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

Ej ection Device," Patent Application Serial No. [Not Yet Assigned],
Attorney Docket No. 2002091688-1, entitled "Fluid Ejection Device,"
Pat ent Application Serial No. [Not Yeti Assigned], No. 200311485-1,
entitled "Device Wth Gates Configured In 15Loop Structures,"” Patent
Application Serial No. [Not Yet Assigned], No. 200209559-1, entitled
"Fluid Ejection Device," and Patent Application Serial No. [Not Yet
Assi gned], Attorney Docket No. 200209237-1, entitled "Fluid E ection
Device Wth Identification Cells,"” each of which are assigned to the
Assi gnee of this application and are filed on even date herewith, and
each of which is fully 20incorporated by reference as if fully set
forth herein. Background An inkjet printing system as one
embodi rgnt of a fluid ejection system may include a printhead, an

i nk supply that provides liquid ink to the printhead, 25and an

el ectronic controller that controls the printhead. The printhead, as
one enbodi nent of a fluid ej EEUIBEJEETIQN DRYIGEts i nk drops through a
plurality of orifices or nozzles. The ink is projected toward a print
medi um such as a sheet of paper, to print an imge onto the print
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15 Loop Structures,” Patent Application Serial No. [Not Yet Assigned], No.
200209559-1, entitled “Fluid Ejection Device,” and Patent Application Serial No.
[Not Yet Assigned], Attorney Docket No. 200209237-1, entitled “Fluid Ejection
Device With Identification Cells,” each of which are assigned to the Assignee of
this application and are filed on even date herewith, and each of which is fully
20  incorporated by reference as if fully set forth herein.

Background
An inkjet printing system, as one embodiment of a fluid ejection system,
may include a printhead, an ink supply that provides liquid ink to the printhead,
25 and an electronic controller that controls the printhead. The printhead, as one
embodiment of a fluid ejection device, gjects ink drops through a pluraiity 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
30 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.



5 vaporize and be ejected through the nozzles. To eject one drop of

I nk, the electronic controller that controls the printhead activates
an electrical current froma power supply external to the printhead.
The electrical current is passed through a selected firing resistor
to heat the ink in a correspondi ng sel ected vaporization chanber and
eject the ink 10 through a correspondi ng nozzle. Known drop
generators include a firing resistor, a correspondi ng vapori zation
chanber, and a correspondi ng nozzl e. As inkjet printheads have
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the firing resistor. One input pad per firing resistor becomes impractical as the
number of firing resistors increases.

20 The number of drop generators per input pad is significantly increased in
another type of printhead having primitives. A single power lead provides power
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

25 energizable address lead that is shared by muitiple 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

30 and/or printing speed. To maintain costs and provide a particular prinfing swath
height, printhead die size may not significantly change with an increased
number of drop generators. As drop generator densities increase and the



For these and other reasons, there is a need for the present

I nvention. 5Brief Description of the Drawings Figure 1 illustrates
one enbodi nent of an ink jet printing system Figure 2 is a diagram
illustrating a portion of one enbodiment of a printhead die.

Figure 3 is a diagramillustrating a | ayout of drop generators

| ocated 10 along an ink feed slot indone enbodi ment of a printhead
die. Figure 4 is a diagramillustrating one enbodi nent of a
firing cell enployed in one enbodinent of a printhead die. Figure 5

i's a schepmider of irpaif paad ddorsdseapiimtbe aheictadat capriecofmedincreakinglgt
printhead fi r| ng cell array. 15Figure 6 is a schematic di agram
I 11 ust ratqoﬁﬁj I®he enbodi ment of a pre- charged firing cell.

Figure 7 is appehipmmidng diiar9ea9mnk| thefd isairided fornte préredt meantiool. an i nk
jet printhead firing cell array. Figure 8 is a timng diagram

illustrating the operation of one enbodi nent 20of a firing cell

array.g Figure 9 i spgedha@iipfion bﬂtﬁgb‘r@k,hgg one enbodi nent of an
address generator in a printhead die ure 10A is a dj agram

illustrating cﬁ@rgmrﬂustrawuwwlmentrpféngmh Jet Prr“?st@igs'ityélie *25Fi gur e
10B is a di agrpz%ﬂ k1ol |§'§tcﬁa§rérﬂguﬁtrﬁtu’i§§tpbﬁfc‘m(b'fbﬁé'leﬁrbodlment of §i gure 11

is a timng diagramil rating operation of an address generator in
t he forwawihthBadediei on. Figure 12 is a tinmng diagramillustrating

operation of a0,3dd eSS iagram illustrating a layout of drop generators located
10  along an ink feed slot in one embodiment of a printhead die.
Figure 4 is a diagram illustrating one embodiment of a firing cell
employed in one embodiment of a printhead die.
Figure 5 is a schematic diagram illusirating one embodiment of an ink jet
printhead firing cell array.
15 Figure 6 is a schematic diagram illustrating cne 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
20  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.
25 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.
30 Figure 13 is a block diagram illustrating one embodiment of two address

generators and six fire groups in a printhead die. -



generator in the reverse direction. 30Figure 13 is a block diagram

i llustrating one enbodi nent of two address generators and six fire
groups in a printhead die. 4 Figure 14 is a timng diagram
illustrating forward and reverse operation of address generators in a
printhead die. Figure 15 is a block diagramillustrating one

enbodi mrent of an address generator, 44 latch circuit and six fire
groups in a printhead die. 5Figure 16 is a diagramillustrating one
enbodi ment of a latch register. Figure 17 is a timng di agram

iIlustrating pg RXERl LHIARGIAIIraR ifstanty RIRad smnkvabe apkatioh of
register. Figure 18 is a dl_a%ram_l | lustrati ng one enbodi nent of a
si ngl e diaderess Ganaretare v agrishead digt | . 10Fi gure 19 is a di agram

1 lustrating ag, Aot RSSpGERGRARRA ILORNGSHE dfifodihael of sAidaisson
gi ster “ce to provide addresses in forward and reverse
di r ect i ogenerBigua datcciaitandsgfiramreynsus erriiniegdalie-addr ess gener at or
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Figure 17 is a timing diagram itlustrating an example operation of one
embodiment of a lalch register.
Figure 18 is a diagram illustrating one embodiment of a single direction
shift register cell.

10 Figure 19 is a diagram illustrating an address generator that uses the
single direction shift register cell to provide addresses in forward and reverse
directions.

Figure 20 is a diagram illustrating an address generator that uses the
single direction shift register cell in one shift register o provide addresses in

15 forward and reverse directions.

Figure 21 Is a diagram illustrating an example layout of one embodiment
of a pﬁnthead die. :

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

20 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 tayout of another
embodiment of a printhead die.
Figures 25A and 25B are diagrams illustrating contact areas of a flex

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

In the following detailed description, reference is made to the
30 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 “fop,” “bottom,” “front,”



15 forward and reverse directions. Figure 21 is a diagram
illustrating an exanpl e | ayout of one enbodi nent of a printhead die.
Figure 22 is a diagramillustrating anot her aspect of the exanple

| ayout of one enbodi nent of a printhead die. 20Figure 23 is a diagram
illustrating a plan view of a section of one enbodi nment of a
printhead die. Figure 24 is a diagramillustrating an exanpl e |ayout
of anot her enbodi nent of a printhead die. Figures 25A and 25B are
diagrams illustrating contact areas of a flex 25circuit that may be
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Inkjet printing system 20 constitutes one embodiment of a fluid ejection system

that includes a fluid ejection device, such as inkjet printhead assembly 22, and a
fluid supply assembly, such as ink supply assembly 24. The inkjet printing
system 20 also includes a mounting assembly 26, a media transport assembly
15 28, and an electronic controller 30. At least one power supply 32 provides
power to the various electrical components of inkjet printing system 20.
ln one embodiment, inkjet printhead assembly 22 includes at least one
printhead or printhead die 40 that ejects drops of ink through a piurality of
orifices or nozzles 34 toward a print medium 36 so as to print onto print medium
20 3B6. Printhead 40 is one embodiment of a fluid ejection device. Print medium 36
may be any type of suitable sheet material, 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
25  be printed upon print medium 36 as inkjet printhead assembly 22 and print
medium 36 are moved relative to each other. While the following description
refers to the ejection of ink from printhead assembly 22, it is understood that
other liquids, fluids or flowable materials, including clear fluid, may be ejected
from printhead assembly 22.
30 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



10Figure 1 illustrates one enbodi nent of an inkjet printing system
20. Inkjet printing system 20 constitutes one enbodi nent of a fluid
ejection systemthat includes a fluid ejection device, such as inkjet
printhead assenbly 22, and a fluid supply assenbly, such as ink
supply assenbly 24. The inkjet printing system 20 also includes a
nmounting assenbly 26, a nedia transport assenbly 15 28, and an

el ectronic controller 30. At |east one power supply 32 provides power
to the various electrical conponents of inkjet printing system 20.
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25 and print medium 38. In one embodiment, inkjet printhead assembly 22 is a
scanning type printhead assembly. As such, mounting assembly 26 includes a
carriage (not shown) for moving inkjet printhead assembly 22 relative o media
transport assembly 28 to scan print medium 36. In another embodiment, inkjet
printhead assembly 22 is a non-scanning type printhead assembly. As such,

30 mounting assembly 26 fixes inkjet printhead assembly 22 at a prescribed
position relative to media transport assembly 28. Thus, media transport

assembly 28 positions print medium 36 relative to inkjet printhead assembly 22,



| ocated within the cartridge and nay al so include a |l arger reservoir
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renoved, replaced, and/or refill ed. Mounting assenbly 26

positions inkjet printhead assenbly 22 relative to nedia transport
assenbly 28 and nedia transport assenbly 28 positions print medium 36
relative to inkjet printhead assenbly 22. Thus, a print zone 37 is

defined adj acefbctréhid8dmtdRer é’a‘brlnfbr%n%}%@ 30&&;&1@&@ indlideta p’fo'céésf&!?ad
assenbly 22 25 and print nedium 36. In one enbodi ment, inkj

pri nt headfirgyey ﬁb?'}d other glepireicss AT ARY ?%@”ﬁWQWﬁ@&EI fars%%mmwcaw such,
mount i ng @ﬁﬁﬁ Y& %ﬁk}@ggﬁwtﬁezﬁﬁéisb%ﬁl £ PhouriiAYRssdrRbly 7BV ARY

i nkj et print asse ref[ative to media transport assenbly 28
to scan phedia tﬁ%’tﬁDQFha%emD‘M 28n dierbronisaoHP IR PO, receikgedatp Soritame ad

assenmbiy gosil %n{]%c??é‘g;&bﬁ%ﬁf@é?ﬁg&@uﬁh dé§ ﬁfe'?%ry for"fémEHn‘é*ﬁly 30

nmount i ng asse assenb
prescr i bestopng daiaod. r Bypinally.edata 3¢isasent tor @h@bb"ﬂﬁtmﬁ:&*{é@m %0 @@ng BAuS,

media tra I 3 tive to
|nkjI et pr?'%? ﬁéﬁ' g@%g‘ﬂﬁ(;;&%;ﬁ%ﬂ;& ﬂf&mﬁ&?ﬁk?ﬁﬁ:%oﬁﬁ Eag% elrvor
printer cmmesﬂrﬂsarfomanm eaddcymentandiesfia tpbopenieds Asfsuemeaate3%and

o ort SRR o B L0, ADSE ke ne RIL Ak 0,1 1
and migli acémamsds ahdias seminayd parankétewst r oni ¢ control |l er 30 recel ves
data 39 froma 5 host, sys

i ncl udes nenor qﬂ“&rer?%‘%%@%’ztrn?‘r‘-@#‘g‘{]%??’HE""%Q?@H@F‘”S@B% L ﬁ'lt@{eg%ata 39
is sent taséemj:l?tzzmﬁajédtmg osmtchmeoraInoagjealttelt\ecsmlmréleqtrand rared,
optical, or .ot

, he .or na ansf a re sents, for
exanpl e, & r&%lﬁﬁ‘é% /%Pa W@ ?chtﬁg rB{)(?HP%H"D%&%[ % acq%l%ta 39 forms
a print jeimbhes, aridﬂarﬁith@fgrapbmwoﬁmgesmﬁ@namiedmcd sﬁjethe)pmte:m offor e
print job 10 co nds .a éor o [%rpr@ nmet er s nrggne enb di ment ,
el ect 1'oni BiEEisT,IPOATRS '%8 Hﬂ'f’? ﬂoabp?qrwpﬂ‘é%sda R 5% for
ej ection ghrdndtedl ops from nozzl es 34. As such, electronic cont roller
30 defines a pattern of eject s t or ar acte
synbol s, and/ ol St&RrLHIER: E@J%P”?"Hﬁ@‘ggsﬁ‘qﬁ}‘ ?%ﬂ cH’E%is

pattern ofol gh@aEesmbokmEno Rkjdt prifipbed BbseabiP 22 ide widd- a.tray onb
commands and/ or conmmand paraneters. |In one

nb
pri nt head MudtsBagd pr "ﬁb%%@ﬁ?ﬂ@y o'ﬁé)”ﬁr"i”ﬂ?‘ﬁgég eg%odmergnlafgﬁ@nnthead

enbodpre ”E\ssérﬂﬂﬂ? &b IIHHIU(!H’S@@Q’H@IS MBI daried printifeadl dis 40, Rbvigés
mul ti-head printhead assenb In one w de-array, embodi nent |% et

pri nt head e@@tr@@yé%wnmt!qmwwe@% panthaad figp 4U\ﬁrﬁ‘idc,°rl|e‘2§rz§’|nfq eutleitthead
di es 40, ahe\s'r&lﬁ&eser\m& Ebrﬁﬁlun&aﬂasw&tq@bh PRnPRENARR 40 dritf hRadpgly es 40

and el ectronic controller 30, and provides fluidic conmmunication
bet ween peEsamelid4di es 40 and ink supply assenbly 24. Figure 2 is a
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44, which ejecting elements 42, Printing elements 42 are formed on a substrate 44, which
has an ink feed slot 46 formed therein. As such, ink feed slot 46 provides a
supply of liquid ink to printing elements 42. ink feed slot 46 is one embodiment
of a fluid feed source. Other embodiments of fiuid feed sources include but are

30 notlimited to corresponding individual ink feed holes feeding corresponding
vaporization chambers and multiple shorter ink feed trenches that each feed
corresponding groups of fluid ejecting elements. A thin-film structure 48 has an



has an ink feed slot 46 fornmed therein. As such, ink feed slot 46
provides a supply of liquid ink to printing elenments 42. Ink feed
slot 46 is one enbodi nent of a fluid feed source. O her enbodi nents
of fluid feed sources include but are 30 not limted to correspondi ng
i ndi vidual ink feed holes feeding correspondi ng vapori zati on chanbers
and nultiple shorter ink feed trenchgs that each feed correspondi ng
groups of fluid ejecting elenents. Athin-filmstructure 48 has an 8
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subsqgnthgkﬂgngg g§94to the plane of firing 15 resistor 52) and
toward print 36 upon energizing of firing resistor 52.
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implemented in substrate and thin-film layers, such as substrate 44 and thin-film

structure 48.

in one embodiment, orifice layer 50 comprises a photoimageable epoxy
30 resin, for example, an epoxy referred to as SU8, marketed by Micro-Chem,
Newton, MA. Exemplary techniques for fabricating orifice layer 50 with SU8 or
other polymiers are described in detail in U.S. Patent No. 6,162,589, which is



5 materials, however, can be enployed to formorifice | ayer 50.
Figure 3 is a diagramillustrating drop generators 60 | ocated al ong
ink feed slot 46 in one enbodi nent of printhead die 40. Ink feed sl ot
46 i ncl udes opposing ink feed slot sides 46a and 46b. Drop generators
60 are di sposed al ong each of the opposing ink feed slot sides 46a
and 46b. A total of n drop 10 generagors 60 are |ocated along ink
feed slot 46, with mdrop generators 60 | ocated along ink feed sl ot
side 46a, and n - mdrop generators 60 |ocated along ink feed sl ot
side 46b. I n_one enbodi.nmen n_equals 200 .dro nerators. 60 | ocated
a2l ong 1 niber SR TSRS iR e dl o SORAH B LR AL OBl 1PBLSH od

al ongrgTb egcd‘!i tod séperatipgsrs m@‘le'rrah id aed ba]trm:; lBiefl@sg.48@naemh pive réslisgo't her
15 enbodi nents, an ui t e_nupber, o rop generators 60 can be

i sposed TR YALATER LR SR Y Ehe 46 0KP o ponsT BT GE ot ¢ o
each of thagadiugh geldgen@baiel lky&) fehreaesethaltnteriidnlerf ettbrsulbb/d6.
Each of the n drop generator a firiqghresistor 52, a

] s 60 ipcludes ¢
vapor Pz at IR RIadeves &g e %{nWBFZ‘:P@ fagn offigeayar 8ne n 20vapori zati on
chanbers 56 i FidurdiBM & didgyard Glitrathd @rop MenbRests 8b%caldt ABRQHEN at

| east one ink feed channel 54. The firing resistors 52 of drop
gener at orfeedalob#@ nepns gnbediment of Repitergddiet0.s s desr dot 4P Bplges | ui d
from Vaprpip_égihb(ﬂ{k 1_%9&'%%%@:3_5@6@%% bepgﬁﬁn 5'&7&&1%?5 é"(ﬂar‘e%iﬂ{cjs% an

i mage on print medium 36. Figure 4 is. iagramillustrating one
enbodi merRlons eaghiaf thrgPRAsiNg ity fersiesigh sidrsd Baransiibbe biode! wé nidren

pri nygead, ﬂbﬁatér@-aoFérﬁ'i&ﬁtébeélbng? Mhkif8&d sidE86, Qith! thighsh SeiRdratb Ry 62, @
resistor drive swtch 72, and a nmenory circurt 74. Firing resistor 52
is part docaiedirlopg dkTeedsot side 46By ankn svin dedp genezatarsiidhioestedi rcuit 74
are part ; ' i & e [ [ rical
U ont (RS ] et 4 400 SRR bR n SR 38D dRh GonchuBRl

t hi n-fi | i0dpeated alowgAsk ad stt 46 @ndtm gaeala 100 Soop gererajoesfiibldcatedt |

firing regi i [ ¥ :r&l Bk angd Ay itch 72 is a

field ef %Z%@%Cgﬁéiﬂg%gpo%a@?.“ I rsrilng'regsgt or %? :ﬂs? °¢l%€ctricall y

couplléd temntzodiments| amesutabligriiinmires ofl dediproenetaters Gfatan bef disfrased swi t ch

72. The | N e path of drive switch 72 is also
YR AN

el ectric to'a reference line 78 that is coupled to a
ref erence vol trdgfeed siot U6 psoviflastinilto ddub of #ieen dfopdganeeatersi@ch 72 1 s

ar i ve. swiarss8 aRspint BoTER Y, Bk el P UendAs BT "o vat o
| i ne 80 dinedgessiktbe52,ianepob2atidiadtmnibion 86 80d rmaneiziecst. cEatditaf tise gnal t hat
repr %Bentv%pgﬁzragtiogfchg%biapsa&e is fluidically coupled fo ink feed slot 46 through at
least one ink feed channel 54. The firing resisfors 52 of drop generators 60 are
energized in a controlied sequence to gject fluid from vaporization chambers 56
and through nozzles 34 to print an image on print medium 36.
Figure 4 is a diagram illustrating one embodiment of a firing cell 70
25 employed in one embodiment of printhead die 40. Firing cell 70 includes a firing
resistor 52, a resistor drive switch 72, and a memory circuit 74. Firing resistor
52 is part of a drop generator 60. Drive switch 72 and memory circuit 74 are
part of the circuitry that controls the application of electrical current through firing
resistor 52. Firing cell 70 is formed in thin-film structure 48 and on substrate 44.
30 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-



and enable lines 82 receive enable signals to control operation of
menory circuit 74. Menory circuit 74 stores one bit of data as it is
enabl ed by the enable signals. The logic |level of the stored data bit
sets the state (e.g., on or 10 off, conducting or non-conducting) of
drive switch 72. The enable signals can include one or nore sel ect
signals and one or nore address signads. Fire line 76 receives
an energy signal conprising energy pul ses and provi des an energy
pulse to firing resistor 52. In one enbodi nent, the energy pul ses are
provi ded géfur%la%%ﬁ{ Qerﬁie%W}Eﬁ ?bllseélséglebﬁ‘lcg L%l'éﬂetg asr%?éréh irfe ;ngs and
15 tinmed duration to provid pr oper anD energ eat and
vapori ze thaillls’dcouwled'ﬂ@ W@Eﬂiﬁﬂ%‘m"@lemh@érgr@mdafﬂ'@ Qﬁ@pf @rmtdj\r 60.
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25The firing cells 70 in each of the fire groups 102a-102n are
electrically coupled to one of the fire lines 110a-110n. In fire
group 102a, each of the firing cells 70 is electrically coupled to
fire line 110a that receives fire signal or energy signal FIREL. In
fire group 102b, each of the firing cells 70 is electrically coupled
to fire line 110b that receives firetisignal or energy signal FlIRE2
and so 30 on, up to and including fire group 102n wherein each of the
firing cells 70 is electrically coupled to fire [ine 110n that

receives fi reﬁb%%bluﬂns%‘?@é%ﬂéé@@du @dﬁﬁﬁgé@ m@ggbgg—gosm%& of the

firing cells 70 in each of the fire groups
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enabl i ng at ﬁuhgbwblamgbmfnernt rwfa@ellogss gﬁan%édqmoﬂﬁb( ﬂr@tg%oﬁpr@aS‘l@% 02
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signal FIREI-FIREn is provided to a selected fire group 2a-102n,

subgr oup "&HHST &F Wegiayrs YEe-1&manddntoiyfyéabls Bt oF Wf@ﬂ&bl e
Chebch SRS goted [ Studin e ol ol o namie
to havmg ?he same number of subgroups and data line groups Instead, each of

20 the fire groups 102a-102n can have a different number of subgroups and/or
data {ine‘'groups as compared to any other fire group 102a-102n. In addition,
each subgroup can have a different number of firing cells 70 as compared to
any other subgroup, and each data fine group can have a different number of
firing cells 70 as compared to any other data line group.

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

30  on, up to and including fire group 102n wherein each of the firing cells 70 is
electrically coupled to fire line 110n that receives fire signal or energy signal
FIREn. In addition, each of the firing cells 70 in each of the fire groups 102a-



25 on data |lines 108a-108m and an energy signal FIREL-FIREn is

provi ded on one of the fire lines 110a-110n to energize firing
resistors 52 in the newly enabled firing cells 70. At any one tine,
only one subgroup of firing cells 70 is enabl ed by subgroup enabl e
signals 801, 502,SGE. to store data signals D1, D2 ... Dm provided on
data lines 108a-108m In this aspectgjzdata signals D1, 02 ... 30Dm on
data lines 108a-108mare tinmed division nmultiplexed data signals.
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by subgroup enable signals SG1, SG2, ... SG, to store data signals D1, D2 ...

Dm provided on data lines 108a-108m. In this aspect, data signals D1, D2 ...
30 Dm on data lines 108a-108m are timed division multiplexed data signals. Also,

only one subgroup in a selected fire group 102a-102n includes drive swifches

72 that are set to conduct while an energy signal FIRE1-FIREn is provided to



14 -DATA. The gate of first address transistor 138 is electrically
coupled to an address |line 144 that receives address signals

- ADDRESS1 and the gate of second address transistor 140 is

el ectrically coupled to a second address line 146 that receives
address signals -ADDRESS2. The data signals -DATA and 5 address
signal s - ADDRESS1 and - ADDRESS2 are fgctive when | ow as indicated by
the tilde (-) at the beginning of the signal name. The node
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i s addressed. arged firing cell 120 may utilize any nunber of
ot her t oporeetiaeae kme W f@ﬁb@@éﬁ@g a pa%-ch@'lg siggal. h@%@%‘?&i Agygswitch

rel ations r SRR an OR
gate may ? eqié‘(fi[(}%dn?%gu g‘?\é’fg@fﬁﬁg? Erﬂfd%%aarﬁ}{dalﬂg%hf Egeyt(gut EUt %21"8 whi ch

i s coupl eand tbleadrsmFﬁgﬂuet:et pathof seleet transistor 1B0.ghe oatq of sglact ansiste
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cell array array I ncl udes Ul’alté pre- 5
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used as a memory element.

A data transistor 1386, a first address transistor 138 and a second address
25 transistor 140 include drain-source paths that are electrically coupled in parailel.
The parallel combination of data transistdr 138, first address transistor 138 and
second address transistor 140 is electrically coupled beiween the drain-source
path of select transistor 130 and reference line 122. The serial circuit including
select transistor 130 coupled to the parallel combination of data transistor 136,
30 first address transistor 138 and second address transistor 140 is electrically
coupled across node capacitance 126 of drive switch 172, The gate of data
transistor 136 is electrically coupled to data line 142 that receives data signals



into 13 rows and ei ght columms. The fire groups 202a-202f and
pre-charged firing cells 120 in array 200 are schematically arranged
into 78 rows and ei ght colums, although the nunber of pre-charged
firing cells and their layout nay 1Ovary as desired. The ei ght
colums of pre-charged firing cells 120 are electrically coupled to
ei ght data |ines 208a-208h that recejve data signals -D1, -D2 ...

-D8, respectively. Each of the eight columms, referred to herein as a
data line group or data group, includes pre- charged firing cells 120
in each o i X fir oups 15 202a-202f. Each of the firing cells
120 in eabﬁ‘trgolﬁﬁ-g%‘? Oﬁf"g{ %‘#ﬁ?i}%ﬁaﬁsﬂ oripede plestrically caunigddera cal | y

coupl ed todress lind 1441&12#;18&0%1\)%@ﬂ&re%@%igna@&)\DlﬁRESBﬁ %h@*ﬁ‘?é ?ﬁg dfl 11 ng
cells 120 in ad%atallne are electrically coup o the sane
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line 208b is _electrical % coupl ed to eac re-charged firing
cel | s 126PRasitaRRe 14, Resh 3r€8ﬂ’@ﬁﬁ3’@ﬁ62%§edﬁ¢t tr@wmt H3Gdatd tansistong

data |ine3@0&habfaks trénﬁét%?é {deCRld ¥ t%cpﬁhg aqqeﬁ*lﬁ nf@h of the

pre-charged firing cells 25120 in ri col umm, incl uding
pre- char ged flnapgeatier| nedeicapariansgadiZ6ds Ptehd’ia‘rg&tbthgmmhlpae-bﬁa@emﬁ

The {@V"S?ré’rﬁmﬁég‘%@ﬁ%gﬁ%cﬁ% ?,Ex H%h‘i@\}ell §oléa§% rp%rs% & &% g clrha?gae }r)é ‘F%Hl ed to

address |1 nes ecel ve ess Si
- A7, ong @@be@manélaﬁer E@dﬁg!p&ee;emaag@qmsemmgemadgeme1Ba a row of

or e Char 458 ofd TR B oL 1AL Y 810 e (0 Sonl od
to two of34 ard addiees sighalaed\DIRES 2080 ~ADDRESS2 arkforovidedjed firing
ddr oss TR sRal SUaHl AtoYeruR R LB eGP Pr e p Brathe. |
202a1®02¢ecand aaddmssltrfanetstcmsl 48 uBgotiags pﬁl@éoﬂ.smfhmiemlgha@ﬂtbde i infire
R o E R X T P AR
SG6-13 i mﬁanﬂmwtﬁﬁadnswher@@ﬁdatﬁ@r%ﬁsmidﬁ 166 h‘ﬁ'ﬁt Ritipadd tramRistor 1@@Ch fire
e NN LR g A
i s el ect t2&@ngins chephed if data fransistor 1386, first address transistor 138 and
20 second address transistor 140 are all off.
Pre-charged firing cell 120 is an addressed firing cell if both address
signals ~ADDRESS1 and ~ADDRESS?2 are low and node capacitance 126
either discharges if data signal ~DATA is high or remains charged if data signal
~DATA is low. Pre-charged firing cell 120 is not an addressed firing cell if at
25 least one of the address signals ~ADDRESS1 and ~ADDRESS?2 is high and
node capacitance 126 discharges regardless of the data signal ~DATA voltage
tevel. The first and second address transistors 136 and 138 comprise an
address decoder, and data transistor 136 controls the voltage level on node
capacitance 128 if pre-charged firing cell 120 is addressed.
30 Pre-charged firing cell 120 may utilize any number of other topologies or
arrangements, as long as the operational relationships described above are



10 two address |ines 206a-206g. The two address |ines 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 |ine 206a-206g is electrically
coupled to the gate of one of the first and second address
transistors 138 and 140 and the other address |ine 206a-206g is 15
electrically coupled to the gate ot the other one of the first and
second address transistors 138 and 140. The address |ines 206a-206g
recei ve address signals -Al, -A2 ...-A7 and are coupled to provide

t he addmasaiséd)n&los exdhple; 42 OR gate Atayt e cduplarifocpddrgss lioés (4 array

200 2% L5bh2¥ SR ARURNR 005538 gkt St00roupe -, 2
SGL- 3, 802- Figure 7566r sheiatic didigrdif lludiralB@Pere embodidniof-afl inkjet\6
SGl-3, gr?nzﬂ:igad fifingSt(:)eql_aSrray 200. Firing cell array 200 includes a plurality of pre-

5 charged firing cells 120 arranged into six-fire groups 202a-202f. The pre-
charged firing cells 120 in each fire group 202a-202f are schematically arranged
into 13 rows and eight columns. The fire groups 202a-202f and pre-charged
firing cells 120 in array 200 are schematically arranged into 78 rows and eight
columns, although the number of pre-charged fiting cells and their layout may-

10  vary as desired. |

The eight columns of pre-charged firing cells 120 are electrically coupled
to eight data lines 208a-208h that receive data signals ~D1, ~D2 ... ~D3,
respectively. Each of the eight columns, referred to herein as a data line group
or data group, includes pre-charged firing cells 120 in each of the six fire groups

15  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. Ali 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.

20 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

25 120 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-208g that receive address signals ~A1, ~A2 ... ~A7,
respectively. Each pre-charged firing cell 120 in a row of pre-charged firing cells

30 120, referred to herein as a row subgroup or subgroup of pre-charged firing celis
120, is electrically coupled to two of the address lines 206a-206g. All pre-



-Al,

10

15

-A7 501-6, 502-6 ...
-A4 501-8, 502-8 ...
501-10, 502-10 ...

506-6 --A2, -A3 501-7, 802-7 ... SG6-7 -A2,
506-8 -A2, -A5 501-9, 802-9 ... 506-9 -A2, -A6
S06-10 - A2, -A7 SGL-11, SO02-11 ... 506-11 17

16

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
SG1-1 through $G1-13 in fire group one (FG1) 202a, subgroups SG2-1 through
S8G2-13 in fire group two (FG2) 202b and so on, up to and including subgroups
S8GB-1 through SG6-13 in fire group six (FGB) 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 fo

two address lines 2068a-206g. The itwo 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-208g 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 1o the gate of the other one of the first and second address

transistors 138 and 140. The address fines 206a-206¢ 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 5G1-1, 8G2-1 ... 8GB-1
~A1, ~A3 5G1-2, 8G2-2 ... 8G6-2
~A1, ~Ad SG1-3, 8G2-3 ... 8G6-3
~A1, ~A5 SG1-4, 3G2-4 ... 5G6-4
~A1, ~AB $G1-5, 8G2-5 ... SGB-5
~A1, ~A7 SG1-6, 8G2-6 ... SG6-6
~A2, ~A3 SG1-7, SG2-7 ... 8GB-7
~A2, ~Ad SG1-8, 8G2-8 ... SG6-8
~A2, ~AB $G1-9, 8G2-9 ... SGB-9
~A2, ~AB SG1-10, SG2-10 ... 8G6-10
~A2, ~A7 8G1-11, 8G2-11 ... 8G6-11




-A3, -A4 SCGL-12, S&-12 ... S06-12 -A3, -A5 SGL-13, S&-13 ... SG6-13
Subgroups of pre-charged firing cells 120 are addressed by providi ng
address signals -Al, -A2 ... -A7 on address |ines 206a-206g. In one
enbodi ment, the address |ines 206a-206g are electrically coupled to
one or 5 nore address generators provided on printhead die 40.
Pre-charge |ines 210a-210f receive e-charge signals PREl, PRE2 PREG
and provide the pre-charge signals PREL, PRE2 PRE6 to correspondi ng

fire groups 202a-202f. Pre-charge line 210a is electrically coupled
to all of the pre-charged firing cells 120 in FGl 202a__Pre-charge

line 10 2%BbA% el ectrical ly coupl e S -t 1SGF-82 en 8GR firing cel | s

120 in [FGR 20z and so on,  up 10 and gaici{AEEH T e e 1T me210f
that is_eléctrically coupled to all [pre-chHarged firing cells 12Q in

FG 202f. Each of the pre-charge lines 210a-210f is el ectri cally

coupl ed o teuB B bielial Red A LIBALY ol aBlbslly bGPl har 0°

transistors e corre I're group nd all
pre- 15dcvairesscsignals n§lcedd s. 120 ohmddrefss livegR0Gmp20MRAn202f ar e

electric , d n re-char line 210a-.210f. Thus, the
node cap%ﬁ*%dé'ﬁgﬁgh‘%z%&cg?&atﬁésgrag?%ﬁg?% %e@ﬁ“%@ Ccoé’PPag BI95% a fire
group 20Berediifress genehstogqaogied o printhegd tisellcor r espondi ng pre- char ge
signal PREl, PRE2 PRE6 { rrespondin re-ch |
210a. 2101 . 252%1"&%535‘.%%%21Ql{“géﬁ%fﬁ?“’é)8&%‘?@?&9’2@98%'?%{5%%leQCf%ELl, SEL2
SEL6 andPRE®whd erdvive thelpeethanggsinalsTERE], FRE2. SERES6tto cor r espondi ng
o0 BT DR Bl e pre B B e’ &
el §Ct ri CtmlubBEdQOlaﬂ|oe§e_tme1lﬂhlal_‘geﬂ€'rrialb'@éw£:ﬂ2(j inrﬁ%?mhl Brézelcgﬁ_ rgdlikes2 202b
and so an,..up to _and including select line t ha S
aledhri ion, S elspfaly st ogereranged g PR RANECbeda s 2021
Each of §d‘tﬁ1,il?|t6©hd|iﬁdnﬁﬁng?ér%8d%@ lines2 Bif @6t Id Sladthivaly@onprd tbalt he
gate of all o tt}_e_ sel ?c% trﬁ__n lstors. 130 in the correspaonding fire
group 2078=chgred fiRg csliy 144} B c‘ﬁ%ﬁé@dsﬁqchi‘)ﬁﬁ‘%ﬁ%‘aﬁd'ﬂeﬁ 2408ire group
202a- 202410n1seel€dtREdIlyicoable 16 e A6 ah@ dRih-¥oRBe pafl &f&ll dikieprél 2a- 212f .
charge transistors 128 in the corresponding fire group 202a-202f, and all pre-

15 charged firing cells 120 in a fire group 202a-202f are electrically coupled to only
one pre-charge line 210a-210f. Thus, the node capacitances 126 of all pre-
charged firing cells 120 in a fire group 202a-202f are charged by providing the
corresponding pre-charge signal PRE1, PRE2 ... PRES to the corresponding
pre-charge line 2102-210f.

20 Select lines 212a-212f receive select signals SEL1, SEL2 ... SEL6 and
provide the select signals SEL1, SEL2 ... SELG to corresponding fire groups
202a-202f. Select line 212a is electrically coupled to ail pre-charged firing cells
120 in FG1 202a. Select line 212b is electrically coupled to all pre-charged
firing cells 120 in FG2 202b and so on, up to and including select line 212f that

25 is electrically coupled to all pre-charged firing cells 120 in FG6 202f. Each of
the select lines 212a-212f is electrically coupled to the gate of all of the select
transistors 130 in the corresponding fire group 202a-202f, and all pre-charged
firing cells 120 in a fire group 202a-202f are electrically coupled to only one
select line 212a-212f,



18 Fire lines 214a-214f receive fire signals or energy signals FIRE1,
Fl RE2 FI RES and provide the energy signals FIRE1l, FIRE2 FIRE6 to
corresponding fire groups 202a-202f. Fire line 214a is electrically
coupled to all pre-charged firing cells 120 in FGL 202a. Fire line
214b is electrically coupled 5 to all pre-charged firing cells 120 in
F& 202b and so on, up to and includgng fire Iine 214f that is
electrically coupled to all pre-charged firing cells 120 in FG 202f.
Each of the fire lines 214a-214f is electrically coupled to all of

the firing reﬁfgs.e dé%% iﬂftr@fei\féoﬁré%Ejﬂ%@ddr%efédfﬁ%rﬂié)ﬁg{ﬁog ¢Q2f
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r epeat i N@harged\irify eeNO1aD iAGRgD0 afb elcatitaBsSoupid@l Sreferbhce i
t_to one ro subgroup

- A7 provided on a ess | i nes 206a- 20 are s

25 2t 6246 oAt G Clach BN VHROR GRS TTPVE T SR S BOENOtH. The
address giiggabis 12 inaw subgraddip ﬁ@lr@@marga@ﬁr@g\b@lgbmol dre@lRtricaigach of
the fire rou 202a-202f for one thro h the fire groups
202a3902ff Uﬁﬂ@g tq Hie s9e& aqdy 8?%"%%2(9% r@eg‘#‘g[ﬂfs"@o%"&a 1%’( sefacd

addr ess §h@pabg 212 and- e |me214é§i1@ﬁ’e changed to sel ect anot her row
subgroup in each of the fire grqups 202a-202f. 30 This continues up

to the addres¥ enesaligns ingge em 'menf tirgpraunsd2em aee selagted iRy

subgr OUpﬁké‘inféLkée&" &PHSG‘?-QQ@Q f!’s%%ﬂecte%lc Eeﬁéret#'@z EQQE WY BURGCRIP.
addr ess m&a S select the first row subgroup to

begi n t h&e af@@ﬁw @1 dmép F@a?@?f After FG§ Roahmmf@e HRYWAMCIe f
oper gp Ogtarf%rlﬁfeP(Nﬁﬁ IF@-}“lf 26& QHQMB%rZQ@@r g&ﬁfenb& ARA RISt ovi di ng

a pre- char%’% RE6 on e pre- 5 charge I'ine
210a- 2108%¢€ tl@ﬂﬁeméhéefdﬁ'k?@dgroup 202a- 2021" The pre-charge signal

PRE1, PRE2 PREf. ggg,leg§§ gﬂagr@;@ hapge Jp!mc!er{hﬁ‘duﬁﬁhh&ﬁ 3 (E;‘cﬁ& EQ:SZ’grQH;S i ng

which time the node capacitance 126 on each drive sw t in the
one fire agemsge baigr@peating 2 Ry gekurowp addiesh Tlos eddress sigeals ~AJd,

T har g DSl e o AR 2084 ppd AR o APkl
25 address during each cycle through the fire gfpups 202a-202f. The address
signals ~A1 ~A2 ... ~A7 select one row SUbe'I:gIFOUp in each of the fire groups
202a-202f for one cycle through the fire groups 202a-202f. For the next cycle
through fire groups 202a-202f, the address signals ~A1, ~A2 ...-~A7 are
changed to select another row subgroup in each of the fire groups 202a-202f.
30 This continues up to the address signq!é ~A1, ~A2 ... ~A7 selecting the last row

subgroup in fire groups 202a-202f. After the last row subgroup, address signals



206g to address one row subgroup in each of the fire groups

202a- 202f, including one row subgroup in the pre-charged fire group
202a-202f. Data signals -D1, -D2 ... -08 are provided on data |ines
208a-208h to provide data to all fire groups 202a-202f, including the
addressed row subgroup in the pre- 15 charged fire group 202a-202f.
Next, a select signal SEL1, SEL2 SEL6 is provided on the select |Iine
212a-212f of the pre-charged fire gtbup 202a-202f to select the
pre-charged fire group 202a-202f. The select signal SEL1l, SEL2 SEL6
defines a discharge tinme interval for discharging the node

capaci t amsb 'J?SZ'B onAEaelﬁCHth'lEs’tswsubgrmmztmglrmtm guidesssiyciganvef i ri ng

cel l 1204 is either not in the addressed row subgroup in the
sel ected e group 202a-202f or addressed in the selected fire group
202a- 202f andneeothey asgech ohdppvalimy ehe déthe fise graips 202a-20B0s. . . - D8.
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next fi r'BCltlé’GG[?n?G?‘é'SEBQTO pTrF] ot C@ﬁ%@%ﬂ@h’&lzoﬁﬁﬁﬁ FREt2 PREG f or

one fir %1@@&9030292202138%@ d siedaahifed 298RD Mo prblide dfal 2 SELG
and energy gnal FIREL, FIRE2 FIRES for the one fire group

202a- 202F. ’°‘“AF‘%‘ QFO%Pﬁe?OS?@OBMFﬁ@'@ tgAddmssed rovirsybgopis in thaPse-si gnal s

- D1,15 DZcharg edm%%{,@pgwé_g@jfexed in tinme and stored in the addressed
row subgroup of the one fire Eéo@@LZOZa 202f by the sel ect signal

SEL1, SEL2 St arsrledsigngl Sk Ar $ELSSE rodgegor fhe salectdiaeect ed
10 fire ﬁ%ﬁ%%@&@%hh%a@'fﬁ@gwﬁ RoR-2p foge.eel tﬂ{@ére%ﬁ'éfg ggﬁﬂ’s& ,

for the next fire grou fter t ect si gna

SEL6 f ordrehe 282aabekd e seleqysigpl 20bh-SH2 .. |%E|eﬁ)*ﬁ?ﬂl‘@§@ disghargee| ect
si gnal Ehémfté%l?foﬁﬁgﬁef@&gg EaﬂdctEnc%r rﬁg%dgm %fsm}té hR7SVi ded.

Pre-charged firing ce ese ecte Ire or heat
i nk 4fasdd agpretahargaddiring cgl130 éhajnﬁaelthelbnot in3he agi@"essed roni)albasoume

o vt ded" e ppctiEt e Biolirgp tabor bdicled ihe BRAK RE'Gn ¥, 1 g
di agr am 202=a233f anid nigcetiting 8 highdevel Watd signa ~ExthoBRmentD8. The node
capacitance 126 does not discharge in pre-charged firing cells 120 that are
addressed in the selected fire group 202a-202f.and receiving a low level data
25 signal ~D1, ~D2 ... ~D8. A high voltage level on the node capacitance 126
turns the drive switch 172 on (conducting). T
After drive switches 172 in the selected fire group 202a-20%f are set to
conduct or not conduct, an energy pulse or voltage pulse is provided on the fire
line 214a-214f of the selected fire group 202a-202f, Pre-charged firing cells 120
30 that have conducting drive switches 172, conduct current through the firing
resistor 52 to heat ink and gject ink from the corresponding drop generator 60.



of firing cell array 200. Fire groups 202a-202f are selected in
succession to energi ze pre-charged firing cells 120 based on data
signals -01, -02 ... -08, 20 indicated at 300. The data signals -D1i,
-D2 ... -08 at 300 are changed depending on the nozzles that are to
eject fluid, indicated at 302, for each row subgroup address and fire
group 202a-202f conbination. Addressgsignals -A, -A2 ... -A7 at 304
are provided on address |ines 206a-206g to address oné row subgroup
fromeach of the fire groups 202a-202f. The address signals -Al, 25

-A2 .. -A7 at .are se ddr i ndi.cat for one
cyel & thr ougn Vi B ghautis 2088 20280 B0 ST syl BREIS P sBlee TRl ot e the
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25 ~A2 ... ~AT7 at 304 are set to one address, indicated at 306, for one cycle
through fire groups 202a-202f, After the cycle is complete, the address signals
~A1, ~A2 ... ~A7 at 304 are changed at 308 to address a different row subgroup
from each of the fire groups 202a-202f. The address signals ~A1, ~A2 ... ~A7
at 304 increment through the row subgroups to address the row subgroups in
30 sequential order from one to 13 and back to one. In other embodiments,
address signals ~A1, ~A2 ... ~A7 at 304 can be set to address row subgroups

in any suitable order.



, charges all firing cells 120 in F& 202b. The node capacitance 126
for each of the pre-charged firing cells 120 in F32 202b is charged
to a high voltage | evel. The node capacitances 126 for pre-charged
firing cells 120 in one row subgroup 802-K, indicated at 319, are
pre-charged to a high voltage |level at 320. The 30 row subgroup
address at 306 sel ects subgroup SGZ-2!|<, and a data signal set at 328
is provided to data transistors 13671 n all pre-charged firing cells
120 of all fire groups 202a-202f, including the address sel ected row
subgr oup 802-5. . 22 Tt]e fire Line 214a receives energ¥ si gnal FI REL,
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and t he FyRFRaeaey itk 3@drEde selected row subgroup SG1-K. In the address

selected row subgroup SG1-K, data at 314 are stored, indicated at 318, in the

node capacitances 126 of the drive switches 172 in row subgroup SG1-K to

either turn the drive switch on (conducting) or off (non-conducting).

25 The SEL1/PRE2 signal pulse at 316 on pre-chalrge tine 210b, pre-

charges all firing cells 120 in FG2 202b. The node capacifance 126 for each of

the pre-charged firing cells 120 in FG2 202b is charged to a high voitage level.

The node capacitances 126 for pre-charged firing cells 120 in one row subgroup

SG2-K, indicated at 319, are pre-charged to a high voltage level at 320. The

30 row subgroup address at 306 selects subgroup SG2-K, and a data signal set at
328 is provided to data transistors 138 in all pre-charged firing cells 120 of all
fire groups 202a-202f, including the address selected row subgroup SG2-K.



30 remains high to heat and eject ink fromthe correspondi ng drop
gener at or 60. After the SEL2/ PRE3 signal pul se 326 goes | ow and
whil e the energy pulse 332 is high, a SEL3/PRE4 signal is provided to
sel ect FO3 202c and pre- 23 charge F&4 202d. The process of
pre-charging, selecting and providing an energy signal, including an
energy pul se, continues up to and iggludlng FG 202f. The SEL5/ PRE6
signal pul se on pre-charge line 210 pre-charges all 5 firing cells
120 in FG5 202f. The node capacitance 126 for each of the pre-charged
firing cells 120_in FG 202f is charged to a high voltage |level. The
node capacit aht@irelhe 414 rpreivesenagusignalimigEd dndisated@t Ba3.0ne row
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|l ed | ow, jndicated at 346. Switching the

172 are ul
energy p @ré%sqgﬁﬁéd] cm?ﬁp Qrﬁézharged firing cells 120 in FG2 202b. The

node capacitance 126 is discharged on all pre-charged firing cells 120 in FG2

20 202b that are not in the address selected row subgroup $SG2-K. Data signal set
328 for subgroup 8G2-K is stored in the pre-charged firing cells 120 of subgroup
SG2-K, indicated at 330, to either turn the drive switches 172 on (conducting) or
off (non-conducting). The SEL2/PRE3 signal pulse on pre-charge line 210¢ pre-
charges all pre-charged firing cells 120 in FG3 202c.

25 Fire line 214b receives energy signal FIREZ2, indicated at 331, including
energy pulse 332, to energize firing resistors 52 in pre-charged firing cells 120
of FG2 202b that have conducting drive switches 172. The FIRE2 energy pulse
332 goes high while the SEL2/PRES3 signal pulse 326 is high, indicated at 334.
The SEL2/PRES signal pulse 326 goes low and the FIRE2 energy pulse 332

30  remains high to heat and eject ink from the corresponding drop generator 60.

After the SEL2/PRES3 signal pulse 326 goes low and while the energy
pulse 332 is high, a SEL3/PRE4 signal is provided to seiect FG3 202¢ and pre-



node capacitances 126 are actively pulled |ow, prevents the node
capaci tances 126 from being i nadvertently charged through drive
swtch 172 as the energy 24 pul se 344 goes high. The SEL6/ PREl
signal pul se 336 goes | ow and the energy pul se 344 is nuaintained high
for a predetermned tinme to heat ink and eject ink through nozzles 34
corresponding to the conducting pre-gharged firing cells 120. 5After
the SEL6/PRE1 signal pul se 336 goes |ow and while the energy pul se
344 is high, address signals -Al, -A2 ... -A7 304 are changed at 308

to sel ect SGlL- , -~ : , up to
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Il lustrating one enbodi nent _of an address generator 400 in printhead

di e 40. THeENgH sacong SROARE1 21902l NS RIS0a TORiSEEORESERSPES 402, a

di rect i ongighaiGHilde $BombEled B 210f BiFisPoh heBelcbh@andidtht 13(PHIcticRof 402
Is electrically coupl ed lrection circuit 40 hr ough direction

contréf | th@a@'emsrgemfgiﬁstcgﬂg 120 indefp@ 2@¢". Jbe ﬂogegﬁt%‘t’iﬁaﬂ&%l“%i%oupl ed
o' cocaPRERIRAE WY RUIASN Gy gl vior cupun hangs higendLom 10
address selected row subgroup SG6-K. In the address selected row subgroup
SG6-K, data 338 are stored at 340 in the node capacitances 126 of each drive
swifch 172 to either turn the drive switch on or off.
20 The SELS/PRE1 signal on pre-charge line 210a, pre-charges node
capacitances 126 in all firing cells 120 in FG1 202a, including firing cells 120 in
row subgroup SG1-K, indicated at 342, to a high voltage level. The firing cells
120 in FG1 202a are pre-charged while the address signals ~A1, ~A2 ... ~A7
304 select row subgroups SG1-K, 8G2-K and on, up to row subgroup SG6-K.
25 The fire line 214f receives energy signal FIRES, indicated at 343,
including an energy pulse at 344 to energize fire resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG6 202f. The
energy pulse 344 goes high while the SEL8/PRE1 signal pulse 336 is high and
node capacitances 126 on non-conducting drive switches 172 are being actively
30 pulled low, indicated at 346. Switching the energy pulse 344 high while the
node capacitances 126 are actively pulled low, prevents the node capacitances

126 from being inadvertently charged through drive switch 172 as the energy



30 address signals to firing cells 120. In one enbodi nent, the
address generator 400 receives external signals, see Figures 25A and
25B, including a control signal CSYNC and six timng signals T1-T6,
and in response provides seven 25 address signals -A, -A2, ... -AT7.
The address signals -Al, -A2, ... -A7 are active when they are in the
| ow voltage level, as indicated by the preceding tilda on each signa
nane. |In one enbodinent, timng sithals T1-T6 are provided on sel ect
lines (e.g., select lines 212a-212f shown in Figure 7). Address
generator 5 400 is one enbodi nent of a control circuit configured to
res pondpmise 344 gots blbhs ToaAELEERE] sigBxINQIset 386 godsi lavend tkequence

(e a_sequenc - reverse
or der) ?rberg%gglﬁg%flﬁés i ?‘r‘%@g"g@@f‘ rlazﬁéﬁgtreng@ﬂjé eltgnh%a%'k%ggdr ess
gener at giectdfi0tirogdiusexiescRi ctn@spdndingl® the tcondkcting h2e-604rgad fingl 416

t hat rec«?{?v@otl mng signals T2, T4 and T6. Resistor divide network
412 rec® timng signal T2 through tining signal |ine 418 and

di \dnsiez dowmﬁéirerl‘e/slthwgamw@ial pliskizdsnwyes iqgnahd Wﬂiif thepsravgyde a
reduced v e l.evel T2 timn n eval ua gna
e g op S adP & e s SR A SR ot b S Rng St b A )

t][lough @et@@twoﬁieg_ariﬂ oflsubgrofipd smcle1d \scswgd +d@invd sohon, uplhds 808- Ke}/el 15
(0] tim | t a redu V t e tlmng

ol il De Se8 e dizh farh SY 28 And St evas e 28 o EB22bpue hetvor k
416 recrickrRs atsmﬂBREtz%rgﬂal pOisé, hh@ibﬂbdtat BM\gTﬁé sEah/ﬁREEs@&ﬁ and

di vi des down 't | tage_ | evel of to provide a

FedUedPVar B4BENISERe MRG2 VARG o R AFEGHITHSE B 820k Ghre gnal

l'ine 428, A&y ﬁrmgféelté qgosﬁ BG1 %éar ETﬁS'n\zS@é cEdditAte $2@Ral CSYNC
t hrough' cont rol ine 430 and direction signals through

di r ect i dackargein E\“?i?fésc“éwd fN"SGe“-"s h#G i Fr%b?%%ﬂ“ahé‘? ’ché'ém?es timng

si gnal isgnak+4 .| DBtalSighaAS tf3505Fo Rives@pbgs si gnal
PREL. T%%drrggé%ﬁilggeggp%%ggﬁlsg;‘eﬁlz timng s?g |rs I‘SECEI ved t hrough

first eP&tdatt sstapdinine nresharggd sisng Felgsﬂ ISYRETosR SFHRAN tevAaLl.
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| n ot hegemarbiods ﬁ&nﬂ'be peitets cmlﬁgluss antil40ptingis domlietde any suitabl e
nunber of s h#lgureréagiaséigﬁram ilustrating one embodiment of an address
generator 400 in printhead die 40. The address generator 400 includes a shift
25 register 402, a direction circuit 404 and a logic array 406. The shift register 402
is electrically coupled to direction circuit 404 through direction control lines 408.
Also, shift register 402 is electrically coupled to logic array 406 through shift
register output lines 410a-410m.
in the embodiments described below, address generator 400 provides
30 address signals to firing cells 120. In one embodiment, the address generator
400 receives external signais, see Figures 25A and 25B, including a control

signal CSYNC and six timing signats T1-T6, and in response provides seven



cells 403 to provide any suitable nunber of shift regi ster output
signals, to 5 provide any nunber of desired address signals.

Shift register cell 403a provides shift register output signal SOL on
shift register output line 410a. Shift register cell 403b provides
shift register output signal SO2 on shift register output |ine 410b.
Shift register cell 403c provides shiit register output signal S03 on
shift register output line 410c. Shift register 10 cell 403d provides
shift register output signal SO4 on shift register out put | ine 410d.
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addr ess si Xift Fegintesd Q7 recaikas, @H@S% éwal'@%bm e fgenglgisj oﬁgst?458a
and 458b, addiasse QidIPRER T SAusedisiagans el R imiragsigesss rcaived
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transi stor
register 402 provxdes shift register output signals SO1-S013 on shift register

output fines 410a-410m.
30 Shift register 402 includes thirteen shift register cells 403a-403m that

provide the thirteen shift register output signals S01-8013. Each shift regisier
cell 403a-403m provides one of the shift register output signals SO1-SO13. The



15el ectrically coupled to T3 signal line 434. The other side of the
drai n-source path of address line pre-charge transistor 438a is
electrically coupled to address |ine 472a. The gate and one side of
the drai n-source path of address line pre-charge transistor 438b are
electrically coupled to T3 signal |ine 434. The other side of the
drain-source path of address line presgcharge transistor 438b is 20
electrically coupled to address |line 472b. The gate and one side of
the drai n-source path of address line pre-charge transistor 438c are
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signal line 427 is electrically couple t he ate and one S|de of

the drHi n-ehAdsh nsawﬁewhl%mst@f oytpit %sml §% 9N $iuft praisteeiitpe line
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transi stors mi1s 10el ectri cal coup ogi ¢ eval uation
si gnal | i negigter. oubpis lise 4&0io fShifl eegiften qei/l @Mr@@d%ﬁwﬂ@g@tﬁbﬁufeﬂt t he
addr ess ev, t i i to
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eval uati O”S'ﬁﬁgéégi§f§P§$tg {'ﬁled‘ﬁ% -source path of address evaluation

transi stor ri cal coupled to evaluation line 476d. The
dr ai n- sour ce pafte difeciidul ciesst @MeuaiveS)mrﬁmaghathﬁYMQ@m dogtrol signal

oS oLl AR Saf TP SO S el BB PP
eval uatj oncharge signéf PRENE THe adducedwoltage level T4 timing signal is received on
evaluation signal line 424 as fourth evaluation signal EVAL4. Timing sighat T5
is received on timing signal line 436 as third pre-charge signal PRES3, and the
reduced voltage level T6 timing signal is received on evaluation signal line 428
as third evaluation signal EVAL3. The direction circuit 404 provides direction
30 signals to shift register 402 through direction signal lines 408.
The logic array 406 includes address line pre-charge transistors 438a-

438g, address evaluation transistors 440a-440m, evaluation prevention



pat h of address evaluation transistor 440g is electrically coupled to
eval uation line 4769. The drain-source path of address eval uation
transistor 440h is electrically coupled to evaluation |line 476h. The
drai n-source path of address evaluation transistor 440i is

el ectrically couplecito evaluation line 4761. The 25drai n-source path
of address evaluation transistor 440327 s electrically coupled to
evaluation line 4763. The drai n-source path of address eval uation
transi stor 440k is electrically coupled to evaluation line 476k. The
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transi stor pairs re driven by shif %lste
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410a- 410M gidg of the drain-stifccdsete of AddrasiiiRSsreARardd PaHEistdrafBattéa and
446b are electrically 1500up| ed to shift register output signal |ine

410a. The edeafrisalboeaupieddas signahling 424 Throheaside of the draipsotce
el ectri cal ,yncpuahRds fRe ereech%rg@traﬁsaaamﬁaﬁs 2 @ichBoél RaddiEss

other side to evaluation |ine drai n-source path of address
one transi ineot72p6bhe gateagd one sigel of thodigineepuserePalh o pddress liagiarees s

e, 4720, 8005ehbecdlbsy ol dlecit XBLUBK hoTa Mighe! thESea. A el eve!

out put si reg I"st er out put S g
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T3 signal line 434. The other side of the drain-source path of address line pre-
charge transistor 438c is electrically coupled to address line 472¢c. The gate
and one side of the drain-source path of address line pre-charge transistor 438d

25 are electrically coupled to T3 signal line 434. The other side of the drain-source
path of address line pre-charge transistor 438d is electrically coupled to address
line 472d. The gate and one side of the drain-source path of address line pre-
charge transistor 438e are electrically coupled to T3 signal line 434. The other
side of the drain-source path of address line pre-charge transistor 438e is

30 electrically coupled to address line 472e. The gate and one side of the drain-
source path of address line pre-charge transistor 438f are electrically coupled to
T3 signal line 434. The other side of {he drain-source path of address line pre-



conduct to actively pull address line 472a to a | ow vol tage | evel.
The address 25 one transi stor 446b and address eval uation transistor
440a conduct to actively pull address line 472b to a | ow vol tage

| evel . The gates of address two transistors 448a and 448b are
electrically coupled to shift register output |line 410b. The

drai n-source path of address two tramsistor 448a is electrically
coupl ed on one side to address |ine 472a and on 30 the other side to
eval uation line 476b. The drai n-source path of address two transistor
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Iress ne 472d tao ow vol tage | evel. The
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476d. The drain-source path of address evaluation transistor 440e is electrically
coupled to evaluation line 476e. The drain-source path of address evaluation

20  transistor 440f is electrically coupled fo evaluation line 476f. The drain-source
path of address evaluation transistor 440g is electrically coupled to evaluation
line 476g. The drain-source path of address evaluation transistor 440h is
electrically coupled to evaluation line 476h. The drain-source path of address
evaluation transistor 440i is electrically coupled to evaluation line 476i. The

25  drain-source path of address evaluation transistor 440j is electrically coupled to
evaluation line 476j. The drain-source path of address evaluation transistor
440k is electrically coupled to evaiuation line 476k. The drain-source path of
address evaluation transistor 440! is electrically coupled to evaluation line 4786,
The drain-source path of address evaluation transistor 440m is electrically

30  coupled to evaluation line 476m.

The gate and one side of the drain-source path of logic evaluation pre-

charge transistor 444 are electrically coupled to T5 signal line 436 and the other



coupled to shift register output signal Iine 410d. The drain-source
path of address four transistor 452a is electrically coupled on one
side to address line 472a and on the other side to evaluation |ine
476d. The drain-source path of 25address four transistor 452b is

el ectrically coupled on one side to address line 472e and on the
other side to evaluation |ine 476d. 2 high |evel shift register

out put signal SO4 on shift register output signal |line 410d turns on
address four transistors 452a and 452b as address eval uation
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vol tage | gvel ,.~Ih ddress five transistor 454b and address

eval uati o r‘%\%@tg} 440e conduct to actively pull address |ine 472f

to a low 15voITl@aggaté9u’eéddress one ffasigateéatandddbeate slexstricalgnsi st or s

456a d 456 e ectrically co ster t
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shift register output I'I ne e drafln-source pat
25 one tran31stor 446b and address evaluat;on transnstor 440a conduct to actwely
pull address line 472b to a low voltage level.
The gates of address two transistors 448a and 448b are electricaily
coupled to shift register output line 410b. The drain-source path of address two
transistor 448a is electrically coupled on one side to address line 472a and on
30 the other side to evaluation line 476b. The drain-source path of address two
transistor 448b is electrically coupled on one side {o address line 472¢ and on

the other side to evaluation line 476b. A high level shift register output signal



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 32 address six transistor 458b is electrically
coupl ed on one side to address line 472c and on the other side to
eval uation line 476g. A high level shift register output signal 507
on shift register output signal |ine3@lOg turns on address siXx
transi stors 458a and 458b as address evaluation transistor 4409 is
turned on by 5 a high voltage | evel evaluation signal LEVAL. The
addr ess SS@Q%ntél'ﬁﬁ‘?ég%t@(oﬁ&ﬁ%t@x’&ﬁhrﬁé’ﬂf%stﬁrn%vcﬁﬂ'éb%tréé%%rt%?élsﬁfrgr 440g
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vol tage | ev
address four transistor 452a is electrically coupled on one side to address line

472a and on the other side to evaluation line 476d. The drain-source path of
25 address four fransistor 452b is electrically coupled on one side to address line
472e and on the other side to evaluation line 476d. A high level shift register
output signal SO4 on shift register output signal line 410d turns on address four
transistors 452a and 452b as address evaluation fransistor 440d is turned on by
a high voltage level evaluation signal LEVAL on logic evaluation signal line 474,
30 The address four transistor 452a and address evaluation fransistor 440d
conduct to actively pull address line 472a to a low voltage level. The address



The gates of address ten transistors 464a and 464b are electrically
5coupled to shift register output signal |line 410]. The drain-source
path of address ten transistor 464a is electrically coupled on one
side to address line 472b and on the other side to evaluation |ine
476j . The drain-source path of address ten transistor 464b is
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other side to evaluation |ine 476j. A high level shift register 10
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addr ess ehwﬂéhddram@lcﬁh@fsmﬂeﬁﬁ:te\namaﬁb;eménwé | & highupvet dhitregister si de t o
address |line 472

P oheT evePuEn Fianaads 88 iRk T ofpvhiobd 56 AU hrRE opaffest Ve ot put
Sh gnahol l ﬂ@lné&@ks AU NSNP B ASIE ﬁcgﬁsﬁ @mmnmssmmmﬁfs&ﬁrmdam&ﬁb as
address eval uation transi stor i VO
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address evgh %Biéég ebémaﬁéﬁtrgﬁsné&%mmuqa tb achly péll a/dd?élés! lirrddr ess
line 472b to a | ow voltage | evel. The address el ey n t si stor 466b

and addr ed€2atan lny velirgerarRli he pddrepk I aRistot 42 %Pe?im

addr ess | igQgdildPrasisior Mbe'@nkiasto kefrlly pdi hﬁﬂoﬁ@éﬁﬁneatma@éw twel ve
transi stors 468a and 468b are el ectrical I y 30coupled to shift

regi stflér &odgaele¥eignal |ine 4101. The drain-source path of address

tuel ve transi siQg (4@R%rkAdRkESHidraklors 196bRTAS, BRRISkHRIVO addr ess
|ine 472¢c and on ? other side to evaluation |ine 4761. The

dr ai n- sourceuplpdthshyt re@atenadiputygnaléne & 19t dihsidpigrsospePaty of
el ectri cal i LOW i siitor asié %%cfri%al?jﬁfu%%ﬁ o B 4idéth aflelidhe

ot her S|de o0 eval uation | evel shift register
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472g and on the other side to evaluation !me 476f. A high level shift register
output signal SO on shift register output SIgnal line 410f tums on address six
transistors 456a and 456b to conduct as address evaluation transistor 440f is
turned on by a high voltage level evaluation signal LEVAL. The address six

25 transistor 456a and address evaluation transistor 440f conduct to actively pull
address line 472a to a low voltage level. The address six transistor 456b and
address evaluation transistor 440f conduct to actively pull address line 472g to a
low voltage level.

The gates of address seven fransistors 458a and 458b are electrically

30 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



5 on by a high voltage | evel evaluation signal LEVAL. The address
twel ve transi stor 468a and address eval uation transistor 4401 conduct
to actively pull address line 472c to a |low voltage | evel. The
address twel ve transi stor 468b and address eval uation transistor 4401
conduct to actively pull address line 472d to a | ow vol tage | evel.
10The gates of address thirteen trangistors 470a and 470b are
electrically coupled to shift register output signal |line 410m The
drai n-source path of address thirteen transistor 470a is electrically
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and addr ed58zzad addicenetalgaitindtansistetGid0g @ondund trchctivelyaudliaddtesspul |
address | 2c to a | The,addr hirteen
Frane ot ol M4 6 2 Puhel Bk Sk TR o Ehs salBF dBBFS R Bmptahbicr (o
actively ptdresaideulestionl tramsisior2ei0g@oadliaite sctivelygrilllagdedss line 472c The
shift regi I'T‘éer 402 sh| fts a single high voltage | evel output signal
from one &Y ¥olaggi!€¥qly out put signal |ine 410a-410mto the next
shiftqgegi st ertigu éw?s oRaddrgsadighi mybl&}a%m@and #b0b bro @gitataly 402

recei ves a c ulse in control I C on control _line 430
ond o sor peie fo g FRgteten SRR I AT e AIPE TP PAIR oL (¢ ¢ he
recei ved ﬁ%&@blgﬂﬂiréﬁslétﬂﬁ%beelect!ﬁﬂllﬁbtﬁfpie@& ohélsﬁéiﬁcp@d@r@ss i Tt
regi ster 402 provides a sin vel shift glster

out put si §Agh arsben e @bg@sld%q eYﬁ"?Elt!‘?B?'B gﬁh shpg fjrar‘réa?‘é‘P%P BRfput

si gnal s 8Qddredd Rl Bari ﬁormB?DH lg‘é@bc@dcah@@wﬁéd &96nd sMeks addreks fine
register 402 receives another series of tin g pul ses fromtimng

si gnal® T473dapthan $11 ¢ther side tapyRlation;lign 478« Aduan eyl shiegistersi gnal
fromone ghinfit s@ﬁ’&'ﬁi@én Qh'i?tgg n:s))fé'r gﬂﬁ‘)ht §$ﬂal5ﬁﬁéa1 DI‘PtLIrHé‘on §5d|%§§t shift

register out ut “sig , ot her shift i ster output
si gnal s 56iph Ualliﬁl?ﬁ@@\fﬁ@é@"dt‘*ﬁoé\@sxﬂﬂdf%@eevla@@&%ffa@ﬁtplt 44hgs d478ed 402

recei ves %q% f Highise to each
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high yglt aa&elssﬁﬁ% 473U fola &aﬁﬂ&cﬁttagé 1Rl PHe §acg rﬁ%ré%’r 4688GRghi gh

vol t age | evel register output signa turns
address evaluation transistor 440h conduct to actlvely puil 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
25 address nine fransistor 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 leve! shift register
output signal SO9 on shift register output signal line 410i turns on address nine
30 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



on two address transistor pairs 446, 448, ... 470 to provide address
signals -Al, -A2, ... -A7 to firing cells 120. The address signals
-Al, -A2, ... -A7 are provided in thirteen address tine slots that
correspond to the thirteen shift 10regi ster output signals 801-5013.

I n anot her enbodi nent, shift register 402 can include any suitable
nunber of shift register output sigradls, such as fourteen, to provide
address signals -Al, -A2, ... -A7 in any suitable nunber of address
time slots, such as fourteen address tine slots. The shift register
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with all sidress g}ﬂ\lﬁiﬁl transsstors 466a and 466b as address evaluation ran5| or 44
is turned on by a high voltage evaluation signal LEVAL. The address eleven
25  transistor 466a and address evaluation transistor 440k conduct to actively pull
address fine 472b to a low voltage level. The address eleven transistor 466b
and address evaluation transistor 440k conduct to actively pull address iine
472g to a low voitage level.
The gates of address twelve transistors 468a and 468b are electrically
30 coupled to shift register output signal line 4101. The drain-source path of
address twelve transistor 468a is electrically coupled on one side to address line

472c and on the ofher side to evaluation line 476l. The drain-source path of



regi ster output signals 801-5011 and 3013 provided at |ow voltage

| evel s. Shift register 402 receives the next series of timng pul ses
and provides a high voltage level shift register output signal 8011,
with all other shift register output 15 signals 501-3010, 5012 and
3013 provided at |low voltage levels. Shift register 402 continues to
shift the high voltage | evel output3%ignal in response to each series
of timng pulses, LIOto and including providing a high voltage | evel
shift register output signal 801, with all other shift register
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The shift register 402 shifts a single high voltage level output signal from
one shift register output signal line 410a-410m to the next shift register output
25  signal line 410a-410m. Shift register 402 receives a control pulse in control
signal CSYNC on control line 430 and a series of timing pulses from timing
signals T1-T4 to shift the received control pulse into shift register 402. In
response, shift register 402 provides a single high voltage level shift register
output signa! SO1 or SO13. All of the other shift register output signals SO1-
30 SO13 are provided at low voltage levels. Shift register 402 receives another
series of timing pulses from timing signals T1-T4 and shifts the single high

voltage leve! output signal from one shift register output signal S0O1-S013 to the



and the timng pulses fromtimng signals T3-T5, logic array 406
provi des two | ow voltage | evel address signals out of the seven
address signals -Al, -A2, ... -A7. The logic array 406 receives a
timng pulse fromtimng signal T3 that 20 turns on eval uation
prevention transistor 442a to pull the evaluation signal line 474 to
a low voltage level and turn off addsess eval uation transistors 440.
Also, the timng pulse fromtimng signal T3 charges address |ines
472a-472g to high voltage | evels through address |line pre-charge
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25  register output signals SO1 and S03-SO13 provided at low voitage levels. Shift
register 402 receives the next series of timing pulses and provides a high
voltage level shift register output signal SO3, with all other shift register output
signals 801, SO2, and $04-5013 provided at low voltage levels. Shift register
402 continues to shift the high level output signal in response to each series of
30 timing pulses up to and including providing a high voltage level shift register
output signal $O13, with all other shift register output signals S01-85012

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



Active address signals 1 -Al and -A2 2 -Al and -A3 3 -Al and -A4 4
-Al and -A5 5 -Al and -A6 6 -Al and -A7 7 -A2 and -A3 39 8 -A2 and
-Ad
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register output signal SO13, shift register 402 receives the next series of timing
pulses and provides low voltage level signals for all shift register output signals
S01-8013. Anocther control pulse in control signal CSYNC is provided to start
or initiate shift register 402 shifting in the forward direction series of high voltage

5 level output signals from shift register output signal SO1 to shift register output
signal SO13.

In the reverse direction, shift register 402 receives a control pulse in
control signal CSYNC and provides a high level shift register output signal
S013. All other shift register output signals SO1-S012 are pravided at low

10 voltage levels. Shift register 402 receives the next series of timing pulses and
provides a high voltage level shift register output signal S012, with all other shift
register output signais SO1-S011 and SO13 provided at low voitage levels.
Shift register 402 receives the next series of timing pulses and provides a high
voltage level shift register output signal SO11, with all other shift register output

15  signals SO1-8010, SO12 and S0O13 provided at low voitage Iévels. Shift
register 402 continues to shift the high voltage level output signat in response to
each series of timing pulses, 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

20 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-S0O13. 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 signat SO13 o shift register output

25 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.

30 The direction circuit 404 receives a repeating series of timing pulses from
timing signals T3-T6. In addition, direction circuit 404 receives control pulses in
control signal CSYNC on control line 430. The direction circuit 404 provides



9 -A2 and -A5 10 -A2 and -A6 11 -A2 and -A7 12 -A3 and -A4 13 -A3 and
--A5 I n anot her enbodi nent, | ogic array 406 can provi de active
address signals -Al, -A2, ... -A7 for each of thirteen address tine
slots as set out in the following table: 5 Address Tinme Slot Active
address signals 1 -Al and -A3 2 -Al and -A4
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forward direction signals in response to receiving a control pulse coincident with
a timing pulse from timing signal T4. The forward direction signals set shift
register 402 for shifting in the forward direction from shift register output signal
S0O1 to shift regiéter output signal SO13. The direction circuit 404 provides

5 reverse direction signals in response to receiving a control pulse coincident with
a timing 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 sighal SO1. Direction circuit 404 provides direction
signals that clear shift register 402 in response to direction circuit 404 receiving

10  control pulses coincident with both a timing pulse from timing signal T4 and a

timing pulse from timing signal T8.

The logic array 406 receives shift register output signals SO1-S0O13 on
shift register output signal lines 410a-410m and timing pulses from fiming
signals T3-T5 on timing signai lines 434, 422 and 436. In response to a single

15 high voltage level output signal in the shift register output signals SO1-8013
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 ~A1, ~A2, ...
~AT.

The logic array 406 receives a timing pulse from timing signal T3 that

20 turns on evaluation prevention transistor 442a to pull the evaluation signal line
474 to a low voltage 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

25  puise from timing signal T4 to charge address lines 472a-472¢ to high voltage
levels through address line pre-charge transistors 438.

The timing pulse from {iming signal T4 turns on evaluation prevention
transistor 442b to pull evaluation signal line 474 to a low voltage levef and furn
off address evaluation fransistors 440. The shift register output signals SO1-

30 S013 settle to valid output signals during the timing pulse from timing signal T4.
A single high voltage level output signal in the shift register output signals SO1-
S013 is provided to the gates of an address transistor pair 446, 448, ... 470 in



3 -A and -A5 4 -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 -A7 12

10

15

20
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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
pair 446, 448, ... or 470 in logic array 406 that receive the high voltage level
shift register output signal SO1-S013 conduct to discharge the corresponding
address lines 472. The corresponding address lines 472 are actively pulled iow
through conducting address transistor pairs 4486, 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. If shift
register oufput signal SO1 is at a high voltage level, 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 ~AZ2. 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 fransistors 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-S013. The address signals ~A1, ~A2, ... ~A7 for each of the thirteen
address time slots, which correlate to the shift register output signals SO1-
8013, 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 ~AB

~A1 and ~A7

~l O o B QO N =

~AZ and ~A3




-A4 and -A6 13 -A4 and -A7 Also, in other enbodinents, the logic
array 406 can include address transistors that provide any suitable
nunber of |ow voltage |evel address signals -A, -A2, ... -A7 for
each high voltage | evel output signal 501-5013 and in 10 any suitable
sequence of |ow voltage |l evel address signals -A, -A2, ... -A7. This
can be done by, for exanple, appropraately |ocating each transistor
pair 446, 448, ... 470 to discharge any two desired address |ines
672a-g. 40 In addition, in other enbodi nment s, Iogic array 406
can i ncl pge—any surtabte number of ~aqu@ESsd LAES 10 provide any
sui tabl el nunber_ _of address signals in any suitable punber of address
tinmeslots9 In operation, a repeating:mﬁﬁand1ﬁ55|x tlnlng pulses j s
provi dedHfom-5—timng—stgrats—T1=—T6- re—tTmng- stghats
T1-T6 pro&?des one timng pulse in eacﬁﬁg%ffé%gof Six timng pul ses.
The tim pglpul se fromtimng signaI'T~AZBmimAbmed by the timng
pul se froemtim-nrg—stgral—F2—FoHlowne y—thet-m-rg—pu-se—f+roem-t+H1 ng
si gnal TB12foIIomed by the tlnlng pul|s Z*% $4ln ng signal T4,

foll owed By the timng pulse Tromti Mm@ sided 15, which is follpwed
by the 10 tinmng pulse fromtimng siignal T6. The series of six
timng pulses is repeated in the repeating series of six timng

pul ses. ih%n%ﬂf’er%ﬁfb’olﬁné?ﬁ 15@@ a%'ai? 406'FLAP rd%HeSé‘e‘Ewe dggReti on
circuit 404 recelves timng romtlmn nal 13 in fourth

pre- char g@gaalgnéﬂ pﬁ%a, Wefom@@fhtgftbnﬁa@@aﬂwes@gmﬁw Q8% as eslpuidn Biegnal
PRE4 char ggs 919 Lﬁ5|§t one of the direction lines 15 408 to a high
voltage | ev ‘fv 'F e direction circuit 404 receives a reduced vol t age
| evel @i ning puI se fromtim ng signal T4 in fourth evaluation signal
EVAL4. | f=th 1 rcurt—404 T ecenvES: Wy Fse—Tm—contTpl
signal G eg%m?? ?adrgt with (at the E‘a&n’\\égtﬁl&i%bg%@n?‘%e fourth

eval uati ph signal EVAL4, direction cijr-éiand®¥3 di scharges the firspt
di r ect i opH-Hhe—468—H—direction—404-regetrves,atow
~A1 and ~A:

3 ~A1 and ~A5
4 ~A1 and ~A8
5 ~A2 and ~A4
8 ~A2 and ~A5
7
8
9

~A2 and ~A6
~A2 and ~A7
~A3 and ~AS
10 ~A3 and ~A6
11 ~A3 and ~A7
12 ~A4 and ~A6
13 ~A4 and ~A7

Also, in other embodiments, the logic array 406 can include address
transistors that provide any suitable number of low voltage level address signals
~A1, ~A2, ... ~A7 for each high voltage level output signat S01-8013 and in

10 any suitable sequence of low voltage level address signals ~A1, ~AZ2, ... ~A7.
This can be done by, for example, appropriately locating each transistor pair
446, 448, ... 470 to discharge any two desired address lines 672a-g.



20 voltage |l evel control signal CSYNC coincident with the timng

pul se in the fourth evaluation signal EVAL4, the first direction |ine
408 remai ns charged to a high voltage | evel. Next, direction
circuit 404 receives a timng pulse fromtimng signal 15 in third
pre-charge signal PRE3. The timng pulse in third pre-charge signal
PRE3 25 charges a second one of the gfrection |lines 408. The
direction circuit 404 receives a reduced voltage |evel timng pul se
fromtimng signal T6 in third evaluation signal EVAL3. If the
direction circy L : ral.: j i gnal
CSYNC coi nci dewté%\n t ,'g??%ﬁ’ﬁéb%ﬁgg{sr ﬁb{cﬁftﬁﬁgﬁaﬁaﬁgﬁr%% as@gnal
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in third eval Uatdperatiohgmedpellithd Serigshd sixaimungl pdises &t providéd frem408
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tinmng pu infind | I ' i rglg?gf_a
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30  voltage level. If direction circuit 404 receives a low voltage level control signal
CSYNC coincident with the timing pulse in third evaluation signal EVAL3, the

second direction line 408 remains charged to a high voltage level.



regi ster 402 maintains the shift register output signal 801-S013 at
the high voltage level. If the internal node in a shift register cel
403 is at a high voltage level, such as in all other shift register
cells 403, shift register 402 discharges the shift register output
line 410a-410rn to provide |ow voltage | evel shift register 5output
signals S01-S013. The shift register4402 is initiated in one series
of the six timng pulses. The shift regi ster output signals 801-5013
beconme valid during the timng pulse fromtimng signal T4 in second
eval uation si gpahe f¥PliZectinn linenes m@dhaegsartblal loweltagenicng amil tae from
timng signal T3 in the n@gt series | tlnlqg pulse @ each
subsequenteedid @eecypn {ipRAds [ER3IRS At B'Qhé’@ ageslpyels the IR ?tvﬁ %o2

shifts thezdighaPtdR98 dire¥fin lﬁiébfﬁosrs@guﬁémﬂ r@%ét@mozztcgmﬂt in38a- S013
from one sth register cell 403 to the next shift register ceII 403.
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eval uati onf® Q‘F Iéss
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signal _S01-S013 are rne de nes
a79n- 4529 s Tanenan e atlh o bR er riadRiBan OR SEYER BT WEiGd o
fs! g_nal S i lrytadga.gQSmg lmaﬂf héft reglslter-zmz receives d\redaiced uslmgteftleveém_la_ir]]rigp

iring ce an iri ce ou ion. .
addr egs S|p¢‘iﬁ9 Eomﬂmmgﬁ@”é]q.z n f'fﬁ?fe %@%?ﬂip aﬁ@@ﬁ‘ﬁ Xga {:ﬂ'ﬁrql PH@%QP
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subgr oups \)‘Ortggé Reking enabled for activation. Wile Figure 9 describes

one enbodi nen an address circuit, other
25 Shn‘t register 402 receives a timing pulse from timing signal T3 in second

pre-charge signal PRE2. The timing pulse in second pre-charge signal PRE2
pre-charges each of the thirteen shift register output lines 410a-410m to provide
high voltage level shift regfster output signals SO1-S013. Shift register 402
receives a reduced voltage level timing pulse from timing signal T4 in second
30 evaluation signal EVAL2. If the internal node in a shift register cell 403 is at a
low voltage level, such as after recsiving the control pulse from control signal
CSYNC coincident with the timing pulse in first evaluation signal EVAL1, shift



enbodi ments enploying different |ogic el enents and conponents may be
10 utilized. For exanple, a controller that receives the above
descri bed input signals, e.g. signal Ti-T6 and that provi des address
signals -Al, -A2, ... -A7 may be utilized. Figure 10Ais a
diagramillustrating one shift register cell 403a in shift register
402. Shift register 402 includes thisteen shift register cells
403a- 403m 15t hat provide the thirteen shift register output signals
301-5013. Each shift register cell 403a-403m provi des one of the

shift r egyeﬁlﬁérm'%hta%w@m?%%@é&u@m s@asrs@msfmmqhéh@h cell

403a-403mis simlar to shift register cell 3a. The thirteen shift

regi ster velfdgs lawd Hike @F@B@'rﬂ@@l"ﬂ? 5@&!&9@@9"&&” 4@3 jscat &'&iglﬁ)h’%‘tﬂg@e
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508, a rewpdsamainatid tiniidiise oy Bk, frczmttlomgaslgnan'rﬁentthe)me)ﬁ serss aft or
"ol udes. SxaBann quBrE el bRERIet Bhisst e R sRBREAYREL B, on

t r ansit8t oredit8r 40Ristits ihletmgmabltagedmfa] sliftsegister oPOL siGHIBQREOMBr st
stage 500, the of t rai.n-so path of first
pre- char gBOE'WA?%gﬁ%éfB%Q' %r4°e] 4%8'(1 6}?%??&3[‘6 rgé 8‘% @3“ ning si gnal
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shift regh_zter 2.,as 1 The at h
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Sl of Lo SPREABEALLSGEaRA#0F Fecaven e BRERRu e e o g
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eval uati on tr nsi st or nd .t he n node transi stor
S50 t Aol Tt ereambadiment dsaic firar AOF eteieS Hiainoe BUse A AUG I 1
regi ster s@harw{o tﬁrMQd&b%@%!ﬁMﬂonﬁfﬁn‘é&ﬁﬂs 4109A8 a3PRIng pdisB@dni 0 t he
gate of internal node transistor 520. The_gate of first eval uation

transi st ofmisssigral dAde pre-ehgneg addiRse dnes 874 r st

Logic array 406 receives the timing pulse from timing signal T4 to turn off

address evaluation transistors 440 as shift register output signals SO1-8013

20 settle to valid shift register outpuf signals SO1-8013. If shift register 402 is
initlated, one shift register output signal SO1-S013 remains at a high voltage
level after the timing pulse from timing signal T4. Logic array 406 receives the
timing pulse from timing signal T5 to charge evaluation signal line 474 and turn
on address evaluation transistor 440. The address transistor pair 446, 448, ...

25 470 that receives the high voltage level shift register output signal SO1-S013
are turned on to pull two of the seven address lines 472a-472g to low voltage
levels. The two low voltage level address signals in address signais ~A1, ~A2
... ~A7 are used to enable firing cells 120 and firing cell subgroups far activation.
The address signals ~A1, ~A2, ... ~A7 become valid during the timing pulse

30 from timing signal T5 and remain valid until the timing pulse from timing signal

T3 in the next series of six fiming pulses.



eval uation signal line 420. The first evaluation signal |ine 420
provi des the reduced voltage level T2 timng signal to shift register
402 as first evaluation 10 signal EVALL. The other side of the

drai n-source path of first evaluation transistor 506 is electrically
coupl ed to one side of the drain-source path of forward input

transi stor 508 and one side of the dgai n-source path of reverse input
transi stor 510 through internal path 524. The ot her side of the
drain-source path of forward input transistor 508 is 15electrically

coupl ed to one §bﬁ§3@gtetr QQZ ﬁ’dtnnl Hi Caﬁ! r%g%&erfogﬁﬁ’ﬁﬁﬁﬁ‘esdd‘f P&kl on

transi stor 512 e ot er 5| rain-source path of
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di rect i ontrangistor paios 463,448 e. 41kand addibss/lids 478upinath chargedrtef er ence,

such a ground,. .a 0 t f orwar
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recei ves Iével édﬂr‘e@g sigdalseﬁm oR2 si. oAl proterEfifing celldi 126 aniddinng icet ui t

404.. The e of th I.ev eraz)i C[jg recti (r)\ transistor 514 is
el ectricaf r%ﬁ?)ﬂ@ eén%?'? i 853?9 h08b that receives the reverse
direction signahiBIFRRRras desomneiilme.(ﬁmmlmémtmjiah atidress circuit, otivert he

second stage 502, the gate drai n-source path of
second pr @%ﬁ?’@%ﬂtﬂe gqyg}gotf#%rfgt 89'8 gé]f%%lﬁ F“a ?’VP%‘?EB? @8@8 tim ng
si gnahgl i 0RiZ34 FolkRatnpld, B@oRirgRathdt rateivés dhealoiedisssclibed 1ngu13| gnal T3

Si de of t F@MaRab. STRLLDAAHA St SEP e i O (gl Shbr 516

is electrigRideyufipdggl ed to one side of the dra| n source path of

second evaluation transistor 518 and to shift ut p l'ine
410a. The ot hengélf%léo"beQﬁ'@gfﬁ"aluHS%iﬁ‘B@é‘e&a‘ﬁ{e&s é’@@ﬁg LHJ%’[I on

transi st ofegidar 248 BAiftGbGsker HQ@HC}Ud%QWh@éh 1t et @wsqbséhesm
drai n-source path of internal node transistor 520 at 5 gate of

second5ev #al revide thedhisiesn ghiftgegisies OB‘PHE?'QF@MSR;‘ -29lp éﬂcq #econd
eval uati Olaengjle Ligpad) hdasfbezmb?rﬁ plRid¥sdHedR tidehift &de{&.ltts?diﬁlé swel T4

timng sig to sh register 402 as second eval uatiQn S|Eglnal

S5EVAL2. TR® feand @ach sh!férawtermﬁﬂéwaﬁﬁ%wg gimigp tp $hift grgister ¢ellAQ3p.
coupl ed t%b%?ﬁ{ae Qﬂqegsé?%em@baté}@ e%dﬂ?d’all?b&?p}éﬁ ind2Gied tPbdvizaur ce

path of intern ansi stor 520 is electrically coupled to a
r ef er ence shiftinghindbe froardandrevess dl@ﬁ@”@at’@oﬁfﬁf embodimests ghifthode

transi,gto I shift
egi ofar Loy P ol R TR RO BB N RO TR0 B o
si gnal 10!prmedaamasiumblleymb%f of shiigpgigies eutput sgmi$ or storing the
shift register TﬂgtsRHttreafs%?%Lall #9%a includes a first stage that is an input siage,

indicated with dashed lines at 500, and a second stage that is an output stage,
indicated with dashed lines at 502. The first stage 500 includes a first pre-

25  charge transistor 504, a first evaluation transistor 506, a forward input transistor
508, a reverse input fransistor 510, a forward direction transistor 512 and a
reverse direction transistor 514. The second stage 502 includes a second pre-
charge transistor 516, a second evaluation transistor 518 and an internal node
transistor 520.

30 In the first stage 500, the gate and one side of the drain-source path of
first pre-charge fransistor 504 is electrically coupled to timing signal line 432.
The timing signal line 432 provides timing signal T1 to shift register 402 as first



Each shift register cell 403a-403min the series of thirteen shift
register cells 403 is simlar to shift register cell 403a. The gate
of the forward direction transistor 508 in each shift register cell
403a-403mis electrically coupled to the 15 control line 430 or one
of the shift register output |lines 410a-410l to shift in the forward
direction. The gate of the reverse digection transistor 510 in each
shift register cell 403a-403mis electrically coupled to the control
line 430 or one of the shift register output lines 410b-410mto shift
in the reyer | L i T- L L St er. t .Sl i.nes 410
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30 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



out put signal 3010. The twelfth shift register cell 4031 includes the
gate of the forward input transistor electrically coupled to shift
regi ster output line 410k to receive shift register output signal
3011. The thirteenth shift register cell 403mincludes the gate of
the forward input transistor electrically coupled to shift 25register
output line 4101 to receive shift register output signal 3012.

The shift register cell 403a is the last shift register cell 403 in
the series of thirteen shift register cells 403 as shift register 402
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of the rev I?%EIEI%QS gﬁa cp 210S tS‘nﬂ register output signal line 410a is electrically

coupled to a forward direction transistor 508 in shift register cell 403b, but not a
reverse direction transistor 510. Shift register output signal line 410m is
electrically coupled to a reverse direction transistor 510 in shift register cell 403,
25 but not a forward direction transistor 508.
The shift register cell 403a is the first shift register 403 in the series of
thirteen shift registers 403 as shift register 402 shifts in the forward d irection,
The gate of forward input transistor 508 in shift register cell 403a is electrically
coupled to control signal line 430 to receive control signal CSYNC. The second
30 shift register cell 403b includes the gate of the forward input transistor
electrically coupled to shift register output line 410a to receive shift register
output signal SO1. The third shift register cell 403¢ includes the gate of the



transistor electrically coupled to shift register output |ine 410mto
receive shift register output signal 8013. The shift register cel
403mincludes the gate of the reverse input transistor electrically
coupled to control signal line 430 to receive control signal CSYNC
Shift register output lines 410a-410m are al so 25el ectrically coupled
to logic array 406. Shift register 40#& receives a control pulse in
control signal CSYNC and provides a single high voltage |evel output
signal. As described above and described in detail below the
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shift register output |ines
receive shift register output signal SO11. The thirteenth shift register cell 403m
includes the gate of the forward input transistor electrically coupled to shift
25  register output line 410l to receive shift register output signal SO12.
The shift register cell 403a is the last shift register cell 403 in the series of
thirteen shift register cells 403 as shift register 402 shifts in the reverse
direction. The gate of reverse input tfansistor 510 in shift register cell 403a is
electrically coupled to the preceding shift register output line 410b to receive
30  shift register output signal SO2. The shift register cell 403b includes the gate of
the reverse input transistor electrically coupled to shift register output line 410¢

to receive shift register output signal SO3. The shift register cell 403¢ includes



during a timng pulse fromtimng signal T3 and evaluates the _
internal node signal SN (e.g., SN1) during a timng pulse fromtimng
signal T4. The direction signals DIRF and DI RR set the
forward/reverse direction of shifting in shift register cell 403a and
all other shift register cells 403 in shift 30register 402. Shift
register 402 shifts in the forward digection if forward direction
signal DIRF is at a high voltage |evel and reverse direction signal
DDRRis at a low voltage level. Shift register 402 shifts in the

reverse i RGdOBr b 1BRES Hput dehoMiorabinIpLaNAby B oy dk: 8,060

voltage | evel and forward direction si
level . |f Bx4104 todeesivmshift geister outmpt mfstTdueesim relgistervelit48ge

I h L. recti and all
Shi Tt T eg LS GRS ofthe Bos B fahdite’ eBLLAG bbb T2 508, T ou
vol t age | efggister witppidpedabe bmregeive Bhifttregigtes buiprt sigoal SG3. Tied hh|ﬁ03ﬁ I E

he f et.to a hig
volt age | elgPterah 4038 IR ifle Sub et Wity it e e@ehion,
vol t age | esasipledTtaeshiit n@ulstarlquagmm@qémf t6 ozasdvedshift regmﬁercumwtg@la; DI RF
Fover se di S25s e Shiteebis Rl oRlL 20570 Kesthe o8l crihirev @i iBne iR or
10514. A telmtnglMﬂo&p!eﬁrtoshrfhreglaﬁgr sumn’aﬁnegglogsto Iﬁédﬁwedﬂﬁl‘t Eéigléiéﬂ rt de

t 4 arge internal no
599 to a HARUOHSEL SO et Rgiskar oM obs froun Sradte osfhe revermesoa.
Next, ® ti mpmtgramslsimf electrioaily obuxded togstart re@?steraalxmrlg\r{]éladoﬁ 123 fﬁigélt gr
SLXL?SeSGE H thoié AR08, TheishBFiCautar Galt AGs teplyaar Mingate o
15T|he EI mthtg r@zdrfaaelnpat ﬁaﬁﬁtom@tuﬁlly@ﬂuegﬂgﬁﬁ&t iuéf&éltre ?i‘%{gﬁﬁllﬁgu{mg?;nal
rans
S e ae e R S reader abvlSnsl St et oisiicel 403500 les
t ur ned on ta@@aw dffihé esvertednpititR@bist eldclitallp EQpIR]$ HMiff fRRY %Yertcflft@ﬁd
I scharged tq praovide a | ow vol t'age

O o a0 BrrBrei AT TR D RS 619 3 hewnt el 420
through fiindtidevabyRtd 6Mhé F@J@‘ﬁéegﬁgut t%rst&r@fé’&%&éll& E@lﬁfﬁiﬁ& *oaeﬂﬁft stor 508

and forward direction transistor forward regi ster

i nput  si grig¥isi§r puinyt lije 41 Qg reesivengult reegwéer ommtml PRt Theahdt st or
508 is turr@@lete@f:éllmlhemeéé\% é{é‘ﬁgéﬂﬁggeﬁe‘?é@?n ﬁ&%ﬁs@&"eé(gn&l@v' de a

hi gh vol tage | evel |nternal nal SN1 ever se shi i ster
i nput si grfRHPIEARD s@Htregster Pé’ﬂpéﬂg@‘F tn receiye shiitregis®t output signal

20 8012. The shift register cell 403l includes the gate of the reverse input
transistor electrically coupled to shift register output line 410m to receive shift
register output signal SO13. The shift register cell 403m includes the gate of
the reverse input transistor electrically coupled to control signal line 430 to
receive control signal CSYNC. Shift register output lines 410a-410m are also

25  electrically coupled to logic array 406.

Shift register 402 receives a control pulse in control signal CSYNC and
provides a single high voitage level output signal. As described above and
described in detail below, the shifting direction of shift register 402 is set in
response to direction signals DIRF and DIRR, which are generated during

30  timing pulses in timing signals T3-T6 based on the control signal CSYNC on
control signal line 430. If shift register 402 is shifting in the forward direction,
shift register 402 sets shift register output line 410a and shift register output



25However, reverse direction transistor 514 is turned off such that

i nternal node 522 cannot be discharged through reverse input

transi stor 510. The internal node signal SN1 on internal node
522 controls internal node transistor 520. A |low voltage |evel
internal node signal SN1 turns off internal node transistor 520 and a
hi gh voltage | evel internal node signgd SNl turns on 30i nternal node
transi stor 520. Atimng pulse fromtimng signal 13 is
provided to shift register 402 as second pre-charge signal PREZ. The
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or SIR is provided as the shift register output signal SO1-SO13. The first stage
500 of each shift register cell 403 pre-charges internal node 522 during a timing
puise from timing signal T1 and evaluates the selected shift register input signal
SIF or SIR during a timing pulse from timing signal T2. The second stage 502 in
25  each shift register cell 403 pre-charges shift register output lines 410a-410m
during a timing pulse from timing signal T3 and evaluates the internal node
signal SN (e.g., SN1) during a timing pulse from timing signal T4.
The direction signals DIRF and DIRR set the forward/reverse direction of
shifting in shift register cell 403a and all other shift register cells 403 in shift
30  register 402. Shift register 402 shifts in the forward direction if forward direction
signal DIRF is at a high voltage level and reverse direction signal DIRR is at a
low voltage level. Shift register 402 shifts in the reverse direction if reverse



charge transistor 504. Next, a timng pulse fromtimng signal T2 is
provided to resistor divide network 412 and a reduced vol tage | evel
T2 timng pulse is provided in first evaluation signal EVALL. The
timng pulse in first evaluation signal EVAL1 turns on first

eval uation transistor 506. If the reverse shift register 30i nput
signal SIRis at a high voltage | evel4g reverse input transistor 510
is turned on, and with reverse direction transistor 514 already
turned on, internal node 522 is discharged to provide a | ow voltage
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in the re(RPABS gnarget tearovide a high voltage level internal node signal SN1.

Reverse shift register input signal SIR controls reverse input transistor 510.
25  However, reverse direction transistor 514 is turned off such that internal node
522 cannot be discharged through reverse input transistor 510.

The internal node signal SNt on internal node 522 controls internal node
transistor 520. A low voitage level internal node signal SN1 turns off internal
node transistor 520 and a high voltage level internal node signal SN1 turns on

30  internal node transistor 520.

A timing pulse from timing signal T3 is provided to shift register 402 as

second pre-charge signal PRE2. The timing pulse in second pre-charge signal



30from shift register cell 403mtoward shift register cell 403a.

In operation of clearing shift register cell 403a and all shift
register cells 403 in shift register 402, direction signals D RF and
DIRR are set to low voltage 52 levels. A low voltage forward
direction signal DIRF turns off forward direction transistor 512 and
a low voltage | evel reverse directionggignal DIRR turns off reverse
direction transistor 514. Atimng pulse fromtimng signal Tl is
provided in first pre-charge signal FREI to charge internal node 522
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provi de i nagt fegRtedUudwit epinbpge1! evel shift register output signals
S02- S013. Figure 106 is a diagramillustrating direction
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dr ai n- soursignapBiRR éfset o adigh voltage level. The low voltage level forward
direction signal DIRF turns off forward direction transistor 512 and the high
voltage level reverse direction signal DIRR turns on reverse direction transistor
514. Atiming pulse from timing signal T1 is provided in first pre-charge signal
25 PRE1 to charge internal node 522 to a high voltage level through first pre-
charge transistor 504. Next, a timing pulse from timing signal T2 is provided to
resistor divide network 412 and a reduced voltage level T2 timing pulse is
provided in first evaluation signal EVAL1. The timing pulse in first evaluation
signal EVAL1 turns on first evaluation transistor 506. If the reverse shift register
30  input signal SIR is at a high voltage level, reverse input transistor 510 is turned
on, and with reverse direction transistor 514 already turned on, internal node

522 is discharged to provide a low voltage level internal node signal SN1. The



53 evaluation transistor 556 through direction signal |ine 408a. The
direction signal line 408a provides the forward direction signal D RF
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
S5third evaluation transistor 556 is efectrically coupled to the third
eval uation signal line 428 that provides the reduced voltage | evel T6
timng signal to direction circuit 404. The other side of the
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to a | ow ‘-’a@éefﬂ%'\}@ﬁe sigpehalNd, wWhick wes die bighfiew | ﬁwgrsg of$hecrevaese

f or warg d's’hﬂ‘@r’e’g%ﬁ’ertlﬁ;ﬁﬂ%lgﬁbPSIFﬁl'ﬁxe Bl& otfm' dede8 sﬂl?ﬂe EYe‘?rlﬁﬁt g%ﬁal

direction transi stors, such as reverse direction transist
turned of SFﬁﬂ‘%h'fﬁ%bfi@h%ﬁh'ﬁ(fﬁgﬁﬁf\Wt@utﬁgmﬂ@Qbrward d| rection. |f

forward directipbhif 'r&j?éller %Il%ﬂasth%erfsvérge Qhﬁ%‘%@ f FSI evef{agg%'r var d

reverse direction signal DIRR 15§ set
di r ect i on regigies pytpyt %ﬂgn@ilﬁﬂﬁ er sh[ﬁﬁe@sf@r dutpet:ime(ﬂ"ﬂﬂlbr dmshrﬁtreglstéﬁﬂ:éll are

turned of f4oapd iENGERE Hid t%fjfs'té?%ﬁtft@@ﬁblsélﬂré ’coﬁﬁ’&%ig%%l E&YRICSh

di rection
25  control line 430. To discharge internal node 522 in shift register cell 403m to a

low voltage level, a control pulse in control signal CSYNC is provided at the
same time as a timing pulse in the first evaluation signal EVAL1. The control
pulse_in control signal CSYNC that is coincident with the timing pulse from
timing signal T2 initiates shift register 402 for shifting in the reverse direction
30 from shift register cell 403m toward shift register cell 403a.
In operation of clearing shift register cell 403a and all shift register cells
403 in shift register 402, direction signals DIRF and DIRR are set to low voltage



transi stor 514 are turned on. Shift register 402 shifts in the
reverse direction. The direction signals DIRF and DIRR are set during
each series of timng pulses fromtimng signal T3-T6 as shift

regi ster 402 actively shifts in either the forward or reverse
direction. To termnate shifting or prevent shifting of shift

regi ster 10 402, direction signals DIRF and DIRR are set to | ow
voltage levels. This clears the single high voltage |evel signal from
the shift register output signals SO01- S013, such that all shift
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The timng pul se 602 of timng signal T1 at 600 is provided to shift
register 402 in first pre-charge signal FREI. During timng pul se
602, internal 25 node 522, in each of the shift register cells

403a- 403m charges to provide high voltage | evel internal node
signals SN1-8N13. All shift register internal node signals SN,

I ndi cated at 626, are set to high voldzage | evels at 628. The high

vol tage | evel internal node signals SN 626 turn on the internal node
transistor 520 in each of the shift register cells 403a-403m In this
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20 402, such as the gate of reverse direction transistor 514 in shift register cell

to

403a. The gate of fourth evaluation transistor 562 is electrically coupled to the
fourth evaluation signal line 424 that provides the reduced voltage level T4
timing signal to direction circuit 404. The other side of the drain-source path of
fourth evaluation transistor 562 is electrically coupled to the drain-source path of
25  control transistor 564 at 570. The drain-source path of control transistor 564 is
also electrically coupled to a reference, such as ground, at 572. The gate of
control transistor 564 is electrically coupled to control line 430 to receive control
signal CSYNC.
The direction signals DIRF and DIRR set the direction of shifting in shift
30 register 402. If forward direction signal DIRF is setto a high voltage levei and
reverse direction signal DIRR is set {0 a low voltage level, forward direction

transistors, such as forward direction transistor 512, are turned on and reverse



Timng pul se 614 of timng signal T4 at 612 is provided to shift

regi ster 402 in second evaluation signal EVAL2, to direction circuit
404 in fourth 25 evaluation signal EVAL4 and to eval uation prevention
transi stor 422b in logic array 406. The tim ng pul se 614 in second
eval uation signal EVAL2 turns on second evaluation transistor 518 in
each of the shift register cells 403a5403m Wth the internal node
signals SN 626 at high voltage | evels having turned on internal node
transi stor 520 in each of the shift register cells 403a- 403n1 al
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CSYNC remains at a low voltage level as the timing pulse in the fourth

evaluation signal EVAL4 is provided to fourth evaluation transistor 562, the
reverse direction signal line 408b remains charged to a high voltage level.

30 - Timing signal line 436 provides a timing pulse from timing signal T5 to
direction circuit 404 in third pre-charge signal PRE3. The timing pulse in third
pre-charge signal PRE3 charges the forward direction signal line 408a to a high



58 to a low voltage level, indicated at 672. The shift register

out put signals SO 630 are at | ow voltage | evels at 674, which turns
off the forward input transistor in shift register cells 403b-403m
Wth the forward input transistors off, each of the other internal
node signals SN2-SN13 in shift register cells 403b-403m remai n 5at

hi gh voltage | evels, indicated at 6765 During timng pul se 678,
all shift register output signals SO 630 are charged to high voltage
| evel s at 680 and reverse direction signal DIRR 642 is charged to a
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indicated at 630, are discharged to low voltage levels, indicated at 632 and alt



10a | ow voltage level at 720. The forward input signal SIF at each of
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Timing pulse 614 of timing signal T4 at 612 is provided to shift register

402 in second evaluation signal EVALZ2, to direction circuit 404 in fourth

25 evaluation signal EVAL4 and to evaluation prevention transistor 422b in logic
array 406. The timing pulse 814 in second evaluation signal EVAL2 turns on
second evaluation transistor 518 in each of the shift register cells 403a-403m.
With the internal node signals SN 626 at high voltage levels having turned on
internal node transistor 520 in each of the shift register cells 403a-403m, all shift

30 register output signals SO 630 discharge to low voltage levels at 652. Also,
timing pulse 614 in fourth evaluation signal EVAL4 turns on fourth evaluation
transistor 562. A conirol pulse at 654 of control signal CSYNC 624 turns on



During timng pul se 748 forward direction signal DI RF 658 is

mai ntai ned 15 at a high voltage |l evel at 750 and LEVAL 648 charges to
a high voltage level at 752. The high voltage | evel |ogic evaluation
signal LEVAL 678 at 752 turns on evaluation transistors 440. The high
voltage | evel shift register output signal SO2 at 740 turns on
address transistors 448a and 448b to pull address signals -Al and - A3
to low voltage |levels at 754. The ot her address signals -A2 and 20
-Ad---A7 are maintained at high voltage |evels at 756. Ti m ng
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remain at high voltage levels.
Timing pulse 622 from timing signal T6 at 620 is provided to direction
20  circuit 404 as third evaluation signal EVAL3. The timing pulse 622 turns on third
evaluation transistor 556. Since control signal CSYNC 624 remains at a low
voltage level at 664, control transistor 558 turns off and forward direction signal
DIRF 658 remains at a high voltage level. The high voltage level forward
direction signal DIRF 658 and low voltage level reverse direction signal DIRR
25 642 set up each of the shift register cells 403a-403m for shifting in the forward
direction.
In the next series of six timing pulses, timing pulse 666 charges all
internal node signals SN 626 to high voltage levels. Timing pulse 668 turns on
the first evaluation transistor 508 in each of the shift register cells 403a-403m.
30  Control signal CSYNC 624 provides a control pulse at 670 to forward input
transistor 508 in shift register cell 403a. With forward direction transistor 512
already turned on, internal node signal SN1 in shift register cell 403a discharges



T3 at 808 includes timng pulse 810, timng signal T4 at 812 incl udes
timng pulse 814, timng signal T5 at 816 includes timng pul se 818
and timng signal 16 at 820 includes timng pul se 822. The control
signal CSYNC at 824 includes 15control pul ses that set the direction
of shifting in shift register 402 and initiate shift register 402 for
generating address signals -Al, -A2, z4A7, indicated at 825.

The timng pulse 802 is provided to shift register 402 in first
pre-charge signal PRE1. During timng pulse 802, internal node 522 in
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bt c- char et £ 1ar e S I et Blie ISferalhed <! S ot 67,
422a in | dgnvgatt Iasermjmod@ltranﬁgtor b0 atshiftiregisten@sll 4030, ed, timirggi st er
pulse 688 turns on second evaluation transistor 562 and control pulse 694 turns
on control transistor 564 to discharge reverse direction signal DIRR 642 to a low-
20 voltage level at 896. In addition, timing pulse 688 turns on evaluation
prevention transistor 442b to pull logic evaluation signal LEVAL 648 to a low
voltage level at 698 and keep evaluation transistors 440 turned off.
During timing pulse 700 forward direction signal DIRF 658 is maintained
at a high voltage level and logic evaluation signal LEVAL 648 to is charged to a
25  high voltage level at 702. The high voltage level logic evaluation signal LEVAL
648 at 702 turns on evaluation transistors 440. The high level shift register
output signal 801 at 692 turns on address transistor pairs 446a and 446b and
address signals ~A1 and ~A2 at 625 are actively pulled to low voltage levels at
704. The other shift register output signals S02-S013 are pulled to low voltage
30 levels at 690, such that address transistors 448, 450, ... 470 are turmed off and
address signals ~A3-~A7 remain at high voltage levels, indicated at 706. The
address signals ~A1, ~AZ2, ... ~A7 at 625 become valid during timing pulse 700



out put signals SO 830 are charged to high voltage | evels at 840.

Al so, during timng pul se 810, reverse direction signal D RR 842
charges to a high voltage level at 844. In addition, timng pulse 810
mai ntai ns all address signals 825 at high voltage | evels and turns on
eval uati on prevention transistor 422a to pull 15l ogic eval uation
signal LEVAL 848 to a |low voltage | eved at 850. Ti m ng pul se
814 is provided to shift register 402 in second eval uati on signal
EVAL2, to direction circuit 404 in fourth evaluation signal EVAL4 and
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charged to high voltage levels at 728 and reverse direction signal DIRR 642 to a
high voltage level at 730. Also, timing puise 726 charges all address signals

25 ~A1,~A2, ... ~A7 625 toward a high voltage level at 732 and turns on evaluation
prevention fransistor 442a to pull LEVAL 648 to a low voltage level at 734.

The address signals ~A1, ~A2, ... ~A7 625 were valid from the time
address signals ~A1 and ~A2 were pulled low at 704, until all address signals
~A1, ~A2, ... ~A7 625 are pulled high at 732. The address signals ~Af1, ~A2, ..

30 ~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.



15868 turns on the first evaluation transistor 506 in each of the
shift register cells 403a 403m A control pulse 870, which may be in
control signal CSYNC, is provided to turn on the reverse input .
transistor in shift register cell 403mand with the reverse direction
transistor turned on, internal node signal SNI3 discharges to a | ow
vol tage | evel, indicated at 872. The ghift register output 20 signals
SO 830 are at |low voltage |levels at 874, which turns off the reverse
input transistor in shift register cells 403a-4031 Wth the reverse
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eval uation signal LEVAL 848 charges to a %@rvo tage | eve 02.

The hi gh vét3lge~Adindow vefage @ws @ht 5‘6nTB¢ g a@magnals ~A2 and
20 ~A4-~A7 are maintained at high voltage levels at 756.

Timing pulse 758 turns on third evaluation transistor 556. Control signal
CSYNC 624 remains at a low voltage level at 760 to turn off control transistor
358 and maintain forward direction signal DIRF 642 at a high voltage level,
The next series of six timing pulses shifts the high voitage level shift
25  register output signal SO2 to the next shift register cell 403c that provides a high
voltage level shift register output signal SO3. Shifting continues with each
series of six timing pulses until each shift register output signal SO1-S013 has
been high once. After shift register output signal SO13 has been high, the
series of high voltage level shift register output signals SO 630 stops. The shift
30 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.



848 at 902 turns on evaluation transistors 440. The high voltage

| evel shift register output signal 8013 at 892 turns on address
transistors 470a and 470b and address signhals -A3 and -A5 are
actively pulled to |l ow voltage | evels, 20indicated at 904. The ot her
shift register output signals S01-S012 are pulled to | ow voltage

| evel s at 890, such that address tran§fistor pairs 446, 448, ... 468
are turned off and address signals -Al, -A2, -A4, -A6 and -A7 renmain
at high voltage levels, indicated at 906. The address signals -Al,
-A2, ... -A7 82l fbmardmhreatianobp@mtiomgatcontrcﬂ@umuluseouﬁﬂﬂsrgﬁhm:SQNBU' Se
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shift t@gi $qriss o 8 Puiges. “'rﬁ@e§ﬁﬂ¢&0r3é>gpt§@@: tlmngomnad‘rgwsoemm at
a high vol Y, [ s

Shite rogi Syep e foSr. g7 ebdinc REStae B o3k A By
are all atT$8uBRBinckiges figing l%i-”%3@®m‘®$lgmalﬁé@t%énnweﬂdsslnﬁﬁ@a 403k
and 403m h I r S R that turn
of f rever s@ﬁhﬁftwg%gigg?loﬁ@l81,6(%“8{]%@3 thﬂ'ﬁ Htpufs e%ﬁgland% g 8Hal| S
SN1- SN11 a%a%lnﬁ@%$ fiming nulaﬁnsza;mmg@ritrei/sgmlélsmataxzufntcludes
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out put signal 5013 as the reverse %n t he
reverse i npuft ragisierst G for gelmerailrm:Mgﬁ mgmlais nall, vidje.. sAgnaticedtiZtat
924. Sﬂﬁl‘l ng timng pulse 926, all shift register output signals
SO 830 are charged to high voltage | evels at 928 and reverse
direction si gnd]hemnﬂm 8438|8@2Emwndemtmeldftaéglaeh#(wlm\m&,ttmg%hh@éeI at

930. Al S0, 5oy PREL | LAY t%hﬁ%u%@%tﬁ internal node 522 in each of the shift
20  register cells 403a-403m charges to provide corresponding high voltage level
internal node signals SN1-SN13. Shift register internal node signals SN 826 are
set to high voltage levels at 828. The high voltage level internal node signals
SN 826 turn on the internal node transistors 520 in shift register cells 403. In
this example, a series of six timing pulses has been provided prior to timing
25  pulse 802 and without initiating shift register 402, such that all shift register
output signals SO 830 are discharged to low voltage levels, indicated at 832
and all address signals ~A1, ~A2, ... ~A7 at 825 remain at high voltage levels,
indicated at 833.
The timing pulse 806 is provided to shift register 402 in first evaluation
30  signal EVAL1. Timing puise 806 turns on the first evaluation transistor 508 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



address signals -Al, -A2, -A7 825 are charged to a high voltage |evel
at 932 and eval uation prevention transistor 442a is turned on to pull
LEVAL 848 to a | ow voltage | evel at 934. The address signals -Al,

-A2, ... -A7 825 were valid fromthe tinme address signals -A3 and - A5
were pulled |ow at 904 until all 20 address signals -Al, -A2, ... -A7
825 are pulled high at 932. The addre8xs signals -A, -A2, ... -A7 825

are valid during the timng pul ses 908, 914 and 918. Tim ng pul se 936
turns on second evaluation transistor 518 in each of the shift

regi ster ceinhgin40Rar A3GE 1sveRVat|83816 tirh ffithd RIMald tﬁﬁlﬂQra%bigfbfi“S@SSN
826. 25Internal node signals SN1-SN11 and 5N13 are at gh vol t age

| evel s at 929rqVers igewdransisigrio0 in egehseidhe shiftyegister gells 40396403m11 and
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cau™ B | over Sehdhifi A S0l BloddiT 3 b Bbsh Yalohagse | ovel &t

944. 66 In addition, “timn eval uation pFfevention
t ransi st or Cmgﬁsmahﬁﬁiﬁidprd!rEMCIMB 484 Irafoluciw;me)blnare sigpaEPRE4 946.
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address tr mnmgaatme:esmmwemmmmﬂbn signpUDIRRA8KY elsBges @m&h@h -véﬁagimd A4
to | ow vol e leyel s 954. .The .0t addr.ess, s
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958 tur ns bigh tvhitagk levels aat tuns bnanahaﬁm?n‘éﬁéntuoﬁ tmtstmléfzawt%p?l%O Ig
contro naI C 824 tut.n ontrol transistor. 558 an orwar
di rect1 ,95,%' Lﬁlf\l signal #@hg%g)sa W‘é?ltlagﬁlk?)@r?tzf&g | evel at 962.
TE_ef next seri esTigfingpulsd 8™ BprovileE® ?hlift fetgistéﬁmmhn gbccml é\?ﬂﬁtlbﬁ?/d
shift reglster na 0, the nex sh i ster ce

203k that PPOVERALE: o Bhetn BRI ot Sravaiop sirel EVALE epi o

si gnal SOlévalLfdnohtpr@@nﬁsmranslgt@r mzmmeag:b afrey 466, (Ffmlﬁ%}ﬁufisﬂQurﬂH' ses
until each shift lglester out put SI%@ S01-S013 has been hi gh once.

After shifen ¥RIVBHAN Eangiier BN eacthpyhe shitiregistar 8llo#03a-gh
vol t age) | e¥@dm SWlmefeﬁﬁ[ #beé s@HhIBlSN sz&aﬂh@h FohRRUe ROt tuTH%ns hift
regi ster 402 can be initiated ag P:l i di ng acont_rol pu
such as coftsed! nodedi@nsister 520 in Jach of 1 e Ehin reglster cells 403a-403m, all shlft
register output sighals SO 830 discharge io low voltage levels at 852. Also,
timing pulse 814 turns on fourth evaluation transistor 562 and control signal
CSYNC 824 provides a low voltage to turn off control transistor 564. With
25  control transistor 564 turned off, reverse direction signal DIRR 842 remains
charged to a high voltage level. {n addition, timing pulse 814 furns on
evaluation prevention transistor 442b to hold logic evaluation signal LEVAL 848
at a low voltage level at 858. The low voltage level logic evaluation signal
LEVAL 848 turns off address evaluation transistors 440.
30 Timing pulse 818 is provided to direction circuit 404 in third pre-charge
signal PRE3 and to logic evaluation pre-charge transistor 444 in logic array 406.

During timing pulse 818, forward direction signal DIRF 858 charges to a high



20 coincident with a timng pulse fromtimng signal T2 804. In
reverse direction operation, a control pulse from CSYNC 824 is

provi ded coincident with a timng pulse fromtimng signal T6 at 820
to set the direction of shifting to the reverse direction. Also, a
control pulse from CSYNC 824 is provided coincident with a timng
pul se fromtimng signal T2 804 to stéxt 25or initiate the shift

regi ster 402 shifting a high voltage |evel signal through the shift
regi ster output signals S01-S013. Figure 13 is a block diagram
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timng si guithlthd Bevdrse digectioghahsigdr tubhed 68/ igenddl hoge dighaseaNduct s
sel ect si SEL in one enbodi nent is

e o o AR ek P9 MO Sle 572 0 s P oS popo e of &
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timng si Si’rrs]i%lsrs’;[:n?’r iTE éfmft ngglstegceﬁ[s 4033-403! With the reverse input transistors off,
each of the other internal node signals SN1-SN12 remain at high voltage levels,
indicated at 8786,
During timing pulse 878, all shift register output signals SO 830 are
25 charged to high voltage levels at 880 and reverse direction signal DIRR 842 is
maintained at a high voltage level at 882. In addition, timing pulse 878
maintains all address signals ~A1, ~A2, ... ~A7 825 at high voltage levels at 884
and pulls logic evaluation signal LEVAL 848 to a low voltage level at 886. The
low voltage level logic evaluation signal LEVAL 848 turns off evaluation
30 transistors 440, which prevents address transistor pairs 446, 448, ... 470 from

puliing address signals ~A1, ~A2, ... ~A7 825 to low voltage levels.



The address generator 1002 is electrically coupled to fire groups
1004d- 1004f through second address lines 1012. The address lines

1012 provide 25 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 line 1010 that

conducts control signal CSYNC to addr&ss generator 1002. I'n addition,
address generator 1002 is electrically coupled to select |ines

1008a- 1008f. The sel ect |ines 1008a-10081 conduct sel ect signals
SEL1, SEL2, 30.Durirfgiirbing pubbeddesshitjesyistat QutplidifhalasOnedd1Bgret 0 t he

L fi 0p4da-1 ot shown). 68 The sel ect
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1002, | uhi ZbqreyaRGrGTeHbITEVAL Sed (H G /290 eveFar 808 and ked® € €'

5|gnals SEL SEL2, SEL "6 i nclude a series ses repeats
in a rébeastvaiption tiopsistors 444 tusadsels . Sifcegister omteutswgrmis S gfitbdattieSEL 1,
SELZ, SEL6 S

enbod nentd“@bgﬁﬁé%BPﬁe?EFe%G“EPé*%%EEL%ﬁ*S‘f’Jw@F SO 1 AREE |
sel ect si gl valgellovel epdelliother s ftagisteb putpupsiysals smssoezaremgmal
SEL3, thatydiiggd plvbwed by a pulse in select signal SEL4, that is
foll owed by a pulse in select signal SEL5, that is followed by a

pul se i n sel ectPusingiatingpulse 949 tfemarﬁldlrmﬂosesngnal BDHREBES shgmas to a

15 high voltage levei at 901 and logic evaluation signal LEVAL 848 chargesto a
high voltage level at 902. The high voltage level logic evaluation signal LEVAL
848 at 902 turns on evaluation transistors 440. The high voitage level shift
register output signal SO13 at 892 turns on address transistors 470a and 470b
and address signals ~A3 and ~A35 are actively pulled to low voltage levels,

20 indicated at 904. The other shift register output signals SO1-SO12 are pulled to
low voltage levels at 890, such that address fransistor pairs 446, 448, ... 468
are turned off and address signals ~A1, ~A2, ~A4, ~A6 and ~A7 remain at high
voltage levels, indicated at 906. The address signals ~A1, ~A2, ... ~A7 825
become valid during timing pulse 900. Timing pulse 808 turns on third

25  evaluation transistor 556 and a control pulse 910 in control signal CSYNC 824
turns on control transistor 558 to discharge the forward direction signal DIRF
858 to a low voltage at 912,

In the next series of six timing pulses, during timing pulse 914 all internal
node signals SN 826 are charged to high voltage levels at 916. Timing pulse

30 918 turns on first evaluation transistor 508 in each of the shift register celis
4(03a-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



SEL6, the series repeats beginning with a pulse in select signal

SELI . The control signal CSYNC includes pul ses coincident with pul ses
in select signals 20 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

di scussed with respect to Figures 11 ggnd 12. To initiate address
generation from address generator 1000, control signal CSYNC i ncl udes
a control pulse coincident with a timng pulse in timng signal T2
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group one igfefAal nolle $QRA4BSNEESi oS the address signals -Al, -A2,
-A7 and the 10pul se in sel ect s:eeﬂnal SEL1, firing cells 120 in

sel ected row slEngipingseise 926, alahiftieoistar owaut signalsS®$38 are si gnal
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si gnal s SHom tl'@]_rge gﬂresaalgn@lgmﬁr?s@nds-r@mere pulled Iow at 804 until all

20  address signals ~A1, ~A2, ... ~A7 825 are pulled high at 932. The address
signals ~A1, ~A2, ... ~A7 825 are valid during the timing puises 908, 914 and
918.

Timing pulse 936 turns on second evaluation transistor 518 in each of the
shift register cells 403a-403m to evaluate the internal node signals SN 826.

25 Internal node sighals SN1-SN11 and SN13 are at high voltage levels at 922 to
discharge shift register output signals SO1-S011 and SO13 to low voltage
levels at 938. Internal node signal SN12 is at a low voltage level at 924 that
turns off the internal node transistof of shift register cell 403l and maintains shift
register output signal SO12 at a high voltage level at 940.

30 Also, timing pulse 936 turns on fourth evaluation transistor 562 and
control signal CSYNC 824 is at a low voltage level to turn off control transistor
564 to maintain reverse diraction signal DIRR 842 at a high voltage level at 944.



CSYNC. The address signals -B1, -132, ... -87 are provided through
second 20address lines 1012 to fire groups 1004d-1004f. In address
generator 1002, the address signals -81, -82, ... -87 are valid
during timng pulses in timng signals 16, 11 and 12 that correspond
to timng pulses in select signals SEL4, SEL5 and SEL6. The control
signal CSYNC includes a control pul sesggoincident with a timng pul se
intimng signal T4 that corresponds to the timng pulse in select
25signal SEL2 to set up address generator 1002 for shifting in the
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824 is provided coincident with a timing pulse from timing signal T2 804 1o start
25  orinitiate the shift register 402 shifting a high voltage level signal through the
shift register output signals SO1-S0O13.
Figure 13 is a block diagram illustrating one embodiment of two address
generators 1000 and 1002 and six fire groups 1004a-1004f. Each of the
address generators 1000 and 1002 is similar to address generator 400 of Figure
30 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



25control pul se coincident with the timng pulse in select signal
SEL3 initiates the address generator 1000 and the control pul se
coincident with the timng pulse in select signal SEL6 initiates the
address generator 1002. During the third series of timng pul ses,

address generator 1000 generates address signals -A, -A2, ... -A7
that are valid during timng pulses 3§ in select signals SEL1, SEL2
and SEL3. The valid address signals -Al, -A2, ... -A7 are used for

enabling firing cells 120 in row subgroups SGL, S& and 803 in fire
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signal T3. The select line 1008e conducts select signal SELS to address
20  generator 1000, in one embodiment is timing signal T3 timing signal T4, and the
select line 1008f conducts select signal SELS to address generator 1000, in one
embodiment is timing signal T3 timing signal T5.
The address generator 1002 is elecirically coupled to fire groups 1004d-
1004f through second address lines 1012. The address lines 1012 provide
25  address signals ~B1, ~B2, ... ~B7 from address generator 1002 to each of the
fire groups 1004d-1004f. Also, address generator 1002 is electrically coupled to
control line 1010 that conducts control signal CSYNC to address generator
1002. In addition, address generator 1002 is electrically coupled to select lines
1008a-1008f. The select lines 1008a-1008f conduct select signals SEL1, SEL2;
30 ... SEL6 to address generator 1002, as well as to the corresponding fire groups
1004a-1004f (not shown).



25 signals SEL1 and SEL4 to set up address generators 1000 and 1002
for shifting in the reverse direction. The control pul se coincident
with the timng pulse in select signal SEL1 sets up address generator
1000 for shifting in the reverse direction. The control pul se
coincident with the timng pulse in select signal SEL4 sets up
address generator 1002 for shifting iss the reverse direction. 30In
the next series of six pulses, control signal CSYNC includes control
pul ses coincident with the timng pulses in select signals SELL,
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20  SEL1, SELZ2, ... SELS 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 example as discussed with respect to Figures 11 and 12. To
initiate address generation from address generator 1000, control signal CSYNC
includes a control pulse coincident with a timing pulse in timing signal T2 that

25 corresponds to the timing pulse in select signal SEL3.

The address generator 1000 generates address signals ~A1, ~A2, ... ~A7
in response to select signals SEL1, SEL2, ... SEL8 and control signal CSYNC.
The address signals ~A1, ~A2, ... ~A7 are provided through first address lines
1006 to fire groups 1004a-1004c.

30 In address generator 1000, address signals ~A1, ~A2, ... ~A7 are valid
during timing pulses in timing signals T6, T1 and T2 that correspond to timing
pulses in select signals SEL1, SEL2 and SEL3. The control signal CSYNC



25 that correspond to the sane one of thirteen addresses. Each series
of timng pulses is an address tinme slot, such that one of the
thirteen addresses is provided during each series of timng pul ses.
In reverse direction operation, address thirteen is provided first by
address generator 1000 and 1002, followed by address twelve and so on
30 through address one. After addresstfone, address generators 1000
and 1002 provide all high voltage Ievel address signals -Al, -A2, ..
-A7 and -Bl1, -B2, ... -B7. Also, during each series of timng pulses
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CSYNC. The address signals ~B1, ~B2, ... ~B7 are provided through second

20  address lines 1012 to fire groups 1004d-1004f. In address generator 1002, the
address signals ~B1, ~B2, ... ~B7 are valid during timing pulses in timing signals
T6, T1 and T2 that correspond to timing pulses in select signals SEL4, SEL5
and SEL6. The control signal CSYNC includes a control pulse coincident with a
timing pulse in timing signal T4 that corresponds to the timing pulse in select

25  sighal SEL2 to set up address generator 1002 for shifting in the forward
direction. The control signal CSYNC includes a contro! pulse coincident with a
timing pulse in timing signal T6 that corresponds to the timing pulse in select
signal SEL4 to set up address generator 1002 for shifting in the reverse
direction. To initiate address generation from address generator 1002, contro}

30  signal CSYNC includes a control pulse coincident with a timing pulse in timing
signal T2 that corresponds to the timing pulse in select signal SELS.



at 1116 includes timng pulse 1118 and sel ect signal SEL6 at 1120

i ncl udes 25timng pulse 1122. In forward direction operation, control
signal CSYNC(FWD) 1124 includes control pulse 1132 coincident with
timng pulse 1106 in select signal SEL2 at 1104. The control pul se
1132 sets up address generator 1002 for shifting in the forward
direction. Also, Control signal CSYNC{FWD) 1124 30i ncl udes contr ol
pul se 1134 coincident with timng pulse 1118 in select signal SEL5 at
1116. The control pulse 1134 sets up address generator 1000 for
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pulses coincident with timing pulses in select 5|gnals SELZ SEL3, SEL5 and

20 SELS. The control pulses coincident with timing pulses in select signals SEL2
and SELS5 set the direction of shiftinglto the forward direction in address
generators 1000 and 1002. The conirol pulses coincident with timing pulses in
select signals SEL3 and SELS initiate the address generators 1000 and 1002
for generating address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ... ~B7. The

25  control pulse coincident with the timing pulse in select signal SEL3 initiates the
address generator 1000 and the control pulse coincident with the timing puise in
select signal SELS initiates the address generator 1002.

During the third seties of timing pulses, address generator 1000

generates address sighals ~A1, ~A2, ... ~A7 that are valid during timing pulses

30 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



25conti nue setting address generator 1000 for shifting in the forward

di rection. The address generator 1000 provi des address signals
-Al, -A2, ... -A7 at 1128. After being initiated in forward direction
operatl on, address generator 1000 and address signals -A , -A2,

-A7 at 1128 provide address one at 1172. Address one at 1172 becones
valid during timng pulse 1146 in select 30 signal SEL6 at 1120 and
remains valid until timng pulse 1162 in select signal SEL4 at 1112.
Address one at 1172 is valid during timng pul ses 1156, 1158 and 1160
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di rect operation, control signal CSYNC(REV) 1126 includes
20cont E)LH?%% 1180 coincident with timng pul se 1102 in sel ect

si gnal SELl at IﬂmardTblﬁe&l@ﬁfob@ﬂat@Wéiﬂrés%&ﬁleﬁ@bﬁ)viﬂédéfﬁﬁrt@%d%erat or
1000 for shifting in the reverse direction. cont rol nal
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up address generator 1002 for shifting in the reverse 25direction.
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Shifting i 8eipend S¥e5i6 oOhikeidthg AdhdichfardCitchioh. Signal CSYNG(REV

1126 includes control pulse Col ncl t Wwth timng pulse 1140 in
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25 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 pulse in
select signal SEL1 sets up address generator 1000 for shifting in the reverse
direction. The control pulse coincident with the timing pulse in select signal
SEL4 sets up address generator 1002 for shifting in the reverse direction.

30 In the next series of six pulses, control signal CSYNC includes control
pulses coincident with the timing pulses in select signals SEL1, SEL3, SEL4 and
SELS. The control pulses coincident with timing puises in select signals SEL1



76 -A7 at 1128. In addition, control signal CSYNC(REV) 1126 incl udes
control pulse 1190 coincident with timng pulse 1146 in select signal
SEL6 at 1120. The control pulse 1190 initiates address generator 1002
for generating address signals -Bl, -B2, ... -87 at 1130. 5The
control signal CSYNC(REV) 1126 includes control pulse 1192 coinci dent
with timng pul se 1156 to continue sef2ing address generator 1000 for
shifting in the reverse direction and control pulse 1194 coinci dent
with timng pulse 1162 to continue setting address generator 1002 for
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provi des address signals -Al-A7 at 1128. After being initrated in

reverse di SEETPIOR SPRY @79 P02 ol eandroheyiaesseqincident with tining gulses in
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Address thirteen at 1172 becones vali uring timng pu
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addr ess t hi rt edpurég the thindreeriesdd timing puiises; address gdrisfdtobd6adres val i d

during tim : Lol val ntil_.tim.ng.pulse 1176.
Addr ess tﬂzrlr é%ﬂ%ggt%d%g%lq%ggval i'd” gari nAg*&‘.agF'%g"ﬁHﬁPEBEgE PUSES, and
1166 i 0 sehesiecs signals<SESE|L $F1.3EDE SilB. SHebratitt afidrkas sighals ~avid ~A220.

The addr ess,si - - ST t 1128 and -Bl,. B2, ...-~587
281130 BrborE e it g gl Tathabd SfindPlins Ry, SB2aresed
1174. Addriedise ghoupsddl , iFS2paral/i-@8 dit d004angotdedforsantivatiornf Addrass | mi ng
b0, -uni osoesar 100 ariele? aliheSf siong H8fiaPRes "t thebete VT hg ¢ he
next Iser i %wtvfg tihing pulsezﬂ; séle?if,iyﬂamSE\[L?SEUS(rjéndQBElftﬁ @iﬁinﬂglzgg,ﬂgi@ﬁicli; SSS
signal s - -A2. L - 8 provi de address twel ve_ 30a

and ad es%éfasglﬁéﬁf%”&%i'?e% gé-!e Ya.%'g d%gr?eséts'gff%(f%ﬁé'\ﬁzde' H0REEseel ve
Thi Tt con T Drouah addrase ona I the Povbr s dir oo o A e s
one, 77 a'%?ég 565&5?3}?%1@%16%85gﬁ8rE@B’Qh%-e reinitiated to provi de
val i d addr esseDaigithe third serieEbgﬂrhﬁ‘lg I4e® iR sOlBICgHHIAGERM SEL 2, ...
illustrat %Léne errbo:(j:‘imant of an address generator 1200, a l|atch

circuit 120BL8RTe¥PReMTReliog QRpsations eddress oignals rA], ~A2, ... ~AT include

20 low voltage level signals that correspond to one of thirteen addresses and
address signals ~B1, ~B2, ... ~B7 include low voltage level signals that
correspond to the same one of thirteen addresses. During each subsequent
series of timing pulses from select signals SEL1, SEL2, ... SEL6, address
signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ... ~B7 include low voltage level signals

25 that correspond to the same one of thirteen addresses. Each series of timing
pulses is an address time slot, such that one of the thirteen addresses is
provided during each series of timing pulses.

fn reverse direction operation, address thirteen is provided first by
address generator 1000 and 1002, followed by address twelve and so on

30 through address one. After address one, address generators 1000 and 1002
provide all high voltage level address signals ~A1, ~A2, ... ~A7 and ~B1, ~B2, ...
~B7. Also, during each series of timing pulses from select signals SEL1, SEL2



5 printhead die 40. The address generator 1200 is simlar to address
generator 400 of Figure 9 and fire groups 1204a-1204f are simlar to
fire groups 202a-202f illustrated in Figure 7. The address
generator 1200 is electrically coupled to fire groups 1204a-1204c and
to latch circuit 1202 through address |lines 1206. Al so, addressj
10generator 1200 is electrically coupt®ed to control line 1210 that
conducts control signal CSYNC to address generator 1200. In addition,
address generator 1200 is electrically coupled to select lines
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signa
enbodi nent” t%@“ﬁﬁ?ﬁ%ﬁ@ﬁaﬂpeﬁmﬂ qégreﬁéﬁ@c%ﬁ”é’ﬁs on printhead die 40
from sel ect si ghalselebEbignalSBEL1, SELS. ... S sellsta @Fgélm gSsenbh bf six

SEL2, SEL6 provi es of . si | ses that repeats in a repeating
series of R4ses pﬁ-ﬂeaacgﬁ?@?ssei%%téﬂnﬂ éiﬂ H2spEke ‘Wdﬁﬁ@ﬂ?@uﬁg iaHe 14
The c@t r Qerigs gnsik f@@ow 64 YRS d?‘tHeSI%Ee%ng‘érQ@%? siipufieBWeteg 10
sel ect si gnal ? SEL SEL2, SEL6 to initiate address generator 1200
signal SELT at 1700 includes timing pulse 1102, select signal SEL2 at 1104

includes timing pulse 11086, select signal SEL3 at 1108 includes timing puise

1110, select signal SEL4 at 1112 includes timing pulse 1114, select signal SEL5

at 1116 includes timing pulse 1118 and select signal SEL6 at 1120 includes
25  timing pulse 1122,

In forward direction operation, contro!l signal CSYNC(FWD) 1124

includes control pulse 1132 coincident with timing pulse 11086 in select signal

SEL2 at 1104. The control pulse 1132 sets up address generator 1002 for

shifting in the forward direction. Also, control signal CSYNC(FWD) 1124
30  includes control pulse 1134 coincident with timing pulse 1118 in select signal

SELS at 1116. The control pulse 1134 sets up address generator 1000 for

shifting in the forward direction.



and to set up the direction of shifting and address generation in
address 10 generator 1200. The address generator 1200 generates

address signals -Al, -A2, ... -A7 in response to the select signals
SEL1, SEL2, SEL6 and control signal CSYNC. The address signals -Al,
-A2, ... -A7 are provided through address lines 1206 to fire groups

1204a- 1204c. In address generator 120f4 address 15signals -A, -A2,
... -A7 are valid during timng pulses in timng signals 16, 11 and
T2 that correspond to timng pulses in select signals SEL1, SEL2 and

SEL3. The cont ngknsSi j: | | REd t
with a tining dﬁ|t2€h?ﬁ@%?e%§§§9§¢%ﬁ%'|‘°‘“?54”'?%SS?‘%%G?%%E}?S%S%E?%%@"
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to set up K { £t .n. the reyerse
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LLTLo0, PULER il 18t 8 5 SRRl el iRl SERRIER 1 B i 0
addr elss siAiligedd)rEvzadeﬂiireetBﬁ,and.colnfrﬂ7pu'lse T?fmmﬁ:ﬁﬁsg %leé—l;%giing mg%@dwess
signals -A, -A2 ... -A7, select i(1*; 1l an L n X

oval uat | oroaogHate pfies addresSetiase®r MR fr S5po T e DBrd AP atar ess
si gnal 13 - Ahlso; dshirol signal ASYNIT(FVID} 24 inblutgs §dHtRepilse 3 e5@6sinsitamal
provi de_ adti'e U8 piitn b1t Selege ot L4 B Thapenipunaiso a °
-A2, L. -iffifiafthddPdss gaRérater 100088 gerRvattR dddrestdighatridaespt o fire
groups 1204a-1204f during one 79 address tine slot. The address

si gnal s - B¥M ag3128. In adé%oﬁsr@“b’f"lﬁ)%@@QWQ{E&YP)aH@ﬂ&@”WWt@Z12 to

fire groupsude94s4 dGRddent tm@lﬁ? BEBeSMAOM Seled bignaPSELE at 114/ are
valid during timng pulses in select signals SEL? SEL4, SEL5 and

SEL6. BI n Difeceteipiiee Jped nitiaies adiiessgensmaios MG2Jsr genesatingagdress

control sigaadis CBYNGB) nclgges 1aagontrol pul se coincident with a
timng pulsé in select signal SEL5 to set up address generator 1200

for shifting i rintﬂ_lﬂ%n‘?’éloﬁvﬁ}"d sgrige et ?%ﬁ_ul@ﬁsr_ Q%Ff@@itsﬁhﬁﬁ Hoﬂi m ng
Addr ess genarare infisgiyietifeg Soieticid Sz & Eg‘% RELES fimlg e P
pul ses 10ahth8, salechsignal Bibg|ad 1193 eludes timing pileth1 165, salget signal|SEL4
addr esgy si gnils indlides tfifing pulse 1162, select signal SEL5 at 1116 includes timing
pulse 1164 and select signal SEL6 at 1120 includes timing pulse 1166. The
control signal CSYNC(FWD) 1124 includes control pulse 1168 coincident with
timing puise 1158 to continue setting address generator 1002 for shifting in the
forward direction and control pulse 1170 coincident with timing pulse 1164 to
25  continue setting address generator 1000 for shifting in the forward direction.
The address generator 1000 provides address signals ~A1, ~A2, ... ~A7
at 1128. After being initiated in forward direction operation, address generator
1000 and address signals ~A1, ~A2, ... ~A7 at 1128 provide address one at
1172. Address one at 1172 becomes valid during timing pulse 1146 in select
30 signal SELG at 1120 and remains valid until timing pulse 1162 in select signal
SEL4 at 1112. Address one at 1172 is valid during timing pulses 1158, 1158

and 1160 in select signals SEL1, SEL2 and SEL3 at 1100, 1104 and 1108.



... -A7. The latch circuit 1202 | atches in the high voltage |evel
address signals -Al, -A2, ... -A7 to provide high voltage |eve
address signals -B1, -132, ... -B7. In the next series of six timng
pul ses, control signal CSYNC includes a 15control pul se coincident
with the timng pulse in select signal SEL5 or select signal SEL1 to
set up the selected direction of shif#sing in address generator 1200.
Al so, control signal CSYNC includes a control pulse coincident with
the timng pulse in select signal SEL3 to initiate address generator

1200 for gener afjgdyéds Ocﬂin%gﬂéﬁfﬁozsdrg\ﬂgééadﬁless sifWals ~B1, <
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e v ress signal used for
enabling f 1r @r F$ §l9n3l§ “%ﬁ g&f Slﬁgﬁ? ﬂgsﬁﬁ@’é@&;‘eﬁmﬁd@% in
fire gr Ou%mreéi@gnﬁﬁl?ﬁn%f% ~BY alZ@ﬁ@Fﬂo%%faddﬁéss&ﬁfblaY@i .
S5During the third series of ti %Qg?auﬁ)é“ ses fromsel ect signals SEL1,

SEL2, dhisgvaya ddriess 9engRiars AQ0Z provide geldreseps HeM ARSI t age

| evel si gr@f{esmtedi@h &i@?és%&ﬁ@t@@n trpth@ fewatd HiddtbRE AfRFAHBeSLHIrRRA,
address signals -Bl - include | ow vol tage | evel si gnal S

that cor r eAsbeRe Q%‘%ﬁ@’%@ﬂ?@ %’H’eﬂ.@? are eeinilipted de Aydig Hreugdddbe vajig i ng

each subsegypadses@ighfSn e Sdnje HByses from sel ect 10si gnal s SELI1,
SEL2, SEL6, address signals -Al, -A2 -A7 and -Bl1 - B7

i ncl ude | ow volld suergecdieactign @ngnaaom wtrel(ﬁg@é W@Q(Ba/hé“%ﬁl?@'@ﬁé of
thirtegn adghepsase 1 F@{?Eouﬁ&&érﬁ%mmftunﬁlh&bﬂﬁe RYbg ‘ﬁ?séléct%ﬂ;n%ﬂééﬁ% getine
sl ot, such that one hirteen addresses is provid during each
seri es of %i00. ﬂ‘bhesmtrol pulse 1180 sets up address generator 1000 for shlftmg in the
reverse direction. Also, control signal CSYNC(REV) 1126 includes control pulse
1182 coincident with timing pulse 1114 in select signal SEL4 at 1112. The
control pulse 1182 sets up address generator 1002 for shifting in the reverse
25  direction.
Control signal CSYNC(REV) 1126 includes controi pulse 1184 coincident
with timing pulse 1136 {o continue setting address generator 1000 for shifting in
the reverse direction and control pulse 1188 coincident with timing pulse 1142
o continue setting address generator 1002 for shifting in the reverse direction.
30  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, ~AZ2, ...



In forward direction operation, address one is provided first by
address 15 generator 1200 and latch circuit 1202, foll owed by address
two and so on through address thirteen. After address thirteen, the
address generator 1200 and latch circuit 1202 provide all high
voltage | evel address signals -Al, -A2, ... -A7 and -Bl, -82, .

-B7. In reverse direction operation, #ldress thirteen is provided
first by 20 address generator 1200 and latch circuit 1202, foll owed
by address twel ve and so on through address one. After address one,
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sel ect signal4 spdLBiogo first pre-charge transistor 1234 as first pre-

10charge signal_PREL. The source of first pre-charge transistor 1234
i s el ectrical | yNeRJHIesa oaneraerg 008 noprddas ansiress sigralirBi mBdur ¢B7pat h

of latch tgtanspshger Hir$indited B ref&sé UiE:tRh S %&i%% or
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el ectri callly2cbllfl @ 1%0one side of the drain-source path of address
transistor 123%ne T8t Rifnall 81, Ya2, . ~A7 at 1128 and ~B1, ~B2, ... ~B7 at

25 1130 provide the same address, address thirteen at 1172 and 1174. Address
thirteen is provided during the series of six timing pulses beginning with timing
pulse 1156 and ending with timing pulse 11686, which is the address time slot for
address thirteen. During the next series of six pulses, beginning with timing
pulse 1178, address signals ~A1, ~A2, ... ~A7 at 1128 provide address twelve

30 at 1178 and address signals ~B1, ~B2, ... ~B7 at 1130 provide address twelve
also. Address generators 1000 and 1002 provide addresses from address
thirteen through address one in the reverse direction. After address one,



20 the drain-source path of address transistor 1238 is electrically
coupled to a reference voltage, such as ground. The gate of address
transistor 1238 is electrically coupled to one of the address |ines
1206. The second | atch stage 1224 includes a second pre-charge
transi stor 1246, an evaluation transistor 1248, a | atched address
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-A7 i s &0, which iRiogR e@%h%@%“l'%%!”g i@ E@sTP? éﬂ'@P%t"@r"ZPﬁ% is
turned on dorRINEHE Il sigRBS EIf2 fo*wdr@&%;e\ﬁsﬁbt@vd%@swmh%ahe , -A2,

.-A7 is set to a | ow 20voltage |evel dress transistor 1238 is

turned of fehefimeshinkgisER T@eT@@ﬁe'@PHH@ 1208F candiists selectsignal on as
sel ectosi ggef 3 %%édréé@géiéré@mzdm whidh if %ns%ﬁﬁaaﬁnérﬁ\r@!.mmbfs.MW.ss

transistor_1238 is on, dress node capacitor 1240 is diScharged to a

| ow vol t agEhg exiest linpf! 296@1 cerdicfs salest siapal 3Bktg addsess ganeratadt node
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capaci tor
select signal SELS to address generator 1200, which in one embodiment is

timing signal T4, and the select line 1208f conducts select signal SELS to
25 address generator 1200, which in one embodiment is timing signal T5.

The latch circuit 1202 is electrically coupled to fire groups 1204c-1204f
through address lines 1212. Also, latch circuit 1202 is electrically coupled to
select lines 1208a and 1208f and evaluation signal line 1214. The select lines
1208a and 1208f receive select signals SEL1 and SEL6 and provide the

30 received select signals SEL1 and SELG to latch circuit 1202, The evaluation-
line 1214 conducts evaluation signal EVAL, which is similar to the inverse of
select signal SEL1, to latch circuit 1202. [n addition, latch circuit 1202 is



251240 is not discharged and renmains at the high voltage |evel.

The latch transistor 1226 receives |latch signal LATCH through signa
line 1208a. If latch signal LATCH is set to a high voltage |evel

| atch transistor 1226 is turned on and if latch signal LATCH is set
to a low voltage |level, latch transistor 1226 is turned off. The

| atch transistor 1226 is turned on torpass the 30 voltage | evel on

address node capacitor 1240 to | atched address node capacitor 1252.
The capacitance of the address node capacitor 1240 is about three
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st age 12220§k %ﬁ%ﬂg'ﬁ 11725% - MR/ ZRIPTVisied thiough @ddiesar ess

node capacfiie@r 21)%58 fifeAgrolfs nm@b@n dn bb@reﬁ@@éﬁérb&i?qéw aHdéPosaf
addr ess_node capa0|tor 124Q can be reduced as the address node

capaci {®r 29295 761} ohder A Vol Swiiodimipg pyises Kulingivgstonals th dd
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capacitor 1240 is pre-cha roua first pre-charge transistor
1234 to t ukLan Theseneal sw@a+6§¥N§rl Gles & ontimuiss comeideabwiIal at ch

stage 1224n@pd Riigs |g Wiy Sign&T4aAs] @o?%sg@% t%%ﬁé‘ﬁl'nﬂ-@ uise’ defechiot

i solated fromsecond | atch”stage 1224 5The secon ar ge

transi st or signalcElécieispbup prdresh aprrrator 4Aa0 fqpﬁEﬁ"‘[Q’iﬂdﬁ@fﬁms’af@nal line
1208a, z@ndd,?éfc%Hafrhe Rohfr&R n%f @éYﬂd@)“lﬁch@@@? ESﬁtr&’bu%\éaéoHﬂdeﬂqu?h %UilL

EVAL through eval uation si l'i ne eval uation signa

is set to #mingwuasl indigung sigedl THibajprasreshandsatodheg timingRrise inselast to a

hi gh vol t f and
| at ched agll%ge 33%1&8%%%@9%@9%%'3%?“? gﬂgo f?%%ﬁ'fﬁ 'E‘gﬁé;ﬁi%ga t hr ough
pr e- char gedireciingi odnitiata 48drebhgenhanation frpmra;:lct;essrgemzaiow 200ucorttbion to

pass the V%éﬁé\%\h@?‘ %c!%%f’@dﬁ@fg@?&"&oiﬁ&ﬂ@&i&iﬁf a ity fued ARARS

address no capaci
25 signal T2 that corresponds with the timing pulse in select signal SEL3.

The latch circuit 1202 provides address signals ~B1, ~B2, ... ~B7 in -
response to receiving address signals ~A1, ~A2, ... ~A7, select signals SEL1
and SEL6 and evaluation signal EVAL. The address latch 1202 receives valid
address signals ~A1, ~A2, ... ~A7 during the timing pulse in select signal SEL1

30 and laiches 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



84 voltage level turns on |atched address transistor 1250 and a | ow
voltage |l evel turns off |atched address transistor 1250. The

eval uation signal EVAL is set to a high voltage level to turn on
eval uation transistor 1248 and di scharge the | atched address si gnal
to a lowvoltage level if |atched address transistor 1250 5is turned
on. If the latched address transistorygl250 is off as eval uation
transistor 1248 is turned on, the |l atched address |ine 1212 renai ns
at a high voltage level. The latch transistor 1226 is turned off to

latch in télﬁragﬁrﬁgelokevﬁé aa&ekegigh&@%dnggs fl%%@@ eltugho A2 and

the state of [atched address transistor 12 In an ration
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- B1, B2 B7 on | atched address |line 1212 remains at a

pre- chargeoB% gh voltage level. The first pre-charge signal PREL is

set to a hi gh yekiegsxt kenad oftsﬁmﬁmg dp&&eﬁh@m@t SIPRE Y NO R ILkRBaC T t or
1240 to a hi h vol tage | evel ress node cagam tor 1240 is

char ge t d“‘%i‘ R Bis¢ 6Ppgigent vithdhe thingpylge Bgwsiecd 8195 PRIS ongelect oo

- AT i's gigenisted t@@ea@;dﬁ@%%lédté@daﬂe%%nbpsmm@ﬁﬁéddré | rgtbr 1238.
The valid address sig -A - set's the on/off state of

addr ess t rgtS Alen. C@Q@Bf signg! &ﬁé’%@ﬁb@egagﬁairolmﬁf gt WBRE o a
| ow vol t a%?‘mhﬁ‘ﬁ@se% sél@@t Sovh L3986 h‘ﬁtldcté E\§(§re9§ Séﬁé’fﬁfe@%ﬁ(ﬁ e 4 per i od.

Next, select Signal SEL1, Tatch signal LATCH re-c gnal
PRE2 are s#nefajing vafigaddess sgealsevel. ~A8d.- ev- dawrmhasgﬁamd E!WELS 9fs

set 1@ |@Wpulses, address generator 1200 provides all high. voltage level address
signals ~A1, ~A2, ... ~A7 and latch 1202 latches in address signals ~A1, ~A2, ...
~AY to provide all high voitage level address signals ~B1, ~B2, ... ~B7.
In the next series of six timing pulses, control signal CSYNC includes a

control pulse coincident with the timing pulse in select signal SELS or SEL1 to

25 set up the selected direction of shifting in address generator 1200. During this
third series of six pulses, address generator 1200 provides valid address signals
~A1, ~A2, ... ~A7 including low voltage level signals during the timing pulses
from select signals SEL1, SEL2 and SEL3. The valid address signals ~A1, ~A2,
... ~A7 are used for enabling firing cells 120 in row subgroups SG1, SG2 and

30 SG3infiring groups FG1, FG2 and FG3 at 1204a-1204c for activation. Latch
circuit 1202 latches in the valid address signals ~A1, ~A2, ... ~A7 and provides
valid address signals ~B1, ~B2, ... ~B7. The latch circuit 1202 provides the



85 voltage |l evel. The select signal SEL1 turns on select transistor
1236 and | atch signal LATCH turns on latch transistor 1226. If the
valid address signal -Al, -A2; ...-A7 on signal line 1206 is at a

hi gh voltage | evel, address transistor 1238 is turned on and address
node capacitor 1240 and | atched address node 5capacitor 1252 are

di scharged to a | ow voltage level. |fsdthe valid address signal -Al,
-A2, ...-A7 on signal line 1206 is at a | ow voltage | evel, address
transi stor 1238 is turned off and address node capacitor 1240 charges

| at ched adghigsedRegeigraRacst, 04’82125287 eum]dwhefﬁnﬁ@ baess fr6vaklect he
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on the Iatchedlraﬂnlwesisdlrmden opygration, aiddieds 2na igprohidet fivet by @dafesk he
volta | evel d.addr ode pacitor 1252 is present
on theld arater Biabau B BN AY relpiRu T BalasS Iva g 2P B - B2,

- B7. Tfltgrzoaldﬁraeld&ss Itlgﬁedén Aﬁ?r adﬂ?esc? thlggéﬂ thé ab@reea gd?erafg{ 1lze® c h
reglster ed as ed addres si gnal -

5 on AR rRuEY AP Re Ao ordes [siptattest Moy ~&T g - 1,
-BZ .. . - BAT ewnb+BS$, ABH, I.0~BB. pre-charge signal PREl1l is toggled high
to charge addr ess node_capaci t or 1240 with latch transistor 1226

turned 86 , of N TeFREe djiecHey oREaHYYy @ddiegs Mirteqm s preyded firstyy pecones

i nval i2g aSao@@éSQ(‘den%reﬁ&a‘i 208Enk, |aicﬁtcﬁbu1ﬁﬂmhub%&ldy%@aré&%%élbéeﬁe
si gnal PRE2 are1 set to a high voltage |l evel and eval uation si gnal

EVAL i s se¥ Quihepyahpddarssaye. 1Adtpspddress one, address generator 1200 and
latch circuit 1202 provide all high voltage level address signals ~A1, ~A2, ... ~A7

and ~B1, ~B2, ... ~B7. Also, during each series of six pulses from select signals
SEL1, SEL2, ... SELS, a control pulse is provided coincident with a timing pulse

25  inselect sighal SEL5 or SEL1 to continue shifting in the selected direction.

Figure 16 is a diagram illustrating one embodiment of a latch register

1220. The latch circuit 1202 includes seven latch registers, euch as latch
register 1220. Each latch register 1220 latches in one of the seven address
signals ~A1, ~A2, ...~A7 and provides the corresponding latched address

30  signals ~B1, ~B2, ...~B7. The latch register 1220 includes a first latch stage
1222, a second latch stage 1224 and a latch transistor 1226. The first latch
stage 1222 is electrically coupled at 1228 to one side of the drain-source path of



Figure 17 is a timng diagramillustrating an exanpl e operation of
one 5 enbodi nent of |atch register 1220. Address signals -A, -A2,
...-A7 at 1300 are in transition at 1302. Pre-charge signal PREl a
1304 is set to a high voltage | evel at 1306 for one tinme period,

i ndicated at 1308. During time period 1308, select signal SEL1 at
1310 and |l atch signal LATCH at 1312 aft set to a |l ow voltage level to
turn off select transistor 1236 and |l atch transistor 1226,
10respectively. The high voltage | evel of pre-charge signal PREl at
1306, char dsh manhisies12Rdendcthp secoror lattB48geht224dh electicalhacmmled at

t ransi st or o MV l.at c Si r 1226 rngd of f e .ol tage
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transi stor® %%5] orihig dﬁ!gp&ﬁ@?g@-&a@q@l}mqﬁ@r 4e5940 @rsignal ing h308foy
at 1322 at tHahgogitPEelédt BRyNBESEDSItol#98re-charge tiMRistsidin2a s Tirstpab-S

-Al, A2, ... -A7 at 1%%2 remain valid at 1324 during the next tinme
peri od10i nefterae &nat PRB26 Thexspiiisg of fist Prenehapes rakpisier 12868 pre- char ge

si gnal PRELegiricaiR0douphitPat D280 8né Sie WPiHeARSINLR\Rle ith be|add ect
25signal SEL1 at 1310 transitions to a high voltage |evel at 1328,

| at ch si gnHansigteCi2d andtpone sidpsphadsiesstneds capagitor dR#&gehe ether side
1330, - hSHAd - It | age
Fovel i 10 e ROt 0 ke N T o Ub 8030 e Bk 2 ow
vol t age | esigh ag gregad., Inaedition, the sedmreedfdirgdipggrahargajtransiapr 1234 isA7 at
1324 fai : ' ' sel ect
s gnal e § R PR IupRE ol REES Brad SRS bt ot edfot diheitl

LATCH at 13336.sthe gajenf Reight tiasistsiayei 236 ieelectriballyasliplrgdo seleel liren

addr ess “0ﬁ’foq;agtﬂgfgz{r@fuc&?s‘é%c@%né@é&ﬁ% B F5%iA8IRRAPAG diRLr 1252

I s based on 't
side of the drain-source path of select transistor 1236 is electrically coupled to

one side of the drain-source path of address transistor 1238. The other side of
20  the drain-source path of address transistor 1238 is electrically coupled to a
reference voltage, such as ground. The gate of address transistor 1238 is
electrically coupled to one of the address lines 1206.
The second latch stage 1224 includes a second pre-charge transistor
1246, an evaluation transistor 1248, a latched address fransistor 1250 and a
25 latched address node capacitor 1252, The gate of the second pre-charge
transistor 1246 is electrically coupled to the drain of second pre-charge
transistor 1246 and to signal line 1208a that conducts select signal SEL1 to the
second pre-charge transistor 1246 as second pre-charge signal PRE2. The
source of second pre-charge transistor 1246 is electrically coupled to one side
30  of the drain-source path of evaluation transistor 1248 and to one of the latched
address lines 1212. The gate of evaluation transistor 1248 is electrically
coupled to evaluation signal line 1214. The other side of the drain-source path



87 of address transistor 1238. If address transistor 1238 is turned
on by the valid address signal -A, -A2, ...-A7 at 1324, address node
capacitor 1240 and | atched address node capacitor 1252 are di scharged
to alowvoltage level. |If address transistor 1238 is turned off by
the valid address signal -Al, -A2, 5 ...-A7 at 1324, address node
capacitor 1240 and | atched address nogke capacitor 1252 remain at a
hi gh vol tage | evel. Wth pre-charge signal PRE2 at 1314 set to
a high voltage level at 1332 and eval uation signal EVAL at 1316 set

to a | ow veldvaRitibg vahsisor 1248is e@é’c@rﬁd&ﬂ? b@ufb[édl ﬁﬂtﬁb%ﬂeﬂﬁ s&8r8 path bl ned
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-Bhg en@dlt@gé et a@HFéngrahbi%r Ress RAGmE3A @Bﬁ'—céﬁ%ﬂn@ﬁ OEéﬂéé?c
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-AL, A2, gyel- 4‘f7ac%‘i'esls3£%313|?c§rel‘2%h% Qﬁ’ 1dea | nodBehpaditor 3940 [ ansi tions

to a hi gh vol tage | evel at 1364 | 'at ched address signals -Bl, -B2,

.. -67 aréseharge g lowgraltege !qyér i |6§ddlf8%tfaﬂﬁ'$féf paise PRd@dpEess .
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1240 is not dlscharged and remains at the high voltage level.
The latch transistor 1226 receives latch signal LATCH through signal line

1208a. If latch signal LATCH is set to a high voltage level, latch transistor 1226
is turned on and if latch signal LATCH is set to a low voltage level, latch
fransistor 1226 is turned off. The latch transistor 1226 is turned on to pass the

30 voltage level on address node capacitor 1240 to latched address node capacitor
1252. The capacitance of the address node capacitor 1240 is about three times

larger than the capacitance of the latched address node capacitor 1252 such



10 In this enbodi ment, the cycle includes six tinme periods, such as
time periods 1326, 1346, 1350, 1354, 1356 and 1360. The address
signals -Al, -A2, ...-A7 at 1300 are valid for three tine periods
1326, 1346 and 1350 and the | atched address signals -Bl, -B2, ...-B7
at 1318 are valid for four time periods 1350, 1354, 1356 and 1360.
Address signals -Al, -A2, ...-A7 at 1300 15and | atched address
signals -Bl, -62, ...-B7 at 1318 are both valid during tinme period
1350. The latch reglster 1220 |l atches in address signals -A, -A2,
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1406 is eltewtsistoral 250 is turpéckdnt dhé lseeandpa’ehtstmeglézm [netudﬁg thd ltdhedThe
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Lot ¢ P ao e e ogB GpadioE 130,05 larBanebs R aharo b ASSOAE pat b of
first mval g@hbeRdHFRB Fo8é @hpdcdB 1252, ehakik lehibalinyerg Catdret Adeone si de

of the drain-source
capacitor 1240 is pre-charged through first pre-charge transistor 1234 to turn on
latched address transistor 1250 in the second latch stage 1224 and pre-
charging of address node capacitor 1240 is not isolated from second latch stage
1224.

25 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. [f evaluation signal EVAL is
set to a low voltage level and pre-charge signal PRE2 is set to a high voltage
level, evaluation transistor 1248 is turned off and latched address line 1212

30 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



path of input transistor 1410 at 1424. The gate of input transistor
1410 is electrically coupled to the input |line 1411. The ot her side
of the drain-source path of input transistor 1410 is electrically
coupled to a reference, such as 15ground, at 1426. In the
second stage 1404, the gate and one side of the drain-source path of
second pre-charge transistor 1412 aréelectrically coupled to second
pre-charge line 1428. The second pre-charge |line 1428 conducts tim ng
pul ses in a second pre-charge signal PRE2 to shift register cel
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eval uate o er atlons stores the value of in as out put
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Vo Ll RS nESTASifeephlf o SR AR AR gl Se80 "
i s at 28 hiligatohed @agess @aaﬂs’moha?.SQ lsrcms ladeheidrgoidtesssignail sBoy~B2110,
internal nege, 1AeR A Aatdit $h83512 is actively driven to a low voltage level. If
latched address transistor 1250 is off, latched address signal ~B1, ~B2, ...~B7
on latched address line 1212 remains at a pre-charged high voltage level.
The first pre-charge signal PRE1 is set to a high voltage level to pre-

25  charge address node capagitor 1240 to a high voltage level. As address node
capacitor 1240 is charged to a high voltage level, a valid address signal ~A1,
~AZ2, ...~A7 is provided on address line 1206 to address transistor 1238. The
valid address signal ~A1, ~A2, ...~A7 sets the on/off state of address transistor
1238 and pre-charge signal PRE1 transitions to a low voltage level at the end of

30  the first pre-charge time period.

Next, select signal SEL1, latch signal LATCH and pre-charge signal
PREZ2 are set to a high voltage level and evaluation signal EVAL is set to a low



15no0de signal SN discharge to a | ow voltage | evel. Shi ft

regi ster cell 1400 receives a timng pulse in second pre-charge
signal PRE2 that pre-charges output signal |ine 1430 and out put
signal SOto a high voltage level. Previous to the timng pulse in
second pre-charge signal PRE2 the output |line 1430 can store a valid
out put signal SO Next, shift 20regisgser cell 1400 receives a timng
pul se in second eval uation si gnal EVAL2 that turns on second

eval uation transistor 1414. internal node signal SNis at a | ow
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resistor 1Ggi M'P@Emﬁ"e\@%ﬂb altémcm%gsh@a & thakhy of:fm-r&e?étt mesﬁa@@ad
timng &g{\,\alﬁl | i ne 1522 that conducts timn gnal T2 to first

e 0o JNiih e ioTEALATH 8t & FivevaTagslevebdstsh Bangirior ARtistuBRR offs1s

provi des &aqaeNGethe\c@lth 39RitdHRUddleksittdRsRtbrangmal to first shift
regi ster 1502 through first eval uation signal line 1520 as first

eval uati on si gigxt.pyaluatiorpighal B s sebtn ahigh voliage lexeldpdendncal | y
coupl egh toeJamart.Gn%ﬂaageiorhm@ ﬁ%%é%f’chba%d@eaﬂa&é RapddibPgesd gnal T3 to

first shift register as second pre-
charged to a hlgh voltage level to turn on latch address transistor 1250, the

latched address line 1212 is discharged to a low voltage level. [f the latched
address node capacitor 1252 is at a low voltage level to turn off latched address
transistor 1250, latched address line 1212 remains charged to a high voltage
25 level. Thus, the inverse of the address signal ~A1, ~A2, ...~A7 is present on
the latched address node capacitor 1252 and the inverse of the voltage leve! on
the latched address node capacitor 1252 is present on the latched address line
1212 as latched address signal ~B1, ~B2, ...~B7. The address signal ~A1,
~A2, ...~A7 is latched into latch register 1220 and provided as latched address
30 signal ~B1, ~B2, ...~B7 on latched address line 1212. The laiched address
signal ~B1, ~B2, ...~B7 remains valid as pre-charge signal PRE1 is toggled
high to charge address node capacitor 1240 with latch transistor 1226 turned



charge signal PRE2. First shift register 1502 is electrically coupled
to second resistor divide network 1526 through second eval uation
signal line 1528. The second resistor divide network 1526 is
electrically coupled to fourth timng signal |ine 1530 that provides
timng signal T4 to second resistor divide network 1526. 20 The
second resistor divide network 1526 pe®vi des a reduced vol tage | evel
T4 timng signal to first shift register 1502 through second

eval uation signal |ine 1528 as second eval uati on signal EVAL2.
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direction circuit 1510 to first shift ?I ster 1502. The reverse

direction signalhq @%ea_%smn%ﬁaacr%ZthéA &y d3arginravided by addRas DI RR

from direcgdiael iS00 én&@é&brﬁ@vélﬁ%lﬁes%@@ﬁalg LMY St 15RAat £4AP,
direction Circuit 1510 is electrical coupl ed to control signal |ine

151514 t ha@n@@ﬁﬂlﬁc\t%'d@dﬁfﬁsélﬁ%\a&rfam cé«\?Nc "tPJ i 132Rtis pievisied omisigne510.
I'n addyd i Ofhe 1206 to set the on/off state of address transistor 1238. The pre-charge

signal PRE1 at 1304 transitions low at 1322 at the end of time period 1308.
The address signals ~A1, ~A2, ...~A7 at 1300 remain valid at 1324

during the next time period, indicated at 1326. During the time period at 1326,
pre-charge signal PRE1 at 1304 remains at a low voltage level while select

25 signal SEL1 at 1310 transitions to a high voltage level at 1328, latch signal
LATCH at 1312 fransitions to a high voltage level at 1330, pre-charge signal
PREZ2 at 1314 transitions to a high voltage level at 1332 and evaluation signal
EVAL at 1316 transitions to a low voltage level at 1334. The valid address
signal ~A1, ~A2, ...~A7 at 1324 sets the on/off state of address transistor 1238.

30 With select signal SEL1 at 1310 set to a high voltage level and latch signai
LATCH at 1312 set to a high voltage level, the voliage level on address node
capacitor 1240 and latched address node capacitor 1252 is based on the state



direction circuit 1510 receives timng pulses fromtimng signals
T3-T6. Direction circuit 1510 is electrically coupled to third
timng signal |ine 1524 that conducts timng signal T3 to direction
circuit 1510 as fourth pre-charge signal PRE4. Direction circuit 1510
is electrically coupled to second 20eval uation signal |ine 1528 t hat
conducts the reduced voltage 14 tim ng signal to direction circuit
1510 as fourth evaluation signal EVAL4. Also, direction circuit 1510
is electrically coupled to fifth timng signal |ine 1544 that
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10pr ovi de irteen adress STn a rom addr ess
one to addlﬁéﬁé’@lgﬁﬁl L& Ehl atThed 2 Smositidns toi lowr\@(yase Efvellﬁ%mrmtwamﬁnd

i gnal o Aten ERREH P22 Ra Sk Sl 34l PHED A1 3P B TR
reverse di vatagedevel abmﬁé?ddrsmmangmg edchadeadatelsdine 1@n2 throhgh drer-ect ion
i ther i rarraRnerEhRnTeier BRe YR Sk er AP PR e XoFER o
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transistor 1250.
The evaluation signal EVAL at 1316 transitions to a high voltage leve! at
1344, during the next time period, indicated at 1346. As the evaluation signal
EVAL at 1316 transitions to a high voltage level at 1344, the latched address
25 signals ~B1, ~B2, ...~B7 at 1318, including the signal on latched address iine
1212, become valid at 1348. The address signals ~A1, ~A2, ... ~A7 at 1300
provided by address generator 1200 remain valid during time period 1346. In
addition, both the address signals ~A1, ~A2, ...~A7 at 1300 and the latched
address signals ~B1, ~B2, ...~B7 at 1318 remain valid for the following time
30  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



The timng signals T1-T6 provide a series of six pulses in a
repeating series of six pulses. Each timng signal T1-1-6 includes
one pulse in the series of six pulses and timng signals 11-T6

provi de pulses in order fromtimng signal 2011 to timng signal T6.
The first shift register 1502 includes thirteen shift register cells,
such as shift register cell 1400. Thesg hirteen shift register cells
1400 are electrically coupled in series with the output |ine 1430 of
one electrically coupled to the input line 1411 of the next-in-line
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The second shift register 1504 is simlar to first shift regl ster
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register cell 1400 and shift register output S|gna
hi gh 25 includes a first stage that is an input stage, indicated with dashed lines at 1402,

and a second stage that is an output stage, indicated with dashed lines at 1404.
The first stage 1402 includes a first pre-charge fransistor 1406, a first evaluation
transistor 1408 and an input transistor 1410. The second stage 1404 includes a
second pre-charge transistor 1412, a second evaluation transistor 1414 and an
30 internal node transistor 1416.
In the first stage 1402, the gate and one side of the drain-source path of
first pre-charge transistor 1406 is electrically coupled to first pre-charge line



vol tage | evel signal is shifted fromshift register output signal 801
to shift 25register output signal SO2 and so on, up to and including
shift register output signal 8013. After shift register output signal
8013 has been set to a high voltage level, all shift register output
signals 801-S013 are at |ow voltage |evels. The second logic circuit
1508 is simlar to logic circuit 406 {showmn in 30 Figure 9) and

recei ves the high voltage | evel output signals 801-8013 as i nput
signals A113-All. The second qulc circuit 1508 provides the thirteen
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rever di rection, from address

direction s
thirteen tpahg(g{a'?%&raﬂﬁ@%r a‘gi@*ss%??ff'%ﬁwgfe’@ to 8 ¢efemange. 198560 asncl udes a
di r ectibon gtoumadskatst426. (not shown) in the first shift register cell

1400 in the se Itﬁs of shift ‘?@g?ter cells 1400. 20The direction
transistor is 6 5PEQNY sfage WG 9#ie@nd ongsifle of thgdiain-spurea path

simlar of second pre-charge transistor 1412 are electrically coupled to second pre-

charge line 1428, The second pre-charge line 1428 conducts timing pulses in a
second pre-charge signal PREZ2 to shift register cell 1400. The other side of the

20  drain-source path of second pre-charge transistor 1412 is electrically coupled to
one side of the drain-source path of second evaluation transistor 1414 and shift
register output line 1430. The gate of second evaluation transistor 1414 is
electrically coupled to the second evaluation.signal line 1432 that conducts
second evaluation signal EVAL2 to shift register cell 1400. The other side of the

25  drain-source path of second evaluation transistor 1414 is electrically coupled to
one side of the drain-source path of internal node transistor 1416 at 1434. The
other side of the drain-source path of internal node transistor 1416 is electrically
coupled to a reference, such as ground, at 1436. The gate of the internal node
transistor 1416 includes a capacitance 1438 for storing internal node signal SN.

30  The shift register cell output line at 1430 includes a capacitance 1440 that
stores the shift register cell output signal SO.



to the series coupling of direction transistors 512 and 514 in shift
register cell 403a illustrated in Figure 10A. The direction
transistor is electrically coupled between the drain-source path of

i nput transistor 1410 and reference 1426. The direction transistor in
the first shift register cell 1400 in the series of shift register
25cel | s 1400 operates simlar to diregtion transistors 512 and 514 in
shift register cell 403a of Figure 10A. A high voltage | evel
direction signal DIRF or DIRR turns on the direction transistor to
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20  register cell 1400 receives a timing pulse in second evaluation signal EVAL2
that turns on second evaluation transistor 1414. If internal node signal SN is at
a low voltage level that turns off internal node transistor 1416, output line 1430
and output signal SO remain charged to a high voltage level. If internal node
signal SN is at a high voltage level that turns on internal node fransistor 1416,
25  output line 1430 and output signal SO are discharged to a low voltage level.
Figure 19 is a diagram illustrating an address generator 1500 that uses
shift register cell 1400 to provide addresses in forward and reverse directions.
The address generator 1500 includes a first shift register 1502, a second shift
register 1504, a first logic circuit 1506, a second logic circuit 1508 and a
30 direction circuit 1510.
The first shift register 1502 is electrically coupled fo first logic circuit 1508
through shift register output lines 1512a-1512m. The shift register output lines



receives a control pulse in control signal CSYNC coincident with a
timng pulse in timng signal T6 to provide address signals -A, -A2,
... -A7 in the reverse direction. The | ow voltage | evel direction
signal DI RE disables first shift register 1502 and the high voltage

| evel direction signal DI RR enabl es second shift 25register 1504.

In the next series of six pulses, a c®ntrol pulse in control signal
CSYNC is provided coincident with the timng pulse in timng signal
T2. The control pulse coincident with the timng pulse in timng
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si gnal s AlskEzoAd esistesgieidtinettork 1826 i3, eledtiiddlly cogpiad & folitf Zimisg signal
IR A N R A
regi stzr IBsacondiresistor dividehepidrk @526 providesrd redusediviiage Tevel #4
timing signal to first shift register 1502 through second evaluation signal line
1528 as second evaluation signal EVAL2.
The second shift register 1504 is electrically coupled to second logic
circuit 1508 through shift register output lines 1532a-1532m. The shift register
25 output lines 1532a-1532m conduct shift register output signals SO1-S013 to
fogic circuit 1508 as logic circuit input signals Al13-Al1, respectively. Also,
second shift register 1504 is electrically coupled to control signal line 1514 that
conducts control signal CSYNC to second shift register 1504. In addition,
second shift register 1504 receives timing pulses from timing pulses T1-T4.
30 Second shift register 1504 is electrically coupled to first timing signal line
1516 that conducts timing signal T1 to second shift register 1504 as first pre-
charge signal PRE1. Second shift register 1504 is electrically coupled to first



Shift register 1602 is electrically coupled to first timng signal
line 1614 25that provides timng signal T1 to shift register 1602 as
first pre-charge signal FREI. Shift register 1602 is electrically
coupled to first resistor divide network 1616 through first

eval uation signal line 1618. The first resistor divide network 1616
is electrically coupled to second tin¥nhg signal |ine 1620 that
conducts timng signal T2 to first resistor divide network 1616. The
first resistor divide 30 network 1616 provides a reduced vol tage

level T2 teévaluatiosisigmal lntaﬂmthat cmﬂust‘s%rredl@&b?i \IchtégélﬁahrefTZ fithing
eval uati on_.s i.rst .eval uati.on slﬁl%g/ EVALI .” Shi ft
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circuit 1604 IOt hrou forward direction si I ne
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direction signal DIRF fromdirection circ orward 1ogic
circuit 1do%t Shfh'@giﬁéﬁ?ié@é direaeveremdisegdionisignahlnel 8212 qondudtd dise t he
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| ogi ¢ ci r L%?f’%@'i‘%%&%”ap DI o helh, R/l Shooref Sut i
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CSYNC 50 dma%%@a&ggbﬁn&r@%ﬁ‘m EBY RN i@BarlifcRR 1500, fl At 1608

receives timn naI
1608 is elctb‘@t:hfbrtardu}i 1660p)$wetsdmulhg pdlsesfanmgmngmghalsleeTe.GZZ to

oehund. evar TSP Bk R SRS, BB E SRt e
T4 tim ng 1524 that conducts timing signal T3 to direction circuit 1510 as fourth pre-
charge signal PRE4. Direction circuit 1510 is electrically coupled to second
20  evaluation signal line 1528 that conducts the reduced voltage T4 timing signal to
direction circuit 1510 as fourth evaluation signal EVAL4. Also, direction circuit
1510 is electrically coupled to fifth timing signal line 1544 that conducts timing
signal TS to direction circuit 1510 as third pre-charge signal PRE3. In addition,
direction circuit 1510 is electrically coupled to third resistor divide network 1546
25  through third evaluation signal line 1548. The third resistor divide network 1546
is electrically coupled to sixth timing signal line 1550 that conducts timing signal
T6 to third resistor divide network 1548. The third resistor divide network 1546
provides a reduced voltage T6 timing signal to direction circuit 1510 as third
evaluation signal EVAL3.
30 The first logic circuit 1506 is electrically coupled to shift register output
lines 1512a-1512m to receive shift register output signals SO1-S013 as input
signals AHM-Al13, respectively. Also first logic circuit 1508 is electrically coupled



signal as fourth evaluation signal EVAL4. Also, direction circuit
1608 is electrically coupled to fifth timng signal |ine 1634 that
provides timng signal T5 to direction circuit 1608 as third
pre-charge signal PRE3. In addition, direction circuit 1608 is
electrically coupled to third resistor divide network 1636 through
25third eval uation signal line 1638. %he third resistor divide
network 1636 is electrically coupled to sixth timng signal |ine 1640
that provides timng signal T6 to third resistor divide network 1636.
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20  T1 to timing signal T8.

The first shift register 1502 includes thirteen shift register cells, such as
shift register cell 1400. The thirteen shift register cells 1400 are electrically
coupled in series with the output line 1430 of one electrically coupled to the
input line 1411 of the next-in-line shift register cell 1400. The first shift register

25  cell 1400 in the series receives control signal CSYNC as input signal Sl and
provides output signal SO1. The next shift register cell 1400 receives output
signal SO1 as input signal Sl and provides output signal SO2 and so on,
through and including the last shift register cell 1400 that receives the previous
output signal SO12 as input signal Sl and provides output signal SO13.

30 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



regi ster cell 1400. The thirteen shift register cells 1400 are
electrically coupled in series with the output |ine 1430 of one
electrically coupled to the input [ine 1411 of the next-in-line shift
regi ster cell 1400. The first shift register cell 1400 in the series
receives control signal CSYNC as input signal Sl and provides

25out put signal SO01. The next shift r&yister cell 1400 receives

out put signal 801 as input signal SI and provides output signal SO2
and so on, through and including the last shift register cell 1400
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| ogi ¢ ci rciopwt ﬂmﬁi% %@“ij"ﬁbloa@d}lf@%w&ﬁ mméldmgaaiiﬁrwsthmtegnaﬂéresas and

-AS at | ovgiydik A88 dn@VeAsat low voltage levels. _
The second shift register 1504 is similar to first shift register 1502. The

second shift register 1502 provides a single high voltage level signal as shift

20  register output signal SO1 in response to being initiated by a control pulse
coincident with a timing pulse in timing signal T2. In response to each
subsequent series of six pulses, the high voltage level signal is shifted to the
next shift register cell 1400 and shift register output signal S02-S013. The high
voltage level signal is shifted from shift register output signal SO1 to shift

25  register output signal SO2 and so on, up to and including shift register output
signal SO13. After shift register output signal 8013 has been set to a high
voltage level, all shift register output signals SO1-S013 are at low voltage
levels.

The second logic circuit 1508 is similar to logic circuit 406 (shown in

30  Figure 9) and receives the high voltage level output signals SO1-S013 as input
signals Al13-Al1. The second logic circuit 1508 provides the thirteen addresses
in reverse order from address thirteen to address one. In response to a high



The reverse logic circuit 1606 is simlar to logic circuit 406 (shown
in Figure 9) and receives the high voltage | evel output signals
501-5013 as input signals Al113-All, respectively. The reverse logic
circuit 1606 provides the 20 thirteen addresses in reverse order from
address thirteen to address one. In response to a high voltage |evel
signal 801, which is received as inpugssignal Al13, reverse logic
circuit 1606 provides address thirteen address signals -A3 and - A5 at
| ow vol tage levels. Next, in response to a high voltage |evel signa
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recei ves a control se in control g col ncident
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direction Eel%lﬁg?&% &%nglygtpgbgﬁ@% aﬂr%%[ﬁ{y[]pgbr\}\%tg@e | lrgfa%tgl?ogn from
addr ess on%lgtlﬁisa‘d'draé@sﬂaql rteen. If direction circuit 1608 recel ves a
control pul se {:

direction ci rcuﬂéen&o é'alt‘ rc}o%/‘}@efma{é ow v%%%g&?m%qﬁﬁﬂr on SI gnal
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reverse di o) 4 l.n_one
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di rection SI naI Dl RE. in

g) e direction transistor
reverse IOE;'l € feugnes A 'O'i |398 &??%@Iiﬂldf:ﬁ "®d to the reverse
direction |ine E4cIsHiforagisten 1602t 154 encgdes a direction transistor (not

shown) in the first shift register cell 1400 in the series of shift register cells 1400.

20  The direction fransistor is situated in series with the input transistor 1410, similar
to the series coupling of direction transistors 512 and 514 in shift register cell
403a illustrated in Figure 10A. The direction transistor is electrically coupled
between the drain-source path of input transistor 1410 and reference 1426. The
direction transistor in the first shift register cell 1400 in the series of shift register

25  cells 1400 operates similar to direction transistors 512 and 514 in shift register
cell 403a of Figure 10A. A high voltage level direction signal DIRF or DIRR
turns on the direction transistor to enable the shift register 1502 or 1504 to be
initiated by a control pulse in control signal CSYNC coincident with a timing
pulse in timing signal T2. A low voltage leve! direction signal DIRF or DIRR

30 turns off the direction transistor to disable the shift register 1502 or 1504.

In forward operation, in one series of six pulses direction circuit 1510

receives a control pulse in control signal CSYNC coincident with a timing pulse



15 direction signal DIRR In another enbodi ment, each logic circuit
1604 and 1606 includes a direction transistor situated in series with
| ogi ¢ evaluation transistors 440. In each logic circuit 1604 and
1606, the drain-source path of the direction transistor is
electrically coupl ed between each of the drain-source paths of logic
eval uation transistors 440 and refereffte 478. 20l n one enbodi ment, a
hi gh voltage level direction signal DIRF turns on the direction
transistor in forward logic circuit 1604 to enable the tim ng pul se
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1502 and the high voltage level direction signal DIRR enables second shift

25 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,

30  input transistor 1410 and the direction transistor (not shown). First shift register
1502 is not initiated as it is disabled.



205013 to the next shift regi ster output signal 501-S013. Forward
logic circuit 1604 receives each high | evel output signal 501-5013
and provi des the correspondi ng address, from address one to address
thirteen in address signals -A, -A2, ... -A7. After shift register
out put signal 5013 has been high, all shift register output signals
501- 6013 are set to |ow voltage | evel® and all address 25signals -Al,
-A2, ... -A7 are set to high voltage |evels. In reverse
operatlon in one series of six pulses direction circuit 1608
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1616 through first evaluation signal line 1618. The first resistor divide network
1616 is electrically coupled to second timing signal line 1620 that conducts
timing signal T2 to first resistor divide network 1616. The first resistor divide
30 network 1616 provides a reduced voltage level T2 timing signal to shift register
1602 through first evaluation signal line 1618 as first evaluation signal EVAL1.
Shift register 1602 is electrically coupled to third timing signal line 1622 that



groups 1702a-1702f. In this enbodi nent, ink feed slot 1704 supplies
yell ow col ored ink, ink feed slot 1706 supplies nmagenta col ored ink
and ink feed slot 104 1708 supplies cyan colored ink. In other

enbodi ments, the ink feed slots 1704, 1706 and 1708 can supply any
suitably colored ink of the same or different colors. The fire groups
1702a- 1702f are divided into eight da%a |ine groups, 5indicated at
D1-D8. Each data line group D1-D8 includes pre-charged firing cells
120 from each of the fire groups 1702a-1702f. Each of the pre-charged

firing gel breviti28 tingsigadl 3! tb rsalﬂg'egister%B@&s BéccﬁidQﬁéMhéﬁjg' grzpupl ed
to one dat i ndi cated_ at
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coupl ed tosl’ﬁ@?%xétéﬁﬁaoféqﬁﬁyugﬁ%bé‘orﬁd @@*augertraH%;dRéf lile B8 s‘é‘% py gl718a-

151718f, inclu re- char firing cells ™20 el ectri coupl ed
to data |i¢Mlystion S'QDafEVN- e group D6, indicated at 1720a- 1720f,

i ncl udes pre- Chﬁreﬂzﬁs'n E?réd:t%o%‘?é lef% &%Qllﬁégﬁ@i&d‘ t§wiz§§§@ Ak a6t 2

line 208f. Data |line gr oup D7, | cate i ncl ades
pr e- chtfk gelbrqughifagvase Irgctmz@maéMe1@?au and togeysireel logic cleguit 16DBe 208g

gﬂgrggéaf :tlr!'qﬂﬁj rref%sp%%ét%ﬁsg@% ca ?@ézzgﬁ% eégaﬁ& ’dcf @%rﬁ%‘ﬁ%l %%h Each

of the pr eiﬁ:aﬁia?rgéldes thei fngvafdldirgctmlmnai PiRm frhmadiredtien ¢irad 1668 to

e oo BHvERIBNEG AR (BLY 18BGAALE al i ST TP oo 6 YadR, | ne

208a-208h is e rically co
transi st orrevarde dimcﬂimieslmdeIRBrf@m diréstiongircat 180812 0ewdrse hogic circuit
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il sposed. ~ndo 10 archngl Juhe 19985800 kL6l A RSB 1
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slot 1704. signal as fourth evaluation signal EVAL4. Also, direction circuit 1608 is
electrically coupled to fifth timing signal line 1634 that provides timing signal T5
to direction circuit 1608 as third pre-charge signal PRE3. In addition, direction
circuit 1608 is electrically coupled to third resistor divide network 1636 through
25  third evaluation signal line 1638. The third resistor divide network 1636 is
electrically coupled to sixth timing signal line 1640 that provides timing signal T6
to third resistor divide network 1836. The third resistor divide network 1636
provides a reduced voitage T6 timing signal to direction circuit 1608 as third
evaluation signal EVAL3.
30 The forward logic circuit 1604 is electrically coupled to shift register
output lines 1610a-1610m to receive shift register output signals SO1-S013 as

input signals Al1-Al13, respectively. Also, forward logic circuit 1604 is



105 Drop generators 60 in data |line groups D1, 03, D5 and Dv,
indicated at 1710a, 1714a, 1718a and 1722a, are disposed al ong one
side 1704a of ink feed slot 1704 and drop generators 60 in data |ine
groups D2, D4, D6 and D8, indicated at 1712a, 1716a, 1720a and 1724a,
are di sposed al ong the opposing 5 side 1704b of ink feed slot 1704.
The drop generators 60 in data |line gfoups 01, 03, D5 and D7 at
1710a, 1714a, 1718a and 1722a are di sposed between one side 1700a of
prlnthead die 1700 and ink feed slot 1704, and drop generators 60 in
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the length of Shift r glster1602 is !nmated by a control pulse in control signal CSYNGC

30  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



15ink feed slot 1706. The ink feed slot 1706 includes opposing sides
1706a and 1706b that extend along the y-direction of printhead die
1700. The drop generators 60 in F& 1702b are di sposed al ong each of
t he opposing sides 1706a and 1706b of ink feed slot 1706. The drop
generators 60 in F& 1702b are fluidically coupled to the ink feed
slot 1706 to receive ink fromink feedosl ot 201706. Dr op
generators 60 in data |ine groups D1, 03, D5 and 07, indicated at
1710b, 1714b, 1718b and 1722b, are di sposed al ong one side 1706b of

ink feed s o} 02,
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and i nk feedtageddvelsf06. | n one enbodi ment, drop generators 60 in data

i ne groups D1, D5 an t 10h, .1714b.. 1718 1722b are

di sposed al ong ?}%"P’E{S??Fd%%’" lﬁ’nt 16201&5'517'6%%1}%9‘0Fﬁ%'?@@nagg?‘ﬁ? ™ 706 and
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in data |i ag?éﬁ]’ﬁ Bpubtional 797, Tistdogin pieit 1004 mapvidesaddiessy os0 i n
data |ine gdpess §8nat ~h12ha.~A3 éterom@ltu@eﬁw@s (@b dhBrRighsndi sposed
along the other half of the le ink feed sl ot 1‘?06 The drop

gener at®r singding atigh yoltpae 'av% 'rtnL% 5@5@&1 3% 8Rd fupaEkieals ek d6% 06a

and 1706b @bvidig J&%ﬁh%eﬁ%@@régglgﬁbwm%d ¥A539H84m%lté§e ieQkisf eed
slot 1706 to receive ink fromink slot 1706 41(%1éener ators 60

in data |ine grid@gsverse lagic Clﬁs”taﬂ@@ﬁ E&?S'"'i"%ﬁod%ﬁiéd"%w’f Bown im4e,
1718 d
e and g ?n%egg G tbivROfed; Ogﬂl \?]HP%QQ q@eﬁmsuﬂs Qﬁrﬁ@s 8b1l s”dﬂ:i g@ﬁ‘\ga

1706 and dro enerators 6 ata |1 ne
i ndi cat ed %lgnd% -Alll7 1espectivebo el hegvarse agic @!Fcé"tdﬁ@ﬁ(%@(!ﬁeﬂtbﬁg the

ot e | e tifech HAGResbs ey o8 brdeyHom dges 138 OREETHE, ?gz'e”
are di sposedpenssig adrigh neltages levrisigenl el v\d@&h Isriecsivedias Input Sigod  and
04, Db and 05 Soy{30C obEISRIHALEL utles Mirkan e AP PADC o
i nsi de chaantetAD At Epwi volthga teveise NEXOn resparsanto ankigh eettagd IeVelsml and
e ar oupSCntiEg s theRRg BT i an2 R S RBOLRAE 158 POARET
di spos2fil ahdiingss ﬂmelue&ngirésmshglmie~58 ded +Aa6i laf voltdgeflesds, shdtsobn06 and
drop generl% & agna6 gcludlng in response to high voltage level SO13, which is received as

input signal Al1, reverse logic circuit 1606 provides address one address signails

~A1 and ~A2 at low voltage levels.

The direction circuit 1608 is similar to direction circuit 404 of Figure 10B.
30 [ direction circuit 1608 receives a control pulse in control signal CSYNC
coincident with a timing pulse in timing signal T4, direction circuit 1608 provides
a low yottage level direction signal DIRR and a high voltage leve! direction



25 for data line groups D2, D4, 06 and D8 at 1712e, 1716e, 1720e and
1724e are disposed al ong the opposing side 1706a of ink feed sl ot
1706. The drop generators 60 in data line group D1 at 1710e are
opposite drop generators 60 in data line group D2 at 1712e. The drop
generators 60 in data line group D3 at 1714e are opposite drop
generators 60 in data line group 04 ap11716e. The 30 drop generators
60 in data line group D5 at 1718e are opposite drop generators 60 in
data line group D6 at 1720e, and drop generators 60 in data |ine
group D7 %lgﬂﬁﬂ@ﬁRF%%hiﬁﬁlﬁ)ﬂﬁfbﬁméiﬂ@ﬁ}egtﬂﬂ\efraﬁwcﬁo%r&@ drié t@idardskne group
D8 at 1724e, Fire oup three (FG3) 1702c is disposed
al ong one ﬂﬂHYelenoﬁf dirrstion Agru 1H08irakeYesRIcANE] P@?@SOI“F'HEH?‘@HH?‘SI ot
1708 i ncl wﬂﬁﬁ?mh rﬁﬁu@ Q&ﬁallréoaﬁeﬁiaﬁ oirZuQﬁ’%dsfﬁbweééﬁ%% t he
y-direction o rinth drop generators In FG3
1702c are lav@wgeupwgmﬁj DéBEr@néfa fﬂla@vel Irﬁg’ﬂcm a@@al@lﬁﬁdeéhﬁwa 1708b
of ink ¢ eetﬂe%\?gr]e‘.égpéctloﬁqﬁmﬁjé gﬁﬁ%n%%g@%sé BnEG3 1702c are
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opposi t e d?‘(ﬂi“%‘j@t’i'éFaéls@F%’sééoﬁﬁ geferenceAé8yroup D6 at 1720c, and drop

generag@rs 60 iy cﬂ@te?nﬂddﬂﬁerﬁr ngh%lta@e I’l—:-?rgl?dire%f&'u QiQﬁélEDIRG tdfreron
generators 60 in data |ine roup.s
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al ong 30 opposi ng si des 8a and 1708b ink feed sl ot 1708 and
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A high voltage level direction signal DIRR turns on the direction transistor in

reverse logic circuit 1608 to enable the timing pulse in timing signal T5 to charge
logic evaluation signal line 474, which turns on logic evaluation transistors 440
in reverse logic circuit 1606 for providing address signals ~A1, ~A2, ... ~A7 in

30 the reverse direction. A low voltage level direction signal DIRR turns off the
direction transistor in reverse logic circuit 1606 to disable the reverse logic
circuit 16086.



in data line groups D2, D4, 06 and 08, indicated at 1712f, 1716f,
1720f and 1724f, are di sposed al ong the opposing side 1708b of ink
feed slot 1708. The drop generators 60 in data |ine groups D1, D3, D5
and D7 at 1710f, 1714f, 51718f and 1722f 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 D2,19®4, D6 and 08 at 1712f, 1716f,
1720f and 1724f are di sposed between one side 1700b of printhead die
1700 and ink feed slot 1708. In one enbodi nent, drop generators 60 in
data |ine groups fdardBperBiioitlofy s&ieslof B pulses] directidbih LREuintshgl01722f

are disposed along the | ength of one sj 708a .of ink feed slot 1708
2 dr op_ gerEret tonks iR bdoRreiEnal PESAL Eoncident WOl aminaguke
1712f, 17 1ffimidd 2gharndtolordditic angreds sBASRC-4A| OAg, | hey7ORRRSiAgaR de
1708b of ink feed El g}t 1\{75%8. The Lﬁro generators 60 in data |line
group D1 ailreffiens THe Q'%pistepe vl discienenaridiIRFauaplesdamard logie gr oup
D2 at 1§ 12§ireuitheod =08 tﬂ@lﬂﬁl\ﬂiﬁ@%@]&@@l direcelah 8ighal DIRKR GEMIBs R¥eale 1714f
are opposite dropbqenerators 60 in data line group D4 at 1716f. The

drop generlg@6cced18%-data 1ine group 05 at 1718f are opposite drop
generators 60 ijfKithéxtlsbhés em,ueuug&,,@tco%_?ramuuseaiﬂctoﬂﬁe&a@?ggrsgg«;g 60

in data line group 07 at 1722f are opposite drop %lenera n
dat a | i ne RjP¥dpd ggingidentrwith thexipring pulge iretiraingrsiored TBe Thie santral pufseed

sl ot 1704 and-; j : Id Fo ] i ne
or oups. D1 SC@E uithtRe LERNEp e PG SRaCt St Mifiolidtiobs ' Th
1718d Hhd e shift 1egistar 260F nrpyiges apingle Gighepkags lsve @ubpet wigoal $Qk td eed
sl ot 1708 : o S 7 j ' . are Lh,data
line gr oup@ngaiagfg@%qg%t gén QE%lég?d%aﬁré%%d&%%%ggg? é@ £2’at
1720c and .17%0 Ardniod p@tselirrzwdrcamnamawcmglﬁp pirovidectetircident egth
oo si o sty6 0y BOe TP fid TPy BRcARhUE SR A, pAREsS Bhat SAT. S gn
dat a | i nes~#24)8a~AF9h theNfoswardfdirectichat a | i nes 208b, 208d, 208f and 208h
are rout ed bet n.ink ) th r..side 1700b qf
e e 15 8gch Hoddiilntistbs b gk plis S ftol s ik g
208a- 208h.CSYNC is providetticdinaiaent gitb phegiimimgatutesin GithilpsigeaiTditok f eed
slots 1704_and 1706.are,in ta line grou D2 ]%1 a 1J12b, 1712d
ond 37150 ofifud POvT e il SR A BRS 6 18 e et 15500
1720b, 1720ckction AK20Om, eahdubBeqienilstlis of $ikDiises 1stud cegister 16024 €.

Al so, drop neratars .60 hetween .i.nk feed .glots 1706 and are in
o | o PR Hialt Torte 5t S5hatsi biS Bt iRtet e Danal 88 b

17 111(7: ,2220%7 1SI($1 gwthﬁ%d shibredgisted B, sidnél 801-3018e Fanvhrd Tohd cirdmitand D7
at , C, . e

and, 1722f. Thus, r a |ines 208b, 208d,
208 and’ 20X FeVE Seei R ebRH PR A aCdr SO S Biies1h05 and
four data ddrrepordBgaddR8s, froth 8edebsloRdfigadiiresd Bl ibatidresssighkisf eed
slots 1706 a{]\?\é\g%’ asﬁ%ggosﬁd to routi ng all. _eight data lines .
208a- 208h Hebwéen -t iR/ i ARCE B regiSrso Ui A1R SP7 6 bias hran nigh. pl gt
sl ots 1706egmRebr b8t snQlsSSE@ €521 30ré BENBA6W voltage levels and all address
25 signals ~A1, ~A2, ... ~A7 are set to high voltage levels.
In reverse operation, in one series of six pulses direction circuit 1608
receives a control pulse in control signal CSYNC coincident with a timing pulse
in timing signal T6 to provide address signals ~A1, ~A2, ... ~A7 in the reverse
direction. The low voltage level direction signal DIRF disables forward logic
30 circuit 1604 and the high voltage level direction sighal DIRR enables reverse
logic circuit 1608.



10die 1700 is reduced by routing four data lines instead of eight
data |ines 208a- 208h. I n one enbodi ment, printhead die 1700

i ncl udes 600 drop generators 60. Each of the six fire groups

1702a- 1702f includes 100 drop generators 60. Six data line groups in
each of the fire groups 1702a-1702f include 13 drop 15 generators 60
and two of the data line groups in each of the fire groups

1702a- 1702f include 11 drop generators 60. In other enbodi nents,
printhead die 1700 can include any suitable nunber of drop generators

60, such as 40q;1q{’ié)ﬁe>&%8ﬁé@6p§n?g@|9e§ra doRfBI J‘s?; anﬁtrglr Ie nun§

60. In addition, printhead die 00 can |n
of fire grigpsed gaingidenhityihedisaina ndlse infiminggional E2obe scnhrcui paitseh

fire gr OUP?Md&ﬂhﬁthHhé'ﬁmﬂ{g%m e fr:an? H?Flgn%lhf’z Rl @s%@reﬁls?er%Q

include a fewer or greater sour ce gure
22 is a di Hop amitiregisier €02 WQV@ﬂaﬁmlt‘ablpb@DItag‘e leved oemlrpigeals@mm of

one, S0 e RERAH IR 4 ol 0 AHILIGEE 40 Vs
ink feed sprovides addies? §i1@8 addieds7gignaindAl heA i x ~ATT dlgy, eu;pgtrm

3225353392&%%& gﬂja %b angﬁﬁgv%gwg%@c%'fz gﬁ'ﬁf[@gﬁtﬂg% addr 6%5' 18069

and 1808a-tkBid8gignat i &ssondimne patviding 8@frass sigedleein| €Al ywuﬁht@ to
address lines 18 6at 1806g, and address generator 1800b is

el ectricall ‘y’eré8 F&PY 0 address 1ines 1808a- 1808g. Address lines
1806a-1B06g 30dn each sutiseqeaht series opie gulkes, m@r@h&p@@diﬁtbdﬂhﬂgm gl s

120 in ro r. n fire 1702a- 1 02c¢,. and .ad i nes
1808a- 1803@2&% '@ng%"fdr d c(g:rpgpegg Wﬁﬁz%e WB'“ErPé' SR figwes ?'Q'Piﬂ Bel | s 120
in row subgmntinps prdvld’ng“ @dcgésamgnéﬁgzd AXD2f, ~AThethe1r%ﬂze|@ddiire§tﬁnd i nes

1806a- 1806g and 1808a- 1808 ectr cal | cou led to e- charged
firing Ce|lglgo,1ig(§eaplp|sp A5G 'ﬁﬁ? $IX PHISES S@O,‘Z@Qﬁtsf tae highdr ess

| i nes 206archagg levebsiged fionebie sHi ﬂ@eg&ﬁdf@m utgsimﬁl 80ALS0318 @Wheaiestt 18000
are si IarAé:o address 55%15]3? &tor ogo and 1002 illustrated in
Fi gure hik FREiRIETRH RS B YRIRS L0 Cirglt 1638 repsives £osh s

1800a and H@I@Q@l‘cé@@ﬂe@ ougmlt §|§ﬁ§ft3@1-@@1'3|ddd%§r6ﬂ&@éithlerbo|;ﬂe%ﬁlﬁ§ngq‘ 12.

The address generators 1800a and 1800b supply address signals -Al
-A2 .. - reddigRs T addigss thirteerptp %C@r?ﬁs‘rf@eg?696@5§$@2315I7°€5|21"A?hr ough

address  ~A7. After shift register output signal SO1 has been high, all shift register
output signals SO1-5013 are set to low voltage levels and all address signats
20  ~A1, ~A2, ... ~A7 are set to high voltage levels.

Figure 21 is a diagram illustrating an example layout of one embodiment
of a printhead die 1700. The printhead die 1700 includes six fire groups 1702a-
1702f disposed along three ink fluid feed sources, here depicted as feed slots
1704, 1706 and 1708. Fire groups 1702a and 1702d are disposed along ink

25 feed slot 1704, fire groups 1702b and 1702e are disposed along ink feed slot
1706 and fire groups 1702c and 1702f are disposed along ink feed slot 1708.
The ink feed slots 1704, 1706 and 1708 are located parallel to one another and
each ink feed slot 1704, 1706 and 1708 includes a length that extends along the
y-direction of printhead die 1700. In one embodiment, each of the ink feed slots

30 1704, 1706 and 1708 supplies a different color ink to drop generators 60 in fire
groups 1702a-1702f. In this embodiment, ink feed slot 1704 supplies yellow
colored ink, ink feed slot 1706 supplies magenta colored ink and ink feed slot



10 lines 1806a-1806g and 1808a-1808g. Address generator 1800a
supplies address signals -Al, -A2 ... -A7 to fire groups 1702a-1702c
t hrough address |ines 1806a-1806g. Address generator 1800b supplies
address signals -Bl1, -82 ... -B7 to fire groups 1702d-1702f t hrough
address |ines 1808a-1808g. The address signals -Al, -A2 ... -A7 are
supplied by address generator 1800a HB4to fire groups 1702a-1702c as
the select signals SEL1, SEL2 and SEL3 are provided on select |ines
212a-212c. The address signals -Bl, -B2 ... -B7 are supplied by

address gepgied né@@% ddfforbd frik. Qﬁeme%ga%eh@%ﬁe ﬁﬁféélﬁs@@,'ﬁ@h
signals SEL4, S L5 and SEL6 are provi ded on select |ines 212d-2

In one cycl@6anchliEfld eanwipglyAnySutaiy solorshink ofigrsage @'éjr’féﬁrﬁﬂ'for 1800a
supplies 20,address signals -Al, -A2 ... -A7 to half the fire groups

1702a-1702¢ and address generator 1800b supplies address signals -Bl,
-B2 ... -87 to thedirereupstigd0Radi 02fraretividedgpiowgieht dabtpkineigrones, | n one

enbodi nent. e ni zed
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and 1800b AM9 182 g?@ﬁe‘:ﬂ'“g%&@wﬁ@bﬁ% ﬁoﬁf’%?‘ nf RO 1 700,

Addr estD gemdic&te@lratﬁS@Qa—Wﬂ;Zfl mclatjesiprmchdnged:ﬁnrrgerellbdlﬁé@trtmllpr| nt head

die sides 170 r.e er 0 0, din the

cor ner bou‘?ﬁi@ge%@ ‘%‘? g%%) g[?aetaip%g "f7‘g% %{?l% ‘%bﬁ)fi ﬁ'alf'?The seven

addr ers] S Ll |gemdé§gfmir97aggﬁgfmfgazau@unetéfdm&tcae;eacaupééd foedta Eﬂale;(lsoac?(matand

printhead die si ead die

bet ween i ni&EYHP dﬁ‘@ﬁga%crjfa’%b H%’E‘ L@Pé PEg-gfar i%d)gréf"g clzeﬂ!s 1é§| tion,

igg% ess ljléléétn&;&@&ﬁrui;%gﬁfg dagae!mlecaosl dd Dwumagrouploﬁf &ﬂtibasdadéémmﬁlezl and
an Ink feed slots e .address |ines

T806a R0 1 B A LA TGP0 ST "eR SEHUCAD AR G O Rle TBed o1 ot s

1704, 17062@8141 @Eﬁamb‘gr@@@ rmmadatéu acmuaemdr hnmﬂ@scméromarbefdlfrringg

cells 120 in fire groups 17

gener at or sCeli§diEs %\?ﬁi”%‘@)@ﬁ“%‘ﬁ/t%%@ “"%ﬁﬁsfrrd%%%@“%gmupﬂd "?Q:chtﬁ% Pbase
the frequeqeyr01700parabddyprodchbRBAGIHRE cten@mceagbﬂﬁcafy dotpletiQs iganal

paths to ttlnee%se charged firing cells 120. _ _
g, and data line group D8, mdlcated at 1724a-1724f, includes pre

20 charged firing cells 120 electrically coupled to data line 208h. Each of the pre-
charged firing cells 120 in printhead die 1700 is electrically coupled to only one
data line 208a-208h. Each data line 208a-208h is electrically coupled to ali of
the gates of the data transistors 136 in the pre-charged firing cells 120 of the
corresponding data line group D1-D8.

25 Fire group one (FG1) 1702a is disposed along one half of the length of
ink feed slot 1704. The ink feed slot 1704 includes opposing sides 1704a and
1704b that extend along the y-direction of printhead die 1700. The pre-charged
firing cells 120 in printhead die 1700 include firing resistors 52 that are part of
dfop generators 60. The drop generators 60 in FG1 1702a are disposed along

30 each of the opposing sides 1704a and 1704b of ink feed slot 1704. The drop
generators 60 in FG1 1702a are fluidically coupled to the ink feed slot 1704 to

receive ink from the ink feed slot 1704,



The seven address |ines 1808a-1808g are routed between ink feed sl ot
1704 and printhead die side 1700a, and along printhead die side 1700d
to between ink feed slot 1708 and printhead die side 1700b. In
addition, address lines 1808a-1808g are routed between ink feed slots
1704 and 1706, and 15 between ink feed slots 1706 and 1708. The
address |ines 1808a-1808g are routed mbong the other half of the

| ength of ink feed slots 1704, 1706 and 1708 to electrically couple
with pre-charged firing cells 120 in fire groups 1702d- 1 1702f. Eata

| i nes 208& ZO%pOE?@Sra%BQ @ﬂﬁ@aﬁlﬁeﬁaﬁ%@%waw D?t ng%gte§?86 and

side 1700a and I n sl ot 1704 and between i'nk feed slots
1708. Each1610a Aé14at1d 18R 98d 17882 ar@daeosezb@@nmale gldeg 70thaof ink deed

routed bet Fi‘?dlf%lﬁﬁ&%ﬁ(beﬂg?aéﬁgrg E?@%@g@%@ éﬁd 6@04 'S

el ectri cal coupled to %a
gr oups 1702@0@‘.@ 61t71(7263 i6a, dT20aandatidal anee:bsp@(se@alomabe omgand

2089 Lhat ate 17aus BnRILAPGR: 1t BN LR AEIO6TRAM MOB B,

electrlcal ged fIri
groups 170% D&?Dtiand DMéITdﬁa m@2f171|8ata11dl17|2éa3®8djspssall ltveercal | y

coupl ed tooﬁ)é :degl?'?gggg Jiﬁtﬁéé}%q@elgaﬁ li%?nr?éfgﬁgglto?'ljféi;%ggt ? D1 at

1710 to provi cally
coupl ed togmwamrsaﬁ@édddtamnelgrmlslm DZODBrandd‘l&aaﬂ 17r1éa,g‘rbma, DBt 1714

o pro- chaP Bbi #1e-MRgsnserd iy haie IO insRaentof Buthe 7By o
provi deéd dabetwebg i fee®s|ot dM04 dad mkifeeesIBDBE. 9n @he@h’rbodmhém, droppl ed
L0 o S SPBLASKold 80 48 ofifs ) B3 P e At o 5r gt e
2089 recei yed 47222 sreahsiosed Blong-th8length of one side 1704a of ink feed slot
1704 and drop generators 60 for data line groups D2, D4, D6 and D8 at 17123,
1716a, 1720a and 1724a are disposed along the opposing side 1704b of ink
15 feed slot 1704. The drop generators 60 in data line group D1 at 1710a are
opposite drop generators 60 in data line group D2 at 1712a. The drop
generators 60 in data line group D3 at 1714a are opposite drop generators 60 in
data line group D4 at 1716a. The drop generators 60 in data line group D5 at
1718a are opposite drop generators 60 in data line group D6 at 1720a, and drop
20 generators 60 in data line group D7 at 17223 are opposite drop generators 60 in
data line group D8 at 1724a.

Fire group four (FG4) 1702d is disposed along the other half of the length
of ink feed slot 1704. The drop generators 60 in FG4 1702d are disposed along
apposing sides 1704a and 1704b of ink feed slot 1704 and fluidically coupled to

25 ink feed slot 1704 to receive ink from ink feed slot 1704, Drop generators 60 in
data line groups D1, D3, D5 and D7, indicated at 1710d, 1714d, 1718d and
1722d, are disposed along one side 1704a of ink feed slot 1704 and drop
generators 60 in data line groups D2, D4, DB and D8, indicated at 1712d,
1716d, 1720d and 1724d, are disposed along the opposing side 1704b of ink

30 feedslot 1704. The drop generators 60 in data line groups D1, D3, D5 and D7
at 1710d, 1714d, 1718d and 1722d are disposed between one side 1700a of
printhead die 1700 and ink feed slot 1704, and drop generators 60 in data line



-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 enbodi nent, data |ines 208a, 208c,.208e and 208g are not
routed the entire 5length of ink feed slots 1704, 1706 and 1708.

I nstead, each of the data |ines 208a, 208c, 208e and 208g is routed
to its respective data line group fromsa bond pad | ocated al ong the
side of printhead die 1700 nearest the data line group in the fire
groups 1702a-1702f. Data lines 208a and 208c are el ectrically coupled
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generators 60 in data line groups D2, D4, D6 and D8 at 1712b, 1716b, 1720b

and 1724h are disposed along an inside channel between ink feed slot 1704

30 and ink feed slot 1706. In one embodiment, drop generators 60 in data line
groups D1, D3, D5 and D7 at 1710b, 1714b, 1718b and 1722b are disposed

along the length of one side 1706b of ink feed slot 1706 and drop generators 60



hi ghest anmpbunt of power is found in the first firing resistor 52 of a
fire group 1702a-1702f, the firing resistor 52 nearest the bond pad
receiving the energy 15 signal FIREL, FIRE2 FIRES, as only a single
firing resistor 52 is energi zed. The | owest anmpunt of power is found
in the last firing resistor 52 of a fire group 1702a-1702f as al
firing resistors 52 in a row subgroupoare energi zed. Layout
contributions to energy variation include fire line width, ground
line width, nmetal thickness and the length of the fire line
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an 1nikad e {i’atﬁ' iRG gHﬁa% D2 106 D shdlB98: 1704, Frid, arsowasdapmdiee |ine

wdeh disposed along an inside channel of printhead die 1700 between ink feed slot

1704 and ink feed slot 1706. In one embodiment, drop generators 60 in data
fine groups D1, D3, D5 and D7 at 1710e, 1714e, 1718e and 1722¢ are disposed
along the length of one side 1706b of ink feed slot 1706 and drop generators 60

25  for data line groups D2, D4, D6 and D8 at 1712e, 1716e, 1720e and 1724e are
disposed along the opposing side 1708a of ink feed slot 1706. The drop
generators 60 in data line group D1 at 1710e are opposite drop generators 60 in
data line group D2 at 1712e. The drop generators 60 in data line group D3 at
1714e are opposite drop generators 60 in data line group D4 at 1716e. The

30 drop generators 60 in data line group D5 at 1718e are opposite drop generators
60 in data line group D8 at 1720e, and drop generators 60 in data line group D7
at 1722e are opposite drop generators 60 in data line group D8 at 1724e.
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Fire group three (FG3) 1702c¢ is disposed along one half of the length of
ink feed slot 1708. Ink feed slot 1708 includes opposing sides 1708a and
1708b that extend along the y-direction of printhead die 1700. The drop
generators 60 in FG3 1702¢ are disposed along each of the opposing sides
1708a and 1708b of ink feed slot 1708. The drop generators 60 in FG3 1702c
are fluidically coupled to the ink feed slot 1708 {o receive ink from ink feed slot
1708.

Drop generators 60 in data line groups D1, D3, D5 and D7, indicated at
1710c¢, 1714c, 1718¢c and 1722¢, are disposed along one side 1708a of ink feed
slot 1708, and drop generators 60 in data line groups D2, D4, D6 and D8,
indicated at 1712¢, 1716¢, 1720c and '17240, are disposed along the opposing
side 1708b of ink feed slot 1708. The drop generators 60 in data line groups
D1, D3, D5 and D7 at 1710c, 1714c, 1718c and 1722¢ are disposed along an
inside channel between ink feed slot 1706 and ink feed slot 1708, and drop
generators 60 in data line groups D2, D4, D6 and D8 at 1712¢, 1716¢, 1720c
and 1724c are disposed between one side 1700b of printhead die 1700 and ink
feed slot 1708. In one embodiment, drop generators 60 in data line groups D1,
D3, D5 and D7 at 1710c, 1714c, 1718¢ and 1722¢ are disposed along the
length of one side 1708a of ink feed slot 1708 and drop generators 60 for data
line groups D2, D4, D6 and D8 at 1712¢, 1716¢, 1720¢c and 1724c¢ are disposed
along the opposing side 1708b of ink feed slot 1708. The drop generators 60 in
data line group D1 at 1710c are opposite drop generators 60 in data line group
D2 at 1712c¢. The drop generators 60 in data line group D3 at 1714c are
opposite drop generators 60 in data line group D4 at 1716¢. The drop
generators 60 in data line group D5 at 1718c are opposite drop generators 60 in
data line group D6 at 1720c, and drop generators 60 in data line group D7 at
1722c are opposite drop generators 60 in data line group D8 at 1724c.

Fire group six (FG8) 1702f is disposed along the other half of the length
of ink feed slot 1708. The drop generators 60 in FG6 1702f are disposed along
opposing sides 1708a and 1708b of ink feed slot 1708 and fluidically coupled to
ink feed slot 1708 to receive ink from ink feed sldt 1708. Drop generators 60 in
data line groups D1, D3, D5 and D7, indicated at 1710f, 1714f, 1718f and 17221,
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are disposed along one side 1708a of ink feed slot 1708 and drop generators 60
in data line groups D2, D4, D8 and D8, indicated at 1712f, 17161, 1720f and
1724f, are disposed along the opposing side 1708b of ink feed slot 1708. The
drop generators 60 in data line groups D1, D3, D5 and D7 at 1710f, 17144,
1718f and 1722f are disposed along an inside channe! between ink feed slot
1706 and ink feed slot 1708, and drop generators 60 in data line groups D2, D4,
D6 and D8 at 1712f, 1716f, 1720f and 1724f are disposed between one side
1700b of printhead die 1700 and ink feed slot 1708. In one embodiment, drop
generators 80 in data line groups D1, D3, D5 and D7 at 1710f, 17141, 1718f and
1722f are disposed along the length of one side 1708a of ink feed slot 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 datia 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 60 in data line group D5 at 1718f are opposite drop
generators 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
17241,

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 1716¢ and 1716f,
D6 at 1720¢ 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
al! eight data lines 208a-208h.

In addition, drop generators 60 between ink feed slots 1704 and 1706 are
in data line groups D2 at 1712a, 1712b, 1712d and 1712e, D4 at 1716a, 1716b,



16As 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 slightly by increasing nmetal thickness by four
times to reduce fire line resistance. However, the energy variation

Is still unsuitable (11 percent versed036 percent). 20Alternatively,
to reduce the energy variation to 11 percent in a linear fire group
arrangenent, the die width is increased. 116 The substantially
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opposi ng 1700 can include any suitable number of fire groups, data line groups and drop
20 generators 60 in each fire group and data line group. Further, the printhead die
may include a fewer or greater number of fluid feed sotrces
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 208a-208h, fire lines 214a-214f, ink feed sources, e.g. ink feed slots 1704,
25 1706 and 1708 and the six fire groups 1702a-1702f. In addition, printhead die
1700 includes address generators 1800a and 1800b and two sets of address
lines 1806a-1806g and 1808a-1808g. Address generator 1800a is electrically
coupled to address lines 1806a-1806g, and address generator 1800b is
electrically coupled to address lines 1808a-1808g. Address lines 1806a-1806g
30 are electrically coupled to pre-charged firing cells 120 in row subgroups in fire
groups 1702a-1702c, and address lines 1808a-1808g are electrically coupled to

pre-charged firing cells 120 in row subgroups in fire groups 1702d-1702f. The



sides of ink feed slot 1706 and extends fromone end of ink feed sl ot
1706 to half the length of ink feed slot 1706 in the y-direction. The
fire line 214e supplies the energy signal FIRE5 and energy pulses to
FG at 1702e. Fire line 214f is electrically coupled to each of the
pre-charged firing cells 30120 in FG at 1702f. The fire line 214f is
di sposed al ong each of the opposing sildles of ink feed slot 1708 and
extends fromone end of ink feed slot 1708 to 117 half the length of
ink feed slot 1708 in the y-direction. The fire line 214f supplies
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generators 1800a and 1800b are synchronized to provide the same address on

address lines 1806a-1806g and 1808a-1808g during one cycle through fire

25 groups 1702a-1702f. After each cycle through fire groups 1702a-1702f, the

address generators 1800a and 1800b change address signals ~A1, ~A2 ... ~A7

and ~B1, ~B2 ... ~B7 to address the next sequential row subgroup in the

sequence of thirteen row subgroups.

The address generators 1800a and 1800b are located in opposite
30 corners of printhead die 1700. Address generator 1800a is located in the corner
bounded by printhead die sides 1700b and 1700c. Address generator 1800b is
located in the corner bounded by printhead die sides 1700a and 1700d.



118 data |lines 208b, 208d, 208f and 208h or sel ected address |ines
1806a- 1806g t hrough vi as between the polysilicon |layer and first

| ayer netal. The cross-connection |ines 1822a-1822c receive and
supply signals across the channel between ink feed slots 1704 and
1706, to the individual pre-charged firing cells 5120. The fire lines
214a and 214b receive fire signals FIREL and FI RE2 from externa
circuitry. The routing schene in section 1820 is used between
ink feed slots 1704 and 1706, between ink feed slots 1706 and 1708,
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Data [ines 208a, 208c, 208e and 2089 are routed between printhead die
20 side 1700a and ink feed slot 1704 and between ink feed slots 1706 and 1708.
Each of the data lines 208a, 208¢, 208e and 208g that are routed between
printhead die side 1700a and ink feed slot 1704 is electrically coupled to pre-
charged firing cells 120 in two fire groups 1702a and 1702d. Each of the data
lines 208a, 208c, 208e and 208g that are routed between ink feed slots 1706
25 and 1708 is electrically coupled to pre-charged firing cells 120 in four fire groups
1702b, 1702¢, 1702e and 1702f. Data line 208a is electrically coupled to pre-
charged firing cells 120 in data line group D1 at 1710 to provide data signal
~D1. Data line 208c is electrically coupled to pre-charged firing cells 120 in
data line group D3 at 1714 to provide data signal ~D3. Data line 208e is
30  electrically coupled to pre-charged firing cells 120 in data line group D5 at 1718
fo provide data signal ~D5, and data line 208g is electrically coupled to pre-
charged firing cells 120 in data line group D7 at 1722 to provide data signal



1904 is simlar to latch circuit 1202, shown in Figure 15, which

i ncl udes seven latch registers, such as |atch register 1220,
illustrated in Figures 16 and 17. Address |ines 1908a-1908g are
el ectrically coupled to pre-charged firing cells 120 in fire groups
1702a, 1702b and a first part of fire group 1702c. 5Latched address

| ines 1910a-1910g are electrically cotdpled to pre-charged firing
cells 120 in fire groups 1702d-1702f and a second part of fire group
1702c. The first part of fire group 1702c is disposed between ink
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to fire grou 17 .an he firs art o .gro 2C

t hr ougi” adcﬁ?‘g%’tsl %@‘sa ‘g@% 'i@%ﬁ’ca%ﬁq‘@ @IpéﬁgEargﬁp ?Fg %}Bﬁpﬁoa on
i nt er conneiyr fire o028 N7 G281 BOR Andn€70280 &achad theadda Hm@mﬂ)Bb A2 is
supplied on interconnect |ine 19

on, up to 488 2H%angi 4ehdrirase &0 ‘g ngq"e%ﬁgnlﬁafgg{’efi Jé‘ﬁf%ﬁ“‘?l Bﬁand >
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address |latch 1904 receji ves address
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| i nes 1906KeRNPe s efPﬁB'CEUSé%%iNP@dOQ"@ﬁB?@ed firing cglls 120 in data e OPYUR ched
into addrg5g ot #F fdtol?8¢ide WhiaCdignal ~D4. Data line 208f is electrically coupled to

pre-charged firing cells 120 in data line group D6 at 1720 to provide data signal
~DB, and data line 208h is electrically coupled to pre-charged firing cells 120 in
25 dataline éroup D8 at 1724 to provide data signal ~D8. The data lines 208b,
208d, 208f and 208h receive data signals ~D2, ~D4, ~D6 and ~D8 and provide
the data signals ~D2, ~D4, ~D6 and ~D8 to pre-charged firing cells 120 in each
of the fire groups 1702a-1702f. In one embodiment, the data lines 208b, 208d,
208f and 208h are not routed the entire length of ink feed slots 1704, 1706 and
30 1708. Instead, each of the data lines 208b, 208d, 208f and 208h is routed fo 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



supplies corresponding | atched address signals -Bl, -B2, The | atched
address signals -Bl, -B2, ...-B7 are supplied to fire groups

1702d- 1702f and the second part of fire group 1702c through | atched
address |lines 1910a-1910g. The address latch 1904 recei ves address
signal -Al on interconnect |ine 101906a and | atches in address signal
-Al to supply | atched address signal 1481 on | atched address |ine
1910a. Address |atch 1904 receives address signal -A2 on interconnect
| ine 1906b and | atches in the address signal -A2 to supply | atched
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groups 1702a, 702 and irst part of 1702c_as select signals
SEL1, SELZngﬂj Noe[Notafad A@gllgﬁqaqi]egnt{t di'FFluggl Ejection Device’, filed on the'same

date as the current application and assigned to the Assignee of this application,

the contents of which are incorporated herein by reference in its entirety.

Energy variations of 10 to 15 percent are preferred and energy variations up to
25 20 percent have been found to be suitable energy variations.

Fire groups 1702a-1702f and fire lines 214a-214f are laid out along ink
feed slots 1704, 1706 and 1708 to achieve a suitable energy variation. The pre-
charged firing cells 120 in a fire group 1702a-1702f are located along opposing
sides of an ink feed slot 1704, 1706 or 1708. Instead of having all pre-charged

30 firing cells 120 in a fire group 1702a-1702f along the entire length of one side of
an ink feed slot 1704, 1706 or 1708, the pre-charged firing cells 120 in a fire
group 1702a-1702f are located along half of the length of each of the opposing



10 groups 1702a, 1702b and 1702c. Also, |atched address signals -Bl,
-B2, ...-B7 are supplied to the second part of fire group 1702c and
fire groups 1702d-1702f as sel ect signals SEL3, SEL4, SEL5 and SELG6
are supplied to fire groups 1702c-1702f. The address generator 1902
and address | atch 1904 supply the sane address on address |ines
1908a- 1908g and | atched address 15l i mss 1910a- 1910g during one cycle
through fire groups 1702a-1702f. The address generator 1902 is

di sposed adj acent address latch 1904 in one corner of printhead die

1900 boun%ﬁg 3*

1900c

g

ik

dress
one anot hd¥e lingha14aR14f
“A7 20 {758 f%?oﬁsigﬁ@éﬁd GEMSiAt Red
|nproved as conpared
t hr ough | dh@entlrerielwtb@ﬁmwfﬁﬁ%
enbodi ReNntSy

di sposed i'h f'eren

ener at

pas

SR

or

Sl

e

Gl Aot es B

Catl ons on

2R

¢ 1%57@_@9%1708 Each qaf,{h%fuwelmes

8 ﬁggéd&ﬁéoé ﬁtcfahﬁ@@ar PR be

and

eSS SI

nas-

die

%ﬂ%[pg 704

3764 1206 %ﬁ89|7b9téfshco1f%eﬂ %o

04

In

aRfihinidagashi di7e4, smhe &96@@ aﬂéiléh@trmfhﬁ@do.de oPURG

address | atc

rthuye%fo 'E%IE@P iRNGAek AsIBk &&

ad acent

one 25

enbodi nmentandadettrealy gonpled Bbend o0 otthn infefead §&9b§6@|4 |1ﬁb6r¢é13@$ fer of

print head
di e side 1

ng]s%

B ics

res s&?/at ({h q&ggi&ja

91 & S

can be

deud

20kal ng é?lrah

osed Det

wee Ir

groups 170GRe llmmmmzﬂfar@a@eqﬁwélmhhﬁm I@nethsnf@d” raﬁn)@tbat Extends the

enbodi nent

signals -

[gnnre

I}gﬂg r}gﬁﬁ\ kteeﬁesﬁot%igt?

'secon

21768204 A0

part’

8. 1he

fire gro

up

head

e

| y address
92118 bEIAP 1902¢

bet weejd i Nonipzesk s:heﬂgy La@Rioarior :mhstanlhel@deheped fite |1mes)em4a-zw Vat!'dr ess

gener at or

three fi

ISP

r

dr.es

SRRp3ReS F e

Trd i paAng 2l lesh

Supp

a‘?of o e sufg

1 es

addr ess sigiiak SeedBilot 1782, 1706 aliV11@8.t hree fire groups 1702d-1702f.
In the exanpl e enbodi nent,
routed al ong printhead die side 1900c to between ink feed slot 1704

and 5pri
are rout
slots 17
one hal f
electric
1702a, 1
| at ched

15

20

the seven address |ines 1908a-1908g are

d bet wee

gtm@ad di
6 and 17

'n i nk feed s
§8aPehe addV

Firgl feupl O00Rkre lire

el

G Ad timed N

1704 and
Eé‘ 190

,Diaadta
1706,
8a- 1908

3

SMetahes

"G,

19%08ar 19
en ink f
t ed al on

the 1
a

702b and

|1y coupl

s nahily
e wth pr

ttheéhanedst

50uRed
e-charg

part of

PRNe 1
ed firin
fire gr

42H0um/0
g cells

oup 1702

E360mn 1/
120 in f

c. 10The

DB1%,0
re grou
seven

L~l ]
ress 1

TSy 1910

50

TH5unyUl

&2oauRNg

380Am

52%

®

Linear

250um

115um

4200um

1440nm
{4x thick)

36%

Linear

750um

615um

~7200um

360nm

11%

Linear

515um

380um

~5790um

1140nm
(4x thick)

11%

atched

08g
eed

g
ps

As shown in 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.



entire length of ink feed slot 1708 between ink feed slot 1708 and
printhead die side 1900b. The | atched address |ines 1910a-1910g are
al so routed along printhead die side 1900d to between ink feed sl ot
1704 and printhead die side 1900a. In addition, address lines
1910a-1910g are routed between ink feed 15 slots 1704 and 1706, and
between ink feed slots 1706 and 1708.118he address |ines 1910a-1910g
are routed along the entire length of ink feed slot 1708 between ink
feed slot 1708 and printhead die side 1900b and al ong the other half
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1900 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 214d
supplies the energy signal FIRE4 and energy pulses to FG4 at 1702d.

Fire line 214e is electrically coupled to each of the pre-charged firing cells
25 120in FG5 at 1702e. The fire line 214e is disposed along each of the opposing
sides of ink feed slot 1706 and extends from one end of ink feed slot 1706 to
half the length of ink feed slot 1706 in the y-direction. The fire line 214e
supplies the energy signal FIRES and energy pulses to FG5 at 1702e.
Fire line 214f is electrically coupled to each of the pre-charged firing cells
30 120in FG6 at 1702f. The fire line 214f is disposed along each of the opposing

sides of ink feed slot 1708 and extends from one end of ink feed slot 1708 to



Data |ines 208b, 208d, 208f and 208h are routed between ink feed
slots 1704 and 1706 and between ink feed slot 1708 and printhead die
si de 1900b. 15 Each of the data |ines 208b, 208d, 208f and 208h
routed between ink feed slots 1704 and 1706 is electrically coupled
to pre-charged firing cells 120 in four fire groups 1702a, 1702b,
1702d and 1702e. Each of the data |irnég 208b, 208d, 208f and 208h
rout ed between ink feed slot 1708 and printhead die side 1900b is
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is the fi r| ng resis nearest the bond pad receiving the energy
fines 214a and 2‘14b along the length of ink feed slots 1704 and 1706 is
minimized to reduce cross-talk between fire lines 214a and 214b and address
25 lines 1806a-1806g, as compared to the cross-talk between overlapping fire lines
214a and 214b and address lines 1806a-1806g. The data lines 208b, 208d,
208f and 208h and fire lines 214a and 214b overlap along the length of ink feed
slots 1704 and 1706.
The address lines 1806a-1808g receive address sighals ~A1, ~A2, ...
30 ~A7 from onboard address generator 1800a and data lines 208b, 208d, 208f
and 208h receive data signails ~D2, ~D4, ~D6 and ~D8 from external circuitry.

The cross-connection lines 1822a-1822c¢ are electrically coupled to selected



signal FIREl, FIRE2FIRE6. The | owest anmount of power is found in the
last firing resistor 52 of a fire group 1702a-1702f as all firing
resistors 52 in a row subgroup are energi zed. Layout contributions to
energy variation include fire 20 |line width, ground line w dth,

metal thickness and the length of the fire |line 214a-214f. Energy
variations of 10 to 15 percent are prid¢erred and energy variati ons up
to 20 percent have been found to be suitable energy variations.
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indicated at 1702a-1702f. [n addition, printhead die 1900 includes address
generator 1902, address latch 1904, address lines 1908a-1908g and latched
address lines 1910a-1910g. Address generator 1902 is electrically coupled to
address lines 1908a-1908g and address latch 1204 is electrically coupled to

20 latched address lines 1910a-1910g. In addition, address generator 1902 is
electrically coupled to address latch 1904 through interconnect lines 1906a-
19069.

One embodiment of address generator 1902 is similar to address
generator 1200 shown in Figure 15. Accordingly, a suitable embodiment of

25 address generator 1902 can be implemented as illustrated in Figures 9-12.

Address latch 1904 is one embodiment of an address generator and may
be utilized in lieu of a second address generator on printhead die 1900. While
address generator 1902 generates addresses based on all external signals
(e.g., CSYNC and Timing Signals T1-T8), address latch 1904 generates
30 addresses based on a received internal address provided by address generator

1902 and on external timing signals. A suitable embodiment of address latch



% ever A Substantially U shaped 250um 115um 4200um 360nm 11% B Li near
250um 115um 4200um 360nm 52% C Li near 250um 115um

118

1904 is similar to latch circuit 1202, shown in Figure 15, which includes seven
latch registers, such as latch register 1220, illustrated in Figures 16 and 17.

Address lines 1908a-1908g are electrically coupled to pre-charged firing
cells 120 in fire groups 1702a, 1702b and a first part of fire group 1702c.

5 Latched address lines 1910a-1910g are electrically coupled to pre-charged
firing cells 120 in fire groups 1702d-1702f and a second pe;rt of fire group
1702¢. The first part of fire group 1702c is disposed between ink feed slot 1706
and ink feed slot 1708 and includes data line groups D1, D3, D5 and D7 at
1710c, 1714¢, 1718c and 1722¢. The second part of fire group 1702¢ is

10  disposed between ink feed slot 1708 and printhead die side 1900b and includes
data line groups D2, D4, D6 and DS at 1712¢, 1716¢, 1720c and 1724c. The
first part of fire group 1702¢ includes half of the pre-charged firing cells 120 in
fire group 1702¢ and the second part of fire group 1702c includes the other haif
of the pre-charged firing cells 120 in fire group 1702¢. The address lines

15  1908a-1908g and latched address lines 1910a-1910g are electrically coupled to
row subgroups as previously described for address lines 206a-206g,
respectfully. That is, address line 1908a/1910a is electrically coupled to row
subgroups as address line 208a is coupled to row subgroups, address line
1908b/1810b is electrically coupled to row subgroups as address line 206D is

20 coupled to row subgroups and so on, up to and including address line
1908g/1910g being electrically coupled to row subgroups as address line 206g
is coupled to row subgroups.

The address generator 1902 supplies address signals ~A1, ~A2, ...~A7
to address latch 1904 and to fire groups 1702a, 1702b and the first part of fire

25  group 1702¢. Address generator 1902 supplies address signals ~A1, ~A2, ...
~A7 to address laich 1904 through interconnect lines 1906a-1906g and to fire
groups 1702a, 1702b and the first part of fire group 1702c through address lines
1908a-1908g. Address signal ~A1 is supplied on interconnect line 1906a and
address line 1908a, address signal ~A2 is supplied on interconnect line 1906b

30 and address line 1908b and so on, up to and including address signal ~A7 that
is supplied on interconnect line 1906g and address line 1908g.



4200um 1440nm (4x thick) 36% Linear 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 sane fire |line, ground
line and die width results in a |larger and unsuitabl e energy
variation (11 percent verses 52 percent). The energy variation
difference is inproved slightly 120

The address latch 1904 receives address signals ~A1, ~A2, ... ~A7 and
supplies latched address signals ~B1, ~B2, ... ~B7 to fire groups 1702d-1702f
and the second part of fire group 1702c. The address latch 1904 receives
address signals ~A1, ~A2, ... ~A7 on interconnect lines 1906a-1906g. The

5 received signals ~A1, ~A2, ...~A7 are latched into address latch 1904, which
supplies corresponding latched address signals ~B1, ~B2, ...~B7. The latched
address signals ~B1, ~B2, ...~B7 are supplied to fire groups 1702d-1702f and
the second part of fire group 1702¢ through latched address lines 1910a-1910g.

The address latch 1904 receives address signal ~A1 on interconnect iine

10  1906a and latches in address siginal ~A1 to supply latched address signal ~B1
on latched address line 1910a. Address latch 1904 receives address signal
~A2 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 19068g and

15  latching in address signal ~A7 to supply latched address signal ~B7 on iatched
address line 1910g.

The address generator 1802 supplies valid address signals ~A1, ~A2,

' ...~AT for three time periods. During these three time periods, select signals
SEL1, SEL2 and SEL3 are supplied to fire grbups 1702a-1702¢, respectively,

20 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 setile to
valid latched address signals ~B1, ~B2, ...~B7 as select signal SEL2 is supplied
to fire group 1702b. Valid address signals ~A1, ~A2, ...~A7 and valid latched

25 address signals ~B1, ~B2, ...~B7 are supplied to fire group 1702¢ as select
signal SEL3 is supplied to fire group 1702¢. The address latch 1904 supplies
valid latched address signais ~B1, ~B2, ...~B7 for four time periods. During
these four time periods, select signals SEL3, SEL4, SELS and SELG are
supplied to fire groups 1702¢-1702f, respectively, one select signal SELS3,

30 SEL4, SELS or SELS6 per time period.

The address generator 1902 changes address signals ~A1, ~A2, ...~A7

to address the next row subgroup of the thirteen row subgroups after the time



15by increasing netal thickness by four tines to reduce fire line
resi stance. 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 arrangenent, the die
width is increased. The substantially u-shaped fire |ines 214a-214f
are electrically coupled to 20 pre-chianrged firing cells 120 di sposed
al ong each of the opposing sides of ink feed slots 1704, 1706 and
1708. Fire line 214a is electrically coupled to each of the
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Wher e t he address signals
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 1804 can be disposed between fire groups 1702¢c and
1702f along printhead die side 1900b. in this embodiment, interconnect lines
1906a-19086g are used to supply address signals ~A1, ~A2, ...~A7 to the

30 second part of fire group 1702c between ink feed slot 1708 and printhead die
side 1900b. The address generator 1902 supplies address signals ~A1, ~A2,



127 provided from an external source, address generators and/or
address | atches need not be provided on the printhead die. In this
case, the layouts described in Figures 21 through 24 may be exactly

the sane. Referring to Figures 25A and 25B, diagrans illustrating
contact areas 52000 of a flex circuit 2002 that may be utilized to
couple external circuitry to a printHéad die 40 are illustrated. The

contact areas 2000 are electrically coupled via canductive paths 2004
to contacts 2006 which provide coupling to the printhead die. Enable
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half of the lengths of ink feed slots 1704, 1706 and 1708 to electrically couple
with pre-charged firing cells 120 in the second part of fire group 1702¢ and fire
20 groups 1702d, 1702e and 1702f.
Data lines 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, 208¢, 208e and 2089 routed between printhead die
side 1900a and ink feed slot 1704 is electrically coupled to pre-charged firing
25 cells 120 in two fire groups 1702a and 1702d. Each of the data 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,
1702¢, 1702e and 1702f. Data line 208a is electrically coupled to pre-charged
firing cells 120 in data line group D1 at 1710 to supply data signal ~D1. Data
30 line 208c is electrically coupled to pre-charged firing cells 120 in data line group
D3 at 1714 to supply data signal ~D3. Data line 208e is electrically coupled to
pre-charged firing cells 120 in data line group D5 at 1718 to supply data signal



128 resistor contact area TSR One approach to utilize a tenperature
sense resistor is described in co-owned patent application serial no.
An identification bit contact area IDis coupled to identification
circuitry on printhead die that allows a printer to determ ne the
operating paraneters of the 5Sprinthead die and print cartridge. In
one enbodi nent, an electrical path bdfeen contact areas 2000 and the
pre-charged firing cells 120 conpri ses conductive paths 2004,
contacts 2006, and the appropriate signal lines, e.g. data lines
208a- 208h, ~[¥r @nditiate ing 20fissis 2iepdricailp eoupied tomreicharged fiting cell120 ior
round |i : envC A Oa- 210f
gnd sel ec{&ﬁ ? Hﬁ%gﬁgygigﬁz?gégg%ﬁlggéﬁjﬁﬁ oDZhQ%Fg%H fﬁ%%?ooé act
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i 0] edaramedeoneotea30ed pirsmtiead e 600y or firing cells:
Data lines 208b, 208d, 208f and 208h are routed between ink feed slots
1704 and 1706 and between ink feed slot 1708 and printhead die side 1900b.
15 Each of the data lines 208b, 208d, 208f and 208h routed between ink feed slots
1704 and 1706 is electrically coupled to pre-charged firing cells 120 in four fire
groups 1702a, 1702b, 1702d and 1702e. Each of the data lines 208b, 208d,
208f and 208h routed between ink feed slot 1708 and printhead die side 1900b
is electrically coupled to pre-charged firing cells 120 in two fire groups 1702¢
20 and 1702f. Data line 208b is electrically coupled to pre-charged firing cells 120
in data line group D2 at 1712 to supply data signal ~D2. Data line 208d is
electrically coupled to pre-charged firing cells 120 in data line group D4 at 1716
to supply data signal ~D4. Data line 208f is electrically coupled to pre-charged
firing cells 120 in data line group D6 at 1720 to supply data signal ~D6, and data
25 line 208h is electrically coupled to pre-charged firing cells 120 in data line group
D8 at 1724 to supply data signal ~D8. The data lines 208b, 208d, 208f and
208h receive data signals ~D2, ~D4, ~D6 and ~D8 and supply the data signais
~D2, ~D4, ~D6 and ~D8 to pre-charged firing cells 120 in each of the fire
groups 1702a-1702f. In one embodiment, the data lines 208b, 208d, 208f and
30  208h are not routed the entire length of ink feed slots 1704, 1708 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



a fire line adapted to receive an energy signal having energy pul ses;
and an address generator configured to provide a series of
address signals adapted to enable firing cells of the plurality of
firing cells in a series of address tinmeslots, wherein the energy
signal provides at |east one energy pul se during each of the address
tinmeslots in the series of address tildtslots to energize sel ected
enabled firing cells. 2. The fluid ejection device of claiml1,
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up to 20 percent have been found to be suitable energy variations.
Fire groups 1702a-1702f and fire lines 214a-214f are laid out along ink
feed slots 1704, 1706 and 1708 to achieve a suitable energy variation. The pre-

25  charged firing cells 120 in a fire group 1702a-1702f are located along opposing
sides of an ink feed slot 1704, 1706 or 1708. Instead of having all pre-charged
firing cells 120 in a fire group 1702a-1702f along the entire length of one side of
an ink feed slot 1704, 1706 or 1708, the pre-charged firing cells 120 in a fire
group 1702a-1702f are located along half of the length of each of the opposing

30 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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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

5 fire lines 214a-214f are effectively half the length of a fire line that extends the
entire length of an ink feed slot 1704, 1706 and 1708. The table below
compares energy variation for substantially U-shaped fire lines 214a-214f with
that of linear fire lines, that is, fire lines that run the entire length of one side of
an ink feed slot 1704, 1706 and 1708.

10
Row Fire group Fire Gnd Die width | Metal - | % evar
shape width width thickness
A Substantially | 250um  ["115um 4200um | 36Cnm 11%
U-shaped
B Linear 250um | 115um 4200um | 360nm 52%
: C Linear 250um | 115um | 4200um | 1440nm |36%
(4x thick)
D Linear 750um | 615um | ~7200um | 360nm 11%
E Linear 515um | 380um ~5790um | 1140nm | 11%
(4x thick)

As shown in the table, usihg a linear fire group with the same fire line,
ground line and die width resuits in a larger and unsuitable energy variation (11
percent verses 52 percent). The energy variation difference is improved slightly
15 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 electricaily coupled to
20  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
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along each of the opposing sides of ink feed slot 1704 and extends from one
end of ink feed slot 1704 to half the length of ink feed slot 1704 in the y-
direction. The fire line 214a supplies energy signal FIRE1 and energy pulses to
FG1 at 1702a.

Fire line 214b is electrically coupled to each of the pre-charged firing cells
120 in FG2 at 1702b. The fire line 214b is disposed along each of the opposing
sides of ink feed slot 1706 and extends from one end of ink feed slot 1706 to
half the length of ink feed slot 1706 in the y-direction. The fire line 214b

. supplies energy signal FIRE2 and energy pulses to FG2 at 1702b.
10

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 along each of the opposing
sides of ink feed slot 1708 and extends from one end of ink feed slot 1708 to
half the length of ink feed slot 1708 in the y-direction. The fire line 214c¢
supplies the energy signal FIRE3 and energy pulses to FG3 at 1702c¢.

Fire line 2144 is electrically coupled to each of the pre-charged firing cells
120 in FG4 at 1702d. The fire Iiné 214d is disposed along each of the opposing
sides of ink feed slot 1704 and extends from one end of ink feed slot 1704 to
half the length of ink feed slot 1704 in the y-direction. The fire line 214d
supplies the energy signal FIRE4 and energy pulses to FG4 at 1702d.

Fire line 214e is electricaily coupled to each of the pre-charged firing cells
120 in FG5 at 1702e. The fire line 214e is disposed along each of the opposing
sides of ink feed slot 1706 and extends from one end of ink feed slot 1706 to
half the length of ink feed slot 1706 in the y-direction. The fire line 214e
supplies the energy sidnal FIRES and energy pulses to FG5 at 1702e,

Fire line 214f is electrically coupled to each of the pre-charged firing cells
120 in FG6 at 1702f. The fire line 214f is disposed along each of the opposing
sides of ink feed slot 1708 and extends from one end of ink feed slot 1708 to
half the length of ink feed slot 1708 in the y-direction. The fire line 214f supplies
the energy signal FIRES and energy pulses to FG6 at 1702f.

While Figures 21 through 24 depict layouts that show address generators
and/or an address latch on the printhead die, the address signals may be

provided from an external source as well. Where the address signals are
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provided from an external source, address generators and/or address latches
need not be provided on the printhead die. In this case, the layouts described
in Figures 21 through 24 may be exactly the same.

Referring to Figures 25A and 25B, diagrams illustrating contact areas
2000 of a flex circuit 2002 that may be utilized to couple external circuitry to a
printhead die 40 are illustrated. The contact areas 2000 are electrically coupled
via conductive paths 2004 to contacts 2006 which provide coupling to the
printhead die.

Enable line contact areas E0-E6 are configured to receive enable signals
from an external source and to provide the enable signals, e.9. select signals
SEL1-SELS, precharge signals PRE1-PRES, and the LATCH signal. However,
it should be noted that the relationship between the lines described with respect
to Figures 4-8 and 11-24 and the contact areas E0-E6 need not be one to one,
e.g. signal PRE1 need not be provided at contact area EQ. All that is required is
that appropriate select lines and precharge lines are coupled to the appropriate
enable contact areas.

Data line contact areas D1-D8 are configured to receive signais which
provide print data representative of an image to be printed and to provide data
signals D1-D8 respectively, to the individual data line groups, e.g. data line
groups D1-D8. Fire line contact areas F1-F6 configured to receive energy
pulses and to provide the energy signals along fire lines Fire1-Fire6 to the
appropriate fire groups, e.g. fire groups 202a-202f and 1702a-1702f. Ground
line contact areas GD1-GD6 are configured provide a return path for signals that
are conducted by the firing resistors from the fire groups, e.g. fire groups 202a-
202f or fire groups 1702a-1702f. Control signal contact area C is configured to
receive a signal for controliing the internal operation of the printhead die, e.g.
the CSYNC signal.

Temperature sense resistor contact area TSR allows a printer coupled fo
an ink jet cartridge to determine a temperature of the printhead die, based upon
a measurement of the resistor. A temperature sense resistor return contact

area TSR-RT provides a return path for signals provided at temperature sense
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resistor contact area TSR. One approach to utilize a temperature sense resistor
is described in co-owned patent application serial no.

An identification bit contact area 1D is coupled to identification circuitry on
printhead die that allows a printer to determine the operating parameters of the
printhead die and print cartridge.

in one embodiment, an electrical path between contact areas 2000 and
the pre-charged firing cells 120 comprises conductive paths 2004, contacts
20086, and the appropriate signal lines, e.g. data lines 208a-208h, pre-charge
lines 210a-210f, select lines 212a-212f, or ground lines. It should be noted that
pre--charge lines 210a-210f and select lines 212a-212f may be coupled to
enable line contact areas EO-EB.

It should be noted that in certain embodiments the high voltage levels
discussed herein are at or above approximately 4.0 volts, while the low voltage
levels discussed herein are at or below approximately 1.0 voits. Other
embodiments may use different voltage levels than the previously described
levels.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present invention. This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, it is
intended that this invention be limited only by the claims and the equivalents

thereof.

What is Claimed is:
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CLAIMS

1. A fluid ejection device comprising:

a plurality of firing cells;

a fire line adapted to receive an energy signal having energy pulses; and

an address generator configured to provide a series of address signals
adapted to enable firing cells of the plurality of firing cells in a series of address
timeslots, wherein the energy signal provides at least one energy pulse during
each of the address timeslots in the series of address timeslots to energize

selected enabled firing cells.

2. The fluid ejection device of claim 1, wherein the address generator
comprises:

memory elements configured to provide output signals; and

logic configured to receive the output signals and provide the series of
address signals in response to the output signals, wherein the logic is
configured to provide the series of address signals in the first sequence in
response to the memory elements providing the series in a first output sequence
and the logic is configured to provide the series of address signals in the second
sequence in response to the memory elements providing the output signals in a

second cutput sequence.

3. The fluid ejection device of claim 1, wherein the address generator
comprises:

first memory elements configured to provide first output signals;

second memory elements configured to provide second output signals;

first logic configured to receive the first output signals and provide the
series of address signals in the first sequence in response to the first output
signals; and

second logic configured fo receive the second output signals and provide
the series of address signals in the second sequence in response to the second

output signals.
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4, The fluid ejection device of claim 1, wherein the address generator
comprises:

memory elements configured to provide output signals;

first logic configured to receive the output signals and provide the series
of address signals in the first sequence in response to the output signals; and

second logic configured to receive the output signals and provide the
series of address signals in the second sequence in response to the output

signals.

5. The fluid ejection device of claim 1, wherein the address generator
provides two active address signals in a set of address signals during each of

the address timeslots in the series of address timeslots.

6. The fluid ejection device of ¢laim 1, further comprising signal lines
configured to receive a series of pulses, wherein the logic is configured to

receive three pulses in the series of pulses.

7. The fluid ejection device of claim 6, wherein the logic provides valid

address signals for three consecutive pulses in the series of pulses.

8. The fluid ejection device of claim 6, wherein the logic provides invalid

address signals during three consecutive pulses in the series of pulses.



