlt, |a\/sp;]e<f1b13igriﬂgE21 O?E[_Eonm iggllowded on the“éél@c?t line

che e e ire

21253187 of e P hail e aimin 2522 208idp Selact e Pro-shasgnd g

boZa-002 OfHeddifedd ¢l IBELﬁ"SELQed t ’
gromgv 4a-214f of the selg?;?t ed fire rol?gElGOJa;'pEb aed'gg”d@i'e
22

hmq:\néer&aiefplg@achargmlgh% aptie camplianae 1R&we asshdliveisuitch 172
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2028 BF Ang il h sRRRRRL Cfase BBMF AR T Y02 DB Afscice
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the next fire gr up 202a- The pre-charge signal
addrggsed Ip E?rQTSHE 2105?50815 Q%TWQMQW !ﬁ"@ dalas

sor] 910 S Lt gREIG g oot

turns the drive switch 172 on (conducting).

After drive switches 172 in the selected fire group 202a-202f 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.

With fire groups 202a-202f operated in succession, the select signal
SEL1, SEL2 .., SELB for one fire group 202a-202f is used as the pre-charge
signai PRE1, PREZ2 ... PRES for the next fire group 202a-202f, The pre-charge
signal PRE1, PRE2 ... PRES for one fire group 202a-202f precedes the select
signal SEL1, SEL2 ... SELS and energy signat FIRE1, FIRE2 ... FIRESG for the
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one fire group 202a-202f. After the pre-charge signa
PRE1, PRE2 PRE6, data signals -D1, -02 -D8 are

nmul tiplexed in time and stored in the addressed row
subgroup of the one fire group 202a-202f by the sel ect
signal SEL1, SEL2 SEL6. The sel ect signal SEL1, SEL2
SEL6 for the selected 5 fiye group 202a-202f is also
the pre-charge signal PRElL, PRE2 PRE6 for the next
fire group 202a-202f. After the sel ect signal SELIL,

?ELZ SE(!?6O for th sel ected fire 202a-202f is
one dghgioup 26rA02 o AEY theiRjR-sharge IGNaLARE BERE oF FRES,
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*hm%ﬁﬁ'%ﬁé@g@?m T R Y T

~Al1seh2ct ~A7mt Mz&re a:hangﬁ@atcm tgeaddress 2 different sow subgroup

from( i thE nlel b PHE B2 pBAF DK dReEE ST A 28T AT
at 3G Hhcmfrger:t tB&)tuEIg?h@ ﬂ)l}:lr Bﬂ@grﬁﬁ@?dﬁcﬁ:ﬁf@ﬁr tl'g reg:tasusbgai_lgr;])g in
seaushitl) eier Mo tost] tnd BSCkibGrin Thiobter AR, 3104,
addiesS signafy 9%, @ld f J«A‘F RY36LLhS bé%%t toaddrsLPsubyitSups

node capaci tance 126 for each of 5 the pre-charged
in any suiiagleceldes 120 |n FGl 202a s charged to a high

VO I
LA SNl RO A Stk i upied o
F G6ERS Kndipnetichargedinat2 194 lcoupled tp St RGRayretetve %&B@RH

signdCadf g PETbmRE RORG Aife 3AParCH: ABEdRter 1w
sele?ﬂlrﬁer@iﬂld ptr@ixzcgaﬁg? linea1Daire @Feclrﬁﬁlly doapled sgetisdranged
Iring ce S 0

202
receilwﬁaﬁge sigealg dRiARQ eg%qngeél e %-‘g‘F fﬁ%é%ﬁ%nﬂ pre-
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The select line 212a for FGL 202a and pre-charge |ine

210b for F& 202b receive the SEL1/PRE2 signal 315,

i ncluding the SEL1/ PRE2 signal pulse 316. The

SEL1/ PRE2 signal pul se 316 on select |ine 212a turns

on the select transistor 130 in each of the

pre-charged firing cells 20 in FGL 202a. The 15node

capaci tance 126 is discharged in all pre-charged

firing cells 120 in FGL 202a that are not in the

address sel ected row subg rotf SGl-K. I n the address
chargg ige 2d 82 apansialgetsoplysicripied tegethentbut rereivesintigr ed,
sgn%@d'cated at 318, in the node capacitances 126 of the

rive swtches 172 in row subgroup SGL-K to either

t uFine SE&6HREEsignat piseat 3 ol pea-cimarye dine @flfa, pre-

onar R SARRLEHL T8 ST 3822l R 80 B ol

the piréfbhial‘g&iﬂ'lrms 12086n Fmezmetchhzymeto B2figh le_tégﬁ:lbv@lf

|1 20 i F&2.202b
. The BRe BeRAGIBRGSs 26 14 e ahe et NS oplle T 28 AEORaEY ShbgoHR

SG11KQnHi%Iate%fa€t‘3q|ﬂaéﬁeﬁefdh'ékgéli o8 hgh ld%ﬂagé‘le%?atrﬂﬂ The
subgroup S&2-K indicated at 31 are pre-charged to a

row dukgioup addpssiaé 366 salectrnibamoup Q@‘Irlﬁwr@@gaf@uqagw gekals

314 R pridfienft BRI AR Riorirop rednar@adin] g7 oP

fire groeps raamedzf indluding thiel addi@ss slected rdw sebgpoup BG1-K.

202a- 2 dd |
S Serepting ¥4 Tof o MnaA iR RS2 [Qh b R O4P
2ozﬁé%'éht e me@aﬂv:eﬂ]galtrs,fgg@?é 5, ﬁﬁdt.:lu?hhg gh@EiEtnﬂlﬁﬁ] Qﬂghglgzng%e
0 energlze 1 Tl SIS S
3161 The (RELIAPRE2 Siapa) RPS R0 SRR IS RE2ARITDS O3S RS
tran%\%t%r MBO F@é@%ﬁﬁ’;ﬁ@?@ cﬁér@%@i ﬂ?lﬂ r&}{s H’Qd) ﬁ?Féa %099954' hi gh

e the si gnal P d while
nodé bepaitdece 486 d4 dispharged i @lhpmhaf@ﬁ:djfjmg ﬂ%] sdt3 leé FG1

2023 S B e 3058 SUBLER BRLQBYPUSHSE |t qogrons
seleti:geg rgtr‘m;ﬁ%trclmﬁ 8613‘2211536 gh31/mmeest3i:ﬁt gﬂ?ﬁé@xﬁg&m imthes
nod apeeqEaREs 456 SR e RiHes ﬁZ@um“éwwoe% SRy to
eqthémﬁvgn'é chht% sdﬂch%nsmbﬁmtﬁa dRoBSi trith mgungqul se 322 5

goes / PRE2 si gnal goes | ow and the
enghgyp VEBE%z-nakplsz%ata 09@@@16!@62!56#&@ aPre-

cha@%ﬁ%ﬁé‘ﬁhﬁ"&?ﬁ?ﬁb Fé@ 98! Tl gmo%%%g%tla ﬁéncbh\?re fBKeach of

correspon e con UCtIn%
the pnreeehdlgecgﬁdng cellsntRCcialAG2 2020 lsm@rm toca highveitage evebr

The nG%e capaci?anceg 1569‘(‘)\‘9l pr%?chla'rgeed f?r?h%ccécllgq 26({# 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 transisfors 136 in all pre-charged firing cells 120 of all
fire groups 202a-202f, including the address selected row subgroup SG2-K.
The fire line 214a receives energy signal FIRE1, indicated at 323,
including an energy pulse at 322 to energize firing resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG1202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PREZ signal pulse 316 is

high and while the node capacitance 126 on non-conducting drive switches 172
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10 202c receive SEL2/PRE3 signal 325, including
SEL2/ PRE3 signal pulse 326. After the SEL1/PRE2 signa
pul se 316 goes | ow and while the energy pulse 322 is
hi gh, the SEL2/PRE3 signal pulse 326 on select |ine
212b turns on select transistor 130 in each of the
pre-charged firing cells % 0O in F& 202b. The node
capaci tance 126 is dischafged on all pre-charged
firing cells 120 in F&Q 15 202b that are not in the
address sel ected row subgroup S&-K. Data signal set
are heingrastivaly pyled lpwsimdisated ostemergy signalFdRBA 826rat3gdd

t t 330,
Switching g Sy, cs, 322 SN AARANE OE A AGNRRES Hars ng;
activaly ptifed oo pnamdtscthe mgde chpacitinicas PRE3rom beiag pul se on
inacﬁz@ﬁéﬁ@?‘% erglgél Z]Tﬁﬁ\géﬁg%@{cﬂ Zﬁg?alfslet grer%g(r:ghj?rtgse 322
goes e, ViR SHETAPRED ﬁ?rﬁ’él eﬁb%%%s 16w &ing Qﬁ@@n@l‘gy?ﬁ.ﬂse 322is

to energize firing

c| udi ener
PTOVH‘E%J @t%@g 2@%6 Pr@det%mg’@ﬂi time topeatdnk and gﬁ%thenm
throgoked ol ShfeRaIiE ol Copd et drb ARkl biRue

120si gnal pul se 326 is high, indicated at 334. The
SE P S | F1R
enirﬁéy g@%’ @Jlqu?f @gkmsg?ﬂeﬁrﬁ % rg]eegl,?e gﬁ%cé %3 i nk
202¢ reuel\IEhSEbﬂPlRESAO@S gnhh‘.BQSdmmlSdﬂty’G(s Emli?llfili@slgréal M%Jlsie%;!ﬂ;f
Si se oes | ow an ile the
Aﬁe&ﬂ@r 5&%’% |Pé' " dopsdpwandrpieh hgieRergyspulse 322
s higho oMb dEL A/PRES| spfHal E@S.e %Q@Conaééﬂed?!mﬁe 29 bsrusaﬁs o ekd

process of pre-charg mg sel ecting rovi di ng
i

trangjgtos ﬁépg@/ egcfgﬁfathe prershad@eddiriag cefied g9 Irpﬁﬁa 02borfitienues
nodé Eﬁégcn%ﬂee 198l; QIEEI%rEQ@ oﬁ%iugcg@ foha g%ﬁ?’?ﬁojﬁ e,
pu - char iring

e on pre- c arge es al
202 ¢hatard pot inth&add @88 selethes mnmJbgamacSGﬂﬁéeDh&Gsignal set

ach.of th ch ed f n cel 1 i (€3]
328 $§5tubBlo S pBiis 1l He g ISP a0 oSus B arhubSfoup
SGZRpMdidatet &3 302 6o &ietver iid-thE Avige dwftchiesnﬂ?z:@h ta)naaemg) or
one row sub?roug %%m ndi cat
off (ppr-cepdylipg)-1 bheyS giggal H’ P" afe ghargeﬁﬁe 2A8g,pre-
cha@%@%l?ﬂ@cﬁ FHeﬁsfﬁmgtceﬁQ%Qm sete,smebgroup 8G6-K, and

I gnal “set 3 Sis provided to data transistors
13Bire lina 2114 recaivesrenaigy signald 1B&E2) indicatedat 331, rnqlmct;ng

e 39253 8Bl Ot 32 180G ERToSRBR Sle 2,
of FGZ@GZbethg’el'lé\Aermnﬁﬂlﬁmg driveFlitche’ d 72e ddieid R&2ssengydpulse
332 308 Yo punGe: T SeEtcH BB Rl PHSS281S Fip et S34.
The SEIEIPREBYSHF balse 828 doesadw 2ndfthe FIRE2 energy pulse 332
remains high to heat and eject ink from the corresponding drop generator 60.

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

The SEL5/PRES signal pulse on pre-charge line 210f, pre-charges all
firing cells 120 in FG6 202f. The node capacitance 126 for each of the pre-
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10 the pre-charged firing cells 120 in FG5 202f. The
node capacitance 126 is discharged in all pre-charged
firing tells 120 in FG 202f that are not in the
address sel ected row subgroup 8G-K. In the address
sel ected row subgroup 8G6-K, data 338 are stored at
340 in the node capacitan gs 126 of each drive switch
172 to either turn the drive switch on or off. 15The
SEL6/ PRE1 S|gnal on pre charge |ine 210a, pre-charges

chalBSigirerraind 2Rd P10 01 Beratgasts 7 Righoeltogd gris Bﬂffl
nod§@épi§cutdn&dé q EB ?& pﬂé c>'I31ﬂl?’gecnt ﬁhr@ &g 289 hﬁg ‘f‘mb &Y érog the

firing cel 202a"are pre-c
SGG{g indicated gmgs are\pre-chmged to a,hlgf@mﬁagellmeﬂ at 8. The

o YR IR oA Bt 0 1L S B oo

is prléIvIEEB toidath wanststorst 13154:3 alliprelchdrgegl frimgedels 420 IQ*F |aﬁ Breat

arodhe 202 BeiiGiporthe abiie selsvinitiomulbarou Sk Kohos

17
hgh% E‘EE/@E'E%FE‘C fig}aesrzeggu%gg@&é’réé ﬂ@@%oé‘ kcgfrd%bﬁa

r eceé‘é?p%éﬁ?%ﬂﬂ:%%‘—‘if nslaeai%&ﬁk&?ﬁn ngmseﬂ@nd\ﬁELﬁﬂéBEﬂz
sign8l ﬁJIQﬁB@G oR ettt live QMPHS ﬁl%vﬁel%c@%ﬁggﬁ? 13b r\ligg(‘.h of

the energ
the nrapdmrge%ﬁm aells ‘éaOenaﬁﬁB 202y Thel noe:tda cta;mltmce\m |s t he

o5 2 P SR ok B A 2

addfeisglselctte ﬁﬁtﬁfﬂ@ﬁﬁlp SG@H&I Irptheser 886 Gded W éﬂﬁbrbhﬁ

SCER AT A e starorat 4D Hothe e chrgoances 426 of groh drive

swntél’ﬂ"IP@%‘eﬁ%&bﬁ%hé‘ﬁn@@%ﬁﬁéﬁ@ﬁ%rw to the conducting
recar% firing cel . After the

SEILBe SREB/RRRighsigngler @resglmrg@ége Edﬁa,ama thargecs nase
cap&iEhifls P26 Bfalithnd 18 @ nHES 25, WM Al cel o in
row subgpoup 3G &) indichtedS@23424 1o artngrsmltage Ienre{ i d'hS@ﬁng(télls

t | 12a f - ch |
120 Jy B A5 piy s AiGep aftieyihe sddiehs Mikel AL A2 pured
304 lsawct: aiveéut&groﬁﬁs‘%seme SELW &iEdn supivaowsibyeo A8 GBrK.

select |jne 2]f2a turns on the select transistor 130 in

eadhe dre ine2 I secaiiaseneroy signgl CRGE; indienteqated3,2024.
incluyr}zg_ Qﬁgﬁegﬁﬁﬂéém Ea?us@]e'@z@ hﬁec%%flsﬂﬁg 521N t‘é chargegl]ot

firin Isl 202a t at ar
firing neHshiaZ(athwat bave SQﬂI(h@tlw deévgwitehesSEL- IKFﬁﬁ 262fa Thiegnal

0 i 0 |
enefl o rhosT Mof e RhE s gmnte {iborlrpt €t b g
node Icab@crltahtlém% o] elosvmdndbem‘gl&rﬂle(xm%esﬂﬂz afébeing actlvely
S PRE2  si p on r .ine 21
pulcg v, e 31 226, BMRG oG S onTaY PHRE ST W e | o
nodé b&ﬁa(%itbﬂé‘eé ¢28 hKLactRER Eilel %\ﬁ Sprébents %@ﬁ@d@béﬁacﬁbhcw
resistors
126 from being inadvertently charged through drive switch 172 as the energy
pulse 344 goes high. The SEL6/PRE1 signal pulse 336 goes low and the
energy pulse 344 is maintained high for a predetermined time to heat ink and
eject ink through nozzles 34 corresponding to the conducting pre-charged firing

cells 120.
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52 and pre-charged firing cells 120 of FGL 202a that
have conducting drive 15 swtches 172. The energy
pul se 352 goes high while the SEL1/PRE2 signal pul se
at 348 is high. The SEL1/PRE2 signal pulse 348 goes

| ow and the energy pulse 352 remains high to heat and
eject ink fromcorrespondp,ng drop generators 60. The
process continues until printing is conplete. Figure 9
|s a diagramillustrating one embodi ment of an address

g ABPR TS S AR PRE) Sl milseri e aasgpwiand wojs the energy
puls@l 3RCEInRgh, Gl tsighRds and and OQLAF%YSH gﬂén%#%nssdﬁ fol

register 402 is electrically co Ire
selegt awher ) of sHb@OYRS §G el t1,09C2dwitTr and $d> 0B SUPIRBSGAHE!.

TheRled ifE8 183 R rar2its fnd Bi-tfdoe Y AP forfude 205 ©
receivida SELCAWRRES lsrgnahmlleerbndicaiedtai 3d8s ThelSEL YeRER signai
puisB $AEHT wePRang A2e s e rise o imps sion 8 dusartuor the

pre-geargedtigng 48fk 120 # FE$ 2@2herl'hé|no‘élb%ﬁh§|tan%§el 26ijgur es
25A and 25B, including a control I,Zg and six

dlscha?aeﬁg" &/l prrrrharged ﬁeng &Rbs 120 H\e%% ea éhai\arq oot isdben
addl%%g rs%fb%te?:l beyréup 861-KAE; Data sign: Sﬁ{r 860 ﬂﬁ%\ﬁ%@ﬁg}%‘a' S

are 30 acti are In
SG1\rKH'ﬂ wetor@inelthe ase-clmrgedtﬂetlg ogils Hh20 pi‘ sbhgio upSGHEe! tm

eith&f Yt 8l BTG 72 dh A ST SR TREZ aﬁ“ngﬂoa?see?% Phes
pre-EHﬂ'geI izéf219qua-chargés@ulfmn(y’)cellsﬁdﬂm #sEGga@02bat or
S adtle TG oot 15 A
52 dnﬂ' ﬂré@ih%rdtcﬂﬁﬁiﬂ&féﬂ@ 168- &Fe1agmaﬂﬁ@u@éo@@@m§aﬁ@e
forward or reverse order

swnt@lm‘i& t hlee ﬁneﬁgw@%e@ 352 gogs high whde theyBEbA/P R signal
l: |
Puls B A e R pulsE 48 osllol i the enpray
puls€352T rreains ﬁ‘gh t@heammejdcmnldﬁonmomspondmg ikorei ves
timng.si-gnal T2 thr h ti 91 nal e 418 and
gengilp a0 i proRgss e hfltuRe K Himuels gnar 72 to
pr Piyuse gas BRNBL e IMMG? ohe\ephbobmento g sddyesd  on

oneRataicA0 10508 e 403 0 eiaARs SiepRERton 0N IRSHGS @ itk

reglétbaaet éhfﬂé‘ct\%?cu%ﬂﬁhéil ¥ihd 2S0gie Wi 5& OFHeaélﬂft lré@lﬁl—:-r @62

rovide a re vo tage level
is elecilmpalgly ngxled tqmres:@@@ phicwit/404, treugh @r&yﬂan can@i lipRg . 408

Alsq; Pl Blsieh 4070 S SRERRIY odsd B Rkl it fim ™

regis‘tei' baipart Iimsahaa‘mwrm ng signal T6 to provide a reduced
L’} @% Egcﬁ@eggg;escnggd Bqlﬂglalgﬂ A ggéég g‘f vaJ oy 0\91 es

addf&%%!@%‘-fs fbon”rtngqiew H@paln @ﬁ‘é/blﬁﬁbbarmm@caad&&s Gerator

['1ne and direction_signals through di rection
400§egem¢s extﬂe,n@l gigpalsAperofigyinsi 25/ agd SbEr ingludinge epnte)

sior CSYAE A0t i PRI, 8, B1838nd 632 ten
addlemeadigneds +Atj PAR,si.gAdl The adsress/signals ~A1, ~A2, ... ~A7 are
active when they are in the low voltage level, as indicated by the preceding tilda
on each signal name. In one embodiment, timing signals T1-T6 are provided on
select lines (e.g., select lines 212a-212f shown in Figure 7). Address generator
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20 through first evaluation signal Iine 420 as first
eval uation signal EVALL. Timng signal T3 is received
through timng signal line 434 as second pre-charge
signal PRE2, and the reduced voltage level T4 timng
signal is received through second eval uati on signa
line 424 as second eval uaji on signal EVAL2. The shift
regi ster 402 provides shift register output signals
S01- S013 on shift register 25 output |ines 410a-410m
Shift register 402 includes thirteen shift register
400 isepnesembadiment /1 & santre)icieuil onfigaredhta tespand to a 1contro|

ISt h |st
son P CYRENY SRR 8001 oBaT U i
~A2 oum?tm@lgmid or Eyerdg0didler) Toentblerthe éiring loelld 12@wrst er
activ gl s 403a-403m are electrically coupled in series to
k1 ?)rI]OVI de shifting in the forward direction and the

r eVey Sddreis gehérator 400 indltidss rRetaesH diRas hetvidts 412, 414
and f‘i@l ster 402 can include any suitable nunmber of ‘shif

gt Egceivastining) %ng?oTﬁ PRYT§e Rasjstaid fV'QEIT@MQf#HéQ
ki
receR!Es %FHr.ﬁd ?lbﬁgf 3 fifro A gsélw Ilﬁe 448 aﬂE(b\f\l’éﬂ&f @th the

esired a
voltagege\eal of timing sigud d doprodds asrbdlﬁced\agtagedeveb T2diming

signd i ot Ahustonaile 198 Kottt e dRe peBives

timinrgi sigve! TSGHough Bric’)urfgt sigregiline d22 ﬁmtj mmtldés dewd HEbvoltalgefiével
| ste 403c_pr es_shi |ster .out put
of tirtfif ianakd 1o prcska ¢ Reised vl el T4 limira sigRaras qoond
evaluéiﬁinsélgﬁal GRé 4240 FbsRiterdivigs netidrk 416 9b&difds ﬁ}’dh@l&ignal
on shift register output |ine 410d. Shift

T6 thregglstlmmg:@gnaldmgé%mu dHéddes down th%@@‘bﬁ@r’e\!ﬁh% tiping
signgi, % proVid Htedlid vAIBGETERI TRHIRHD Slrafoft iRt cviidpg

signalilipead28S06 on shift register output line 410f. Shift

G DR sSaister 2017 ol RS et Db FSPNEUREprl Rlirot
signélaies438r arditection Bigna@Mhrtegjhsditektion eignat IﬂTesCMIBIO Also,
ShiftFegler 4P2 ceraneRoiming SRS tuRigh tining Soaal g4 s fst
pre-éﬁaggé‘g grﬁgpP 1 S I11hfetrel.‘l B Mage vl tr2 ltinfiRg 4ipdl is F8Edived

regrs provi des Shift register “out put
thromf@havalmw smnaj ting 420 @g.fsst@vab@tlpusIgnahEVALtbj Timing

sundf 58 Mo p P oa il Gy

PRE2hahd theegidsited vol@dge 60 IT 4phlrnmgdaagmaﬂ; fsi rfabeweg tlsroagh

seccil ey S i 42 eF Sl S BT AL 2g T

regléiéltm pﬁvﬂié@'shf‘fpﬂe%l% GilthdittsigrRgd SOILSOUS Rrtshift |regls4ér0m
he direction circuit 404 receives control signal

OUtP@SWm 4Wachimol signal line 430. Timing signal T3 is
r e RSt 4b2%{l&b%éﬂl?’@_?ﬂléhﬁ&?§%4erac%llg Qhh htoam that

pre- cha ge signa ere ed vol tage | evel
providenlhaghlstegn ahift rgglsareluund signals/301HObH Ehagnsahiftiregister

R

thirtédres i aégistest bgmoﬁ%m ar@l elebtricaly t(ﬂq:t!l@dam saviesdge

provifayifing i e eivard Reten sETSEvERosl GHAPY RATEer The

emb%fn?éﬁté Qhiff idefidtet 400daPinelide ahyduftaslel rﬁmt%r@iﬁ ahi register
ft register 402 through diréection signal |ines 408.

The | ogic array 406 includes address |ine pre-charge
transi stors 438a-438g, address evaluation transistors
440a- 440m eval uation prevention 30 transistors 442a
and 442b, and | ogic eval uation pre-charge transistor
444. Al so, logic array 406 includes address transi stor
pairs 446, 448, ... 470 that decode shift register
output S|gnals S01- S013 on shift register output |ines

A1 N
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27 to provide address signals -Al, -A2, ... -A7. The

| ogic array 406 includes address one transistors 446a
and 446b, address two transistors 448a and 448b,
address three transi stors 450a and 450b, address four
transi stors 452a and 452b, address five transistors
454a and 454b, address S|§6tran3|stors 456a and 5
456b, address seven transistors 458a and 458b, address
eight transi stors 460a and 460b, address nine

%&% |st ors 462a_and 462b, address ten transistors
celly 403 toprevide ANy sutifgblequnahenaf shifi registerasitpit sipals tel

prmﬁtﬁaGQny ﬁdﬁb@?éfdé’%ﬂ%dﬂl‘&%%@{%s 468a and 468b and

dress thirteen transistor Oa and 470b. The
ad Shétsrgglaterecefﬁ d83a e \gdes shift segister eutcpasasgnse@oaroa shift

oRGERLELERA 108 ST Bel 55 B S
s:gndr 802 -aFosHift eegjaéhoatbualdtérm | St rég@te@ g:éltl QGI_’JI% prowdes
coupled to sig

438 |
Shif S tar PuTbuH 5761 RGP 41 SR Gedie R SuPal DS 1He St rediaer
celi ﬂdgd Fﬁﬁndés%lfﬂ‘@éi@%&ﬁutt é@'ih‘l'Sﬁtf’bn @ﬁﬁﬁ'egﬁter outpgut line

el ectri cal coupe t o address I ne
410¢yn §hlfh@9§t$fe0&ﬂf40t3ﬁ@ f@‘ﬂdﬁihs@ﬁ uegistep autpub signais@E on| shlfé

e B8y PR SRS LB BRI it iy

s:gndraDﬂ coshift eegastEhoutputahitﬁé‘Hh‘ IShthrqgtsiercdﬂr@Bg provides

b i 438h | ect. [ dr.e
snif p ey Pafbut Hiitey D7 o hedtutet IR iS4 1, P SR ister
cell RO3HH pAfvidedokhefs Fedidt@coltp 6t el DS bARBIftEaIstet DY A TiRe
electrically coupled to T3 sigpal |ine 434. The ot her

4108 gbifpredister eall 4031 BYides shift redisterpitpdsiang! §O%pr shiflo
reglgtgﬁ uf r?é‘&’i gt Bhift R3fstesod A3 brdwdésyshwag.sgﬁre&ﬂput

|ne The gate and one sid
signat aon Osmmmﬁé rqmstar oftpuidineet ]| Bhist registeresill §@3k provides

" | | Si
it 4y ) S A P o 1, S
cell a?sﬂrpsree;déls lahlﬂnegtstdn@ugmtsl(%ragsm Bror?éb’%fg rze@ter output line
el e ca

. Th
a106an ik ol Gol RaE ar SRS TR eorbiBr n Uit soiced fne
shﬁﬂé@:st&%&;b\ﬁn,gg 410aNsi stor 438e are electrically
cod to T3 signal |line 434. The other side of the

dr Zﬁﬂ dy@gm%mmtmo&frea@wseggmml §Engt SN g control signal
Ilnettlﬁanﬁ"ﬁﬁz-@rm ?3' e aﬁ%ﬁrd%i S @#é‘?!lﬁgﬂ@ a@4li s re-

one si raln-sou
chamtslgmﬁl PREH. e'ﬁlsse redweqj voltadenieye!l T4 ﬁmmgssugnaliss&‘cea'ed on

evalGpfiSh SoRahint A2 F Blubavpaihi sBnal6PALd” a3 35
is reeBRed N ARG n@ll i3 886 Bs tidtdegrerdhange ygnﬂuﬂkm drd the
address line 4 The gate and one side. of

reclifed \otgae Ve BATHIT S dns s EaSaNCR P el Rt O fine 428
as t*lfc@@%@éﬁgnﬁéﬁﬁ VAL Aid Eiirétﬂiohbr%@?t‘ﬂb@@r&ﬂdé@drﬁé&ﬁﬁ'

he other side of the drain-source 28
signals tacsdinlfémlsterr@aomowﬁadlga@tlon sigpaklings 408g i s
el
o B4R SR B L RERS et apd doREsce
4384 3&ddrdsSgvaluatior teartsistors| 44}Dae4nmm emlraluatlﬁn pse\gméibn| i ne

t ea nal ne 434., The T4 si n
trangiiors 4425 G0 et 3o el alsAton e haice tastaRla, ARS
logi®hrrh{ 208 ifdiildes address transistor pairs 446, 448, ... 470 that decode
shift register output signals SO1-S0O13 on shift register output lines 410a-410m
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5 source path of each of the address |ine pre-charge

transi stor 438a-438g. The gate of each of the
address eval uation transistors 440a-440mis
el ectrically coupled to | ogic evaluation signal line

474. One side of the drain-source path of each of the
addr ess eval uati on tranS|£;ors 440a-440mi s

el ectrically coupled to ground. In addition, the
drai n-source path of address 10 eval uation transistor

440a is electrically coupled to evaluation |ine 476a.
to prepide fadresssugnale ~pdi 1A ... adhd: cEhe logisl aIEaM 406 incladss st or

addré80bnb fraRbRIHE sk b Adk! Shile RYPLURILER Jddie 7Ok,

drai n-source pat ress eva
addraas)th ree traheistars 4504 and 460b,eatidressefoat tram]@uord 45k 4nibe.

T I t t t
T R LT A e R I 5 A
456b} addrestiveven diansisns 4689 ahé 468b %Hifr@ﬁe:@bi?ﬂr%ét@ﬂ% 460a

%é nsi stor 440e i s, electrlcallé | ed"to eval uati on
and 60k agdeess e tapsiriers deraang 4p%b > kRt e drapoisfarariBda
and 116435‘ Seldﬂ?éh"s é}é\ﬂin ﬂrénﬁét&%ttf%‘"aaéﬂ %Hg%sgcfwsméltﬂéﬂg s?cﬂs

I'i ne e drai n-source ess evalua
4683 a@ﬁwé@&b and add@ssihlée@@trans:aﬂorsﬂmm@dmm eval uat i on

e e L

coupmcbiou'a‘i 5|gnal linect3474rid addressilimesd Zaa4 72y, p'ﬁiehgatfe anddsres s
tion transjstor, 440i.is el ectrical Iedto

side Y e bl Srpurh Bt 2oiss gk hreccBStde Esiater TR AE: oos
electieallyu@siipts fof'ﬁi@igﬁﬁlqrne‘lﬂﬁ] Tre @thecsiae @ﬂtHeVdramﬂLﬁéet 0
eval uation line The drai n-source path of address

path &f addeees dﬂﬁetpr%ﬁaa@e&an&m 438ads glacirically couried i aedress
line g)ﬁ i es éle'el Corfe’Sle of h d?éiﬁLébuZ Oé&tﬁ RAArRE Jine plrcsa/-

eva uatl on transi stor el ectri cal
charge trahsidtor ¢ 38k areielectically eeupiatbto T higndr linend 3b LTfheeothat h

side B 1 YR FRgo E A drhofdsAIPE HhRonaft¥ B e €2, LY

electoipgiiscalplaf tof duréssling £721. CEhepgath apid dregtide ofthleurhinon

re-ch nsistor 444 are . el rically.cqupl ed t
sourfe bt taticr essding Fue SHATIREATIS G A48 1P qedicaligotpled to
T3 sighal RSy, C’Phé)aih@r sﬁe@f@ﬁé ﬂﬁa@ﬁbbu’rcé ?ﬁétH @pbddreésqmecme—-

éval uation signal |ine 474 (g&\te of eval uati on

charge &apsistas38e aﬁlegt!@allymwleds’wea 55 le 472¢e olgl aatet o
and gﬁe ? @R nd b éélﬂ F&fhr G §solﬂ{e° e%ggc—fff’{sransnstor 438d

ation preven AnS1 St or
are eiéﬁuCallyomjubjeddonﬁ gignalined@4siTde dtber sidg of thealraiatsovince

Si | line 474 and .on the er sigde o th nce
path 3t Sagtess s RigEae Asieten 4 h el poiieh & S0GRES
line 47-’%0 Tive ghtecind o1l didle opthe! drdintsbufde patgrnﬁladurers;e [ihéDre-

e drain-sourte Eath of eval uation preventio

charw érﬁgs@tqsﬂwazﬁe piechiically eoupied ip I3 signating nTttﬁ gibes
side t0?’ eoéﬂ‘a% Eihoé’f a?i'd%&' Im'eI ﬂ?@-cﬁﬁg?ﬁi’é’ns‘moﬁ speoher

eto t erence at ral n-source paths

electnrt:ahdmtmt@d tcr@dtkreﬁ e %ﬁe sThﬁmafem one sidey phthgrdsain-

source path of address line pre-charge transistor 438f are electrically coupled to

T3 signal line 434. The other side of the drain-source path of address line pre-

charge transistor 438f is electrically coupled to address line 472f. The gate and
one side of the drain-source path of address line pre-charge transistor 438g are
electrically coupled to T3 signal line 434. The other side of the drain-source
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el ectrically coupled between address |ines 472a-472g
and eval uation lines 476a-476m The gates of address

transi stor pairs 446, 448, ... 470 are driven by shift
regi ster output signals 801-8013 through shift
regi ster output signal 10lines 410a-410m The

gates of address one trangistors 446a and 446b are
electrically coupled to shift register output signha
line 410a. The drain-source path of address one
transistor 446a is electrically coupled on one side to
path £ @ddress|linp@re-chargetapsisier 478gtin elestrivally spapled ¢o address

line i@ “ﬁltdr%rb%b&ﬁm‘éﬁﬁ%dp?%}gé@%%&cﬁgﬁect?a ?%t@rsoi38£-43dsg

ess one transisto y coupl e
are ejaanoailys:odlpletddoa'ddsigw line d224in2teadrof T@rsigied line 484, Jihae

6a. A h | evel shift i ster
T4 slgafiiR 422 s Hecthibiy bo0Rien to M Bate ANdl e kifé of fLATaIT e
sourdd patH ef'dahf tiksldd @ess mepis-eie§s transistbt @38a:438446b as
address eval uation transistor 440a is turned on by

hi T Geleral gach of e ariesr evakiptiondrmsitesAdOardsy s
elecfﬁ‘ééﬂ eP@éd[%H & Iggﬂlevblﬁﬁoﬁ?:@na?%e-rm agHE SRfe &MKe drain-

sI st or address eval uation transi stor 440a
sourc@ paticef eashaof the/addreps) Bvalaatmrets@nsmtﬂ@ UW0pzA4QM 38 | ow

e

evalipation traithistes440anie eﬂe?:?rlncaﬂp caupleizl/tcv elalagtior! ineed 764alhEhe
S two tran i stors

gates of _ad 4 and, 4
drairgpaace Rl PLAGESS BRI i A0 s Bt Ay GPUR 4o
evat&é{% inEE76Y. aF it GAIH-66urBa patrodf ARMsRsevalwEiohtemsistdror

is electrically coupled on one &Je to address

440¢ nsméeamfzaiiyam pled to I@éalb*ﬁﬂ‘éﬁ' ling 4% oT'éQ/ draireepise|Rat of
addr%g kévalagﬁ?rgfr?ﬁgllstﬁ H&@cﬁsﬁé}%& 0185!!# %?isiote‘()ﬁlutah@l'i‘ﬁhét or

ca Iy co de to address
476d.i ke dvan-sauntecpatm béadﬂrhm esaluathrotra;mtgmwmlﬂqlmrlcally

A high o2
cou;ﬁﬁg gq]pyqlu::a Ig}e «f)b‘gﬁt d-lﬁdlraﬁ'g#]oﬁ.frgt% ngﬁt cﬁ%@g?%%:‘lﬁjgi%%oﬁ
tranSl§dF 286f i \Wiediicly icolipled td éBaluatish WBETEfs Thddiraisssource

" pathvef acidess QXRAIOD PRSI A40m i alechiEaRy Spiv fy Evaiation

line 3’?‘ Utthé %?alﬁisg[]ﬂie ﬂdtlﬁ] 8f 4ddresd BRalusloroarisistor 448h is

'si st or 8a and -address eval uati on tranS|sto 440b
electrmadga coupled amevaléaty)qdmel 4780l r Ehesdrainneoee Rathf addggss

vl EBEnafiF e e HERLaRy Solpley I SRR IE Rl The |

drafﬁisbhr@bhmssadidrees 4valuatian mansiston44Qj dgelecticelly caped to

{ f th {
evaldaugs ine 41ty 1EBIEPEF B SRAPO Fadiese avauaPin fatRsfsy
440k'l§éleét11t@§|ly 1 lesHt@IerVawl tbnanleatrakofrhladgmamutdermg of
t ransi st or ais electric co on ope Si 0
acdeaséravbiok PR rangstor 440l bRy Goniep e evaugin s Frs
I
The s P B o e oo e 1
couplédrie esaluatien e 4781d. and on the other side to
t | 4,76
oM R AL o el B B B4E
chaﬂg@ﬁaﬁ%tﬁ&%am@éﬁﬁsaﬂyfﬁmlddrtarTsﬁ sigioal dind 306 aamddhemr

dd | t t
sidesonhgraIBROH R i3 Sevibal cufbied g BuoHERHsBHf e
4746\*1@4&@ t& OF e§él%‘ﬂﬁn ﬂ)ﬂe@@nf&)?ﬂtraﬁg’HioﬁMaas lddiricly coupled to

transi stor 450a and address evaluatlon trapsi stor, 15
T3 signal Iluer'ﬂ@&ctTl’lecﬂralﬂtS%q?%/P%tblq exalyatar PravRBLiTyBangi3ion

| ow voltage | evel. The address three transistor 450b

and address eval uation transistor 440c conduct to

actively pull address line 472d to a | ow vol tage

| evel . The gates of address four transistors 452a and

452b are electrically
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coupled to shift register output signal line 410d. The
drai n-source path of 20 address four transistor 452a
is electrically coupled on one side to address line
472a and on the other side to evaluation |ine 476d.
The drai n-source path of address four transistor 452b
is electrically coupled one side to address |line
472e and on the other side to evaluation One 476d. A
hi gh I evel shift register output signal SO4 on shift

regi ster output signal |ine 410d turns on address four
4423y loddneally corpledronenside fplpcicevaiuptionsigna line v dand

on tﬂé&rlél‘ Sti8'o tHOds %réua%‘/itﬂ@fb Orh Yaf® di Qlug,ﬁ&ﬁ aﬂe%eh @ﬁ?'

eval uati on SI eva | ONn" Si
trangistaed 42bis emmrt@aium@gpleﬁdu T 4ta1@na§ lise 4224 FPa duaid- midu:eess

path B B aBbt A pie AR TE GBSO RatE by 3RUPIERLIn B s
to lo@nowvauaam bighal lindcfh amtloadi ether side ltdifiid @ferbhédat 5780
onduct to ctlveld}/e % ul| address line 472e to a

Io %/ BingRYUrFe pafhs of addrespiangstUPale 499dfa8.s - 14Kfkare
elecﬁ.banﬁceoﬁpwbékﬁéen%aaré!s'éﬁhegnﬁz@zwggra'naaévbﬁjaﬁeHmhééi to

f't register output sign I'l ne

47604 €6M- dberastesefiaddsess teansigtar raits 446, d4Br andTC are dida
by s pEbiSKH OLER LinSE O PSS ARG ot Fstider bRty vl
Iines'ﬂﬂ@aeltt‘mnm source path of address five transistor 454b
| egt I, | | ed de ,t dd N
R GRS f it R 0re Bed G B0 A Bl
coupldio SHfY Adgistbi dlitplegigndldine 4104t Tk draigisurddpathivfshi f t
regi ster output _signal line 4lgﬁwturns on address five

addrpsepBe SapFIston 4453 inloataniv-aoUplas @ g siF A AdgFess line
4724 éﬁcf‘ah %ﬁé’Bthéf‘Qiﬁe'té e%maﬂ‘& ﬁ'ge Wséﬂ THBranRbb@ee paty 8t

uati on S|gna address five transi stor
addressianatransigiir d46b m/@leg’rat:albhcctupéﬂdsﬁm on siflede addrassdinet o

72 kB PR ORI e 4188, A B 8

outpavsigrealtS®h ot shiftsieglster 0414;6111 sixpradi lirod 4102 burhs uﬂlayldmslslone

add I 2
trangiSipiscida st as pd Brs AYRLALHE FRaidio b0 sqymirion by
a hlng gé (&l Ev@l@éﬁ&rﬁ@igﬁﬂ LEHVALL o REGicéeAlustisnignaiiaaal74.
I n dr ai n-source path of address siXx

The taddlms wcﬁrma@pn@ﬁew«s@md@sﬁ @Ia@aﬁiwé@r@ﬁt%{’é’r% de to
t “gkj‘{
conug@g u NE Ill@dﬁ%ﬁm@’iﬁfz‘%& r zfp % sourgge %\faéf hi_@? adc(ijrg ress
one Hanslsiroanssls tnd ad8Gissieyakiation fraosisioy 4403 pbeduairto agiévely
a ess Line 472 d on the other side to
pull g@%pa%fn%ggél? ﬁ)ea EH\%&“%QeﬂF‘Z%r! |l evel shift register
out e hates B abdBe6 two trahsibtors ¢98s tind 4d8b prd eleclyigally | | ne
410f turns on address s nsi stors 456 d 456b to
counmmmfta%glafeape@g Eined b B Stalepdios poiyor adisomo
tran{%\'?? QQB#E cQIyﬁ’Jbu)blﬂot S6né SHMBlto Qué}éég‘hh@ 72k @dlon

ress sI X transi stor 456a and address
the athet side rtaaavaluamm lsteod 76 OFhecdrainueeure Pathy efiaddyess o

trang 3% A58 Il A8cACAR, dotipfed GHIGNOLERYE ahiERL ind 288G &h

ress eval uation transistor
the tABF side sl edludtioraiiria 48y A bigh ladsl sbifkrebistar ol signad

| ow vol tage | evel .. 25The S of a eyen. .
507 s opFer aEifin sahaligs oSSR et o
448§ Bhél 44B6 @is HadreseWvallatidh %ﬁbls{dr QEIOB 19rndden by a high

drai n-source path of address six transisto -ﬁﬁ%
4

voltagedeveliavalualior sigirbEEYAL RdogiF gyalugtion giopa 'ﬂeu
and on the other side to evaluation |line 476g. The
drai n source path of
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address six transistor 458b is electrically coupled on
one side to address Iine 30 472c and on the other side
to evaluation line 476g. A high level shift register
out put signal SO07 on shift register output signal line
410g turns on address six transistors 458a and 458b as
address eval uation transi gjor 440g is turned on by 32
a high voltage | evel evaluation signal LEVAL. The

addr ess seven tranS|stor 458a and address eval uation

addiﬁrf%gtwp Fagﬁ % coa}gggécgte% g\c,:ath;%el y pul IoraddresosmjlulmnteJ
actﬁél?ﬁﬁll al@fesd FRE 4¢EQ t@g%ﬁ% §g<c.aieu L i %ﬁ@?é t%%oo{raﬁ‘s‘}&gr

conduct to actively pul ress I ne
4480 @ndaglress eualuatien tmeﬁormwd@mw toiagtively pali addtesss

|lne4l§§§t@5%ﬁ@?l‘?q§él%v§|| ectrically coupled to shift

register ou sighal line 410h. The drai n-source
pafrhe@fat@dmfraames tghie lrarwiaostwaaékﬁQBdfﬂ)m) Sleasibdtiisaly! Y

@Hg on 0 e si d ﬂld %ﬁ e 472b and on the
cougle Ao snift [egis r&'r%ﬁ §{9”@ % 7B draESelTae Raluei ce
addrhhele tidhiiorerB0-a5 ictidafp ebahieq oﬂ dide to address grae

el ectrically coupled on one side to address |1ne
4723 ggdan thﬁ@ﬂ%ﬁrﬁade i1 eualyadion Jine 4aBrol heidrainsperce mathlo@h

add*e%‘é%re%htfafrfsert(ﬁgdffﬁfb% efe&lﬁé'iiy EQ%@%I onGrede gi dztladress line

regls er out put SI g urns on addar ess
472d iagHtont tham;mertsadesto@mmm line @@ 6as Adugh eve! shiﬁlre@sﬁeon

outght SRREPSER il FEathf. 0By fHon i HsBE s fikadrSss
thret tnsistdro 4508 t@f%ﬂﬁdb@i@cﬁﬁéssﬁé@lu??ﬂgmﬁmﬁf gu\fl%vﬁém

I . , ,
on tﬁ%ﬁl&ﬁé’o eve*m@f'ﬁlén&%nai L%?/?Lt%mcsevaluaztew'm
line a¢dr The a@a?éséthémréﬁﬁéﬂ S0 ard*2ddre 88 g%lhat‘id’n ﬁ&ﬁé.é&@.l y

address line 472d to a | ow vol tage | evel

440@ soe@uqiﬂo QGWGASBUIMMGW ines 4 Z2aviosa logovoltage lasaih TﬁBe
sl b AR e ol Bl R el
activelnpsll atidresd 68 47 2d & addw Molmga/leaeiupl ed on one SI de t 0

S8 S T AP B IR B b S

coupleaﬂﬁeﬁiftqegnéﬁa?b;ut@tei 1rne:4110cy rlwaiaadsmrcerpetrswe to
address |line 472e and on the other side to eval uation

add reraséourmnset\oww is @leatricglly coupled ogi e sidpta address liru

472§%§d‘?ﬂ1 HBidker <R f%t&fau%ﬂbﬁgﬁheive alrhbidpgindtikc 014 pathofon
address nine transistors 4062a and 462b to conduct as

addserfegrstransigtond 2inis elentridally eouplad Dni ane side taladdresy line

72 ) b o, SRR 88 5 A e s
outgut 3iymiabS 08 oidhift oe:glster:buiput agnal\hab)41pdlti1rna_d:m‘ra&~Be$s foar
trangééﬁgﬁgg% pnaggém L2 %res%\/eevlalua-[:gﬁ tl%glglrs or 44lald qse turned on by
a high voltage level evaluation signal LEVAL on logic evaluation signal line 474.
The address four transistor 452a and address evaluation transistor 440d
conduct to actively pull address line 472a to a low voltage level. The address
four transistor 452b and address evaluation transistor 440d conduct to actively
pull address line 472e to a low voltage level.

The gates of address five transistors 454a and 454h are electrically
coupled to shift register output signal line 410e. The drain-source path of.
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30addr ess eval uation transistor 440i conduct to
actively pull address |ine 472e to a | ow vol tage

| evel . 33 The gates of address ten transistors
464a and 464b are electrically coupled to shift

regi ster output signal line 410j. The drain-source
path of address ten tran tor 464a is electrically
coupl ed on one side to a ress line 472b and on the
other side to evaluation |ine 476j. The drain-source

of 5address ten transistor 464b is electrically
addiBs SY%HaBﬂS’@ﬁ 4547 irccleetrisaliy cuplad ofeory sidedn @dgresstise

47205REbnh& BtHeP sRkab lé@épafsi%ﬂi dﬁ@4ﬁfl ?’h@‘dl‘ﬁlﬁ-@ bl%\é?a[ﬂ*?g ft

regi ster output signa on s regls
addrepgfive trangjeton 454b taﬁlﬁ@tn@aﬂyammmbon ene sidarts iadtimss Im64a

4721 G0 ifiePGAT ERSvIRia T ok Hfighudlel ShitreaRtar
outpUEéJélhal She oa@ﬁrﬂa&gmﬁmﬂ%ﬂ@grﬁé nm? 4?9@turf+£>oﬁ:addm$.@rfﬁés
eval on S f (040 uc 0O actl ve u
trangigiire Bide . A8A5 58 0rest Bl fangiiorfaber ot ey ansty
a hlgmrblfagém@aéb%lu&@di’ps@ﬁa L@lﬁﬁ@%h@&é&ir@@& {0y trhhﬁgt%'r %@é

440j conduct to actively pull address Iine

and a@we% evalyation:{ransistpnd4 @ cerdust taractivelyspul addeess line
4724 WWW@&&%} a0 a%@%s% vsltgﬁggyf&abﬁgcmé&d to

regi Ster output sig
evalmtbjmmrwmtﬂtoefl% ¢ormibct115abdiwelg$)uﬁ laddesstlinadd2E tooa lodb6a
volt i; eth“ cally coupled on one side to address line
oagé d on the other side to evaluation |ine 476k.

THEhelgaties of atdees Bmthr@fst@ddlﬁea%rﬂ 456pNark il
n_one side to address

466b is electrically cou
counlg D SR REN OV P SOORIDE APheToe SERSaHCR FRN Phe
addréé® §1x tt‘én‘%b&rﬁ} 450498 eﬁé&trfcfalw Egugﬁé@ bn ‘Hrhb@r{ie ® é&?ﬁéssﬁﬂ%l

on shif reglster output SI g I ne turns on
472aannt eB §hesotheealdeﬁaﬁgalya’mrsil%ﬁ@ﬁfaﬁ@emam-wr@ajmtbsﬁ

L e e I

472d apdoh theothébbaeda évalddtl@s bneed&bfuak high ldeMBmlFtsrestteMOk
ul | ddre

t I [ 472b t
outpERtis o8 o gt Rulind S e 10 178! Sudlen i
tran@ﬁersezﬁ@a@am #5486 bedrfdaE}Sa§é@dreéé@kalﬂ@lﬁbiﬂ@énéiﬂoﬂﬂﬂf\@| y

address |ine 25 472 t0a|0WVOt§|l_%e evel

s

tumeachflelu @mae@glaﬂolaaﬂm@g@ evallien elarALL BYBL s Thegsdiass shosb
tranQétSr 3#@{ bh %Qlﬁ?%s %%Blag r afrﬁn%%‘l‘gls %gﬁie&lrﬁh@t;to%@éig pul
add reae lme4?2atcsa swovolteg@devel. é]hecadldweml iy tronsigtioe d5gm aode
add r%sg %\l:ﬁ\lua\fEl ion d{raeﬁs‘cistbir $%0f conduct to actively puli address line 472gto a
fow voitage level.

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

transistors 458a and 458b as address evaluation transistor 4409 is turned on by
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472c and on the other side to evaluation |ine 4761.
The drai n-source path of 30address twel ve transistor
468b is electrically coupled on one side to address
line 472d and on the other side to evaluation line
4761. A high level shift register output signal 8012
on shift register output shgnal line 410lturns on
address 34 twelve transistors 468a and 468b as

addr ess evaluation transi stor 4401 is turned on by a

a igh§Pe e ?“a%PPg?\@laiﬁ%ﬁﬂe%ﬁ%réﬁ%ﬁ%@gmﬁsnstor

4588 M RIc 685 SaARRioR tRins AR U BBl RALIY BLI aBlldss

ress line 472c to a Iow | tage
line H\X/@N% atlowysltageleval sw%amsammmmabmd

addFés%SeVaﬁIa% %%lsfo?'agmﬁtcoﬁ&lj&cf#ﬁéﬁvgeix @iﬁ l qc? ggéﬁ glﬁc fo

ow vol t age®leve
alowmdtageievef ansi stors 470a and 470b are electrically

ar ATk B dkess SR Aipp el feop e oy 0a
coupledecb Sbiftrreglatérbuqm# Blgpal krie £1Th. STHEEdafh- é‘&%@?ﬁtﬁlgf line

other side to evaluation lin

addiegs gt trngistar @80p s lestricaliyeeupied an pneside toadsiressdine
4726&99 Inthé oBiser skl afi 2B Gifle gZGﬁn?hé' ﬁn-s%u?%%%@%f

line 472e and on the other si o eval uat1on
adduers eight trangistar 468D issalettricaliyycaunied onmbpets[cm toresaldr&d3lithe

472830 8n the R SR ol 186 3 7n At W0t M Gesirtes
outpen aignat SOB drvshift rexfister dRtpdeidignalsine U DR EUME dAYadRirédoh
LEVAL. The address

eigh¥ RrbeidErs 65 erd Ab15 3 Gaiasd Slauplise faosiios o & tumed
bgfra':lngh s:baa?él@m Senddith éighaalquvm;' yrri%%ddré@éngﬁts l'ine

2c to a Tow voltage | evel. The address thirteen

trangipign 46Ga @ﬂdﬁﬂdfﬁsérﬁyab@élﬂéé@néi&mrdéﬂh eAnductiig astively pulbm
sodRRRAHE S O St o HEREY L0 By ddeP 3o

addrsisa giveluatigm transistag 44 0le cehd unh tpactivelygmdl address line 472d to

a low voltage level.

The 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
address line 472b to a low voltage level. The address nine transistor 462b and
address evaluation transistor 440i conduct to actively pull address line 472e to a

low voltage level.
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one shift register output signal line 410a-410mto the
next shift regi ster output signal |ine 410a-410m

Shift register 402 receives a control pulse in contro
si gnal CSYNC on control line 430 and a series of
timng pulses fromtimng signals T1-T4 to shift the
recei ved control pulse in shift register 402. In
25response, shift register 402 provides a single high
voltage | evel shift register output signal SOL or

f the other shift register output signals
ﬁ §§§%ﬁ Pé’db‘?sé\;ﬁﬁzrénﬁ'ﬁ{qr%ﬁﬁﬂglﬁﬂﬁd@4bgﬁeggml@gwt
cou;ﬁl@ﬂ'té&ﬁ;ﬁ ré@igtér%ﬁﬁitff%?néf‘mm js%?%ﬁalﬂ fsolibdd n&ﬁh%ﬁl S€S

fromtimng S|gnas shitts the si
addipspier angigier 464a jsualedigaliyl cauplad emens bidetto edgresseme

4726 8h8 ¢h i 38 sigs rogypiliaifn 16 471 c{He Sl dodrE pBfrcGr,

addmss ;ben trangjstat 46@@115—?@&82%20103@% @ oh®widead badﬁ:sg élpees
) r v i

72 Ot oA B AL K L o

outptut mgﬂll S3%0 I@n|shﬁ‘[5regfdfélf 6utﬁ@t9§1§|’{éfllnéq?lﬂjstbhfstc§1 é&kﬁess ten

|l e high voltage |evel output sign to provide
tfﬂﬂ%iétqr%é%a auq!) 464b e addeass SNia!jﬁt'OMFﬁagiétqr 448i is duined on by

a higiP doifigR e P4l Rtfuafio 83ha Erg@éo%ﬁe 2BRfERs N e Oblp984a

eve regl st er ou nal Urns on
and Bﬁdr%dtﬁveb@tlom a'aBSlstOd) |44pja¢0n§iu4t4® acliygly pull addi@stlioe 472b

to a R Vo SR U The SoRA R fidibistor A sy addfedCoyallzih
transistmv Mdepbond utifﬁo{]etoﬁeﬂy aatl Iaddtehse:thrre 49Pdtosa tdmﬂtroltage level.
oL 0% e SRl o |

cou;ﬁl@& kS 5Rift ré§iste? d0tpun SigHE RN OkU I THEABindsBIREE pafh ¢Fhi f
regi ster output signals, such as fourteen, to provi de

addrgss ﬁé@@nér@ﬁﬁrﬁ@” 46&6 is electrigally goupled eniongiside mﬁlﬂéessm
line ;h?zl?QHa SRhé bﬁfﬁér%kﬁtt?)tevéﬂ&ﬁgﬁgpé 906k o8 iaggg@.%ggrrcfg
of addressekeven drandistoe &@6B8b ris eiectmaliy déuplechonooh swertecaddwss

. ' | Ll T di

ine 3783 8ne on 157 ot £ickg <A BTbp iR S5PLeaNaRbveRitcy: ¢

reglft@gbﬁt‘pﬁf ?Iéﬁ? @1 bA shft rebtsté’rhitftputfgﬁm]%hlﬁMV@# mwo?]
evel output . signa a wa irection, froms

addyesgielaven t?ﬂnstﬁs@rg&fisﬁandfé@%ﬁ %ddfw& v l@@t@nsgs? p‘{i{f}k

is tuPhe b?gjl-ﬁ?h 96Itdsgl'é %gft%‘ﬁ%figsﬁlﬁ'l LEFALOThelddefessdiblen

registe o shift register output
tranSIS’gmaiIGGS@nd address qmluahen tiangigtar 440k sendi to aatively pull

addrsq%gr@%%%%é&éa Aﬁg %off%ie %USI gﬁﬁélt gfﬂareg#%%@%ﬁ Ffeel F%

and raddresisasvatuatipn ltraasgttm 448k tondudt to ablitehspulf ad dTegs hnesr
out g t signal ls 502- 5013 are provided at |ow

4724 to a low volfage level.

The gates of address twelve transistors 468a and 468b are electrically
coupled to shift register output signal line 410l. The drain-source path of
address twelve transistor 468a is electrically coupled on one side to address line
472¢ and on the other side to evaluation fine 476{. The drain-source path of
address twelve transistor 468D is electrically coupled on one side to address line
472d and on the other side to evaluation line 4761. A high level shift register

output signal SO12 on shift register output signal line 410l turns on address
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20 voltage levels. Shift register 402 receives the
next series of timng pul ses and provides a high
vol tage | evel shift register output signal 802, with
all other shift register output signals 501 and
S03- S013 provided at | ow voltage |evels. Shift
regi ster 402 receives theyhext series of timng pul ses
and provides a high voltage |evel shift register
output signal S03, with all other shift register
ut, 25 signals S01, 802, and SO4-S013 provi ded at
tweiv% Deisiony 4652 and 458as ﬁﬂdw@gueyﬁblathmraaaﬁtqr 4dekis turned
I 0 each
on bggirrlﬁ;gh R,B];ﬁagié @le! &)é‘ﬁ]kpu asti‘ggl IEE% |14|’I11(%I e{og:‘?gégbnfg\feo\{/  di ng
trangistor §68% and agd rase\mﬂalt@nom tranagioa; 440! condoot toacgmeiy pull

I hi f,t t t
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f S
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SO1di areqroided at lowsvaitaghileyiels, oShifigegisier 402 resajyra andtheim
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signals SO1-S013 provided at low voitage levels. Shift reglster 402 receives a

repeating series of timing pulses and in response to each series of timing
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25in shift register 402. Also, the direction signals
can be used to clear the high voltage | evel output
signal fromshift register 402. The direction
circuit 404 receives a repeating series of timng
pul ses fromtimng signals T3-T6. In addition,
direction circuit 404 rec 5ves control pulses in
control signal CSYNC on control line 430. The
di rection CIrCUIt 404 provides 30 forward direction
e to receiving a control pulse
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38 pair 446, 448, ... or 470 in logic array 406 that
recei ve the high voltage |evel shift register output
signal 801-8013 conduct to di scharge the correspondi ng
address lines 472. The correspondi ng address |ines 472
are actively pulled | ow t hrough conducting address
transi stor pairs 446, 44 ... 470 and a conducting 5
address evaluation transi'stor 440. The other address
lines 472 remain charged to a high voltage |evel.

The |08I C arraé 406 provides two | ow voltage |evel
or iniigls eyl regigienAy2 éhﬁ'flﬂflnttm%f@'w%dla@dlpeﬁﬂes ghbigh volihge

level diput si nalf‘?roh{brﬂ@g? ﬁgﬁ%@ﬁﬁt élg Sﬂ'ﬁ n?@ tg‘ P'é\%'

regi ster output si voI
sighaldsP$3s one transistors 10 446a and 446b conduct to

ol 0 BN iR, P PediBie 402 Beielie eotralpiifes ) £
cont®hsighar eswman@pmwessa g leveDehiftTegikted oht sigphf age

| ev ess tvvo transi stors 448a and 448b conduct
80184 Lﬂthera%w Eagister outputsranals O 1P 2ase prvides] atdgw

volta_k;%‘%@celﬁ?.asﬁ ft%@iétéi“%é%béﬁ@eé o r?éi@&sﬁés &f tg{;}gb iigrsgt-. ag,ed

; ) regi ster output sign
providegia Righ Na@@e levell shlfbmlisé%rsouthuhmgmal éimzsmdthallaﬁbar shifl

regisfel RuBitYls SOPSOTT BRGETR bR Ay Bt el
ShtﬂsregiaﬁdrsﬂfOQ/kbcamb ﬁ1A41exaaei'lesoofdmnlhglpu%&fanﬂfp'rafawidesgihsghsr

voltag® 4EL s RirEYROlstgtp i Sitinal ADAA i 20 aMisd S registgradut

signays Ism-s@ﬂroe @12 dril $083 phovided QGbﬁtt\@!taQéﬂdwls ssmn al's
801- 208013, are set out in the followng t

 registercQ2seontinyes & shift ra high valiage yekoyaul onaiSmressmase o

eac}?ser@s (ﬁ'?i‘f'mnéﬁulses, up to and including providing a high voltage level
shift register output signal SO1, with all other shift register output signals SO2-
S013 provided at low voltage levels. After providing the high voltage level shift
register output signal SO1, shift register 402 receives the next series of timing

. pulses and provides low voltage level signals for all shift register output signals

S01-5013. Another control pulse in control signal CSYNC is provided to start
or initiate shift register 402 shifting in the reverse direction series of high voltage
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 fine 430. The direction circuit 404 provides
forward direction signals in response to receiving a control pulse coincident with
a timing pulse from timing signal T4. The forward direction signals set shift
register 402 for shifting in the forward direction from shiit register output signal
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3-A and -AM 4 -Al and -A5 5 -Al and -A6 6 -Al and
-A7 7 -A2 and -A3 8 -A2 and -A4 9 -A2 and -A5 10 - A2
and -A6 39

37

S01 to shiit register output signal SO13. The direction circuit 404 provides
reverse direction signals in response to receiving a control pulse coincident with
a timihg pulse from timing signal T6. The reverse direction signals set shift
register 402 for shifting in the reverse direction, from shift register output signal
S013 to shift register output signal SO1. Direction circuit 404 provides direction
signals that clear shift register 402 in response to direction circuit 404 receiving
control pulses coincident with both a timing pulse from timing signal T4 and a
timing pulse from timing signal T6.

The logic array 406 receives shift register output signais SO1-S013 on
shift register output signal lines 410a-410m and timing puises from timing
signals T3-T5 on timing signal lines 434, 422 and 436. in response to a single
high voltage level output signal in the shift register output signals SO1-S013
and the timing pulses from timing signals T3-T5, logic array 406 provides two
low voltage level address signals out of the seven address signals ~At, ~A2, ...
~A7.

The logic array 406 receives a timing pulse from timing signal T3 that
turns on evaluatidn prevention transistor 442a to pull the evaiuation signal line
474 to a low voitage level and turn off address evaluation transistors 440. Also,
the timing pulse from timing signal T3 charges address lines 472a-472g to high
voltage levels through address line pre~charge transistors 438. In one
embodiment, 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 {ine 474 to a low voltage level and turn
off address evaluation transistors 440. The shift register output signals SO1-
S013 settle to valid output signals during the timing pulse from timing signal T4.
A single high voltage level output signal in the shift register output signals SO1-
S0O13 is provided to the gates of an address transistor pair 446, 448, ... 470in
logic array 406. A timing pulse from timing signal T5 charges the evaluation
signal line 474 to a high voltage level to turn on address evaluation transistors
440. As address evaluation transistors 440 are turned on, an address transistor
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11 -A2 and -A7 12 -A3 and -A4 13 -A3 and - A5 I n
anot her enbodi nent, logic array 406 can provi de active
address signals -Al, -A2, ... -A7 for each of thirteen
address tinme slots as set out in the follow ng table:
5 Address Tinme Slot Active address signals 1 -Al and
-A3 2 -Al and -A4 3 -Al apd -AS5 4

pair 446, 448, ... or 470 in logic array 406 that receive the high voltage level
shift register output signal S01-S013 conduct to discharge the corresponding
address lines 472. The corresponding address lines 472 are actively pulied low
through conducting address transistor pairs 446, 448, ... 470 and a conducting
address evaluation transistor 440. The other address lines 472 remain charged
to a high voltage level.

The logic array 406 provides two low voltage level address signals out of
the seven address signals ~A1, ~A2, ... ~A7 in each address time slot. [f shift
register output signal SO1 is at a high voltage ievel, address one transistors
446a and 446b conduct to pull address lines 472a and 472b to low voltage
levels and provide active low address signals ~A1 and ~A2, If shift register
output signal SO2 is at a high voltage level, address two transistors 448a and
448b conduct to pull address lines 472a and 472c¢ to low voltage levels and
provide active low address signals ~A1 and ~A3. If shift register output signal
S03 is at a high voltage level, address three transistors 450a and 450b conduct
to pull address lines 472a and 472d to low voltage levels and provide active low
address signals ~A1 and ~A4, and so on for each shift register output signal
S04-5013. The address signals ~A1, ~A2, ... ~A7 for each of the thirteen
address time slots, which correlate to the shift register output signals SO1-

S013, are set out in the following table:

Address Time Slot ‘| Active address signals

~A1 and ~A2

~A1 and ~A3

~A1 and ~A4

~A1 and ~A5

~A1 and ~A6

~A1 and ~A7

~A2 and ~A3

~A2 and ~A4

ol o] | & o Al W) N =

~A2 and ~A5

~A2 and ~A6

-
o
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-Al and -A6 5 -A2 and -A4 6 -A2 and -A5 7 -A2 and - A6
8 -A2 and -A7 9 -A3 and -A5 10 -A3 and -A6 11 -A3 and
-Al 12 -A4 and - A6 13

a9
11 ~A2 and ~A7
12 ~A3 and ~A4
13 ~AJ3 and ~AbH

In another embodiment, logic array 406 can provide active address
signals ~A1, ~A2, ... ~A7 for each of thirteen address fime slots as set out in the
following table:

Address Time Slot Active address signals

~A1 and ~A3

~A1 and ~A4

~A1 and ~A5

~A1 and ~A6

~A2 and ~A4

~A2 and ~AS

~A2 and ~A6

~A2 and ~A7

i ool =~ & i &) W N -2

~A3 and ~AbD

~A3 and ~AB

—
e

~A3 and ~A7

—
—

~A4 and ~AB

-
[y}

~A4 and ~A7

-
w

Also, in other embodiments, the logic array 406 can include address
transistors that provide any suitable number of low voltage ievel address signals
~A1, ~A2, ... ~AT for each high voitage level output signal SO1-8013 and in
any suitable sequence of low voitage level address signals ~A1, ~A2, ... ~AY.
This can be done by, for example, appropriately locating each transistor pair
446, 448, ... 470 to discharge any two desired address lines 672a-9.

In addition, in other embodiments, logic array 406 can include any
suitable number of address lines to provide any suitable number of address

signals in any suitable number of address timeslots.
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-A4 and -A7 Also, in other enbodinents, the logic
array 406 can include address transistors that provide
any suitable nunmber of |ow voltage | evel address
signals -Al, -A2, ... -A7 for each high voltage |evel
out put signal SOL-8013 and in 10 any suitabl e sequence
of | ow voltage |evel addrﬁss signals -A, -A2, .

-A7. This can be done by, for exanpl e, approprlately

| ocating each transistor pair 446, 448, ... 470 to

di scharge any two desired address lines 672a-g. In
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pulse. iy @it PiaaraB SiAREL PR EQP AR TIRGPBE Of P ey dres
408 egﬁ@h vBﬁagéueﬁleu 'tk SirécteRaiseit 304 fedeidBRredlibed VbadH)
pul se€ in fourth pre-charge signal PRE4 chargées a f| rst

leveldining pulsedram tieing ganali Tl faadh evaldalitny#ondli Ve
dlreétlsf{ %&rcux’-tr -5](?4 % E'aoébrﬁllo'i EHI’S% lﬁlgéntfcﬁ %?n‘éﬁésq’l\{@%iﬁlaﬁent

rom t g signa n
with {at Uzhe bamaeelimmas)dhe mtgﬂaevmmm smrfal Vi disectionraingiit

404 lgélpér(aég '\Fﬁ/eefs rsfe‘ dl(r:eoc%lr'\ ?ne Qﬁhs i du%cﬁ&%tbg lrec?él\%?saé Ioﬁ?‘YNC
voltage level control signal CSYNC coincident with the timing pulse in the fourth
evaluation signal EVAL4, the first direction line 408 remains charged to a high
voltage level.

Next, direction circﬁit 404 receives a timing pulse from timing signal T5'in
third pre-charge signal PRE3. ‘The timing pulse in third pre-charge signal PRE3
charges a second 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 EVALS3. if the direction circuit 404 receives a control pulse in
control signal CSYNGC coincident with a timing pulse in third eval_uation 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 fine 408 remains charged to a high voltage fevel.

if the first direction line 408 is discharged to a [ow voltage level and the
second direction line 408 remains at a high voltage level, the signal tevels on
the first and second direction lines 408 set up shift register 402 to shift in the



10

16

20

25

30

15 with (at the sane tine as) the fourth eval uation
signal EVAL4, direction circuit 404 discharges the
first direction line 408. If direction 404 receives a
| ow vol tage | evel control signal CSYNC coincident with
the timng pulse in the fourth evaluation signa
EVAL4, the first directi line 408 remains charged to
a high voltage |evel. 20Next, direction circuit 404
receives a timng pulse fromtining signal TS5 in third
pre-charge signal PRE3. The timng pulse in third
forwqcﬁd diregtiory df megﬁrat direréion dne g8 semains @b Aacdhighwoltsgget lave!
[
and tﬂé S%ﬁooalrédtﬁgﬁlgégl%\i? é];[ pg‘,ggén{gggﬁ Qtri?\.ﬁivhgé’%deégf’ Fr}eo%;nal

rves are
{evels onﬂngc‘mrgllr&is 408 set uphshiftiregisteruid wrshit prike rédéksa. | f

dlrec{ity'l & .'?Pﬁb‘ithl gn Ci rcw t @Gﬁrﬂ?%c’\ if\ér%tszl %%%C?lﬁmpe#d 3%

vo[tagéuetvelsr ehiﬁvrebrsﬁatr 400 |§pmahtea\fmrﬁ prolidifg ki m%n %Ifai:jé' ltevel

|schar eés the second direction line 4

shift mat%rqwtp@wgna! SO 4Pt iThe ditectan sianals wéléeqt@e lfaE$ ow
408 a}fe'ab@a&r@ﬁ%&éh S 31x5tirﬂm§ pud XNC coi ncident with the

se iIn eval tat1on signal EVAL3, the
sé”@cbegumuthedirechori is et inGBersariesof setrtumgg@utsasarlduajﬂt

regiss? 4Py Uity R S ies AT Sho R, o it

regisﬂjlgmmt smnlré iser 403 récﬁdi(thesr?tlmtngmmvgegﬁomtmtag sigraV & in

t he Sl gna e I rst secC rec

frst AN ebaT R HOB PG s D Htingsp e it g DEscHaRg® sianal PRE
pre-cfaé r%éérdi’ﬁfnférﬁhlrrﬁﬂe' iA %aclh bf irféethfﬂeeﬁtshﬁt Fe@fs&ércﬁéllbl iRGic4R3

ns at a high voltage | evel and the second
at 408a:463n.ofihe Bhiét ragigter §Oa|r§%ﬂ1‘éﬁsg% eedused voliags svebiaing

pulsésﬁ%{rfntﬂmlhg ﬁ‘glél}{" %ng%uﬁb ﬁﬂtE\ﬂﬂf.L" lipee f‘l@él e P

e reverse directon.
contrbf sngnali‘CSMNCf is rsteisatbys sl meglslher 402 icoincidentwita g tming

har d.ito |ow It I | '
outsd 5 Ch Sile SO B VAR B8 rhE ) Aog A hbrdeR e iedp
node' c%ﬁn%t tﬁ’rth@ HiRedn shithediste? &el@tb?proﬂ' He adowemttagm levebatal s
on direction |lines 408 are set #é each. ser,i s of

the discharged iﬁ@rpgﬂ node. Ifthe con’ffgl r%rn@@@tqt
volta?;gtle\}etrf c8iﬁ§8§ﬁf WRE (R t|rﬁin§ did8 mrﬁtév%m:‘at:an Qighal EVAL1

initrat In the next series of SIX
the nhﬂemai gopeliseach crbthemmutteem ehuﬁrraglﬁteme&@reﬂ%ns ab2 highy; ¢
i ster 402 receives a timng pulse fromtimng
V°|ta§f33‘ﬁ‘éﬁ| in first pre-charge signal PRE1l. The timng
pubisift re sfelr 1eP r@cﬁ@veymtimmgsptgmfroﬁﬁEmnmsmnahiBgese@cmd

t d f thirt
pre-gr08 SONALRER o et Rulsg Im sos el B R de s bBRIITRES
pre- -%lféi’ngéé’ 8ackof tﬁ@liﬁ‘ﬁéel"{ ghiftaggiste® Gatput Ilmemwwh:sanftb (pmwde
T2 in first evaluation si

higharoltage fayeiqﬁuftsegmﬁr outpdbsignals SQyRY1 fﬁ*@s"%%%?r ved
rece,\f:ésfth1 i.lc&? g{nlﬁiﬁrleé& %nﬁﬁ’gpﬁigvil%ﬁn ﬂhﬁrﬁ; dif®al T4 ThRecond se

eva on si shi'ft regi ster. 402
eValdaﬁtﬂhﬁgg@IsE\t'NeZ | Withe tntﬁrnaioweieom ashift istercall0d s gha

tow ycﬂggt&l Iéy‘eﬂ eléf’rﬁctéq?\nﬁ% _ &ﬁ}t?ql hﬁfgg\gl‘ry@tnﬁ g rdi %}gﬂal at

csvﬁ? Htgnf;féi@ﬂt mrlw me #imi prst,é ‘hafgft el\?mdtion signai wmA_1 ;i\shlfzho
e Imn ulse 1IN 1 rs eval uat i

regiatheA0h manans ibochThegen outout Aenal ST e Tigh

volt%_ﬁeqk%le i ﬁa%' .héﬁﬁg@ﬁ@ﬁn &khift rBpiter\cell H@g‘i’s bl&&’ Righ voltage

receives a timng pulse fromtimng

level |sgulalasTl$ all othes sbiftoepister cris 6@3,35?%599[%@02 digehargas ng
pul se in second pre-charge signal PRE2 pre-charges
each of the thirteen shift register output |ines
410a410m to provide
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25 high voltage |evel shift register output signals
S01-S013. Shift register 402 receives a reduced
voltage level timng pulse fromtimng signal T4 in
second eval uation signal EVAL2. If the internal node
in a shift register cell 403 is at a | ow vol tage

| evel , such as after recQAV|ng the control pulse from
control signal CSYNC 00|nC|dent with the timng pul se
in first evaluation signal EVAL1l, shift 30 register
402 mai ntains the shift register output signal

the styft register awtpHiert tlie-4tim &g@rqvesiﬂelpw voftage éewehslelﬁﬂeglster
cufipiina SorBte, 8 i fedioul 1097 ol Mpdatelbiaes

six tigting pulseyi §'he|shl¢0@gl$terdwmgesmna4b280h€8@ih3 becsmgivalidr
vi de

. ou t line, 410a m t.0 vol t ev
curi B gy PEisE AR TS et ngspold e¥aluafd spivaL2
and raﬂamtvand 408 the tinthd E@b@ﬁohﬂtuﬂﬁf@ Sigidl 93 iAthd Héxt%ei‘ies of

timng pul ses. The shift register qutput signals

six tiging pasesHELeaRh sHhseauentseR spﬁ@etsrquowlg@s SPin
reg.étémwsmﬁgﬂﬁ! h.gﬁ a/b @e)adshwég@éﬂ &HP @?Au Ffsd13

5and renmai n va t he omtimng
fromgingehift ’pistar c¢ib40£’etqths@eixbsl"uﬁ1reg;smr celhﬂlafg pul ses. In

- e UG5 B R ER 4 s ToBbBrGLA R gt 0 s-SO1e.

In orreeelnﬁb&imemlﬂ?gz agnagmm retdived iz timingputse fﬂfmftltnnl':glg s:gggl
ster ce t regl.ster ce

T3 14 Reb-SgPe Sarress ngs 72 EBAJEE QT aidrhst Eoalaesan BnsiioRu

440.S Ir%‘ﬁé EmpBdintpt 30?@%@ m&eeab@ﬂtﬂmnﬁ:nglméfr@h Ftﬁhﬁn% .

recelvesthe |mng pul se fromtimn gnal T3
an

s*gn@IrE’i teniturmyeff address evaluglien fransigioss 440 Angaft maaa P@E@ from
tlmlng’gi}g%tfﬂa ﬁré%ﬂﬁ%q%ﬁ&e@%es‘ﬁzone embodi ment, 1ogic

406 recel Vv timng pulsefromtlmng si gnal
T3Ld>ch amap 406 frecaidescthe tisving paisedrom timing SigoalsT 4teduemaff

o BIrE e S ovag pateed ‘

addiBs LS EESS SR I B B pdaR olfous Sigief SOF 5 1=

T o o
eval uat |

initiafed)ranesship legipenowpyt signa %@’Eﬁﬁg %ﬁmw%%fg% bigh VOBa!a%ut

leveﬁéﬂéﬁhé }tﬁ?ﬂg S48 frohd tnﬁmgfdigﬁaﬁQMStL%glc“&?afi 506 Rickivekase

t regl ster out put Sl 3 renmnins at a
timirg plise flotmakireingesignal Abtte charge emahqatign slanakling 64 anditurg

| T 4
on ST Bl ey ko] Hhe R orh 18 s, ..
470 manebelbesrﬁeﬁgh eoithgedevel shnmwmmmalagnal &601-S013

are furhecjon tq Pl reidfe severaasresh e + ars T2 Iy pee

Ievel’se 91‘!*55&t R0 RWIithgs ialiephdd@ss Sighdisan gdﬁtﬁsﬁ%@;rﬂﬂs &m PuA2,
two of the seven address |ines_472a-472g to

. ~Rdlaraysed taenable firkg ells 12banabiidngseel %«Psrowofp'é%%twaﬂon
Thesddgg@%sssi dﬂﬁ eSK2 S apg lf'ecoﬁjle valﬁ%ur%ﬁ the tinf fa plilSe
Ie Firi'ng cells 120 and fifing cel
fronsﬂmgrgcnwlfrﬁrarmemm valid unth éreatiivinggailss Goraltiningysignal
dur| ng the timng pulse from

T3 "t"/ﬁﬁ Hﬁ’dsﬁeﬁ‘ﬁif’Pﬁlﬁ%ﬁﬁ'&g SE' I''n valid until the timng
pulishiff fegiBtér 4021l rét pititted, llishift fegistendutsetlines 44D aé x

dischpigesip oV o wigdp SHsgeterotu d i Soild
Thelléw %Ré’ééj ﬁevle%lft’ Péérﬁgﬁoutﬁuﬁél?ﬁéls fSOf—SQJﬁH@fnsQiﬂ #ddress

signal s | ow vol'tage |l evel shift register

transistqspairs |4éﬁa‘ﬂ438 SO]EWQ@I@ adgrass lfes Hddeawin ehargsd 49 or
pairs 446, 448, ... 470 and address lines 472 renmain
charged to
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43 provide high voltage | evel address signals -Al,
-A2, ... -A7. The high voltage | evel address signals
-Al, -A2, ... -A7 prevent firing cells 120 and firing
cell subgroups from bei ng enabl ed for activation.
Wil e Figure 9 describes one enbodi nent of an address
circuit, other 5 enbodinmeps enploying different |ogic
el enents and conponents may be utilized. For exanple,
a controller that recei ves the above described input
nal T1-T6 and that provides address
PFOVéqegWah é’oltéqe ‘eyﬂlzﬁddress Slg\rraiﬁﬁWbaAat i1 Ak dThehighrueltaga

level §dcﬁfe§’é Sighad A1, Upbr at Lag n‘?ﬁtn’;gq céIngZZ)to%T ﬁ@lgluc 032

In shift 10reb|ster 402 ster
subgratps f:.tem keing enakigd ﬁtractluattctrs 403a- 403m that provi de

EnDE iR dbclhed Bt BhHodRIGH Y B BORSTEHR WPt ne
embsebinfiénts egipidyéng dtﬁémutlt Iotigelehntdand &ﬁ}it or@élﬂs ARftbeshi ft

St Lar t t
izl o) GXAPIn 8 PRPPIRRLRPPSR Ui A4<e deseliaed vty o

signgkesly’ htgabt 44 -cretahhetﬁatl psroslates 88dfcls r%tgh\étsd«eml&ﬁi“ f Larg
in the orward and reverse directions. |In ot

maydiepdfiicaent s, shift register 402 can include any

SUEGE PORIE Slngplin sl Bhe U LIS AP0 LA e

any SUI rou
registee4 @i Shlftrregnstardtommmtdemthataamdhrfd@tsierf cafllst40§aa@é3m

that pfifiae fhe HirleBRShirtlsBihr iRl SRRl Soirs s CEAgn SRS

registﬁﬂt&m%h-m&h p@b‘tﬂdt&llorhe OB@e@tfﬁl‘é@tstéﬂtmt;ﬁmtrﬁgndé 80d-

SORane Saah st el A S eI by Sl ieqigted) 409

The?ﬁtﬂ@éh §Ei§rre§ig%r ceild §0% é?eeelbﬂt? Hél éélliﬁécﬁﬁ'\%renéé@@ pfovide

orward iréction transi stor a reverse
shiftitigria ding mmarcaam avgrsesmzectumh% tﬂe@bade@ba@m%m shift

regl%tsgﬁﬂggﬁ%ﬁﬂ n 1y SUigeb %n@.[ngtged'tt{f L r@é%’ter%ﬁs 48336C°" d

an I ntérnal
provi’cfé amysuitable mﬁﬂﬁer of Shlﬂ registet tndpiif signals.t age 500, the

ne, sid th r.ai Qur c ath of first

o b AAftyBEreE oel 4B ifeech BRL8ERE Tt Sndinyt sl
md:édtgﬂl With Ha8Rad fihdgat 5@2 anET lesdob it BEagei thaeis ani du@pl.ﬁ%l’age

provides timng si Ti to shlft register 402 as

lndlctate@,wﬂbrd@sb%h@%s «311 |Tfmﬁ_rﬁ stage 58P prelucgs fitst pigre
chalgfgjl'a?\stqs Q?fé%tl é?:%lJaanﬁ ttrgﬂ%fstor%@@'“é?&ﬁva?d tﬁiﬁagt fhRdistor

ethI cou to one side o
508p|a ae\.refsmmpu’etrmuttonﬁ'l a, |afsm~mdadiw@tmlmtran$lat¢s P32 and306

e iV o s P L BhBE S ot e
chagjel thansigtr 5163 debrd Baaluatich 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 timirig signai T1 to shift register 402 as first
nre~charge signal PRE1. The other side of the drain-source path of first pre-
charge transistor 504 is electrically coupled to one side of the drain-source path
of first evaluation transistor 506 and the gate of internal node transistor 520
through internal node 522. The internal node 522 provides shift register internal
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node signal SN1 between stages 500 and 502 to the gate
of internal node transistor 520. The gate of first
eval uation transistor 506 is electrically coupled to

first evaluation signal |ine 420. The first eval uation
signal line 420 provides the 5reduced voltage |evel T2
timng signal to shift register 402 as first

eval uation signal EVALL. e ot her side of the

drai n-source path of first evaluation transistor 506
is electrically coupled to one side of the

. nodeysignal 3MY bebvaain sages $0} and §02 tpthe gate s interval Bade and

e of the drain-source path of reverse input
trang%&gﬁgltgtor 510 through internal path 524. 10The ot her
si the g:ﬁtetdfélrsjreaamahomtraasmm B06fis électrigalty coyplgd to first

tranS|st elecgtr 1y coupl.ed one, si.de of
evalpBheidngliog de0. The i svelfiio sEraf ik 2 Srhiehe. or

redubdd v@lta@?l@velamjtlmh'@j sagﬁae to shiftecgibtel 102 GedirstenAlatien
reverse jnput transistor 510 is electrically

SIgn@&\&r\lea 1e gier |dgeoTdhe drpin-apeics PauptUshayaluaion
tran%@c\é%é@ |sdélé@tﬁEéIRded I sicd 87 Rk r8B-solif& path of

rai n-source paths forward 15direction transistor
fomamlznaufdrar@mars@&jam@@ne gidetaf thesdriropowee patheof reverse

mpuﬁ{rﬁ%%}bpglllﬁ%rS@#ﬁin‘F&n%@) %? erence, such as ground,

he forward direction
t r Bines othieo side 1t tme;dleinesd)mrce Plathyoftiovgrd dniud trbnsrs:bdnﬁm is

0 he forward, direction.si
electiery couizdifend 56 of M dIAn-ses pht Grpavasd drget
tra nén@ﬂé%@ a@l 52@ GridaRe ottt side 6Fthd UfaihsolfdRidth @ﬂl’évbéré@
coupl ed irection line 408b that recejves th

input tgRgigter aw sceleeficallygioamnled teenersids af ﬁh@&r@arﬁ%«r@%mt{‘ of
revef’é)e‘ldlrecftlon trangﬂt&rr“ﬁ 45/ %284 TH b%&ip%fcé PShe 3k ﬁ)rﬂﬂﬁi one

ral n-source path of second pre
diredtloartEarsishmr Siv6arxt revetsecdiracian trangisinpbdd are elactﬁcﬁ&/

ne 434, n nal line 434 provides
cou@?&np r%flpw %I}% %'}?uﬂlg &esg?logter 402 as 25psecond
pr The bafegtﬁ thié @ﬂﬁiﬁrd’?ﬂﬁé’ctlo?ﬁhmmtstmrﬁ;tﬂl id elextridatie coupled to
rain-sour ce path, of ,se ar sto
direstiondieAdtadhet igoelap iHectorRrgrrectoto sonat Bt hsh Hirs2itn
circUfif ﬁjt{‘ 'FI?% H& AW réVerieairdtiion dhsiior §141is aRstrzblly 518
o shi

i ster output Iine 410a. The ot her side
courdéd tmdlrentmndmgdglfibéh?idﬁﬁel@ﬁis thegemMersedieghen signal DIRR

n t is electrically coupled to one side of
fron'{tgfg ﬁPécﬁE%'géﬁ%e path of internal node 30 transistor
52fh thk sedand iiagegf.ﬂzetmfgateuod edne\sidaiaft the wrainsosrest path

518 is electrjcal.l Ie con

of serapeRer e E FHO LR B Pl erca Banuele o Aha SergLine
434 T4 nkitiing signantle 434 pﬂawfdtes rnm;mgs sighaliD2 teashift eexister 402 as

eval uati on ‘signal 45
second pre-charge signal PRE2. The other side of the drain-source path of
second pre-charge transistor 516 is electrically coupled to one side of the drain-
source path of second evaluation transistor 518 and to shift register output line
410a. The other side of the drain-source path of second evaluation transistor
518 is electrically coupled to one side of the drain-source path of internal node
transistor 520 at 532. The gate of second evaluation transistor 518 is
electrically coupled to second evaluation signal line 424 to provide the reduced

voltage lévei T4 timing signal to shift register 402 as second evaluation signal
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EVAL2. The gate of internal node transistor 520 is
electrically coupled to internal node 522 and the
ot her side of the drain-source path of internal node
transi stor 520 is electrically coupled to a reference,
such as ground, at 534. The gate of the internal node
transi stor 520 incl udes 2 capacitance at 536 for
storing 5the shift regis Br cell internal node si gna
SN1. The shift register output signal |ine 410a
i ncludes a capacitance at 538 for storing the shift
EVAln%gTbe eata)oftlpmn%mgﬁaltrasaﬁtor 520 is eIEatrh:a&mccﬁuplecégn ster
|l S
inter ag émg > C‘h E&é I%gdesc?f#]h ré?lfl g&[hh qea?ﬁ] 8 (% f,il %
transm&aszcrl‘helegamcmllpfooupledft@ evuafedermber eath ag gﬂdmm:lc ah534t The

h hi ft || 403a-403

gate 31 el Pieput Mo CB SATE S O s 2 CPaGTES AL B3 for siring

the shhﬁegl%ltértceumeﬁw ho@a'sigHhl SNNEThé BRm régfter sutsitisidndl n
orward direction. The gate of the reverse

line 4fi0adnelndes a capagitanse abds ifcﬁ stering Brishift fegiftan @tPeel |

sugnaj%gf‘f 403mis electrically coupled to the control I|ine
or one of the shift register output |ines
4E.’€tmhélstﬁfhretglstemeﬂk403a—4ﬂﬁen irethersseied iof Hinteemshiffmegister

cels 303% pilar 14 SR pfleP Eb N7 oo R or iR e dimston g

. transi16r 58/ B sehtshift Rigidter cail UD3aei03ppis dlectrisdilyf douptgi ttthe

t signal |ines. 410a and m ft r
contigu 38 pEaae of fNehitante Srtadiies 210540l f Sitinhe
fomaflrﬂrq?@cgoﬁ“ T@ét&;hféfbﬁthé?é}e?é@air&%nltfbrﬁ@tcﬁrtmroaﬂIe%t:ﬁrshuft

not a reverse direction transi stor 510.

regis@Hi dell 403gi-403en isclegitieallyiogualed) tp de gartra!iige 430 or one of
the SFREIEGRIEN FROYNNERUADE A0 & SR Y B8 Plergetireftion. The |

shift fegister dut]blut EIQhaldimeB Hd Asirs elactrsadly coupled tarhee fﬂﬂN‘ﬂfd

wansisir 305 ped Opp reyaree kanYRy prO el far shfgar ol "

51gnélqab§t4QOa%a Aot Shiftregiber batpuasignal lireos 10zris eﬁndancg;ﬂiye

d tt t or 508 hi ft t
couplessto & SRt Feasan| st AUBIB A BRI 8l A0PRrHt TE e

everAs%ole%%tIBﬁ “Er%ﬁ:‘%tds %Ebr G Eﬁj@ér Seiisigrid1 giné a9 Oﬁﬁss h ' ft

er ce |ncu S the gate of the fo
elecirlcplw coupder tosa cpvessaediredtionitransistarsi18dn ﬁblﬁsrﬁgﬁter ‘Cel 403!

put ARt FaRGRE B8, O ChiTt reqi ster ool ! a0ac
i P’gié?lrdlﬁlg arlta !Steg@fakmﬁa {%thgﬂ'mt%rfﬂregmrtm&laﬂbe sergs of

thirteproh i seetere 408 s Sai paisms goisbtsgh e, R difdclfn.

The g??e é%@&dﬁmdtttrdneﬁt&m i ehift régidtbricelt U0dass ¢lbetrigale

orward input transjstor electrica upl ed
coupled &nasntialsignet B1E 440 {S7E SRR EoBkS T NG TER RGO

shift Bty Ton AP el Hioitfe oaitor tipforbiakd hpufpishtt
electrivally coupled its siift register pirpa lnye 4 tmptogceiye shiff register

outeil Bighel SPIndmestld SdeaRie) RollABSe Bt the BEGIGTE .
e e s bt s i 1
recaheogT GemFiek npet SaNAkSPZqTBe &t e redrBher! 48 e
|ncl|fcﬁe\ée(ﬁE:§\A§1b1f the k6%=pd pu?ﬁ!ahstéi@@Giécmébghrj@@uﬁlé@t(ﬂﬂilﬁ of

I nput transistor electric coupled_ to

register butpué tine ¢ ¢0c touepeive shiffegistar qt@’-f"é&%ﬁi@o@hﬂfhe fifth
regi ster output signal 506. The eighth shift register
cell 403h includes the gate of the forward input
transi stor
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electrically coupled to shift register output |ine
410g to receive shift register 10 output signal 507.
The ninth shift register cell 4031 includes the gate
of the forward input transistor electrically coupled
to shift register output line 410h to receive shift
regi ster output signal S The tenth shift register
cell 403j includes the gate of the forward i nput
transistor electrically coupled to shift register
output line 4101 to receive shift register output
shift §¢@ﬁ’f&r celh403eringludss dhexgatet of thefarwardeigput teansistbt 403k

clochBENVTPIAAs 1 et Bagh 1T Mol S0l

outputisignalS@4céhe elxﬁ'hsiﬁlft regigﬁes tell 40.’Bmpclt1des theadate0ithe The

twel ft Lft relst i ncl ude 0
forwhifEnb ittt Rinthr AR SAI e Bl P iedist e gpudapiBoets
receﬁvblsﬂ'ﬁﬂ FeRistort @rtp@tuilw 9051 eTHe Skventh &ﬁﬁ%y@te‘i fébﬁ hosg

i ster g)glﬂﬁ)ut signal 5011. The thirteenth shif
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regi ster out put |ne t'o rece
shift oeglptar cell g@% insites the gate oftitee fomwand inpyi tsaresnstolel | 403a

cleclfphf Gulr & o731 ke G8 SOiBly 7 4R eeGeibe Bngpsher
outpdsigsdliSOE. The hinth Bhlﬁte'egleted icelt ¢0Bidncludéetigadate of the
reverse |np¥t transi stor i ster

forwhigH P A P REGR AP QLA B T eaten s g Dhit

receveGhit Rigister dutput digreal ST Tite fpesNift réﬁi'stfe‘i' céneao@jt er
out put SI gnal 302. The shift rgg ster cel

inclugigg rdnﬁia%teméh@ma@r inpUidransistprsertipaity Qqualﬁg t@tsémft
regisfSGHPUIIME! 410F R 1RlBfe sRifPiglster dip &tﬁgnﬁé@gg e

O recelve s regl ter ou put SI
eleverith fshift registeratellciI3k inkdddes thelgateef thadoyere inpiut tragsistor

elect BRSO AR it BT AL ioBl PR GRS P Fedfo s

outhtJQIFHél %{ﬂlﬂ aTI’hé?ﬁelftl;fhtﬁEla’egfsterroeﬂ IwBBh?[théé tl@@a;te of the
udes the gate .0 e rever ut transjs

forwarcippt ten3joresrisat uplad o shifresiter axtbdliner4 1o to
receﬂ!%(l..?uﬁ %Ad%ﬁéleét)‘tﬁu%igﬁél S Stied tlﬁ%éﬁtﬁ sﬁﬂft%@'ste?%éll 4?59#1

regi ster-cell 403e 1 ncludes the gate of
includes ¢he gatergidite farwaed lgp@ttrmseaiw eleaﬂripgliy %‘Htoti’d"féhl f t

reaidifpRbLIrE A Rl oS S b SRR SR SO 175, =

i NThe gleigt redistey aeik403a isttbe last ehﬁh‘eglstmtceil AaAsn theoseries of

. el [ ed hi.f [
thindprog i ssareet ol Ak as S Euttr 462 555 n B Bibrees s
directidf. Shef daté egicveie inplt traHdidor 51U ndmit idpistandadl 403atige

reverse 1 nput transistor electrlcall cougled to shift

elecirisgliseeupled toie Rreerding siftregistes shtpet e #10p yeseie
shn‘t%@ Ffé'i' oﬁfp?;ﬁ @fgng?goz-rﬁ‘ﬁesghﬁff s‘i’&‘ cﬂll%OSB%éluéé@fﬁe gate of

des of the rev rse 1 nput transistor
the reklekstarmpnﬁlttapststnrpﬂle;dnctablymupled e ghiftregistartqutputiling&10c

to regmvptsmier&ggs?%r &3@,‘&' é{ﬁ%% Bzf:fl{ij dg@ﬁ Pistel 88fkosORclubBE
the gate of the reverse input transistor electrically coupled to shift register output
line 410d to receive shift register output signal SO4. The shift register cell 403d
inciudes the gate of the reverse input transistor electrically coupled to shift
register output line 410e to receive shift register output signal SO5. The shift
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10 the gate of the reverse input transistor
electrically coupled to shift register output |ine
410j to receive shift register output signal 5010. The
shift register cell 403] includes the gate of the
reverse input transistor electrically coupled to
shift' register output I|i 410k to receive shift
regi ster output signal S0I1. The shift register cel
403k includes the gate of the reverse input transistor
electrically 15coupled to shift register output line
registengelt 40Fecipeiudes §ie gate oéHesteyerseunpuitiransighen elegricallyThe

couly 4 ARTBGF o AR Ior LS 5ot ol B

SO& e‘[ihessktaft regisieotell 403 iddOded thergade ofthesbidrise nrqutsrfaaslstor

etecfiiialinaden B yafesustet Rubbl s 450G fBoebi shi otter

outp@t Sighal S@Y! he @it RYister csénnmglmau@é@ﬂhelgaf@ oft¥id rbGerdl
receive control signal CSYNC. _Shift gmsjter out put

input frapsistot elesirivally GPuPled oSt Eogisier ampyt pf Gt gopivgi ¢
shlﬂ%ﬁiﬁ‘iér%ggiutglﬂnfa‘?b&qﬁ%eéhlfﬂ iSt&C |th%n8|9pééﬁ4| gg%“a%?

ntr and oVvi es a sin
the neubtsagapllltdrﬁariﬂsmmnepjmtnsallgmumedéo@és‘tﬂeg[sw mkbpxﬂéinarﬂd Oi

to rRRErorEfreliflar Bl 9T 09, T S0 Rl ol 1B fos,

the Qatgfbﬁlti‘ie Bv@l%e-ﬁlnﬂuﬂl'd?@;stmwdﬁnealw @Elpwdatb@thlfdmgist@' output

ine 85k pareavg Ft reattaEoUp L RhALFOd0 g e ooy Hirtos

inchitf¥isfthe GaEH SHtRE réiitsé mpbbirhhdiser é%c’éri&ﬁllf e5uédio shift
Irection, shift register 402 sets shift register

regtstef putput Ilrm4mlﬁl;@ repeive Bhiftregistar oudputsianal 80311 g e shith
regl%tgr Qelm@%( IYIE'UH@Q ﬂj‘,’elogé‘tﬁ of £k FRERANG tttParfst%?Sr“éﬁétﬁ[@éllyl .

ses on timng signa
coupled ftd shlﬁgegnstar omq:mt lise QI’uOIftblregelvmslmfteegletee ostput signal

sofh. g Siftedistes el A S BeRE PO TSI E so1s

tranki@,itcﬂ g'@aﬂﬁrgbéﬂgr'cbﬂﬁléd lte Rkt rgglé’sfelﬁﬁmttpl"l?n tiné 41 Olhneto(reﬂ:mvabhlft
ul's

reglsueéompglhswaﬁk%@ém J%SISHWPS!?FGFSQ%I#QBRB '%3?3 %at?§f

the FJUefréeeﬂPE onsélbf;t‘r:cﬁlﬁ}%oﬂpﬁd %%nirbpﬁgﬁélﬂmémsbtto

reglste € next relster cell

 recéive cetp) Bmal B SYING. n§hlﬁU'BQ|§EF|0HtRUt ﬂfﬂ@ﬁg HyAPe areaim

shi f 4 shi.-fts in the.control pulse
ele‘iﬁ‘l‘f?%gl’fpfjf’lt?d g)@% ﬁ{ﬁ‘!@gﬁﬁi ‘gh | evel output signal from
onghihidgisteetiStegeivesal coﬂa&ﬁl puisé heccmébd! sighaf CSYNG ander
cell 403 usjn re c 0 erat S a
provides a&tr@l%@hglp’fe&!% '?%fa" B3R &T Sadiane ¢

desB‘ﬁS’écFitnedetél?béioﬁo?ner éﬂﬂ’ﬁhg Gﬁfeétﬁ)"nvhﬁfsﬁ il Eﬁéﬂ 407 isisghinl
| RF reverse direction Iﬁl-‘?nal DIRR Also, the

respansetto siregiorssignals DURE iRngHIRK, mitighsarergenerated 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 shifi register output line 410a and shift register output
signal SO1 to a high voltage level in response to the control pulse and timing
pulses on timing signals T1-T4. If shift register 402 is shifting in the reverse
direction, shift register 402 sets shift register output line 410m and shift register
output signat SO43 to a high voltage level in response to the control pulse and
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Ister cell 403 pre-charges shift register ou
~ level |o|ug|:g.§

10 403 receives a forward shift register input signa
SIF and a reverse shift register input signal SIR Al
shift register cells 403 in shift register 402 are set
to shift in the same direction and at the sane tine as
timng pulses are received in timng signals T1-T4.
The first stage 500 of egﬁh shift register cell 403
shifts in either the 15fdFward shift regi ster input
signal SIF or the reverse shift register input signa
SIR. The high or |Iow voltage |evel of the selected
timing mumsmgir@"@sigmiﬁdt T4 dhalhigh wlage $vR! puetput sighdksO4s

or sy 7 9 o5 808 B T BELAOE .

the niert sh‘iﬁn sdgisterec!bRP3 iurespense toitiming ppisks i fimbe Sigmaind 1-
signal Tl and eval uates the selected shift register
T4. nput signal 20 SWor SIR during a timng pulse from

t iTHe hif f@j’.hﬂér Z@z SHi ﬂ@.rﬁme%ﬁtrétmge 59@shiﬁs%§n§%'ur§@h
smhﬁqmmﬂeoﬁmft FRyister coll 43 @dhg eexthift registageell

I
403 Qo &0 BRoiRbAP ahd fud BALER oftoefors, S8l
stage800 aiﬁeacc'h' smﬁregjstesc@hw&rebleﬁlés donivabl Rirection gigmal DIRF
f t Lfti i hi f. ,
and e drecf FaRa SR PP P eelass 500 pLERaT it cogipter
403 He@&tvta@ afifbwfd’rd asam r@tg%ter4ﬂ;5ht sﬁjnai BIF agd atreverd® 2histriehister
n e 1 orwar

inputrsiggal SR Al BNi oo aals dop it Shiamaisiis #07 s et techib i
the s% bt Shc?bﬁ%nﬂ St He $arh€WeOAd MER |;ﬁi¥§ﬂs arShéddivd £l thhing

ts in the reverse direction if reverse
signal$ Tdek4.on si gnal DI RR |s at a high voltage |evel and

1 S e EBRORF oo PR rebicter Bl s Bhir i et tho 297,
forwardwhifotdgigder inputedignal S or theergiversershifd egiktersinputt sigdlf t

siR. <Piye ok gy ¥Ba0ePuBI 4 eerSFpO s Robinf ity

or SIREPrévided'8s the shift régist@pﬁﬂ?nt signélfSG’mS‘mmgT It stage
register cell 403a in the

orward %I rect for\/\@_rgd
500 ef easttshifh regigarselt 43precchasges e d&ﬁ@'gl% ing
) i R P W
SIF ot $icduroy & tigitg pL[bk&QFFome@g@ﬂngad)H'RarT hegecord pigge 502 in

t t
cacrFLERTLRF LA D AR B 5l e T
durirg & afiirsg Qulgé tirﬂam tﬁnlltrﬂtgmlgrgal rr?lainel éuaMatés% iherintesial m\aEeTl
| S rowe 0 Sni e I N | r re-chnar ge
signg) SR OpRR) chrog & taing e e AGuS siapalta D' b Shard
Vofﬁ@ar?eén%\ﬁeélgﬁa’& Blmi" aﬁu DRIRRRYE tm@m@mwrémem@m@%f

timng lou se fromtinmn gnal T2|s‘growded
shlftin| un eblftsreglsteiuoe 483a and@iiietizersh @%t@r&mﬁéQSv shiflge

reglster 562. §h1ft register 402 shifts in the forward direction if forward direction
éignal DIRF is at a high voltage level and reverse direction signal DIRR is at a
low voltage level. Shift register 402 shifts in the reverse direction if reverse
direction signal DIRR is at a r;igh voltage level and forward direction signal DIRF
is at a low voltage level. I both direction signals DIRF and DIRR are at low
voltage levels, shift register 402 does not shift in either direction and alf shift
register output signals SO1-S013 are cleared to inactive low voitage levels.
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10timng pulse is provided to shift register 402 in
first evaluation signal EVAL1. The timng pulse in
first evaluation signal EVALL turns on first

eval uation transistor 506. If the forward shift

regi ster input signal SIF is at a high voltage |evel,
forward i nput transistor QQS is turned on and wth
forward direction transistor 512 already turned on,

i nternal node 522 is discharged to provide a 15 Iow

vol tage | evel internal node signal SN1. The internal
nodfe OBeratipR ofsiifiingryitregister st 403adn tha tonyard direction,

forviahd O befidlf sigfll DI RPII¥ SEClo'd Rih wbBATR Vb Cand e Ak iraction

signaé BIRR ds sétripa lowiwpitage &ivEL i Shehigh Voltage Bvebfpewhev el |

o RS R N R AL s g

ol s SO 0317 S
ut si v i Npu

5147 A BINGLRS e Tom (e il T b pioudan o ot Robrar 0240 Brst

pre-@pléTngSl% 'P’Rtﬂfo char§intdiRhl iddeS 38 a{‘ﬁﬁSI & Fe?rgé %rl\}gpt

I SC g rou? reverse | nput tr
throwgh first pee-6 argﬁd cgrféM et om timintgepulee frnzmtmmgzrgnal

T2 Al A AR S e R S

timimgp pelse nsap-vsiedrto shit ragdstea 402gh fivst leivalpatibe gighal BYALMN aI

SN1 t de .t 520.

The AR R it i evpldhlicn SBRaMEAC RIS Of sres BB lualisn . o

transi@tdrtsoaegf mb%mﬂéaa shit regietthplt @ighaRS freis it @Nfbh PHkye
pul se in second pre- char&|1f9 si gnal RE2

leveérfgwgasg it frenpisiar S0BiS Bimed,on pnd avilbfiopvard direrfio
trané%t&ra\ﬂl\gxdtll%‘ég{/ tdrhEq Bﬂhln@nél%é%ﬂ is d@%ﬂégﬁedttﬁfﬂévl&é ar

timn fromtimn
low poltagedlesieltiotesnal mdstsmnaUSNﬂdeT hednteonal node 52&ds discharged

el AT PP a0 986k st DM BT 3R sh R A n 9

diredtisn tréﬁhﬁtbﬂﬁ@ ¥ tthes forivardsstift rebisteninpat signalsSignabt EWZ

voltae veh Traped P E%ﬂ%@g'{)?@s i e e mal addh 542 e

remAidha r6ia& @aeigh Qolta fei?ermlafrmaoa@\é@nal &N1.
i nt er na no etranS|stor IS 0On, reglster

Revetaepshift registeninpat signal Sﬂ&m@&: neucle@a lwt¢iﬂn§!§§¥ g1ével .
HouffRc Lo BRI PG B LR o Gl B BrRAB

522hJ@hbi lm\dlsnhaged tlmbughee\femse/\mpdt ’sﬂmsf stor 8tP.st er i nput
t he, f.orwa

" DR B fOde a8 sl ehditerA YRS sPR cehi Bk node

tran@ié!d?l«BZOSllglﬂﬂ V%e [dvel Fhédnial AedE sigeal SIe turﬁ@ﬁﬁ intehreal
forward shift regl ster |nr)ut S{tﬁ%nal SWi.s ont r ol

nodgit@ngistardeRansia Bightvolege natfodg; sl I turns on
intelrl BEARYRAERr 800, Dol CSYNG | o pr ovi ded at same ¢ me
as Adtirningi m@qdﬁm)mélrmmg signst T2 izapravided to shiffnagisteyAD2 as
secon pFe EljiarSe 5%91 aPPRE2. The timing pulse in second pre-charge signal
PREZ2 charges shift register output line 410a to a high voltage level through
second pre-charge transistor 516. Next, a timing puise from timing signal T4 is
provided to a resistor divide network 414 and a reduced voitage level T4 timing

pulse is provided to shift register 402 >as second evaluation signal EVAL2. The
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in control signal CSYNC that is coincident wth the
timng pulse fromtimng signal T2 initiates shift
regi ster 402 for shifting in the forward direction.
151 n operation of shifting shift register cell 403a in
the reverse direction, forward direction signal D RF
is set to a | ow vol tage Isﬁvel and reverse direction
signal DIRRis set to a Hi'gh voltage |evel. The | ow
voltage |l evel forward direction signal DIRF turns off
. forward direction transistor 512 and the hi gh voltage
timinp gyése in seeprdevrlvatian YanaiE)li2 orrron seenndevaluationse
transiitbE51d, OF irﬁélﬂgﬁqﬁé){ral?sqstgllézdo S cfff, 'Th eg%keﬁ' ugﬁtﬁ'ﬁhe‘
t1mng signal I's provided in firs re-chdrge
410asiegrains ¢Hfged o g highgeltage deved| If irtdmabBade traasibiogb20 is

on, skitaedRenquifut dhat o8 s pisharoi 8 dog Haradeiever i shity
registe? JuBSit Sighal SO id eheRIghNew irfvbPsePdittha intefhif REdY Sighape

level T2 timng pulse is provided in first eval yation
SN1 swhjplk was\ipg highfinw inyerse gf thie foavard shift regisierdnpdsignal

SIF. 2% 168l of e fohwak S Pbbictef RpLEVIGhatBIE sl ey RIAR |
shift p&gistehd)l@gutxsigma@ﬂ.gvel , reverse i np;J_t tr ?nsi stor510
t on, . i r
ERTA T R T
eSO oo e
low aligie VBhi7 rRRLPube sorol smel CE VR & hsbviied Bbine: or
same et fil%ing S@sélin met dludtionnsigrizh ®vAL Y4 . THe cdrtel pulse

reverse sh register input signal SIRis at a |ow
in contipk sigral|GENC thatis ceicideplivith thentimipg qrilseripomdining ned

. £, . i . i X " i d
siong] T RS ITREE FElistpPAE, Re Sn TP he fRABREGI gl o' O 2
]lc:dn\mecht‘;mhi df:shiﬁimg shitt registeucels#@danin te fﬁfe\tmm diseetion, =
or r 1 NpuU SIS I : [y, or . .
forY o SR B 2 95 RO o kB rcton
signémlﬂtﬁlit%'seﬂﬁﬁﬁ Pfgmlsdggge ?Xegzemé mhmlslt;a@é levet dorglard or war d
I Npu ransi stor . 1 mn ul. se m m n
direatipgysianat SIRE tyhe o deiar crerimrisier a1 S A i e
voltagggvel Foferbd mrﬁcg‘%oﬂtﬂi@?al DIRRAGABDPIRe faat@etish eanistor

_ charges shift register output line 410a to a high
514.vAltimigg pulsedton timingysigealdonig pre\ddedinrfijst presihargs signal

eregE Lol PR R G A 0o i,
charh@Yrehsibtort50d Nextw Sraingspylsefromieiining signal T2 is provided to
resistor divide network 412 and a reduced voitage level T2 timing pulse is
provided in first evaluation signal EVAL1. The timing pulse in first evaluation
signal EVAL1 turns on first evaluation transistor 508. 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 tumed on, intemal node
522 is discharged to provide a low voltage level internal node signal SN1. The
internal node 522 is discharged through first evaluation transistor 506, reverse
input transistor 510 and reverse direction transistor 514. if the reverse shift
register input signal SIR is at a low voltage level, reverse input transistor 510is

turned off and internal node 522 remains charged to provide a high voltage level
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10 second eval uation signal EVAL2. The timng pulse in
second eval uation signal EVAL2 turns on second
eval uation transistor 518. If internal node transistor
520 is off, shift register output |ine 410a remains
charged to a high voltage level. If internal node
transi stor 520 is on, sh|${ regi ster output line 410a
is discharged to a | ow vo tage level. The shift
reglster out put signal 501 is the high/lowinverse 15
of the internal node S|ﬂnal SN1, which was the
lnterﬁﬁbmdwgnﬁlm&e%mrﬁ@ Weregistas inputisignab §iFs cantralsput

ol A0 Hohot 5ok PRI TP by 383 e
off suah that infemahho@o §22 cannot beldiscHarded thegugtt ferwa:lell ihptO3a,

t.h erse shift register input signal SIRis shift
tran§t %fgﬁé‘r out put signal SO2 on shift regi ster output

| i AQmﬁﬂ@ bulskrfraptifring Sighdl T is pedlidein’dtBhd he.charger se
ift _register input signal SIRis control signal

S!gn@ismé H%GGW'P%PUEFﬁ%Sﬂwd pr-checashsigpal PRRE2 changes st
regiqtéraltBufiic 100! £hiBh y6tade RUSMIdUgh cebhi Bt fikige
resigipiof1 GieNextta tlmmgsmﬂ@ fromdinaiag algtnahmgp proViedito redistor
dividl fetpofi 214 Bho 0eEI oo e, FRTEHbUSE i loRGetn
secdndmvaylamhwgr]l:al EMAI.E_ t ITrher'tgnlag paite il 2econd g\mm@t{cﬁi‘siérﬁal

[ ter 402 for . vers I.rectio
EVAL RS secont) evpliAti A sioi B Byl HISa ot Bgneie 520

is ofE 8hlft régiter output linela Oﬁpémtds%afﬁedlﬂo@h:gﬁ Wofidihd fevel. if
ister cell 403a and all shift reglster cells 403 in

intorR nade g eter 5908, oni SHEPOBHET SLGHTES B R Sicikrasd (0
2 o BIaEE 148, | T i Fetitet SHBEoigrial S Kk HidhvloR/ M Ge
of theriaiesna mdeﬁmahsw 1awhish was magmhllwemwreeexf g reverse

di t I I, i ,
sniftTeg g g SIR: T ool 88 o Jeiue iR R SEF IR signai
SIR I\n&tsmlmheldil@dge 8hift réghtdﬂoﬁfplhgl’ml Eognal gREl : o, char ge

I Nterna ode rovli ae | VQ

e g A el el T poer BBt S AR ¥Ehn
reglsftbgﬁﬁﬂguﬂ— &Phﬁ E‘hlb?\éh%ﬁﬁt rRgister’ cﬁ%{ﬂﬁfﬂe\@oba%@ shnﬁ%@@as’f&? cell

timn se Iin first eval uation S|gt EVAL1 to turn
403 the neyersev@mfueagiatw inputsigral MR 4peon B&ﬁlﬂnﬁbgﬁé’i‘@ on

[ eVl
contforiig 458 TLIGHFUE ricthaL s S22 B S fndiel belfUogm g
low 9@ifageslevel| a dosirdlgruigedntcontrolgdigrel GS¥NC ds pravidledras tive
transi stor 508 or er [ t tran
sameens a g ayBerta i irsfevatBation A Sk “Eicaniiohs
puls@rin cOAPSInal CHYNC &2 isSéalnci@ait- with thertiniigg pulsedrdni om
timng signal T3 is provided in _second pre-charge

timing gigag! Fpitistes ﬁnﬁr%@stghm far e5ifiagein tB%tf%\{ﬁfS%ﬂ'é‘?F&lO"
fror SHE rédiS@r 28f4@3th tSRA&shift register cell 403a.

In operation of clearing shift register cell 403a and all shift register cells
403 in shift register 402, direction signals DIRF and DIRR are set to low voltage
levels. A low voltage forward direction signal DIRF turns off forward direction
transistor 512 and a low voltage level reverse direction signal DIRR turns off
reverse direction transistor 514. A timing pulse from timing signal T1 is provided
in first pre~charge signal PRE1 to charge internal node 522 and provide a high
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10regi ster output signal lines 410. Next, a timng
pul se fromtimng signal T4 is provided as a reduced
voltage level T4 timng pulse in second eval uati on
signal EVAL2 to turn on second eval uation transistor
518. The shift register output [ine 410a is di scharged
t hrough second eval uati on iran5|stor 518 and interna
node transi stor 520 to prOV|de a |l ow vol tage | evel
shlft regi ster output signal 501. 15Also, all other

hift register out put |ines 410 are discharged to
V°|t§ﬂ%‘€*}’%ién1ieﬁa%t"|°d§ signal St Aytimingvrulsesfpmitinieg isianat T2 is

prO\ﬁHEdoég até iloﬁgg?] %?TZ tl{mrzj%pulgé Hiidst %%aiué%aslgnal

di agram i || ustrat I r'ec CPT Ut
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vanh B8 Sl O, B 8P L PO S e o
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trangipten 28t v timeg pulsecmeatiniagsigoakT % isqyovtled fresecond pre—
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provited:Ss & rediendpieod Vel 4 iy niife i eitona EiahieR shhal

. EVARReo vy @esddontisvaluatio® transistop 588! Mheathify regmted (ﬁﬂ?ﬁﬂine

one side of the drain-source path of third eval uation

4102 idiseharged Hugughperasd eara}t@@pn drangistni 2118 anddntezal nogge
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low yheRle bl S Rl oy SR 08088 € 2 (ol I h03a.

ThEigyed QOBFS a%gribrmnld.{mtaiﬁgl dtrﬁmmé‘tmra:umtlﬂflo T hﬁﬁ‘_ﬁrelcmlan

0 e 0 e § on sSi al |,

ciroit 504 insfiden 2 DRaT0 et lor SSpaiiteti Sy o elisfigistion

s.gnbl &idist 5520 "He fowatd'dektiomsighalaiicuit 484 indliidesd bierd srede
of the drain-source path of third_eval uatjon

changedransistor 556 @ thisd @v@uaﬁlqrtfaamg»stebé%ﬁ apd adirstentrol
o] 6.
3580 1D bRl cARSSo Ruesiofl i 6
cha@edtrarsistort 360; al fbyrtkr evgiliafibrt transistef 862and o segohd asntrof
gr&)gl%g at 568. The gate of control transistor 558 is
trangis Acally coupled to control line 430 to receive

COThé gateShid dhe %&Wthemﬁlrggélﬂca@étmﬂethﬁd gee-ohargbe
trangé%r%si%% %(ﬁac?r?ctaﬂy ?:Emé IgtliJ Eg {r]mﬁ]g srgnai Ilﬁe 436. The timing
signal line 436 provides timing signal T5 to direction circuit 404 as third pre-
charge signal PRE3. The other side of the drain-source path of third pre-charge
transistor 554 is electrically coupled to one side of the drain-source path of third
evaluation transistor 556 through direction signal line 408a. The direction signal
line 408a provides the forward direction signal DIRF to the gate of the forward
direction transistor in each shift register cell 403 in shift register 402, such as the

gate of forward direction transistor 512 in shift register cell 403a. The gate of
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transi stor 560 are electrically coupled to timng
signal line 434. The timng 10signal |ine 434 provides
timng signal T3 to direction circuit 404 as fourth
pre- charge signal PRE4. The other side of the

drai n-source path of fourth pre-charge transistor 560
is electrically coupled t? one side of the

drai n-source path of four % eval uation transi stor 562
through direction signal line 408b. The direction

%“?@&J I|ne 408Db %ow des the reverse direction signal
thir qtiontransisieresStsis elagiicalis werpled do thethirdrevaluatisn st or

agn'aﬂhr%a&ﬁB ﬁﬁ‘t EFO\ﬁcﬁ&'t ?éd&%ﬁ'voﬁgge!&feﬁéfth niggﬁ%letr 402,

such as gl_ reverse ction tra 514
dlreq:tmnswcmt 4|Oég Mhe@nﬂe obthe. drainesaumteepath df third éualuatlon

tran X880 7 Reb AN S0 BlebnarsiniaotossSath o Soiu fiseator

558 @h866.cThe @dam@oumqadtﬁwebomﬁorttnaﬁba@ﬁar%sng blsb%lectr{cally
circuit 404. The ot her si de of

ct
coulelyf6 s frien Sueh 87 iAot 496, GTaR dater S soniraleansisier
558 $§aebmcal|¢§<sup|@oaid donf@V 436 B @&@Nﬁrc%gﬂoﬁsc?éﬁeﬂ SPALE,

control transistor 564 at ral n-source
pa’ﬂ’he gatecdi eig side & Hesdrgin- swrce patll efdouttle pra-chargey

wanG@P SBP o eRehPafl ENifeq B SBIRSEAIRE AR TSIl oo

S|gnabllna)¢ﬁ4r piovides é:mlﬂ@ signal E® & diesationtairolit 404 asfolthviNe-

25The n nal S RF and DIRR s he
chagB gl B Ok SERGHP T @ sofrce sptug 0 pre-
charfg@rtm"stét@h 56ecis ieftiricalig 88lplBl R-ohé skiRloftife ardih-8Burce path
ol tage | evel and reverse direction si glnal DIRR i s set

of fqush@va&ﬁtlvart'?agkétqré@&thronehﬂﬁfeaﬂm sigpalilipg 408andihst or s,
dire&idrsigsalfine wese g%\n&e“é heeléraB sirstitn sﬁéﬁau ARR fo4hd Qte

on an reve[se ectl on tranS|stors as reve
of thgi resensedlirectiemtrarsigior rieachghift tegtsteuceiHOS BBt rfeglster

402;%.&{@433118& fe ﬂe%ls!se' dr?]rae:bﬁ%? &gﬁgi@trop 5% ig gﬁﬂ‘t (I’(ggvsijef' F?l([i

|on Sl set t
4034.eTak gatwlofrfeu&h eea{datl@ttranmstsr g62ls eEDbE{RcalBj cﬁmpletddoahe

h,v Jt vel orward,di recti,on tor
fourth Sbisalon il feuza bt Srovincs e bticed digys T 14
timing/§igRA! tefdfreansh EIRURI4DR, OiHeesthE0gidé bRt @r‘aﬁlf-§our§élg

reverse direction transistor 514 are turned hi ft

fourthegpaluationdoansistierr 362 is gladticalls geprled dp thecdraghsoure path of
con%uftﬁa%ls %t q%z;%am BhRara %ﬂr%yh%f%htrgnﬁr%g@%g is

ul' ses r om
alsoséietﬁttlcalhygzwpmd tomeweno‘.eelsgacb lasfgrsundq aéb'f&eﬂ'he ate of

hi f
contgfl st oo F Y Bt % sqer b 408 S bl sl
signai OBINT. DI RF and DIRR are set to | ow voltage | evels.

{naheireetonggEas DIgt apa AR Pen 6 Gactinc ShlE I Sl
reglét-:‘l' 460 fftfoﬂ'tf‘a‘idi ?ﬁr@étud?n”én@'igl [ﬂREﬁ@Eét t%%lh@ﬁ Jdgltédeele@él A

t age I evel | ow vol tage evel ft reglster
revepse gmctmngarma D:'!BB ISQQ’GOtEUiOW \siitagallevel, forward direction

transistors, such as forward direction transistor 512, are turned on and reverse
direction transistors, such as reverse direction transistor 514, are turned off.
Shift register 402 shifts in the forward direction. If forward direction signal DIRF
is set to a low voltage level and reverse direction signal DIRR is set fo a high
voltage level, forward direction transistors, such as forward direction transistor
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10address transistor pairs 446, 448, ... 470 and

address signals -Al, -A2, ... -A7 remain at high
vol tage | evels that do not enable firing cells 120.
In operation, timng signal line 434 provides a timng

pul se fromtimng signal T3 to direction circuit 404
in fourth pre-charge si glgg PRE4. The timng pulse in
fourth pre-charge signal "PRE4 charges the reverse
direction signal line 15 408b to a high voltage |evel.

Atim Iw?%)ulsefrom_tirr_in% gnal T4 is provided to
912, arecturned off ghd eversR dinesting rarwmrﬁh%tchm&mva@g direction

tranelo R o S o T sl A0 B e R

The direution sjigmaeDIRF Amad DﬂFRlRevabeladurmg edchrserieE dAtishingupuises

trom g Sl 13 B A8 s Chegiel a8 St Gubefappvare

or re@ﬁ&@ dﬁéct&ﬁh CWiefrmindté Qﬁﬁln@td?rpr&%t @hlfﬁﬂbeoﬁswfﬁglé’@r as
timng pulse in fourth eval uatigon si gnal AL4 is

402, EF%QIIO@e‘iEﬂQiS P erd QIBR areissht q oyh@liagglevedy Thigglears
the srngyeeﬁ.gﬁ velt%@é; réverbugﬁéawm {H Iﬁ%gstg# é%@éf Qgﬁalg ecH.| ow

he contr emai ns at
S013 dushthvail alladéft regNster taspuirmgmalwsm -BOngare at lomevaliaget h

v 400 S ShE s SR S8R

' addréssgf‘@'isﬁtbmpalm UaB8Ri. N470 biad gddreiss signalsgPA1,0VAZ1ge ~AT7

Ti | 436 d t
romainFiuioh velias Al tatleanctrmab Taael d80c v cui ¢ 404
' finfo éfa‘ikoﬁfmn%aé“@%mh@ngh ilides 4 hmﬁqﬁmmmﬁ tRingn

re-charge signal PRE3 charges the forward

srgnad 1 3etctop reatien gﬁallf 4Q4nle fq!@ﬁhlﬂll@ocl'@fmﬁ glanadrREde NgENIng A
pulsd inrf'o[S]@% @Hé Eﬁan‘éfe%@féﬂe ! mril‘lagq%é thEGelSrs R bf?cﬁfjs@ﬁal lme

resi hat pr0VI es a fFeduced
4D8Mol 4 kigk vbliags 1eVél. tA timing pulbs fromdimingesigriabi4ds prayidedsios

e bR e R Dl P

puls@i@?#&fubﬁ rﬂ:lrbiultlﬂlﬁdl fit N%Urtﬁ Eaﬁalubflcémsgnat EVAL@.U]TBE tlfmmgn 55
contro na i s provide
puls vibHGh eVRLALPR SErALERRKE TS 08 aarth PYRABNrsistor ng

562. pfrqla%?nirﬁl ;?Jléé flofVrtd| si@Halscsmb ecﬁtopth@ jatkedf t 0
eval uation transistor 556, the forward direction
contsil transisior H64 ab8e sHree h@fﬁg@s,thﬁémanﬂl 6W59d)‘1‘ fougid gvaluation) f

1 rol 5
L s
direcﬁlbﬂ@iﬁna%goﬂilsdmbmgdsda 151d>outévI holtatieelewlu df thereontrol Sl%lg)asl

t Sl stor L.Lectl N ne a
CSYP@%W@“% RLR Z‘é’l’i V?llg?% lﬁ}’%sﬂg?ﬁi%@ P@\?g?ﬂ #éouth Fi gure
evai&ag ainss@nél iEGA 9 dicReviawd td foufth levtliuatiofransistop 662fthe

ress generator 400 in the forward directio
revetsermreg:tngngmabhnmw@ g eha[oe@ f¢ adigly V@iaﬁe%veT

re’Pﬁﬁﬁ Q%nQHIn% eﬁ?gﬂate & ﬂn'?'iﬁgg)'u@e%rﬁ‘h Sighar T8to

rovi S one e seri S| X pul ses.
dnredmna:rtreus 404 astmﬁ weschpigessignaltAREH g The mng mulsaiin bid

i.ncludes pul S& [
pro-¢1ips giagal PREAPAH ST SEwery Bt S g 48ba g nioh
voltdd@z%v@e% ﬁmmgrmswfrém tﬁ:ﬁlﬁg signal T issprowidled Td resistér divide
I'ncl udes tim.ng 3
network 416 that prowdes a re uced voltage fevel T6 timing pulse to direction
circuit 404 in third evaluation circuit EVAL3. The timing pulse in third evaluation

signal EVAL3 turns on third evaluation transistor 556. If a control pulse from
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15 timng signal T5 at 616 includes timng pul se 618
and timng signal T6 at 620 includes timng pul se 622.
The control signal CSYNC at 624 includes contro

pul ses that set the direction of shifting in shift
register 402 and initiate shift register 402 for
generating address signalg -A, -A2, ... -A7,

i ndicated at 625. The timng pul se 602 of tim ng
signal T1 at 600 is provided to shift 20regi ster 402

conti sianeh B St 36 e o of comraliigmsistan Sbhe tas o
saméQinﬁéaéfﬂ@nrﬂ%fﬁulﬁ‘WtEﬁ@ e@é]ué‘ﬁ&vigﬁalr%%y 3 eﬁrﬁﬂﬁe(lj gyel

i nternal nodesi SN1- SN13 gl ster
third; eueduationitwsistor &@Nmarddilr@atl@usanaﬂm 4&&aediscmarges

I vaol ta e le
to a jtPolldbel 8. HEHE! Py cigrt GRINC A ot By Bl e
level asathsi tirhiog pn&diiﬂﬂhe thlrdaeﬂaluzﬁloﬂ lBignah EW\LB&Q badvidedctelthisd
s.exa t he ser

evaligianganaion 558, 13 GTMaRHIRtoR el 16 AfBa Hraana Ghated

toaﬁ hf\jo]tlégglléﬁeq&r 402 has not been initiated, such that
I ster output signals SO i ndi cated at

636'9”&? tlisa gﬁmgg@agnam fil uwr@tmgt opgsation of addressigenarator
Y
400 gy’g r enrr%lnﬁ ogiebhé’ﬁjh vo 8%] @]ﬁ/sel-r@l e %lﬁgget%%erﬁ ofbix
repe@lisg plilsest iEach @f pthe tqmtngtmrws T -r’ﬁ&wowdga ahe pRisatin ma

V] to shift register 402 in first evaluation
sen%ﬁﬂp pE%%%I Timng pul se 606 turns on the first 56

evil ored Sérmsltrlif@i)iplgﬁéi tibfiy {smtgnialdbhamml ilneluﬂb"s ftiltning pulse
re |ster S a- 3m Wi r.0
602 STAB SN S 28 S04 Waklckst imifg PrBecbes fimgsigna T
mcuﬁi@sftﬁmh&%&b% mﬂﬁmgf s;ghmaﬂ & @@ iRSQdESHMinY pillsé 6\1\4

age ['evel s f or war d |nput transi stor
timnzgwaignelvTeﬁ ate6161|pglude$ HmingspWse 819 and timieg, s'@ﬂatm\ab@z@ t

incl o8 AR plfke 622> T GtPLARCRING JBaNRALBES N

npu f ansi St or s and noncon
pulses Veatset tl"reqmutectloanﬁslstﬁmgsn shift rpglsthOZtamd lnmaErsl'm‘tt

.nod t he .shift t 03a;
regifBEA02 AT semeating Areed YA AL A2 o P, ol B 625
r e%él’nﬁfng bh!eé Bap dﬁﬂﬁ‘mngsmgnalm @Ms(ﬁﬁs pr@rmmtoashmm gh
votgf | evel s at 638. Thl% Qulse Gé@?hmn

regigiegABZ infishprestharge signghFREY. LWirigaitiming ppisgialeeinterna
nod%%%ﬁeﬂcl%}ﬂn%%émﬂg §He95é‘ﬁs %2405@ lidr§&d toqsroolurewgﬁ

rth rec Si PRE4 and to address
voltdugmlevglrnatecmaim@detsngimaia SN&nﬁNc %&ﬁmﬂéegss@amt@mal node

siond SRR A L S BB B A i 1
volt&dd felelr lﬁwrﬁéiefode&tgmls SN@26! tarnSsh Bizlinteaal gededranisigtor
520{mepas ot the it redister colis 4038:408H.| Mns'eXantbid, the Serieeor
six timing pulses has been provided prior to timing pulse 602 and shift register
402 has not been initiated, such that all shift register output signals SO,
indicated at 630, are discharged to low voltage levels, indicated at 632 and all
address signals ~A1, ~A2, ... ~A7 at 625 remain at high voltage levels, indicated
at 633.

The timing pulse 6086 of timing signal T2 at 604 is provided to shift
register 402 in first evaluation signal EVAL1. Timing pulse 606 turns on the first
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15 charge signal PRE4, reverse direction signal D RR
642 charges to a high voltage level at 644. In
addition, timng pul se 610 charges all address signals
625 to high voltage levels at 646 and turns on
eval uati on prevention transistor 422a to pull logic
eval uation signal LEVAL 6 to a low voltage | evel at
650. Timng pulse 614 of tim ng signal T4 at 612 is
prOV|ded to shift register 20 402 in second eval uation
naI EVAL?2, éo direction circuit 404 in fourth
S AT PR easfrpitha shift iegisien aglis #8R2 9080 Nivhile

coniréla‘eﬁ@r'\a? CBYNE H4i r@n%a%' & a%wlté@gl\eﬂf}'ﬂst 634TLRP aPYhRE

14 Tn second eval uati on signal rns on second
regiéteapuwf signalsa52i6S0semaireati low sratiagefevelseat ©36f forward input

h
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EVAL4 turns on fourth eval uation transi stor . A
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IS DTOVI ded to direcCtion circuit

chaige slgmaicfliﬁ@, -reversg durgc@amugm&ywz @harsg$ to a high
voltﬁ@le%&éﬁqhﬂlﬁ a%ﬁﬂ(oﬂe i Bl@é &1 ﬁﬁé‘réeé By aeﬁfe%s% drid¥e
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6250 tigh v&l’lﬁ@& leveds aiaﬂMﬁ dnd &oh$ on esalgatidm ﬁ)‘eﬁﬁnﬁ@i&tranhmstges

122635 Pull i FERbh AL gL ERb o B Y dthgh Tl B p6

di e téé@%bﬁﬂirﬂrn Fighal rr4@m6h2@é ploRieslito khift leglssdrer
- cel sh?gma 403mto sgt up shi ft regl ster 402 fo
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evalt BBl = L Rl VLS B RS Tghenit ap8n gl
arrayl 406 Obfiectiraingl puise ot lrrmné evalvatian signat BVAL2 tuhs po
t ls S |
secid =YfrughBisistt SFEh s & i Bhr gler b OGRS LNGorh
With EH@(Siggérﬁélfno’mChligﬁdr:s S5 268t Isgly naltagleléilelg jl_néﬂlng tumeldb?l
a rengal] n a | evel s | n u
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reg %@A%gmlg%:gﬁa!scsoteaﬁ%aﬁr%@td Bwaloithgatdvens siahzalAlso,

he t1m ng pul se turns on third eval uation

timing puisedi ¥ringewth eyaluationsrignal EVALfhimoxyiearibevaiuaignns

vala~rat 8
s S X SRAPA DU o5l of Befinoldad GovtigRRly s o
contrentramsistat 564.hingth fooith egaiuhhnreiransﬁter 662)Bng obntseje
tranls?s\{c?rl 56r4otru\pr’?<-:(dd on, direction signal DIRR 642 is discharged to a low
voltage level at 656. In addition, timing pulse 614 turms on evaluation

prevention transistor 442b to hold logic evaluation signal LEVAL 648 at a low
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20 direction signal D RF 658 and | ow vol tage | evel
reverse direction signal DI RR 642 set up each of the
shift register cells 403a-403mfor shifting in the
forward direction. In the next series of six timng
pul ses, timng pul se 666 charges all internal node
signals SN 626 to high volsage |evels. Timng pulse
668 tuMs on 25 the first evaluation transistor 506 in
each of the shift register cells 403a-403m Contr ol
ghal CSYNC_624 provides a control pulse at 670 to
Voltaraﬂ ieMelatioogutTherlawyiolags leyeblopie %IHMEEIOF siinel bEVALIB48
turnégﬁaadgvggsfb\famaf@h%a%k&%!4@6 transistor 512 al ready
turne i nternal node signal SWin shift register
ceTiming paisei &lSeitigyng signal T@wt %6 isqyevided ¢ diréctitinacirtcai

T I SO 630 30
404 3} tfpre KB K Vilhol FEECS B 118 vl e 2her® | ° (e
tranﬁietuwang i fogid arrqayamh ?Dul‘ing ﬂm_iﬂg pﬁmls? 648 &t ﬂi{rdQﬁéJcP?rge
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I
64201t B RER of M Fodte B RIELARETIG S ImE e loward
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{ { t
A R R e
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ress transistor pairs
to sAdtacitage fevel indichted at 672, The shift register output signals SO 630

are at low voltage levels at 674, which turns off the forward input transistor in

shift register cells 403b-403m. With the forward input transistors off, each of the
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25 address signals -Al and -A2 at 625 are actively
pulled to |l ow voltage |l evels at 704. The other shift
regi ster output signals 502-S013 are pulled to | ow
vol tage |l evel s at 690, such that address transistors

448, 450, ... 470 are turned off and address signals
-A3--A7 remai n at high vaojgtage | evels, indicated at
706. The address signals -Al, -A2, ... -A7 at 625

becorme valid during timng pulse 700 30in timng

othef et vl Yo tHIS sLPL PR o i Frdster oo b raman

at higlPvbiadeévels, intlicateddawerel t age | evel at 710 and forward
direction_si gnal DIRE 658 renmains at a hi gh vol t age
| dingimipgplisesd/s, all shiff rpgister gyt signale S0B3Gare
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hargh \ORGIGHSS K e e ST DRl
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pulse RBB UL gh-3esORMEVALEA ‘Q"uVﬁ“%?tP’ %%# A g &OPE?JLRU s 6P s
on cﬁﬁ@&stfaﬁg%z or??% tb'@ii&%‘é&;@lfevé&% dirtictibn slenbEDIRK 842 ¢¢hlisw

403m such that internal node signals
voltzgllevelat 5961 1 sidition, dinsing prisgo8gttumeon eyalyationegi st er

prevBffon bl 35S Egfi(Pol SiRLKREh 28Rl CEFA BB G 2 fou,

volta?e’-’levdﬂaﬁ 608 ang Ieeptelvalubuomvaadmsilmmmm tuaned etfor t o

[ d [ 5N2 Dur | .
et Bt S50 OB bR 25 e o e
ata ﬁﬁl \ﬁflt% 8%\@ ahd Rsdid evaligibndigna g e Vel sstods chaigednd a
erse direction signal DIRR 642 to a, high voI[EEVAL

high| wpitege é&vevgbmztu Bhe highveiade @V§H°9@@V@H@F'@€§‘9&Ha
648 %@'?{Jfﬁﬁn SoA'% Eﬁ:at@‘,}' frandigrors 440 e ﬁ@ lé&éfl@hﬁt gl

turns on eval uation
outppat ergealt SO at 622 dirss on agldpasst tansistor paireA45a481d 4460 ansly

adal s34 TG, 5T o I PR30 o 0B
7045 rrae@tﬁersﬁlift %@ﬂster/&htp\ﬂ@grmlé E62-$018 ate FiHed mnowwoaage
dr ess Slg

levelmalTioD, sTHETRANUEsS RGAIOES 44§, 4500, 470 ar€ hngd aff oid
addellegk sﬂ;n%gs' ~§ﬂﬁereHafﬁ HChigh bél@agéqavélé OiRtiichfEdns 7960 e

e preced |ng series of six timng pulse

addesse signalg TM mhdul s8¢ at 625 hegomegafid guTing Himing Rylgm 409
inti qug?st@'?%qﬁaﬁ%%z TihingQtu€d 768G:rRE 87 Bkd SRAkRRNIFanSistor

ul"se
556. However, control signal CSYNC 624 is at a low voltage level at 710 and

forward direction signal DIRF 658 remains at a high voltage level at 712.
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30 Timng pul se 736 turns on second eval uation
transistor 518 in each of the shift register cells
403a-403mto evaluate internal node signals SN 626.
Internal node signals SN1 and 51\ 13-5N13 are at high
voltage levels at 722 and 60 discharge shift register
out put signals 501 and 50gg 5013 to | ow voltage |evels
at 738. Internal node signhal SN2 is at a | ow vol tage

| evel at 724 that turns off the internal node

transi sto ft.reqgister cell 403b_and maintains
sniTt et seies A b T RS, Banapulse Mg Rhaseeage

inteﬂr@Vﬁbd@é;gﬁéﬁ SI‘@WZG'?O ﬁ@W\fohaﬁé’ ﬁalvlé%tét(?ﬂ 6l MRSk Rée ?
is turne ti m§%6nu se 6, and contro

turng gn first avaipation Mnﬁ@wi N gaeh pbﬂhetalﬁhagsat@r c@s403a~

wosbUSIR b Sroaiess) hERAR fhaPbaRiceE A hehor

the shifl réliREr 68l 403a-4@3m duini anbighacliagelevek The forwatd inpualy

sionBl St bt o g a8 o ot Sighab G SYNER o 4 whvich s
a IO\bJWﬂég@l‘b%eBét '@d Uﬂhélfbhhﬂﬂqnblﬁ\s@énaﬁimﬁéﬁeach of the [tHdrng
direction signal DIRE 658 is

Shlﬂrfﬁgﬁ?%qi?&%i 4Q%b éUﬁF’g'ﬁ t%ﬁh'ﬁ@%@'ﬁf@{/ eHtoxt 8195@1 2R $3P0mftpe
e BRI i Pr AL IS TPy Sl ) STt b b
voitager lﬁyelcai BO2ngs |tlaqurwawdsln9u@1gnal%bF ofraecandgthift redistge

oo 95 PRI AL A B SRl S0t Al

levets g¢t680s -Al and -A3 to | ow voltage | evels at 754. The

ot her. address,sigpal s .- -A4-.-A are mai
ot SPifRORURCRYS 40aaend AecHam feceive laf PRk el BRiara
:npdt%rgﬂﬁlsogmthamrreuﬁdfmwmpmmlgbﬂso@ﬁﬁeadawﬂth@bmﬂ
CSYNC 6 remains at a | ow voltage level at 760

regisf@r P@“Sh‘“b?&f al@fbﬁ%t‘oﬂo%ma%hsfha?iﬂtﬂﬁn@mdsrﬁwnﬁéﬁ rivdiand
SN:{ gN“\'?rrch%H ﬁgﬁ'a‘? 2251 SRR reblkr Bft403b récé]%:éﬂ‘th‘é%é@@&tage

Xt series of “six timng pulses_shi
levehBhift registengatput eignab8OM tasr frinwarsk input signal $15 tkat teoe aro

oo Wb Ll B S o

Sh ID‘dnhgglnﬂn?mu:see?szamntdmfeaaymtemutpst gifnais S 630 ag
pul ses _un

chabiest Bish KellacsJevRE Al FRB ARG IR e reston I PIRR 42 to @
hlg}P\%{)l%gb IéYél Rl 380 Al BiRESNsd 786 chifyes $rddaseseisighzad

evel shift regl ster output signals SO 630
~A1st~a|as ThE 626 towandesyhigh veltageleyalatyd2; and fugisen gyaivation

Y NC,
progiftRhREElsRY ArSI PLELEYAL YA 0 RN (cepS ISRt PR
pulTse dddeasst sigmalg ~ai1gnaR, . T2-A 6BEDwere3@lid ffam dee time

* aodi PSR e SR B Yo S s

~Af 2P i AANG26 108 plildrhigh 26232t Ths eiddress signals ~A1, ~A2, ...
~A7 625 are valid during the timing pulse 708 from timing signal T6 at 620 of the
preceding series of six timing pulses and the timing pulses 714 and 718 from
timing signals T1 at 600 and T2 at 604 of the present series of six timing pulses.

Timing pulse 736 turns on second evaluation transistor 518 in each of the
shift register cells 403a-403m to evaluate internal node signais SN 628. Internal
node signals SN1 and SN3-SN13 are at high voltage levels at 722 and
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the direction of shifting to the forward direction.
Al'so, a control pulse from 61 control signal CSYNC
624 is provided coincident with a timng pulse from
timng signal T2 at 604 to start or initiate the shift
regi ster 402 shifting a high voltage signal through
the shift regi ster output S|gnals S01-S013. Figure 12
is atimng dlagran1|IIu§qrating operation of address
generator 5 400 in the reverse direction. The timng

. Si Snals T1-T6 provide the repeating series of six
dischaige shift register sk signals $g1angrP3-5A113re Ipworitaes laveis

at 73@“ lIRrhdl riRdeRidri slez iS _?i(a Rtk gg@aqé l%v@lgﬁ ﬁﬁrthgtstum&ucﬁ X

| ses, timngd SI? ncl udes “t'i n ng
the nggmal node trgnsiston af shift ragls’m¢eil AQBlidnd mdimtaing shift sgister

| ud t I
outpfitiiondsBiA gt ZhEfTordge Bvebd6r4de) Lce tim na Sopul se
8 Mheh foarthge | ghtiain tﬁst&tcér%ﬁ i5 mlmhgd emt by finitty |§)L|l;|§§ eggés
| NCl Udes Imn ul se
and ﬁ?{g Oiamsﬁ%‘*is!ﬁ&%}r J@é@ﬁ@@ﬁ ngwmrﬁ&tr%ré@to&g Teverse
direcibh SRmal DR $2D didtParlesastd I8l \R)flta Didviel BO7 4404‘ 'Fﬁlé ft

regi ster 402 and initiate shif gi ster

direcgjen signalsngIRRiB4 2 and QIBH&S@ armset dwmg each serigg of six
. . 1ndi t ded
iming AR, BB IS 1 A Sl SO,

transixior 44Rkt iormalgtqm L EWAB@AS atrat lewnailtage&&areﬁﬁﬂ?m] each of

t hift t [ s, 403a-403 t d
corRrhinb i Fp ot dracod pePafOEESs lmBiined s
at a [5bB vOhdge 196) étﬁﬁOQﬁcﬁLWAL B8 rcnaige@ctd@ m%mat@e&m:éi%ﬁ
e set to hl?h vol ta e | evel s a

752, vtrh'% high Molage Iavat *995% 8”§FQ§\€‘L|—§VQ@ 648 aii’égtturm Qh
evalﬁcegfjp'tFHr%%sT&Js 4200 He" g vaiéaeﬁeéa%mfﬁre@ tértmrt s‘fgnrgan

s 40 I'n this exanple,” a series Of six

802ranrréagumasantasbiregﬂtmnsmté@lrsm&raw-ﬁmﬁormﬂl;aailds@smmaiad

~A1 Shit A ol bt @uai et 7ok >8Iy Hiftret ilhdiD oAy
~A4J~{A\W atlelmaigtalrieelvailrQh vcrlt:kgedémls a’g?;ﬂiz iaﬂd al | i addr ess
s of PG 258 tibs onid PudlafSuaiors8 ool signal

CSYPMj 624 fRaihs aPh P delth esélléttraoe@ lttfrh@iff ol tandistdt
eval uati on signal EVAL &b’gﬁ ul se 806 turns on the

558 and praintein fopyard rdlrﬁpmwgtl%'rm Zatapbighyeltagrieyal £ ¢
r eﬂéﬁ&& sBRkd fé‘ig ﬁ éﬂi’s?g BRirE Jir g@h @E%h\f%ﬂﬂﬁ 824

remai ns at a ow vo eve
registargigpetrsignal SN2 toithe alext st 83pste0celed@othat priogiges a high

vol.t age, l.evel r ut -
voltagB 4 Shirreister Dt Sk ALY, sHiiph Shotlled i oAt
serie@asTRbOfiminGe Lidusiuntil egdts$isift r@@hﬂeﬁ oé@&ﬂs@ﬁ@l@Oﬂ&)ﬂ has

non- conducti ng forward and reve{gcf?j 5 pu% ors
beershigh onges f(ﬁebg@ﬁéﬁglsteg sutput signal 5013 has een
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.

In forward direction operation, a control pulse in control signal CSYNC

624 is provided coincident with a timing pulse from timing signal T4 at 612 1o set
the direction of shifting to the forward direction. Also, a control pulse from
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the internal node 522 in each of the shift register
cells 403a-403m from di scharging to a | ow vol tage
level. Al shift register internal node signals SN 826
remain at high voltage |levels at 838. The timng pul se
810 is provided to shift register 402 in second pre- 5
charge signal PRE2, to di gctlon circuit 404 in fourth
pre-charge signal PRE4 and to address |ine pre-charge
transistors 438 and eval uation prevention transistor

¢ array 406. During timng pul se 810, all
Congﬂﬁ ?'snalé‘g‘q"\%ﬂ@ 624i8 smw%edgwan@dsme@oa gmg:mds@imm timing

sig rfé'l Q‘E a8bkag §ta|r(eéﬁ hifiafelth8 4Rt éb% @%Zél-{@né a'Hi v&{é.‘alg%e

0, reverse direction signal
Slgﬂfml H'HOM@h thecghifi Ggister outpuissignals 8Q.8iBon, t| m ng pul se

SL e 23 B SRUEY PR et P bl yoniats

40042 Bee tem'ernd di:rdotxgn c Tae a:hmag 5igNasi ORTS pkdvithd-tHeABpbatindy

|t | 814
SoriE B3 8 OUIREs: SACTOf Bl BN sionsls Th ELpaacs pap ks 2
seriés Gf‘ﬁk paléRL2 In bﬁe %F @é? bf éi)@ pElséE Ut!rﬁlné fgriaﬁ‘TfI Q¢8O includes

eval uati on si gn eval uat |
timinpg éUl@ﬁt&OBntlmmﬁgsal J 2 atzB@& lnﬂud@@tlmmmtﬁ@e 0% timtngisigpal

T3 £ g¥incibdes ot Al B MRIRGSRAPTAR bE2 ARSIk

puls&/d 1, tintieg sighaintilet &1&neludeSkimabpualte B8 landdinting eignal

6 1360 e iR bl i P2 T TRE ol Sl 30l P2 il

contrigi Bde that'égtthe lirgdtiinsof SHIfRYPincHHe Rsyigter 402 AadVinitiate
voltage | evels at 852. Also, 20 tim A%dpul se 814 turns

Sh'ﬁoﬁ"?gf% 1407 Teu aenprating atdrgas Sianals Hih ~did - o r Bricaleghal

25CSYNC 824 provides a | ow voltage to turn off control
transistor 564. Wth control transistor 564 turned
of fThetisviey pulsaift0ads pravidadgeahifbregistend0 s@rfmstrm&charge

I
sorBBREE 30 Bl 995 BN el 25 A i
regidte? bell4084- 40$mgjhar@satbqnamw@m cenrgspdndlr@mgh gdbagihlentl a

ISITRTISCTNE NS M TN Bl ] T

set @/mbﬁ%ltéqb renaasatstzer srhé4@gh voltage leVél MtBthaPHb&S sGA8Isi S
rovid o direction circuit 404 in third pre-charge

SN §2@ﬁan oprfs intatnal podefrasistprs 520 inoshifh registrregfls 403. In
th:sﬁegtu%r%:jétaoéer%é fisik ttrﬁrﬂ Puf¥es s%;%%’g %@H&ﬁgﬁb%'}ﬂmﬁgl se

or war Irec si gha rges to
pulse 802 &6d withoutgritibtingshitireg@ster 402 ssichdoat ailgSFuﬂ regisjer

vt S A BniReER 5b o Res YR iefgnace ' ©

and%ﬂaédm‘éssoﬂgﬁalﬁﬂ-ﬂﬁt‘ﬂtrz?» 4407 ab¥25remhdin ahhigh voltgges evels,

out put signals SO 830 at | ow voltage
mdlcated at 833.

The timing pulse 806 is provided to shift register 402 in first evaluation

m»—e

signal EVAL1. Timing pulse 806 turns on the first evaluation transistor 506 in
each of the shift register cells 403a-403m. The control signal CSYNC 824
remains at a low voltage level at 834 and all shift register output signals SO 830
remain at low voltage levels at 836 to tum off the forward input transistor 508
and reverse input transistor 510 in each of the shift register cells 403a-403m.
The non-conducting forward and reverse input transistors 508 and 510 prevent
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63 levels, all address transistor pairs 446, 448,
470 are turned off and all address signals -Al, -A2,

.. -A7 at 825 remain at high voltage |evels. Timng
pulse 822 is provided to direction circuit 404 as
third eval uation signal EVAL3. The tim ng pul se 822
turns on third eval uation iran3|stor 556. 5 The
control signal CSYNC 824 prOV|des a control pul se 864
to turn on control transi stor 558 and forward
direction nal DIRF 858 is discharged to a | ow

the Wﬁrp%[grpqe lnﬁacg@jtheﬁmﬂ registen pellsgt03ae4@3m fionwar d
discHargftd 100w @idlge AT, %ﬁ%gﬁg%g&%hnt\éﬁaﬁ ‘?ﬁgﬁe sﬁﬁ?st SN 826

reverse direction sign eac
remaifistt highevltegerevals a8 3a- 403m for shifting in the

r e¥ﬁé ﬁﬁn {)ﬁgé 8% rﬁ é’g’k’@&fﬂg s@@@eg%ﬁqr @%lgrsﬁgql)rﬁé%?g] ng

cha@eg@a‘t PHEZSﬂﬁdmdlonitﬁmgme# i famh prelchags digNaIFRE4
se 868 turns o rst eval uation

and 3 GidRsf HpS Bischarog qansBiore A58 shievaliagps pisveston s
tranﬁ%ﬁéﬁﬁm Ioﬁlc("cﬂ Cgﬁbe POy ﬁ%lﬂug PUMRE 1 o) é@ﬁﬁ tedister

contr ol gnal IS prov to turn

outpub§ignals $Q.930 are shgrgédd@ high \s:ﬂtiage levelss SO, ofaso oy

timirfSlice 64h. fevbi3S dikfor SoRaf i 882 KhAEE % 8hidh'{clfede

levelatl 844g elnlaidﬁion, tmmmgqmlmmm naffaindad atldréds mg:gé]sBEﬁ at
SO 830

ighgi3BYS Ve T 1, 6 Sy Al predEhich faistaf dZeg byt

loglcsé\véltﬁatrdhgmgirta L EAL M%ﬁ?@bﬁoﬁﬂtag&\ﬂwél whgs@.ever se i nput
transi stors off, each of the other internal node

si §iing palee 83ddis pr%'ﬁ%toaih'fhre@ﬁt@ro‘if%%@esqceoé |egaluat|on

signéf’l}i‘?@ﬁ,ﬁb%’re@ﬁo@@@cuﬁ 404 in ol é@uéﬂdﬁsggnéllﬂ\%_ﬁg& fp

_ regl ster output signals are charge
evaluation p .lieveoﬂlqra’@@smioeﬂ kain le@io asaiay 406v drimingipulee 814 kurns

on 154 3P AR o 4 ey A ol P
403@d diVitls intsinghadde sugﬁaisSNZBza at higAkoR2ge melsl that tur bge
gl Sada i oe 0 ) S e P Bt Bl AT s
reglételL bawat sighgls SOBBO d%éﬂhﬂg%ttb%w sbmﬁd leWEIWAK 8828 Aldy, ns

f evaluation transistors 440, which prevents addr ess

timlng pwise 8116 turpsondourdis evaluation transistor 5@%@1«1% gpnirelgignal
CSYFN@ 8?3 %r@l@é‘b&é ﬁ%w %Itagq turmr oggtéoﬁ cﬁ?r?n%@tdr Bl V QUilrRoe

I mng pulse regi ster output
conistblgrmisstcstﬁﬁzlaomdaoﬁg r@&rm diectioperignad DIBE 842 neaw\s -

| evel s ,at, 89 hi f,t S
chargii At Valaedhvaroft SHUIHERHO Relse R0 ma Sho,,
evalbas&vipivehtich irsmrstcf 14@etd folé |logtméw[miomgimm5yﬁdl 848

SN13 at 872 t h%t5 L‘F 3 of f inter nﬁ node, t r.ansj st Pr
at adpw) veltageglgvel at 858. The low voltage level logic evaluation signa
LEVAL 848 turns off address evaluation transistors 440.

Timing pulse 818 is provided o direction circuit 404 in third pre-charge

signal PRE3 and to logic evaluation pre-charge transistor 444 in logic array 406.
During timing puise 818, forward direction signal DIRF 858 charges to a high
voltage level at 860. Also, during timing pulse 818 logic evaluation signal
LEVAL 848 charges to a high voltage level at 862 to turn on all logic evaluation

transistors 440. With all shift register output signals SO 830 at low voltage
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shift register cell 403m Also, timng pul se 888 turns
on second evaluation transistor and control signa
CSYNC 824 turns off control transistor 564 to maintain
reverse direction signal DIRR 842 at a high voltage
| evel at 896. In addition, timng pul se 888 turns on
eval uation prevention tra%gistor 442b to hold 5 logic
eval uation signal LEVAL 8 at a low voltage |evel at
898 and keep evaluation transistors 440 turned off.
Shift register output signals SO 830 settle during
levels, mllasddsessstearsigior paitsi46h 448one4Ehare turresi off and alit put

L34 spdt @ ot her
addﬁ%“ ft ?@%l éflérA%uf pﬁ?f %lrbgz\rl‘ligl é‘?%gf @éﬁfoggi
volTiraipg pmszz as]p)audeahg:) tirextiog qiruhﬁ 40908 thlfdJévmuéhon

. 58 ch hi gh |
sioraL FALEY "B HiRe pEls S ot 10 Sy fgen frpAetas .
Thecdvmtraesighal @SYNChe240prbaides |aQ§6¢‘1'troﬁE>ul9@ @64 T@ﬁlrh Eﬁh:ontrgb

vol tage | evel | ogic evaluation si
trangigfqf narék/fanwmcwiectt@raﬁrgnaklaw ts dr@ar@eﬁ]tmlwage

vok Pl 4, T it e ROl Sl 56

andsh@m ianbltageﬂlgvd everss daggzmcsTl% vad II%IEBLMZest?t:each mn\rti:e)i;mﬂg e
| e ot he | register

regigfBY 5l 40 AP T S Hats B BuPloB S B vo t age

I e\metrfe éxt 88fes sli ity pulsel, efssing ltuemg pm@é alaal laH 446,

urned of f, and ad si gn -
mtern@inodmmnaﬁe&ﬁa Al AR atgrwcﬂxa eﬁmaapglse

868'tﬂﬁis°rﬁﬁ fﬁ@ ff'ilét SBfuatidh %’aﬂgigfd?%@ﬁ% gheh of ’fhéI shlﬂ' 1ster cells
becone valid durin tlmng Fu se
\Gntiat §

403ar4ﬂ9ﬁg amogt;ogmase §rGioviteh mayr l@mﬁltG%YNCslSor
Y|

progdgd ffinflof K I<tordtinbit rebiticedh AR (gictur i adsm' by

withf thewevetsd |dlrecﬁorohrarmlsjoaﬂuntddQFn gaterrad nadé signabSNafe at

, 912, |

disqPp sy Poe e Jriel Ttieted ot ag2n e Bt RER Sl

sigril€SOeamae étqb\ki lv@lfag@ﬂetl@lg%lt 874 SlvRichturdd &ff thé Mévegse input
purse 918 turns on filrst evaluation transistor 506 |0r‘1cf

trangitar BEhTHEgBHATaRlS é@?%—é@?* cdfth @%@S@d@ﬁ%f@"ﬂstors
eacﬂ'o‘fﬂ@{)ﬁ%hmﬁa&?&ié dighdl§ SNALERE rémamtamgv%nagwe@éus
each

reg ster ce 403a-403mis at a
indibatgd ag8F6age | evel . The reverse input signal SIR at

a2 by Busp s, SR Sabled Lk BnaR Q%50 R

chargiatﬂbﬂﬂgh Roltigesieysialat 838(Raati reverse diredtion sigried DIRRI 842 is

maigighed St BbOOBROR ot o) 385 GoghPm, bl Bl | P!
ma.ﬂ%s éﬂhsa&%sé & ghﬁ&'—ﬂﬁ ~AQUE PAAT sagwhlga%’&agé léVelshat 884

vol t age evel at 892 and is the reverse in ut

andsptghsdmglsnemluatmsrgﬂairle%%& 848 ten fow yaltageriguelH 886
I
o534 B PSR el TupPLEORL BB Gmaldy iy o,
transisforé (120, ivhioh prevents tldipss ltrewelstar gairs 66| 448t .. A7 eirs
SIR t ot ff 0, h
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at Mhiriy titeing pakse &e?bmﬂaég@&? ouﬁiutfstgnats%smsomhie
4031 recei ves the hig evel ShIL egéé g
dischavi topetags Byelst a0 TR redEr P utsighd
re éh?&? tté‘ﬁ \Bﬁaéé%vé?w&ﬁed BP8s2 888 'oﬁttﬁé IdvPvoitage level
I'sc arg inte node si SN12 at

internal node signal SN13 at 872 that turns off internal node tran3|stor 520 of
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During timng pul se 926, all shift register output
signals SO 830 are 10 charged to high voltage |evels
at 928 and reverse direction signal DIRR 842 is
mai nt ai ned at a high voltage | evel at 930. Al so,
during timng pulse 926 all address signals -A, -A2,
-A7 825 are charged tg, a high voltage | evel at 932
and eval uati on prevention 1ransistor 442a i s turned on
to pull LEVAL 848 to a Iom1vo|tage | evel at 934. The
address signals - .. -A7 825 were valid 15
shiftiregigier gell 148%! aﬂdﬁ@ é@@ng |pghsa| ﬂﬁ&tAms@@msemdthqmn | ed

el S Sl SRS S8 Bl Chng i o,

maintaip, reverse-dikeciabsignal EMEGR 842 et a hight vodtaye Iin\mg apsys eBl

. 214 d . T m se 936 turns on s nd
acaifof 3 e LR ® St CuERenion o SR o hotd
Iogld@@llﬁt@h digndl $ E4O3 84803 low wiabs vl bheos ah@kaéfb node

nals SN 826. Internal node signals SN1-SN11 and

evaliig tRnsisiorsA4fHtugnad eff Shiflvegistes outo signals SOHR0FRe

d rh s 588, eh Qﬁﬁ? ' LW
umf/dg‘ltggrﬁgeve at ggét Intern:ﬂﬂéo@%&éﬁ g %E(}g
hlghaIOIt@sm \eyet argéall etherr shift registar output signalso$® 14312 ataemhaw
ansi stor of shift register cell 4031 and
Voudlg’%qg\léa{{éns shift 25 register output signal S012 at a

hi Bringtitirgep lise 800 aorvéata direction sighalDIRA 858 chargés® a

nighS5easiove) §Fad i Reedel Flod b DEVAL Magardiio a o

hightveftg®idvet aI902| THd ﬁzgﬁlv@ttﬂge RR4I IbgicevaiafibR sfg%ﬁ[EVAL
direction signal DIRR 842 at a high voltage I'evel

848 gy902 T-Lﬂnﬁﬁﬂlebfﬁblﬁﬂo'i' transistopuf4® 759% highrveitage I%/@éﬁlmﬁt i on
t

eaEFUAPLLABnAIST: 8632 oot SaceERankalchs WALNE 4008

and 8darest sigilsAB nod hﬁérareiagﬁm!y puli¥d Boewivoltegalayets, t o a

indicatel o 0, P o FeE ot oS0 B0t SO S B ebfo
low V@iige [evels at8d@sush gmiladti@éélira&%&t@t pdsA46448, 0468
e St 3 5 s ESS  1 h-1B A Akt o
volta’?b@%€§§ nhﬂ@ﬁﬁd%t%% %%aacﬂiﬂéiss‘léiéﬁhl& QAﬁuLhzadd#eﬁszs

Ignals -A3 -AMto IowvotaP evel s at 954. The
beccema @ahcédum@@mmggcrmesgomﬂmlm pylsgrRP8_tams.qarthide

ova L Fofife o o0 SRR 8D Ty i Sl oML

turns ontcbntroktmrﬁustﬁlﬁﬁﬁﬁ o cbmhargneb thel forvedrd @B EbLIDIB &g nalUD IS on
ontro ranslil or 558 and forward direction signal

858 9 & ‘%X e &ges to a |l ow voltage level at 962. The

nep the fleixESeritls ¢Fisix firhitigHlisds, desndtinfrigspul&egtd el internal
voltage |l evel shjft 10regi ster output si naI S012 to

node Rignat,QN SAbfare cagiged de htsmoltagemleweisa@t% viigng pulse

918 turns on first evaluation transistor 506 in each of the shift register cells

403a-403m to discharge node 522 if the reverse input signal SIR at each of the
shift register cells 403a-403m is at a high voltage level. The reverse input signal
SIR at shift register cell 403m is the control signal CSYNC 824, which is at a low
voltage level at 920. The reverse input signal SIR at each of the other shift
register cells 403a-403l is the shift register output signal SO 830 of the following
shift register cell 403. The shift register output signal SO13 is at a high voltage
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hi gh voltage | evel shift register output signal SO011.

Shifting continues with each series of six timng

pul ses until each shift register output signa

SOL- 5013 has been high once. After shift register

out put signal SOL is high, the series of high voltage

| evel shift register outp signals SO 830 stops. The

shift register 402 15can De initiated again by

providing a control pulse, such as control pulse 870,

coincident with a timng pulse fromtimng signal T2
levepai892 and is the reveyss putisigeal$IBofehist register, celt 403ht Thé

st LA GRE: 851. 012U UpRELg 08, o7 i

register wbi4ﬂ$ae40&krarfd 408311 have e veliagedeval irewrseé input digaals

IR Bl 3t lsBrinal sl g e ef rfmaly e pavels

SN18OK 11 and ISN13 rimdif et high®olthge Rhbkiat0edi S retfisder cell
Shlftln%a hi gh vol tage | evel signal throughthe shift

4031 rgggiveniheigh UptagejRusl ShEtrEitrUDUL signaFSRIEaa e s
revepéfiﬁéufjéi AR hél“cﬁf' d ﬂ‘l% J@V%Eg%'tﬁﬁgfs o H}Qﬁhar

nerators SI X |re grou
internalacde1 0@l Sf‘EbZ:atQﬁ‘lthe 25 address generators 1000

o SRRttt 82 o A FRB B omdle Selodt ol O ©

charged dxph[ghﬁkﬂtagékévelsl Ttmsratﬁlévemelﬁlr@rzﬁ? é’lgn]’%ﬂ‘lBIFRi gaR gs
enera is e C a 0 e to | r r Qups
mairged ot Sgudh veltase rval o D36 alsbe G0y fianatpees Saflal

addrad§ %E;%%lé ARES-AN06~ A7 BREGRe %HQFQ@E% % rﬁ@@bénag‘él nevewﬁ 932
row1ad Iress generator to each th

and ﬁvaluag@m@emmﬁanmbfl@ﬂ §durr@amnet§§qyé@b%k 848 !mao

I t
ow e i) of 820 TR URRGe urkROLAR AL S AT R e
fromettid tiess addness agoalsl@(ﬂ)and nAbwere phittet! lomnat, SG4hentiCaIYNC

s aidnalst-Rl A% w265 Bl bEh IR rafor b Pddtss and
signalBGA BRAS 1. X~AT B25are vald dGdpthdQibdihg pukket 308] 814 and

In addition, address generator 1000 is electrically
918coupled to select i nes 1008a-1008f. The select lines

10‘?%@2 % ﬁ&uﬁis”@ﬂ Sdcond evalRbn kraR8Stof b48-ir &8€h of the

illust gure 7. The select lines
shlﬂlregnsuarmth@#o&amaamto svplete Wegnigrmal spde sigpalsISN 266 t o

e SRS AR PSn S B g ol g gz o

dischagesstiife Cetglétemtﬁh@l%@ai@ 81861 Selnd(SOﬁs tmialy \Eéﬂitaget 0

dlgr s .gener at 100 onge 0 t IS, thmn
evell a0 #91eqratage sIgRLENA 1S B Ry alade vl 3t B2 e,
turn§ BffINE Irteral f6de Sariatbr stehdt féglé!&ddiéﬂsmiﬂl aRE nddintainbQHit
In one embodiment is timng signal T3 timng signal

register ogput signalR012 aba highowleendrvel at 940.-ect signal SEL3
d
ts?a%gl’ f@@fg&ﬂ@@b@é ﬁfrn&gﬂ% rﬂ1|_ﬁ\ﬂ'ﬂ pﬁ%ﬁ@?‘éﬂér £62 r'ld“ ng

i mn ct l'ine 1008d

- confralrsignatl CSHNG 62435 gtraalomsmltagede\wdim kyR off @ootrak transisioo,

564 Y maiianUarese terior ool R R ot dBickDrdls e o
In aﬂd]u@l@i drnﬁﬁg pgmmfnwﬂ&almﬁlm?ﬁ?fgg?ggmﬁt?{ﬁ?gggp g

mau&tamltléygL §éﬁ@&?q%‘i" @!g%’ges}ﬁ!@[ qtgﬂgddr ess generator 1000,
| DDRRfg %Hj@ybm@@ma Stohi&Fd ire2{ism 3lgnd O IRFMB5E jsSdHafgdd to

ess generator 1002 is electrically coupled
a hlgh)\nbltaw Igvej@\@QSQ@@dd.EVAL 848 is charged to a high voltage level at
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20 1004f through second address |ines 1012. The
address lines 1012 provide address signals -Bl, -B2,
.. -B7 from address generator 1002 to each of the
fire groups 1004d-1004f. Al so, address generator 1002
Is electrically coupled to control |ine 1010 that
conducts control signal C§¥NC to address generator
1002. In addition, address generator 1002 is
electrically coupled to select |lines 251008a-1008f.
The sel ect lines 10Q8a-1008f conduct sel ect signals
952sdihe higEvoltage lewstieyic evaludtiers siggalidr\éhio 848 @0952 agngveh

. i i . 1004a- 1004f
evaflibf aRSiafond 188 PR RA B MR B B0 Ry S0t slofal
SO ’Szaﬂgnb 403tuamhjmleatddl@ea tmpsistord 462a amh\;] 46Bb :tdﬂ p?Iﬂlﬂdd ress si gals

| S | e Ssel ec | he
AN ow ElfeaR G HESEL e phehatsiess Sigsal A bra2
and 2GR~A7 Whé faintAinea et AGAMBEE levels atigend si gnal T4,

The sel ect |ine 1008c conducCts select signal SEL3 to
addinaieg pilsec% ymsigothirdgvialustion tiansistar$déi feaentral pulse

9602#(1e Pgﬁ‘ﬁm%@%@bsgﬁ% 8?% t%rﬂ oﬁ FoRfrbI ljré pﬁaﬁé’ W@Lds

_ select signal ess enera or
dlrecﬂtm sighaldIRENB42 @'sq:harge@tosa gxvalf@e Iéﬁm a$éb‘Ect li ne

10058 "R S9! SR g R e B Bt PR anc

reglttbeoa‘tpluec'gnhll $®12ﬂ£1>gff82m dhhﬁtré istireel| 4ggl gfﬁt prdlided ® 5
high Yoﬂgagéﬁ%w{geg ggiq’tar%gtrster output ﬁg@aggpﬁg? n%?]lfg%ggrlltgg_]etg \f:nfc’h each
seri&zbfzm)?ﬁhu?g Pgﬁéydﬁm%aéﬁ @;hﬁtsre@fstéf' d&t;ﬁlﬂ'szdéial S@ﬁtﬁtﬁ BFRLS

series of six pu sSes
bees élllgil:@n@ gma@hﬁELeglst@ELuzplswal B g digho tlee perlieseofi high

voltégibe lsegg e%gsté E{:ﬁlﬁgﬁal? Lcﬁ aﬁggoq"h Sﬂerel"@hﬁ%pe

can @egmhlatetl(@irﬂby prowviding a fcohtrohvgdse) suah pe Icentrolrplasd am

conblBpE i e for S S YT Z0f) 32 | 1 25l et
SI thedvefdel directibRopiatiba) 4 evsteb| Pyise fmﬁﬂrs‘mcseauq@t

ignal SEL6. After the pulse in select si g{
prowded coincident with a timing pulse from timing signal 76 a 820 to set the
direction of shifting to the reverse direction. Also, a control pulse from CSYNC
824 is provided coincident with a timing pulse from timing signat T2 804 to start
or initiate the shift register 402 shifting a high voltage level signal through the
shift register output signals SO1-S013.

Figure 13 is a block diagrém 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
address signals ~A1, ~A2, ... ~A7 from address generator 1000 fo each of the
fire groups 1004a-1004c. Also, address generator 1000 is e!ectfically coupled
to control line 1010. Control line 1010 receives conducts controf signat CSYNC

to address generator 1000. in one embodiment, the CSYNC signal is provided
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SEL6, the series repeats beginning with a pulse in
sel ect signal SELI. The control signal CSYNC incl udes
pul ses coincident with pulses in select signals 15
SEL1, SEL2,SEL6 to initiate address generators 1000
and 1002 and to set up the direction of shifting or
address generation in address generators 1000 and
1002, for exanple as dlscﬁgsed with respect to Figures
11 and 12. To initiate address generation from address
generator 1000, control signal CSYNC includes a

by fvexternal sontsalles o apridthead\die bn wrnommgaqme@segenenatdr@ ng

100%'519@210052%@; &k fifP bRt TBB289 Db Cart e d I it ort
addyzsqgenteeaton do® Bwlsdtdealycoupled toARlect hnesE’PGYOSaUWOSf The

IR AR
Figure 7. -Tife @éléctﬂfn@!i'1099311b09%?1dﬁbf s?étecg%g% RS SELY! EEQ%

to fire groups 1004a- 10 S genera
SELﬁo’rgoa dmmrgﬂogﬂgq)@, asAuelI as@ the corresfordieg fie grdups

100§ﬁr1'0@ﬂf¢rio'frbﬁ&m§)m ses in timng signals T6, Ti and T2
at cofrespond to timng pulses in select signals

SEMThe sSleick liven #0GEA GondTicts salattrsignat SEhalto aahmé@slg@ﬁérai@&
i nci dent [

100, i’ iy o SBPeth i tighen b (e relepuine

1008 cendi@cts slegeigndiBEL 2 1 AiRfrediye40F 5066 9 %ﬂsf at or
1000 faor shifting in the forward direction.

emiagiherh is dmingpigedyiNctiming sigral T4- clhwecselect fne 5@080
con&nﬁﬁté‘ Qéki;%f‘&gﬁ\éltéELa.’: fo éﬂdﬁ&sogérﬁﬁaﬂop 1 bbmr{‘gnesérgl%{jlm%@ﬂ is

corresponds to th se 1n se
tlmm glsaal Bthlngﬁlgml T2p Hudsalest lige n‘l@ﬂéd oond @Y sélect signal

:
SELEIR AP dbrionl PG I8 o0t Gl fent i imioapigfia 1 iping

signal3 dThe mgletch nep 10B8EsComiunt ssléctsignatBELSHb hddsk2 and
aengiator 1ARE thond Epfipdinia < nb sialel Ta smina Sihal Fhiare! e

sele2BhRe1008fEBAbuCHE bdlect éllr.‘;hélgSE_@ {oSadkiEsd {;\erﬁa%t%?t‘l 860,"1R\¥ne
subgroups 501 are enab for _activation by fire

embgdijRent 'FF'PZE]Q sigh@lnl 3 imiggigna Towo (F02) at 1004b

=T MRS o il o e flpg ol
1 Ooéfdihe‘.mghobaoomd addgasedtpes 3022.abe @ddtﬂsecinésrl 042 promdde on
e Mot a7 P DA 02 sk e
fire gp%per‘ltﬂmtm-el 0p4f. S&Isb nadirbeCgersdrgiont O@iﬁeleétnbalng:dzﬁbhécﬁto
contggﬂqn@ q1§,¢ﬁ%{p%;rj1id|rdgtvsvsqsc>§ﬁg§ S]g:l? (?Né rtg aggrae%L%(jen];Partor
1002. In addition, address generator 1002 is electrically coupled to select lines
10082-1008f. The select lines 10082-1008f conduct select signals SEL1, SEL2,
... SEL6 to address generator 1002, as well as to the corresponding fire grdups
1004a-1004f (not shown).

The select line 1008a conducts select signal SEL1 to address generator

1002, which in one embodiment is timing signal T3. The select line 1008b
conducts select signal SEL.2 to address generator 1002 , which in one
embodiment is timing signal T4. The select line 1008¢ conducts select signal
SEL3 to address generator 1002, which in one embodiment is timing signal T5.
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The address generator 1002 generates address signals

-B1, -B2, ... -B7 in response to the select signals
SEL1, SEL2, SEL6 and control signal 15 CSYNC. The
address signals -Bl, -B2, ... -B7 are provided through

second address lines 1012 to fire groups 1004d-1004f.
I n address generator' 1002,, t he address signals -B1,
-B2, ... -B7 are valid during timng pulses in timng
signals T6, T1 and T2 that correspond to tim ng pul ses
in select signals SEL4, SEL5 and SEL6. The contro

The selgehfin sondustrselect siomal SELA do eddiess gendrator 1002

d
i 83 RIASRUAES g BratTe! BRI 0T LGoRpRTe
selegbﬁig@@ﬁ@@@r&idmssjgmmmtor 18082, fvrhictyin ong éebbdirmemt th

timid G581 CF 2 B, SRR e R B 7 SoPrsidhan e € gnal
addrEﬁs tgbaeramfm@szpmﬁm ih @nkRenBddirmast i8 ihfigy signsetect
ddr ess nerator 1002 for

SEL4 t
? Fﬁ'&c’i ﬂg'ﬂfﬁ%%%@d I%EZZ% aFk ﬂplaﬁe aTsgrienof pixtrulses

that ?é’dga% ih & ?éﬂ*eraﬂﬁ%sﬁnéé Sfﬁlﬁﬁgfs% SEYERbf ﬂ'{e%’el%& Ufgnals SEL1,

cont r ol ? i ncl bdes a contro
SELEoi. nSEbI@ﬂnC wdasone pulse ingthpsedes pﬁsmplmiaeg dngnal T2

embifferis bERBH R vb M ST BBl A pRedibo el HBa

SELadtlﬂBESSfoﬁmxgastabgsa hise inB2ject agna&Ek:ﬂJ,\r/t\l;]algstﬂlwmdlm in
sel ect n 4, SEL5 and SEL en (e 30
puisg §p, SSlepEaIgia SEde st S IP e By AP uliey i acledtsighar SELE,

that 1s8%uowed bF Biplint e db élghal SELS e et thel mn@ inSeliot signal

firing s 120 in selected row subgroups S4 are
SELBnie! saﬂleﬁ@ep%as'@ peginnipg With a pulsedn galgrt wrmﬁEMheTher ire

cont%l %?#?]aﬁ b&gf((f @u&%@%@?ouﬁcﬂjéﬁ %h‘fﬁ%ésh safdf QSﬁaIF

e pu se I n se ect Sl
SEL$ESEL2;‘ dx SEL;;S teinitiate addriess geherstars 1060/and 038 el tecet

up 7% SR ol Aradorel Stheiol bl barerdlore 1 86"

and 9002 2o exddhple-d¥2discussed &hh&edpédt@o Plguses 1 hasélectTo

SEL6, fir 5 Iecte o
iniin SR tsspGeSkEAtandiein anes Sgretatan VD, G siankcs N

incliRiedPborftdrBhlse loBirRRRneYARR tﬁniﬂ@ eyu@ge iA rmmu éigﬁﬁi PR ehat
series of Six pulses, control i ncl udes

correspandsito the teinaduilse Ncelact sianal Sgb 3t m ng pul ses in
se LESS. ~
gelr];g(rgtz"il gteg’g%§8 and Wﬁe&%ﬂ?@s %'ﬁ@h’g%f oéz\ﬂlardAT
in responrsd tooselectisignaénBED1, $E1L2;e cSElrﬁ:armHaq@ntmlslgnah@SYNC
tiun ulse in 1 sel add .eSS
The geRtrminAl o T FR2 < a5 T ReL TV OrSIE NSt HRIBES s
100@'@{,@0@}509& 1004580044, NCI dent with the timng pul se | n
sel ect signal SEL5 sets up address enerator 1000 for

shiry @q!cifg% genefator JPRAr dIesLENRIA ~AT, 17T A Yrdigh
dunﬁ%ﬁhﬁg% s?é ih tﬁ’Hi'n§ &Rinal’Té "ol ard 92 %at@%ﬁ@gpéﬁtﬁottﬁﬁﬁlg
ul ses cofncident wth timng | ses 1 n sel éect

pulses gnaelscmls SEL3, SBER and &ELGS E@L@ontrnhe!gaah&)%NC

RSP RLBE U R P gy o

corrésyiomeisdo dhe fhﬂtngqﬁulseurmhh(ﬂssgr@bﬁﬂatt@ set d;ﬂ@cﬂuread 1002.

The cont r.ol ses, C nC| pu [
gengaiR 000 g siting i e tepvasdectiv  The SoRfo iRl Es e
inclfRiRes éérﬂf%&%@%oﬁlﬁhé@%hfﬂmﬁg ynﬁ inNEniAgldignarTe that

signal s , -A2, ... -A7 and -B1, -82, ... -B7. The
20 control puke coincident with the timng pulse in
sel ect signal SEL3 initiates the address generator
1000 and the control pulse coincident wwth the tim ng
pul se in select signal SEL6 initiates the address
generator 1002. During the third series of timng

pul ses, address generator 1000 generates address
signals -Al, -A2, ... -A7 that are valid during timng
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25 in select signals SEL1, SEL2 and SEL3. The valid
address signals -Al, -A2, ... -A7 are used for
enabling firing cells 120 in row subgroups SGlL, S&
and SG in fire groups FGL, F& and FG3 at 1004a- 1004c
for activation. During the third series of timng
pul ses, address generator_1002 generates address
signals -81, -B2, ... -B¥%that are valid during timng
pul ses in select signals SEL4, SEL5 and 30 SEL6. The
‘valid address signals -B1, -B2, ... -87 are used for
correspizlsi toghé timingppulsd irssed@d signal Swl 4 dbgebupaddeds SCb

and 6. i n £l rou and FG6 at 1004d- 1004f
genepé?r@@ #\9 h'ﬁl’?g' RlersE EB'ﬁg the third series of

t T Mige priupest 00ﬂa31@0&cte@1mnﬁ eﬁlalpéss Sighdls ~BHL6A2, .
address signals - ncl ude | ow vol tage

~A7 Jusipg the .pg!wsén sﬁlsf:t %ma'%§,§éﬂ dSEb?- 78 L3 nvPeBdie group
one (P@q 5?5’ ow VOﬁ@QEFééd&er@@i gRatsRia1, B2, ... ~A7 aRd the

|nc tage level signals that  correspond to
pulsetih esemnglgnalesﬁlﬂ tihingcelis) 120 ivtrlecied sow Bubgioype &6 are

enab @i 1P SEAYo B P <igha FIREAD VAHLR A% Gib0F WG ) At fit®

recei\aébjmléﬁméé}nagmr:é 9h1, ~R2, . ~AT arﬁVtherpnjlsejm deteut igshge
t t t

e, ey cShO T oS i SRRl 8558 TG ipe Sttivaion ,

by fré@.gfnﬁﬁ FIREIT®VEREPtire d@ugﬁ threaFeBRarfoddeaetéives fRMaddress
resses i s prOV| during each series of t

signalophf sed?2, ... ~A7 andihe pulgen seiacgﬁlgnalrﬁ%b%rfﬁm&'@“s 120
R R
t Athelaridressdgeresatoh il 002 generateserddaelsy sigrals hBrlt e84, ---
d t 00
e
CSYNBL, Thefddress sighdls ~B3, AB2p... <BT amgpramdledsﬂaluugh sefsond

acarss i RS B R bR h aeiBheb oo Ty, the

addr&# ?gﬁalé r'LBSIGL-BQt Silﬁif‘éﬂesvaﬁald%nﬂg dnidfd- pufses Wﬁhlr@uﬂgnals
ing in'the forward direction. Eggr

T8, TdxanthT2 tnqj@peresmnd tediming pylses da pelect signals §%¢f}+ §

and %gpﬁ ?hg G&lﬁY@é?%w&ﬂﬁﬁs“é’%ﬁtfﬁl B}éb%%fncldent with a

rmng pul'ses’in sele gnal s
t|m|n§lﬁulseamdmﬁﬁgélghal B4 that poadsparsss tg éﬁﬁattrmrm ;gﬂa_&)m(ﬁeémt

signd AR Fhiee LAttt I B

dlrec‘ﬁSh e%e%‘oﬁﬁéﬂ s@ﬁl LN intpudicd esrstra @nseaiomcldém Ovithaa
shifting in the reverse directjan.

trol
timingaiutest indintingsiamal K8 that cPRgspRNdsdoithe E@Pﬁ&“‘é@? %‘@Em
&gn@e%/l%l_rtisi@ %%Eei?ﬁg%% n%?é’cbr 1662¢ok Shifify ihithé gevefsd he

In the next series of six pulses,
direation! fTal inkiatgraddresyoenaration fiew adgrrssaensirterdi02, control

signdiiy §TNEGRYuiteg 1 blficf MR SISt FRIRFbuISS Yiing
31gn§IOI;]I Z*Egéaﬁ g@tree{poinﬁs to theerqnglm% in me}@t elgna!sfﬁﬁkﬁl s SEL1
an se on of shiftin r eyer se
o T tiegrones AMEL 005 smdthes ot adptErtiRab 0B SR °
78l ik S oS e s e,
four gfe@a) att 04dTeceives therasiiresssionals sBd TRE adt ‘%3 €
pulsg 6rﬂ§$|8f§t @al SH% firing H§71 A sefebted By subgroupﬁ?SGma?e

SESs cbln nt wth the t |mnfg
enatsied &Qtacsw@litai byeHeSignal FiRE®s VWhen fire group five (FGB) at 1004e
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72 address generator 1000 and the control pulse

coincident with the timng pulse in select signal SEL6

initiates address generator 1002. During the third

series of timng pul ses, address generator 1000

generates address signals -Al, -A2, ... -A7 that are

valid during timng pulses,5 in select signals SELL,

SEL2 and SEL3. The valid address signals -Al, -A2, -A7

are used for enabling firing cells 120 in row

sub nd SG in_fire groups FGL, F& and
recepies 15F oBi5ss SRR ~B br-Bh i A7 K thAmeIeTs sgibsignal
SELsom%@@ler@mﬁ sel&fe%%mﬁém

are valid during timng pul’se '@”9‘. gﬁégergepabledﬁ%fgcu@%
by firsesignalfdREEL &/Vhen ﬁreggrpup Svh(iFEcﬁ) B0 18041 reselués tHenadugess

|.se6 .~ghhe Yg

S'gng"rée eed Efor enaﬂfjl ng I?’%l"?}é& gﬁ'%naf%l'le ?PWGHS #oin
selestet gowspbgRBps SEH arneniled for aﬁ:twaloﬂfb?,ﬂme sEﬁPal Ff#8s.and

FOIE) at 10(1)_@@ 1004ft for activation t he

t ireEARe gpetion during %S?ff?%&%@ulgﬁgﬁan olsugnal
csm&m@sb@ohﬂormgéssa)m.aaﬁtm@men@g@ bARes ?rﬁjgéleétf |

eve

- i ncl ude ow vol t age

S'gngfﬁ%%%afﬂdnﬁﬂé &9 ﬁ@fslﬁba@d ress garergtors 0P apd 1802 ffeee‘e%lng
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Sele@tfsrgnal SE2reeisiup addess gBueraﬁg ‘me‘os shifiigue the foewa b

direc '8Ht iy nc%n&ﬁ!j@&e ﬁﬂ@d%ﬁ \?r%t n%'gfpdx %é‘% se %%sfgnEi'G

SEL5Béts uimhdldiesé genmtdralmolfewﬁhftlﬁg @ tesfoRfart fivection.
one of thirteen addresses. Each

correspond to the, sa
S IES PR seribeied Sy las, P sl ESYNG freEaeont gty
pulséd éém@nﬂ@nﬂfwtﬁ hmlﬁdwe@@m R SRPER sew rapi ) BUS A9

each series of tlﬁlng u Ses. In reverse
SELA; Mhetcoptiobipdses cdncideavithstimingipuisasnn isslest sighals $EL2

and %Er ?)tsewleatﬂfg on rc])gglgigfngtte élééﬁﬁ\gaﬂﬁﬁrér%ga’m Lallequed by

ress a ress one. After

o genad’uhr:ias@O@)aBd 1868r dbe cgetrelrmlsnssccﬂmweruwdth]iﬂﬂmg prdsesde

20

25

30

seleBl gioriid SEL3 B! Eiriat e St GRSorEaa0 86 1002 o

for gbhé?dﬁﬁ? @dam didgrems sal eeA2 S.l AT andSERL, ~@EL2~B7 3fﬂe6
contro pu sSes are pr0VI coincident with t

contpal pylse qoincidan withdhe Haing Biies Marledaianal SELSpage the
addr%Qé L bheradT000GrcAKE cB ftrch rFLﬁ‘éé EciaaRTAt HeTinial Bukk in

BNt aqdr ess generati o contro si gna
se{ectrﬁlgmmé'dﬂ@dnttlatﬁs theladdressgieneradent00&.t h ti mi ng pul ses

o1 RS e Pl PS5 piingPetees, AitnasSBindatr 1900, 2,

generates address signals ~A1, ~A2, . . ~AT that are valid during timing puises
in select signals SEL1, SEL2 and SEL3. The valid address signals ~A1, ~A2, ..
~A7 are used for enabling firing cells 120 in row subgroups SG1, SG2 and SG3
in fire groups FG1, FG2 and FG3 at 1004a-1004c¢ for activation. During the third
series of timing pulses, address generator 1002 generates address signals ~B1,
~B2, ... ~B7 that are valid during timing puises in select signals SEL4, SELS5 and
SEL6. The valid address signals ~B1, ~B2, ... ~B7 are used for enabling firing
cells 120 in row subgroups SG4, SG5 and SG6 in fire groups FG4, FG5 and
FG6 at 1004d-1004f for activation.
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73 402, in address generators 1000 and 1002. A
constant high voltage |evel, or a series of high

vol tage pul ses, in control signal CSYNC al so

term nates or prevents address generation and a
constant |ow voltage level in control signal CSYNC
will not initiate address;generators 1000 and 1002.
5Figure 14 is a timng dlagran1lllustrat|ng forward
and reverse operatlon of address generators 1000 and

18[82., trql naI used for shifting in the
tF'EatSPB‘?ﬁ Pfst neagt{se) Salectla_!gnafa%zﬁmh SEL2, .
SEL60addréss Sily HQ@LPHEE(%Zf or &P irfcﬁdzd%%\qﬂroitgg% fe@r\é?é@ﬁals that

directionis at 11 ress
corresond tapne of thirtgen addreasm ancaqdross algdabr&ﬂddﬁﬂss ~|37

d
e 15 4o A0, A0 PRSP SIS0
add re%s .Du rlngaéatﬂt smkﬁauante;eplesmf ﬂmﬁd@ul@é@fr@&%ew SighhRy

el fouP " SR MBS st SRACTAL gl corsiadireasianals o

~B1 PRy, depz mene@tdvmgowgé le@elei 'Is?“[hﬁ%@f?&poﬁaqa tﬁbf sdie
select signals SEL1 6 i ncl udes ‘one pulse in

one phibiresnaddresses EAch slies @&tlmmg risessieancasidsess firge slot,
suct] 356t BhEhERn AaRusto? 1t A65ye8 BLAG 860 aBle bty
puls@s.04 i ncl udes ti m ng puI se 1106, select signal SEL3 at
1 Lncl 1110 [ ' I L4 at
T o i8R gt ceBresd e S Braledhdhly adess 2y
gene]:téfkﬁisl gg@d) adfts 802 rfgdlmltuetvb? eddrb,l%B t\ﬂ?dnd &blétjhttpﬁcb@haédcﬁ&sﬁ
inclu i m ng pul se n
thirteary. cpersddagss Eisrﬁe@ﬁ a%ﬁﬁgsgn%rﬁb)ﬁ%%%é%?ﬂéﬂﬁ )Pr‘i‘ﬂ‘i@la"
hlgh'vﬂf{ég’@ %%epmﬂrégé s;@Hbe&Am&Azco' &7 dRGt-BY, LB | Mpy

in seléct signhal SEL2 at 1104. The control
Als0pdurmg ea@se'a@f@mm pviess frganealiest slanelSEL br SEK? .t ng

W&b\%ﬁs%%&ﬁ?&l ncI céﬂc@ﬁ't'tpg %?hls%%g%lect signals

SEL2 @indSElento suntihué ishifting ip dhes &ar\mnﬁdirettlsal ect signal

gt Shgeele Sperefiph Bidiane et of soriihe GORTR
signal CSYNC includes contro! pulses coincident with timing pulses in select
signals SEL1 and SEL4 to set up address generators 1000 and 1002 for shifting
in the reverse direction. The control pulse coincident with the timing puise 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 directiort.

In the next series of six pulses, control signal CSYNC includes control
pulses coincident with the timing pulses in select signals SEL.1, SEL3, SEL4 and
SEL6. The control pulses coincident with timing pulses in select signals SEL1
and SEL4 set the direction of shifting to the reverse direction in address
generators 1000 and 1002. The control pulses coincident with timing pulses in
select signals SEL3 and SELS initiate the address generators 1000 and 1002
for generating address signals ~A1, ~A2, ... ~A7 and ~B1, ~BZ, ... ~B7. The

control pulses coincident with the timing pulse in select signal SEL3 initiates
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In the next repeating series of six pulses, the select
signal SEL1 at 1100 includes timng pul se 1136, sel ect
signal SEL2 at 1104 includes timng pul se 301138,

sel ect signal SEL3 at 1108 includes timng pul se 1140,
sel ect signal SEL4 at 1112 includes timng pul se 1142,
sel ect signal SEL5 at 1114,includes timng pul se 1144
and sel ect signal SEL6 at 71120 includes timng pul se

1146. 74 Control signal CSYNC(FWD) 1124
I ncl udes cont ol pulse 1148 coincident with timng
address generater tharentel Ruleg colndidertswitfe thertiriog pLixegin

selef:Pétgﬁé]'éELG“iﬁltiafbé %tﬁirgtéég m%f%éil?féﬁ' Hggsi on and control

pul Se 1152 col nci I'm ng pul se 1144 to
coﬁunn@ thesthirdiseges dtitining mdses; atidnes&@@ﬁerfammr w00 ti ng

' ' ir [ n,
dent e e 659 8 ohle- <ol YER aptrall s P euises
in selédtisidriae SELp L$Ele2 aAd@dLs, Sﬁie&@hd%dﬂféﬂs s‘fﬁeﬂs ap111R8; .
1150.-i ni ti ates address gener at or

AT FiB5r0 Ofﬁﬁgﬁ g fig SRl WOSn oy pubgrone SGRAGS and 8633
in fi rétgréllg?ngGH nF@QCHnH' aP?(ﬁﬂtfao‘I 064 B Rt 5\9@?(—3313124

i ncl udes control se 1154 colncident Wth t
gengratasd 002 ggnerates aé@ness signals ~4H1.6-B2 ..1¢BD thatcaré'lvahd

cur GO ke st b 6 I AP oBEBRA S A

serigsl 3timing pulsekn Thleefahénﬂdmsstaignabb SB1, eB2,0f. -@"herawlseds

for e2gpfifd it fdle 208 Gy sybgPupRSHHSDS pid SRS oais

FG4s 8lG3dndF 6B alt 16648 1004fdPactivagbrides tim ng pul se 1160,
sel ect Si gnal SEL4 15at 1112 incl udes, timng pul se

1 19uring ecthird segem et BRInG RifSesin gelest pgnas § @@L@m se

SELG 1 fa¥fe BFedith ortRh, a0l o bN A Py 1124 etide

fow vmitagedemelagmeiaoﬂhapwwpmd 8o ooée wf thaern a«idrbssesﬂncg

aaffp Sy Tl ety e o JEEe TR ARRERThAL,

corr@@écﬁfd td 1O sameruriecs hirtebh bdtiestes Dutisgeddibdutisequent

serige,Of WEnG AUSReTe ReleEt Sas SELT. SRD2oeel, et or

s:gnl\%OQA'Pr'-‘P\E desapdpaess, sBanal SB7 McludeAdw vottage Relepsignals
1128. 'After belnglnltlatedlnfo rward direction

that speeapenshio the graeoneafdhisesn addmssandEask pedes ef tiARgs
pulsig‘l s an Bdress 1|{négc}§tsgél4%%t Bﬁé’\ﬁr ﬁ‘% g%%ﬁsa%di’éh%e@ss 1172.

€ssS one a econes val i uring timng pul se
providetbdiingsed abcderies of tignirgg pB&e$ at 1120 and remai ns

1 3 vl diielchh, BFaBton Sartitéds, et s Plovindt fiergy*
addfééb?%ﬁeﬂal&a 00bl&% 00D, 1divedbys®ldress maweahrsd §Ebih
SELZ and SEL3 at 1100, 1104 %ﬂd 1108.

througipddresg oner After adeiess 9Pe. adfiesHARNIalrs | B%Pﬁd 1892
prov dpe@all high voﬁz ?evéllé)tﬂjreﬁ Ei@ﬁal@e-‘mg ~l¢\‘2' tiahedndnphorpard
ron op ratlon dr éss gener at or
~B7. Also, during each series of tlmmg pulses from select signals SEL1, SEL2
.. SELG control pulses are provided coincident with timing pulses in select
signals SEL1 and SEL4 to continue shifting in the reverse direction.
To terminate or prevent address generation, control signal CSYNC
includes control pulses coincident with timing pulses in select signals SEL1,

SEL2, SEL4 and SEL5. This clears the shift registers, such as shift register
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30 1002 and address signals -B1, -B2, ... -67 at 1130
provi de address one at 1174. Address one at 1174
beconmes valid during timng pulse 1160 in sel ect
signal SEL3 at 1108 and remains valid until timng
pul se 1176 in select signal 75 SEL1 at 1100. Address
one at 1174 is valid duripg timng pul ses 1162, 1164
and 1166 in select signals SEL4, SEL5 and SEL6 at
1112, 1116 and 1120. The address signals -Al
-A2 .. -A7 ai 1128 an ... -B7 at 1130
402, AdiRss pesdioes 150 864 108 cpsstsint high vDitage kvt or
seridd 3ﬂhtgﬁ%ﬁ§§é PQB@S Jh ToRTQ\GigHafl civN NJ@ glstohtgrrﬁ‘ﬁ%{ %iqorgf and

six timng ses glnnlng wth t
Prevends agd rﬁﬁs seflermtln@ apd laeonsiens lowxmltagel |eve|mecamtm|s@nal

CS\*N@%%B{ inft3fe Qm&égeﬁé}gprg‘imﬁgnéﬂﬁgge“ series of

si X pul ses, begl nnin 1176, address

si Gigire 1446 a timing diagram 1lm§traﬁnglﬂ:ﬁﬁanf W ReRtdsRTatidN\SF

t. 1178 re -B7 _at 1130
addffiss efeérdints, L S50 G20 oonish sianal v fonsipadn fhe
forwgean giredtivnsis CEYNQRIVHPER1 m@ﬁhdjﬁxe%%ir%ﬁﬁﬁﬁalfl{sgﬁ‘for

s one through address thirteen in orward

Shifgic B BeNErsg RERCIRAds By NGIRENEH 11380 Theadgenssraignzts
~ATL0RD, andhd BOP1AY &re' aﬁbﬂb%&i ?&%ng&s%EFat{;ﬁ{%%@%lude

val i d addr esses
bothdfiorwand; and @p@ﬁ@tomtlmddfms mrregeabeszsmmams $iyAals

51} SBRUCESA RN B FUAG B SRafR TR ERS Yo el
botr;fohsadlawnresretse an@raw\rm:e@enewrah@és 1|000 forI shifting
t na
ﬁ%@%@% g@ﬁ%‘é%‘ﬂé ' coﬁl%ﬁém(?%ﬁ@ég repesinieries @8Rk
puls\éﬂst Eakh 5 G SIbSSighblASEDN SﬁEI?EtSI?LEgﬁ\@iudégbﬂe lséliégf}e

The control pul se 1182 set's up address ?enera
serigepf K pﬂtseﬁg In ane perigseafdhe eepEmting seties Al six pulseseriectol

I
signl 8B4 sCPION B Vs AR bk 102, SBL B oeto 3B
inchalgdrtmsing gpaiser ti06; salecOsireat SELI3 ati Hig8iincludes tirmingrmdse
1116, 5 DS 985l PO o el St s
at 1 131561 ichides tikiliRg plilee 19hBfandn@ldo sigha! SEVEBE €120 inefidesn.
I so control signal CSYNC(REV) 1126 includes

tlm"l‘ébﬂ't‘ #81118% se 1186 coincident with tining pul se 1140

| NBha dickiah obbfod cokiPsigtrseNbrATyeg 1186

initiates ress generator 0 for
inclugesrasntrobpaall $32 Aplncldmt with fiming7puise 1108in seiect signal

Se U GR" TR AP R RO TR 6 R
shifting 13&h@&1n~arcgdtaéGtISEL&Istt, cdAdl.signal CSYNC(FWD) 1124
includes control pulse 1134 coincident with timing pulse 1118 in select signal
SEL5 at 1116, The control pulse 1134 sets up address generator 1000 for
shifting in the forward direction.

In the next repeating series of six pulses, the select signal SEL1 at 1100
includes timing pulse 11386, select signal SEL2 at 1104 includes timing pulse
1138, select signal SEL3 at 1108 includes timing pulse 1140, select sighal SEL4
at 1112 includes timing pulse 1142, select signal SELS at 1116 includes timing
pulse 1144 and select signal SEL6 at 1120 includes timing pulse 1146,
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30 The control pulse 1190 initiates address generator
1002 for generating address signals -B1, -B2, ... -B7
at 1130. 76 The control signal CSYNC(REV) 1126
i ncl udes control pulse 1192 coincident with tim ng
pul se 1156 to continue setting address generator 1000
for shifting in the reveri direction and contro
pul se 1194 coincident with timng pul se 1162 to
continue setting address generator 1002 for shifting

n.th er The addr ess generat or
I1066 ? V Zﬁ%%@y bﬁ@%l@'udﬁzﬁ Cantrak pulge $’? 4poipgident
with Biehing puiREt 113844 cbﬁtlr‘ili%Vé”éérﬁIEg J% g@ﬂel‘%ﬁﬁrﬁ‘}tOQZﬁr shiffigg in

address generator 1000 st gnal s
the forward;dzre&tion 2pe conol m&seau‘uﬁze@snmdemtveﬁnturamgmme 1144

t
0 HPLE Sl B8 e 005 RIS iAo b
Alsol mﬁﬂrolA&eraé@S\rN@(FMdﬁ)ﬂ H4 ihdlldes leomabllpmlswlmﬁwcdmmiélﬁ
1 1158 n
with 56 By 33eg 1 3o Btional Sy LatcipBo e hfobpgs éasgss
nnxtlm@dmgg géﬁ@r&tdﬂmlodsﬁg@@élﬂ%sa&dr@é@hl@nalﬁLAT 842, .,
N ? g% 3%!1 After being initiated in reverse
AT gt d aqgjtieratcoghol saarmié?s%\’l‘g@mm aﬂ215md}mizsamtrol
pusg e SR @At iing iR 1149 1 Bledl sl SR Al
The bentbchlwlsm‘i 1 &# bilatespddresmgensaratoe 1003 (orgemerating adiress

) sign%l%—vi U%TZI \?nafgﬁgé“ se 1176. Address thirteen at

s varid- dd timng pulses 1162,.1164 and 1166
| ninsthk eekt oi third lserici=bAsix Phlsbs asulbcﬂiEl@aaSElihi A 1&&16

. d . 1120. T
incl s 4G Pule T15BpseIect Siarisy SEE 2t 1404 s B0 D
115R GRS §tgn§U9EE§ at 1108 mﬁﬂeamnﬁﬁd Buis8qd 180 /<ele ALHRI SEL4

thirteen i s provided durin e series of six timng
at 1H\A ipeludpe ming Relseul ﬁz:tﬁeﬂﬁ’cggl%ﬁl SELS a64 146 includgstigning
s 4B AR o 4868 L 3¢l et Bagfiaa o™
contpol Isml CB¥NG(RI/WID) W Zthnchudesm gorZtol pulsee m?m[nmmﬁe\é’sh

il g 1 166 150 ng ssbiroBbcPess geudtop 1062 1 ST e
forwatd éhi@‘{ﬁoﬁ r=ovdi gb@tradsules $170vebineidehiswith Ahiigesidse 1164 to
gener al or

contiu Se4nE e oarAis e ROR AT GG e TopiRud Ao
0 € s fhdlaadtnesyontes adisgstraiets o 1069
at 1mﬁagéﬁ¢f being initiated in forward dlrectlon 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 puise 1146 in select
signal SEL6 at 1120 and remains valid untit timing pulse 1162 in select signal
SEL4 at 1112. Address one at 1172 is valid during timing pulses 1156, 1158
and 1160 in select signals SEL1, SEL2 and SEL3 at 1100, 1104 and 1108.
The address generator 1002 provides address signals ~B1, ~B2, ... ~B7
at 1130. After being initiated in forward direction operation, address generator
1002 and address signals ~B1, ~B2, ... ~B7 at 1130 provide address one at
1174. Address one at 1174 becomes valid during timing pulse 1160 in select

signal SEL3 at 1108 and remains valid until timing pulse 1176 in select signal
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Figure 15 is a block diagramillustrating one
enbodi nent of an address generator 1200, a |atch
circuit 1202 and six fire groups 1204a-1204f in a 77
printhead die 40. The address generator 1200 is
simlar to address generator 400 of Figure 9 and fire
groups 1204a-1204f are S|E%Iar to fire groups
202a-202f illustrated in Figure 7. The address
generator 1200 is electrically coupled to fire groups
1204a- 51204c and to latch circuit 1202 through
SELIR11d99. 1Addeassiongesat 1474ds valifidering traingroulses 11820 1164

legt
and 31864 S8t o RERY, S RGNSt Anf et 118 Al np.
120be aﬂdfﬁd@ilgnadﬂrAhd'd‘k%Ss ~BZratrld28mandi2®, i~B2, ... ~B7 at
al | I ed select |jnes 1 -1208f. The
113§ e it satn SBESS ArER T atd {73and PR oAfdreis eas
is prBﬂtﬂad le!ﬁf’ug ithe saie"saiffs@( fifing ELKS Hegiﬂ'rhﬁgi&ﬁh eting Eﬂ%% 10
208f_ conduct sel ect signal s SEL SEL2,” SEL6 to

1154 385 68 ingeitlt Bintg puasn1 166 wiieh is4ke addrese time slot for
k | Jhe
4SS0 REP Uy SHBEP sk SRR Rk
117@chtideess ggnrls afdy ~A20@ ~Avhatctl 28 provide eddoztisrtentati1d 78
Lp{6. conduc
and afileld SR ede? 1 B talsb RIS =SS B Sl o 1
this wggs aicﬁresnsggeineram? 1000 agd 4002 @kovgdle ac'fd\egw 6 dddnéss
C, C Ucts .sel e a to ress nerator
one Y58 Gh SRS MAESA Folhe Safien diieian. oA igenthe
addReb gehetdtare 11)@@%%@’@0:2@& Feiffiafe to%y@@&hro%@h‘{hé Qalid

address generator 1200, which in oné enbodinent is
addigsfesgoain ghthe seme wa%. sel ect |ine 1208e conducts

S elner‘ér%gl%gmcu %bﬁﬁ%ﬂoﬁdc@n%?s%ﬁéal%%ﬁbgﬂ'%‘g?’i 1 %]inl?:hud'eg

one e iment is tlmn
contrdllnnellstD‘EﬁU eonidertt svithdimiog psilagntl 023&Iselecbsigddr 86ks1 at

110@ Eﬁr atoO ol ?seI ﬁ’éiqq%eq? up ﬁqﬁgq$%%@}%§bio¢§for SH] r% in the

reve@iﬁi&éﬁﬁ@ﬁlj?s@ @blﬂfrﬁlcblgrEEIDS“ﬂ\I@(fRE)@S‘l ﬂmﬁauaé@é?ntr%_l gglse
rou adar ess r |
1183 GoBpRerT WUALTNCGLRMSE 4474 51 sllp@dional SELA B 08420 THE

e2B22a6d Upal alatbi T021##
cont]ilcﬁ%gﬁss 25 1208augngeflb2%8%“r eacel J\‘/tg) s% gté'tﬁﬂgﬁgﬁg‘% s%iksa[risfl

d:re@tm SEL6 and provide the received select signals SEL1

12 2 concliéf%{l evﬁg? G%I%\%;Hnﬁssl]] E%Fe%@@fd%l@mg ésd"{nhﬁ ent

withttinibd pulseVvididgdo cbn’smjeﬂ:etttlmg gadresSiederatay 1080dor shlitlng mt
the Egeareiohant Baroitiie Tt badedsrluosilse"T14

to cafifiue SettiigdithirSss generator 1002 for shifting in the reverse dlrectlon.
Also, control signal CSYNC(REV) 1126 includes control pulse 1186 coincident
with timing pulse 1140 in select signal SEL3 at 1108. The control pulse 1186
initiates address generator 1000 for generating address signals ~A1, ~A2, ..
~A7 at 1128. In addition, control signal CSYNC(REV) 1126 includes contro!
pulse 1190 coincident with timing pulse 1146 in select signal SELG at 1120.
The control pulse 1190 initiates address generator 1002 for generating address
signals ~B1, ~B2, ... ~B7 at 1130.
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30 -Al, -A2, ... -A7 to latch circuit 1202. In one
enbodi nent, eval uation signal EVAL is generated on
printhead die 40 from sel ect signals SEL1, SEL2, SEL6.
78 The sel ect signals SEL1, SEL2, SEL6 provide a series
of six pulses that repeats in a repeating series of
si X pul ses, as described ywth respect to Figure 13 and
14. The control signal CS i ncl udes pul ses
coincident with pulses in select signals SELI,
SELE,SELG to initiate address generator 1200 5 and to
set Nggopkel signal GSYNC HEIHT 126 ingudesicent pulse 1192
coin b @i I 120, e Les
A B e 1358 1B Yoty e o dfelaR3 000 for
shifting7initive rexgpemdicsationtaind coatrebpuisé dad soifiEidént widh BmSHig-6

s 6598l Al MG oS P83 LA e oy

diredtionf i re groups 1204a- 1204c. 1n address generator 1200,
ad esgI signals -Al, -A2, ... -A7 are valid durin?
ti FPfgdpinssgenpraten TROQPraviges pddress snalsmATaAT Al 128.
AfteFBéih dtir rdvietd ttioRe ' ,
B o Bt P R bR PRy oo and
addigga signalsrh be A i ncAdatt 128 provide addnegs thittsen ain1 172 ng

AddRleifiteot o 1512 PEEEPIARSalrg My DB L R A igfalng o
valid amtil ditviig p&lgaﬂﬂ(iﬂh?dﬁmssahidtedh mdﬂTEE va'ﬁhejL@iﬂQtti:‘mhg )
des. a,contrao COI nt W
puisg T 8e SRR AL ot ks SCRgkar el St b SELS B adhd. o
1104 BRAHYHOBNg pul se in select signal SEL1 to set up
address generator 1200 for  shifting in the reverse

di Teeafdress geperater | Rravided 3ddigsh signelsorB1.rda, ... ~B7
at 1%@5@%3&3@ Trfma‘?écil 2R 0erse Ahekfdn 3§?r§%9|§‘,ﬁédﬁ%néaratbr

I ncl ontrol pul se coincide
1009 ahd addressisignags sB B2, T2 ~Biatt 1d 80 pesyide dddreiss thitteen at

1174, Ryl hBheh B 1Bt B S poRASHHob
remaibg vi_a%ﬂﬁﬁlﬂ'{hﬂﬁg pg?eﬁaldgi \gd@ies:tgghgea agg Mlii‘fllfl dL:rrn%Z
timir] (a6 SR 1T NSGHPEdE SPPLATS B ELds SEFEATTATELS 26
11120018 el s -Al, -A2, ... -A7 during the timng

pul se in select signal SEL1 and |atches in the valid
addhe eddesisgpignals 2h1, ~AR ... ~A7 at 4128 gng B i, aB2addrBé et

e A
thirteeidisgrovited turiry theosepies 1P 8ikatining pilses hiegn ningewiio imigs
puls 3P AL S TRcRIEEd 196, 1U8cY i Beiagessdingg Saper
addrbd84Kirtd@R 4 During thepisht @@ fies bB4IR palseBlbegifing with timing
pulse 1176, address signals ~A1, ~A2, ... ~A7 at 1128 provide address twelve
at 1178 and address signals ~B1, ~B2, ... ~B7 at 1;130 provide address twelve
also. Address generators 1000 and 1002 provide addresses from address
thirteen through address one in the reverse direction. After address one,
address generators 1000 and 1002 are reinitiated to provide valid addresses
again.

Figure 15 is a block diagram illustrating one embodiment of an address
generator 1200, a latch circuit 1202 and six fire groups 1204a-1204f in a
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-137 are valid during timng pulses in select signals
SEL3, SEL4, SEL5 and SEL6. 79 I n one exanpl e
operation, during one series of six pulses, contro
signal CSYNC includes a control pulse coincident with
a timng pulse in select signal SEL5 to set up address
generator 1200 for shifti in the forward direction
or coincident with a timng pulse in select signha

SEL1 for shifting in the reverse 5direction. Address

gfner tar OO |s not initiated during this series of
prin rfﬁ‘? 48s Qﬁda eSS gRNeraiRh ipPis simban tocidsess gerghator

snatg g S A ki il o

"'Usﬂétﬂdelgflgufgﬁal s -A, - ... -A7 to provide h| gh

@%gﬂ?#‘%ﬂe@g%f’ﬁi@? P%??%Cﬁd'&f ¥ couiRaitg firs giotes Jada-

120¢syhﬂ:tm hatdhudiecited mnhramghmddﬁ&sqmea ci2dgN{AIY, taGdFéé%
ul s? in sel ect i gnal  SEL5 or sel ect sig

al
gensgetdy T2is Blasicals coupled ta Bomil Bt 1810 fratspnevetagontiol
sugn@ﬂdw feaRdras9heri8for 12b801n é@cmléﬁ’lladﬂhégéﬂdeer}ﬁhﬁ 200

i ncl udes a control pulse coinci dent
is elgptrisally epuplecbia seleghines $208a-1208hTitiessedect dides 4208a- 1208f

are Qiﬁf]l%\" %Agéle&ﬁﬁ%gsgﬁaﬁzg Fﬁﬂ?t{r%%:g r}gg %98 dr R 51t F%%al S

120§a|4|1§@8f ccfndidlclbwedgemm _8EL1,2$EL2U Q\&Eﬁ&tcﬁéddrbssg@enerator
t .

1208333 R9F 3555 Fie, GissPRRoiB SRS OBUDS JRgraT2a (nohsliom:

AThé @el@"cowrned ez@ed cdnomhtsvsa:éa@fgnbesau A6l da@ess §leﬁ€ﬂit§r
In the next series of six tinmn

1209=u‘4"§’6§ i eaﬁﬁmodgv?jm%t'mwa 761 (khessalecioing Ja0BbI

{ t
condis8 SpRELIGhTI IS, SRl PORIHIMFRAEL o

emhmﬁlraemtfttmmg signah@idlr dbe sglectline $208@mdutisrsetert slonal

d 12
SEL%'}bra“?Jg?eesrs | EhendtoPh o sﬁ"@%wﬁ% &iiBSaifRRFIshg e T2,
Thelsl&(lidﬂ tihen 42 0&chvcomductgselbet\sidnat Sghdlts addressgenhketodn 1200

a5 BN B e 8 P T S5 B3 i,

sele@ﬂé’i@hélr‘&flﬁi td afresd Qéneﬂrgﬂr HROO,OMhiSH hﬂél%lémbg%erﬁ@
nd 303 firing groups FGL, F& an

t
tfmrngz@faaall%mdftbe sgl@pt lm 1248f coadugts §ele@tﬁlgn§ | #5516 tet ches
addha%s \#égue}’eﬁbl‘ fbc'gﬁ Wh‘? inBndhs dn‘%'egtlns/ﬁ%gag s,gnaﬁ?%and

ress S|gna 7. The
I aﬂ‘ bé latch cincuit mlspalenmaﬂg cohpleddd fids gnd:dpes 204c-dpodfs

the ti sfroms ect
througl ani e a3 T2 it P Il 2aRi Bor BB HRPISE S
sele@ﬂlﬂf&sﬁwam 208B4nd eBdluation sighd) Iiveet 218e diHeXdelect lines
I|n8f|r|n cell s, 1205 owsu roups SGE3, S,

12088 8¢, 1408 NE selest Sigpals S kANt P8 pad Paadetns ot

recohfed Seldd¥gnal LS ERS bhd FEL Yo latch clrcmt 1202. The evaluation
line 1214 conducts evaluation signal EVAL, which is similar to the inverse of
select signal SEL1, to latch circuit 1202. In addition, latch circuit 1202 is
electrically coupled to address lines 1206 that conducts the address signals
~A1, ~A2, ... ~A7 to latch circuit 1202, In one embodiment, evaluation signal
EVAL is generated on printhead die 40 from select signals SEL1, SEL2, ...
SELS.
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80 During the third series of timng pulses from

sel ect signals SEL1, SEL2, SEL6, address signals

-Al, -A2, ... -A7 include |Iow voltage |evel signals

that correspond to one of thirteen addresses and

address signals -Bl, -B2, . -B7 include | ow voltage

| evel signals that corresp nd to the sane one of the 5

thirteen addresses. During each subsequent series of

SI X pul ses from sel ect SI gnals SEL1, SEL2, SELG,
E/jrress Si nals - -A7 and -B1, -B2, ...

hierﬁ,el‘?j-‘él ignaly %[I-T ﬁ-ﬂ ev SELS provide amtesaﬁsmﬂmsj

th att Bpba. is ﬁqﬁp@éiﬁgoger[bg 'of %ﬁgﬂ; hddLe ﬁég& be% Bhrsel%hlgr?tstg

timing pulses i's an address tine's
Figwe 1t3rand t4.r The noatrel sérsk ESYNG rrm:ludéeq:.mhgsu mmﬂ with

Y NS T U

andge set ap dre dikfionof shitinghard dditbés éé’r(é%auérpin' SREs LY
geng re@) wo and so on through address thirteen. After

G hi rteen, the address generator 1200 and | atch

ci rrﬁauaddae?s%@.epatbmcﬂj | Jorrglhs WIS RAELAR5SS - p

ignals -A n reverse’
in feﬁppeéﬂe t%weMslg@ﬁls Sigldt, 632, i S Braridscqntiol svgaeﬂ

S neLat 12 t.ch..ci r
oS T ST A <R wier Ve o B ol pigress
lineqd20@ tsfirergroupy 1204zat204zs Sn @aidressdbnerston 6200, aiddfest200

. 12 | | h I
mgn%%%%@t-&g ;:,]; Iatr%u'al Mrmogv l%%g%pi% tlg?uirgg g%%als SVQI"I
and -1B%thaftereespdnd lt@mgsﬂsmw ineleth s@néls@EEﬁ%éL@ﬁﬁd o

sel.ect signals 20 SEL1, SEL2, SEL6, a control pulse is

SELgr otheseantiobsigaaldedy Ny ippludes aﬁpngolmyl%cmnc@emtewth a
tlmuﬁ Fﬁl% :%ﬁmg"éngéﬁ'ﬂ tEQt Sd?FHs' h%ttin’im% I%Ulsmﬁ select

ected direction I gure
Slgnal BEED tasehyp addressrpentratant! 26fJ f@r smftnng i th@. fetveard1220.

diregttfh, B Porfitd] Sidb) G SLRCBERIEER AR} EOnGRERTUELS
timingapalbe i timingrsigrd! Tethatesrmspadds tsthedming pusledn sélect
siongliSEL120 SAMRAGIBES BengiBtor 1200 SRS e revegror o
diredtio?) TARitixe §d@refss gEheraBibf froft Q%e&@é@nerﬁto?e@@l Dcdritfath

stage 1224 and a | atch transi stor first
signphE o N inglides aocandrobpdse epibgident with pitising pulseds timing

: t. si stor
siongbe Ml bofteapdiis il MeiihgPuRg ' et bR ST Car |
coIll'be ¢atcka tir@ 0t P32 mrovrdbs: addt&ss signeds eB1,t+82, ... ~B7 in

rain-source Si st 2 Th

resrgpS I Fbeite BPss SiobBs ST, 50+ TR sl simpp SELT
and $Eg_f&énd evuatiPEgidl BVALOMThicaddresd Ridh $2(ﬂ!1|@ceﬁ5é1;aﬁd)

| at ch anlal stor 1226 as | atch signal LATCH
address sugnals .. ~A7 during the timing pulse in select signal SEL1
and latches in the valid address signals ~A1, ~A2, ... ~A7 to provide address
signals ~B1, ~B2, .., ~B7. The address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2,
... ~B7 provide the same address to fire groups 1204a-1204f during one
address time slot. The address signals ~B1, ~B2, ... ~B7 are provided through
address lines 1212 to fire groups 1204¢-1204f. The address signais ~B1, ~B2,
... ~B7 are valid during timing pulses in select signals SEL3, SEL4, SEL5 and

SELS6.
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81 The first latch stage 1222 includes a first
pre-charge transistor 1234, a select transistor 1236,
an address transistor 1238 and an address node

capaci tor 1240. The gate of the first pre-charge
transistor 1234 is electrically coupled to the drain
of first pre-charge trans gtor 1234 and to a signa
line 1208f 5 that conducts select signal SEL6 to first
pre-charge transi stor 1234 as first pre-charge signa
PREl The source of first pre-charge transistor 1234

i sinepre-exarepip|operwion: during one segriasoofeirepylses cntrohsignal

Co R A e e b ARS8 A2 Bk S50
SELédG rsetsp address gpneiatarr 1 20D40r stsiftinbde the fopWand diRiERbE@rt O

confBRLHTBFUIS phET pectiry St Rt shiiog Tn Bsravers

drrecﬁioac tAddr@ésl ger@#l@i' edoo & utenifaee d@lf'rné sis QéﬁéQOf Pﬁﬁres
ect transjstor 1236. The gate of

and 1 4hls PXaBPIer Binyides 2l ek volage lpvekasishess aionalerad: ~Azne
.. ~A20%Re itk cﬁ&ﬂﬂ%k‘ﬂaﬁ:ﬁ% & the I'ggl%?[%que%eg&al dr & signals

transi stor 1236. The ot er si sour
~Alpahd .of~Adelogqrovide aighi witage @b aildress signalsceB1,y~BRHup! ed
to 15 one side of the drain-source path of address
transistor 1238. The other side of the drain-source
paintthe heatsbries of sixairsing tportselszac&rtrcﬁ sighaLCeved intludes a

edto ref. e.vol tage uch as ground. The
contfg pElgooltigeat nfiifin SrunpliSgtsdieciaidial SELBarselen
signaISELE $ u‘pr’rﬁe ebleche MRdtes of kh]ﬂfﬁ@ iA %Q@re&'b%né%ﬁ&nd
| atch stage 1224 includes a second pre-charge

120Q.; Alsei %Q'BFO' signak@S YN iaciudes aicontrot pulse seipeideptagith the
tlmlﬂﬁgdd.g;t;@ﬁr @é’&%ﬁﬁf&%gmﬁrrﬁﬁat&%ﬁ%ﬁ%@ efletAd @fdress

capaci t or € secon re charge
generating valtdoaddressssigsale ~édt r-A@al I-yAtonhmgithmsed:m'rddsreirers of

six Pl §906af bias AR Boh il Al R gRRIS PR

sign@le egV1q ~pi2e:. CMT gﬁd fatelin 3262 titcHe34h addreseGiyrhiprA1 cha? ge

nal, 25 sour e of .second .pre-charge
’"ATIt‘? H%f'dﬁgﬁ"z@ﬁ %e@i"%lcﬂ ress ?‘9”%‘%%1@36 BRo--orfél-si de of
tHE %bﬂtsﬁéﬂé‘.’s%s@f\at Cﬁfpu%\é@' eartrdparghéra@svﬂmhcﬁa%a

to one of ed address |ines e gate
contrsﬂ pelsglqgindidsnt withise Sming pulein selestsignal S&LErSdlyl ted

set J&chg\‘sglléﬁ?éd &i Pec?rk)ﬁ%‘?lr@hr I uﬁiaﬁsss g{éﬂepaﬁgre’i 20°d1 gljgﬁrﬁ%fhhse

ral n-source ron ttansi st of
thrrde;leeres iof srarlﬂu}sespaqidlreds generator 2D provides ealjgeddureds Signals

hed ddr.ess transjsto 50. ., The.ot her,. si de t he
A EeEReroan kel S dinfy RRltng pulteso
from' s‘éleﬁit %lgfnélsCS'EL'V SELARASER3 2 Thefvalid aedress Isighafs ~K1CHA2

ground, The gate of |atched address transistor '1250

. ~A& a8 e fog anaglinggiing clip 1@ imfow suhprewps §E61, SG2 and
sesqgghﬂg gP&up%q:@ﬁt#b@BPa ‘Tt@%tt 123 dfzfggg fct}rf%cgwairéh. Latsh |

he date of [ at sI st or
circuits! 202datches il the valid ptdsatsigrao-Ab ik . s-4€ avd pravideed

van S35 B5E 502601 OT-8tP 2 G SISk o Bleh s

valideaddeésy ﬁgﬁ:ﬂs ‘v‘@lﬂ; ape, . S*thdarmditr@ﬂmind pulses fronTheletd r st

sonBhEEIoE B g GBS i ekt ot Aol rathie 2, ShT s

~B7 %?@ﬁséc?ﬁﬁ'ehﬁEIln’i;eﬂlrﬁ'@ceTIngG|ln il SubdroapeB Gy, 9t 4G4 8nd

sel ect sSi IS se toalowvoltage
SGSl le\ﬁée gramlas biGES, Eht &gai‘sa@dr EGSMEZOHQ-@@# fobaetivatigh.

vol tage level, select transistor 1236 is
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10 turned off (non-conducting) and address node
capacitor 1240 charges to a high voltage |evel through
pre-charge transi stor 1234. The address transistor
1238 receives one of the address signals -Al, -A2,
...-A7 through address line 1206. If the received
address signal -'Al, -A2, ,n..-A7 is set to a high

vol tage | evel, address transistor 1238 is turned on
15(conducting) and if the received address signal -Al,

Ai}%‘ ..-A7 1s set to a low voltage | evel, address

t r &Eingthe thiskseries of fimigipulses fragrselest digrals§EL 1 SSEEZ t
' d I SEL1

.. SFIa8) BdeiFeds slgrga@sa‘vﬁﬂwe ~A7 i Iuag lcﬁﬁhﬁdg%@%&lggnals

transitions i gh Vol't age evel
thattqoarﬁagp@m@to asef thistesn, acwmwsammmmgmm@ ~B12482] 3,

N | |
B7hERABIGE Yolidhellel@gratd AT ahfiédhcndss fﬁ%aém?%afﬂm
thmen@.ddsessaar ggdng eaal;l bl.ém eht @a&esl cg\sﬁd pulé’égj\‘"r&tﬁsste
0 | SCI] an renal ns a
sig rﬁ'?%ﬁglvi #%‘éﬁ e'%/é‘rg address signa a{\&m‘&? ansiAdtand '113‘2.@-82,
~B¢ GREIVES ld\nﬁﬁtﬂﬂag%' lS\FEI'S]glﬁél-EQHaf L‘Hr%%'&na 't(9 ﬂ‘?ﬁl ?Arhé‘ SP& %g8a

| at ch sign LATCHIs set to a hi
’fhlrfﬁam 8fdiesgps; E@@h sgrigseofitiming pubeswaaaddress Itlme:s'sio’s sgatal

-thatk@}f&jﬁl‘g&?t ﬁéer&%%%e%ééé@t% lré\ﬁ@&”;ll?ﬂl‘%ﬂ%&i% %eﬁ‘p? s,9f skpulses.

12 réfargard.direstion wperatipasaddrass wné isagevﬂded dirst®y dessess

node Ci 1240..t hed ress node capacitor
gendis T nd Blers it 120 ofievet BY aadiems deo anf dBiaror
throﬂx@H@ddﬁes@bmbtbeﬁ hAgier address tHfgst, thdaddrebs geﬁéﬁfdrt@@ee
andaﬂgt he | atched address node capam tor 1252 such that

R cEridF 4204 Bravisieeall e Yeltaocdlavplasidrersauionalp adilt A2, ..

~A7]a91—ﬂ30~|§t{1d..g?tchgq} 30 address node capacitor 1252,
adequat’e hi'gh or | ow voltage | evels remain on
catratﬁvataesdlmon aperatiogaddress thirteen isforovidexhfirst by

ool d Ry AR ol o oDy SR bl
SO qmrthrcmghrami réssagrss, SAfter addtdss drivg a\ddl'etsa@nbeat@d 1ZUlD and
S L3R AT, SRR 50 PR TSRy

and a-fEf 1gcB2Ng, LR ARGOBONNRESEh Séi@eofbihuisds ﬁblﬁts‘é!éct signals
SEL|1 gl ster 1220, including the latched address si gnal” on
a

d--aSEEBea contyel pyi_sfzs previdecbcoingidentwitha tiging pulse
t
in seEEbig il SELS e FRTechiffe SRR th e SeROLAMRCGG,. P 7
1251gur¢ 46dha dl@ﬂainelhstmbdga onapmbadamenmia lachabgisteed
0 i vol. ev and hed ddress tr i stor
122h 9 78e adh ot P80 EiGes 3oken A Bl e ich A0 A%
registee 220 nEath icaicghast 1220aebhes in 6hg bRtheRveabAORSS
address |ine 1212, is affected as the address node

signalsr ] éh2 12207 2Rd Previdenihe rotiespandiag atehadaddress 1252
signalsS~Bamed Lty aThe@é}cweégd.ﬁammﬂcmdag gm& IEfchs.sttagCeh

pre- charge transi st or one

1222 r apegandoatchstage $224an adateh dansistond 86 The firstdatch

stock P22 1 SRRl S5000 o8 1220100905 S e dBPRGlbbe R

Iatciatrdnmhmr d2paant dmre seoomdUatch fstagpbdt 2%%sis retebiricadip @oupled at

12345 s BT Stk BE U AraRascicn Path G mioh JETPEEE 1240 adhF cas

gatd'Gd8tcharme Ist&ﬁ 232’655? elebﬂtcbw §o@1@@ €8 é‘ﬁﬁél Jlinedoes $hatode

capaci tor d throu first pre-charge
conduca%el@@b?ignazﬁlﬂotqf@ﬁph tr@wasmraﬁ@é adaich signel bASES or
1250 in the second latch stage 1224 and pre-
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20 chargi ng of address node capacitor 1240 is not

i solated fromsecond | atch stage 1224. The
second pre-charge transistor 1246 receives pre-charge
signal PRE2 through signal line 1208a, and eval uation
transi stor 1248 receives an eval uation signal EVAL

t hrough eval uation signal _ine 1246. If eval uation
signal EVAL is 25 set to £1IOM/voItage | evel and
pre-charge signal PRE2 is set to a high voltage |evel,
eval uation transistor 1248 is turned off and | atched
addhedisst lateh siaoep1 %Zq?‘aingleldes a fissthireicharget traresidten €234, a

seldct OGO 1936 )8 BfarbEERENLRE 1234 Bnd IR RddfsRihade | ovel
capatitond@46s Thearhte oﬁtbnd‘ra;tqm'e Thafyd t@ar?mtcn:w%e@i@@]@ﬁﬁcawde
eve ur ns

coufBR3E e Bral st bl dRugR i Roe” T2 50 vk stsmeniiee 12081
thatlcemelicts weRst sighal SECARSHiBHGEargd ﬁ&ﬁéu%?ﬁgééég first Bfe-

eval uati on sn_gnal EVAL is set to a hi t age eve
Chaigﬁ signal F&E by hhe sowisa qff@rtgres@bargeznmasem @3ddhar ge

ol S Es o tas 3 Y g bk i

_ ress transi stor
Tranﬁlhtéjrl'laﬂﬁmd tadieaide ofradisess model Gp@citer 1240. akhe other side

of oAb AL AIT 2401, dEReb SEP T e BRCL SRS .

such as gl‘ourrdarialasﬁﬂronlﬂléﬁsdmcé off fnepbrefd‘hatge trangistor 12348
ched 5 address node capaC|tor 1252

| at
e'e%nlﬁ? ly %@Ug' 95% oBf side e dERis Y MaliheT sl tapsistor
1236 NTAB g%l’(@frpéé!e&ﬁ%"n@k't&nl 206 :@erécﬁma bé‘iﬁﬂéd & sét@:thme
ster , first pre-charge sig PRE1, e
12083 ghel congucts anlect el Sl Selovt Ganaitor daeo: dhe ey
SIdeF;gégéllg?auLn S ced.'ﬂh ﬁﬂgéle Yhns &%6% ﬂ’ﬁ{aﬂgf;&gﬂgﬂo

I ow VO t ag e
onhesidgnaf] thE‘desouamt path o&addtgbs t/rahslatgna 1288.eThe\&khdr side of

the gRuRESeS pDoLdSTs Prndetar 1245 s Sediedly Sonpledih fuge

refeteticel vdﬂa?é aetlmheai AOIIRESTheE ga‘e SfaRideddsArankRiar 1dp@tisset s
the on/off state of |atched address transistor 1250.

eequaHve%Psatwe@i?gm ddresq Iinest1208. a hi gh vol t age
| e\‘ﬁh seBYRd Eﬁéq &Egﬁﬁgﬁé (@?Lﬁfes]azé&oha ptrgrcpsfbe% stor

di sc ar ge t atc ess S|gna atch
1248 dah evaluatiomisansistor 1248) ajlgtched addresa transistori260 and a

it oS} BOe copieil Thed Thaol. oY ﬁ%gg@f‘iﬁ‘%ﬁnﬂé@%onds

transietdr He46t13i9b0tvfca|lyat:@h:ﬂ@ﬂ frditie eBalntdf sacorsl pre-chzbge

tran§|rs{jq§ Qﬁﬂe Sk rtg Sgignta @ﬁ%gqqéﬁz g O%ﬁclft%gfgﬁgﬁ% i@s

secd)rﬁd ﬁi‘étéhé%é/ trhs&eR 1b8Gas |s@lébﬁ/d)bﬁeatﬂ\%r% ¥ighal PREDAtTREE
dress transistor 1250 is of | at ched "addr ess si gnal

souncepf segond pre-ciiwgetrapsisioatl2aB s elgelrieally Gaupieditpione side
of tHeSdRIN Soutte Ballf ST BRI tBhSBoY 3248 %Rd 16 VRE of the latched

address lines 1212. The gate of evaluation transistor 1248 is electrically
coupled to evaluation signal line 1214, The other side of the drain-source path
of evaluation transistor 1248 is electrically coupled to the drain-source path of
latched address transistor 1250. The other side of the drain-source path of
latched address transistor 1250 is electrically coupled to a reference voltage,
such as ground. The gate of latched address transistor 1250 is electrically
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The first pre-charge signal PRE1 is set to a high

vol tage | evel to pre-charge address node capacitor

1240 to a high voltage |level. As address node

capaci tor 1240 is charged to a high voltage level, a

valid address signal -Al, -A2, ...-A7 is provided on

address line 1206 to addr%as transi stor 1238. The 25

valid address signal -Al, A2, ...-A7 sets the on/off
" state of address transistor 1238 and pre-charge signa

PEE% transitions to a | ow voltage | evel at the end of
coupird 3t 1230 tpitke drain-geurce patipef latsh. transistor 1226t ,Inselitioh,

; ) | d ] . |
the Hallfof lathed acifs e R A 2ot oleal et Falel AR a2 Gl one
mde:,p@fa‘mhe&_\ﬂddrer% Srmfe dapaaitdrdk&SEOl'N@ dtﬁ@esiﬂébﬁlatch'légg%ddresds
: i .turns an,sel ect transistor an
nodReBRbiuch f32 s RlRchicallt ASudRd Fe Eroransaarouage, sushess |
grotme valid address signal -A, -A2, ...-A7 on signal
[i 06 is at a high voltage | evel, address
tr Qﬁ‘éi]fé?td?fe'%efgeﬂm%ter 1%%%@%{&8 RfeIChAIge signah BRE 1
i cj t.or 2
throfgR e I FAGhPAIY SACIEMRION A% 18EpE SORE! {ighal SEL
throggh signgl lingyh208a. Af seleptsignal SEAT issesiogn w Voltage1@8@4 aing

- ore Ehafbe el PREPR aef o8 S ERR ueT 5o faneier gao

turnedtoffitednadddestingy and dddraparide @apadio? 1240@hBigER to a hi h
The inverse of _the valid address signg

ol{a | evel . h
volt%/gg fev_gﬁgrou%%_ PraFhAeransgstan1234nal 1ine 1206 is
st crh@@d@fes%atmis&@*m%%@ei@woﬂééﬁthle addresstTQSrtlﬂg LIqge

| evel _on | atched address capacitor 1252 sets
~AZont AT thypugheadarepslin, 340G d it received siddiress sigrsd) ~Ai t h

AaSYELATS o0l il 88 Ayl Pl a1,

(condegting) andsif thexreosived addiess signaP48&1; <A2,ur.rAd iobét terdiow

votta gk Efle” R85 nabBich J2 e Sl PR Tngrciglefina)s bl
tranpistorci2a6 getishghah aBBERcaSigNAESEL Pirandiinstel 4 RigR VoRNG
lLect tipe period. Wth latch

eit %gg end of . the %5 / (

level; fadfrasaansiziora!205.p 081 3ddiess Bda canagiteh124Qisi st or

dischdifed s o 19 \Mtagé levh K BalssS frahlistdi 238 if aha RHRRE
address transistor 1250. Next, eval uation signa

nodggapagitor 240 isocharged o @ bighayitape Jasel tasidressmasie capacitor

124§ SR PER Bhfing &1 fle fiop PRI I or t mge 1 evel
t oThetatclotrahsisioh 1226l rﬁ@feﬁ”mﬂ g.ﬁ;tngt LARES, thidiugH sigred) diele
schar ge

dd | i I | t
12088, [fh slapaLIRTEHIS 3608 S RaR Sotidh Buck lditirariston az2e
is tuhfeddén and fuatel sighab ATEHIis ket o ﬁumd]ta%;éwéﬁdaﬁﬁ dress
transi stor 1250, |atched address |line 1212 remains

trangiper d2d6 isctunad off, Ve {aiefuirmesislpr 132, fumes omipenass the
v egeiEty 8h0Rale dlocr 14 LI5BISISHIAR I8 coppoty
1252 hdhe chpagjtante vétheoaddress hadetaphcitddt 24%israbdet three times

larg&AREN HQ EaptieRante oPthe 1Bhe BadraEs hBhS N85 G 1553 shik'®
that when charge is moved between address node capacitor 1240 and latched
address node capacitor 1252, adequate high or low voltage levels remain on
capacitors 1240 and 1252.
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251212 as | atched address signal -Bl1, -132, ...-B7.
The address signal -Al , -A2, ...-A7 is latched into
| at ch register 1220 and provi ded as | atched address
signal-Si, -B2, ...-137 on |latched address |ine 1212.
The | atched address signal -81, -B2, ...-137 remains
valid as pre-charge signal,,PREL is toggled high to
charge address node capacitor 1240 with | atch
transi stor 1226 turned 30off. The | atched address
Si a‘ _Bl"_lséQ ....-137 becones invalid as select
i ﬁﬂa chdgngistor 1226 is Pﬁﬁaad@ww@a@n@m@am@mo a
hi %ﬁé ar 43N
s By oLGh It bRt Tl B o0 e VT8 v oh
latcipﬁcga%rew npde gapaciton gzaz rRnains Mnbhamgmt i Tre aﬂﬂrewn@a@

capQiir 42407 Bie Ao RA G MMecting it Soohgihich Stags (224 of
latch registet nzi;]o aﬂclﬂ&?;@ihéhft:lﬂhfﬁ@i?e?ﬁl}%\@éfl oﬁ'?ﬁbhé? addfdsilife
1213 th8 e Rl R 298 St ek ougapanioe 1240 chomes

'to atRjtevditiedavd] trﬁEL@h fist ia?é'-@hét@@ t.lawsfé,tbﬂ'maiaté@%d%s

1312 are set .to a | ow voltage |eve Sel ec
node cgpasitor 252 jsehaiged fea @mnvcahage devel and kgched address

eGSR U hO Sl 08 UB4e oo, RORERR o
addrezs Gigral ondatciedcaddrasg ing 1213 iis bffectéd 34 thoatitirekahobe

can 43 M 168 T8 Rl AP BB SO i

voltagmlb&ﬂlqmbughrfirﬁctﬂeimafge terigigier 123 Iﬁ%ﬂe@nﬂé’d}&enp i&ch
1314 js at a |low volt evel

rangffer 3525 IS roRvea GHAPCREan Bt RiShGRES A¥Thand gecond latch
stag\éoi Zoagen |a%HFE;bnt Btchiéd radarbs%\frﬂidéaédpge;térfml cf?sqqse .Jleﬁﬁ,

The latched address sign
and the\eaprritanes valye of aq‘dr@sa@edeggpa@tgm 4240 cah be reduyced as

the EECHSQ% Hg&% LA0LiBF ‘? 4?(5 Ry dcg'ﬁgs %e&'zgfg ﬁ%asfg%?r SE@@EN

ecomne va
latchad 48#8ss fode oépadﬁer \1/252 di natdr}krmnbocﬁmnalaﬂdre@s nodé2,

capaqior dpffs Peicharsiet ighalalrelireitiids bpndin T244 ks tuf on

latchdeaad}aggﬁaﬁmgaah2&R5hhatseas&wla&éra§t§gé I1 0p§ ah@\yrat 1322
at the end of tine period 1308. The address si (];na S

chargjng of adsiress nedercapacian40daHch fsebﬂt¢djfrfam segond latch stage
1224,

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 sighal PRE2 is set to a high voitage
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
voltage level turns on latched address transistor 1250 and a low voltage level
turns off latched address transistor 1250. The evaluation signal EVAL is setto a

~ high voltage level to turn on evaluation transistor 1248 and discharge the
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20during the next tinme period, indicated at 1326.
During the tinme period at 1326, pre-charge signal PREL
at 1304 remains at a |low voltage | evel while sel ect
signal SEL1 at 1310 transitions to a high voltage
| evel at 1328, latch signal LATCH at 1312 transitions
to a high voltage | evel at 1330, pre-charge signal
PRE2 at 1314 transitions $H a hi gh vol tage | evel at
1332 and eval uation signal 25 EVAL at 1316 transitions
to a low voltage |evel at 1334. The valid address
latchgdgddresssignalAg a low voligeteveB Flatsbed attess traoabiktos 11250

is tu%fgﬂg elfﬁfe ta([ﬂcﬂ%ﬁ gaﬁitd%as]tg%%lqtgv 03% 19 fa%t%%@ﬂg?aﬂ ran%us%r

124&;&'ﬁm'ﬂwtorﬂ,giéla$@tedtadddaeé§ It 1tm|I2t r?g%ﬁﬁtgé fﬂ P%Ité@% |51
on a nodae Cltaor an at ched

The JeT raBo B 1288 itk of Bastohdh e eltag evid oaysebed 0of

addrags heds chpadifor 1092 apd 8% stb{e SdicRed aHH%%'tlsatn%&tJr%%O

turned on by the valid address signal
at InBspexarple opsation ¢ opa gatiodimentofdateh degistec rhazn first

e G SErBRERES G gt 583 A RAFEA: B o

low \toihagedle\@‘lf Irbgddmmn setornt padciesge signablPREAlis setAd.a low

at, 13 dd d it 240
voltapiiizyed ahH eYALetoR SEESLEAL IS it 1 5auoR Lliiae isroln Witk
latchvsi@ﬁ@gmcm af a 100k Ubltjetevdl ot FArtisbr fﬂ%?s%rnbalﬁf tpet

tage level at 1332 5 and_eval uati on

'atcfs'ngﬂ%wol%\zmea (Ofdatshed addes nosk, GRBRER]d 252 \fhat sets the
on/oﬂf%%e of Rt éamesgméﬁ P‘izé@“\ﬁhth%g%}dfa%ﬁ s@n% {élLtsE'F

| at ched address l.ine 1 iI's charge
to a h@heuo!tam tnvgh eysliiation frapsisionr g4s t&tamdsmmto dxsdmrgme

A AR LSRR DS BSOS, Wit

chargé sib&hﬂPREarwt to aow t:oltayel*legéi thel vcitgge leebbn &itcHetB2,

10 | at dd
addrBss iS¢ 17 T4 coBesntae 1o 1o Bieuel 14ghed adeissg Fandior 12886,
If lateﬁed h&dre8sltrahsisior 8288 1d Gifl 13t3REd addre8s bighhDPad, ~363.1, at

10 transitions to a low voltage | evel” at 1338 to
~B7 purlatcbecﬂ agddresg line flaAd isagivelydiyen|tadawsioliags levalrdfi at

LA di alg L340 t
b R VAIGA0E 10 8 BB ARl ghniod 360 Logr
on |FfEiER] addrésd ine 1 2t& feniains at & pee- bhﬂvgeé hgh \tczitggellmxeél at

N e A e

charFé %ﬂﬁr@tsQTodéZ:%ﬁacdtcﬁHQheSo amigimeolRjet lsws. |AevRidress node
at ched address node capacitor 1252 to turn on
capaogpem @é&\a&@ fPraaWQhé’f%@?QQL@B’GI aaid addresssica sf\gnm

~A2 EVAIA gaaa fels8 r]ﬁe 1906 td) h&!i\'e‘é@ 'tl‘aﬁggtdr QEQQ ?he 20

1344 urln next period, indicated at

validraddress @gaaluam of\2si @m‘%ﬂ' s@vﬁlﬁe ao/ofistaeraf addretssérra@swra

125l g @helge sl Pertts dgitiiont 379 Al SRR REEGI e o o

the first pratohiaegk theldpesied) i ne 1212, becone valid at 1348

by ReRPee O LY, ISt HRaATER 2P B SO

PREQeérb%ét ﬂe%lﬁnghlvutaée aflel 4hdBvalbstidh élbﬁala':’iﬂﬁll_eﬁfseﬁ toa e
- A2 t 1300 and the | at ched address

a
voltag@dﬂws Thsfe!ecgglsnal SERY tums o8 S8lackiransistoh 230 At lateh:
t d
s.gnéﬂAﬂFw @Qr/g[ﬁ;'o‘ﬁﬁli%ﬁrﬂa‘i’:@ns%r“@z%a i0fle ¥hiid Aaftesd BRnafidagss
~A2 .addu%?sm signal line 1206 is at a high voitage level, address transistor
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signals at 1352, at the begi nning of the time period
i ndicated at 1354. In 30 addition, address signals

-Al, -A2, ...-A7 at 1300 renain invalid during the
time period indicated at 1356. The | atched address
signals -81, -82, ...-87 remain valid during tine

peri ods 1354 and 1356 8 5Address signals -A- -A2,
-A7 at 1300 are in transition at 1358, during the
tinme peri od indicated at 1360, and becone valid
ess signals -A7 at 1362. Pre-charge
123 'ﬁﬁﬁﬂeqaﬁé%na@dirﬁ% rtqdar@uptaplmsi 248 andriaighed efdregs node

capééitb?'ﬂ ?2>§2 a@@%cﬁ&geh% %h&ﬁ vﬁﬁ E%els'lgﬂﬁl \%xéla %%{dr%g gignal

7 are val
~AlpefRod.~Fg6on signal lifiel ‘eaoeue at armv peitagmlewoaddmds tiadsistor

[ rough, ti ri od 1346,
1238 YElfind SR8 8hd g3 nobe' ABaShar 2Hp BRaieBSrtoheg aodiess
nodeycapaciiandQﬁﬁda@awgh voltzgeevel.0Uhe irfiéede aSthtivald BBHIRES
; 1F.g _%&’.246, 2& 13d'54 .1356 and 1360, The address
signg gﬁlﬂ 2, - ~A1 Roceived onsignal lingotP 05 is staged @nicapacifara e
1240 aA8 126pi ods 1326, 1346 and 1350 and 10 the | atched

address _signals -131, -B2, ...-87 at 1318 are valid
f th¢ aeltager guelqey lataed PUS(ESSIEPACIAIRE2nets tt@&ﬁhloff state

of I r ess SI gna SzStOIA@lst- @%ﬁth evaru%ﬁgpﬁ%gggﬁggg E’ed

voltam leveldandi prg-ahiarge signaldRRAB 56t to Ehleigh abltdge kel bealuiBa

vank s 1930 0 G g T il B0 s e B B
voltagiligvelr él'hk%eﬂbtﬁlsighaf SEL1 VtatchlémdPEAWG@ﬁanéb@ﬂcH’é‘rgé' e
s 1326 and 1346. | n other enbodi nents, the

SlgnELFntg a5¢ sef e ‘ﬁm%fase leyehatie endcof ihe seleet time parigd.
wnrﬂﬁt&?&?@ﬁal VM’@H aC4 idvh V@ta%géla\%? Slﬁﬁ‘;ﬂq N@H&%té)raf% i§ &.;@aa Yoff

can |latch i n address
to lal@oo the stale obletahsd addreas t 25|DLgure 18 is a

S et 554,75 SV T 18 o, e,

evaiadmbmtangﬂnen 245 If dblatthed radaradsatoder acapaditoradibizds ses

chargas 6 236 rAEGSIENST 1S Furd o T6kch Sieskiaraibier 1250t ©
latcrﬁerda@ﬁjrewmtes:m isWiddmhatfened bivnaitagé le%®2|f tl@éuét@hed

second stage that is an output St\(ei indicated with
addrigss ede (crRaatos 1253 ¢mat arlew vqltagﬁ level tpptura off fatﬁmma@@reas

trangjfef 128066180 8q s e 1292 rodiie aliets £ifgh ohady
levek ethus tht iyerse4d 4he addilade&gaabefk‘brwﬁaor e~Ahia present on

th 08 kRl AP aaBR RO A TRl Bl Bion
the Iato?:%d af]:léi%’ss n}d'de c@taentc&mdzsans pmsé?t oif tﬁéﬂgtoﬂbdlamdmrlm%
1213Pa bitFhecddeebHErel s b 4 oo bR AAGESS HRDRb0M 416
~A2 e»AW Fsslétcﬁé@nﬁcf‘ﬁ‘t&?ré |§l@r ﬂz@%ﬁ@ﬁ@vﬁba ds!18ichEd BHArERS

in first pre-charge S|g PREL to shift register cell

signalredl, B - orBE pnéafébedaﬁd@n%s dr@ild1dolihe datehedaddress r st
signBl BE hﬁezg e,rl-?ﬁ'?ec’ﬂgﬁﬁgrvaﬁ& 98 phe cRAGE iR PRE SR YR t ©

one Si
high to charge address node capacitor 1240 with latch transistor 1226 turned

off. The latched address signal ~B1, ~B2, ...~B7 becomes invalid as select
signal SEL1, latch signal LATCH and pre-charge signal PRE2 are set to a high
voltage level and evaluation signal EVAL is set to a low voltage level.
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89 source path of first evaluation transistor 1408 and

the gate of internal node transistor 1416 through

i nternal node 1420. The internal node 1420 provides

i nternal node signal SN between stages 1402 and 1404

to the gate of internal node transistor 1416. 5The

gate of first evaluation Eéan3|stor 1408 is

el ectrically coupled to frrst evaluation signal line
1422 that conducts t|n1ng pul ses in first eval uation
'gnal EVAL1 to shift ?lster cell 1400. The ot her

g 1 fea awgwd@amé Ugtiatingran eXansplesynerratian afone

emtfoHﬂﬁérhtSdf@Jthé&téﬁ%@CA&dfééé Eﬁp?@ﬁ%@? A2 5B 3 ﬁjfoc?f

he drai n-source pat nput
are ingpansitipmeatd308. Hreichprge mgmﬂﬁ&&‘oat 130K0is iset to a high

voltalc{éﬁl%@@lteft J%% #f@/r Cﬁ'l%%%ﬂﬁlt'l O%UE 1gbg epm{%gl tlmTt-ahgenod

1308, rsmiit signal SBLO at $340 a6d latc}ﬁbiblvlalqg\mtﬁ@tﬂg'l.‘?are set to a

[ @Ea@ j ? uch.as %ﬁ und,
ow Y lagRde\gl &g i g pelg ag%lﬁt@félﬁaﬁ @ﬁe I%tpa&raasrstqﬁézzs
respdCaVely. STHE ARNRakage feverGAsd. &faﬁgégahaquﬁgg%ﬂ%@f 1412

are ectrically Coupled to secon harde |ine
charges gddrass node sapagiios 1aﬁarﬂy@ugh ee- g;ua_rgednamsnsmm 2G4 miVididh

iatcifgéglrl?sg of’ '1‘2?(? ﬁﬁl‘i%gﬁ pcfllﬁ VSEﬁ%E&Véq %F%t@%ﬁ%d os&slﬂ)l E)ur ce
capqmtoh13$2 sE0ains! upclrangjedr de additios] dllr]lcﬂg thitdéaerléd 1308, pre—

t
cha G PSRRI B RSl i ol e sl °°

EVALegi1ti61is atd Righ Voitage fd8Pto tlRtol alaluafiorseamdistor 1248. .
valq£t| on transistor 1414 is 20electrically coupl ed

The fascherbaddiessBionarBiriEsn - s.%?]atwwﬂ@niammmﬁnged
cwﬁysa&eggefgﬂ%hsoo Y J on. &y aﬂaéocﬁé(ét&omgaf&yfatddress

regi ster cel e ot her side of Farn-sourc
gengratan 1800 sad hegomeaialid eddresssignsistai, 442.4..~87 at 1320.

Oner e faifthadloauiBnas 1, RS, S Sn20% Mg RRa
line 020@&to setdise oﬂltlngfmtd lblﬁadttdma Itlraasisﬂirh 238. mhgq:{rwhargade
S el ect,ry e (0]
signplIPREL 2t 3504 iane e o ated 222t thdgnd SHme petiod 1305
| nigs E%re@@@%nbfsa-‘m sl | 14AP at 1000/RRaIA vERPAEI SBNCe

1438 for stori na i nt'ernal node signal SN. The shift
during-ihiegiaxt tiwe| perigdt ipdicatadat 13261 IBaingribe titmssperiod at 1326

t [
pre-SAGE SRAF O G 16 UR e S8 2100 Blage MR
signalrpkcit 1 af ﬁﬂkﬂ traisitiong to larhigiy holéageelevejsatdﬂzaﬂatmeygﬂair ge

r

LATE A2 RS b it yarRoBiser v Tad0 e ol ikt
PRE‘2@€t€|I3\1ﬂ3ran§mUhs 3 @high Witagedevat at €332 Asd evaiestich signal
nal. SI as_ internal node signal SN. The second

EVAgtagé@@ jfl‘%@smg%t% low yejtage 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 laiched address node capacitor 1252 is based on the state
of address fransistor 1238. If address fransistor 1238 is tumed on by the valid
address signal ~A1, ~A2, ...~A7 at 1324, address node capacitor 1240 and

latched address node capacitor 1252 are discharged to a low voltage level. {f
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i nternal node signal SN and stores the inverse of
i nternal node signal SN as output signal SO In
operation, shift register cell 1400 receives a timng
pul se in first pre- charge signal PRELl that
pre-charges internal node 1420 and internal node 5
signal SN to a high voltagg | evel through first
pre-charge transistor 140 Next, shift register cel
1400 receives a timng pulse in flrst eval uation
EVALL that turns on first evaluation transistor
addﬁggfanﬁstﬁ’fn}%ﬁs i$ typad 9ff hyéhatvaud pddvess igagb~AtyeA2.t hat

...~APE0g 394 faddnpsd node 420
and i nt eranda no%%d5| remal fﬁ&%‘% Fég&eﬁ 5% %hi gh .
capgeitor 4¢62 resviein, at|af hlghpoﬂa@ guel Si is at a high 10

VO I t transistor 141
! oVl heline Si0BY BRED R 1314 8Bt 08 Fafage texerat 1332
and @vakulaamg] e:ghal BVADwt 1816 é@ﬁo'&k&@) voltage levePBi 1434 €gi ster
ul se in second pré-charge

evalffion aprigsf {2 %ép%et@iéf“r%%wwmagagw ineiig 12480
charged 19 utrgh vaitagRabyeithic ﬁsebgim YR-4RAGe st%‘i% bey! LS

he t1Tmn [se Iin econ
the @ﬁézattqmeswml u atnEB164emsitions sto erlewaouage b veLatpIBs4

and phelbfargs il PREZA 1o141HoRk 46 S iophintasbiowe #8532
latchedr arddress signalad-Bdy aBaat.i~BY 4 318 tﬁénslitloh%%vdl'ﬁ Iatched

| I | that
addips SldMRls 2807 Rk sidof fmdnedon 1428 9108 Siast SELAGT
1310L¢3Asitmes U Wt vcﬂi!agaaéveﬁS@t N SBRUtUEBHF gs@cf fPar?ssﬁbﬂ'i‘%s

| evel If internal node 20si

latcmwgﬂaa'aoﬂ% at fidlfransitiens foralovovpliage wéat mwsto turn off
latcH fré‘r‘ib?étﬁ? ‘PZZ@-QH@ réléﬁef?gé s \Qn%?PﬂQé%q':\tngli ?ﬂéhg*ﬁbn%icgg ?Aw

are di schar
voltage laveliad P4 10 sﬂopahaemmm @tmdaauﬂrmh@emrzamﬂcrughaﬂ@

char {385 B! TP ST SobpbfH28, B W pponase

levelbatdiabctedgeiuresst nodel&icitoc] 262t® tarrf dn 6t ofs RitéHed fAireser
t 1502 gosecond shift 25register 1504, a first logic
fa"%!?‘PEG? 1506, a second logic circuit 1508 and a

di Tigs blAI0atdr Sighdl ENPIOat 1316 transitonkith BthighubkadegiSitR"
1502 is electrically coupled to first logic circuit

1344, slyiging the ne¥ tisee P@ﬂqu gnde!wﬁd atipdh. As Hhesevaluatiomgigrah
f
VAL Bk he 4 i Wbk ER ORISR

: S|gnaISr~ch| B30 156857 ais131c&g|rmludimg:thet91gnqim Isfchedhddress line

12154555 VA B IR0 ffe Bl ottt o) AL ofl

provitfél;l‘byt dddresogehiarator 4200 rerhainS/lig idariag tikeeirodol J4i6r Ik
regi ster 1502. In addition, first shjft re ster

addf&%i”ﬂéﬁlﬁ Fidress HaRRYs e ls 8821 - o 4309 andythaiiatc

address signals ~B1, ~B2, ...~B7 at 1318 remain valid for the following t{me
period, indicated at 1350.

The address signals ~A1, ~A2, ...~A7 at 1300 become invalid address
signals at 1352, at the beginning of the time period indicated at 1354. In
addition, address signals ~A1, ~A2, ...~A7 at 1300 remain invalid during the
time period indicated at 1356. The laiched address signals ~B1, ~B2, ...~B7
remain valid during time periods 1354 and 1356,
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First shift register 1502 is electrically coupled to
first timng signal line 1516 that conducts tim ng
signal Tl to first shift register 1502 as first
pre-charge 5signal PREL. First shift register 1502 is
electrically coupled to first resistor divide network
1518 through first eval uatgon signal line 1520. The
first resistor divide network 1518 is electrically
coupled to second t|n1ng signal line 1522 that

t.i m resistor divide

ts ng ,si g T2 to first r C
?‘ TSR TAL, R?vs’t ~FAtS3GP ade in U@nﬁi&qw\ﬁﬂéff%m
d Qwedm@ o ity
UFIP?rSt 10sﬁrftd?%ggg?gq?ggzéﬁrocgéﬁe e!i'ﬂrﬁls eva §+%

Isréwal--TARat 1368 Bre-gharge signal IaBE*lamsogtrahmmma high

wnfd or e 0 s OO 0, S EE e,

during tIfTIQ‘ pericsh! 360. rEieqieriod 1RED iasinsize wﬂmbfp?ﬂ@ﬁ 398 and

the By Panras tetbillandhe befch Tk 10,0, i'@%%%hﬁ%'@'gh

seqrothis evidbdinidr the lcgﬂéhné!ud@s i® fhe peiRdd
526 |5 el 6Ct 11 cal coup

r divide networ
Pe"PgS ﬁ%tw“ﬁr PeRy 1s'3i5éné~'|356 ?%1 3830 The, addqﬂse\sigmeka -tAhn ng
~A25| 081 oT fo0aREBdol RRSHAE pHMLCFa e MAB KNS JOP

Second resistor divi e net Wo r0VI
the lpdghegdqddressesigmals +Biti nB2si. g att‘l@1ﬁlarewal$d1fdr1fouretgmest er

perdd0 1540 R 1385 AR 1300 M0 SR LG 1287 & 1o00
and fiatghsd addﬂaS@glgtnﬁlrwB?t;HBz; al. +a7 aomge%edroet tfbtﬁ ?aﬁwﬁgng@nme
perigd 1550 TH8 THtc FROSHT 1220 lighesdn agiess SarARA L ~A2,

..~AP3La3dG AR ﬂ'@l‘é%bd?daﬂféssrsg%'laﬁé eB1 OUB@Ut ~B7HIAkY8 are
S01-S013 to logic circuit gic circult input

invalig {erwe time penigds, skiely 9%6me\mr5¢ds A|336 ande@éﬁd I ther
emticBhENE! thé UM of kiR ddrfolk i a EhUB!BA Helke ?@E.{.g{sm

signal 1in conduc contr
number sttimegesind$ and dg tataér cifchii 4202 waadaich ||maddrses sigdals

sn" tr 154receivst|m pul ses fromtim ng
ot 2es 7. RifS00' Yo GE GRR Tl Aehopdy ot or 1504 | s
eI Figjure ¢alid ¥ diayn@rh&msitretnﬁg bR et‘rtl:ﬁﬂdﬁﬂeﬁtlcﬂl&aélnélé ARedfickd

i to second

|
shift r@gisg%??&%ﬂqééﬁ fér'sumSﬁn' %@d&ﬁr%@eﬁ tghambpgimentssbiabnd
prO\ﬁJé é&dré@%énh%m?a’?@%nu ?e@‘ér@é Hfré&ﬁiﬂsy THRWHiE éﬁé?erf ééollls’f40é)

eval uation sign 1 ne 1520 that conducts a reduce
'nCIUﬂ@lStEH@‘ét stagethatds an mm@ striggnindicatecswitl dasfad fines at 1402,

o 55t o RSN Mo AR Y e PP
Theffirstistages14faincludee al‘&ﬂébreh:aarge&?armmdumcm wifitregaluation
tranw@;r@ﬁQ& 38& %nsir?gu lgan‘félhsltcgrtmr 1%glﬁ1teesrec%g taag% 184904 mc?ludes a
second pre-charge transistor 1412, a second evaluation fransistor 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 1408 is electrically coupled to first pre-charge iine
1418. The first pre-charge line 1418 conducts timing pulses in first pre-charge
signal PRE1 to shift register cell 1400. The other side of the drain-source path

of first pre-charge transistor 1406 is electrically coupled to one side of the drain-
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signal PRE2. Second shift register 1504 is
electrically coupled to second evaluation signal |ine
1528 that conducts a reduced voltage level T4 timng
signal to second shift register 1504 as second

eval uation signal EVAL2. 5Direction circuit 1510 is
electrically coupled to fig,st shift regi ster 1502
through forward direction signal line 1540 and to
second shift register 1504 through reverse direction

soufdstfith, it ikl cuSiiation Bansinler 1498 800 Sre algretinBnbdem
trareust@c¢4mhﬁdugﬁqhkrﬂaﬁ%9dé945 " The itbfral hE8E 3455 oFR0%s

The reverse rection S|gna l'i ne
inteing! dpde siongl Pildhatuner stages TBORANHrdOAdo terghterof tite i t

nod@ﬁ%sgscpo;‘gp@nd shift register 1504. Also, direction
circurt 1 is electrically coupled to control signal

| i et of firat emmmmar:smbag 1540831& @!@Jénc@ﬁy beupid to f|rst
. tion | I n a 1t1on irection circult
e"a%’igﬁ S| 6’@33?‘#22[&“:%' C?J“Lﬂl’&é%t*mmsrﬁwﬁ% in dirst ieyalwagor signel
EVALT msmforeg@sté.ca@it141@10me80tﬁbﬁ§aé'o?ﬁ4é drafr2 rS&' bk of first
timn | i ne 151524 that conduc P

eva@qaaﬁlaftraﬁgls 1&93 @c%lﬁé’ftﬁm@'ﬁ&f eQupledi BiMnessidé oﬁﬂlerdrpmesource
patf?Bﬁh?ﬁt l?ér&"%%r TR at 14248 eItHe 'of ﬁ\ﬁhgﬂr%lisﬁgg 3?’%%9 I8 | he

el ectri cal coupled to sec eva
eleCIMsﬂcnupled cm tim:nnp ut lfre t4diu c'b‘te othét side oT the dmiirPrgource

patiTh OBt dafO 1038 ey sruipy Rpeoletas 3donas "
grouﬂdeatrmml ly coupled to fifth timng signal |ine 1544

L S Bl ol ot oSt
of s%drﬂ?t‘eﬂiﬁaﬁ@gé ﬁéhélstéﬁ 142 §reeé16@th6éll(;yad Ifge%gnctl Bre-

t hi resi stor divide network
chagedingat428n Wiegreond ipfe-chargs. Iln¢h1é2t3mondu¢te§mm@pulses irde

secolifd ﬁ@{éﬁaﬂﬁggijgébﬁ?ﬁg% A %lsfe(?lt’:gh qg%ﬁ OTE fllqeftbsll e gigthe

si gha con trmn
drain{soucterpath of secatidvird echargenransistor641 ZFls@Iédwmiallyro@ap%HQb

divi de network 1546 rovi des ced, vol t
one 5 G580 et 8 Feiont velialion #5geitor e qnd shi
registeabuiput e $43aTheyAedDf second dudtionstradspabe14£14 gui t
to shift register output

%q@ﬁ is eI ectrically cougl

electricaéy cquplod fo thexnacopd exaliaten §|snalthneew33tteat md,ygts
oo B Teton IR, BRHIG SERAS o Raon Thgiother side of the
draiiseyroei psdin b smmpleval@on drangigtos 94 14 iselecttibshaediiciito

' S, . - S i vel
one RN HEASH0 R e BEBloira e Mol Gt e
othes lsrcfet ofrtle@ detimsooiet path bf h@nélm&tﬂa@@%mﬂ 1H16EE ledtrically
sl i st er oyt put SI nal s OJT

coupled to a re rence, such as groun at 143 he gate of the internal node
transistor 1416 includes a capacitance 1438 for storing internal node signal SN.
The shift register cell output line at 1430 includes a capacitance 1440 that
stores the shift register cell output signal SO.

Shift register cell 1400 receives an input signal Sl and through a series of
pre-charge and evaluate operations, stores the value of input signal Sl as output
sighal SO. The first stage 1402 receives input signal St and stores the inverse

of put signal Sl as internal node signal SN. The second stage 1404 receives
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5013 as input signals A113-Al 1, respectively. Also,
second logic circuit 1508 is electrically coupled to
address |ines 1552a-1552g to provi de address signals

-Al, -A2, ... -A7, respectively. The first shift
regi ster 1502 and first logic circuit 1506 provide | ow
vol tage 5l evel signals in_gddress signals -A, -A2,

.. -A7 to provide thirteén addresses as previously
descrl bed. The first shift register 1502 and first
. rgﬁl c ,Ci re-w% 1506 provide the thirteen addresses in a
intefrH fRre SINALEN a0 P theldnvesse ofioteraal agdesignat SN as
outpltisigr® 80, The second shift register 1504 and second
logic circuit 1508 provide | ow voltage | evel signals
i nI;aBe@densshifiagistercell 140@receives aAu?nmg’ pRiseMh fifst pre-

chaldifsigf e RS R RS Ser lu8mphSds Tafl pRtiniedal vdesui
signib S0l toankigh wsltajge et tﬂm@h@ﬂ’rgﬂ ﬁrtefélhal fd:@l.taﬁ ddeat Next,
| Ster or or war

hP@_ale em@b irst shift g
shiiCFERLET Gl B SET e SAmiae e Jhivet evalirlneyignal GV Alot
thatrtemrcﬁﬁnrgt ERAARM tRPRIAY (i Tshfﬁ oA [efery %7 volia gs

eg de a series of siXx useS| eeatlng
lev #h%’fwnﬁ @ffderut traasistari 1ﬁ111ﬁgm§ergalamda 142083nd1lotem@310aﬂee

s SHhut EBEAES MRS 8, A,
volt;geﬂem'gl thagtlglahs Cﬁﬁimpﬁhbammsmr 1410, fmtenﬁg lnetlermﬁﬁ @Ad ir|11t_e][nal
t t , t
nodp Al &R SRS RA ot BUE, Shi 11 rogister coll s
143®nfﬁlfegls@élﬂﬁllr1l4©e|rb&ei%b 8 GHMEPulse trSQédo?@ pfeichaiégﬁee

i ne 1430 of qne electrically c led to t
Slgnﬁﬁéﬁﬁ% thalrreLhargss euiautagaal line (1A 3@ agﬁ. put sigingt 80 to a

higho@ditagédefsl. PRidds ®ithé ﬁh'flﬁg bﬁgé i %\?8‘?19 sﬂre—]cﬁg%e' dighdle

series recelves control SI gha nput SI na

PREG tthtdmgMOman@tmreg wiial ouimlt sighad S xMexthshift |
t
oo 0 a1 B i, SRR "
that 2émnis rcousgtoad dav@aluatio:dtragsnl;ﬂme 1h84t lf$|i‘tefrta| hede sigaal SNlid at
o o b L B o i e B BT BBl 3023435
and foutgsilt sigdial 5O Rt enargéazo mgmv&t bqéuetw lff“l%ﬁié{'nﬁge a
control pulse in control coi ncident with

signal $Nris ﬁba pighsyoltage devel Hg’i’@tﬂ@ﬁ@ﬂ Intgmal node ¥posisier 1416,
outglt 1 3430 8 YOI =P80 ard A Rlrdel B Wb Etadh ikt
fi Figurg 9 a degramdifustratiy shiaddesssigensratgt €504 tmlat uses

shift e gl 5P 1S pRRle afri st RnB phaaesn drodiss.
Thesiddgdss derghatun] 5eDimclugesia frstashit regﬁstérm 50209 decond shi t
regisrtggl*lg(sf,ra 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-15612m. The shift register output lines
1512a-1512m provide shift register output signals S01-S013 to logic circuit
1506 as logic circuit input signals Al1-Al13, respectively. Also, first shift register
1502 is electrically coupled to control signal line 1514 that conducts controf
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94 output signal SOL to shift register output signa
SO2 and so on, up to and including shift register

out put signal S013. After shift regi ster output signa
S013 has been set to a high voltage |evel, all shift
regi ster output signals SO1- SO13 are set to | ow

vol tage levels. 5The firsty,,logic circuit 1506 is
simlar to logic circuit 5%6 (shown in Figure 9). The
first logic circuit 1506 receives the single high

, I lLeyel sjgnal as _an input signal All-A113 and
sinl SRl ' it sbitTagistsh J503. Inoadditon. %g%t i eigisteln 505

recSiv& finfng ﬁhl@égjfr&‘ﬁsarﬁh?@?n%ls g4 A2, ... -AT N

response to a g | evel |nput signal All
f i Féret shfiiregieter d&02 lﬂ@e&rlpalbr\nadmiadaddrrﬁsmmﬂg elgﬁlﬁdrrﬁs

{
1B g Bl AT PR 58 b chars
sigrfal PRE1. d@rsi sblﬁrregisterﬂSOQ t@é@t}ri&@ﬁy @flib]éif&) ﬁr\é’gre@.%re SS
ow, vol tage | evel s and so on
iy ﬁ%ﬁﬁ%ﬁk 1hae Ricuand EfrgegalH%qn 3gnaldige 15¢0e Therfipstiresistor
dnndie léﬂ}orﬁlﬁs @méieéthbﬂy dRpled t%'sreEHhﬂ %Ws@i@%fng 1@2 that

dress thirteen address signals -

co ”‘3‘6‘1"‘? §igung aigepkT2 tosfirptresistarsivide netwark 548 e The Siest reeastor

o 918 ikl Kkt Wi st
shifbﬁeglséer '@&hrdt@hﬁwglesfahlatlousgmbl KnegtBR0 & first svalestianse

sionGPEVALA P} L St 1807 RYSE SRl S0 RRLESh A bt

1524 dedt cenuaaewmng SighaEF3 ¥ firsi shift WeGieter 1502 a8 sefontrpreage

- | evel S shlfted to the 20next shift register
charggy ﬁ'gflajé’g?r@n d'EEfﬁ iShift registar 1a024s ejpstricaily Ravple 1 spomd

residtbeditidehetpbhets2d t‘ﬁYcﬁlghséé%Bﬁ&I ebﬁlu?ﬂérf Elgﬂalflfn%r@%' fhe

I ster output S|g | 'ster out put
Sec@l‘ﬁiﬁ@ls’f@@wdﬁ dedwor ﬂ52§|c|33 el@cﬁlﬁaﬂy eruplet togfostth timing signal

e 530 WP gl TH19 oo Aol e SRl ro20
Thelseuehd redl?t?zmuﬁgsnﬁagommﬁcpmvides agguggi:gin\?&lagé%é@] e
t|m|rlq wgu%’fftto% §gﬁ‘g Sﬁ?ﬁ L‘th’%taqu@B 5@‘387'9’ @V?'Pa%S‘gﬁﬂdWﬁ in

152@5\9%@0@6 eﬁldaf@ﬁﬁgﬁﬁE\FALez hi gh voltage | evel output
gnal s 801-S013 as input signals Al113-All. The second

he sepend shift Tegistep 1 804 isealedtriealynouplasho seaped ingic |
’c1rcﬁ1?’l’§(585ﬁ1r6\5 gmﬁ gqptggs ﬁ.ﬁéy é&sméﬁﬁdfﬁggqﬁqgﬁ%“

response t tage evel
outpug llmaﬁ:ﬁ&zﬂi’l 832m npnducﬂusglﬁabgmaautmﬂcsagmls $011eS@13 twi t

oad GRBACISHY AR RBT TR RS A 2 S R85 .
secdridgshify eddistge 1564 Bl eledtdtally cBUBledvbicehtroissigitd thy 481a%hat
conc?u5cts control signal CSYNC to second shift register 1504. In addition,
second shift register 1504 receives timing pulses from timing pulses T1-T4.
Second shift régister 1604 is electrically coupled to first timing signal line
1516 that conducts timing signal T1 to second shift register 1504 as first pre-
charge signal PRE1. Second shift register 1504 is electrically coupled to first
evaluation signal line 1520 that conducts a reduced voitage level T2 timing
signal to second shift register 1504 as first evaluation signal EVAL1. Second
shift register 1504 is electrically coupled to third timing signal line 1524 that
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I nput signal Al112, second logic circuit 1508 provides
address twelve | ow voltage | evel address signals -A3
and -A4 and so on, up to and including in response to
a high voltage | evel signal S013, which is received as
i nput signal All, second logic circuit 1508 provides
address one |l ow voltage | gyel address 5 signals -Al
and - A2. The direction circuit 1510 is simlar
to direction circuit 404 of Figure 10B. If direction

cyit, 1510 ves a control pulse in control
CO'@F inm'@%ﬂqeaﬁﬁ%ﬁ%@m it recisten H804papsecondipreichargey
sigrtl G*REZ Tecdhd 9k el 1504 & ltkRY RLBEI A8 LE | o

vol tage | evel |on sl gn

evaluafign signabling W&ma@, comductDh Reducedsioltage IevetMtlﬁm’quaf d

£ thirt
sigrg € iR shir R 61 109 o el SBREBRE slmapbVAL2. |
coiDieictiem ciecuid 151 Cais telavtmalip ebasled fo HiisFsRlt rs i@fé"i"1 5’6?
ides a |l ow vol tage | eve

thrng!;l G 'agﬂ d&éétfpgni él@ﬂqﬁngﬁég and &p sgeandogfuft regpﬁer 1504
throtigh eeldres dreativn s@leﬁﬁné 95391 fThe lré}wfaP&gfréé’t%hssg%nal line

alrectlon fromaddress thirteen to a
1549 copdycts the forwarg ditastion signabBRRA fom direction escuit 1510 to

GG PN Al Bl B bnk Y b2

revereg Ulareqrmlgr‘lai ®IBRrfearh idirectioracisiutitin 0its satdbsIa rédister

he i 14 |
1503 NGE et D L B i i Sl
1514 mamohﬂumte@oatreirs@cal ICAN@ td Hirsttionatiredit 181 ﬂvé@d%&%

e rectign transjstor is electrically couple

d’f%@fb@wtﬂﬁé8&?%?!\49%%%@%%&%% timipgisignalaisi-§6.or 1410
anpireefic SRM 15196s el eE&ﬁ‘lc‘éllﬁ 68%51&5"(& hﬁﬁﬁfnﬁﬁ Eig'ngl ﬁrLé .

first shift register ce e ser
1524 &t sopduete timing sigoalopicedieastion nircuit 1510 ais fosw:thl e-

chalge el FR. Dre i ditit 4818 K ebolifRlydtbisliosstind: nr

evaluatidm Sinallines! 528 thheccmduetstthe reduced S/othgé T4 Ainting BigAal to
el ISR i SO e o
151M§ aeatnbanp SLiphed ﬁﬁ‘ﬂhftirﬁlh S@Iaﬂnﬁ.ﬂ%MTﬁlat éoﬂld%t%ﬁ’r‘nfn%ge

directi on si or DIRR turns

SIgnal T%t;q digprtionpirsyis gao 89 tfutdsxaﬁr@afgfeSIgnalfRRE@girsa@dutuon .
dlreéste%glzcn%ﬁlt]ig% is electncal'ch&@ﬂ%@% dthﬁ’tﬁ’?éﬁétkjp%ﬁi&rhe%& 1546

i es of n circui jehwark 1946,
througinthiral evallation |S|tgrmd3 e $548i ﬁmmthlrﬁsyslﬁtom alivicis nketviorkil 546

is elggﬁ%@gg&ﬁg%@%ﬁgwlmlﬁigﬂgﬂgl hneg@O thmttc%p%dﬁéli%\%ag signal

T6 td thirtieisiztor dT\hde hetork A64@09The evirl redistaradivioa netvitiRM 546

RFe I%& |rs_t ?hlft reqgister 96 1502 and the | ow
P’°V upltage L8 timing sigegide dispetiondgiceni 1840 s dhing
evalﬁ@ﬂ,dﬁs@ﬁ@lwﬂ?. 1594. In the next series of six

pul ses, a controlﬁaul se in control signal CSYNC is

pr bhe fiesd lagin elcauitctfi0B\is electrieally cotpled frushit régister alipyt
I]ness’l 59@ 1§_1%m i Pec‘éﬁfé rrslrh% 5%% 9 Lﬁﬁ@ é@ﬁaﬁg §£De1 é)ti?;tg:?qg%ltf ‘

&gnalegﬁlﬂ;«*ﬁdﬂ 3, respectively. Also first logic circuit 1506 is electrically coupled
to address lines 1552a-1552g to provide address signals ~A1, ~A2, ... ~A7,
respectively. The second logic circuit 1508 is electrically coupled to shift
register output lines 1532a-1532m to receive shift register output signais SO1-
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1502 by discharging internal node 1420 through first

eval uation transistor 1408, input transistor 1410 and

the direction transistor (not shown). Second shift

regi ster 1504 is not initiated as it is disabled.

First shift register 1502 provides a single high

vol tage | evel out put S|gn%5 10 SO1L to first logic

CIrCUIt 1506 that provi des address one address signals
-A2, ... -A7. Each subsequent series of six

Ises shifts the high voltage |evel signal to the
Soﬂigi‘% ngiiit SianAisAId A1 OEspertivelyg rlso, G208 kyic Eirouit 1508 is

| |
cleckitily PUbRU 1 aafies( g€ 882 T8 [ AR AP S Sitiin
~AladdessohT, I‘Bsmntuelvr ess one to addr ess t h| rteen in

d After shift
"o st Shit SORS: 1 eridst e st TRPSRovies lovryattage
level egnal’sﬂl‘l ﬁdtm@lg’lw%$ ’6@2— 80’1\3 t@rp?o\ﬁé‘é tH“QeérP dresses
e | ev address si nal s -

as Pr?\"i'° )éd%‘% %139 %ﬁ%@h@g@@@w@ and flrst logiqciraitei5o6
providie fiitl thtbenl AHIPER S 8 LeSwRird ﬁir?ctf&dxl ﬁscgﬁ a%Fees%tdn%l 0

circuit 1510 receives a con In-contr
addegsgrbirteesylioe sererd areﬁtregwien 1504 lam:l sgcqnd bgchﬂrcluh 1508

ol AR TS SO, P2 27 e
the thirtessin aﬂdrtlegsct)a;an asregﬁab ﬁb%ﬂfrem@@eéé thﬁieeﬁhb{aﬁ:ldress

r r e 0 irection
one T3k eivge Elib Tl @ndyls dRehe SaprituRF @shbIR thate

enablexditheefilseshiftfregibter 0 502 57, foRv e e SliorPHb &1 8tid M oF SNl
CSYNC i s 25§ﬁrow ded coincident wth the timng

Sh'ﬂp@g@@r w06 TR ieyersedtirgction opafiaéioront r ol pul se

co ] I - 12

T e S Sighals PG ploidta BEhiePeth blbEM 8 rgilung
serigmobsixalisesd EamhzmimmmguglhT’f-Ts dncludes! erest puise trrmegeaesr

of ik B0fkes ity R R FY- oIt BE Bilopf if blgRE FofTimipg sianal
T1 todimingsighat B8l as it is disabl ed. SOSecond shi ft
R LS A
shrfﬂq{egrstéi%uaddo e?ﬁettmhééﬁeﬁnﬂqﬂéi‘sﬁa‘i%eﬁé 94060 8ire @Ibctncﬁl?y‘
bsequent series of six pul ses fts

couplpd fms@i@s \grlrh thet Qleipt linevdi30grt @nalelacztnqaﬂe cauRkedd the

o 3051 U B AL 02000 ) FREP " ) Gt
cell $900 BOthe serids maeweéemntrbl&slgmlm\mﬁ(ﬁsﬁgpmﬁgm &tand
from d ress teen t ress one jn _addres
provie Baat gita SR e nest shiepiferdirtadoderaias owmb
SIQnSI SO&|3589|3utfs?g?r|a58$§ﬁd bhﬂ."desad)dtp@tmi ﬁaIIS‘mZ &h@Eo BH!L put
gnals 501-8013 are set .to | ow age
throug and including the last shift register cell 1400 that receives the previous
output signal SO12 as input signal S| and provides output signal SO13.
First shift register 1502 is initiated by receiving a control pulse in control
signal CSYNC coincident with a timing pulse in timing signal T2. In response, a
single high voltage level signal is provided at SO1. During each subsequent
series of six timing pulses, first shift register 1502 shifts the single high voltage
level signal to the next shift register cell 1400 and shift register output signal

S502-8013. The single high voltage level signal is shifted from shift register
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| evel s and all address signals -Al, -A2, ... -A7 are

set to high voltage levels. Figure 20 is a diagram

illustrating an address generator 1600 that uses

shift register cell 1400 in one shift register 1602 to

provi de addresses in a forward direction and a reverse

di rection. The address gep%rator 1600 i ncl udes 10shift

regi ster 1602, a forward gic circuit 1604, a reverse

logic circuit 1606 and a direction circuit 1608.

The shift register 1602 is electrically coupled to
outprud sigaahSOJ g shift register autiout sigral SOZearsksd onj wp i Akl t

. ' i ' taed 1610a-1610m Th
ol 6 it 2l oLt She S8 et AR esag ot slooal T
SO thpssbesn sefttpathigh yoltege 186E0AN SKIt Fedistel Bl Highaliso1-
o rcum,[ 1PO4 z? [ gutl signals All-All13, respectively.
st fq Vet %93:] 6t}-put |ines 1610a-1610m provi de
shirhé first Wié BFcLH SDE is Siraitihs _105%1?@52@1(1’??(2@0!% i? Bigure

Jrogi,c circuit 1606 as | nput sléna_
9). The st {qgjerifcuits] 506 reseives thesjngle bighiediagedevel signal as an

UL BEAIARSALY Rt PRI vl bl
sagmak»J ia@ddgesersjgr@s A1 ,r-_em,sf. ev\T‘{z G% iiié)épm-neeed; uersgr; itmmag@ level
. , 1- . |

inpuf YREPAL ool Atkud 08 plpviges Biresions afifkess sianang

~A1sindnaA2 hi iow vbitade tdvels. Dhouéptifsettb 3 High §oIY levdl ilésﬂjt
re-charge signal PRE 1.

. Shjft_register 1602 as first p
S'gnéﬁ%'@e flﬁszgagé% dreuliclyP6igofes addiess fwo addiese gianalsivAtand
e STET ™3 ¢ ]
ASTR 00 LEtagh LIS SRESH 11KBAGn aa ety & Hot A8 1o
inpupsigeaichilg asddisstlegialcirguit 5248 providingsaddrass thineergyaddrgasl

sign}raisn.%31§ﬁ@~}\§%ft loq,pgﬂ%ﬁeﬁ%ggng signal T2 to first

esistor divide n . The first resistor
di Vhel eecmtd/ahifk refidtér pSovisduirailar todidst caift negist@rg02e Ve

T2, ti.40i i _shift. ister 1602 th h fjrst
secof A 9edsiotL PpioNicRA cange ot varabe doua suppbor stfina
regisRPbdtpuliihindl SCDIrsleepoA®lid Beindtinftitdd BRblcsnfeRligs to

. third timng signal line 1622 _that 30 provides timnmng
°°'"§'_F’§Hfa‘l‘"th'§ tiping; H_P'P? I B@FFQ ggnald@ l_ﬁﬁ%@ﬁd? @ﬁ@h char ge
ul r - - 2y
subsEedaHt scidkor SR bujted, 85 fibRvohaoeions! Uil 4iBsd o the 1
nextshibregisterataliat40dranst shifh registaroutpabsigiatSR2861@. The high

. BOUpAsig T QRS
voitdlgB ki ianat & s Fo ShiP bl ot R S4B S £ @it
O D A Mol rehin register wuget
e .. A .
siang e h AMaT B Les oL PR EBELPOLE e homg et Braioho
voltalg,,@i {EVelr Q015 PEgidtBP Sutbhif SYERIs TRFRBD1SVARL R I oitigenal

i ne 1626 as second
levels.

The second logic circuit 1508 is similar to logic circuit 406 (shown in
Figure 9) and receives the high voltage level output signals S01-S013 as input
signals Al13-Al1. The second logic circuit 1508 provides the thirteen addresses
in reverse order from address thirteen to address one. In response to a high
voltage level signal SO1, which is received as input signal Al13, second logic
circuit 1508 provides address thirteen jow voltage leve!l address signals ~A3 and

~Ab5. Next, in response to a high voltage level signal SO2, which is received as
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5 eval uation signal EVAL2. Direction circuit 1608 is
electrically coupled to forward logic circuit 1604
through forward direction signal line 1630 and to
reverse logic circuit 1606 through reverse direction
signal line 1632. The forward direction signal |ine
1630 provides the. forward direction signal D RF from
direction circuit 1608 to "I0 forward logic circuit
1604. The reverse direction signal |ine 1632 provides

. _the reverse direction signal DIRR fromdirection

NPt $igualAl150wcopd fagiesisait 1Pierovides atdise8 Gweldé $6w voltage

[ ' b1k CUiat j trigcally.coupled to
lovél dcriq o s FABlant 8 by f6 B 0k i e incBidheh respnse
to adgyheottagellaveksignai f’.\%‘g& witichli808ceiley a§|ﬂ'iptu:t Qignalf/:\n,

’ t receives tinmng pulsés from
secBhil Rt QR TS0 Bro4003 spfizgs g owip e levslomidress
sigrdlecAniatal4AR2.coupl ed to third timng signal line 1622

to ecaaiv tim'ntg signal T3 as fourth pre-charge
Si &Iﬁ’ﬁ I§sigetan gieit toWhis siilante diraetiomciesug i dfiFigure 628,
if dit i 4 fi.m Si S
b ISRttt Ao T pdtsfor i BRI
co}nrg:,lqed'@ witheslipingsouisecipttiniig signat Bépdirdtion ciridit 1510 pioviies
j Iy A ; t i de imng signal 15 20to
alof) Wb 14 RT ety RiRK 4 higPolstade Bl ggenen
sig rla:REHRF tton shilﬂdh thmmdﬁdrcﬂrﬂcﬁpmdffdm @._uates&%gr_% th Bddress
.electrjcal.ly cou to third resjstor divide networ
thirtggt ﬁ%ﬁ&i@é LR zrebes 31005irghaisq coiacidenss withe
timihd puRelie ShfidsigAaIVIg] @i i i fd
imikg pURelie SiriigSighalTaldirsetdititout G330 et gﬁgpﬁye

Et<]:oupl ed to sIx timng sign l'ine oW des
levey AifpetipnssignaliDIRE ang a high yoltage levet diofiot signal IRR to shift

n el a3 s B ppd O, 5

provi a reduce mng sighal to
di Eachisbiit registari 15026086 W 4tihcludesea aliraetiorotrarsdigtovinot
C circuit

.JThe. forwar Qi 604.1i s
shofihe firgt spirf Gt c 40N e Shrleitisniiegisten cetls J400.
The itsatorl aReisionis stuatecEinaleibs withons iput 8 8lor 3it 90Yiilar

res peC |ve

S01- S013 as i nput signals All-Al 13, spectively.
to i) SeTieS(SOUREREIOT JRelion frapaisiors B and 534 e sbiskregisteriopl
. |~ _ . i
HIATURLBLAR e, ARG Sl 6t QB urin
betwesrethedraipegasires pathiof inpeb Gansister 4410 aodréferarmepld@6. tThe

_ ) . . ~1610 . '
cire it rarf b e the Al BHf b B b 40 PeRers LF Sfi Bpister
cellsi4fhbgeralesiSmiar to direstierctransistyrs X2 and 6¢4 & Sitit roglster
oo SR581E bR o AT LSS BRI eI
turns B thé efFeerdn trasistortbnabiel the sl BgRlterl R ANBo4RS be
forward and reverse Igﬁlc circuits 1604 5 and 1606

initigied Py ALV Ruipe dyeonte) eignal GEYNE eaincidentawth a tiging s
g R R
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 puise in control signal CSYNC coincident with a timing pulse
in timing signal T4 to provide address signals ~A1, ~A2, ... ~A7 in the forward
direction. The high voitage level direction signal DIRF enables first shift register
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and forward logic circuit 1604 provide the thirteen
addresses in a forward direction from address one to
address thirteen. The shift register 1602 and reverse
logic circuit 1606 provide the thirteen addresses in a
reverse direction 10 from address thirteen to address
one. The direction circuit 1608 provides direction
signals DIRF and DI RR t hat®enabl e either forward | ogi c
circuit 1604 for forward direction operation or
reverse logic circuit 1606 for reverse direction

1308 sdAhe dew Voltrge leneldirestiom aigealDIRKS disablesdecond ekifte s

m@@&”qgﬁ4pulses. Each tim ng 15 signal T1-T6 provides
one pulse in the series of six pulses and tim ng

Si gm‘ahl&snTeﬁ feﬁﬁg pf six pdl_ses,udll Bs_srrgrdl puleds b%ﬁfr&@ri]éhﬁﬁd@( NC is
al. T. | signal T6. = | e_shi
propf Eoinpibehuts e o Hifendining sionel TooTbe sonealinuise
coiriitdnt At hé fiini1cpBISs B ikl /sightP T2 iMiBatel it AR I3
ister cells 1400 are electrically coupled invseries
150b¥idiafiaraing tiermel nede 420 Brougieirel exaluation tansistar 44,
] . . _ el Lt 1
nplt B R a1 ot Pinshot (Bl SeoBdisift 400
register fl he4 isomotdnitiatedeisiitis dizmbledhl si gnal CSYNC as i nput
[ j des. out put _ Si | SO1. T t
nf PRt o1 r e P PIBNioRS eERlegtS LBt vt eyl aufpieionat
SO1 topfirst IspigrurcuiBh 506 thap peovidiasadutbd bns bgddlss Sdhaknda $0
on,Di\J(;]r ugg d including the | ast shift register cell
A2 401 hia . stkseeny RrrigsrofoRidsersplits the Gich vaegstae!
signapto tE Hexb4If RéqiSieRBetpl MhATORILCHS, lsikéifﬂé’dg§c 506
Sh 602 tr pul's

. Shift register I's initiated by a con e1n
receivas 9ash Mighyvelfagederet asdnui sianehB8OA-$0 13 andprovgdesithee i n

corrperthgadiifsee frohlnd FRR RS LI AR
signalsbs¥h ué\ﬁ,f .S eﬁVei\fhaf shiftregister 0|gtpmﬂ b'@iaal S|9h BfHas ﬂ:{é@hﬁﬁ@f ,
02 ifts t i n I vol t ev signal to
al sfdegfn Tt PEatd s 36 i oo ook agi e,
addredk Rignafd 9| ~/30 1 SPYre ShetoHigwlGtdyebvag! t age | evel
signal is shifted fromshift register output si gnal

50M KeYSIsRi qRErFting): 41 @ne srrigsAr st Biees dicgctignirsuit 4A10 up
e WGk ORI s BAOSMLC e g5y,
in tinsing signal Thitg Ipranide addresesighalsatAl, stfiZ t.. ~Agiirs therreventsput
e 031 8 AR | P S PIE RSBg o e
1502 afd rshbigh voltage level direction signal DIRR enables second shift
register 1504,

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 1408,
input transistor 1410 and the direction transistor (not shown). First shift register
1502 is not initiated as it is disabled.

Second shift register 1504 provides a single high voltage level output-
signal SO1 to second logic circuit 1508 that provides address thirteen address
signals ~A1, ~A2, ... ~A7. Each subsequent series of six pulses, shifts the high
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S5Figure 9). The forward logic circuit 1604 receives
the single high voltage | evel signal as an input

signal All-Al113 and provides the correspondi ng | ow

vol tage | evel address signals in address signals -Al,
-A2, ... -A7. In response to a high voltage | evel

i nput signal All, forward J,ogic circuit 1604 provides
address one address signals -Al and -A2 at | ow vol tage
| evels. In response to a high 10vol tage | evel input

i.c circuit 1604 provides address

vo]t?:igg T%&b?lgg@ t; t Stgexlétos%)ﬂ regirder audpat signal SQR-86Y8. I%c@lnd
Ioglﬁ@dc@:@‘l 508 ié@é%g lkadR ‘P'u A vvagg e‘]‘o[]{pgllf‘ F’%ﬁ?{ §§go‘$§¥ (? and

aggt si gnal 13 and 09' C
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| L t 1606
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respectively. The
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fore B Sioh e el i, B R PRGN e

shiftyggisteri 1|602ee fowaed loglcacltnugh 60d| a4 agerieiogic diatAc08Qhd
ad,,\g&,gﬁcfra{%,%%l ved as input signal All2, reverse logic
P

urt rovi des address twel ve address signal s
- ABhesHift-radister 1|6owwelebmnuy eolIsd torfoflvse IB@G l&rc&m 664!
and cIud’cpgqln t1§@% t h vol tage | evel
RaRe g% et BRSPS 108 Ger18dOmbgThe
shlﬁQ'EFQtértouW finds 810teS6 7SI rp?tﬁ\ﬁdé’?ﬁﬁ?‘@&%%? %ﬁlﬁjug g@nglsz 5

A2 at low volta Frection
SOtcpddite famesd fogicssirauit 4608 @sdnpé sigras A|1rAlj|3t retpactifely.

e Sk o SR d B 5ER inR sre
S01aS0i fito ge\qames logiacitcLiti16g6 sasgmajt s@halsiAﬁe%lH OfespEE:deN

ok S8R BER 8P LR Gl 54 lihe

providessdointro! $lgnalfG£‘fNC\wEBhﬂCHeg%€érl 1802, 15 aGHBeA HHE radfigtef O
160£ddress thirteen, rection CI rcuit 1608 receives a

BRErGs tining pulsgs iff@frdfé‘ﬂtngvﬁ'@?ﬁl%t fi{lf-ng pul se in timng
si Sﬁ‘lﬁ' rediSter 9t 602 ¢ el@%lﬁélyﬁo%lé'%%rﬁf t%i{'t@%%’%l Iu?%‘ﬁ %1]4

voltage 101 level dire
that pvidesdinaing signiabih! £o i re@smwaz sbififgt pre-chiargersiyreals e

dd
F’REGPn rﬂgﬁi‘é 'r f é?@%@%ﬁ&gﬁ#{& ﬁ% tP g[ﬁ?lres&%%ﬁdg@ nefwerk
1618 tlmdamgi'eﬁrsae\dalmatml shygndi fined 6$8 OIThs ifitdl aéfAstor BivRR nédWork

o1 S 5 LB P o TR i °

timindrsigrizi TRU Gifst PédistoP Hivideen<tivbBC 4 @) THAMS lsRitor! cﬁv:ﬂe

el ectrically coupl ed between the dral n-source pat
netwiogly 1 &16nravides iadirdusedvetagedavel de timing signabto smar@g]ster

1602 fh%ufg[heﬁ’réﬂ AR C@%ﬁ‘hné 48%8 é%ﬁ st EUSlugﬁérg pall

direction transi st (5§ e Vel
Shiftepgister 1682 ||s/eled1upalemmmladm thioa \tmmg signeldhedrﬁzwtn@t
provrdgg Qnﬁﬁ’g sﬁﬁgl' Mto srheft f’é)gris er ﬁj 6(55 &S gécl;o?'lrd psre %harge signal

PRE2. Shift register 1602 is electrically coupled to second resistor divide

S

network 1624 through second evaluation signal line 1626, The second resistor
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10Dl RF. The gate of the direction transistor in
reverse logic transistor 1606 is electricallycoupled
to the reverse direction line 1632 to receive the
reverse direction signal DIRR |In another enbodi nent,
each logic circuit 1604 and 1606 includes a direction
transistor situated in serées with | ogic evaluation
transi stors 440. In each I'0gic circuit 1604 and 1606,
t he drain- source path of the direction 15 transistor

r C | ed between each of the
d“"ﬁégeh’ Bl}:ﬁg éleﬁgl%g’fly cRifled ta/foutthdiming sigaaklinet 1628 thad
aoets't
o A S "“f‘?"e%‘?ﬁ%‘ﬁ resilr A HRA T2, Fnds8ond
resigfor Mg, Retain 624 Brovidestaradace voltagecleoel Tatiminktdignal 2o

S R LR, S RO Bl s ek g v astncl og) o

evamtlemaigmi EUALer ansistors 440 in forvvard I og| c circuit

| s -
%ﬁ?&%%%ﬁ%@@'& @?‘?06 )&GIP aﬁ%q) faryard l@am circuit 1A664
through éoiizp d&e&itﬁi sighdRbink 1680 aﬁafto Eé\PerQé fo g % it 1606,

nsi stor_to. disable forward gic cir

thropofievipe dijection signay lined6an Tbe @war@dmﬁamrmnai tine he
1639'ﬂr@\ﬂ&é@ﬁéfbﬁﬁ&ﬁ%r%E‘léﬁ‘SIF;ﬁé{ﬁﬁﬁﬁ-' fr&ﬂ'a‘frﬁg{ﬁrﬁgﬂquét 08 tt8°

enab trmn rdr-ge
forwasd ingie cigsril 1604 oThesnegensle d[nen‘eomglgnaWNeclﬁaszroﬂd@@ the

B T T
16061 Aliste direvtorseiraliitrG08i i@élecﬁdcb%\b?tﬁilécgﬂﬁcdr?w kignal line
(ns. o e direction

1613 hgiiraviges bl slneLChYNE iestion oot 865 dnltion,
direttith élﬁi\tﬁir‘l%@ifu' rBgkigestimfig 5ul§é§0f§om %ﬁf ﬁ‘%gi@ﬁéﬁr‘@ LT6.

operatlon in one series of six ection
Ci DUGPFOFRS'OB"V@Q& i§ G?CH l@&hﬂemle@m thirditimingstgnal line

162218 en@ﬁmg Vi gg a resgr@Cﬁérg%g%n%rbﬁﬁﬂfndttl m ng

signal 14 to
second emiuatmmﬂgmal [ih® 2686 te rdeive. thé ned llueghlonagé Jodiniay eI

st el B, e £ AR e, Greicn o 60818 o

eleoﬂicﬁﬂjﬂ lceﬂpléd\’(@f ﬁl@tih‘ﬁhy Qgﬁalﬂiﬁélﬂi?ﬂ@l@ﬁ prbﬂdé@ﬁmﬂ@‘élgnal T5
jes . of six pul s{; a control ‘ou se in control

to d%?famw'feé*m&oﬁ §s 3Nt prerehaige signal RIRRS. i eddition direstion
circltH 668 is%léétﬁ&é?ﬁ c%hgféﬁlto Tlﬁrd f&'@.f%t&%l&? heﬂ\}ﬂrﬁ%% 5 throygh

coincident wth the t
third; enaluationssignl fine 1638. sirbe tmmSnsrdrejnsdie hetwoelgnss@ ls 1602

e, i P YV B e

to thirdeesidibr elmdesn@mﬂsw% Thefthird. resistoR divide ﬁé‘t%ﬂ@ﬂ(i%“ se

ip cont nal YNC i.s al so. provi ded_coi nci dent
prov g5 reJuced voltage T6 timing mgngl to dirgct[on grcmt 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 signalrs. S01-8013 as
input signals Al1-Al13, respectively. Also, forward logic circuit 1604 is
electrically coupled to address lines 1642a-1642g to provide address signals
~A1, ~A2, ... ~A7, respectively. The reverse logic circuit 1606 is electrically
coupled to shift register output lines 1610a-1610m to receive shift register
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10 the timng pulse in timng signal 14 to continue
provi di ng address signals -Al, -A7 in the forward

di rection. In each subsequent series of sik

pul ses, a control pulse in control signal CSYNC is
provi ded coincident with the timng pulse in timng
signal 14 to continue pro %ﬂlng the address signals -
-Al, -A2, ... -A7 in the f8rward 15direction. Also, in

each subsequent series of six pulses, shift register
02 shifts the high voltage |evel signal fromone
°UtEH‘i Signalg §4Q1r6913lﬁ5puput§l@£s ABGIAI15B5PettivalyieARB X feverse

013 |
ooR L 1664 B SR Bl BRI08E p e
add;gqs S9nFs ad , pABy i. crels7 traspentivelpspondi ng address, from
s rte n |n addr ess si nals
20- A SR BGiE: 68 &g nepraiiandTedpise deoio s 1604
ands1a;ma¢rosmaomslt@@@mm @@aalgtd a@d}é{,é SISHQIFSJAeIr ~Qat DUtAT

t %‘a(ﬁlaﬁ 501-5013 are set-to | ow vo evel's” ahd al
op rt resseq as pigyiously despribeg. eTmashlftoegs@In1602

andMehiarego IS\éﬁbnﬁt 1604 progadleﬁhé‘ﬂ%‘ﬁéé?a& B34 B oS

series of SiXx sSes Irection cifFcul
direglipn frem ardress ome toaridress thirtpenl TEBYSHT cayister dem2 amg t h

revé;]l'a%l Irldgsés] &Scﬁ}éﬁnﬁi%épﬁjﬂpldg t%ﬁ#ﬂeerpa(%fe%%st iR @p,}ggé,'@gggrectlon

from pdéness cblmtf‘teéﬂn & adiresobb@gThé Gir@iitgi(ﬂsifﬁ;@lglﬁﬁsiir&ﬂﬁé DI RF
. .Sa ircuit and the

airefiit S8l SR Hic Qi fiet ehghlaieBerRnanabpais arevisn 604 for

forwaed dire €tidncapdratidiPér reb@rsbh@g i@ %??EUIF %&%?%vﬁ%%d PAURES.

a control pulse in control™ signa rovi ded
OPEERiOAci dent with the timng pul'se in timng si gnal T2.
Th R [se in
{1 g oo T8 PR belths 81 s Pulbk: FaoB tmive
signahT 14T 6rrgvides ong @mlsepn tive sierieseofsbn puisebiapi tneihg sigdals

TR s PR o it vhid L0k Resihal 26, i 1

16urﬁe BhﬁM‘Bd%ﬁer&@@E&ﬁ@udéﬁ thirRein shifefefsteséRauBh 28lshi
ontrol pulse in control signa

feg'ﬁgﬁ(R@‘ "%%Aﬁ'w i remister Gl I400careialgatiicabi icoupled
in sérielfg Wigh Afzﬁegjlﬂﬂ)ut-ﬁﬁetﬂsg(ﬁ%hglé?eo?r" iy Sbﬂﬁleaqg'ﬂ‘?eslfiﬁﬁf Ig'l?-:ﬁl S

Al -A7 in the breverse direct
141% Qbﬁ@cﬂ@mn-bm slf register zelp 14 @@ sThafitsb shiftobgister sell 11400

I L.nci.dent wi th the
R e AL Y N ST Ao b h L
outpatl dgeabS@rl gihkenexthift rédister cell 1400 iotelvee Ui sifMal SO1

ﬁect Pg éi ?‘R SUbiﬁgﬁfnt series of six
as it SEbar i PRuieS Ll sl AR A seomitateuioh and
including the iast shift register cell 1400 that receives the previous output signal
S012 as input signal Sl and provides output signals SO13.

Shift register 1602 is initiated by a control pulse in control signal CSYNC
coincident with a timing pulse in timing signal T2. In response, a single high
voltage level signal is provided at SO1. During each subsequent series of six
timing pulses, shift register 1602 shifts the single high voltage level signal to the
next shift register cell 1400 and shift register output signal SO1-S013. The
single high voltage level signal is shifted from shift register output signal SO1 fo
shift register output signal SO2 and so on, up to and including shift register
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10 voltage |l evel signal fromone shift register output
signal 801-8013 to the next shift register output
signal 801-S013. Reverse logic circuit 1606 receives
each high voltage | evel output signal 801-8013 and
provi des the correspondi ng address from address
thirteen to address one ig address signals -A, -A2,
... -A7. After shift regi %y out put signal 801 has
been high, all shift register 15 output signals
S01-3S013 are set to low voltage levels and all address
oututignal SON3. Affer shift regisier eutputssignal SO has/bédragst to a

hiah 94 | ; di agr i strating an

o SR orel 2l e PG DUbuf s RLAE IP S M ermn P tome

voitagedevelthe printhead die 1700 includes six fire groups
three ink fluid feed

ol BLA S RRRRE 1R Yl G este omiassshamoan and

Fi . Thi i [
o, Teronaosas, 8o LGS ol 8

i nk
sigrgl Ep S8R AhkAl Beandsprsvides diee anmiespaneingr lowpsitage

f i | ' f.eed sl ot 1708.
i i Ry
highp¥eltagedeval inpuih signabhHe foreadt legictuiicak 1604 preligss 4ddéss

8 Al |,u |l ength tha xt ends al ong the
one Aoy op' B WEhelouRlede lel. Shiseanmnse 103 hion
voltagmmewapmtsimh\l@,ffirth@gibralifcmiewb@Eﬂivmelﬂéaﬂifes%?% and

to

1708.suppl-i es ifferent color in drop generators
addae@siﬁagrﬁ%@ @535%\%@9»3.\@&@@ levels, and 5o entbieughrand i nk -
incliciRglaslig vdiEe ISHRMPUeS; et Blc o
e sl_@?all%vsu_pplli esmn%lggl_rgpgi )ég}goér?gﬁl n da{%c iCIrq{:}lﬁ* i@?d&j
proviqling addressdbifgen agdieps signalsorAd and kAS|at low heltage ievels.

i ' S). 4. 3 d, 1708
 can ErBRRLe o e Ao PR 4R il ebb S n
Figuié ©} end necaivsisdhe highliitage level olifpet Sighals@OSD13 as input

sionbR R R el B R B0 Bl ol e
thirteere hudressqy in-reterse ofddrifidn adgrisk thikedh fd aaaraasBnef 1 he
-1702f. Each of the pre-char geg

fire rgﬁ_’s ]|702? : n or t [ . .
respors? {72 B 0168 leve! slgaat SOM; Waich b (sebredoes input signal
AMEreGdrsd ffid Yir&MUR rbfged sda’i%g g‘:@@%?&&%‘%@s %@@g;ss Ria

Ilneﬁégule,lnicate at 1 , I nc
and pAS-aftiew yeliage levely. dNext,dn texpoabe to aihighl Yoltageupled dignal

SO g s M Bird R EL i
addrelse twelve adbress signatsi~AR adatﬁdla;m %ﬁgﬁ Il?gglg, and€o on

3,._indi d . - , es,
up “8 Aad ?ﬂ?ﬁf"d’éﬂ'ﬁ‘f ﬂeES%%ﬁfhlé’?ﬂ%ﬂg@I lgve! SQH, whidhhisgrerivedas
inputlgiyAal Alnere2efie lo@@tc@rcﬁ@‘i 608 ﬁﬂf\ﬁ&é@ %eé%é#cgﬂigéignals

1716a- 1716f, includes pre-charged firing ce

~Al@ndcAd edpwyvoliaeplavglsi o data |ine 208d. Data line

ot Eh i cotion'titoif 1868 & sitfigby afoEhdh i A0E G 105
If dirgetien ¢irquit 1B08aecebatsa lconteolgrutagpin@dntrohsiges G MC

iRy AT Aol e 8
a lovgvoitayelével dhf@!cﬂ@ﬁ s'@nallt ?lmi%@ al-rﬂdz?%ltagiblflé\l@ @ﬁéf:tiodn t
_pre-charged firing cells 120 electrically coupled to
Sign IR 15, St g o Heetion, Remaadsiipsomne foiiresed ot
e A St

timingrpadshisr tifaing signah §6 cdiraction 2cuih 1678 provided adow vbitege i s
el ectrically coupled to only one data |ine 208a-208h.
Each data |ine 208a-208h is electrically coupled to
all of 20 the gates of the data transistors 136 in the
pre-charged firing cells 120 of the correspondi ng data
i ne group D1-D8.
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Fire group one (FGL) 1702a is di sposed al ong one hal f
of the length of ink feed slot 1704. The ink feed sl ot
1704 incl udes opposing sides 1704a and 1704b t hat
extend along the y-direction of printhead die 1700.
The pre-charged 25 firing cells 120 in printhead die
1700 include firing resiséﬁrs 52 that are part of drop
generators 60. The drop gefnierators 60 in FGL 1702a are
di sposed al ong each of the opposing sides 1704a and
1704b of ink feed slot 1704. The drop generators 60 in
‘evﬁéﬁeqtmwgmlélﬁmrm & highyvoltege dirdction sitwealiDIRRf teashifsinot

f d sl 1704.
o e S BEH  BMS HEE Blybeet oL 1100
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are di sposed along t he oppos ng Si

trangnﬁqur&elpgg@ay eRuPlethhetwees the daigsnurcetpatis oBlOglcn dat a
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Themra‘temﬁté@dilmcbonvansnammn fokwdrelddgis Icvbuif 7684 isaskecteeslly 5
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feed sl t 1704 and_ ink feed slot 1706. I n one

clecliplyFAtRIES i BIeuRRE etian B 1654la opvAe s DL,
dire®ibn dgna1BIRRY |atan3>ﬁib%mbbairﬁént 4 é@@g%’@i 5&&%%94%@ 1606

di sposed along the | ength of ohe si
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g ; ; tel712a, 6a....1¢£20a .and.
44091486 10gic ittt 380% B 1808, b S Bs bl Bot of it
translatoriseddctﬁbaﬂy dolpled Béteredn eacly efitheadrainssdificé pattisict logic

1 are p03|te drop generators 60
evaﬂnﬂhﬁ%P? {Q) Jﬁge@T 3¢?§a The drop generators 60

i nlmka’(eaerhbﬁﬁlrrwm Uaph@ﬁ vatta%ie?ﬂa@a[ difeRtion BRMial BIRKF Qns on

enerators dat a roup D4 at 1716a. The

the lfagoq YABRISIAR & IS0 KHOBBHCHI B %F%a@al{bsﬂaﬁ timingenylse
t.m.@agﬁanﬁs @r&ﬁr@@m@rﬁ\@i@tﬁa s (gh d@4’r4 Rehigh Aths gﬁb@ﬁm

ro generators ata '|'l ne grou
evalqam‘atrmsest@@p%& indoiavarg Iwelr@,trto‘r@mr provitingadidness

s, DA 47 o RO A b a0 o

SIQnéIdE!IrRFSiunts aff te difiention trapsigiones aisable f6Avard I6dd ctdfiPts04. -

d I d 1704a 1704b _of
A igh Follag2liou SuSearns BRA BRI iasion e Jmten tegemtae 1 cod
revefdedibgit Ciduit 608 €CbNALIE e firhig puMe fn%ﬁﬁigg lS@Bgﬂ-?@‘ﬂb ch%ge

generators 60 in data |ine groups
logic gugluatioacignal lie 444, Vstmglaalrn&wmmtaﬁmaimam'dtrawﬁors 440

n o SBIS08 SO0 By Ryl Mo ol AP 2L 191,

the raeelaadilreetlon ndlilova veltaget letat e ctidr SidnallFIRRI tuans| off Tiastd,

A the.o 04b of nk f eed
direio PSR R gl BP R 1BP R %o PRI P et s
circu@60B3, D5 and D7 at 1710d, 1714d, 1718d and 1722d are

dlsgosed bet ween one side 1700a of printhead die 1700
anlfl TPyard Oparaliop: ineneserigs @f awlsg‘@nem@t&n@r@wt 1A08at a
receivbQ% cttidl YRS [r%’onh%‘ffs;gﬁﬁl @Q‘?"N@Bccﬁﬁcﬂgﬂt%ﬂt dae} it pulse

and 1724d_are di Sposed al ong an insi

in tm@lngﬁm@lal &4 tppravidecaddressesigrals ~¥dt wddn..i A7 indbed fenm:rd
1704 and ink feed slot 1706. In one enbodi nent, drop
generators 60 in data 106 |ine groups 01, D3, 05 and
D7 at 1710d, 1714d, 1718d and 1722d are di sposed al ong
the Il ength of one side 1704a of ink feed slot 1704 and
drop generators 60 for data |ine groups D2, 04, 06 and
08 at 1712d, 1716d, 1720d and 1724d are di sposed al ong

2 . . DL A 7\ AL . r - 1. €r - - 1 a4 A "7\ A —
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5 generators 60 in data line group 01 at 1710d are
opposite drop generators 60 in data |line group D2 at
1712d. The drop generators 60 in data |line group 03 at
1714d are opposite drop generators 60 in data line
group D4 at 1716d. The drop generators 60 in data line
group D5 at 1718d are oppggéte drop generators” 60 in
data |ine group D6 at 1720d; and drop generators 60 in
data line group D7 10 at 1722d are opposite drop
girdgner gt ors 60 in data |ine group 08 at 1724d.
re5tieg. 3¢ Jpah yeltagedeyel direotion signaldpiBseehalesioreme (Bgi:!
circok 706, feed sl ot
o 00 Wl okale Kaaysil OCE ek Lo
log@xm@h@1§06ng the y- dlrectlon of printhead die 1700.

Th 6 1702b di d al
cadh B ReRSATEE T pllhcice co8va e RanIPDEBRaICSYNG &
proffided colnaideht Ath tAd BmiHgORl S MeTrAhg rs'fgfr@a@TQn Tﬁg%f};grg?@gse

qu dthca,ll coupled to the ink Teed slo
couilc*é With the tlml vlsg in trmingssignal F2opitiates shift mgmjer 1602.
TheDshiR iRl
O oGP 1002 bt Sl oS Ao By s SO 1o
forwgrd fegie girenib P othet Bﬁw@e$mheasfonemdcfremls:§ﬁalsl~¢t1 ~A2,

d ta |
- BB B0l Hf HEBRE el G 580 i dl SoRCigm with
the ﬂm‘@zg;f pulaedn tirmoslmgmal ?ﬁdn g:ohtimeapmmtmwa@dgggs Q,.Z,QQ? 1
e ro enerators i n dat a
mJ‘Zﬁ"g ‘DM rd[5§ echN.and IC[))7gat 1710b, 1714b, 1718b
dn ¢4k
LR RTes of She¥fledt) ol BPIrB oGRS Y Endof SiRET

CSBI@Q& RfQyidedsepingident mthy thadimjng pplse e fiming s:@@alé’rﬂdtoOS at

b he di al on
conﬁri%zﬁmv%anne a’I(:Let mee%'%%%ﬁée SI otlﬁl)glgﬁggwai" k f eed
direglien. AlB0o6in eachsubseqrisn sered of ix pplsg@,@ﬂf&teyﬁeﬁﬂsom

snr3hg PG % ShmalBom 30 il v o e
SO13 tbethe Hebsluft régiktef oaputsighallSO6-STMB. OF 6HkBE MRAIAEIRISR
0 3Q for 4, 06 and 08 at 1712b,

1 60? 7eEHves t@ﬁ l&é"%?‘g{ﬂoggér‘%z%?f@ 3Aherovidesdhposi ng
corréb[ﬁiﬁh d@ﬁ@d rebs,ifidm faﬁ&n%sé 'oﬂb t& EQQ esSIGitdER &?d}géﬁggﬁﬁls

ata |ine group are opposil
~A1g éﬁ@r atthé Bfies s:hn‘t mg;rstaaotatput mgn@r&‘d:azm B2s heerl Righball Shig
D3
rogie Bl S ARG SO RS B8 Bld R HHHR v Chnd AT BderdeS
signalg1-edl, ~Alk ..dr-AP ayeaertatmglsv@thgenevtaia line group D5 at

o B RSB - SRS e s kit o
receg.rsstmc@ﬁrcﬁ patsexﬁraamra AP BSYNG coiheieAERRN attmpﬁ ggls'en
roup D8 at 1724b. Fire rouP %

in t"{‘lﬂ&ﬁl a?%@%‘?up@\e@%ﬁ@%f@as 8iobals vk ~d2ner ~AAlin thefreverse
dlreétﬁihg t'l"hé’!@m‘ \fHﬂaﬁé %e?ﬂi?éct%ﬁ%@g nal BERE Hfé%b%%%ﬁ@érﬁ ﬁ%g 0

2e are di sposed along opposi ng si
mrcmahtﬁ%@gbﬂ‘@fhlmmmltmdemloillrea;ﬁmﬁs:gnal DIRR ehatdéd everse
IOQICTC lt ds° ink feed slot 1706 to receive ink fromink
ot 1706. Drop generators 60 in 10 data line
gr tnupe ria&t sébﬁe,s disiansd a cdmlrbcmlg@i .ractoritu%lgignall@é\ﬂfﬂc is

1718 di | de 1706b
provid Gukioet i ino Grincibbe s sl 4 2o MereambiokphbRc

com?ggggﬁglﬁelt%lzg %gfr%gﬁ t|Pﬁng bgﬁhgﬁo ﬁgiaﬁ‘és éli %E 1?%5*2%6

The shifigggister; 1902 mse\ides @tsr Bigh Vallags epelqanputsignad SEDI ton
data |ine groups D1, D3, D5 and -07
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15 at 1710e, 1714e, 1718e and 1722e are di sposed al ong
an inside channel between ink feed slot 1706 and ink
feed slot 1708, and drop generators 60 in data |line
groups D2, 04, D6 and D8 at 1712e, 1716e, 1720e and
1724e are di sposed al ong an inside channel of
printhead die 1700 betmeeqoénk feed slot 1704 and i nk
feed slot 1706. In one enbddi ment, drop generators 60
in data 20 line groups D1, D3, D5 and D7 at 1710e,
1714e,. 1718e_and 1722e are di sposed along the |ength
re"%'fsej%ic §I'f£=':1lé'{a 13@%68 Bput sinalRld 3s Toe I‘QV@Se dogic direyit 1606

8BS D6 and
Pear S Ses (AReLR RS sl AT o aAL AT NG
pulsgia Qpﬁﬁr@kﬁlaga@a‘éNmaewmed odindident mtmnheltmﬁg fm@ in
| ine ro D1 at 1710e
i SR S8R NS kP et b2 Ll ek
mv@Beahemmﬁﬁe The drop generators 60 |n data |ine group
@ %g ar e P@gpSlte dro generators 60 in data
ok CBFT SHPTSAMUSHT SerEs of SitRulses 3 coaiief pulse in emntioh sigaah
CSYNGds gravided ¥oindid rs 60
o e dyRgBaiskin il SGRIRHE < 6o

coninﬁu% Rfcyiding,ad¢fess piangisatAty T@Qe .arB7 arpﬂm'emrsérdlrpcnon

188 Bl gty s ol YR s 1 i R g

volt@gﬁglelvek@gmldfonn oke fshnﬁdegistﬁr olﬁmﬂ signak SOAe803B @6 thbﬁ%%d

1708a d 1708b, t hat extend
shift 8l AR ST R83p et Rrsiaic Areai 1685 reeivetirassh
mgmmtagenweabofmt 8QneNSOEBATHERd AFSidlisSEBHe %&%@ao h
t.he o 05|3$55|des 1708a and 1708b of ink Tee | ot

addfBesffor Ag 8P Inadiressone in audesy siapalra, ~A2, .
~ATE | AfteHishit ﬂeéls‘fé]*ﬂutﬁﬂs‘i ) 1‘%%&%@@&;“ Mﬁ?er%ra ors

receive in fron1|nk s| ot

outpslh sighalga$Q 113G gmqiséo IDw vaitgeevein dnda)l addnhssaigmlsat
~A11ZAQ are di sposed al ong one
Al é 17%%716%7 se"t?éﬁ@gggﬁaé%t?&%% and drop generators
?gilgmrej 2t Ef a |dmigrgno|ms$raﬁﬁ% aDéxaE@Ieiiagblﬁl&;f dg@#rﬁ@smﬁﬁi
I sposed al ong the
of a bfpfen e 100 Fheprioierd i el bXises shoio raurn b 2e-
170RRdlSpcear sloiPthrde MifRid feld seuRIERShdR RbicttBa ?&foaél{itsm
710c 17140 1718c and 1722c are sposea al ong an

1703::1%7 nchiffe| Firegraues 170Ra aeéd?@%arqdeaosawalong:rﬂeed
oot 4o Aoty 0n05R117004 3020 At il

1706 apg disedrovps IF6Rc and 1§szearem@seﬁ aﬂnngmhmiﬂ slotet T.DHJO
e e 307, g P IS B e

eachaink ¥2ad slot 1704ici, 70$7a1ﬂCI mdndlﬁaé’§a iPérfgﬂQ tifR @RRMdS aRIM the
1708a of _ink feed slot 1708 "and

V-d"tsgfg%{ §'§F é’&'aﬁ%# ded0 Po n gag gmbodimeyitospeh eithe ink feed slatel
170481786 aha1208 skpbfiss aaﬁ%@@n@wﬂg gogd.gp S{eﬂ%%gé%glfﬁé‘g

t'he o 03|n si de 08b of i nk
grougs dg0 eﬁé’ﬂ dndhisembodiment, inkfeed stot j 704 sapplies vedowr e

cooBRAGE Il BoFAE 3ice ok o] AP B0 o

170&sugplied cyan e(ilgmd)mkt ¢n dihep egbodinadris thé gkg« feed gtoas H}?M
t t
7o B oah shdd8emy Ibat ST B 2 s oot v

colo@ata 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.
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25 Fire group six (FG) 1702f is disposed along the
other half of the length of ink feed slot 1708. The
drop generators 60 in FG6 1702f are di sposed al ong
opposi ng sides 1708a and 1708b of ink feed slot 1708
and fluidically coupled to ink feed slot 1708 to
receive ink fromink feed1§%§t 1708. Drop generators
60 in data |line groups D1 D5 and D7, indicated at
1710f, 1714f, 1718f and 1722f, 30 are di sposed al ong
one._si de 1708a nk feed slot 1708 and drop

genEPalG arodes i _20%19&{' &02fiane diyidadbistcnsightipta Dhe gmhpi§$

i t 1724f
tndlcﬁtbdéite[gﬂglm onéa?othﬁiat%gg%gl n&lﬂ ?{is @&ggﬁs gre- FWQF@@H"Q
cellg| 190 florpgactTiektherfve orowns bmﬂaF‘EtOﬁfSEéeh oNth@adra-dniaRfed

714f 1718f  and
i G815 g1t e ikt 51D i Elecrioal Grwiled feone nta e
2052e20BIs | laatajl?gfagram%i D|t1mn|dicawﬂ af 13110&713;81 of aﬁei Dgés"ﬂrg gharged
I.N at a I ne [ ou
SR 300 edtodil sab R0 Satminecmtban taiodibe doumaen. onc
indiéeedtat 17908 17%12D ridhideste PhardbURhidndt 5o Redisho

Z . I n one enbodlnent gene or s
coupigetosiada fire 238 D@atajmeeamup)mammmad at 1714417 147 1 8

lncl%%ssﬁ%z%{arﬂi@ l%&@&ﬁeﬁﬂggﬁgﬁ@ B?cafgl&{&t%f ga@gepgta

lineqzoup Ddn mdg:at&cioat 1 6abt 1 Gbﬁgcalmliied?ﬁreaéhalgé@f nnglc?élﬁ.f'IZO
n n
Bl AP i B S BT, PR i

1718 indbdes pma;r@rgadoﬁrﬁ;b @énshwmecﬂr@aw%iaéleﬁq? %?eﬁléne i op

60 ta l
-2°3§ Eiart%ﬁ'gé 3"6{5’ '15% 'B&'Pgteld:EI%? 68'3 2083 ingludeppre-chaeged firing

cell® nzo%uécmcﬁw BoGsI8s "t@Herashn@%(gj‘P 5@5@1 e @Bugrﬁﬂ Fi’ndaﬁ“aégé at

drop generators

Hce
1722#‘]151225ﬂ@fWBt®wrgWIaﬂ@ﬂ$IMrJ¢ﬂymﬁaualekiltﬂ @ata

ine Z084Patd o 1hé b p, DB ndi Bl ERR {7248 Tnlosser o0
chaigeddiing dellad 29 rednqh:@y abupléd4é data line 209h0 IEABNEF1tRE ?F&

de 1700
chafgpcrigaia 120 1B ra Hie (A0S Siord ey GpuPied taoniyorea
e Snd_ by aren ddirime Thba 00l e iieuRoy Loded Mallof,

the Geipact e datat@Eaisers (38 TDHEpTe-chames fing eiled20 i the of

Ie [ n data |line groups D2 at 1712c
corgSpad) iggaﬂ@eg&%%%%d 1716f, D6 at 1720c and
17Bve geonp @B GG 1)7U7ARaas dish@eet alofi ase Hadfwf tistalength ofes

ink 16083101 42815, TRO iR st 1908 ud 8 ot Piirss | AiFGeandhs
17ommemehd alcmg fheg-ditdctigh @lﬁpnﬁlmtead i R0 OB é:%S&har

i 1& ta | i.nes 208b, 208d, 208f and 208h are
ving G8IR 1R B RE oA Ai6 208 Maisle Rsireaitors B2 toatrup pariad
droplgé}@i’at@fs 60 The Gﬁggogér?erét%%)ﬁo #PFCR p%@g éfr? d[s%HQ%dwgloﬂbl

ght data |lines
eachyehiseappesingGidest 1da angk! T0dbdf inlofesd B4 784d Thé@ﬁomr e

oot BT LER B et W s HE P e

leceM%ﬁﬂhﬁOEWMGbM(ﬁ%ﬂ&ﬂﬁdﬁ@4l720e, and D8 at 1724a, 1724b,
1724d and 1724 dro r s 60 _between ink
{ B GherbB R0 inf o0 9p8 LB TN 3 55 e Df Indiratast At
1710137 1Gh4a 17713., ant/ 0@ 28k didd&ed aldddond 3idat17b4d
% é714e and 1714f . D5é%{ ﬂ% 1718¢. 171021"“3?’
slot and drap ggnesatons7sin data fine groms@z 4 DEramd D8Thus,
four data |lines 208b, 208d, 208f and 208h are routed
between ink feed slots 1704 and 1706 and four data
i nes 208a, 208c, 208e and 208g are routed between ink
feed slots 1706 and
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5 1708, as opposed to routing all eight data |ines
208a- 208h between the ink feed slots 1704 and 1706,
and ink feed slots 1706 and 1708. The size of
printhead die 1700 is reduced by routing foul' data
lines instead of eight data |ines 208a- 208h. In one
enbodi nent, printhead die1 00 i ncludes 600 drop
generators 60. 10 Each of e six fire groups

1702a- 1702f includes 100 drop generators 60. Six data

S in each of the fire groups 1702a-1702f
'"dicﬁgﬂdu%é %adﬁﬂ&agéﬁ%%aad 4786a,zavd disposed atong tﬁab@rbsmg

170 2t d
SIAQAPUMS of McEET SRt 175 The Brchl G BEam ol i BrauRend
D1,0p& DFe0d Qnati tTdDadt7 Biay 13uB4 ahtid gaga‘aﬁé di@{ao&rog@etween
I enerators
ond 08 98l o i Bttt Rl o A i
geqmatotdmm dite A9 QPR DA T84 1StPa R DEHL 7aBh 1 PHIDSH 0

| i ne groups and drop géenerator
and ﬁi efqp %Pé’sga GiRNSATHINAedouing:Clipnoebof inthdest dlet1|‘76§)0
beteemirikTaed diof 170 ah@flicidea 319765 A o SRR PPng

uid feed sources Figure is a
gengfﬁ;pﬁ,e@o ingjada line graupe D &% |05 aragy DUtat 7104, 1Mea, 171Ba

700.. T t head di
anc 18 Sl Bl 00 B F Woc S
1705193@ dmpfglg;enaitoré ?@cfosdmadm? gréugss D2 B4 fl ig% gné '{:%éztf%%
na t I re groups a-
171840 A el 2B ielihosed Aigna thEloppaIng Gilkzbab of nk
feedjibe 20Ar $h ﬂgﬁgeﬁé‘ﬂa ROSwiredst f
eeclgl Ees 1?366;1?8 anorélSOSa 186!“!%9?(%?%)23‘: generator

OPPRgRArOPIEEERPFS, qmciatezen%gtml ab1&then. Bl diopes

sordfilys APATan A 70 208 46 RopbEillenspgs o0
dataning grosplDhatst TII&BJMGQ generatbre A0rin cialté inecgropheIb AP

17184 315 8PS0 ch b b3ferefira B0 i3 aletine fodh TRGR A 2Beenc deop
genen‘a@m’sﬁﬂqaldata ﬁmuglbed Doator@22ahne @?goéltd drd g“e%lal'a‘-’to%% in
|nrowsltt$)E s in fire groups 1702d 170 The 30

data G Joup 86a- 18069 and 1808a- 1808g ar e
el ppé @r&ﬂi fovir Fsdp) £b2kqs Hfs%b?é@g%ﬁg tltl% ngf%? hGf bk ejiaggth

in row su grou as previous or address
of inkifped sipHd 4 ‘BOEEE drapsgensratoe @0 in BG4 1702d arg Hispasktt aloag

onn B854 703318 75, AL 70 RS
ink fAed stadii ﬁfg#jpl renglvteablk Eromg‘gl@tﬂeamﬂbts'l 04, aﬁ;@p@eﬁgrators 60 in
{ t
ot B B0 30 P o8 25T 0 B
17228Che dw’p@sé@@@ﬁg%ﬂl@ml(’k FPOULESNR FEEPISt 1704 aerAt:'f’rOB2 ;

-A7 and - Si . -B7 to fire gro 1702a-17
gengrRIQH &R "aaaiaelg@ 9rouessD2gBdaDE snd f’aruaup sBedat 1@11@1;

171017208 oAk Oire LR URG] B8 LAY RS

feedl Si¢ie‘|s70}}8 Odhe-drep @gneraders &sin glateelingt gnouf8 C0Ih DSy D|5I argkD7

at 174451, 3734808 3o 22 s Bpppsst b preliad Pitior

pnntaddd dies 1 200gvad mkfé&d slofA?704, andAlfoensraris 66Gh Bita line
aroud S L%, B P85t Y9POF 17164, 1720d and 1724d are disposed

along an inside routing channel of printhead die 1700 between ink feed slot

1704 and ink feed slot 1706. In one embodiment, drop generators 60 in data
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to fire groups 1702a-1702c as the select signals SELI,
SEL2 and SEL3 are provided on select |ines 212a-212c.
The address signals -Bl, -82 ... -B7 are supplied by
address generator 1800b to fire groups 1702d-1702f as
the select 15 signals SEL4, SEL5 and SEL6 are provided
on select |ines 212d-212f, én one cycle through fire
groups 1702a- 1702f, addr ed¥ generator 1800a supplies
address signals -Al, -A2 ... -A7 to half the fire

i grouBs 1702a-1702c_and address %enerator 1800b

iNeQIBHPS Bd. RddPesnddgabl 510d317 14&217.18d ani7i 12x2dtare dipaeed

. _ ) |
alofig e Bhatht eSSt PUREor (R I Trod Sbiep asperasoroiso
for data lwrgmmeZeggg 06 pgd\DBJIat 17hled8 gwslcgcd)]gzegsangmm;d are

: & a- a a- urin one
disSeREdd R bebEng Yo b ek fopsboset /A checdion
geneyatbrs 60incdagh lihé geoup DVRS 11 TRParelikite WS éﬁg’% g in

nerators, 1 nd 1800b change address 'sTgn
datel i@e group. E‘g%g&ﬁglﬂ"& grop generatgrs §bindaia dins graup. D@t

17136GHE Bpbasitd Arop HERBFAGR ddigyré?a e GRABTIE S ?ﬁ%ﬁ;ﬂﬁﬁgn

row subgr oups. ] The address ¢ .
drop ggneraiere 80de datedinergropp &8 atel 7d8drare ioppoditepdroptgearhtors

di ( 00a i ted jn th
60 il SRt arcf 5 301 BRI bRl Blprl delolots 50 F3685 4G sronD7
at 1§22§d azoppsitealrop gésdators 6ngdatlz:\t;[g18i g‘rohg @%Bﬂg@ﬁgb H
ounde r e i.e sides a an . e
0 ol Bhoni B R A1 E 0o iS aRpESR ke re e et lnsath ok
ink feedd|ct! G061 THS gk fecalr it ' '
|1n7 05{? int head di e s"imge dg%%;ﬁ%ﬂ?%ﬁ%@ﬂ%ﬂ#’gggs g?géél%'%g

dexrndalangithe wiiectonodprintheagdtie 1700, Thedrass
e D nd, oa il e SAEE obBbaihd e
1706 @nd 717960 D inkSfaed slot 170 eTha 8omngditdsmprabe i BGRekr02b

are FBRAPHG AR Yq el e 1hoB taufiave i o hcmdd gl
1708iring cells 120 in fire groups 1702a-1702c. 5 The

55 g B R o 00 B0

17 10 erPab0n7 Pob &8 YA o 8ishessd Bloﬂg odnBSidd $7dHD &3@&‘ feed
[ s 120. a

to the pre-charged firing ce The seven ress
slot 17 @ sAancedior-gegeriosrad inslata insaronpe i3, iNd, DSeandsD8}

i 51812 b Ao 2 AR RS R AR
sidept706au ink féied skitdZ08.7 O'ﬂlg.d rom genbi‘étdrf@ 80 Oilmlldtraelms droogs |
08a- 18 ' ts 1704
01, 3085 b Ll A2l e Bl ¥Bia Marbra diwaosa alongein
insideogiarmel bétheen 1R0Rad LRAST08 pdiAkTRd siorast Agd atdier
hal f of e length of ink feed slots 1704, 1706 and

gengiatags 89 1B 08t IMAGIPHRS DaLBReDBIand B at EA Aty 441611 7agb
and 42245 ale’BishBsdd £18ng5RWRSde éRtiel batvedfink feed slot 1704
and ink feed slot 1706. In one embodiment, drop generators 80 in data line
groups D1, D3, D5 and D7 at 1710b, 1714b, 1718b and 1722b are disposed
along the length of one side 1706b of ink feed slot 1706 and drop generators 60
for data line groups D2, D4, D6 and D8 at 1712b, 1716b, 1720b and 1724b are
disposed aiong the opposing side 1706a of ink feed slot 1706. The drop

generators 60 in data line group D1 at 1710b are opposite drop generators 60 in
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Data |ines 208a, 208c, 208e and 208g are routed

bet ween printhead die side 1700a and ink feed sl ot
1704 and between ink feed slots 1706 and 1708. Each of
the data |lines 208a, 208c, 208e and 208g that are
routed between printhead die side 1700a and i nk feed
slot 1704 is electrically &pupled to pre- 20 charged
firing cells 120 in two flre groups 1702a and 1702d.
Each of the data |ines 208a, 208c, 208e and 208g t hat

d ar.e routjg btei n ink feed slots 1706 and 1708 is

at%[lré%g 28tl6 1?3] ethe droprgeneratpischd ndatal@negrdtm D2at
7

17145 dr®'dbpbsituBh ABrald dd in WM e AR HAREIAEY [The, o

Il ne 8a i's el ectrical cou
drop Qﬁﬂﬂgtfb'& Ispsln @a@ ine graup D5 atel 7g8bupe aﬂapeéltelﬂrbﬁ dePerators
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208f and 208h are not routed the entire length of ink
feed slots 1704, 1706 and 1708. Instead, each of the
data |ines 208b, 208d, 208f and 208h is routed to its
respective data line group froma bond pad | ocated
along the side of printhead die 1700 nearest the data
line group in fire groups , gOZa 1702f. Data |ine 208b
30 and 208d are electrical y coupled to a bond pad
along side 1700c of printhead die 1700, and data |ines
re electrically coupled to a bond pad
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115 the entire length of an ink feed slot 1704, 1706

and 1708. Each of the fire |ines 214a-214f are

di sposed on both sides of an ink feed slot 1704, 1706

or 1708 and electrically coupled at one end of the ink

feed slot 1704, 1706 or 1708 to forma substantially

U-shaped fire line 214a- 2%@% The substantially

U-shaped 5fire |ines 214a-214f are effectively half

the length of a fire line that extends the entire

| en %th of an ink feed slot 1704, 1706 and 1708. The
drop gsieraiRis i isiataling gmues §1, 8, DG arehDY at 1710f, 1714f,

ST L AR b ol RS e

1708rand isk fegrhs!at H70& mad sirore geferators BB i et lﬁ'JeQ;fro& #dHR, D4,
06 A Bek P 720t ] TS oRinRen bebieenigmersiie |
1708bles einthicatiidie t76thane thk3BEY &Iot 4708" 7MW Binbodiment, drop
generators 60 in data line groups D1, D3, D5 and D7 at 171 Of, 17141, 1718f and
1722f are disposed along the length of one side 1708a of ink feed siot 1708 and
drop generators 60 for data line groups D2, D4, D6 and D8 at 1712f, 1716f,
1720f and 1724f are disposed along the opposing side 1708b of ink feed slot
1708. The drop generators 60 in data line group D1 at 1710f are opposite drop
generators 60 in data line group D2 at 1712f. The drop generators 60 in data
line group D3 at 1714f are opposite drop generators 60 in data line group D4 at
1716f. The drop generators 80 in data line group D5 at 1718f are opposite drop
genérators 60 in data line group D6 at 1720f, and drop generators 60 in data
line group D7 at 1722f are opposite drop generators 60 in data line group D8 at
1724f,

Drop generators 60 between ink feed slot 1704 and one side 1700a of
printhead die 1700 are in data line groups D1 at 1710a and 1710d, D3 at 1714a
and 1714d, D5 at 1718a and 1718d and D7 at 1722a and 1722d. 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 1716f,
D6 at 1720c and 1720f and D8 at 1724c and 1724f. Thus, four data lines 208a,
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 2082-208h,

In addition, drop generators 60 between ink feed slots 1704 and 1706 are
in data line groups D2 at 1712a, 1712b, 1712d and 1712e, D4 at 1716a, 1716b,
1716d and 1716e, D6 at 1720a, 1720b, 1720d and 1720e, and D8 at 1724a,
1724b, 1724d and 1724e. Also, drop generators 60 between ink feed slots
1706 and 1708 are in data line groups D1 at 1710b, 1710c, 1710e and 1710f,
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110

D3 at 1714b, 1714c, 1714e and 1714f, D5 at 1718b, 1718c, 1718e and 1718f,
and D7 at 1722b, 1722¢, 1722e and 1722f. Thus, four data lines 208b, 208d,
208f and 208h are routed between ink feed slots 1704 and 1 7086 and four data
lines 208a, 208c, 208e and 208g are routed between ink feed slots 1706 and
1708, as opposed to rouﬁng all eight data lines 208a-208h between the ink feed
slots 1704 and 1706, and ink feed slots 1706 and 1708. The size of printhead
die 1700 is reduced by routing four data lines instead of eight data lines 208a-
208h.

In one embodiment, printhead die 1700 includes 600 drop generators 60.
Each of the six fire groups 1702a-1702f inciudes 100 drop generators 60. Six
data line groups in each of the fire groups 1702a-1702f include 13 drop
generators 60 and two of the data line groups in each of the fire groups 1702a-
1702f include 11 drop generators 60. In other embodiments, printhead die 1700
can include any suitable number of drop generators 60, such as 400 drop
generators 60 or more than 600 drop ‘generators 60. In addition, printhead die
1700 can include any suitable number of fire groups, data line groups and drop
generators 60 in each fire group and data line group. Further, the printhead die
may include a fewer or greater number of fluid feed sources

Figure 22 is a diagram illustrating another aspect of the example layout of
one embodiment of printhead die 1700. The printhead die 1700 includes data
lines 268a-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 fo 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-1702¢, and address lines 1808a-1808g are electrically coupled to
pre-charged firing cells 120 in row subgroups in fire groups 1702d-1702f. The
address lines 1806a-1806g and 1808a-1808g are electrically coupled to pre-
charged firing cells 120 in row subgroups as previously described for address
lines 206a-2069, respectively.
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750um 615um - 7200um 360nm 11% E Li near 515um 380um
-5790um 1140nm (4x thick) 11% As shown in the
table, using a linear fire group with the sanme fire
line, ground line and die width results in a |arger
and unsuitabl e energy variation (11 percent verses 52
percent). The energy vari?tion difference is inproved
slightly 15 by increasiné Tretal thickness by four
times to reduce fire line resistance. However, the
energy variation is still unsuitable (11 percent
v erhseaddiespgensrators 1800aandd 80RH sre similacidiaderédse

| ak k. pn,a linear fire group

genegé‘t‘f)l:sg¥ SRR {)%lllégtégt\%ﬂd @‘f Elcq‘flgé |1 %‘c (\gg@rg mg?yrﬁgltatﬁe

frangenent,
embsditventndfi aldresslyerteapeds 18002 and¢800blddr B thhplafented as

. electrically upled to 20 pre-charged firing cells

'"us’“ﬁ?ﬁﬂﬁ'%'@& gélsfgng each of the opposing sides of ink
A Rl Ao R A o Lo

~A2Z getfd am(rB%; ~B&1. . arB7 twofre groves 1702a-17034 tiroagh iaddress

lines 4g0BAS18B6g and 1808a-1808g. Address generator 1800a supplies
address signals ~A1, ~A2 ... ~A7 to fire groups 1702a-1702c¢ through address

' lines 1806a-1 806g. Address generator 1800b supplies address signais ~B1,

~B2 ... ~B7 to fire groups 1702d-1702f through address fines 1808a-1808g.
The address signals ~A1, ~A2 ... ~A7 are supplied by address generator 1800a
to fire groups 1702a-1702c as the select signals SEL1, SEL2 and SEL3 are
provided on select lines 212a-212c. The address signals ~B1, ~B2 ... ~B7 are
supplied by address generator 1800b to fire groups 1702d-1702f as the select
signals SEL4, SEL5 and SELS are provided on select lines 212d-212f. In one
cycle through fire groups 1702a-1702f, address generator 1800a supplies
address signals ~A1, ~A2 ... ~A7 to half the fire groups 1702a-1702¢ and
address generator 1800b supplies address signals ~B1, ~B2 ... ~B7 to the other
half of the fire groups 1702d-1 70(2f' In one embodiment, the 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 fow 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 cormner bounded by printhead die sides 1700a and 1700d. _

The seven address lines 1806a-1806g are routed between ink feed slot
1708 and printhead die side 1700b, and along printhead die side 1700c to
between ink feed slot 1704 and printhead die side 1700a. In addition, address
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116 al ong each of the opposing sides of ink feed sl ot
1704 and extends fromone end of ink feed slot 1704 to
half the length of ink feed slot 1704 in the
y-direction. The fire line 214a supplies energy signa
FIRE1 and energy pulses to FGL at 1702a. 5Fire |ine
214b is electrically coup gg to each of the
pre-charged firing cells in F at 1702b. The fire
line 214b is di sposed al ong each of the opposing sides
~of ink feed slot 1706 and extends from one end of ink
lineg 48862118069 avwroutechketiveen dnk feedtsiptefl 704h lanfl 4#06 shrd
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1702706 to hal f the Iength of ink feed slot 1706 in the
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e-charged firing cells 120 at 1702f. The fire
Eachiqt $1epdale 1S Z08BCREs. 20%m g 20RO 1ot Ere e BENPeR dog
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ine o A2 007 254 R A B 3 ) 55 e
andVi7e¥ iotleatrivatly coupldd &0petchangedidraptaiie M20dh f@lrl iné lyedups
1705 1085, 170% T 605 et e 2 BRecisally RupRSCRpre-
chafRd3iringeN8 A 20 iF d&¥ IRk 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
~D7. The data lines 208a, 208¢, 208e and 208y receive data signals ~D1, ~D3,
~D5 and ~D7 and provide the data signals ~D1, ~D3, ~D5 and ~D7 to pre-
charged firing cells 120 in each of the fire groups 1702a-1702f, In one
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117 1720a and 1720b. The section 1820 includes address
i nes 1806a-1806g, fire lines 214a and 214b and data
i nes 208b, 208d, 208f and 208h. In addition, section
1820 i ncludes cross-connection |ines 1822a-1822c. The
address |ines 1806a-1806g, data |lines 208b, 208d, 208f
and 208h and fire |ines Zé%a and 5 214b are di sposed
parallel to each other and“parallel to the |length of
ink feed slots 1704 and 1706. The cross-connection

i nes 1822a-1822c are di sposed orthogonal to ink feed

embgdiment; dets kinas 20806208c, 208eHind 208grare m1of rovdad the entire
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rognaTiARATCL A et i 2095 RALSTAR osbeleo Bdup-chppge

firingX@MNs 120 & Mﬁtaqihb@réu;ﬂ D2l 1792 to pk¥ide tﬂﬁa%l’gi'nai &DE fDam

external circuitry. The cross-cannect

(0] |
line R8s eterirically eowl@é fo p@aq=wg%ﬂﬁmgaae‘lso1 %Oénéat% ngigroup
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A i g e e
of the fiteegnoups i 763@6 782iotin ppgembodiment, 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
and 208d are electrically coupled to a bond pad along side 1700c¢ of printhead
die 1700, and data lines 208f and 208h are electrically coupled to a bond pad

along side 1700d of printhead die 1700.
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5 and one side 1700a of printhead die 1700, and
between ink feed slot 1708 and the other side 1700b of
printhead die 1700. Figure 24 is a diagram
illustrating an exanple | ayout of one enbodi nent of a
printhead die 1900. The printhead die 1900 i ncl udes
conponents that are simlar to conponents in printhead
‘die 1700 and similar numbé¥s are used for 10 sinilar
conmponents. The printhead die 1900 includes data |ines
208a-208h, fire lines 214a-214f, ink feed slots 1704,
1706eavnducthe, firadides Ré4a244f aredocated plongiinki fesat stots a7 04,
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Al €ess ener ator 1902 is electrica
fring SEP OGP Do hEoMAHAEL B T RGeS SUBRCAlsT) mpaaaaa sifct ink
fronh afdwgér%%orsss@l %Unifér'hllﬂ/ ¥ Hm'fﬁgmateac% ahgd“ %@g
In add P

lines 1910a-1 ition, address
afirpg r@%&?@Z&:&Tw Werespeadiag firecline I‘m:ﬁm mscomﬂgmergto

ot 58P S| B 3098 83080 so P RS Popphroan

ge Emeegyovariaion 1sth1evmax1muﬁ1 percentldifferdnce Inlpogeydissipated
suj t abl e

throfiglh pRidfie SRR LIPS WE S1ife iR 9roups 1782 17031 The
hightdt apoant @ﬁ;?dWéQQFoUn& iQ e MEbRiligRBlsta5206F @ﬁ@rg?éﬁp

2 nerator and may be utilized in lieu of a second
1708ad’ 885 ﬂgeeﬁré%t%rst@'rﬁ%wawﬁéag bgnd padaeceiving |tfée aaerg¥s s

sigr@PPREES %REQOZ MR rgésg;y@%@%gmgﬂg@% 89 | % hergized.

externdl signals I ' m-ng
TheTowas)gmaeurtos pewenischund thémﬁrﬁangmmtor 53 of 8 firagrip

170881205055 51l Bt B0 siel s efiiun 56 laifiest s avout

contibiutiond o endrgd varationdhcladel figsling \ﬁﬁﬁh gl&ﬁhfti firfe width, Inaétal
tickSpss e g ot HeFe a5 B 214 BHE 2ot it graung
line ]ré%Qlt ahH |siiﬁ{d l@to%‘ﬁldtéu Ehd) disepsad |rﬁét§ipéﬁdm§ %ﬁ@ﬁ 8pplication

l'i'nes 1908a-1908g are electrically coupleée

Serigl MociNat y&d Aﬁﬁignﬁ‘é] estiffed “Fhud Eipctipp é)qy.iquﬂecivoﬂw same
dat &5 Qltfert abblihion Ul iicnel fo NGOt thisirpfiEstion,
the portentsasfyehich akdinéonporeded bktein b teferentce i ity eotingly.
1702d: 1702f t 1702
Enefyy @riaians o600 1 berean i prstetted e e lal Valdtis i i
20 ﬁe&taéhtlfﬂa% bbéﬂ@omuitd WSd:m @rhe}g Slea’@ét:omd i ncl1 g clzl is
data line gr C,

17 Eife Gspkps, 78a- 17?6?& aﬁéé% &n%sa?‘ﬁaomf. ar% Ty gubaleng jnk
feed §|oé-. ﬂ?d@pqggg ahm o bR et,@ %uﬁbl[‘lb ché @d?%t:@ﬁ' %E%@@L

ban cIu ata I ne oups
chamdafmnlgl]@ﬂaﬂ zmmadl,re gL 70222&02&&@ lozated. alqngeownqsmg

Wy u f t

siach ‘ot I ot P48, 11056 1358  iRAdr e Bing s shapape
fi rlng leells ¢20 irda fisy group 1f7l0f2a-1G'DﬂfJ@Ioﬁ§ t]’ié!:emtlrellengils of hnae sidbasf

alf of pr r I ri cel 120 jn roup
an i o A0 TG PTG 4 o R Bl 30
gro@s 878581 027eiTe IRt AIBAG Balbf R (BRGHHI SFRRLN o@ﬂ‘lé%pﬁﬁ)strfg
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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row subgroups as previously described for address

i nes 206a-206g, respectfully. That is, address |ine
1908a11910a is electrically coupled to row subgroups
as address line 206a is coupled to row subgroups,
address line 1908b11910b is electrically coupled to
row subgroups as address |ine 206b is 15 coupled to
row subgroups and so on, to and includi ng address
l'ine 19089119109 being electrically coupled to row
subgroups as address |ine 2069 is coupled to row

the oty lsngth. of an ink feRteslait0ds 4708 ard A708. EA0R of tHefire dipes

21 8081350 BBakEn Bl o et SRl b

andfele@tné’é]lygrcmpled]a"tm edw@frtné waeea %ﬁﬁqvow%fﬁéWOS%
address | atch

forn] Geba oD rsheRre 5rm e 21442441, Jhesubsbugalind-spaped
fire lhé @2 BARURAY éré%@ctq\?e?@ﬁaf m&qeh@ﬂ drla e unggrgaé%fxt%%%e

group 1702c through address ress
eni‘lse tgwath ofmn ink f@,Qqaplpt 041706 eedd7Rke dhel table ma and

confifi6E 8 ercl WErinictE Ry sBctaG A U IAed (8 1RaHA8wET wil
thatsaf lioear ﬁrp hnes,ethdt is nfirieUinies ghatchan desenstirg haigth AFohdBidei

an 'ng%éi s%t %4 [I{kﬁécoar]@@é fine 1906g and address |ine

| atch 1904 recei ves address
signals -Al, -A7 and supplies | atched address

signals_-Bl -R . -B7 to fire groups 1702d- 1702f
Rowng tr*\:éreéﬁ%lhd bEF‘F ligg | Gnodling d e widthc| Metad addi%eemr
| at ch &, ﬁ%rece% 30 ess S|gnaIsTtﬁ|
-A7_on_rhterconpect |imes 1906a-19064. e rece ved
A si gncll&JbsmntiallyA]Z;ZSOum- A\718um | 3t4@0edmi ?Jt.’itsmniadreﬂ'l%
| at cH&éQéM ch supplii es correspondi ng | at ched
addr s|-81, -B2, .-B7. The ljatched 120
B 610'0”'Eﬁ’t_$|1efeirgnal S 280um - BA15um. - Ba2anems updored tesdeg e
groups_1702d-1702f and!the secd nart lof fire oup
C 1702q Linfesugh | p28Pem addbumss |]i4rE8umo10tA4Danng | 36%
The address | atgch 1904 |recei veg address ggm@k 1Al on
intedconnect lihe 1906a& and | atiches in jaddress signal
D -A tdisegply | pT8hed addbews §i~FRA0UMB13E0NoM I1aﬂ¢‘bﬁed
address—Hne— 19 0o —Address—t-atieh-1904—Frecei-ves
E addr¢dd&@rgnal YR im\‘"@onn 07 9Pume EeE apd1%
|l at ches in the pddress|signal {A2 to suL A@akhicRt hed
address signal B2 on llatched address lline 1910h, and
So on, up to address latch 1904 receiving address
Si r [ in
o B 96 MBI Biod EpHIBMARE St il

grourdy Ilmamchdehmdtmj(ézidhb mlalrgafreanﬁg.ir&gltable energineriatidn €6

T

ies valid ddr

BEPPIRE "68?

GfiRfsriedt Momronds gty

by |h¢r€§31ﬁg mh&tERthickBESE by fud fifles t&EéduceSEbﬁnélli‘étiﬁﬁhﬁe are

supplied.to

Howequesdth

Altefi‘%i,fv@_ﬁé\g Aol fiPendral

fire group s 1702a-1702c,
egngry| vasiation issglilunsuitalple £11 peroenfierses B dercand -

Fhihsoh o™ Vkben@ad Apear

'ect signal

EL1

respectively,

is suppli

one

e

arrangemegt,dop diENIRE) isThereasrgut s of the address |atch

 thesUhbtatun® V2t S 4

FOAL

I'S

508 e SRE R oo

pre-thHaijed fivinlgiodlieddo desated gloa feaeh\bf theAshposing- sﬁesa:lifdnk feed

sio g L e 178 o

.S S SI

B%[H“el

tsgecg(g?aé[gtcoupgd to each of the

pre-charged firing cells 120 in FG1 at 1702a. The fire line 214a is disposed
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20 signal SEL3 is supplied to fire group 1702c. The
address latch 1904 supplies valid | atched address
signals -81, -B2, ...-B7 for four tine periods. During
these four time periods, select signals SEL3, SEL4,
SEL5 and SEL6 are supplied to fire groups 1702c-1702f,
respectively, one sel ect ﬁlgnal SEL3, SEL4, SEL5 or
SEL6 per time period. 25T 8" addr ess generator 1902
changes address signals -Al, -A2, .-A7 to address
the next row subgroup of the thlrteen row subgroups
alongr gagh aftibe ppnesm@ sided of ik feedl alpt 4204 and extgmak ISHL3ne

end 1 EERIELZR 13 A el of i Teepisiet Yo i A4 e

direpori. othe ﬁml Imél Tigtasipplids @.h@@@Is;gﬁELFLRﬁhﬁn@eﬁé@%d@sqti
FG1lat1d;’2atChes in the new address signals

8after the time period including seI ect si gnal

SEFﬁe l;ﬁ@?ﬁ@@@l@&r@gw @(ﬁﬁ)le‘d @'\?A& sitde pr@gharged Tﬁlég Qbfis

alid durlng he next ore the tine
120|lm15ﬁ20ﬁtn15 026y dbe fice Qrﬁ@m@Emﬂiqusgﬂ along ea¢moftthe apposiag

i BRI 79450 AR b oA R SAIEL i .

half ﬂ?@%gtm&ﬂﬁﬂo femaaldsio ey 06iin $H1e palireciidn. 1T fredihestilqpct

| SEL1 d SEL3 f
supieR ey, g93e! FIRE 2 RreTgtpasoN e bO2 A 12hal addr ess
Sl E ﬁ@'hﬁe 2B4¢ is dldetrically ddlipRicetoedeR | of Btk pre-¢Hp é@ﬁ@l‘(igcells
of fire ﬁ_rou 1702c and _fire groups 170%

120&% F@& 7 03e g e direslines214sHs glispgsed along smbeoiihe opposing
sideS WP K f8dd tsfot f1Zb8 afl %dﬁ% oﬁ% %g o Wﬁ’eéﬁ' %ﬁ?oa fo
an ress | at 4°su

generator 190
half fhizilepgth ofinkitesdesict 170848 th®peirediing gThamﬁrel tmmea

SUP@%%gﬂér%gE@esjﬁ%%%ﬁg%fg%})eﬁm ress ge ?@8:192902

I s Fite $ipe 2d4d dx¢lacteinhllyacpdsistol edohlof 199 pre-charged finng eells

1200553 S Oais hadke ok o144 oot Sk Factyeh Be @pposing

| sideReakeeH sk0208 Btd AHERETObaE ohQ QA irkibag etk 1908 to

another, the reliability of passing address signals

half the lengpof inlk faadzsiel 794 i dhry-direstionoobhe tredingr294d | at ch
supdifinb Breffi Sy FIRES A Anehy! fides @764 01 762K 222
196hGealit6é@ade is electrichlly thMd tordzedi oféine pre-clthtged firing cells
t 90 d_add tch 4 b d
120 R A8 e 2058 i hel e B0ty A SPRREA
snde@rm@m f@@ﬂtslotadgg end egm@t X eatdgm °ﬁ?838 Qﬁfhkh‘eed lsmacweﬁl td n
he corner. of rin |
nalf o ongtLe ok focd 518! 170805 BeAFPR oLl Bedne 21de1 o00c,

SPOR yweep fire
supﬁ!@édﬁ%%@@c i%rﬁ%higgg;éng@g\ﬁ% F?I'lunt hegi(};dl e side 1900b.

I'n Ftra ilive @thbigieteatrically soupled rtrn @ach pf therreghergctduty calle
1204% %%GI at %EP' 'Yh@ﬁr%rlﬁx%‘c‘z 1§1lf %n&‘lsﬁoséél alo ngb‘@aéﬁj of iﬂg 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 FIRE6 and energy pulses to FGB at 1702f.

Figure 23 is a diagram illustrating a plan view of a section 1820 of one
embodiment of printhead die 1700. The section 1820 is located in the channel
between ink feed slots 1704 and 1706, and adjacent data line groups D6 at
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second part of fire group 1702c between ink feed sl ot
1708 and printhead die 25 side 1900b. The address
generator 1902 supplies address signals -Al, -A2,
.-A7 to three fire groups 1702a-1702c and address
Iatch 1904 supplies | atched address signals -Bl, -82,
.-B7 to three fire groups 1702d-1702f. In t he
exanpl e enbodi nent, the st¥en address |ines
1908a- 1908g are routed along printhead die side 1900c
to between ink feed slot 1704 and 30 printhead die
17284 @ed 19Q0k. The sedtion 11820 inetidiee selddssdined 9606a-1808¢g, free

ines, &4 48 End 2B Ao Pl TS 20756 2Dnd s Bnd A qlniAadion,

secﬂlommolﬁ@ﬁﬁeéﬁm cﬁfnﬁeéﬁbﬁ Rfbsdap0g. ﬂﬂ? hahk éafdrééehnes
k feed slots 1704, 1706 and 170

180873 OPPy gt Jnes i, 24P otandaddeand Meilings 244 and20
214b '&ré HTS?O%@H%LéﬁIQ%%Ch b nﬁ a%l!ﬁf (tags fshrelsi%%@(grotf iffebl" €

@g e seven | at C
slotswi ang 1366.a1l be ceansezdnakotion lrhas ‘H22ar tB2A2erage kispbsedk

ortnpd i e B A S0 B %%3?05 The ©at ched address i nes
1910 g ince 180691608 erl dbenincerioBbh2ost, toe ahde

900d t en_ink feed slot 1704 and prlnthead di e
208% F‘&’ecﬁ Ve iRes pimed & Pa&b‘?frfﬁ%tl’a!’frfﬁ%%tahgﬁfﬁ?aﬂffdm@ Zfa

and 2qu4b e ESﬁd&Qu@e iiR&s fcﬁ#@dsds?a?rt 3ol ‘i’a1y157 ad?ﬁ'j Ccross-

between ink feed slots 1706 and 1708. ress

conneqiies lings 82381842 pee opned @s g roksilienn. frbe Ipehygtligon

laye? d.hgmam o rg't@% ré?%geﬂ%gagwggqsf ﬂéw&ﬁ @'u Ehglﬂgﬂé%t f

layeofnett:hles separates] anid insldateskitors |t seddfMayér?rﬁétahhyzl akeasnd
. %3 eI ectrically couple with pre-charged firing cells
INSUEBIRG; ?1\“‘? he second part of tire group 1702c and fire

gr gHe2iddrdEddined 1886a-48064 aR2dispbisdpbetivaen firdfites 2%0
208e and ZOSgdare rout ed beiﬁvveen rinthead die 15 sjd
and 29dbasuiithahRddressingst 806p0 18009 fﬁé'@ﬁs 2ifapad14b do

not é\!b%la% : a?b%g@&%tanﬁﬂﬁ‘aﬂ’fmf dditfesPiifed 1800a- »and fire

208g rout'ed between printhead di € side
Imeagmaa@m#h Iald’neethe@nﬂth of7inks feed slptsct704cand 17Qigpl ed

mind 1 & £AR6OFE S talcBRnicen fre e 211k 8B 248 it fifess
lines 98€6M80&N &6 compazed hetheerross-talk belmees ovedadiing fismiihes
2144 528 1% 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, ...
~AT 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
data lines 208b, 208d, 208f and 208h or selected address lines 1806a-1806g
through vias between the polysilicon layer and first layer metal. The cross-
connection lines 1822a-1822c¢ receive and supply signals across the channel
between ink feed slots 1704 and 1708, to the individual pre-charged firing cells
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20el ectrically 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 -Dl1. Data line 208c is electrically
coupl ed to pre-chrged f|r pg cells 120 in data line
. group D3 at 1714 to suppIQ data signal -D3. Data line
208e is electrically coupled to 25pre-charged firing
cells 120 in data |line group 05 at 1718 to supply data
1205 TThadre linss 2 Hrenrth2 4 raseivedisg sigpals| FIRE ansl FiREZfipmed
arged firing cells 120 in data |ine group 07
eﬂe&ﬁﬂ%@@gﬁgo supply data signal -D7. The data |ines
208ke rdddg,schode insdctitdBtBilcseised bebveersing fedd slof®11704

and 14, iompBh I Sh Ak 1P min A0 debleBi o e st 704 o

and bhe sideg ﬁ’(lﬂacbf miﬂééaaﬂeli@am andbetieer ifoedRIMt 1708 bAd
| i nes 208a 208e_ and 2089 are not routed the

the @h?ﬁléeﬂé’ﬂe?ﬁfeﬂnmﬁﬁ flieey@ ot s 1704, 1706 and 1708.
'nﬁigﬁ?éim %B&H amhmsﬁaﬁ haﬁémgi@@yo%%sn HodiEnt

|sroute respecti ve data |ne gr oup
of a priothead Isiis diQQQadTh@ panféaa@ IdtmeQ(hle ckidee comppnéents filatdre

simifp GO BEprEad BS i hiinberbiardiBbller |

similap ¢pinponéntsa Therpintieehdadie 11909 ||rd3da_ldl=_‘§.0:lhta fihep208d-Besid fire

inesop T 24T, e ol 106 3708 290 DR oA 1 i Bre@rovBBog

1nd|é§ted3§i 1‘? dreed7alire 1l 88dition pnnthea@&i[é 1 900 @iciRBndd2asd,
and 208h are routed b en ink feed slots 1704

gengm@prmﬁ@ addreseiatele 1994 @dﬂéa:sg ligesi! gﬁ!%é 98f9 apf ilstehrdid
addl%g 1,11%939%@%9@1 oﬁg i@ &;gﬁer%%rai d&ﬁ@%le%ﬂ%&ll)i 89@@1@ to

en ink feed slots
addrEg8dines 18081008z bhy addigsk datch 4904 i elactrigally gauplasyto

ol pdargse gk, e 190D IR ORRCaddgER oo B 198205
elechftlly coupled tbatuess latak 19@ethrelgh intetoanreud lipes 1@06zad

die side 1900b is electrically coupled to pre-charged
19089ring cells 120 in two fire groups 1702c and 1702f .

Daphel érﬂﬁ?aﬁ%ﬁt bFadiresd géﬁ‘é‘éﬂo}’ 1902 R} GighilPtodirehar ged
firing cells 120 in data |ine %rou D2 at 1712 to
9

generabp! 1209shove igriigure?. Ansoedingliica switable smpgdiment of
| | $.1320
a4 Lo 58P B Ry 213

- DAddRadsdatich190208bne enﬁlodmhentcoélah;addmgal@eraior and may

be [iger ok SPamt 2eCrm aenertr hhPotueRd i 288, simite
addﬁés%ggérﬂeeétbi YQ@@Q@fheﬁ‘dtets(ad@lf&s@B daged oh uuemmau dignal0

l'ine group D8 at 1724 to Sut'?)ﬁ§ ata si gnal
(e.g- @SYNﬁeamiaTlmlmg ﬁwanE‘eTﬁh@éelreszd dng4 sgne

addf{s%%é‘ﬁ?sg@bﬂ asrjeggﬁ irftethat a&aﬂ'ess Eﬁ)vﬁﬁﬂ by}gﬁicﬁ@gs %%Hrﬁ?b’bbr

a signals re-cC
190Riandran @dbtrtal tirding mg@@h/\cﬁm’tﬁlhl@ ambq,dl@eo pddress lafch

702a- 2 t
1903 55 87136 i Sisiilel 202 T A g trd 1 2] bBEdpg S fen
latcRredisterd, 8@6h As04igh Hg:réter 122133 namraﬂema Flgures éﬁda,ndéb?c h
of the data Ilnes1% F R q 08h i,s &?
t o Addgess lines 1908a-1908g ‘are electrically coupled © pre-charge iring
cells 120 in fire groups 1702a, 1702b and a first part of fire group 1702c.

Latched address lines 1910a-1910g are electrically coupled to pre-charged



10

15

20

25

30

25 respective data line group froma bond pad | ocated
al ong the side of printhead die 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
side 1900c of printhead die 1900, and data |ines 208f
and 208h are electrically,%oupled to a bond pad al ong
si de 1900d of printhead d®® 1900. 30The conducti ve

fire lines 214a-214f are l-ocated along ink feed slots
1704, 1706 _and 1708 to supply energy signals FlIREL,

firingcris 129 Reetgsouns &7 Qb UfeZl and zeserpod ipartafdipe gtdupel v .

I
17OBBE T oA g flon S Bo L e e
andml_()feted dietal708rehddneludes dataflinergrouppD b8 B and B0at To
1B P YRSl Holo R eRehtan gener aLor B0 1 n @
dnspaéé@bétwéen iRk Geseitf $161L1 708 A wtﬁéwmé SAPROO0LLRRT EIUdRs
each flrlgﬁire3|stor 52 in fire 1702a-1702f.

dateSlEiecaigyPs B B BR andl D6 at Raidar il 6o J206 sarr72denTbei n
first Fﬁv‘é\”tedf fifk §ﬁiuﬁaf7@§ctnliﬁ|@d’éﬂh g fl%%rﬁgc}ﬁﬁﬁﬁ%@% %@ fn

in one o e fire groups
fire gipbiprit/02C apd\ibe seeorfdopartiof fnretgnreun 17@2c ihtiudey theeeﬂ'let balf

of e criroed it QR ro0)afie dith P8 rhe BB s ™
1908&-91998@ an&l’atclsed h@dlésss limess 10@@351 @TOgEe?re@mmlséFi{lE;d@EI %ggd
row-§|.|ggrrog|§g§¥|p5%6 Eﬁgg% & g%aﬁﬂ"%%]q?egqso%t firing
resgeREUM) OThdtds, Alddreds iine mo%prglaﬁaé’@e@&%éuwéo iéd {d fowng

resistors 52 in a row sub roup are energize Layout
subgienps BB eddeass ling 286arig govried 1A TavnsibarouRRs address| |inﬁe

190F\6 ? P %;&Hﬁﬂcéil e mﬁgiﬁmﬁdﬁb%&%@ vaﬂ]leta ons

coupted 1@ rave siBgnoeps and saron, pp éd end adtiuding addnegy line

el ol B0 ST i 2
e i e T o e

o uTha edress aepprayat 1902 Sibplieh a0uEes siherict
to asﬁﬂegé I4EP 1004 andl td ﬁrézgreuas 47@2@1%@8fanartﬁe h.%@ ﬁhﬁ%f ﬁre

ong opposi ng si des an ink feed sl ot

group7 08124, rAddsass genefatnrﬁgomsuprpileé aﬂdmsgesjgrm}s f“a‘-\ﬂl

N RR BRI g

groUb'égBZOZ?ge'f?ﬂteamdhﬂTegﬁdt part oﬁg‘ecgﬁd:dlpf‘l Zl?m:ttﬁmtfghfaddseg} lings
702a- ar e a al.f. o e, len 0

1908416033, Adtreds Siarh 53 e BuPHlio ) egbondt e S brane

addﬂe%@ﬁmem 9@@98addT8§s $igRAItSADE sﬁJEﬁhé‘cDérﬁ pEORBANE lihb 106D
line 214a-214f is reduced to half the length of an ink

andfeddiessilige 1191?1@12: angdz@gn rupzts apddncledipgaddess signsd ~AKdhat
ared to the

s Swea%ﬁﬁgﬁkﬁné@g’ﬁ 1."% feed S;%% 108 06 " and 1708,
Eadhe @Hdtdss l&tich d 804 meseiEaddresy signals difdpodad. .OﬂAB @nd
si des, of ;an.ink feed s 04, [ 17

sup@iespicPed PRgHRS sidElh 260 an B Ot brotY 1R, g

and lﬁ@éec&ﬁ)ﬁarﬂbf fird @otip 1 T(GIId.n Fhesadress TaItcH 1 304*66:19&93 d

fire line 214a-214f. The substantlallx LLsha&g ﬁ
addrgsssignalesAbraid.o : A1ATLPR ikercapneds ings 9vGa-1869. e Hag n
recé?\feoe? éhél@ JA1neAQhat~ﬁ?P<ér%rIQt%hé@ ﬁ'lt@ BHHFR s I#P9YB0L wiRith
ed slof 1704, 1706 and 1708. The table bel ow

suppliagrorespending jatohed address ﬁl@ﬂalwt%t abei al-rE}F UT e, bbefed
fire lines 214a-214f with 125
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that of linear fire lines, that is, fire Iines that
run the entire length of one side of an ink feed sl ot
1704, 1706 and 1708. Row Fire group shape Fire width
Gnd width Die width Metal thickness % ever A
Substantially U shaped 250um 115um 4200um 360nm 11% B
Li near 250um 120

address signals ~B1, ~B2, ...~B7 are supplied to fire groups 1702d-1702f and
the second part of fire group 1702c through latched address lines 1810a-1910Qg.

The address latch 1904 receives address signal ~A1 on interconnect line
1906a and latches in address signal ~A1 to supply latched address signal ~B1
on latched address line 1910a. Address latch 1904 receives address signal
~AZ on interconnect line 1906b and latches in the address signal ~A2 to supply
latched address signal ~B2 on latched address line 1910b, and so on, up to .
address latch 1904 receiving address signal ~A7 on interconnect line 1906g and
latching in address signal ~A7 to supply latched address signal ~B7 on latched
address line 1910g. '

The address generator 1802 supplies valid address signals ~A1, ~A2, ‘
...~A7 for three time periods. During these three time periods, select signals
SEL1, SEL2 and SEL3 are supplied.to fire groups 1702a-1702c, respectively,
one select signal SEL1, SEL2 or SEL3 per time period. The address latch 1904
latches in valid address signals ~A1, ~A2, ...~A7 as select signal SEL1 is
supplied to fire group 1702a. The outputs of the address latch 1904 settle to
valid latched address signais ~B1, ~B2, ...~B7 as select signal SEL2 is supplied
to fire group 1702b. Valid address signals ~A1, ~A2, ...~A7 and valid latched
address signals ~B1, ~B2, ...~B7 are supplied to fire group 1702¢ as select
signal SEL3 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 SELS are
suppfied to fire groups 1702c-1702f, respectively, one select signa! SEL3,
SEL4, SELS or SELS per time period.

The address generator 1902 changes address signals ~A1, ~A2, ...~A7
to address the next row subgroup of the thirteen row subgroups after the time
period including select signal SEL3. The new address signals ~A1, ~A2, ...~A7
are valid before the beginning of the next cycle and the time period including
select signal SEL1. The address latch 1904 Jatches in the new address signals
~A1, ~A2, ...~AT7 after the time period including select signal SELS. The latched

" address signals ~B1, ~B2, ...~B7 are valid during the next cycle before the time

period including select signal SEL3.
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115um 4200um 360nm 52% C Li near 250um 115um 4200um
1440nm (4x thick) 36% D Li near 750um 615um - 7200um
360nm 11%

121

In one cycle through fire groups 1702a-1702f, address generator 1902
supplies address signals ~A1, ~A2, ...~A7 to fire groups 1702a, 1702b and the
first part of 1702¢ as select signals SEL1, SEL2 and SEL3 are supplied to fire
groups 1702a, 1702b and 1702c. Also, latched address signals ~B1, ~B2,
...~B7 are supplied to the second part of fire group 1702c and fire groups
1702d-1702f as select signals SEL3, SEL4, SEL5 and SELS are supplied to fire
groups 1702¢c-1702f. The address generator 1902 and address fatch 1904
supply the same address on address lines 19808a-19308g and latched address
lines 1910a-1910g during one cycle through fire groups 1702a-1702f.

The address generator 1902 is disposed adjacent address latch 1904 in
one corner of printhead die 1900 bounded by printhead die side 1900b and
printhead die side 1800c. With address generator 1902 and address latch 1904
adjacent one another, the reliability of passing address signals ~A1, ~A2, ...~A7
from address generator 1902 to address latch 1904 is improved as compared to
passing address signals ~A1, ~A2, ...~A7 through longer interconnect lines
1906a-1906g.

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 6an be disposed between fire groups 1702¢ and
1702f aiong 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 siot 1708 and printhead die
side 1900b. The address generator 1902 supplies address signals ~A1, ~A2,
...~A7 to three fire groups 1702a-1702c and address latch 1904 supplies
latched address signals ~B1, ~B2, ...~B7 to three fire groups 1702d-1702f.

In the example embodiment, the seven address lines 1908a-1908g are
routed along printhead die side 1900c to between ink feed slot 1704 and
printhead die side 1900a. In addition, address lines 1808a-1908g are routed
between ink feed slots 1704 and 1706, and between ink feed slots 1706 and
1708. The address lines 1908a-1908g are routed along one half of the length of
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E Li near 515um 380um -5790um 1140nm (4x thick) 11%
5As shown in the table, using a linear fire group with
the sane 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 inproved sl%ghtly by i ncreasing netal

t hi ckness by four times td™“reduce fire |line

resi st ance. Fbmever the energy variation is stil

unsui t abl e é)ercent verses 36 percent). 10
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Data fines 208a, 208c¢, 208e and 208g are routed between printhead die
side 1900a and ink feed slot 1704 and between ink feed slots 1706 and 1708.
Each of the data lines 208a, 208c, 208e and 208g routed between printhead die
side 1900a and ink feed siot 1704 is electrically coupled to pre-charged firing
cells 120 in two fire groups 1702a and 1702d. Each of the dafa lines 208a,
208c¢, 208e and 208g routed between ink feed slots 1706 and 1708 is
electrically coupled to pre-charged firing cells 120 in four fire groups 1702b,
1702c, 1702¢ and 1702f. Data line 208a is electrically coupled to pre-charged
firing celis 120 in data line gFoup D1 at 1710 to supply data signal ~D1. Data
line 208c is electrically coupled to pre-chérged 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
~D5, and data line stg is electrically coupled to pre-charged firing cells 120 in
data line group D7 at 1722 to supply data signal ~D7. The data lines 208a,
208c, 208e and 208g receive data signals ~D1, ~D3, ~D5 and ~D7 and supply
data signals ~D1, ~D3, ~D5 and ~D7 to pre-charged firing cells 120 in each of
the fire groups 1702a-1702f. in one embodiment, data lines 208a, 208c, 208e
and 208g are not routed the entire length of ink feed slots 1704, 1706 and 1708.
Instead, each of the data lines 208a, 208¢, 208e and 208g is routed to its
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126 half the length of ink feed slot 1706 in the
y-direction. The fire line 214b supplies energy signa
FI RE2 and energy pulses to F& at 1702b. Fire
line 214c is electrically coupled to each of the
pre-charged firing cells 120 in FG3 at 1702c. The fire
line 214c is disposed alo gaeach of the opposing 5
sides of ink feed slot 17 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 214c
respegiiye; dada fifg gewer fiym @i ke pad laeatedralbr@megsydqouﬂ srétthéa

t
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17 A o (R 708 e s 00t
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. ess, si gnal s be 25 ovi de rom an exter_nal
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c I

DG b ST P it SRR 05, 08 A IR, 2080 BN

208hireceive dats signals eD2t hB4| ah6@nd ~Nsand bupply thequ;arswaksl

-0 S e B Ak 870, gt ot e
groipd 1A02=a1T0R]. honnaemb@dbﬁsrltmemlims 208, @084 208fignd
208 9% b s S e R B B o 15
Inst88€ a5 RSt @Batadines D0BB 080, COBPARI2087 routed to its
respective data line group from a bond pad iocated along the side of printhead
die 1900 nearest the data line group in fire groups 1702a-1702f. Data line 208b
and 208d are electrically coupled to a bond pad along side 1900c of printhead
die 1900, and data lines 208f and 208h are electrically coupled to a bond pad
along side 1900d of printhead die 1900.

The conductive fire lines 214a-214f are located along ink feed slots 1704,
1706 and 1708 to supply energy signals FIRE1, FIRE2 ... FIRES to fire groups
1702a-1702f, respectively. The fire lines 214a-214f supply energy to firing
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via conductive paths 2004 to contacts 2006 which
provi de coupling to the printhead die. Enabl e
| ine contact areas EO-E6 are configured to receive
enabl e signals froman external source and to provide
the enable signals, e.g. select signals 5 SEL1- SEL6,
precharge signals PREL-PREG, and the LATCH si gnal
However, it shoul d be not that the relationship
between the lines described with respect to Figures
4-8 and 11-24 and the contact areas EO-E6 need not be
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170@rfmm @nblemdsaf the inkHeed alobéT%tH@'GtamdtWOS as compared to
the entire length of an ink feed slot 1704, 1706 and 1708. Each of the fire lines
214a-214f are disposed on both sides of an ink feed slot 1704, 1706 or 1708
and electrically coupled at one end of the ink feed slot 1704, 1706 or 1708 to
form a substantially U-shaped fire line 214a-214f. The substantially U-shaped
fire lines 214a-214f are effectively half the length of a fire line that extends the
entire length of an ink feed siot 1704, 1706 and 1708. The table below

compares energy variation for substantially U-shaped fire lines 214a-214f with
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CORE 5AYNASh the table, using a linear fire group with 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.

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
aiong each of the opposing sides of ink feed slot 1704 and extends from one
end of ink feed slot 1704 to half the length of ink feed slot 1704 in the y-
direction. The fire line 214a supplies energy signal FIRE1 and energy puises to
FG1 at 1702a.

Fire line 214b is electrically coupled to each of the pre-charged firing cells
120 in FG2 at 1702b. The fire line 214b is disposed along each of the opposing
sides of ink feed slot 1706 and extends from one end of ink feed slot 1706 to
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to respond to the second energy signal to eject fluid
based on the second address signals. 2. The fluid
ej ection device of claiml, wherein the first address
signals are valid while the second address signals are
invalid and the second address signals are valid while
the first address signals are invalid. 3. The fluid
ej ection device of claim® wherein the first address
generator is disposed on a first half portion of the
fluid ejection device and the second address generat or
half ithe lengthosfank teedaslatelr@bdn tiwe y-directianoriThe firehinef214bd
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Referring to Figures 25A and 25B, dlagrams illustrating contact areas

2000 of a flex circuit 2002 that may be utilized to couple external circuitry to a
printhead die 40 are illustrated. The contact areas 2000 are electrically coupled
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9. The fluid ejection device of claim1, conprising

first address |ines adapted to conduct the first

address signals and second address |ines adapted to

conduct the second address signals, wherein the first

address lines are disposed in one half portion and the

second address lines are disposed in a second half

portion. 10. The fluid eﬁgction device of claiml1,

conprising: 131 a fluid feed source having a

| ength, wherein each of the first drop generators is
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16. The fluid ejection device of claim15, conprising
first address |ines adapted to conduct the first
address signals and second address |ines adapted to
conduct the second address signals, wherein the first
and third drop generators and the first address |ines
are disposed on a first half portion and the second
and fourth drop generatof?aand t he second address
lines are disposed on a second hal f portion. 17. The
fluid ejection device of claim15, conprising: a third
2006 andithiesanprepriate signal lings; b.g. data lines208d408éIptescharge
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fluid feed source. 18. The fluid ejection device of
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the@bﬁCt fluid based on the data signals and the second
rop generators are configured to respond to the
second energy signal to eject fluid based on the data
e fluid ejection device of claim19,
g@@%ﬂSF%ég?uﬁgt drop generators are divided into
data |ine groups of drop generators, wherein the first
drop generators in each of the data |ine groups of
drop generators are configured to respond to the first
energy signal based on the data signals received on
one of the data lines. 21. A fluid-ejection device,
conprising: a first fire |line adapted to conduct a
first energy signal conprising energy pul ses; a second
fire line adapted to conduct a second energy signha
conpri sing energy pul ses; nmeans for generating first
address signal s;



means for generating second address signals;
nmeans for responding to the first energy signal to
eject fluid based on the first address signals; and
means for responding to the second energy signal to
ej ect fluid based on the s¥bnd address signals. 22.
The fluid ejection device of claim?21, wherein the
first address signals arﬁ valjd while the second
address signals are inva LAIM3d the second address
signals are valid while the first address signals are
invalid. 23. The fluid ejection device of claim 21,
1. Avfleidesiiastion devigssgosnpiisingener ati ng first address 134
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the first address signals is disposed in a first halt
portion of the fluid ejection device and the nmeans for
|  ving _ . Lo . .
2 BTG, SRR HNESS, B0l Shanaeduid
the Aecoed hdibtessfsignple med invadideantl Ithe teajdexitresnsigmals @re valid while the

conprising: genergting first address signals in the
ﬁm??ﬁ? S@ﬁ@%f@%ﬁ“@ i ce; generating second address

signals in the fluid ejection device; receiving a

first energy signal conprisin energ%ﬁpulses on a
3. Thedlyid ¢ipqtionidevige of deigy Livvhgrein B duw@déisay gppeatog ffisposed on
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disposed on the second half portion.

4. The fluid ejection device of claim 1, wherein the first address generator is disposed at
one end of the fluid ejection device and the second address generator is disposed at the

other end of the fluid ejection device.

5. The fluid ejection device of claim 1, wherein the first address generator is disposed in
one corner of the fluid ejection device and the second address genérator is disposed in

another corner of the fluid ejection device.



27. The nethod of claim 26, conprising: receiving the
first energy signal at each of first drop generators;
recei ving the second energy signal at each of second
drop generators; activating the first drop generators
based on the first addressl¥ignals; and activating the
second drop generators based on the second address
signals. 28. The nmethod of claim26, conprising: 135
supplying valid first address signals while the second

6. ’I&Q%ﬁf@;e&ioﬂ'@i@h&e@fcﬁmhﬁ}/%m ns1ﬁ d supplying valid
second "addr ess si gnal s ‘whi e first address signals

ar ea third dir¢ line adapte Meonde@thdhlréﬁnqcmammai SOMPIAVES ¢®rg’ygmlses
r ec e e
bt st rdide el REC b o300 GRIR S S orf Rener

mﬂsmgnal conprising energy pulses on a fourth fire |ine;
respon to the.third ener ect uid
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second address S|gnals he nethod of claim?2

confrith freg: gen@eters\ﬂlwgicallf p@thaedetﬁ dhipugh @rmllmec@dppnfsgtﬁgi to
respond 8&1&&'&6 eigggr n%n { dot eghci hiti ba&é&e hESLhYd %&F gg@h@

energy signa energy pul'ses on a siIX
line; responding to the flfth energy S|gnal to eject
7. ’lfhe lHmd €] CCthgl devmé Qfe clzfu}nros twh%lde% ﬁle%rsstlagd %1rd’ drop (gjenerators are
disposed on a first half portion, and the second and fourth drop generators are disposed

on a second half portion.

8. The fluid gjection device of claim 6, comprising:
a fifth fire line adapted to conduct a fifth energy signal counprising energy pulses;
a sixth fire line adapted to conduct a sixth energy signal comprising energy pulses;
fifth drop generators electrically coupled to the fifth fire line and configured to
respond to the fifth energy signal to eject fluid based on the first address signals; and
sixth drop generators electrically coupled to the sixth fire line and configured to
respond to the sixth energy signal to eject fluid based on the second address signals, and
wherein the first, third and fifth drop generators are disposed on a first half portion and

the second, fourth and sixth drop generators are disposed on a second half portion,

9. The fluid gjection device of claim 1, comprising first address lines adapted to conduct
the first address signals and second address lines adapted to conduct the second address
signals, wherein the first address lines are disposed in one half portion and the second

address lines are disposed in a second half portion.

10. The fluid ¢jection device of claim 1, comprising:



responding to the sixth energy signal to eject fluid
based on the second address signals. 31. The nethod of
clai m 26, conprising: receiving data signals
representing an i mage on data |lines; responding to the
first energy signal to ejeb fluid based on the data
signals; and responding to the second energy signal to
ej ect fluid based on the data signal 32.. The net had
o il ed SouGiR B (oY 1 heieingAEh Sl e dragpencrators 1
fluidRARY Supledl 18 (R iy [d@8nirsd; anglat a | i ne groups of drop
generators, the nethod conprising activating the first
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generators. 34. The nethod of claim 26, conprising
distributing the first energy signal to the drop
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the floidcfeetisomtcea first energy signal conprising energy
pul ses; a first source of address signals configured
to provide first address signals; first
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portion of the flujd ejection device to supply address
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14. The fluid ejection device of claim 1, comprising a first fluid feed source and a second
fluid feed source, wherein the first drop generators are disposed on opposing sides of the
first fluid feed source and each of the first drop generators is fluidically coupled to the
first fluid feed source and the second drop generators are disposed on opposing sides of
the second fluid feed source and each of the second drop generators is fluidically coupled

to the second fluid feed source.

15. The fluid ejection device of claim 1, coinprising:

a first fluid feed source;



second resistors electrically coupled to the second
fire line and configured to respond to the second

pul ses to cause fluid to be ejected based on the first
address signals, wherein the first source of address
signals and the second resl®tors are positioned on the
first portion of the fluid ejection device. 37. The
fluid ejection. device of claim35, conprising:
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thto qﬁ %?gckﬁd based on the first address signals; and

© 8eeeud AuiddeSdPBIE el ectrical Iy coupled to the second
address lines, the first resistors configured to cause
fluid to he ejected based on the first address
16. The Hudgjectippydevice of clayarla; ¢praniising firstraddeesy lines adavied tat or
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of the fluid ejéection device and the second address
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. .second portien of the,fluid,electi device. 39.. The
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addAdeligs ard difiRBeddrea sicpbBafipirtiolanl y the first portion
and the second address lines are disposed in only the
second portion. 40. The fluid ejection device of

17. thehid3bctivh s dbichfnfiis! &impfidiess lines and the
first fire line are disposed inonly the first portion
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ar i i :

7l D REIRE i@l Xohdlfs 2 ARRUBI Lk dompilding Hifay pulges

f | i gixth diecllisoadapied avindgeta dixhghdrgy vilged] ebmptitieg Enargi pulses;
ne and the, fir
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sixth drop generators electrically coupled to the sixth fire line and configured to
respond to the sixth energy signal to eject fluid based on the second address signals,
wherein each of the fifth and sixth drop generators is fluidically coupled to the third fluid

feed source.

18. The fluid ejection device of claim 17, comprising first address lines adapted to

conduct the first address signals and second address lines adapted to conduct the second



42. A nethod for operating a fluid ejection device
that conprises a first group of resistors 138 that
each cause fluid to be ejected froma correspondi ng
openi ng and a second group of resistors that cause
fluid to be ejected from alBorrespondi ng opening, the
first group of reS|stors bei ng di sposed on a first
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two resistors o irst group. 46. The nethod of
claim42, further conpr|5|ng provi di ng a

ZLz%ﬁwgronémb aﬁggéﬁ@g@%@%g.both the first and second

a first fire line adapted to conduct a first energy signal comprising energy pulses;

a second fire line adapted to conduct a second energy signal comprising energy
pulses;

means for generating first address signals;

means for generating second address signals;

means for responding to the first energy signal to gject fluid based on the first
address signals; and

means for responding to the second energy signal to eject fluid based on the

second address signals.
22. The fluid ejection device of claim 21, wherein the first address signals are valid while
the second address signals are invalid and the second address signals are valid while the

first address signals are invalid.

23. The fluid ejection device of claim 21, wherein the means for generating first address



134

signals is disposed on a first half of the fluid ejection device and the means for generating

second address signals is disposed on a second half of the fluid ejection device.

24. The fluid ejection device of claim 21, wherein the means for generating first address
signals is disposed in one comer of the fluid ejection device and the means for generating

second address signals is disposed in another corner of the fluid ejection device.

25. The fluid ejection device of claim 21, comprising means for supplying the first
address signals to the means for responding to the first energy signal and means for
supplying the second address signals to the means for responding to the second energy
signal, wherein the means for supplying the first address signals is disposed in a first half
portion of the fluid ejection device and the means for supplying the second address

signals is disposed in a second half portion of the fluid ejection device.

26. A method of operating a fluid ejection device comprising:
generating first address signals in the fluid ejection device;
generating second address signals in the fluid ejection device;
receiving a first energy signal comprising energy pulses on a first fire line;
receiving a second energy signal comprising energy pulses on a second fire line;
responding to the first energy signal to eject fluid based on the first address
signals; and
responding to the second energy signal to eject fluid based on the second address

signals.

27. The method of claim 26, comprising:
receiving the first energy signal at each of first drop generators;
receiving the second energy signal at each of second drop generators;
activating the first drop generators based on the first address signals; and

activating the second drop generators based on the second address signals.

28. The method of claim 26, comprising:
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supplying valid first address signals while the second address signals are invalid;
and

supplying valid second address signals while the first address signals are invalid.

29. The method of claim 26, comprising:
receiving a third energy signal comprising energy pulses on a third fire line;
receiving a fourth energy signal comprising energy pulses on a fourth fire line;
responding to the third energy signal to eject fluid based on the first address
signals; and
responding to the fourth energy signal to eject fluid based on the second address
signals.

30. The 1nethod of claim 29, comprising:
receiving a fifth energy signal comprising energy pulses on a fifth fire line;
receiving a sixth energy signal comprising energy pulses on a sixth fire line;
responding to the fifth energy signal to eject fluid based on the first address
signals; and
responding to the sixth energy signal to eject fluid based on the second address

signals.

31. The method of claim 26, comprising;
receiving data signals representing an image on data lines;
responding to the first energy signal to eject fluid based on the data signals; and

responding to the second energy signal to eject fluid based on the data signals.

32. The method of claim 31, wherein the first and second drop generators are divided into
data line groups of drop generators, the method comprising activating the first and second
drop generators in each of the data line groups of drop generators based on the data

signals on a corresponding data line.

33. The method of claim 26, comprising distributing the first energy signal to the drop
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generators with an energy variation of less than 20% between any two of the first drop

gengcrators.

34. The method of claim 26, comprising distributing the first energy signal to the drop
generators with an energy variation of up to 10% to 15% between any two of the first

drop generators.

35. A fluid gjection device comprising:

a first fire line to conduct a first energy signal comprising energy pulses;

a first source of address signals configured to provide first address signals;

first resistors electrically coupled to the first fire line and configured to respond to
the first energy signal to cause fluid to be ejected fluid based on the first address signals,
wherein the first source of address signals and the first resistors are positioned on a first
portion of the fluid ejection device; and

a second source of address signals configured to provide second address signals,
where the second source of address signals is positioned on a second portion of the fluid
gjection device to supply address signals to resistors on the second portion of the fluid

gjection device.

36. The fluid ejection device of claim 35, comprising:

a second fire line adapted to conduct a second energy signal comprising energy
pulses; and

second resistors electrically coupled to the second fire line and configured to
respond to the second pulses to cause fluid to be ¢jected based on the first address signals,
wherein the first source of address signals and the second resistors are positioned on the

first portion of the fluid ejection device.

37. The fluid ejection device of claim 35, comprising:
a second fire line adapted to conduct a second energy signal comprising energy

pulses; and
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second resistors electrically coupled to the second fire line and configured to
respond to the second pulses to gject fluid based on the second address signals, wherein
the second source of address signals and the second resistors are positioned on the second

portion of the fluid ejection device.

38. A fluid ejection device comprising:

a first source of first address signals;

a second source of second address signals;

first address lines configured to conduct the first address signals;

second address lines configured to conduct the second address signals;

first resistors electrically coupled to the first address lines, the first resistors
configured to cause fluid to be ejected based on the first address signals; and

second resistors electrically coupled to the second address lines, the first resistors
configured to cause fluid to be ejected based on the first address signals; and

wherein the first address generator and the first resistors are located on first
portion of the fluid ejection device and the second address generator and the second

resistors are located on a second portion of the fluid ejection device.

39. The fluid ejection device of claim 38, wherein the first address lines are disposed in

only the first portion and the second address lines are disposed in only the second portion.

40. The fluid ejection device of claim 38, wherein the first address lines and the first fire
line are disposed in only the first portion and the second address lines and the second fire

line are disposed in only the second portion.

41. The fluid ejection device of claim 38, comprising:
a fluid feed source having a length, wherein the first fire line and the first address
lines are disposed as non-overlapping 1netal lines along a portion of the length of the fluid

feed source.

42. A method for operating a fluid ejection device that comprises a first group of resistors
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that each cause fluid to be ejected from a corresponding opening and a second group of
resistors that cause fluid to be ejected from a corresponding opening, the first group of
resistors being disposed on a first portion of the fluid ejection device and the second
resistors being disposed on a second portion of the fluid ejection device, the method
comprising:

generating first address signals at a first source;

generating second address signals at a second source different than the first source;

providing the first address signals to the first group of resistors; and

providing the second address signals to the second group of resistors.

43. The method of claim 42, further comprising providing first energy pulses on a first
line that is coupled to the first group of resistors and providing second energy pulses on a

second line coupled to the second group of resistors.

44. The method of claim 43, wherein providing the first energy pulses comprises
distributing the first energy pulses to the first group of resistors with an energy variation

of less than 20% between an energy provided to any two resistors of the first group.

45. The method of claim 43, wherein providing the first energy pulses comprises to
distributing the first energy pulses to the first group of resistors of up to 10% to 15%

variation between an energy provided to any two resistors of the first group.

46. The method of claim 42, further comprising providing a synchronization signal to

both the first and second source of address signals.



