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PCT/US2005/011395 WO 2005/105451 1 it 5 FLUID EJECTION
DEVICE Cross-Reference To Related Applications 10 This application is
related to Patent Application Serial No. [Not Yet Assigned], Attorney
Docket No. 200210152-1, entitled "Fluid Ejection Device," Patent
wrRisatlgRSerial No. [Not Yet Assigned], Attorney DockeNGus200s/011395
200208780-1, entitled "Fluid Ejection Device With Address Generator,"
Patent Application Serial No. [Not Yet Assigned], No. 200311485-1,
entitled "Device 15 With Gates Configured In 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. 200209168-1, entitled "Fluid Ejection
Device," 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 arhbddi BHECTIRNIDEMIGEtion device, ejects ink drops through a
plurality of orifices or nozzles. The ink is projected toward a print medium,
such as a sheet of paper to prlnt an |mae onto the print medium. The
nozzles are typicak{RPIgra® ~ gch that properly
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mes of ink located in vaporization
Apphcatlon Serial No. [Not Yet Assigned], No. 200311485-1, entitled “Device
With Gates Configured In 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. 200202168-1,

entitled “Fluid Ejection Device,” each of which are assigned to the Assignee of

this application and are filed on even date herewith, and each of which is fully
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,
and an elecironic controller that controls the printhead. The printhead, as one
embodiment of a fluid ejection device, ejects ink drops through a plurality of
orifices or nozzles. The ink is projected toward a print medium, such as a sheet
of paper, to print an image onto the print medium. The nozzles are typically
arranged in one or more arrays, such that properly sequenced ejection of ink
from the nozzles causes characters or other images to be printed on the print
medium as the printhead and the print medium are moved relative to each

other.
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chambers. The ink is heated with small electric heaters, such as thin film
resistors referred to herein as firing resistors. Heating the ink causes the
ink to 5 vaporize and be ejected through the nozzles. To eject one drop of
ink, the electronic controller that controls the printhead activates an

alecliisabeMirent from a power supply external to the printpepgis298011395
electrical current is passed through a selected firing resistor to heat the

ink in a corresponding selected vapogization chamber and eject the ink 10
through a .corresponding nozzle. Known drop generators include a firing
resistor, a corresponding vaporization chamber, and a corresponding

nozzlein mtﬂpi@beiaetiﬁal d&qﬁ@imw@s@m tochmidtsmdbepdcts ink drops
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operation. As the different tgg)es of fluid ejectlon evices and their
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a firing ce |n one embodiment of a printhead die. it WO

a0k pIiY L3t mas@o@smmf@@absea|@wgausrsl@alwéﬁém&awam
ihesraling eRsurMwelimsieidadirtipkjethe print cartridge. The “ideniification

information" provides information to the controller to adjust the operation of the
printer and ensures correct operation.

As the different types'of fluid ejedtion devices and their operating
parameters increase, there is a need to provide a greater amount of
identification information. At the same time, it is not desirable to add further
interconnections to the flex tab circuit or fo increase the size of the die to
provide such identification information. ,

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

Brief Description of the Drawings

Figure 1 illustrates one embodiment of an ink jet printing system.

Figure 2 is a diagram iliustrating a portion of one embodiment of a
printhead die.

Figure 3 is a diagram illustrating a layout of drop generators located
along an ink feed slot in the 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.
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printhead firing cell array. Figure 6 is a schematic diagram illustrating one
embodiment of a pre- charged firing cell. 5 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

wobedimeansi of a firing cell array. Figure 9 is a schematic giagiasios/o11395
illustrating one embodiment of an 10 identification cell in one embodiment

of a printhead die. Figure 10 is a layaut diagram illustrating one
embodiment of a portion of a printhead die. Figure 11 is a flow chart
illustrating one embodiment of a manufacturing process employing
selecteiigerftikcatohenaditicidiagraamilbistiattignenteofimdiBrpnhthendndigt

ﬁ%ﬁé%? Rsﬁ%gcggﬁigﬂé the following detailed description, reference is

) the "accomp nying drawings which form a part hereof, and in
which g @ isisysregmaticAiarramiyataiingmre sBBatert shamien
SRerfueeniing samy be practiced. In this regard, directional terminology,

such gs "top,” "bottom,"” "“front," "back " ‘leading.” “trailing,” etc. .is US
it B AT BTG s e g R et
Badhesd fixing metientayof embodiments of the present invention can be
positiﬁ%ﬂr@ﬁyafgvaﬁ{gociigg?smﬂh@f}sﬁﬁat%ﬂa%a@%@awsﬁenéle%%odiment

terminology is used forpurposes of illustration and is in no way limiting. It
o eofining et @S®od that other embodiments may be utilized and structural

or logigalurhengassnambticrardeamiiostraiegpstiag: foouimesosfanof the
resent .invention. The fqllowing detail escription, therefore, is not to
ﬁg'ﬁﬁk%?{'ﬂ?ge Hr'rrﬁt?r?ge ‘seénﬁ)soe‘y,@r%{:ﬂeas‘gr(;ﬂg)ﬂé'ezﬁc[r%ébresent invention is
defineHipyrent03s afyoutidinaiamibusiating o embaastingert ehsderriinemf
prﬁﬂtmgd?éi_nting system 20. Inkjet printing system 20 constitutes one
embodiment of a fluid ejection system WO 2005/ OSA%il .
PCT/Ude685b 15 388 et iRstaHRs.onG aERRd B dfiddnanufrgiing

ilsiRiserinthesdngassiachiy RRntification cells in certain embodiments of a
printhead die.

Detailed Description

In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration specific embaodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “trailing,” etc., is used with reference to the orientation of the Figure(s)
being described. Because components of embodiments of the present
invention can be positioned in a number of different orientations, the directional
terminology is used for purposes of illustration and is in no way limiting. Itis to
be understood that other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the present
invention. The following detailed description, therefore, is not to be taken in a
limiting sense, and the scope of the present invention is defined by the
appended claims.

Figure 1 illustrates one embodiment of an inkjet printing system 20.
Inkjet printing system 20 constitutes one embodiment of a fluid ejection system
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-portion o

fluid supply assembly, such as ink supply assembly 24. The inkjet printing
system 20 also includes a mounting assembly 26, a media transport
assembly 28, and an electronic controller 30. At least one power supply
32 provides 5 power to the various electrical components of inkjet printing
wsSHghedsdn one embodiment, inkjet printhead assemblypdz,iRcldsle s Hk
least one printhead or printhead die 40 that ejects drops of ink through a
plurality of orifices or nozzles 34 toward a print medium 36 so as to print
onto print medium 36. Printhead 40'is one embodiment of a fluid ejection
device. Print medium 36 10 may be any type of suitable sheet material,

tﬁu@mgﬁmﬂlm@%jsamkdetmpamrnﬁeskjmmantmahdasaammpz&eand a;]
Typically, nozzles 34 are arra j suc
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are moved relative to each other. Whll%’\gﬁ?e oIIowln%}%%cg%% refers to
RAWESER o VrIPMSHRIRS PRl R RR CRaLR B {nsist RTD S at other
liquidsn ftrid embidinant imdbe palthead aisendibea? 2 indluatesy/db deaft cieel
from printhead ass ly, . npl iment
P L B ea s (oS R el R o
wificeroprovides Hiiama aariptanadium S8 seras iR RON SRS HAriEdBRmim
34 tfﬁiﬂhéésaﬂ'ﬂmeé%l %ﬁﬁﬂ?ﬂ&eﬁ%ﬂ%nﬁumy&wgﬁwi?#mm ; @h 36
printhead assem an form either a one-way ink delivery system or a
PR R TSRS R SR B Rr a SSeiem,
tearisiardiadigsa Myt dablicp emd diee Htesin ijimimiasﬁammame@ in
SREBHME ARG a0 ACeaHaAIBEHp ks biRakpian R
the ink provide

to printhead assembly 22 is consumed during

fmig2es 3dgauskerdiacasisimemRaih PRMHRE o & EaRrkss g5 iMRges to
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from printhead assembly 22.

Ink supply assembly 24 as one embodiment of a fluid supply assembly
provides ink to printhead assembly 22 and includes a reservoir 38 for storing
ink. As such, ink flows from reservoir 38 to inkjet printhead assembly 22. Ink
supply assembly 24 and inkjet printhead assembly 22 can form either a one-way
ink delivery system or a recirculating ink delivery system. In a one-way ink
delivery system, substantially ali of the ink provided o inkjet printhead assembly
22 is consumed during printing. In a recirculating ink delivery system, only a
portion of the ink provided to printhead assembly 22 is consumed during
printing. As such, ink not consumed during printing is returned to ink suppl&;r
assembly 24. .

In one embodiment, inkjet printhead assembly 22 and ink supply
assembly 24 are housed together in an inkjet cartridge or pen. The inkjet
cartridge or pen is one embodiment of a fluid ejection device. In another
embodiment, ink supply assembly 24 is separate from inkjet printhead assembly
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5 22 and provides ink to inkjet printhead assembly 22 through an interface
connection, such as a supply tube (not shown). In either embodiment,
reservoir 38 of ink supply assembly 24 may be removed, replaced, and/or
refilled. In one embodiment, where inkjet printhead assembly 22 and ink

WwaBRlYassamMbly 24 5 are housed together in an inkjet camggaR6RHAROH
38 includes a local reservoir located within the cartridge and may also

include a larger reservoir located separately from the cartridge. As such,
the separate, larger reservoir serves to refill the local reservoir.
Accordingly, the separate, larger reservoir and/or the local reservoir may
doesrenpevadesankaddkjen giinthiefilemseMbioRA g agsambteddcgositions
ink et nnthe as r e &ﬁﬁ@ﬂb
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mounting assembly 26 fixes inkjet printhead assembly 22 at a prescrlbed
position relative to media transport assembly 28. Thus, media transport
assembly 28 positions print medium 36 relative to inkjet printhead assembly 22.
Electronic controller or printer controller 30 typically includes a processor,
firmware, and other electronics, or any combination thereof, for communicating
with and controlling inkjet printhead assembly 22, mounting assembly 26, and
media transport assembly 28. Electronic controller 30 receives data 39 from a
host system, such és a computer, and usually includes memory for temporarily
storing data 39. Typically, data 39 is sent to inkjet printing system 20 along an
electronic, infrared, optical, or other information fransfer path. Data 39
represents, for example, a document and/or file to be printed. As such, data 39
forms a print job for inkjet printing system 20 and includes one or more print job

" commands and/or command parameters.
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S In one embodiment, electronic controller 30 controls inkjet printhead |,
assembly 22 for ejection of ink drops from nozzles 34. As such, electronic
controller 30 defines a pattern of ejected ink drops that form characters,
symbols, and/or other graphics or images on print medium 36. The pattern

fr.hiesieskink drops is determined by the print job commagags;gseéai 1305
command parameters. In one embodiment, inkjet printhead assembly 22

includes one printhead 40. In anothes embodiment, inkjet printhead
assembly 22 is a wide-array or multi-head printhead assembly. In one
wide-array embodiment, inkjet printhead 10 assembly 22 includes a
carrier jmtneleadrodimprintteaticliecdotrqiter 8fesomdtotdriset printhead

%%f%% (ygﬁi . %?%R%HQ%?Q Rigs 4528d §JFCHQQI&EOQK£8!}SH|%O

IC communication between printhead dies 40 and ink
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ar eme ts 42, Printin elements 42 ar
bR AR IR IEH SBEET i rRL HN S 8 R At
,ﬁarau&herek feed slot 46 provides a supply of liquid |nk to printing

S emenioie dib Il f0deAAmeR kR, 95 thlliddeeHPARad

Other em odlments 0 sources include but are 20 not limited to

“&krdBatiag sborinenh wiee‘bpﬁategqeéaﬁﬁjf@ah%%ﬁoﬁmwge-array or
YARRIHAOp PRsaR essanBpI Ul Rikeshideelrial &ssbitipnette hifetienthead

feed corr di rou sofo| ejecting element -f ucture
AP % ?h Mg% % lf’ormecfrfﬁs%)erllﬂ W |§haeon%@ r'#clgf]ﬂseé with
ialedtramhistotrtaunination m@mﬁtmathaad\ﬁlemﬁ@@wmtmﬁmibr 30,
f?ﬁ&’ PSR RIBRZE i RiRa L SAvES St hiRdERNIEACE04Y IRXIEOBplY

ayer 50 also has a nozzle chamber or vaporization chamber 56 formed
Héh communicates with nozzle opening 34 and ink feed channel
54 of tmmmwumwmr& idustiainesiptotiGRofope sititnoeiineithof a

AR R s e O P
mwdmmgm&o@mm@dﬁg@ma%mfamm %W@mﬂ which
'H&Q‘Qf?ﬁ]féﬁ*@&r%ﬁ&@f‘éﬁn@@m&eﬁﬁ‘aﬁ@ﬁﬂf ¥AoREsIeE BoesHs
%ﬂgplr;foozlelgu?d ?an1<| r‘gg printing elements 42. Ink feed slot 46 is one embodiment
of a fluid feed source. Other embodiments of fluid feed sources include but are
not limited to corresponding individual ink feed holes feeding corresponding
vapoarization chambers and mulitiple shorter Ink feed trenches that each feed
corresponding groups of fiuid ejecting elements. A thin-film structure 48 has an
ink feed channel 54 formed therein which communicates with ink feed slot 46
formed in substrate 44. An orifice layer 50 has a front face 50a and a nozzle
opening 34 formed in front face 50a. Orifice layer 50 also has a nozzle chamber
or vaporization chamber 56 formed therein which communicates with nozzle
opening 34 and ink feed channel 54 of thin-film structure 48. A firing resistor 52
is positioned within vaporization chamber 56 and leads 58 electrically couple
firing resistor 52 to circuitry controlling the application of electrical current
through selected firing resistors. A drop generator 60 as referred to herein
includes firing resistor 52, nozzle chamber or vaporization chamber 56 and

nozzle opening 34.
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WO 2005/105451 PCT/US2005/011395 7 During printing, ink flows from
ink feed slot 46 to vaporization chamber 56 via ink feed channel 54.
Nozzle opening 34 is operatively associated with firing resistor 52 such
that droplets of ink within vaporization chamber 56 are ejected through

wWPAA L MIsNing 34 (e.g., substantially normal to the planepgffif§aghHo1139s
resistor 52) and toward print medium 36 upon energizing of firing resistor

52. Example embodiments of printhead dies 40 include a thermal
printhead, a piezoelectric printhead, an electrostatic printhead, or any
other type of fluid ejection device known in the art that can be integrated
into W&WrngtinbmSmmmaead stofaifriod/aoerizationpheonisiideh,

VRS UGS & AR BahiRes ARG Bartla, SRR GG

€ one or more passivation or insulation layers of silicon dioxide,
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ra e an ayers, such as substra{e 44 and thin-tilm structure
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ol S e A B Bloef i thendt Al
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eo

pgosmg ink feed slot sides 46a and 46b. A total of n drop
structure 4

in one embodiment, orifice layer 50 comprises a photoimageable epoxy
resin, for example, an epoxy referred to as SU8, marketed by Micro-Chem,
Newton, MA. Exemplary techniqugs for fabricating orifice layer 50 with SU8 or
other polymers are described in detail in U.S. Patent No. 6,162,589, which is
herein incorporated by reference. In one embodiment, orifice layer 50 is formed
of two separate layers referred to as a barrier layer (e.g., a dry film photo resist
barrier layer) and a metal orifice layer (e.g., a nickel, copper, iron/nickel alloys,
palladium, gold, or rhodium layer) formed over the barrier layer. Other suitable
materials, however, can be employed to form orifice layer 50.

Figure 3 is a diagram illustrating drop generators 60 located along ink
feed slot 46 in one embodiment of printhead die 40. Ink feed siot 46 includes
opposing ink feed slot sides 46a and 46b. Drop generators 60 are disposed
along each of the opposing ink feed slot sides 46a and 46b. A fotal of ndrop
generators 60 are located along ink feed slot 46, with m drop generators 80



10

15

20

25

30

generators 60 are located along ink feed slot 46, with m drop generators
60 '.. WO 2005/105451 PCT/US2005/011395 8 located along ink feed
slot side 46a, and n - m drop generators 60 located along ink feed slot
side 46b. In one embodiment, n equals 200 drop generators 60 located
aengoirsdegd slot 46 and m equals 100 drop generators 6aHpegiest /AR5
each of the opposing ink feed slot sides 46a and 46b. In other 5
embodiments, any suitable number of drop generators 60 can be
disposed along ink feed slot 46. Ink feed slot 46 provides ink to each of
the n drop generators 60 disposed along ink feed slot 46. Each of the n
theaiagerloratink B@dwhidides G agdesistodson gangsaiorafifrasatsdber
AR [eEAR 4B 6RO BR el haRALE HAULEHAMBE B85 dSnerators

caI coupled to ink feed slot 46 through at least one ink feed channel
aiqq%emﬂ@n@y&fﬁ@%%ﬁ@raﬁdda J QB URP genstatss §9 pcated
aRMGQUech S ahe appdsimjdnk fledd blotsidanatzatind 48tanihetkér6 and

b it A S L e

elonmg ilntesdatieliihead die 40. Firing cell 70 includes a firing resistor
52, a IRt VeReDides RRAAIBPIHLH Y Jeddritgrsasistor 52

is part of a drop generator 60. Drive switch 72 and memog cwmé‘t 74 are

B&HQﬁeﬂ‘lé’El’r& ?ﬁ%&ﬁrﬁ%l?ﬂ?@ abbrAfERPHEmIatE &, Hees &

thiiy esidtincs 2 eaistpohiZatfon ey aratctGesdndnaamaithisfiBash ot theend8
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lect led to f; line 78 that t f
R IR BRothiR L GBS0 RO B clectrically
coupleBigarmédnsonylzgeant Mstratiog onelerthedimentdidrifieng wiit G072,
&iﬁeb&ggémﬁcfdmgﬁ%%meﬁﬂoﬂ@ Al inGER AR anAES: finRg

lin recelves a data signal that represents part of an image
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89 =it oh Mep\gensraesHto4 Biaeswiteh i ehdateasiy sreialiedray

E%ert of the circuitry that controls the application of electrical current through firing
resistor 52. Firing cell 70 is formed in thin-film structure 48 and on substrate 44.
In one embodiment, firing resistor 52 is a thin-film resistor and drive

switch 72 is a field effect transistor (FET). Firing resistor 52 is elecirically
coupled to a fire line 76 and the drain-source path of drive switch 72. The drain-
source path of drive switch 72 is also electrically coupled to a reference line 78
that is coupled to a reference voltage, such as ground. The gate of drive switch
72 is electrically coupled to memory circuit 74 that confrols the state of drive
switch 72.

Memory circuit 74 is electrically coupled o a data line 80 and enable
lines 82. Data line 80 receives a data signal that represents part of an image
and enable lines 82 receive enable signals to control operation of memory
circuit 74. Memory circuit 74 stores one bit of data as it is enabled by the
enable signals. The logic level of the stored data bit sets the state (e.g., on or
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enable signals. The logic level of the stored data bit sets the state (e.g., on
or WO 2005/105451 PCT/US2005/011395 9 off, conducting or

non-conducting) of drive switch 72. The enable signals can include one or
more select signals and one or more address signals. Fire line 76 receives

g&ﬁr(gysflgnal comprising energy pulses and providesgy8e5iihN5ese
%lrlng resistor 52. In one embodiment, the energy 5 pulses are provided

by electronic controller 30 to have tigmed starting times and timed duration
to provide a proper amount of energy to heat and vaporize fluid in the
vaporization chamber 56 of a drop generator 60. If drive switch 72 is on

ofEQitsidaitnay dhasmeonyyniise) bédtivéisnder J8t0T 152 ¢odhdasiand|ejeut
bl STB ropAensialen bl VB RU2 InafbaagepgRducing) the

does no ring resistor 52 and the fltid remains in
drop gemémdfﬁe@cqwga@@@ws@mﬁhﬁmagwnﬁrgwm@%ﬁ@d

roRRA BeBhEf G pinkisto Iﬁﬂﬁ&\%@%&w 0. Cell gieasmisstinated, @icléRedgifing
cell array 100.includes a Iurallt L%r}%ﬁ bs\zo arran gge mtgln fll‘%nd
AR RIRVEA BY P ORI SO R G Taits
tiﬁiveél@JQ{M&]@EW@&@;@%M@&M@M@&W@wlmfmecftwbe
SHASh NGB0 SUIARIEAUID RIS i A8 LRRAVOZEH 7 RedR U

or mor groups |n ce s 70 in array 100 are

(seh@mbﬂ@hltb%ﬁ%@fgé@%@ il%wﬁ"%aeﬁ'ﬁ&m éﬁwF%hw#@E%WgtJMﬁ*mg
fFEﬁ’H%?(Q) &1@@?&?‘6@'metﬁdlﬁ@rﬁwm%ﬁlnﬁﬁm%dhaﬁmgp&h@amﬂe

h ro f fi 20 h
4t A&sﬁ R Bl e AR B R eren
of sulkjgoup @rsa&ah:hawﬂ@&agt@@ﬂ!ﬂﬂ@%gmmmﬂl@em% amaiet
ot R gsﬁ %aﬁaw FHRRR SIS, SGhaXeR array Gd0thRIRIRMe the

correspon roup of firing cells 70. The m columns are electrically

r&wlawtwiaﬁna &f%{'ﬁ SaveRgErIRin BEP sty 8D, D2
driPodREBAREHNRY cEREMAIS amamgd s sin ciredgs fipin g 02t @hinleach

T SARe TR Tng 3137 308 A2 SH R S%Hp’é?f?fﬂié AlnfslPued

group or a groug, Is e ectr couple to one
finé roufzd (Red &m@mms beﬂﬁ@i\%ﬁﬂ@ gsaepsotOdae @3& lines

108&—%9@%#%%@@#‘@”&’ o0 ineaahaldiafijinearisdiftiL3Rwee

T Coumare The L 1Bwe O firing cells 76 aia elocibah/ Sotned (6 Znstis"
lines 104 that receive enable signals. Each row of firing cells 70, referred to
herein as a row subgroup or subgroup of firing cells 70, is electrically coupled to
one set of subgroup enable lines 106a-106L. The subgroup enable lines 106a-
106L receive subgroup enable signals SG1, SG2, ... 8G that enable the
corresponding subgroup of firing cells 70.

The m columns are elecirically coupled to m data lines 108a-108m that
receive data signals D1, D2 ... Dm, respectively. Each of the m columns
includes firing cells 70 in each of the n fire groups 102a-102n and each column
of firing cells 70, referred fo herein as a data line group or data group, is
electrically coupled to one of the data lines 108a-108m. In other words, each of
the data lines 108a-108m is electrically coupled to each of the firing cells 70 in
one column, including firing cells 70 in each of the fire groups 102a-102n. For
example, data line 108a is electrically coupled to each of the firing cells 70 in
the far left column, including firing cells 70 in each of the fire groups 102a-102n.
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example, data line 108a is electrically coupled to each of the firing cells 70
in the far left column, including firing cells 70 in each of the fire groups
102a-102n. WO 2005/105451 PCT/US2005/011395 10 Data line 108b is
electrically coupled to each of the firing cells 70 in the adjacent column

YL pygver to and including data line 108m that is elegirigat¥os/o11395
coupled to each of the firing cells 70 in the far right column, including firing

cells 70 in each of the fire groups 1028-102n. 5 In one embodiment, array
100 is arranged into six fire groups 102a-102n and each of the six fire
groups 102a-102n includes 13 subgroups and eight data Il line groups.
IDathdinemdiinlisneletiricatiyncafflarhiv badfkﬁngeﬁﬁng)c@ﬂs BoikatHe adjacent

neamﬁﬁ QRS0 UPR 02 8rH0ARAR 9 %%arﬁ' BAtS: DL Aty

s and data line groups. Ina odlment Ire groups

29 arshet ﬂhﬁf@agmlia ?%mﬁ@etmr gahisolumpanedingidugselis

aml iHach 6F HeHRS ghasiratp R b2, the fire groups 102a-102n can have
adlffer?ntnumb r fsubg ou s d/or data ne grou s as com ared to
any oth B8 TRATRET AEAY 1RCaSATBROCHOIP 6076 SEPLER 04 1020

daﬁfdreaclmoﬁtbenstxfﬁmrgmqﬂs mEaé @2mipelcei¢ol Bsybgthapsangreight data
b SRGHpIaR BRI B RAR ﬂ%ﬁ%@r% n%@Qﬁfaqps 1;34{8% ﬁ{g%

as compared to any other data line e firing ce In ea

finergasih ok fregrorgs 98 éfé%%rﬁiwlwe@npﬂéw*ﬁbwmﬂéqi@hﬁwps
Jé:&adhl@mémﬁsa;woupam?@n@@m@ﬁﬂmélgm@ﬂbz&@zﬁla%rmlhfmted

led f line 110a th fire | FIREI
B RaR B S e R s o e saeh of
filelffie gmm&t%d@%sanézsmﬂﬁeeemwm@naﬁ BURER wrsdaswl/am,
Uaig ARddralpding dieyssrsid QD Yiherfia gasih alohe fig ffﬁ"é%&ﬂdﬁ

electrically coupled to fire line 110n that receives fire s&al or energ

STERAISHIRICHP IPRAdAKE A, Liereut HE ARG Eing sel &h ATREmA o
gany peh&O8abdrodp, iarrl esiticdiyedinepipolio castrVB R diFéReRDABHDE b2

L

ena B%a 1 06L to enable one

subgrothpofifiRhgade|ig070 eprb o Hamhie Gring 20 Gorerel alectiigalivs

Qéuﬁ]@d 1olYRERSPIHE SO SRR RSS O%O&ﬁﬁgaj'fbuﬂ‘ﬂﬁﬁt%éémﬁlﬁ@ firing

D2 oredinm ry. Cirguits
cells701s eliec rTica?Iy coup?erg? >;‘we ﬁne 17 Oa tLat receives fire signal or energy

signal FIRE1. In fire group 102b, each of the firing cells 70 is electrically
coupled to fire line 110b that receives fire signal or energy signal FIRE2 and so
on, up to and including fire group 102n wherein each of the firing cells 70 is
electrically co'upled to fire line 110n that receives fire sighal or energy signal
FIREn. In addition, each of the firing cells 70 in each of the fire groups 102a-
102n is electrically coupled to a common reference line 112 that is tied to
ground.

In operation, subgroup enable signals SG1, SG2, ... SG, are provided on
subgroup enable lines 106a-106L to enable one subgroup of firing cells 70. The
enabled firing cells 70 store data signals D1, D2 ... Dm provided on data lines
108a-108m. The data signals D1, D2 ... Dm are stored in memary circuits 74 of
enabled firing cells 70. Each of the stored data signals D1, D2 ... Dm sets the
state of drive switch 72 in one of the enabled firing cells 70. The drive switch 72
is set to conduct or not conduct based on the stored data signal value.
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30 enabled firing cells 70. Each of the stored data signals D1, D2 ... Dm
sets the state of drive switch 72 in one of the enabled firing cells 70. The
drive switch 72 is set to conduct or not conduct based on the stored data
signal value. Il WO 2005/105451 PCT/US2005/011395 11 After the

@gﬁﬁ&f g]g selected drive switches 72 are set, an e”ergypé‘ﬂﬂﬂoosmnws
E1-FIREN is provided on the fire line 110a-110n corresponding to the

fire group 102a-102n that includes the gelected subgroup of firing cells 70.
The energy signal FIRE1-FIREnN includes an energy pulse. The energy
pulse is 5 provided on the selected fire line 110a-110n to energize firing
resistorafer ihefstapselthéGsthedtba deivosgitchisy Al e Swifehesnédgyl he

&ﬁ@?ﬁ%ﬁi”ﬁlﬁ@ﬁ'ﬁ Cﬁ'&eﬁ ﬁ:%dr?é‘?: q‘%@gfﬁ%‘c%?%&%ﬁq Qe

tan image repres nte data sig na

eﬁrmquua1Qaagm@tbat.m@@eﬁﬂmmmgsaam@:gm&rmglqawm Drhe
H@@g@%ﬂ@ﬂﬁnﬂw@m;aaw@amm.@g BOREDY THE N behide REN
to ene !%gﬁ res s%ci@’s dz in t{ue enabled sub roug continues until
PR BB PEIeEE 5 R b U2 AN g e A RS s
pﬂangjeelllm'i@ thaldried dwedycling Hififa daihestiyratp enedgjﬁaig‘rmig

SHedstola Sz heband, @P@?Aﬁr&%ﬁﬁ@eﬁ{?%ﬁw Shhroup in a

e newly enab subgroup Stores

erent fire
dr@t%r%fi@ﬁéﬁg %Mdﬁz sigppie Bbvided. amdafaamw&mafgosmm an
esdigoaiooplif R BditE iRE&dsRY Avdedpaiens:, efxhe fing [ings bHapdd On

SRS B SRR 0 S SR AT RLAETG o BB AT B i
giesistorsi§2als iBeana®?, subgGlnositineaktatiigriaieddtop? ... 20 Dm
providef) gRdlatanifineioas it tgy ! c?:%?@?ﬁkﬂﬁﬁéw% o%e% 2

Dm on data lines 108a-108m are tlmed Ivision multiplexed data si

Aelgets fire sEaupida §9m sehesrsp WB%EEW§Q@2§%IM drlve
sutidelyesto Blbeiimit creitie afbthetsubioan B Redde ManmddRas-FdREN

8 TR IR BB S P R R T e 17, B e e
mdﬁ%m@&a@@%a&mm@ne@m@ﬂﬁnmﬁﬁm proyided on one

Qfﬁi?@f’ff‘éqme%fﬂ oset RhnigeAdigne Afflgleidisrsharard fidne eelbdRl is

ofne em od} of firing
iring cells any one time, only one subgroup of firing cells 70 is enabled

by subgroup enable signals SG1, SG2, ... 8G__ to store data signals D1, D2 ...
Dm provided on data lines 108a-108m. In this aspect, data signals D1, D2 ...
Dm on data lines 108a-108m are timed division muitiplexed data signals. Also,
only one subgroup in a selected fire group 102a-102n includes drive switches
72 that are set to conduct while an energy signal FIRE1-FIREn is provided to
the éeiected fire group 102a-102n. However, energy signals FIRE1-FIRER
provided to different fire groups 102a-102n can and do overlap.

Figure 6 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell 120. Pre-charged firing cell 120 is one embodiment of firing
cell 70. The pre-charged firing cell 120 includes a drive switch 172 electrically
coupled to a firing resistor 52. In one embodiment, drive switch 172 isa FET
including a drain-source path electrically coupled at one end to one terminal of
firing resistor 52 and at the other end to a reference line 122. The reference line
122 is tied to a reference voitage, such as ground. The other terminal of firing
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cell 70. The pre-charged firing cell 120 includes a drive switch 172
electrically coupled to a firing resistor 52. In one embodiment, drive
switch 172 is a FET 30 including a drain-source path electrically coupled
at one end to one terminal of firing resistor 52 and at the other end to a

wEietshEg4ine 122. The reference line 122 is tied to a refprenRoiitinges
such as ground. The other terminal of firing WO 2005/105451

PCT/US2005/011395 12 resistor 52 is electrically coupled to a fire line

124 that receives a fire signal or energy signal FIRE including energy

pulses. The energy pulses energize firing resistor 52 if drive switch 172 is
rsyis(@oﬁﬂimﬁlmy)naﬂb gaupled deiadisliteh 127Xt igt reseives mfjie sisnal or

ene A ﬁﬁ?leFJﬂ%é Hahdin é%ﬁ?%ﬁl@ésa REMeRGISIRES Ereiigcdtiag

o the sequential activation of a pre-charge transistor 128 and a
f%&ﬁﬁﬁaﬁé‘l@‘@ﬁm@hﬁﬁ@ i 9 (CRRLiBgkh and gate of pre-charge

transisiqy =@ afr?m}e@maﬂyl zousied pstorptR chdigeatizeitd2 M6 that -

receives a pre-cha e of driv t ' ctrically
%HBIEU%%)%GH?%?%SU?& path Or%pre lgré e 'E?\géggis c%r'Z @g ? and the
achieaticroof eeppathafgselensisiersidd ead@ m@gﬁww%é@%iﬁgﬂf@n-

ﬁr%éssps IRciHaYbieorpletiaasfiaridRe 1%%&8@:&%\4@3? aotpleatisignal.
torage node capacitance 126 is shown in daﬁgted “nﬁfﬂas it is féﬁ:t

ptﬁ-@hﬁ@esﬂmcﬁiiba%ﬁéﬁ%éWeacééb%%ﬁlﬁnéépg 831397 gHve ¥

13} = @schRalged @sictl amodyaesoarte path afatmeichamisttranh8ieic IR
address transistor 13 d

B e AR o eelea rane e taRe HASEpbrs i Eotor

180rsiietiorathf dawlaﬁmsQﬁ#lqg@nﬁréﬁé@aﬁb@ﬂaﬁ%@f@?'@%@ﬁé‘ The

13:‘? 8%8@9&%5%6@%@‘9161&%%ﬁﬁﬂ%@%&qmﬁmwp% 8herive
rain-source path of select trapsistor 130 ferencn?)kh@7 22. The

Swieh e AIREIARY 26 SRECT ARBR TR TL AN L A EnEe
usednkinatimoigalanaitsistor 136, first address transistor 138 and

second addy %%gﬁtﬂsi%or thﬁfegé'ﬁ%pﬁéléfgp%daﬁﬁ@i%m%address

capamtance drive'switch 172. The gate of data transistor 136 is

trensistionigCivchide drimepyice patheibptarelestisrivsonried B RiRlle!.
TEBE)&%W%PMW%@&HU#%‘F a@aaﬁfswst&&@eemetrmmM@mwm%nd

sgpoégsasd pgSéL ‘t‘éﬁ?%ié? g Sbvls eﬂac rrlgg' gugllgd @‘Qv[v):?elf:i%e &%%EQ&Q%@
path of select transistor 130 and reference line 122. The serial circuit including
select transistor 130 coupled to the parailel combination of data transistor 136,
first address transistor 138 and second address transistor 140 is electrically
coupled across node capacitance 126 of drive switch 172. The gate of data
transistor 136 is electrically coupled to data line 142 that receives data signals
~DATA. The gate of first address transistor 138 is electrically coupled to an
address line 144 that reeeives address signals ~ADDRESS1 and the gate of
second address transistor 140 is electrically coupled to a second address line
146 that receives address signals ~ADDRESS2. The data signals ~DATA and
address signals ~ADDRESS1 and ~ADDRESS2 are active when low as
indicated by the tilda (~) at the beginning of the signal name. The node
capacitance 126, pre-charge transistor 128, select transistor 130, data transistor
136 and address transistors 138 and 140 form a memory cell.
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second address transistor 140 is electrically coupled to a second address
line 146 that receives address signals -ADDRESS2. The data signals
-DATA and address signals -ADDRESSI and -ADDRESS?2 are active
when low as indicated by the tilda (-) at the beginning of the signal name.

wﬁ%dﬂgﬁ%%? capacitance 126, pre-charge transistor 128, selpekitassieios
130, data transistor 136 and address transistors 138 and 140 form a

memory cell. WO 2005/105451 PCT{§)S2005/011395 13 In operation,
node capacitance 126 is pre-charged through pre-charge transistor 128
by providing a high level voltage pulse on pre-charge line 132. In one

embogimpatatiiier ibdeigbdeitahsmtagdspriseranga thiwgle precchaien
{ ATA |

(AR o By T 0 PR B M DS RAE P2, 1
pne\drtbdimentdaiies thedyanie v yolleeedyisenB BateRangeifEteatitieds

H@tﬁ%ﬂﬁél@ﬂﬁ@isﬁﬁ%‘?m&lgﬁ 50 lfﬁé‘ﬂ%%@ﬂfé ¥eitaas maﬂfﬂstor
sufficient magnitude is prowg%ﬁ%rl ctI 4 to turn on

eI AIPEBa REABES (2 Yonimys %’for
é@&e&@ﬁlﬁﬁﬂ@ﬂ%ﬂdﬂ%hﬁh’ﬁmé&mwm fiest ot eselrteansistorsiS®ando

% on (1['? Irst aggﬁ%o%%ﬂgg %@%aér?gﬁ secon rrgﬁ Hﬁ%

?ransstor ress transisto ress transistor

pewided an seleotingntigde Mﬁh@%éﬁ'&%@&ﬁ%ﬂdﬁ&%@ﬁ MRAR cell if both
@M&%m%r&% G tahSHIR S Zidtatiuneas damidor 138

t ) rd if d I DAT hi
N e
174 mmmgdnhmgataﬂrdrw]steaéﬁﬁnﬁsifaﬂ@mmﬁt@@slstghéﬁ and

pogggﬁésgq%ﬁggﬁﬁgggelg (high and node capacitance 126

dlschar es regardless of the data signal -DATA voltage_level. The first

and sé%@w@l’étﬁﬁ‘é§'§ﬁﬂi?@'51895‘ﬁ36 %ﬁ@@%gm&@' ifipoth address
QgﬁawAEMs1rmlsmnaEmnmammlm leashcitance ¢26

B (R DS s s

any num er (0] ogies

aErAFﬁgemI@MIs R.te nmgw firing seliatthis m@t&mﬁ@ﬁﬁﬁésééiﬁmﬂiﬁcﬁie

e ~ADBRES BiRY-HDERREbiR AT and

ﬁnes 144 25 and 146, the output of which i |? f]ou Ied toa sanlf;‘i_ ran istor.
node capacitance 126 discharges regardiess of t ata signal ~ age

level. The first and second address transistors 136 and 138 comprise an )
address decoder, and data transistor 136 controls the voltage level on node
capacitance 128 if pre-charged firing cell 120 is addressed.

Pre-charged firing cell 120 may utilize any number of other topologies or
arrangements, as long as the operational relationships described above are
maintained. For example, an OR gate may be coupled to address lines 144
and 1486, the output of which is coupled fo a single transistor.

Figure 7 is a schematic diagram illustrating one embodiment of an inkjet
printhead firing cell array 200. Firing cell array 200 includes a plurality of pre-
charged firing cells 120 arranged into six-fire groups 202a-202f. The pre-
charged firing cells 120 in each fire group 202a-202f are schemat'ically 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
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Figure 7 is a schematic diagram illustrating one embodiment of an inkjet
printhead firing cell array 200. Firing cell array 200 includes a plurality of
pre- charged firing cells 120 arranged into six-fire groups 202a-202f. The
pre- charged firing cells 120 in each fire group 202a-202f are

sroeaiimaly arranged 30 into 13 rows and eight columns p&igidbiRs/or 1395
groups 202a-202f and pre-charged firing cells 120 in array 200 are

schematically arranged into 78 rows @and eight WO 2005/105451
PCT/US2005/011395 14 II' columns, although the number of pre-charged
firing cells and their layout may vary as desired. The eight columns of
Reguehesgsthbigly thellsubliteact miecttagliv Gidng leelldamigheildgdutesay
%ﬁ? uB{étpé t receive data signals -DlI, --D2 ... -D8, 5 respectively. Each
ee columns, referred to herein as a data line group or data

group, Tr'i'@lmﬂli!i pelLBIE -gERrenshgreandiinng sslisabefsrenelesirisaliyeeupied
@%@Mﬁaﬁﬁ@% Qbﬁ&iﬁﬂﬂmlh%d&@eia&a@gﬁalymmwg charged
firing ce[ﬂ? ;é)afj‘lrﬁf tri caII Ied to I‘ﬁa data Imea% ?a -208h.
FORPREUEY dﬁtee r%\'ﬁa[ﬁ ﬁﬁg% RIS & g7k fye aroup
mmialaogtoubammaﬁrdmhdrgemmzel&ﬂmmﬁwmﬁﬁa&lwxdm@@mps

f firi | )
g?ﬁ%g %ﬁﬁne 2088 is e ectrlclgpe%t%miegw ggﬁléﬁd& ﬁ"?’?go n
ﬁpé'scﬁaggé@’ﬁﬁﬂga&&@mﬁedﬁqweﬁré?fﬁg\ll? dalarinesi 0BG vcAberged

@Tﬁ@ﬁgé@'fﬁlﬁg%@ﬂg opthe o iﬂ%tfﬁﬂ?#@g@@@&f%?&?f@ﬂﬂ@&@%btﬁhe r?ame
eectha of the pre 15,¢ Irin 120 in the
m%l%ﬁﬁ‘%ﬁgﬁ é-%%soegleg%zra cou fﬁgludlng 823?1 Qthat is
Mmratatwtaﬁmlﬁcetpremﬁmgem&moaﬂafg%lmlrﬂn@czcélummzo in the far

right columimnDonsing QE%EQFQ%BJE!@&J A ResaEoRhiGEd Big
groups 202a-202f. The rows of pre-charged fl(r%g cells'120 are electrlcally

QSU%I'E%OtE‘ the fardedcolian. Jodudbseyeritargsaifiingerlis inggra el the
filgroupd zagamvmtimmaaamddmm@mé&m isea@fithé pre-

cFe ggre%rﬂed f'mil% (i%snl %‘e’ &3 géﬁ%g @8 i e v&\%ﬁ%r%\? lREh.[dl

re -charg ed ring-cells rlca ry cou two 0

w@@m@é@nﬁbgtz@smmlmow&sdd%g@mfﬁhg @E§+§hﬂﬁﬁiﬁ %rlnweﬂs
9909F0HR AErRIaCstRAY GAHDIARYR erERGRa MMEVRIRIIESS 456 of the
o8 Oy 09a.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
120, referred to herein as a row subgroup or subgroup of pre-charged firing cells
120, is electrically coupled to two of the address lines 206a-206g. All pre-
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 SG1-13 in fire group cne (FG1) 202a, subgroups SG2-1 through
S$G2-13in fire group two (FG2) 202b and so on, up to and including subgroups
SG6-1 through SGB-13 in fire group six (FGB6) 202f. In other embodiments,
each fire group 202a-202f can include any suitable number of subgroups, such

as 14 or more subgroups.
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The subgroups of the fire groups 202a-202f are identified as subgroups
SG1-1 through SG1-13 in fire group one (FG1) 202a, subgroups SG2-1
through SG2-13 in fire group two (FG2) 202b and so on, up to and
including subgroups SG6-1 through SG6-13 in fire group six (FG6) 202f.

‘;Jbggagﬁtgggpodlments 30 each fire group 202a-202f can ipglge@RMi1395

. suitable number of subgroups, such as 14 or more subgroups. WO

2005/105451 PCTfUS2005/011395 135 Each subgroup of pre-charged
firing cells 120 is electrically coupled to two address lines 206a-206g. The
two address lines 206a-206g corresponding to a subgroup are electrically
couplgrhih Hw@nsm@aﬂmeaﬂmg@dm ¢epsigis eldBianaky boOpiedito

e . firi ng
% J;l g 1 IeI ec rlca uplgﬁ%uﬁcg{%ggehg%e@%% %ﬁéﬁédtﬁans (s)g%h(r)]r?d
taoajsebsnmanamimaaamcmbedﬁg e foeh and Garons ipddress Acs oss
%@%Haai%qﬁml Fbteﬁék%@@m@g thaoiber Peaubg biip! aDREsRsRads

dress transistors 138 and 1 addre Ilnesé% e% g ﬁ ecelve
(700e-C0FIS SIRFiRRby oA L P IS GBIR T80 BN I e e e
Sdgneds tahsidrs ﬂSBMMﬂ]ermtb@roﬂm addies s ity 208206y lisws:

Sl T O R SR

transisiors $38 argd404 Theediresniines@eqs 2806 soelve addipss Swa's
<Ay H3L; &ﬁ%@ are%aﬁpémzprmcsmaadcﬁ@s%z. ndRGT, A2, -A
SG1:8 SG2-8 6%‘%9 %EOS SG2-9 ... SG6-9 -A2, -'A6
’3“@1*%‘%@‘291%193 reRsV08 IgWs1 55011 . sG6-11 -A3,
A4 SG1-12, SG2-12 ... SG6-12 -A3, -A5 SG1-13, SG2-13 ... SG6-13

RS E BT R i AU Cet R B Gagrelips Sed by providing
~A1, ~A2 8G1-1, 8G2-1... 8G6-1
~A1, ~A3 5G1-2, 8G2-2 ... SG6-2
~A1, ~Ad 8G1-3, 8G2-3 ... SG6-3
~A1, ~A5 SG1-4, 5G2-4 ... 3G6-4
~A1, ~AB §G1-5, 8G2-5 ... SGB-5
~A1, ~A7 s$G1-6, 8SG2-6 ... SG6-6
~A2, ~A3 S$G1-7, 8G2-7 ... SG6-7
~AZ, ~Ad4 5G1-8, SG2-8 ... SG6-8
~A2, ~AD 8G1-9, 8G2-9 ... SG6-9
~A2 ~AB S$G1-10, 8G2-10 ... 8GB-10
~AZ, ~A7 8$G1-11, 8G2-11 ... 8G6-11
~A3, ~A4 8$G1-12, 8SG2-12 ... 8G6-12
~A3, ~AD SG1-13, 8G2-13 ... 8GB-13

Subgroups of pre-charged firing cells 120 are addressed by providing
address signals ~A1, ~A2 ... ~A7 on address lines 206a-206g. In one
embodiment, the address lines 2062a-206g are electrically coupled to one or
rore address generators provided on printhead die 40. ,

Pre-charge lines 210a-210f receive pre-charge signals PRE1, PRE2 ...
PRES6 and provide the pre-charge signals PRE1, PRE2 ... PREG to
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address signals -Al, -A2 ... -A7 on address lines 206a-206g. In one 15
embodiment, the address lines 206a-206g are electrically coupled to one
or more address generators provided on printhead die 40. Pre-charge
lines 210a-210f receive pre-charge signals PRE1, PRE2 ... PRE6 and

WEONIG ¢, pre-charge signals PREI, PREZ2 ... PREG6 to W gRhekiedod
PCTIUS2005/011395 16 corresponding fire groups 202a-202f.

Pre-charge line 210a is electrically ggupled to all of the pre-charged firing
cells 120 in FGI 202a. Pre-charge line 210b is electrically coupled to all
pre-charged firing cells 120 in FG2 202b and so on, up to and including

dUeceharamimeadRiueroelpoicaly-chunjediie 2ita selcbateply firing

cells 120 in FG6 202f. Each ofthe pre-c | a2l Ofis. &

SRR LSl R B e G iy Sl 1203 Koo erd Gl fne
ZHirdealentdastitr sagdad 0 eltpieaifoaRmiiingcghs ip @ 620 20 2randll
Y Sncllpeshling kg prlciiorybrmeraier g e LitacagiestinadYo all

coupled to only one pre-charge line.210a-210f. Thus, the ngde
RRRHSRELE1S SRR ARBIB TR Ao AR AP TR B 4fe
2% as Hdtrcalivhangsiddie tive\jete gtidedretnresoa diath pfeit hitioe mignal
PREI, PRE2 ... PREG t [ - i - :
g8 ivsio. 5] M S AERRIR AR Sue PIaE A0 ARG
Hrargee liiacserdet 199 iaR e oouprE2a-262f asaelestieafbretripdio only
SHOWRs-charge4Re2dthaelert TiRgs2dvariscel ealsiriiiy 664 ntasidatlbre-

pre-charged firing cells 120 in FG1 a ect line 212b is electricall
R RAIFEIE b RAT TR G AL A oS SHOR LR RS TG
anckbipdnding melebtlige G4rR4tRRE Is BREYicaRRESUp| dibtooatepperstiagged
_02f. Each of the select lines 212a-212f is

e

firin Is 120
'jevlee_gt?%:%li/lilé%%zlp‘ilg%%?ﬁ ate of all of the select 20 transistors 130 in the
correspoIpainigaRe tawd %%EEW?%%W&%%%&?H%MQ%@ 499 in
;ﬂélfﬂ@!ﬁé;@é!@&f?s%ﬂafsaiﬁ%ifﬁﬂuallx @%md corfewmwegrmups
a- .Fire lines a- ecejve fire,signa e |

R R e R
RRIBEFG PB02acr &siestding 2itahgisoeiestdoly-coplad e mieEtaharged

Rgtosly sonPiRsbtodh Qﬁ?‘%%ﬁﬁ% fionaeRlRbRR indEliRe 2a 2 irRt

Ine 214b is electrically couple

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 fine 212a-212f, '

Fire lines 214a-214f receive fire signals or energy signals FIRE1, FIRE2
... FIREG and provide the energy signals FIRE1, FIRE2 ... FIRES to
corresponding fire groups 202a-202f. Fire line 214a is electrically coupled to all
pre-charged firing cells 120 in FG1 202a. Fire line 214b is electricaily coupled
to all pre-charged firing celis 120 in FG2 202b and so on, up to and including
fire line 214f that is electrically coupled to all pre-charged firing cells 120 in FG6
202f. Each of the fire lines 214a-214f is electrically coupled to all of the ’r-"|ring
resistors 52 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 fire line
214a-214f. The fire lines 214a-214f are electrically coupled fo external subpiy
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to all pre-charged firing cells 120 in FG2 202b and so on, up to and
including fire line 214f that is electrically coupled to all pre-charged firing
cells 120 in FG6 202f. Each of the fire lines 214a-214f is electrically
coupled to all of the firing 30 resistors 52 in the corresponding fire group
wo94R7ad4d; and all pre-charged firing cells 120 in a fire gpeyRSeso2Qes
are electrically coupled to only one fire line 214a-214f. The fire lines
214a-214f are electrically coupled 1@ external supply WO 2005/105451
PCT/US20051011395 17 circuitry by appropriate interface pads. (See,
Figure 25). All pre-charged firing cells 120 in array 200 are electrically
ci@itR/es) Wppripiesrnitcifze padhalSeddtigtra2@fe fehorenbieagrd liod as
Thus, pre-¢ %
eﬁﬁe a{Pg%r i % % qggl\}% (Egy iolg Pe'l’%ré”n&%"lh%’?%&t@é tied

rng E&Nis areele rlca coupled to the 5 same address

to|m@‘ezeﬁaez@ﬁggpréxmﬂmganmi16&@1&%&%@%@?fﬁagzaeiﬂs 478 fire
ot e B}éleﬁé?dlémfm@estlemmar@@weammwﬁ @@2f are

a 155
b R e P LA T R

anb gifé tirgy Qap=c2dkf. 10 starts over with FGl 202a. However, other

sequIen(g:]%Sraigﬁ rpg\ Cyc q]ﬁ.l.ea?ﬁ 18R 08 2DRSE sEISRIALSSS

signals rou ht € 13 row subgroup addresses

firpehoruaeRsiingFSioaP2a b@?@lﬁ?@&&%@ée TiR2£0qR nshis Relagiedny
befofetedaamR 9B aAdigss F@@mw&@ngﬁﬂmwmmwbwp 15

*address durin cycl throu eflre rou dress
Stgfﬁ]a@rmltbk aiggz’Sel &W&’i’g row su%ecrloﬁ?)cln & %16}1%9 yé%?%?ups

él@é’t&rﬁ’@ﬁfdpben&nmde through the fire groups 202a-202f. For the next

cyclerfiroy ég%. WS@P%QOZLAT%QQW%Mrtﬁésrz\rovﬁaubgrb\zp
are changed to se ect another row subgroup in he fire ﬂa?g%%
s%ﬁ’

adiypEsee FR IS TRREBHAG AUSY §YRE" AP 2ddress KisS RNy
~ Aglecumqtﬁ@bﬂféd@w aamgupam zweagmegsaneet ﬂmﬁeAawrsumg rasp

d
oSO R bt O AR R ol ARy o e

's:gpalsaﬁén M2 .of thE ﬂaéegt@ups'm@zabmwnsjmsasbé}famfm BieKiSing a

of46-553F 5 SRl ER rioR e fir® GEGHS2U28-R0RF. For the next cycle
through fire groups 202a-202f, the address signals ~A1, ~A2 ... ~AT are
changed to select another row subgroup in each of the fire groups 202a-202f.
This continues up to the address signals ~A1, ~A2 ... ~A7 selecting the last row
subgroup in fire groups 202a-202f. After the last row subgroup, address sighals
~A1, ~A2 ... ~AT select the first row subgroup to begin the address cycle over
again.

In another aspect of operation, one of the fire groups 202a-202f is
operated by providing a pre-charge signal PRE1, PRE2 ... PREG on the pre-
charge line 210a-210f of the one fire group 202a-202f. The pre-charge signal
PRE1, PRE2 ... PRES defines a pre-charge time interval or period during which
time the node capacitance 126 on each drive switch 172 in the one fire group
202a-202f is charged to a high voltage level, to pre-charge the one fire group
202a-202f. ‘

Address signals ~A1, ~A2 ... ~A7 are provided on address lines 206a-
206g to address one row subgroup in each of the fire groups 202a-202f,
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charge line 210a-210f of the one fire group 202a-202f. The pre-charge
signal PRE1, PRE2 ... PREG defines a pre-charge time interval or period
during which time the node capacitance 126 on each drive switch 172 in
the one fire group 202a-202f is charged to a high voltage level, to

Rr6-faaueedpe one fire group 30 202a-202f. Address signgisriiNaifdds13os
-A7 are provided on address lines 206a- 2069 to address one row

subgroup in each of the fire groups 2}2a-202f, WO 2005/105451
PCT/US2005/011395 18 including one row subgroup in the pre-charged
fire group 202a-202f. Data signals -D1, -D2 ... -D8 are provided on data

linsiadifP ariz08iwtsubtpoigiein fte dre-alhéirgedfinepgrAG? 2626220 fc| Dditag the
Pg‘#(fﬂéswo ubgfeggatg msg@gg sharsed é@g @599&89,%%%@35@&

ct S|gh ELl provi ded on the select

maﬁﬁﬁﬂ@ﬂm@%gﬁgfg@@wg@ ﬁba@@@rzaszézmb%&amttn@ the pre-
rg@ fisRpropa.2§8ta-202f. The select signal SEL1, SEL2 ... SEL6

d f h t r.di th

156 o B A AL S e SE b LB RIREE T Se ReE e

Qdﬂmzmﬁfamﬁnesmed:tmgsdtﬂgfcgnmpoZDanMbcse@cﬁrthgnm*ap:ﬁ@wﬁ&f
gy t 20

ATl Rsacsul RS SERE RN SEa © e ey U e

dreeriaievahtp é“éﬁ%@ﬁiéﬂgfﬂ“ﬁ@eéﬁscil%?tﬁa%r@%aﬂf%%%ﬁfnﬁetﬁlé"tf’h 172

ﬁ@@ﬁt@%ﬂéﬁ@@ﬂﬁ@%ﬁ@@ﬁm@@mmmmlm uedada rogRabdrdup

-D2 ... -D8. voIt ev, the, node ca |ta 15 turns the
H?‘i@besiﬁ[f c‘itlefgj o%r? i gél?fn fte':r’d ﬁ\s/seesw chese%ﬁlln @ne%glue%ted
202gr203f 20daszeMng @ tﬂghdewmsmabﬂaénd%t, anrberfiemade

QL NRURLRPYSE do R AUEGL PR HEif elfiR: Akdalidheoeinsied fire
group 202a-202f. Pre-charged fmna ceIIs 120 that have conductlng drive

aislrgssed vthesriteied fire 9reH t%@zf ﬁ‘HS Reeling &y l8y [BvREdatRK
algmhajetiinkiiom mwawmmmimmém;&wmﬁw gasups

ﬁ%gt%%%] %eéﬁ%%ﬂ%@ﬁ 5“8[] éﬁa@select signal SEL1, SEL2 ... SEL6

or one fire group IS use the pre-charge signal PREL,

PRE2 Afterdrigasewieheli'frin fiosgleced mmrwa%a@%f@e%ﬂﬂ
B5Halidt BEbt e bHAEG, fah @nerfijtiss iBriRRagdrises prsadae seinetiire

line 214a-214f of the selected fire group 202a-202f. Pre-charged firing cells 120
that have conducting drive switches 172, conduct current through the firing
resistor 52 to heat ink and eject ink from the corresponding drop generator 60.
With fire groups 202a-202f operated in succession, the select signal
SEL1, SEL2 ... SELG for one fire group 202a-202f is used as the pre-charge
signal PRE1, PREZ2 ... PREG for the next fire group 202a-202f. The pre-charge
signal PRE1, PREZ2 ... PRES for one fire group 202a-202f precedes the select
signal SEL1, SEL2 ... SELS and energy signal FIRE1, FIRE2 ... FIRES for the
one fire group 202a-202f. After the pre-charge signal PRE1, PRE2 ... PRES,
data signals ~D1, ~D2 ... ~D8 are multiplexed in time and stored in the
addressed row subgroup of the one fire group 202a-202f by the select signal
SEL1, SEL2 ... SEL6. The select signal SEL1, SEL2 ... SELBS for the selected
fire group 202a-202f is also the pre-charge signal PRE1, PRE2 ... PREG for the
next fire group 202a-202f. After the select signal SEL1, SEL2 ... SELS6 for the
selected fire group 202a-202f is complete, the select sighal SEL1, SEL2 ...
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25 signal SEL1, SEL2 ... SEL6 and energy signal FIRE1, FIRE2 ... FIRE6
for the one fire group 202a-202f. After the pre-charge signal PRE1, PRE2
... PREG6, data signals -D1, -02 ... -D8 are multiplexed in time and stored
in the addressed row subgroup of the one fire group 202a-202f by the

wé%ﬁ%i??& al SEL1, SEL2 ... SEL6. The select signal SEleky@5e011305
SELG for the selected 30 fire group 202a-202f is also the pre-charge

signal PREI, PREZ2 ... PREG6 for thggnext fire group 202a-202f. After the
select signal SEL1, SEL2 ... SELG6 for the selected fire group 202a-202f is
complete, the select signal SEL1, SEL2 ... WO 2005/105451

Slfi_@?%émd ﬂliqré?g%uﬁ@lél@msﬂp@ovwddjr@@-@hgr@@d!ﬁrﬁ@%e’ﬂs 120
._provi Pre-charged firing cells 120 in,th I ire.Qr
B e g P e
~Bynat-BARE HirRER Y SITREM; IRELJTHYEh. efdRf0 furlddingAb @aRWYo
oufi8 SEBRTRHLH oA e Fe bradg 2esbipa timing diagram
illustrating the operation of one embodiment of firing cell arra ﬁo .Flr?
arouF9s 7 98 imming dingcesh N rina g RSl G0 Erehadiaey
offfiiing 68liai2P 26GeHienoisipsizalooRilard3@lectdndn sudinetsidratc300.
The data signals -R1,. -D2... == Hapepding gpdhe
eNREGAR Y 5’% g?%et%%g}ggt H%1#§§§éﬁggﬂ%§g regchaﬁdw?%'s'ijbg%up
indigated atb3R0fiEherdain mals 0B GoRBinatii® ARN@ateshangedn -A2
ot o v
row subgroup from each o ire groups - ., The address
SURGTRAR AR, 7 BIHBALAE SO B L CREA SIS or
~Ene cyale atsotighefimedzdoen2iRine’6 ThekfRO6ha 8 et addoeaplere, hw
ddress.sign 3 - e ress a
ST A B e o A R e et St

rent row subgroup 1e fire groups 202a-
~As dresR ToR) AR are setdo ona pddress, indicateslAtRRSuEAr ane RXRle
thﬁb{@fls ﬁgrﬁuagcmﬁﬁmtzrrm&uw@ym@t i@csggﬂae;imemferémm@mto
an acC .In other empo nts ress Al .
Al Aon o BOTAAE SHIEE e B actrE el sberone
frédeagheof yotefitergumipsi R0 2ec(R. 20he arbbressatishain e A2t A0 upletito
a@? éiggrﬁ&‘?t B%Pd&@%iﬂé R &PD%GE:%QJ%HH}&@ heG8a RMIps in

E1 signal309, including SEL6/PRE1 signal #]%Isg, 310. In one
sesiueRlinhasser fram one to 13 and back to one. In of odi

address signals ~A1, ~A2 ... ~AT7 at 304 can be set to address row subgroups

er e ments,
in any suitable order.

During a cycle through fire groups 202a-202f, select line 212f coupled to
FG6 202f and pre-charge line 210a coupled to FG1 202a receive SELG6/PRET
signal 309, including SEL6/PRE1 signal pulse 310. In one embodiment, the
select line 212f and pre-charge line 210a are electrically coupled together to
receive the same signal. in another embodiment, the select fine 212f and pre-
charge line 210a are not electrically coupled together, but receive similar
signals.

The SEL6/PRE1 signal pulse at 310 on pre-charge line 210a, pre-
charges all firing cells 120 in FG1 202a. The node capacitance 126 for each of
the pre-charged firing cells 120 in FG1 202a is charged to a high voltage level.
The node capacitances 126 for pre-charged firing cells 120 in one row subgroup
SG1-K, indicated at 311, are pre-charged to a high voltage level at 312. The
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select line 212f and pre-charge line 210a are electrically coupled together

to 25 receive the same signal. In another embodiment, the select line 212f
and pre- charge line 210a are not electrically coupled together, but receive
similar signals. The SEL6/PREL signal pulse at 310 on pre-charge line

“?&%smg‘-sgharges all firing cells 120 in FG1 202a. The ngggﬁ%@ﬂtﬁ%e
126 for each of 30 the pre-charged firing cells 120 in FG1 202a is

charged to a high voltage level. Thezmode capacitances 126 for
pre-charged firing cells 120 in one row subgroup SGI-K, indicated at 311,
are pre-charged to a high voltage level at 312. The WO 20051105451
rAE SUDGR0P HOAEI9 2t 206 celentb gubgroap B EdsiatBtbasddbr sighab geb @b

32”9 rgér@%qgg% 3&%@%&%{% BEsP mi.éﬁgrgwm ARSI 3 In

_ firing cells 120 of all fire groups 202a-202f, including the
fieareyeseR2ad2hinslusing te SRS srhRlasdreiam eurgsalp PRG 024

ggd pnmléig_argﬁ line Zﬂsz@gzma@a%:m mewmsl' e%ﬁvsliﬁélzmﬂggmall

, INC | 1 Sli ulse Sign
2R b g e R e oo ma dnd SEChrRERbntike
ieth @ peSEhAGREE A sSiynalid 0816 Fraelest 4ing B4 2a dde gpdbaaedect
t%@jﬁﬁiﬁeﬁgﬁq gcm'ir@sfgta@& Jiringyc&lif 430 in F&1 2% thed are

not in address selected row subgroup SG1-K. in the address 10

nesle AeRPRIANSANtAS irsehareeddr-alPse #nwettind FRllE et a4ib, in
A02a HsieRPRSCIKANeeRIdRE Db dha tidvewwiibhes:p BGEN-KoWrstlegrddess
SG1-K to either turn é@ gﬁv WitC. ?& ti% f .
R S TR G TP S el aies et et 318, i he
rtesapacitneage 28l ofithrydbissiiohasG2 romw sukoriieSGabécitance
AR ALARARE Givd TWRIPER tEsHERdifg 6r ofihdm @dRdieting2b is
charged to a high voltage level. The naode c%%a |tanc§s 1%? Er

pre-chEIg SERAFTREA IS4 RYlSRESIPLILE 'L?ba@@ e 18R A€ at 319,
chigrgpie-alnfrigg dddisar By m W2 goAby ditet Bad: Famaaitm e bZBdapestirebs

L300, 3047555 SR, i Rl 36 LAt B

UL IR IR et e A
Hremodeoapasiiancric 28 iy #e-shardad Uingaals (R0 f180rIGY Skhdieur
Jbs-frerdineailia PR eIt gl i vindinalerbpaB2R). The
rﬁy@%&@ﬁ ggg;gg’s%lflg&aée?fgést %u ngerch%pr) %Hﬂg Sha éoégtg%iglnal set at
328 is provided to data transistors 136 in all pre-charged firing cells 120 of all
fire groups 202a-202f, including the address selected row subgroup 8G2-K.

The fire line 214a receives energy signal FIRE1, indicated at 323,
including an energy pulse at 322 fo energize firing resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG1 202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PREZ2 signal pulse 316 is
high and while the node capacitance 126 on non-conducting drive switches 172
are being actively pulled low, indicated on energy signal FIRE1 323 at 324.
Switching the energy pulse 322 high while the node capacitances 126 are
actively pulled iow, prevents the node capacitances 126 from being
inadvertently charged through the drive switch 172 as the energy pulse 322
goes high. The SEL1/PRE2 signal 315 goes low and the energy pulse 322 is
provided to FG1 202a for a predetermined time to heat ink and eject the ink
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firing cells 120 that have conductive drive switches 172 in FG1 202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PRE2 signal pulse 316
is 25 high and while the node capacitance 126 on non-conducting drive
switches 172 are being actively pulled low, indicated on energy signal

w344 at 324. Switching the energy pulse 322 high pd¥lesiaesRedes
capacitances 126 are actively pulled low, prevents the node capacitances

126 from being inadvertently charged through the drive switch 172 as the
energy pulse 322 30 goes high. The SEL1/PRE?2 signal 315 goes low and
the energy pulse 322 is provided to FG1 202a for a predetermined time to
thremhimozaiescjdctatiesipkidig toli tosdeatiprmmassizuesidirimgorlis 1
rough nozzles 34 corresponding to the conducting pre-charged firing
cells_120. The select line 212b for FG2 202b andgre-ch%’% line 210c for

3 TheAe IRt iR b INRES Qb Brer AR IS WHRE S el
2024365325 SFARPRES SighHPREJrsiyniigp8EE2ZRREd sighaihpalse B26le the

| TS ; | .
AESER LR, ol hllE STageectod S0RAIAL AR S0 e e
is highirtteSERBAREhsignatipuss 3t andeiestliRefdab-itlag emsalect

rNEEhRI8edfEnehsH hd BRIBHERRAZRRAE Hank anneFsnasdness
selected row subgroup. SG2-K. Data signal set 10 328 for, su%r%ugg%

naglg sapastaBre ! 1o dieisrigsrhRy Allns CORoEsT B SElRo
202diflaiesranddm tcaitwressrestbetattinmvesuibgnesplSG K. (atd signg))set

" : : : )
8 0 SRR B2 Gt A e pre AL G e R oy
S@24% redisricd ahdady 1sigitherime tha v ewitahes 17 heneriusingiety
O it e Ao i 173 e LIRS ooy
ar have,conaucun Ive S . e ener
cl}ﬁggseg %@E‘S’& rﬁ@%?\'ﬂﬁﬂec Iag@ﬂﬂ/gﬁg%%ggﬁnal pulse 326 is high,gy
indicAtedint 234!b Tneige PRI SighahBl RER dreftmigdeas i dneluriag
e{% 7 lﬁgﬁﬁzm%%éa%éﬁf@@é?ésﬁéwkt@f%mg ehipkiBEe2o

ponding drop generator 60. 20 After the SEL2/PRE3 signal pulse
of f32,22b ety FmRdyrtieadrlys syifchesst s iR FRGZ F)pigERulse
33D TRYIO ViH el e SHEOVFRES 207 mbpulger 626 s highiGdi e af 8ié4.

Tlﬁ)er%gfillgk%rf é‘fé‘ﬁé%%e%%c&&'@sﬁm Qﬁ%“&%ﬂﬂr@@z energy pulse 332
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 select FG3 202¢ and pre-
charge FG4 202d. The process of pre-charging, selecting and providing an
energy signal, including an energy pulse, continues up to and including FG6
2027,

The SEL5/PRES signal pulse on pre-charge line 210f, pre-charges all
firing cells 120 in FG6 202f. The node capacitance 126 for each of the pre-
charged firing cells 120 in FGB 202f is charged to a high voltage level. The
node capacitances 126 for pre-charged firing cells 120 in one row subgroup
SG6-K, indicated at 339, are pre-charged fo a high voltage level at 341. The
row subgroup address at 306 selects subgroup SG6-K, and data signal set 338
is provided to data transistors 136 in all pre-charged firing cells 120 of all fire
groups 202a-202f, including the address selected row subgroup SG&-K.



10

15

20

25

30

energy signal, including an energy pulse, continues up to and including
FG6 202f. 25 The SEL5/PRESG signal pulse on pre-charge line 210f,
pre-charges all firing cells 120 in FG6 202f. The node capacitance 126 for
each of the pre- charged firing cells 120 in FG6 202f is charged to a high

wo/'akagssigyel. The node capacitances 126 for pre-chargpghiiiagoselitsds?0
in one row subgroup SG6-K, indicated at 339, are pre-charged to a high

voltage level at 341. The 30 row spibgroup address at 306 selects
subgroup SG6-K, and data signal set 338 is provided to data transistors
136 in all pre-charged firing cells 120 of all fire groups 202a-202f,
inclurhisgéhetittredaidetdoGai 2026 and grewhBEsline AOxio05E 0432
PCTIUS200 : lj 2 eO3E
re(ﬁg?cﬁ g,regcg ?ﬁgﬁ%?f%%j:%ﬁi%ﬁg%ﬁg% a&g:gﬁjé_SEw/%P!@{If I?lEs1 ign ig:\l
signalqeuisecdfs amesleelding BR2fdusmon i Askssh ERNsisin bR Safk

th@&%.%%@w%&eéﬁgamﬁm m.i_Trﬁamdé ti_hﬁ@l@r@ﬁéiﬂ@édg‘irin"g
cells 1N . node ca IIa 1na
s R CAL IS el T e e
adgedssteelectetsitvgsnbgreMpeSIGOHK tHe ttorddecse sekeeiadPWimBEapP

- edA 340 it h
sk, a3 e{&éﬁoa?w BRI Aa8 bR RaRRGIaRE @S dath ehRac

to either turn the drive switch on or off. The SEL6/PRE1

swiligfh AT 8riqeithen dege et @ awith-eR RIS node 10 capacitances 126 in

all firrpg eelisA4EN Signb PSR prdntiadiagrigipgiee iseleianyesonodabgroup
SG1-K, indicated at 342, to.a high v 1] i

copeE{ssh A0 AT RO o e igSi 50

romedabproup SGHSLipdietyd ikt S22tk ahighroitselevdl sTRgbig Seis-K.
12516 sy ing,3 L8 isesiiargeasitNcien abiaiRE Gigndisatad, a3, 187

nclud I t 344 t fi istors 52 i
3y a BTG SRS ISPt T R G2 T R oS G5
FG6122ird hee 2Mméf gacpivise chbigyaignhid RiF6|dnticateel a/BPRE 1 signal

e T T e S A ok
firih ceflergROdhRihs e srpAURvR diveviieiRs HgdRiRE Th e iR
er?e‘?&ﬁéﬂ&él%ﬁﬂ [0S PSR B PRES NS UISS 363 iighgand
nolgg c\é%ggi?aﬂr%/cgg q‘rzasegr} Wgnu—ggngﬂ\é mﬁ"%@ %\T\II c%%sthﬁf r&%q:}’eing actively
pulied low, indicated at 346. Switching the energy pulse 344 high while the
node capacitanlces 126 are actively pulled low, prevents the node capacitances
126 from being inadvertently charged through drive switch 172 as the energy
pulse 344 goes high. The SEL6/PRE1 signal pulse 336 goes low and the
energy pulse 344 is maintained high for a predetermined time to heat ink and
eject ink through nozzles 34 corresponding to the conducting pre-charged firing
cells 120.

After the SELB/PRE1 signal pulse 336 goes low and while the energy
pulse 344 is high, address signals ~A1, ~A2 ... ~A7 304 are changed at 308 to
select ancther set of subgroups SG1-K+1, 8G2-K+1 and so an, up to SG6-K+1.
The select line 212a for FG1 202a and pre-charge line 210b for FG2 202b
receive a SEL1/PRE2 signal pulse, indicated at 348. The SEL1/PRE2 signal
pulse 348 on select line 212a turns on the select transistor 130 in each of the

pre-charged firing celis 120 in FG1 202a. The node capacitance 126 is
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pulse 344 goes high. The SEL6/PREL1 signal pulse 336 goes low and the
energy pulse 344 is maintained high for a predetermined time to heat ink
and eject ink through nozzles 34 corresponding to the conducting
pre-charged firing 25 cells 120. After the SEL6/PREL1 signal pulse 336

geeniemeaRrg while the energy pulse 344 is high, address sigfiadsoedda 162
.. -A7 304 are changed at 308 to select another set of subgroups

SGI-K+1, SG2-K+1 and so on, up to28G6-K+1. The select line 212a for
FG1 202a and pre-charge line 210b for FG2 202b 30 receive a
SEL1/PRE2 signal pulse, indicated at 348. The SEL1/PRE2 signal pulse
8i68hamgeel dr blinre2diPargadfiriog dellsstROdntFEI5i208a 186k iare ach inftMe

Egr‘é'gé@eefé’c ing gl 12801 K4 3928 I Qde5aRACHRNSaLLA

2005/105451 PCT/US2005/011395 2 discharged in all pre char
iy PR rteeey e b b S

aﬁubiﬁnﬂn Em]g_@_mmll?seg%%fer 66V Bhid SELNPRES léxgﬂuasmt@éedsm dRe
-ghargeg Tir, cells o1 su rou turn drive
rg%%e PB{F aer%elfﬁ °§'gﬁ]]é#§u| Rﬁgagr{f 5 pre-charge
line 21Thedire-ha 2/ addaives esitsgyouinerE52 foensize firingmesistacs
?‘?n W&&%ﬁ%ﬂ&e‘&#ﬁﬁié@ﬂ&o1%@%ﬂﬁ§1fﬁm%f@%ﬁﬂ&ﬂ?e é&ﬁﬂ&sﬁbedﬁ’(}éfged

cells 120 of FG172202a that have conducting drive switches 172. T
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cell 4064 Rneiembalimant afgmrninaaasie 4Re R painibrest e 40
includes a plurality of identification ceéls eleci[&%%jc gled 0 onegé
deniiftrEliRICRIl SO SR SHRRRITER5 AT R U5 e0-al hedIHEERan

dlgaal i2ladespr phitalittioé ideniiitatitowallg msdidalltheigsetfioaten cells.
%'%‘ﬁ AL iﬁx%“lgl'ga%% it SO AR ECa) %@Q%‘Qﬁﬁﬂé ngﬁTh

|cat|on cell 400 includes a memory element, indicate

ﬁmﬂb@ mld%tbm@w&ﬁr@mlmrlﬁdﬂéhe |lﬁ%ﬁ@tawbaﬁﬂ’fe nt,
RAdnemnani@emratide 3diad ehnikansmentar Ao ilss algmnent 404 and

fUSe " 116 identification cell 400 includes a memory element, indicated at 403.
The memory element 403 stores one bit of information. In one embodiment,
memory element 403 is a fuse represented by fuse element 404 and fuse
resistance 408. In other embodiments, memory element 403 can be ancther
suitable memory element, for example an anti-fuse that provides a high resistive
state before being programmed and a low resistive state aftér being
programmed with a program signal.

The identification cell 400 includes a drive switch 406 electrically coupled
to memory element 403. In one embodiment, drive switch 406 is a FET
including a drain-source path electrically coupled at one end to one terminal of
memory element 403 and at the other‘end fo a reference 410, such as ground.
The other terminal of memory element 403 is electrically coupled to
identification line 402. The identification line 402 receives identification signal
ID and provides identification signal (D to memory element 403. The
identification signal 1D, including the program signal and the read signal, can be
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resistance 408. In other embodiments, memory element 403 can be
another suitable memory element, for example an anti-fuse that provides
a high resistive state before being programmed and a low resistive state
after being programmed with a program signal. 25 The identification cell

w9 iAGHIdeS a drive switch 406 electrically coupled to MeRRIRLRETEHE
403. In one embodiment, drive switch 406 is a FET including a

drain-source path electrically coupled at one end to one terminal of
memory element 403 and at the other'end to a reference 410, such as

ground. The other terminal of memory element 403 is electrically coupled
capndB@titbtitibugtiondinervelenTét 40sHfiiaeswiioe 4R isdugiedn

(c@@rg E@}O&ﬁ@aﬁw?famﬂw@&ﬁdmmw SH8APHP SRHRY

03. The identification signal ID, including the program signal

idama"a@é'qe&a%@?aioéﬁweewmmﬂdyag@@@*ﬁ@g%ﬁﬁmms 24
ldéﬁfﬁ&ﬁm theormh Wieleothiee liclenettiicdficni tdily ersthisciariGdetifinatioon

: This allows f | lls 400

i 0% D e e A eI S%é“p'lsfgiimm.n(’“s.ana's
on th&mtefm‘adrm mwetmomrm@t@rqa%mﬁl@aﬁﬁﬂﬂ@émc@rﬂ

fuldgRcalI g RRAR danihs fﬁ@@e%{‘u@rﬁ[%@tmaﬁm of

signals. The gate of drlve switch 406 forms storage node capacitance 412,
e Aty R R S e e
gﬂé@ﬁit@%ﬁér@éﬂfﬁh@kﬂﬂﬁ&ﬂ&i&t&léﬁtﬁcﬂﬂgﬂ criplEdianyschatdé lindd 18

o{TEEE SRR, PR e oS sl

coup e-char arge signal PRE.

is mlesxteoeﬂyomnmtﬁd FecobRAgagi REeLiRTgs él’&ﬁr@é&’lh@%@ﬂed to one

of the-REySePER8 RS AEA mqg%ahﬁdwgai%@t téru@cﬁndmw é&ﬁotaca
control input that is ele trlcal Ied 53 ?j ‘firaln %rce path of

todhe drainsEa G Rat) DI e HATRR sa% ASeR Rt
of@eﬁe&fhmg&@wﬂﬂéle The gatistdcalbetisaisistic A toealsetdcy cauptas

101082 0% Rranslerisiandiahl-st o SReRimGHesesakdine

IS eP(tactrlc connected to one of the select lines 212, (Figure 7), The

ling k2l is elrrdrica e&aﬂ%emtzﬁle%ewmﬁ%a%@ﬁ@ég éfs'%'r& Bart
stdfi R BRIt Batvelyhorapadiiicsairargtasdivin mt ef einiteh 406

sv%ﬁéh% Sﬁﬁema tor C Q %r %cltor separate from drive switch 406 can be
used to store charge.

A first transistor 422, a second transistor 424 and a third transistor 426
include drain-source paths that are electrically coupled in parallel. The parallel
cbmbination of first transistor 422, second transistor 424 and third transistor 426
is electrically coupled between the drain-source path of select transistor 416 and
reference 410. The serial circuit including select transistor 416 coupled fo the
parallel combination of first transistor 422, second transistor 424 and third
transistor 426 is electrically coupled across node capacitance 412 of drive
switch 406. The gate of first transistor 422 is electrically coupled to data line
428 that receives data signal ~D1. The gate of second transistor 424 is
electrically coupled to data line 430 that receives data signal ~D2 and the gate
of third transistor 428 is electrically coupled fo data line 432 that receives data
signal ~D3. The data signals ~D1, ~D2 and ~D3 are active low as indicated by
the tilda (~) preceding each signal name. The drive switch 406 inciuding node
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20 A first transistor 422, a second transistor 424 and a third transistor 426
include drain-source paths that are electrically coupled in parallel. The
parallel combination of first transistor 422, second transistor 424 and third
transistor 426 is electrically coupled between the drain-source path of
wiblssbisayasistor 416 and reference 410. The serial circuisdnalidsifgosRiact
transistor 416 coupled to the 25 parallel combination of first transistor 422,
second transistor 424 and third trazssistor 426 is electrically coupled
across node capacitance 412 of drive switch 406. The gate of first
transistor 422 is electrically coupled to data line 428 that receives data
capgithRBd 4 Thepgathalgscransisiensidioelat) ransistarid 48y frslipragistor
1521 d0ad O bRtdrRsl R RR ERaL A S0 hie AROHIBIFbry
transistor 426 is electrically coupled to data line 432 that receives data
cistgiiar-$98. The data signals -D1, -D2 and '-D3 are active low as indicated
by Lt%ﬁ @i&@%ﬁb@dﬂ&ﬁ@ﬂn‘r@a&aﬁﬁgm@b‘ NaRE2 Eh;gm@mmwd' #96
ing |r1 105451 PCTIU
[dﬂ Eh°§g‘é transsﬁ‘)?iﬁ' isele%:{‘trans%%(?r zﬁ) %ﬁé\sntat%gr?ﬁ?t%?zggs
2@@@@@@&@@&&:& drRuRn0ard G2 (Rigiee Zha&@ﬁnramsmb@mmry

d
.p@f@%gn 5 SR PRI L'{B\%ar BlsiaiR HIEORiSoRded pRolcRige auisle
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sSIBYPeAE SIELAr probiatgrosigaildP e B5iReete fine geosig ZARRRE1 provided
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Signal PRE, select s lﬁ}ﬁa gra at&'u nals @1{ --D2 and - totturn
p’&Y‘E‘ﬁ%é’@/ﬂfEﬁrﬂ%s' {ﬁl E%r'i Eq gf) hEBTSY A Sighal in
403 Mes bfiogitiom smbmdemammnﬂémghmnﬁheemwmgnme
BIRNIES A SRRIROD RN BN TR I8 dPArl S dheges

rlves rence 410. The program signal changes the

thestetefahmemancismant 463 frem tﬂ%’%@@@&\fﬁé@tﬁﬁe fB%@h.gh

St/ Sraiatan BN enfibiRtEMen Hedrogsighalignalidartstmtaesigret

al provided for one migcro-second.
pro%lr(].‘led ?or one micro- seconcF

To read the state of memory element 403, identification cell 400 receives

1

enabling signaling, inciuding pre-charge signal PRE, select signal SEL and data
signals ~D1, ~D2 and ~ D3 to turn on drive switch 405. Identification line 402
provides the read signal in the identification signal {D to memory element 403.
The read signal provides a current through memory element 403 fo the
conducting drive switch 406 and reference 410. The voltage on identification
line 402 is determined to determine the resistive state of memory element 403.
In one embodiment, memory element 403 is determined to be in the high
resistive state if the resistance is greater than about 1000 ohms and in the low
resistive state if the resistance is less than about 400 ohms.

In operation, node capacitance 412 is pre-charged through pre-charge
transistor 414 by providing a high level voltage pulse in pre-charge signal PRE
on pre-charge line 418. After charging node capacitance 412, a data sighal ~D1
is provided on data line 428 to set the on/off state of first transistor 422, data
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To read the state of memory element 403, identification cell 400 receives
20 enabling signaling, including pre-charge signal PRE, select signal SEL
and data signals --D1, -D2 and - D3 to turn on drive switch 405.
Identification line 402 provides the read signal in the identification signal

Wo 18099197y element 403. The read signal provides a cuiggnisiaialdgnos
memory element 403 to the conducting drive switch 406 and reference

410. The voltage on identification 2#%line 402 is determined to determine
the resistive state of memory element 403. In one embodiment, memory
element 403 is determined to be in the high resistive state if the

gigaiitaDedsparddest thatatbowt 430D skhibeorloff Siattonl srosiadve state

traﬂé?s[%'s‘ﬂg%%% IgAESSidhan-adLs 4&9&3&% d3tARRERESD 188 he onfoff

capacitance pre-charged thro pre-charge 30 transistor 414 by
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npsAht A0 Wffupirie o
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to tyrn.qn seJ ct t SISt CerfL2i5A%
%ﬁgc{ﬁ qé Ié{aaaétagﬁe of %‘r? I?H% %%?é’)?i@g a%d ﬁd tranS|stors fi‘22
mmbhoﬁe mmmtedw&fums ontHaveawitih 496 and memayy.glsgent

ABSREAE Mr HHSTIALY Sh PSR gPARAGHAN G d tEake TRais rebargigall, first
transistor 422, second traé];stor 424 10 ai:d thjrd transistor,426 .a 'fi‘é? dqed

off by iARSRIABRIIRANt A3 Aropranhsignal sl Al st Signal sre iy
iiRsre 6 Gupaiticte/OR dndativaiyalipakierged thraRbselbet prgpiatonddé

yuth 2 Rrogram &% ds%%%ﬂd‘%ﬂh%?@ﬂaﬂ%?&réﬁ%%@@&ﬁ@@GntTﬂée

program signal an read signal are initiated while node capacitance

mn igv&tnoﬁﬁga@@H&r@b‘éﬁl@ﬁbﬁ@ﬂ%&%ﬁi’&ﬂ@@%&hﬁf@riefé‘!?&iPJP%QEI
Qgﬁa%mﬁcfirféaé@@m @mmsmrﬂoaammrmzmléamm 26 smelbigh1,

level volt aI SEL Over %" rogram
s%ﬁpgnigg £ %ﬁ 8# 7 ﬁ’cgg on |n§laP fgélﬂilso vali é agt)lagggnals
id@hfification line 402.

In one embodiment, node capacitance 412 is actively discharged through

. select transistor 416 and at least one of the first, second and third transistors

422, 424 and 426 during the entire program signal and/or the entire read signal.
The high level voltage pulse in select signal SEL overlaps the entire program
signal and/or read signal on identification line 402. Also, valid data signals ~D1,
~D2 and ~D3 overlap the entire program signal and/or read signal on
identification line 402. Actively discharging node capacitance 412 during at
least the rise time of the program signal and/or the rise time of the read signal
prevents node capacitance 412 from being inadvertently charged to turn on a
drive switch 406.

Identification cell 400 is selected and addressed for programming and
reading if data signals ~D1, ~D2 and ~D3 are low and node capacitance 412
remains charged to turn on drive switch 406. ldentification cell 400 is not
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-132 and -D3 overlap the start of the program signal and/or read signal on
identification line 402. 20 In one embodiment, node capacitance 412 is
actively discharged through select transistor 416 and at least one of the
first, second and third transistors 422, 424 and 426 during the entire
wdlRe/Rmszignal and/or the entire read signal. The high |pgghalingeipsse
in select signal SEL overlaps the entire program signal and/or read signal
on identification line 402. Also, vaR@ data signals -D1, 25 -D2 and -D3
overlap the entire program signal and/or read signal on identification line
402. Actively discharging node capacitance 412 during at least the rise
seleoiediot proguunarngigheaastiendf ahlerslonimel et swraihaP pralints
an§ B RRMIRBRE Adde EpatRingdnerareniehes ges TiM®switctirive
switch 406. 30 ldentification cell 400 is selegted a % ddressed gor
408 ohafimtirtpepns Anddhigifages &gg’ﬁ%& ‘:’Bg %%qwgﬁae low and
debedls GRtagiimtetia oltrmiasat bargedstozparnitanard&2switch 406.
Identification cell.400.is 0 1 P /H.ggig / ;
selg&é’g Gf’oernﬁ)grgélrrg(%r?rtﬁ i(rjl%?% rg%e%ﬁ% gB(?1 %éi o%-g of the%léatgaltélr g%ﬁ%llfqﬁ)l,

2082208t oize-gronpsRARE- A0 Shpyaein Rige D) areopraddedPrurn off
idSHivEuicRnd0fod e fhintnessansland ndrres siéynt 4t 4dhaind 426
comprise a_decader that ¢ néroli thegvoltaﬂ%@v.ﬁl on n%ﬂF %gpacnance
~DA1 21 In-&ﬁ@éﬂﬁ%‘%gﬁﬁﬁd EPUigRLRD 957 44N 3 RIUANY Slied on data
iddiftfzaloRasliesuptofiikypinditicaatidentifi¢stioneeils Erjube $larted by
rovided.to_i ificafioreells , Kwari i ' f eight
L e
signtaketiB) lo~RientirRidh @YRsSe 9 ERRifth N RRe BMbemARtaAth ‘t@ﬁ?d
to SRMARRIER R I KsnBightion e 4G ardshodPin thBBiiing
combination of the eight data signals -D1, -D2 ... -D8, in reverse order,
TatWﬁtFin one embodiment, are utilized to activate each individual
identification cell 400, are showhABLEd following Table I: TABLET 15
IDCell:-D8--D 1 IDCell:-D8--D1 IDCell:-D8--'D1 IDCell:-D8--D1

IDCell:~D8-~D1 iDCell:~D8-~D1 IDCell:~D8-~D1 IDCeli:~D8-~D1-
1:11111000 15:01110110 29:10110101 43:01101011
2:11110100 16:11001110 30:01110101 44:10011011
3:11101100 17:10101110 31:11001101 45:01011011
4:11011100 18:01101110 32:10101101 46:00111011
5:10111100 19:10011110 33:01101101 47:11000111
6:01111100 20:01011110 34:10011101 48:10100111 -
7:11110010 21:00111110 35:01011101 49:01100111
8:11101010 22:11110001 36:00111101 50:10010111
9:11011010 23:11101001 37:11100011 51:01010111
10:10111010 24:11011001 38:11010011 52:00110111
11:01111010 25:10111001 39:10110011 53:10001111
12:11100110 26:01111001 40:01110011 54:01001111
13:11010110 27:11100101 41:11001011 55:00101111
14:10110110 28:11010101 42:10101011 56:00011111
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1:11111000 15:01110 110 29:10110101 43:01101011 2:11110100

16:11001110 30:01110101 44:10011011 3:11101100 17:10101110
31:11001101 45:01011011 4:11011100 18:01101 110 32:10101101
46:00111011 5:10111100 19:10011 110 33:01101101 47:11000111

01a0510€3120:01011110 34:10011101 48:10100111 7:1bkkARE6hs/011305
21:00111110 35:01011101 49:01100111 8:11101010 22:11110001

36:00111 001 50:1001 1111 9:11012010 23:11101001 37:11100011
51:01010111 10:10111010 24:11011001 38:11010011 52:00110111
11:01111010 25:10111001 39:10110011 53:10001111 12:11100110
26:01748 can lpsgentomm Tod 1 osacinidentificatirnealb4Pp canba 101

heilitRRAD L0 3Rd Hdrebd ddhBO bishrinkdct 84 G Al Badis.
56:00011111 WO 2 05/1054f é:T/U 2005/0 3&%3 Eﬁf As can gé%geen
a
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to store data are great Increased. For example, a sin cation 5
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rovided to the identification cells. Also, in other embodiments,
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A plurality of identification cells, similar to identification cell 400, in an
example embodiment of printhead die 40, store identification information
indicating features of or other information about printnead die 40. A printer
employing such a printhead having identification celis can use this identification
information to optimize printing quality in a variety of printing applications. Also,
the printer can use this identification information for marketing purposes, such
as regional marketing and original equipment manufacturer (OEM) marketing.

In one embodiment, selected identification cells store identification
information indicating a thermal sense resistance vaiue as determined at a
selected temperature, such as 32 degrees centigrade. In this embodiment, a
printhead includes a thermal sense resistor (TSR) that is read to provide a TSR
value. The TSR is read and the obtained value is compared to the thermal
sense resistance value stored in the identification cells to determine the
temperature of the printhead. Printers can use this TSR information to optimize
printing quality.

In one embodiment, selected identification cells store identification
information indicating a printhead unigqueness number. The printer can use the
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indicating features of or other information about printhead die 40. A printer
employing such a printhead having identification cells can use this
identification 20 information to optimize printing quality in a variety of
printing applications. Also, the printer can use this identification

wdniRERalieon for marketing purposes, such as regional magsaiagesntisos
original equipment manufacturer (OEM) marketing. In one embodiment,
selected identification cells store iggntification information indicating a
thermal sense resistance value as determined at a 25 selected
temperature, such as 32 degrees centigrade. In this embodiment, a
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Ci?e emcnodlment a
deRsifiRlieasgaansaifof inke dimgtiondigleixalues stored in selected

denjiicallon eell g (5. abiBisierinB el ipaaRigg siored in

othe selec"?e ‘ation ce sto determine actual out of ink detection

ideetistation Infematienpdinating WhshEomPAY SRS RIFEUAR ARURE:
ForlkanigRNiragiominéasansdiien inshensawwbisls camgtary idetttifiadticd

lnf(gjr%g:gt?onnqﬁc\i/llgaqnng that the fluid ejection device is sold under a certain
company’s brand name or not sold under that certain company’s brand name.

In one embodiment, selected identification cells store identification
indicating a marketing region for the fluid ejection device. In one embodiment,
selected identification cells store identification information indicating the seller of
an OEM fluid ejection device. In one embodiment, selected identification cells in
a printhead store identification indicating whether an OEM printer is unlocked.
For example, the OEM printer can respond to the OEM unlocked information to
unlock an OEM printer, such that the OEM printer can accept OEM printheads
soid by a given company or group of companies and printheads sold by
companies other than the given company or group of companies, such as the
actual original manufacturer company.

In one embodiment, selected identification cells store identification
information indicating the product type and product revision of a fluid gjection
device. The product type and product revision can be used by a printer to
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For example, one or more selected identification cells can store
identification information indicating that the fluid ejection device is sold
under a certain company's brand name or not sold under that certain
company's brand name. 20 In one embodiment, selected identification
spde@@igsigentification indicating a marketing region for the-fliichRiostioes
device. In one embodiment, selected identification cells store \
identification information indicating ttse seller of an OEM fluid ejection
device. In one embodiment, selected identification cells in a printhead
store identification indicating whether an OEM printer is unlocked. 25 For
asaemalia phesO& harantieristicsrabpuinl ponthestE Mt onbekdmbitifentation
g%‘l NS A B AU ChaPLERASRING IR QUL AR AL

S sol a given company or group of companies and

sﬂmead@%wwmme@m@%aﬁ fie gried Epselnnicdbidergticagen
@@fﬁﬂﬁ@%rﬁh@ﬁdaﬂﬁhﬁts%bﬂdhﬁ@ﬁtalﬂ@@?@d&ﬁflﬂ@fsﬁﬂﬂm@wo In one

AU TR 2 oo O TS O op & PR e
Theractlistic tyihangasl etyden m@oﬁ%ﬁIWUsed by a printer to WO
2005/ %9?6&&&@.4&@3%%@%&9 Qmmamm&ﬁ@ a%ﬁ@eteﬂstlcs

about a printhead. In one embodiment, product revision physical
M&@w@rﬂ.&eﬁ%a@f@a&wgé ﬁB?Béd%%ﬁUHﬂgntﬁ%'!sr#&\? €.g.
%aagﬁuﬁbaﬁbﬁwr@dﬁcta tiignsinecidantiielatindndertifivatiore adlizedf a

R s S oReSNt 5 IR SRR AN IREl Gore o oo

eI’IS{r(]: mformatlon can e USG printer

tresid dependiog obfacthiasyes @@th%eﬁqaﬂﬁﬂlﬁ:ﬂmﬁmmewmmd be
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hat is coupled to each of the |dent|f|cat| ceﬂg Blg 56 iden Jﬁcagﬁan

BuabeR Sfddniificaiionesiiviagh are g 2Hln mavke
thintbeal nﬁnﬂﬁeﬂﬂbﬂmnfll-mfmilamﬁMd may be more or less than

o6 dep gg'@ﬂﬁ#@ﬁ% e?éﬁgrﬁ% feth'goglfd r]gﬂ%ﬂf w Bits of

parame eré 0 ejection deV|ce or other considerations. Also, the

infarmationideysHRRABANSERCH AR B asaEs WitssIHanFRMAY hRyiiged
h%%%ﬁﬂé&ﬁh@a@wmtmt@xahﬁp@m%@ﬁmwa m&ﬁﬁwd& eHedlipg, dhe

mgmgr?;/ iael!a(anrpe%rt]gw":'t% ﬁi\ﬁleeb?sn 8P :n?cgn'nv"\l/é t[1orr\n félgglﬁc@g and disclosed in

ca-pending U.S. Patent Application Serial No. 10/778,415, which is incorporated

herein by reference in its entirety.

| Figure 10 is a diagram illustrating one embodiment of a portion of a
printhead die 40. The printhead die 40 includes an identification signatl input
pad 702, a data line input pad 704 and a fire line input pad 706. The
identification signal input pad 702, data line input pad 704 and fire line input pad
7086 are formed as part of the second metal layer of printhead die 40. The
identification signal input pad 702 is electrically coupled to identification line 708
that is electrically coupled fo identification cells such as identification cell 400, or
other identification elements, in printhead die 40. The data line input pad 704 is
electrically coupled to data line 710 that is electrically coupied to firing cells 120
in printhead die 40. The fire line input pad 706 is electrically coupled to fire line
712 that is electricaily coupled to firing cells 120 in printhead die 40.
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information. In such an instance, different ranges of resistance may be
utilized to represent each bit. An example of a system and method for
encoding a memory element with multiple bits of information is depicted
and disclosed in co-pending U.S. Patent Application Serial No.

wo36648edds?. Which is incorporated 20 herein by referencediyiis:eitigsys
Figure 10 is a diagram illustrating one embodiment of a portion of a

printhead die 40. The printhead dies#0 includes an identification signal
input pad 702, a data line input pad 704 and a fire line input pad 706. The

identification signal input pad 702, data line input pad 704 and fire line
inputpridnifEtee loenié8 mxipdescetundaoetat laysta dajensol (mthead

e 40, The Jdentfication sidealiapulnat g0 1helesioraliatales 1
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iselated fone Ao Arsbmats layerdik anisaiAlinmive e SORAR S MAffhead die
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data sl DA A A Ao 34t YBnal DATA to firing cells 120. Fire line
712 receives fire signal FIRE and provides fire signal FIRE to firing cells 120 in
printhead die 40.

The second metal layer portion 708a includes an elongated finger
portion, indicated at 720, that is situated next to fire line input pad 706, and
second metal layer portion 708b includes an elongated finger portion, indicate?d
at 722, that is situated next fo data line input pad 704. Identification line 708
receives identification signal ID and provides identification signal ID to
identification. cells, such as identification cell 400, or other identification
elements in printhead die 40. Also, identification line 708 receives a short
detection signal in identification signal ID. The short detection signal is used to
detect fiuid short circuits, such as ink short circuits, between data line input pad
704 and finger portion 722, and between fire line input pad 706 and finger

portion 720.
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the second metal layer by the isolation layer and identification line 708 is
isolated from data line 710 and from fire line 712. The data line 710

receives data signal DATA and provides data signal DATA to firing cells
120. Fire line 712 receives fire signal FIRE and provides fire signal FIRE

wPdiingseglls 120 in 20 printhead die 40. The second meiglgsmogpnities
708a includes an elongated finger portion, indicated at 720, that is

situated next to fire line input pad 726, and second metal layer portion
708b includes an elongated finger portion, indicated at 722, that is
situated next to data line input pad 704. Identification line 708 25 receives
identifcdétacisigstuirDind bebvitesdalaniiie ot ragrl4png finger

t Il
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Examples of other identification elements or identification cells that may
be utilized with layouts of identification signal input pad 702, data line input pad
704 and fire line input pad 706 are depicted and disclosed in co-pending U.S.
Patent Application Serial No. 09/967,028 and U.S. Patent No. 5,363,134 both of
which are incorporated by reference herein in their entirety.

Figure 11 is a flow chart illustrating one embodiment of a manufacturing
process employing selected identification cells in certain embodiments of
printhead die 40. In certain embodiments of printhead die 40, the operating
speed is dependent on the time it takes fo charge and discharge intemmal circuit
nodes. These charge and discharge times are dependent on the speed of the
silicon and may vary from one printhead die 40 to the next due 1o slight
differences in the properties of the substrate from which the printhead die 40 is
formed. By characterizing the speed of a printhead die 40 and encoding the

speed on the printhead die 40, after testing, applications can use some
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microns. The spacing between finger portion 722 and data line input pad
704 at WIDS is 10 microns, and the spacing between finger portion 720
and fire line input pad 706 is 10 microns. Examples of other identification
elements or identification cells that may 20 be utilized with layouts of
wisisyatifigaten signal input pad 702, data line input pad 7Qs¢-a/d2liSdinss
input pad 706 are depicted and disclosed in co-pending U.S. Patent
Application Serial No. 09/967,028 aad U.S. Patent No. 5,363,134 both of
which are incorporated by reference herein in their entirety. Figure 11 is a
flow chart illustrating one embodiment of a manufacturing 25 process
pritiihgiayidig 46|echighergreiforatantce elfplicatemsiarehofioeliprinttead die 40
mﬁ’éwgﬁﬁ%ﬁ%a‘%ej% f&g%ﬁg‘nbodlments of printhead die 40, the

eratl speed Is dependent on the time it takes to charge and
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. chasiingrRbprninte anedie 4Re kharwicthatrwiarigpanfimiteathclude the

discharge time of one or more node capacitances 126. The timing
characteristics of each characterized printhead die 40 are categorized into a
designated speed category.

At 802, the designated speed category of a characterized printhead die
40 is programmed into selected identification cells in the characterized printhead
die 40. The identification cells in the characterized printhead die 40 are similar
to identification cell 400 iliustrated in Figure 9. The selected identification cells
400 in each characterized printhead die 40 can be read at 804 and the
printhead die 40 are sorted based on the speed performance category.

At 806, printhead die 40 that are categorized into higher speed
performance categories are implemented in printers having higher petformance
print modes. At 808, printhead die 40 that are categorized into lower speed
performance categories are implemented in lower performance printers, such as -
lower cost printers that do not include the higher performance print modes of the
higher performance printers.
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15 die 40, the characterized timing parameters include charge and
discharge times of one or more address lines, such as address lines 144
and 146. Also, in each characterized printhead die 40, the characterized
timing parameters include the discharge time of one or more node
wéaRaasages 126. The timing characteristics of each chatetieiig@mhiizos
printhead die 40 are categorized into a 20 designated speed category. At
802, the designated speed categoma of a characterized printhead die 40 is
programmed into selected identification cells in the characterized
printhead die 40. The identification cells in the characterized printhead die
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thmdnvmm&rformance printers, such as lower cost printers that do not
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described heréin, it will be appreciated by those of ordinary skill in the art
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thetdasttituted for the specific 10 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
embbhaidatelaigsssised herein. Therefore, it is intended that this
invention be limited only by the claims and the equivalents



thereof. 15 What is Claimed is: 35 510 15 20 1. A fluid ejection device
comprising: input pads (702, 704, 706), and 25 an identification line (708)
adapted to conduct a pro- gram signal to program identification
information and a read signal to read identification information, wherein
the identification line comprises a portiod30 (720, 722) arranged such that
the spacing (WIDS) be- tween the portion and one of the input pads (704,
706) is smaller than the spacing (WBP) between two neighbouring input
pads (704, 706). 35 2. The fluid ejection device of claim 2 , comprising:
identification cells (400) electrically coupled to the identification line (402
wherein each of the identi 36 fication cells is adapted to conduct enabling
signal- ing and to be programmed via the program signal and read via the
read signal based on the enabling signal- ing. 5 3. A fluid ejection device
%omprising: an identification line (402), and 10 a plurality of cells (400),
each comprising: a memory element (403) coupled to the identifica- tion
line (400),
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A fluid ejection device comprising:
input pads (702, 704, 706), and

an identification line (708) adapted to conduct a pro-—
gram signal to program identification information and
a read signal to read identification information,
wherein the identification line comprises a pertion
(720, 722) arranged such that the spacing (WIDS) be-
tween the portion and one of the input pads (704, 706)
is smaller than the spacing (WBP} between two
neighbouring input pads (704, 706).

The fluid ejection device of claim 2, comprising:

identification cells (400) electrically coupled to the
identification line (402, wherein each of the identi-



15. a first switch (406) coupled to the memory ele- ment (403), wherein
the switch in a charged state allows the memory element to respond to
signals received on the identification line; 20 second switch (416) coupled
with first switch (406), the second switch (416) discharging the first
switch 406) to prevent the memory eleggent from responding to the
signals received on the identification line; 25 a first line (428) adapted to
receive a first signal (DI) and wherein each céll comprises a third switch

(42(2) C(;nflgﬂcadi%ﬂe@@yeghgsﬂrgagm (Y tg&ﬁ@ggg tié% flﬁllsnv(\gtcsblg nal—
- 30 (422) to; 8 e y to re- spond to signals
H’OVM e FhORE et N8 o RasgtroThgeRd 2nd

received o
a second

S|gna

|dent atlon e asecond‘flne(
% anﬁ% R35pduapicthe ruadiaq thirdnal-

signal (D3):"fherein each of the cellslcomprlses a fourth switch (424)
Ronfigured to receive the second signal (Dd2), and a fifth 37 switch (426)
configirechioffiereive jlee thise ~aigr 1l (Bpyiergip, the fourth switch
and 'the fifth switch are controlled to selectively discharge the first switch
5 4. The flyid ?b%% eV| e of alm 3, wherein each memory element
comprises a fuse clgup e dlen?l %%%bh % 10 5. The fluid

ejectlon device of claim 3, comprlsmg sig- .
a plurality of cells (400), each comprising:
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a memory element (403) coupled to the identifica-
tion line (400),

a first switch (406) coupled to the memory ele-
ment (403), wherein the switch in a charged state
allows the memory element to respond to signals
received on the identification line;

second switch (416) coupled with first switch
(406), the second switch {416) discharging the
first switch 4086) to prevent the memory element
from responding to the signals received on the
identification line;

a first line (428) adapted to receive a first
signal (D1l) and wherein each cell comprises a
third switch (422) configured to receive the
first signal (D1) to charge the first switch
(422) to allow the memory element (403) to re-
spond to signals received on the identification

" line;

a second line (430) adapted to receive a second
signal (D2) and a third line (432) adapted to re-
celve a third signal (D3), wherein each of the
cells comprises a fourth switch (424) configured
to receive the second signal (Dd2), and a fifth



nal lines configured to provide enabling signal, wherein a ratio of the
number of cells. to the number 15 of signal lines plus the identification,

line is greater than two.

37

switch (426) configured to receive the thirdisig-
nal (D3), wherein the fourth switch and the fifth
switch are controlled to selectively discharge
the first switch

4. The fluid ejection device of claim 3 , wherein.each
memory element comprises a fuse coupled to the idénti~

fication line,

10

5. The fluid ejection device of claim 3 ¢ comprising sig-
nal lines configured to provide enabling signal,
wherein a ratio of the number of cells to the number

15 "of signal lines plus the identification. line is

greater than two.



