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10 An inkjet printing system as one enbodinent of a fluid

ej ection system nmay include a printhead, an ink supply that provides
liquid ink to the printhead, and an el ectronic controller that
controls the printhead. The printheadt as one enbodinment of a fluid
ej ection device, ejects ink drops through a plurality of 15 orifices
or nozzles. The ink is projected toward a print nmedium such as a
sheet of paper, to print an inmage onto the print medium The nozzl es
are typically arranged in one or nore arrays, such that properly
sequenced ejection of ink fromthe nozzles causes characters or other
images to be printed on the print nediumas the printhead and the
print medium are noved relative to each 20 ot her In a typica
thermal inkjet printing system the printhead ejects ink drops
throqu nozzles by rapidly heating small volunes of ink |ocated in
vaporization chanbers. The ink is heated with snall electric heaters,
such as thi nFLUID'EJECHON BEVECE WHH DATASSIGNAIREATOH CIRCESTRY Or S.
Heating the ink causes the ink to 25 vaporize and be ejected through
t he nozzles. To eject one drop of ink, the electronic controller that
controls the printhead activates an electrical current froma power
supply external to the printhead. The electrical current is passed
through a selected firing resistoBackdmead the ink in a corresponding
sel ecfgd vapori zation chanber and eject the ink 30 through a
correspondi ng nozzle. Known drop generators include a firing
resistor, a cofnéxgrindinting sysiem, aaone emijesirhent, of arftlic ejectiore systenti, ng
nozzl e. - 1 nkj at ' . A nher of
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of input %lgggd%pfgglugﬁejgctmq IRV §! %?Se'nkéig%t?‘&%i‘ 3 H@'r?i'i%egeased
nunmbets of ofifidesitg noalest Theink 8 pRsiecteRewald Hplimtriedidm, sashas ardheat
resi stor iP coupl edt o a correspondi ng i nput pad to provide power to

ener gi ze PHRARETrIORYINt 8RiERGP ONteBeiRpLiMedin. pbhe npzzlegarecypisatly
becormes | gRaRsEd HdInedst rhére dHyReSudH thht propery S84 RERES &idttibR3F fitk:

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
20 other.

In a typical thermal inkjet printing system, the printhead ejects ink drops
through nozzles by rapidly heating small volumes of ink located in vaporization
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

25 vaporize and be ejected through the nozzles.

To eject one drop of ink, the electronic controller that controls the
printhead activates an electrical current from a power sUppIy external to the
printhead. The electrical current is passed through a selected firing resistor to
heat the ink in a corresponding selected vaporization chamber and eject the ink

30 through a corresponding nozzle. Known drop generators include a firing

resistor, a corresponding vaporization chamber, and a corresponding nozzle.



The nunber of drop generators per input pad is significantly

I ncreased in 10another type of printhead having primtives. A single
power | ead provides power to all firing resistors in one primtive.
Each firing resistor is coupled in series with the power |ead and the
drai n-source path of a corresponding Rield effect transistor (FET).
The gate of each FET in a primtive is coupled to a separately

energi zabl e address lead that is shared by multiple primtives.
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Brief Description of awm ng
energizable address lead that is shared by multiple primitives.

15 Manufacturers continue increasing the number of drop generators per
input pad via reducing the number of input pads and/or increasing the number
of drop generators on a printhead die. A printhead with fewer input pads
typically costs less than a printhead with more input pads. Also, a printhead
with more drop generators typically prints with higher quality and/or printing

20 speed.

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

25 One aspect of the present invention provides a fluid ejection device
including a first fire line, a second fire line, data lines, latch circuitry, first drop
generators, and second drop generators. The first fire line is adapted to
conduct a first energy signal including first energy pulses and the second fire
line is adapted to conduct a second energy signal including second energy

30 pulses. The data lines are adapted to conduct data signals that represent an

image and the latch circuitry is configured to latch the data signals to provide

latched data signals based on at least one clock signal. The first drop



Enbodi ments of the invention are better understood with reference to
the 10foll ow ng drawi ngs. The el enents of the draw ngs are not
necessarily to scale relative to each other. Like reference nunerals
desi gnate corresponding simlar parts. Figure 1 illustrates one
enbodi ment of an inkjet printing system Figure 2 is a diagram
illustrating a portion of one enbodi nent of a 15printhead die.

Figure 3 is a diagramillustrating a |ayout of drop generators

| ocat ed agendrafis aRKcoifiR@red ®iresporRi® tRE PR IRBR)y é?éna?l‘tcpé}eei figqd die.
Figure 4 1s a diagramillustrating one enbodi nent of a firing cell
enpl oyed Pasashen tiedatehed ﬁ@taﬁlgaalﬁlanﬁtﬂm@agcwdedrompngw«@s@r¢ s a

schemati c ?’df@‘r&?é;dﬁd resHSAd ﬁl’h@%ee gsl;fﬁ t[oo%egrhu'idﬂéé@d cﬁL {rat head

firing ce? gure iragramilTustrating
one enbodiatehed d#ta aigpats- char ged fi r| ng cell. Figure 7 is a
sche ic diagramillustrating one enbodi nrent of an inkjet
25printhead firing cell array. Figure 8 is a timng diagram

illustrating the operation of one enbodinent of a firing cell array.
Figure 9 is a schematic dij[%l mill ustrab one enbodi nent of a
pre-charged firing cell ‘?%ﬁ?ﬂpﬁ'w piibeTAWINGS 30Fi gure 10 is a
schematic diagramill ust rating one enbodi nent of a double data rate

firing cell circuit. gure 11 is a timng diagram
illustrating tﬁ@b@@me&ﬁs @fwthéﬂm@ﬁ@%mbeﬁh&rmnd@fstgodjwblr@fem te the

Firing Cefollloﬁfn?(‘d%hwggl The elgrrgHﬂéeode?e %%P/\gne%(:%}%%tt hgcéjshgﬂfyq@scale

il lustrating ofie a pre-c I'ring ce
relative to each other. lee reference numerals designate corresponding similar

parts.
Figure 1 illustrates one embodiment of an inkjet printing system.
Figure 2 is a diagram illustrating a portion of one embodiment of a
15  printhead die.
Figure 3 is a diagram illustrating a layout of drop generators located
along an ink feed slot in one embodiment of a printhead die.
Figure 4 is a diagram illustrating one embodiment of a firing cell
employed in one embodiment of a printhead die.
20 Figure 5 is a schematic diagram illustrating one embodiment of an inkjet
printhead firing cell array.
Figure 6 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell.
Figure 7 is a schematic diagram illustrating one embodiment of an inkjet
25 printhead firing cell array.
Figure 8 is a timing diagram illustrating the operation of one embodiment
of a firing cell array.
Figure 9 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell configured to latch data.
30 Figure 10 is a schematic diagram illustrating one embodiment of a double

data rate firing cell circuit.



SFigure 13 is a timng diagramillustrating the operation of one
enbodi nent of a double data rate firing cell circuit using the

pre-charged firing cell of Figure 12. Figure 14 is a schematic
diagramillustrating one embodinent of a two pass transistor _
pre-charged firing cell. 10Figure 15 ##s a timng diagramillustrating

the operation of one embodi ment of a double data rate firing cel
firing cell circuit using the pre-charged firing cell of Figure 12
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15 Detailed Description

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

20 practiced. In this regard, directional terminology, such as “top,” “bottom,” “front,”

o,

‘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

25 limiting. It is 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.

30 Figure 1 illustrates one embodiment of an inkjet printing system 20.

Inkjet printing system 20 constitutes one embodiment of a fiuid ejection system

that includes a fluid ejection device, such as inkjet printhead assembly 22, and a



fluid supply assenbly, such as ink supply assenbly 24. The inkjet
printing system 20 al so i ncludes a nounting assenbly 26, a nedia
transport assenbly 28, and an electronic controller 30. At |east one
power supply 32 provides power to the various electrical conponents
of inkjet printing system 20. 5In oneSenbodi ment, inkjet printhead
assenbly 22 includes at |east one printhead or printhead die 40 that
ejects drops of ink through a plurality of orifices or nozzles 34
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printhead assenbly 22 and ink % assenb 24’ are housed toget her
ra

in an i nkPtBEr kquHds. fiyigs erﬂop@,ble MR w}r&ucmn:@ewﬂtu@en@y bpeiedted one
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supply asse IS separate frominkjet printhead assenbly 22 and
provi des ink tloklsnkpletaSpennhtyIﬂéaas arns embldingsht oh adlughsupply adsenikdy e

provides ink to printhead assembly 22 and includes a reservoir 38 for storing

20 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 all of the ink provided to inkjet printhead assembly
22 is consumed during printing. In a recirculating ink delivery system, only a

25  portion of the ink provided to printhead assembly 22 is consumed during
printing. As such, ink not consumed during printing is returned to ink supply
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

30 cartridge or pen is one embodiment of a fluid ejection device. In another

embodiment, ink supply assembly 24 is separate from inkjet printhead assembly
22 and provides ink to inkjet printhead assembly 22 through an interface



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

enbodi nent, reservoir 38 of ink supply assenbly 24 may be renoved,
repl aced, and/or refilled. In one enbodi nent, where inkjet printhead
assenbly 22 and ink supply assenbly 24 are housed together in an
inkjet cartridge, reservoir 38 includées a |ocal reservoir 5| ocated
within the cartridge and may al so include a | arger reservoir |ocated
separately fromthe cartridge. As such, the separate, |arger
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graphics or inmages on print nmedium 36. The pattern of ejected’ink

drops is det erHfFENIGGORtRIleppr pEiNtepsonitataa AR dypisally dicludasrmprecessor,

par anet erfrmware, 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

25  host system, such as 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 transfer 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

30 commands and/or command parameters.

In one embodiment, electronic controller 30 controls inkjet printhead

assembly 22 for ejection of ink drops from nozzles 34. As such, electronic



5In one enbodi nent, inkjet printhead assenbly 22 includes one _
printhead 40. In another enbodinent, inkjet printhead assenbly 22 is
a wide-array or nulti-head printhead assenmbly. In one w de-array
enbodi ment, inkjet printhead assenbly 22 includes a carrier, which
carries printhead dies 40, provides elFectrical communication between
printhead dies 40 and el ectronic controller 30, 10 and provides
fluidic communi cation between printhead dies 40 and i nk supply

assenbly edntrdfieg BORlefines apatteAosijedtbd ikidraps ﬂﬁht?orﬁ%ﬁdr@&e%f one
embodi ment of a printhead die 40. The printhead die 40 includes an

array of BY‘T‘PI?'?n@P‘HP’ pther araphicstar ifgagesam ARt delUF’r3ﬁltTlﬁ@P§Z‘gn$ﬁts 32
t or ne
e, Lo e B o R B

t herein rovides a su ink to
printing Bar@ameters. 42. | nk feed slot 46 is one errbodl ment of afluid

f eed urce. t. f eed . sourcC nclude ut are
not I;Sf%ted to %r%ﬁ%@%h{éﬂmlﬁ% é]d?%gn}biy#ﬂﬁt@se H@' da
corr esponéd.nn amiben aabod:memhanlbe!r;mrﬁhmhd dmisbnrﬂl;eZ%hﬁ 'm{je angy ?eed

t h hat d, 20 correspondin roups, o uid ejectin

el onont o. MR RTAT 'P""tﬁ%‘? ARl HBonG Widk-atray Smbetimank niget Bnthedthe d
t herein v@n@mwpmmm@éﬁ cHfrieR WHikh E&eids ghﬁfheéﬁ dféérm(ﬂ)rbﬂdééjbs'[ rate
44. An orlflce Ia er 50 has a front face 50a and a nozzl e opening 34

formed i nelPFiERE! 9%@”5@3“0@‘?%9@@ Arigtheadsties#@ and gieciioniscontrolieraither
R B
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i's operatively associated with firing resi'stor 52 such ropl ets
of ink wit4RPl Qfigyid pkite rintingeipmentodZir bkdped sloti46 is one embodiment

of a fluid feed source. Other embodiments of fluid feed sources include but are
not limited to corresponding individual ink feed holes feeding corresponding
vaporization chambers and multiple shorter ink feed trenches that each feed

20 corresponding groups of fluid 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

25 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

30 nozzle opening 34.

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



t hrough nozzl e opening 34 (e.g., substantially normal to the plane of
firing resistor 52) and toward print nedium 36 upon energi zation of
firing resistor 52. Exanpl e enbodi nents of printhead dies 40 include
a thermal printhead, 5a piezoelectric printhead, an electrostatic
printhead, or any other type of flui®ejection device known in the
art that can be integrated into a nulti-layer structure. Substrate 44
Is fornmed, for exanple, of silicon, glass, ceramc, or a stable
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60 are di sposed al ong each of the opposing ink feed slot sides 46a
and 46b. $ruc#4rgl48f n drop 30 generators 60 are |ocated al ong ink

feed sl ot 46, wotn%éﬁh SReACBRIAL RYSr gé)f:érﬂgﬁ‘&%da BhoRinadiabiegsos ot

side 46a, and n - rop generator
resin, for example an epoxy referred to as SU8, marketed by Micro-Chem,

Newton, MA. Exemplary techniques for fabricating orifice layer 50 with SU8 or
20 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
25 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 slot 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 total of n drop

30 generators 60 are located along ink feed slot 46, with m drop generators 60
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



along ink feed slot side 46b. In one enbodi nent, n equals 200 drop
generators 60 |ocated along ink feed slot 46 and m equal s 100 drop
generators 60 | ocated al ong each of the opposing ink feed slot sides
46a and 46b. In other enbodi nents, any suitable nunber of drop
generators 60 can be di sposed along ithk feed slot 46. 5Ink feed slot
46 provides ink to each of the n drop generators 60 di sposed al ong

i nk feed slot 46. Each of the n drop generators 60 includes a firing

resi stor gilocatedapryg inRkféasiohedrand nbéquwis! 100 Atz deneldtorsH0 located he n
vapori zati on chanbers 56 is fl ujdical coupled to ink feed slot 46
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data |i nereﬁ'étoé%a' éﬁ%ﬂ?‘é’rﬁf'\‘%§wg"i’. 7%@”5’ 3 MR&BY CF%‘@L?"%/eE'”Bgdﬁ?'ﬁt%i gnal
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signals to control operation of rrermr%:@m rcuirt 74. Menory circuit 74

stores orkarbeitthefcirguitry that qoptrpls tae applicatipy of pleckicabrurent gangh fifpe
7P e S EAGEROT OB Bl i iyt sty 1
signal's can i 0 longerahasimentiried sissen 53 isgnthinsTilameesister and drvee
addr ess Sévﬂ{l:ﬂlﬁz is a field effect transistor (FET). Firing resistor 52 is electrically

20 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 controls the state of drive
switch 72.

25 Memory circuit 74 is electrically coupled to a data line 80 and enable
lines 82. Data line 80 receives a data signal that represents part of an 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

30 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.



10 Fire line 76 receives an energy signal conprising energy
pul ses and provides an energy pulse to firing resistor 52. In one
enbodi nent, the energy pul ses are provided by electronic controller
30 to have tinmed starting tinmes and tined duration, resulting in
timed end tinmes, to provide a proper 1@amount of 5 energy to heat and

vaporize fluid in the vaporization chanber 56 of a drop generator 60.

If drive switch 72 is on (conducting), the energy pul se heats fi ring
resistor 52 tGiheple PERRIVES anfdnérgy §.gﬁémh%ss@r@rea§ pulBs ahd drive
switch 72 is off (non-conducting), the energy pul se oes not heat
firing reayovides aszr@my puee ta fwing resiston 2. iIn cnegmbpsdiveat the etergy
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each of the n fire groups 102a-102n and each caol um of firin ceIIs
70, ref ergedg TOcanhepmangechintpany syitableynatiber! it geupsdiga-

el ectyd C | i nes 108a-108m In ot her
words15 egéc ch e&oﬂéﬁeggrg&)ﬁe F%?ggaﬁ%ggzﬁsg%ﬁ s electrically coupled to
each of the fiThefifirgeddlls 7P0n ianrayri®Ocoe soinematicslly drmaggéd mtthg roesl s 70
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20 one set of subgroup enable lines 106a-106L. The subgroup enable lines 106a-
106L receive subgroup enable signals SG1, SG2, ... SG| that enable the
corresponding subgroup of firing cells 70.
The m columns are electrically coupled to m data lines 108a-108m that
receive data signals D1, D2 ... Dm, respectively. Each of the m columns
25 includes firing cells 70 in each of the n fire groups 102a-102n and each column
of firing cells 70, referred to 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
30 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.
Data line 108b is electrically coupled to each of the firing cells 70 in the adjacent



11 colum and so on, over to and including data |ine 108mthat is
electrically coupled to each of the firing cells 70 in the far right
colum, including firing cells 70 in each of the fire groups
102a-102n. In one enbodi nent, array 100 is arranged into six fire
groups 102a-102n 5 and each of the sin fire groups 102a-102n incl udes
13 subgroups and eight data |ine groups. In other enbodinents, array
100 can be arranged into any suitable nunber of fire groups 102a- 102n

and into @simrdedd 6n, TovePRy ad inSiiamN fHoQHIR | L
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5provi de®'@firiealy couplegitedirg line119minal navgives e signakrrraieray signaing
resi st or §1REnl Mn 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.

25 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 memory circuits 74 of
enabled firing cells 70. Each of the stored data signals D1, D2 ... Dm sets the

30 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.



firing cells 70 that have conducting drive switches 72. The energi zed
firing resistors 52 heat and eject ink onto print nmedium 36 to print
an i mage represented by data signals D1, 02 ... Dm The process of
enabling a subgroup of firing cells 70, storing data signals D1, 02

. Dmin the enabled 10 subgroup and2provi ding an energy signal
FIRE1-FIREn to energize firing resistors 52 in the enabl ed subgroup
continues until printing stops. In one enbodinment, as an energy
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(conductin
firing cells 70. At any one time, only one subgroup of firing cells 70 is enabled

by subgroup enable signals SG1, SG2, ... SG, to store data signals D1, D2 ...
20 Dm provided on data lines 108a-108m. In this aspect, data signals D1, D2 ...
Dm on data lines 108a-108m are timed division multiplexed data signals. Also,
only one subgroup in a selected fire group 102a-102n includes drive switches
72 that are set to conduct while an energy signal FIRE1-FIREnN is provided to
the selected fire group 102a-102n. However, energy signals FIRE1-FIREnN
25 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. 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 including a drain-source path electrically coupled at one end to
30 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 voltage, such as ground. The other

terminal of firing resistor 52 is electrically coupled to a fire line 124 that receives



The gate of drive switch 172 forns a storage node capacitance 126
that functions as a nenory elenent to store data pursuant to the
sequential 5activation of a pre-charge transistor 128 and a sel ect
transi stor 130. The storage node capacitance 126 is shown i n dashed
lines, as it is part of drive switch ¥72. Alternatively, a capacitor
separate fromdrive switch 172 can be used as a nenory el enent. The
drai n-source path and gate of pre-charge transistor 128 are

10el ect ri g itd sﬁgnallmlaﬁrgy)s@naﬂrFQREhmIan lenergyJiidasatTHeesry e pukes
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t ransi st olisets afmérﬁ@rya;]@hgﬁts t ransi st or 138 and 20 second address

transistor 14Q_is electrically coupled between the drain-source path
of sel ect tranHi&s@@in- &@‘U%ﬁaﬂ‘r@?cbg%tﬁ@é pre- ﬁ@arﬂlﬁifanﬂs@fd@ﬁlaiﬂ circuit

I t
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addr ess tThengatetaidrivd@witsh d72ds eliectrically cmlnhécbtcb the dosin- soodxe path of

capaci t anc 26 of driyve 172. The 0, a 25 I stor
13671 s ol BEeLar Iphepi 2t et b fd it ladsd Barsisler 34D,
signal s Dﬁgatemsemt trandistor 130 |saddctﬁa§uytdoa@1éd8tbcy selgdt liné 134 that
eIectricaII coupl dto a ddress |line 144 that Fcelves addr ess

signals - Stgﬁ‘é PEe-gharge Sign@! isrnedyee of BHsed £Barde40 i s

el ectry caédrwrongwgﬁhedt\ﬁah@r t§g@@ﬂ9u|§é’dieﬁér§elcbnﬁoﬂé_li%é| a4 glsBRSY \ées
addr ess signal s - ADDRESS2 he data signals -DA 30 ad ress

si gnal s -S@mREgEIo¥aedin _enpipsiaeptsaf @ disehayaedifinig ¢l as i ndi cated by
the tilde (-) Z%Hafan?arf%%mdqg ffebtéaa‘?eéeltgﬂ@é.staa{% arfd'§ s@t%jrfdordtifgas

capacl tance 1 re-charge transistor | ect transrs
dat a tr arteansister l‘BBlnahldeainainesquer patb$ thadase eEeStraaHy delplédinparalienor y

or e- char gt PARERCIRS Ao BT BRARLEPISE, Ryt CaEhERR L o

pr e- &far geecondadliGs’s ttamsistor 140 is electncally coupled between the drain-source

path of select transistor 130 and reference line 122. The serial circuit including
select transistor 130 coupled to the parallel combination of data transistor 136,
first address transistor 138 and second address transistor 140 is electrically
coupled across node capacitance 126 of drive switch 172. The gate of data
25  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 receives 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
30 address signals ~ADDRESS1 and ~ADDRESS?2 are active when low as
indicated by the tilda (~) at the beginning of the signal name. The node



5 one enbodi nent, after the high | evel voltage pul se on pre-charge
line 132, a data signal -DATA is provided on data line 142 to set the
state of data transistor 136 and address signals - ADDRESS1 and

- ADDRESS2 are provided on address |lines 144 and 146 to set the states
of first address transistor 138 and s®cond address transistor 140. A
hi gh | evel voltage pulse is provided on select 10line 134 to turn on
sel ect transistor 130 and node capacitance 126 discharges if data
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2DaTA vol TSEEhd 806Rs4 Sfurls DRSS ATARESSY AR A8V d Pl S50 and
138 corrpradmfewllrmktl‘r%ancded:@dmet tiaen Statkay of firstatidiredsarankilocd 4d S t he

vol tage |evel on node ca nce 1 if pre-charged firing cell 120
i s addr es¥EPNd@dgiRss t '75"1 }E@n Se‘fﬁ'é{@'tt%ﬂﬁ PYylse s pravidag °6r$@|eCt

enmbodigrenineof 341 tuﬂkdnetselaéwarrstimafbd ér'id H&dé:é‘édacﬁéﬁéé’@é)glscfé

cel l arrgg 200 includes a plurality of pre- charged firing ce 120
arranged 93 yragpiptariidg, @ﬁba%egﬁyangtsﬁm 138r|aedlpr seeangt apsdiess tramgstom l's

120 in eapfp kide Aafé?Hé’tn% g@%apéé.@né&hgggémggkgfc% lApg&ad 1nto 13

rows and ei ght col umms. I re groups pre Char ged
firing celransistan136; flsstraai;dremdrms&st@drsermtd segbhy addressdemhsistdral 408 r ows
and ei gh alogil ums. The ei ght columms of pre-charged firing
cells 1207 é I'ectrically coupled to eight data |ines 208a-208h that

receifbe data Sﬁrgrmbﬁged?ﬂlnng-ddDZIZO is an%dres%édmﬂﬁ@%éﬂ ifeRtyaddrasd of the
ei ght col um referred to herein as a data |ine group or data group,

i ncl udes $9&@ ﬁ%ﬁép&&fﬁﬁ PRY ~AHIDRERS? afefﬂoé’a%'?ﬁ vede erpasitangg 126 gr oups
202a- 202feitEaacRArgbl f s b@ﬁapﬂbAﬁAJ{F?lgh bor FaRGin§ Thid R f gtb g 9o

firing cells 120 iS electricall coqr to one o
208a- 208H:DAJA igplow Pre-charged flrlng cell 120 is not an addressed firing cell if at
least one of the address signals ~ADDRESS1 and ~ADDRESS? is high and
20 node capacitance 126 discharges regardless of the data signal ~DATA voltage
level. The first and second address transistors 136 and 138 comprise an
address decoder, and data transistor 136 controls the voltage level on node
capacitance 126 if pre-charged firing cell 120 is addressed.
Figure 7 is a schematic diagram illustrating one embodiment of an inkjet
25  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 schematically arranged
into 13 rows and eight columns. The fire groups 202a-202f and pre-charged
firing cells 120 in array 200 are schematically arranged into 78 rows and eight
30 columns.
The eight columns of pre-charged firing cells 120 are electrically coupled

to eight data lines 208a-208h that receive data signals ~D1, ~D2 ... ~D8,



5charged firing cells 120 in a data line group are electrically
coupled to the sanme data |ine 208a-208h that is electrically coupled
to the gates of the data transistors 136 in the pre-charged firing
cells 120 in the colum. In one enbodi nent, each of the data signals
-D1, -D2 ... -DB represents a portiontSof an inmage. Al so, in one
enbodi nent, each of the data |lines 208a-208h is 10electrically
coupled to external control circuitry via a corresponding interface

dat a pad. respectivelat Badh ofethé@ﬂﬁltlcsluﬁirsctdfeﬁ@di tcyh@r@ltpéseﬁldhtb Iﬁﬁ;cé‘rogf) the
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to 20 address lines. 2Q6a- 206 recej ve address signals -A, -A2
0 2 et T e atcirusdhang el T2 Rghe epmyBonianes 1 ow of
pr e- char gesbbdirieng &ieh!of tiefatalswiriild €011 ADHET eDB @Brdch@/h PHRBHAHP OF
subgroup of pre- charged firing cells 120, is electricall coupled to

two of thd) iiRge Alspi iRanesiakadiment, earh opthe-data lineei208a-208h isel | s 120
in aqfpow éé@tﬁ&&l%cﬁfp‘i‘eoeﬂoeé;&érh P&dn‘l’ro?&(l’)t?.htﬁﬁvé% é&%s?gﬂang%%ﬁ@ ddress

| i nes 206a- 2 he su gr oups re groups 2f are
i dentifi efélataspaéubgroups SGl-1 through SGL-13 in fire group one (FGl)

o on, “up Lo SaneOR O MR cobeldy o e M Rl heu S g T °
group st e8P 12031 farlel i, pbuifimratciarg Sgfoels vogitvottte |
ror e subgl B apeiP A28 cy RS afiet S et Cay EoORIeP B et B s R <
120 i1 elcﬂmtrgjed:ﬁdnig/céﬂsumoad theadjabe@tdNARS ahd 86 Dn266d18 4RE-indifiding WO
address | ﬂ 206a- 206&ﬂcorres® onding to a subgrou are electrically

coupl ed t e 20pR thafiyielegkisaly eruplecste eachipiitie BfesdlaSQe(éﬂﬂnQﬂguﬁ n
all pre- CJFQ%T 19@%?érrrldﬁgc6IﬁHn5m1=:ﬁ.le P %a?%&gﬁr‘ﬂgocellgﬁoe}ﬂ%ﬁéﬁ?f e ne

206a-206g is electrically coupl ed one of t Irst and
second adie&seupsr228-204r s 138 and 140 and the ot her address |ine

206a-206g i s ellhgcfg gﬁ/@g J)fyqrg%ﬂg gfﬁ?\g&%@sq%gig %Ieth.ﬁgw Q%Lipé @feq of the

first and seco ress ranS| tors i nes
206a-2206 addeess linesa@ibac206gsthghvacsive AlddresA2agrthlp+~Ay| &2 t heAaddr ess
signals -Al, -A2 ... -A7 to the . , -
respectively. Each pre-c%arged 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 celis
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
25 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 one (FG1) 202a, subgroups SG2-1 through
SG2-13in fire group two (FG2) 202b and so on, up to and including subgroups
SG6-1 through SG6-13 in fire group six (FG6) 202f. In other embodiments,
30  each fire group 202a-202f can include any suitable number of subgroups, such
as 14 or more subgroups.



10 subgroups of the array 200 as foll ows: Row Subgroup Address

Signal s Row Subgroups -Al, -A2 SGl-1, S&-1 ... SG5-1 -Al, -A3 SGL-2,
S&-2 ... SG6-2 -Al, -AM4 SGL-3, S&X-3 ... S&b-3 -Al, -A5 SGl-4, S&-4
... SG6-4 -Al, -AG SGl-5, S&@-5 ... SG6-5 -A, -A7 SGl-6, S&X-6 ...
S&-6 -A2, -A3 501-7, S&-7 ... SGB-716A2, -Ad

Each subgroup of pre-charged firing cells 120 is electrically coupled to
two address lines 206a-206g. The two address lines 206a-206g corresponding
to a subgroup are electrically coupled to the first and second address transistors
138 and 140 in all pre-charged firing cells 120 of the subgroup. One address

5 line 206a-206g is electrically coupled to the gate of one of the first and second
address transistors 138 and 140 and the other address line 206a-206g is
electrically coupled to the gate of the other one of the first and second address
transistors 138 and 140. The address lines 206a-206g receive address signals
~A1, ~A2 ...~A7 and provide the address signals ~A1, ~A2 ... ~A7 to the

10  subgroups of the array 200 as follows:

Row Subgroup Address Signals Row Subgroups

~A1, ~A2 SG1-1, SG2-1 ... SG6-1
~A1, ~A3 SG1-2, SG2-2 ... SG6-2
~A1, ~A4 SG1-3, SG2-3 ... SG6-3
~A1, ~A5 SG1-4, SG24 ... SG6-4
~A1, ~A6 SG1-5, 8G2-5 ... SG6-5
~A1, ~A7 SG1-6, SG2-6 ... SG6-6
~A2, ~A3 SG1-7, SG2-7 ... SG6-7
~A2, ~A4 SG1-8, SG2-8 ... SG6-8
~A2, ~A5 SG1-9, SG2-9 ... SG6-9
~A2, ~AB SG1-10, SG2-10 ... SG6-10
~A2, ~A7 SG1-11, SG2-11 ... SG6-11
~A3, ~A4 SG1-12, SG2-12 ... SG6-12
~A3, ~A5 SG1-13, SG2-13 ... SG6-13

In other embodiments, address lines 206a-206g are electrically coupled
to subgroups of array 200 in any suitable coupling of address lines 206a-206g
15  to subgroups to provide any suitable mapping of row subgroup address signals

to row subgroups.

Subgroups of pre-charged firing cells 120 are addressed by providing
address signals ~A1, ~A2 ... ~A7 on address lines 206a-206g. In one



SGl-8, S&X-8 ... SG6-8 -A2, -A5 SGL-9, S&X-9 ... SG6-9 -A2, -A6

SGl- 10, S&-10 ... S06-10 -A2, -A7 SGL-11, S@&-11 ... SG6-11 -A3, -Ad
SGl-12, S&-12 ... SG6-12 -A3, -A5 SGL1-13, S&-13 ... 506-13

I n ot her enbodi nents, address |ines 206a-206g are electrically
coupl ed to subgroups of array 200 in ®ny suitable coupling of address
| i nes 206a-206g 15 to subgroups to provide any suitable mapping of

row subgroup address signals to row subgroups. Subgr oups of
pre-char g@dbbdlmdm, ta6lddarebainas 20e4dneg &wemrn@ég}/wm@j fsheess
signals - -A7 on address |lines 206a-2 In one 17

enbodi rren'ﬂ"orq ﬁ@d@aﬁ9§§§Taﬁqrﬁ@§°"ﬂﬁ§’a°flz%@fh§@‘éd@lA&t’l”lQﬂa‘Pﬂ gmiedipeats, Eg
er
i ot abpRoneg R el 8, A OBy s |

enbodlnents the a are electricalTy coup
ext er nal lcy)mlterfacecpadsw try by interface pads.

5 Pre-charge lines 210a-210f receive pre-charge signals PRE1, PRE2 ...
PRES6 and provide the pre-charge signals PRE1, PRE2 ... PRE6 to
corresponding fire groups 202a-202f. Pre-charge line 210a is electrically
coupled to all of the pre-charged firing cells 120 in FG1 202a. Pre-charge line
210b is electrically coupled to all pre-charged firing cells 120 in FG2 202b and

10 soon, up to and including pre-charge line 210f that is electrically coupled to all
pre-charged firing cells 120 in FG6 202f. Each of the pre-charge lines 210a-
210f is electrically coupled to the gate and drain-source path of all of the pre-
charge transistors 128 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

15 one pre-charge line 210a-210f. Thus, the node capacitances 126 of all pre-
charged firing cells 120 in a fire group 202a-202f are charged by providing the
corresponding pre-charge signal PRE1, PRE2 ... PRES to the corresponding
pre-charge line 210a-210f. In one embodiment, each of the pre-charge lines
210a-210f is electrically coupled to external control circuitry via a corresponding

20 interface pad.

Select lines 212a-212f receive select signals SEL1, SEL2 ... SEL6 and
provide the select signals SEL1, SEL2 ... SELS to corresponding fire groups
202a-202f. Select line 212a is electrically coupled to all pre-charged firing cells
120 in FG1 202a. Select line 212b is electrically coupled to all pre-charged

25 firing cells 120 in FG2 202b and so on, up to and including select line 212f that
is electrically coupled to all pre-charged firing cells 120 in FG6 202f. Each of
the select lines 212a-212f is electrically coupled to the gate of all of the select
transistors 130 in the corresponding fire group 202a-202f, and all pre-charged
firing cells 120 in a fire group 202a-202f are electrically coupled to only one

30 select line 212a-212f. In one embodiment, each of the select lines 212a-212f is
electrically coupled to external control circuitry via a corresponding interface

pad. Also, in one embodiment, some of the pre-charge lines 210a-210f and



5Pre-charge lines 210a-210f receive pre-charge signals PREL, PRE2
PRE6 and provide the pre-charge signals PRE1, PRE2 PRE6 to
corresponding fire groups 202a-202f. Pre-charge line 210a is
electrically coupled to all of the pre-charged firing cells 120 in
FGL 202a. Pre-charge line 210b is eletrically coupled to al
pre-charged firing cells 120 in FO2 202b and 10 so on, up to and

i ncludi ng pre-charge line 210f that is electrically coupled to al
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pre-char d e 212f
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| i nes 214ae HadR1d4aedidfie fi re signals or energy signals FlIREL, FI RE2
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coupl2ed tfige ai budoeesiohaF@I2(24 isreleeadd 5efé?é)FG2 26@6 whigR is Eélé&eh' ne
214b|s%£ﬁ ;gcéall coupledtoall pr e-char iring ce 120 in
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el ectri cafthys 6HAiBOAFE? 2aby pre-charged firing cells 120 in FG 202f.
Each of the fire lines 214a-214f is electrically coupled to all of

the firing 10 Theqdsiressssignals mAfheAZ or. rédmyet thepughrtbe dSaaw szmmwz:ozf
and all 2a: 202f
el ectri cgﬁrl y coﬁg’%&f&{%b%ﬂ\ geéor?gv I rbl]ﬂf %%J'Jfﬁagé%%?d'%fﬁé %af nes
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appropri t 0 in array
200 are %Hg (%ér;lqgg yeeag ﬁﬁ%ﬁ'&ﬁ%‘gﬁ tﬁ%? EBS Itzbé%'aggéeh?a?&‘ﬁgsﬁ ied to
a ref er ersignals ~A1 ~A2 ... ~A7 select one row subgroup in each of the fire groups

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

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

30 changed to select another row subgroup in each of the fire groups 202a-202f.
This continues up to the address signals ~A1, ~A2 ... ~A7 selecting the last row

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



15vol tage, such as ground. Thus, the pre-charged firing cells 120 in
a row subgroup of pre-charged firing cells 120 are electrically
coupled to the sane address |ines 206a-206g, pre-charge |line

210a- 210f, select line 212a-212f and fire |ine 214a-214f. In
operation, in one enbodinent fire groygps 202a-202f are selected to 20
fire in succession. FGL 202a is selected before F& 202b, which is
sel ected before FG3 and so on, up to FO6 202f. After FO06 202f, the

fire or oupAwa@ SLATtseIRY He fiKst fdwSabgfdldRto begin the BRIréskgRESovdrgnal s
-Al, -A7 cycle through the 13 row subgroup addresses bef ore

repeat| nga%lmow subgroup address. The address signals -Al, 25 -A2 -A7
provi ded on a n foup
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aﬂdr fess sogprate’] byprovifihg a pr&ét?argels@nlhl BREH BWEQubgPIf@E@ onithepadh of

the fire grou r one cycle throu e fire groups
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subgroup in each of the fire grou S . This continues up to

t he addr elifse $hgyRede capgcitange 126 on.eagh seve switely 172 & thganerfisg, g5y r oup
infire

signal s 9%@59%?%%%93@%8 to é‘}ﬁ@{eyael{:é?etlﬁ\%l‘fl %%ﬁggegﬂggp %ﬁﬁé gﬁﬁ‘&gl n

t he addr ea®2=§@2fe over again. I n anot her aspect of operation,
one of, the fir [ r oV

pre-c arge Si gﬁ%‘?‘ %?2%% %R%ﬁ] %’lé é{?jgdgéoﬁ eﬂssr]ﬁwg ZQ?Ba 210f
of the onzodg troeacmresaoor’z’é)aﬂv QLGliljrou;T h\eean’necfctlli@f@egrsuwabzi’aﬁlf PRE2
PREG6 deflnesapre cha etlmshntervg erlod%% Zﬂgf htlrre
t he node Eﬁ'HQEEQt%ﬂ?c’é’V‘fL IPHR DR #F5-G a’%ﬂﬂ" 9rpyp 4 é”’h re
group 202gigRdle-D 1S ~oi2ar geui ke Srobidel oncddtagRed 208d-2080tdpRviiealgs t he
one fire grou 202a- 202f . 10Address si gna - are

provi ded GrAliiaLEwps 207852 %6'99“?{5‘8&“?@dﬁ@éﬁ%‘séo%ﬁéggrws'h%ﬁﬁp in

each of t éééﬁréérgu 903922¢£02f , i ncluding one row subgroup in the
pr e- char ge Ire 202a-202f. Data S|Ignals -D1, -02 ... -08 are

provi ded on dd‘ﬂ@xtl aselecbsignal B!, (S L2r . 0\SloleS isaravided anithe selectyineups
202a- 202f 544 N6} heliege H@%@Eﬁﬂé@ ﬁ?eeéiroﬁB\Qﬁﬁg-lﬁ%f%psél&tttl?@pfér-gﬁarged fire
group 202a-202f. The select signal SEL1, SEL2 ... SEL6 defines a discharge
time interval for discharging the node capacitance 126 on each drive switch 172
-20  in a pre-charged firing cell 120 that is either not in the addressed row subgroup
in the selected fire group 202a-202f or addressed in the selected fire group
202a-202f and receiving a high level data signal ~D1, ~D2 ... ~D8. The node
capacitance 126 does not discharge in pre-charged firing cells 120 that are
addressed in the selected fire group 202a-202f and receiving a low level data
25 signal ~D1, ~D2 ... ~D8. A high voltage level on the node capacitance 126
turns the drive switch 172 on (conducting).
After drive switches 172 in the selected fire group 202a-202f are set to
conduct or not conduct, an energy pulse or voltage pulse is provided on the fire
line 214a-214f of the selected fire group 202a-202f. Pre-charged firing cells 120
30 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.



15 charged fire group 202a-202f. Next, a select signal SEL1, SEL2SEL6
I's provided on the select |ine 212a-212f of the pre-charged fire
group 202a-202f to select the pre-charged fire group 202a-202f. The
sel ect signal SEL1, SEL2 SEL6 defines a discharge time interval for

di schargi ng the node capacitance 126 @n each drive switch 172 20in a
pre-charged firing cell 120 that is either not in the addressed row
subgroup in the selected fire group 202a-2021 or addressed in the
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ener gy sidfishg leeRatray POBEF ire.grolipREIRa-202f| i iselgctdd iR R3@ERSsion to
energize pre-charged firing cells 120 based on data signals ~D1, ~D2 ... ~D8,
20 indicated at 300. The data signals ~D1, ~D2 ... ~D8 at 300 are changed as
needed, indicated at 302, for each row subgroup address and fire group 202a-
202f combination. Address signals ~A1, ~A2 ... ~A7 at 304 are provided on
address lines 206a-206g to address one row subgroup from each of the fire
groups 202a-202f. The address signals ~A1, ~A2 ... ~A7 at 304 are set to one
25 address, indicated at 306, for one cycle through fire groups 202a-202f. After the
cycle is complete, the address signals ~A1, ~A2 ... ~A7 at 304 are changed at
308 to address a different row subgroup from each of the fire groups 202a-202f.
The address signals ~A1, ~A2 ... ~A7 at 304 increment through the row
subgroups to address the row subgroups in sequential order from one to 13 and
30 back to one. In other embodiments, address signals ~A1, ~A2 ... ~A7 at 304
can be set to address row subgroups in any suitable order.



pul se, is provided to the selected fire group 202a-202f. Figure 8 is
atimng diagramillustrating the operation of one enbodi nent of
firing cell array 200. Fire groups 202a-202f are selected in
succession to energi ze pre-charged firing cells 120 based on data
signals -D1, -02 ... -08, 20 indicated at 300. The data signals -Di,
-D2 ... -08 at 300 are changed as needed, indicated at 302, for each
row subgroup address and fire group 202a-202f conbi nati on. Address
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pr e- char ge vol tage roup address
at 306 sel ect sTl'aBBjeaidlpe 8G2a for (Bt 282a ahd pse-gharge diné 240b 3drdF G2

B oL o SRy SR RA ity BB B et
subgr oup :E(Bl e SEL1/PRER:sigraleuniisd $ 18oR $lact ime ZFIGb tdfhdeorpihe select
o o ekl A i o T LGS G Soi PR 335;6
316 Q@0 selxietcdpabikantb2fRé ¥ dikch@fyddif afipr&eharged firing cells 120 in FG1
202a that are not in the address selected row subgroup SG1-K. In the address
selected row subgroup SG1-K, data at 314 are stored, indicated at 318, in the
node capacitances 126 of the drive switches 172 in row subgroup SG1-K to
either turn the drive switch on (conducting) or off (non-conducting).
25 The SEL1/PRE2 signal pulse at 316 on pre-charge line 210b, pre-
charges all firing cells 120 in FG2 202b. The node capacitance 126 for each of
the pre-charged firing cells 120 in FG2 202b is charged to a high voltage level.
The node capacitances 126 for pre-charged firing cells 120 in one row subgroup
SG2-K, indicated at 319, are pre-charged to a high voltage level at 320. The
30  row subgroup address at 306 selects subgroup SG2-K, and a data signal set at
328 is provided to data transistors 136 in all pre-charged firing cells 120 of alll

fire groups 202a-202f, including the address selected row subgroup SG2-K.



transistor 130 in each of the pre-charged firing cells 120 in FGL
202a. The 20node capacitance 126 is discharged in all pre-charged
firing cells 120 in FGL 202a that are not in the address selected row
subgroup SGl-K. In the address sel ected row subgroup SGl-K, data at
314 are stored, indicated at 318, in 2he node capacitances 126 of the
drive switches 172 in row subgroup SGl-K to either turn the drive
switch on (conducting) or off (non-conducting). 25The SEL1/PRE2

signal pulse athe3fi@ PR PUB e8aIEehdrif sighAPFIRE S inditié@gssad,! firing
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pre-charge |line 210c | _
After the SEL1/PRE2 signal pulse 316 goes low and while the energy pulse 322

is high, the SEL2/PRES3 signal pulse 326 on select line 212b turns on select
transistor 130 in each of the pre-charged firing cells 120 in FG2 202b. The
node capacitance 126 is discharged on all pre-charged firing cells 120 in FG2

20  202b that are not in the address selected row subgroup SG2-K. Data signal set
328 for subgroup SG2-K is stored in the pre-charged firing cells 120 of subgroup
SG2-K, indicated at 330, to either turn the drive switches 172 on (conducting) or
off (non-conducting). The SEL2/PRES3 signal pulse on pre-charge line 210c pre-
charges all pre-charged firing cells 120 in FG3 202c.

25 Fire line 214b receives energy signal FIRE2, indicated at 331, including
energy pulse 332, to energize firing resistors 52 in pre-charged firing cells 120
of FG2 202b that have conducting drive switches 172. The FIRE2 energy pulse
332 goes high while the SEL2/PRE3 signal pulse 326 is high, indicated at 334.
The SEL2/PRES signal pulse 326 goes low and the FIRE2 energy pulse 332

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

After the SEL2/PRES3 signal pulse 326 goes low and while the energy

pulse 332 is high, a SEL3/PREA4 signal is provided to select FG3 202¢c and pre-



15 202c receive SEL2/PRE3 signal 325, including SEL2/PRE3 signal

pul se 326. After the SEL1/PRE2 signal pulse 316 goes |ow and while
the energy pulse 322 is high, the SEL2/PRE3 signal pulse 326 on
select line 212b turns on select transistor 130 in each of the
pre-charged firing cells 120 in F& 202b. The node capacitance 126 is
di scharged on all pre-charged firing cells 120 in F& 20 202b that
are not in the address sel ected row subgroup S&-K. Data signal set
328 for s ' i - i Ik b7 s 120
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120 in FG1 202a are pre-charged while the address signals ~A1, ~A2 ... ~A7
304 select row subgroups SG1-K, 8SG2-K and on, up to row subgroup SG6-K.
25 The fire line 214f receives energy signal FIRESG, indicated at 343,
including an energy pulse at 344 to energize fire resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG6 202f. The
energy pulse 344 goes high while the SEL6/PRE1 signal pulse 336 is high and
node capacitances 126 on non-conducting drive switches 172 are being actively
30 pulled low, indicated at 346. Switching the energy pulse 344 high while the
node capacitances 126 are actively pulled low, prevents the node capacitances

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



capacitances 126 in all firing cells 120 in FGL 202a, including
firing cells 120 in row subgroup SGL-K, indicated at 342, to a high
voltage level. The firing cells 120 in FGL 202a are pre-charged while
the address signals -Al, -A2 ... -A7 304 select row subgroups SGl-K,
S&-K and on, up to row subgroup SG5-24. 25The fire line 2141 receives
energy signal FIRE6, indicated at 343, including an energy pul se at
344 to energize fire resistors 52 in pre-charged firing cells 120
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20  pulse at 348 is high. The SEL1/PRE2 signal pulse 348 goes low and the energy
pulse 352 remains high to heat and eject ink from corresponding drop
generators 60. The process continues until printing is complete.
Figure 9 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell 150 configured to latch data. In one embodiment, pre-
25  charged firing cell 150 is part of a current fire group that is part of an inkjet
printhead firing cell array. The inkjet printhead firing cell array includes multiple
fire groups.
Pre-charged firing cell 150 is similar to the pre-charged firing cell 120 of
Figure 6 and inciudes drive switch 172, firing resistor 52 and the memory cell of
30 pre-charged firing cell 120. Elements of pre-charged firing cell 150 that coincide

with elements of pre-charged firing cell 120 have the same numbers as the

elements of pre-charged firing cell 120 and are electrically coupled together and



Figure 9 is a schematic diagramillustrati ng one enbodi nent of a
pre-charged firing cell 150 configured to latch data. In one

enbodi nent, pre- 25charged firing cell 150 is part of a current fire
group that is part of an inkjet printhead firing cell array. The
inkjet printhead firing cell array irsludes nultiple fire groups.
Pre-charged firing cell 150 is simlar to the pre-charged firing cel
120 of Figure 6 and includes drive switch 172, firing resistor 52 and
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current fire group I n anot her enbodi nent e gate of data
| atch t r selestsically ammpladstorpre-chneget linectd2 thatiegpives theyprerehasge sighal afe

l'ine 2 r fire group. Instead, the gate of data |latch
trans1|35§t otﬁgféggpgﬁ%l @I’I cally coupled to a different signal

In another embodiment, the gate of data latch transistor 152 is not
electrically coupled to the pre-charge line 132 of the current fire group. Instead,
the gate of data latch transistor 152 is electrically coupled to a different signal
line that provides a pulsed signal, such as a pre-charge line of another fire

20 group.

In one embodiment, the data latch transistor 152 is a minimum sized
transistor to minimize charge sharing between the latched data line 156 and the
gate to source node of data latch transistor 152 as the pre-charge signal
transitions from a high voltage level to a low voltage level. This charge sharing

25 reduces high voltage level latched data. Also, in one embodiment, the drain of
the data latch transistor 152 determines the capacitance seen at data line 154
when the pre-charge signal is at a low voltage level and a minimum sized
transistor keeps this capacitance low.

Data latch transistor 152 passes data from data line 154 to latched data

30 line 156 and a latched data storage node capacitance 158 via a high level pre-
charge signal. The data is latched onto the latched data line 154 and the

latched data storage node capacitance 158 as the pre-charge signal transitions



| ine that provides a pul sed signal, such as a pre-charge |ine of

anot her fire 20group. In one enbodi nent, the data | atch
transistor 152 is a mninmmsized transistor to mnim ze charge
sharing between the |atched data |ine 156 and the gate to source node
of data latch transistor 152 as the pge-charge signal transitions
froma high voltage level to a |ow voltage level. This charge sharing
25reduces high voltage | evel |atched data. Also, in one enbodi nent,
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156. The thatnotitiple pae-ahaiggddiring [CBIST AT INs ticréadesi the lcapadiedcevaaangnd used
by individual latched data line 156 making it less susceptible to switching problems
and reduces the total capacitance driven via data line 154.
In operation, data signal ~DATAIN is received by data line 154 and
20 passed to latched data line 156 and latched data storage node capacitance 158
via data latch transistor 152 by providing a high level voltage pulse on pre-
charge line 132. Also, storage node capacitance 126 is pre-charged through
pre-charge transistor 128 via the high level voltage pulse on pre-charge line
132. Data latch transistor 152 is turned off to provide latched data signals
25 ~LDATAIN as the voltage pulse on pre-charge line 132 transitions from the high
voltage level to a low level voltage. The data to be latched into pre-charged
firing cell 150 is provided while the pre-charge signal is at a high voltage level
and held until after the pre-charge signal transitions to a low voltage level. In
contrast, the data to be latched into pre-charged firing cell 120 of Figure 6 is
30 provided while the select signal is at a high voltage level.
In another embodiment, the gate of data latch transistor 152 is not

electrically coupled to the pre-charge line 132 of the current fire group. Instead,



the multiple pre-charged firing cells. This increases the capacitance
on any individual latched data Iine 156 making it |ess susceptible to
swi tching probl ens and reduces the total capacitance driven via data
line 154. In operation, data signal -DATAIN is received by data |ine
154 and 20passed to | atched data |ine7156 and | atched data storage
node capacitance 158 via data |latch transistor 152 by providing a
hi gh | evel voltage pul se on pre-charge |ine 132. Al so, storage node
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vol tage |gutglateltransiotr 18h ! Fesd@dnalpre-charged firing cell in the current fire
group is electrically coupled to a second pre-charge line of a second fire group
that is different than the first fire group and the current fire group. Data line 154
20  provides data during the high voltage levels of the pre-charge signals of the first
and second fire groups. Data latched into the first and second pre-charged
firing cells is used via the pre-charge and select signals of the current fire group.
In one embodiment, data line 154 is not electrically coupled to every fire group
in the inkjet printhead firing cell array.
25 In one embodiment of pre-charge firing cell 150, after the high level
voltage pulse on pre-charge line 132, address signals ~ADDRESS1 and
~ADDRESS2 are provided on address lines 144 and 146 to set the states of
first address transistor 138 and second address transistor 140. A high level
vbItage pulse is provided on select line 134 to turn on select transistor 130 and
30 storage node capacitance 126 discharges if data transistor 136, first address

transistor 138 and/or second address transistor 140 is on. Alternatively, storage



In one enbodi nent, the gate of a data latch transistor, such as data
| atch transistor 152, of a first pre-charged firing cell in the
current fire group is 1l5electrically coupled to a first pre-charge
line of a first fire group that is different than the current fire
group. Also, the gate of a data |atchegtransi stor, such as data |atch
transi stor 152, of a second pre-charged firing cell in the current
fire group is electrically coupled to a second pre-charge line of a
second fi : | Liter i I and the
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Pre-charged firing cell 150 is an addressed firing cell if both
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Figure 10 is a schematic diagramillustrating one enbodi mrent of a

doubl e daf'&ePatg the number of Arop; gengratorsoem a pHathgad isnd usingdhe seme i ri ng
cel I 2% r ciirhbéQ& input pads or using the same number of drop generators on a

printhead and reducing the number of input pads. A printhead with more drop
generators typically prints with higher quality and/or printing speed. Also, a
printhead with fewer input pads typically costs less than a printhead with more
input pads.

25 The double data rate firing cell circuit 400 includes a plurality of fire
groups, such as fire group 402, and a clock latch circuit 404. The fire group 402
includes a plurality of pre-charged firing cells 150 that are configured to latch
data and a plurality of row subgroups, such as row subgroup 406. The row
subgroup 406 includes pre-charged firing cells 150a-150m.

30 Each of the pre-charged firing cells 150 in fire group 402 is electrically
coupled to pre-charge line 408 to receive pre-charge signal PRECHARGE,
select line 410 to receive select signal SELECT and fire line 412 to receive fire



15l atches in two data bits fromeach of the data |ines at each high
vol tage pulse in the pre-charge signal. Thus, tw ce the nunber of
firing resistors can be energi zed wthout increasing the firing
frequency or the nunber of input pads. The nunber of drop generators
per input pad can be increased, such s by increasing the nunber of
drop generators on a printhead and using the sane 20 nunber of input
pads or using the sanme nunber of drop generators on a printhead and
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signals ~DC1 -~DCn is small enough to maintain a minimum high voltage level in
data latched into the pre-charged firing cells 150 as the pre-charge signal

20 transitions to a low voltage level and as the data clock signal DCLK at 420
transitions to a low voltage level.

In other embodiments, each of the clock latch transistors 418a-418n and
corresponding clock data lines 424a-424n can be split into muitiple transistors
and multiple data lines. In one embodiment, one of the muitiple transistors that

25 corresponds to one of the clock latch transistors 418a-418n and one of the
multiple data lines that corresponds to one of the clock data lines 424a-424n is
coupled to nozzles of the fire group on one side of a fluid channel. Also,
another one of the multiple transistors that corresponds to the same one of the
clock latch transistors 418a-418n and another one of the multiple data lines that

30 corresponds to the same one of the clock data lines 424a-424n is coupled to
nozzles of the fire group on another side of the fluid channel. In one



and in all the other fire groups in double data rate firing cel
circuit 400 via corresponding clock data |ines 424a-424n. Having al

of the pre-charged firing 15cells 150 in one data |ine group

el ectrically coupled to a single one of the clock latch transistors
418a-418n ensures that there i s enoug¥® capacitance on clocked data

| i nes 424a-424n to ensure that charge sharing by clocked data signals
-DC1--DCn is small enough to maintain a mnimum high voltage level in
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corresponding data line group. The data line group that includes pre-charged
firing cell 150b receives data signal ~D1 at 422a.
Clock latch transistor 418b includes a drain-source path that is electrically
coupled at one end to data line 422b to receive data signal ~D2. The other end
25 of the drain-source path of clock latch transistor 418b is electrically coupled at
424b to the pre-charged firing cell 150c and all of the pre-charged firing cells
150 in the same column or data line group as pre-charged firing cell 150c,
including pre-charged firing cells 150 in fire group 402 and in other fire groups in
double data rate firing cell circuit 400. The drain-source path of clock latch
30 transistor 418b is electrically coupled to the data line 154 and drain-source path

of data latch transistor 152 in each of the pre-charged firing cells 150 in the

corresponding data line group. Clock latch transistor 418b receives data signal



15Data line 422a is also electrically coupled to the pre-charged
firing cell 150b and all of the pre-charged firing cells 150 in the
sane colum or data line group as pre-charged firing cell 150b,

i ncluding pre-charged firing cells 150 in fire group 402 and in other
fire groups in double data rate firirg cell circuit 400. The data
line 422a is electrically coupled to data |ine 154 and the

drai n-source 20path of data latch transistor 152 in each of the
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charged firing cell 150m-1, including pre-charged firing cells 150 in fire group
402 and in other fire groups in double data rate firing cell circuit 400. The drain-
20  source path of clock latch transistor 418n is electrically coupled to the data line
154 and drain-source path of data latch transistor 152 in each of the pre-
charged firing cells 150 in the corresponding data line group. Clock latch
transistor 418n receives data signal ~Dn at 422n and provides clocked data
signal ~DCn at 424n to the data line group that includes pre-charged firing cell
25 150m-1.
Data line 422n is also electrically coupled to the pre-charged firing cell
~ 150m and all of the pre-charged firing cells 150 in the same column or data line
group as pre-charged firing cell 150m, including pre-charged firing cells 150 in
fire group 402 and in other fire groups in double data rate firing cell circuit 400.
30 The data line 422n is electrically coupled to data line 154 and the drain-source
path of data latch transistor 152 in each of the pre-charged firing cells 150 in the



The remaining clock latch transistors 418 in clock latch circuit 404
are simlarly electrically coupled to pre-charged firing cells 150 in
double data rate firing cell circuit 400, up to and including clock

| atch transistor 418n that includes a drain-source path electrically
coupled at one end to data |ine 422n3t20 receive 15data signal -Dn.
The other end of the drain-source path of clock latch transistor 418n
Is electrically coupled at 424n to the pre-charged firing cell 150m 1
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20 receive data signals ~D1-~Dn. In other embodiments, the pre-charged firing
cells 150 can be coupled to receive clocked data signals ~DC1-~DCn and data
signals ~D1-~Dn in any suitable sequence or pattern or no sequence at all.
Each of the data signals ~D1-~Dn includes a first data bit during the first
half of the high voltage pulse in pre-charge sighal PRECHARGE and a second
25 data bit during the second half of the high voltage pulse. Also, clock signal
DCLK includes a high voltage pulse during the first half of the high voltage pulse
in pre-charge signal PRECHARGE.
In operation, pre-charge signal PRECHARGE and clock signal DCLK
transition to high voltage levels and each of the data signals ~D1-~Dn includes
30 afirst data bit that is provided to the corresponding clock latch transistor 418a-

418n during the high voltage pulse in clock signal DCLK. The clock latch
transistors 418a-418n pass the first data bits to the corresponding data line



In this enbodi ment, substantially half of the pre-charged firing
cells 150 are coupled to receive cl ocked data signals -DCl--DCn and
substantially half of the pre-charged firing cells 150 are coupled to
receive data signals -D1--Dn. 15Al so, every other pre-charged firing
cell 150 in a row subgroup is electrid@ally coupled to receive cl ocked
data signals -DCl--DCn and the others are coupled to receive data
signals -D1--Dn. In other enbodi nents, any suitable percentage of the
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5cor respd 8?n@5%ta§dlﬁorf€‘ R BUP¥P-Tor e- charged firing cells 1500,
150dq5and so qmeWodked HafTsignals ~DC1-~DCn and the second data bits in data

signals ~D1-~Dn are received by all pre-charged firing cells 150 in the
corresponding data line groups in double data rate firing cell circuit 400. In fire
group 402, the clocked data signals ~DC1-~DCn and the second data bits in
data signals ~D1-~Dn are received by data lines 154 in the pre-charged firing
20  cells 150 and passed to latched data lines 156 and latched data storage node
capacitances 158 via data latch transistors 152 and the high level voltage pulse
in the pre-charge signal PRECHARGE. Also, in fire group 402, the storage
node capacitances 126 are pre-charged through pre-charge transistors 128 via
the high level voltage pulse in the pre-charge signal PRECHARGE. Next, in fire
25 group 402, the data latch transistors 152 are turned off to latch in the clocked
data signals ~DC1-~DCn and the second data bits in data signals ~D1-~Dn to
provide latched data signals ~LDATAIN as the pre-charge signal PRECHARGE
transitions to a low level voltage.
In one embodiment of the pre-charged firing cells 150, after the high level
30 voltage pulse in the pre-charge signal PRECHARGE transitions to a low voltage
level, address signals ~ADDRESS1 and ~ADDRESS2 are provided to select

row subgroup 406 and a high level voltage pulse is provided in select signal



Next, each of the data signals -Dl--Dn includes a second data bit
that is provided to the corresponding clock latch transistor
418a-418n and the corresponding data |ine group of pre-charged firing
cells 150b, 150d, and so on 10up to 150m during the second half of

t he high voltage pul se in pre-chargegzgi gnal PRECHARGE. The cl ock

| atch transistors 418a-418n are turned off via the | ow voltage | eve
of clock signal CLK, which prevents the second data bits from passing
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signal FIRE to energize firing resistors 52 cou to conducting
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cell circuit continues via clocking 1n and pre-
10char gi vip & SEDW dathl docksnd the dinog leell cmmtdatg,hesum theHfieste seadneldardiat a

celle 150t QEEHIA AR ctlalde Q685 ECHARGR ot Farh 68, B ucy e
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pul se in sehe t. si nd an energy pulse in a fire signal are
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Figure 11 is a timing diagram illustrating the operation of one
embodiment of the double data rate firing cell circuit 400 of Figure 10. The
double data rate firing cell circuit 400 includes a first fire group FG1, a second
fire group FG2, a third fire group FG3 and other fire groups, up to fire group
FGn. The double data rate firing cell circuit 400 receives pre-charge/select

30 signals S0, $1, S2 and other pre-charge/select signals, up to Sn. The pre-

charge/select signals S0-Sn are used as pre-charge signals and/or select
signals in the double data rate firing cell circuit 400.



15t he other fire group. This process continues until ejecting fluid
I's conpl et ed. I n other enbodi ments, the firing cell circuit can
I ncl ude any suitabl e nunber of clock latch circuits, such as cl ock
latch circuit 404, to latch in any suitable nunber of data bits, such
as 3 or 4 or nore data bits, at eachgskigh voltage pulse in the
pre-charge signal PRECHARGE. For exanple, the firing 20cell circuit
can include a second clock latch circuit that clocks in a third data
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Figure 10. The dou data rate fiTting cell circuit cludes a
first 5fi rigng SInptahown) Sscbsriestisignal aad o PaRup #o finei graup FGe thabup FG3

d oth t t
1T ng odProices SaRERey thot cholund S B AURGIGE o sfBsbal S @old) s,
S2 and otshewnpeeacieledeignal.ect signals, up to Sn. The pre-
char e sel oct TRl a0 R4 1R %l FRERGRE BOFRN BB
The fi r stdata signglsoupl-FBh mﬁoeiawa$r&r|@é@bloa@d8<}lat5@%na& mOH&Dﬂ\ﬁége
t el ect sjgna rou
Feo ABcorids Sieaioraef CReEn B piite dhta tandls ghar DIt 980 %2 at

504 as a cistkeatdatd Sigahls ~DT1 Lbcrndatfsmeiogf&hub léféhemﬁﬁlo\eﬂéd ab&nal S2
at 504 as a pre- charge signal and 5 signal S3 (not shown) as a sel ect

si gnal arfignals apd lalghadgn aiaes'gn@iawlndaamaﬁed@cfér%@davegﬁ\aﬂcm1 (not
shown) aq@tere%e@gé[ ggﬁéqee%hg%@stat &ch 6Nk fl?@@?’(‘f'ug od e ect

si gnal . The atch™crrcult 40'2:1 recel ves sl gnal
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si gnal's
or end of the high voltage pulse in the select signal of the fire group to energize

selected firing resistors 52 in the fire group.
The first fire group FG1 latches in data signals ~D1-~Dn at 508 and

clocked data signals ~DC1-~DCn at 510 to provide latched first fire group

20  clocked data signals FG1C at 512 and latched first fire group data signals FG1D
at 514. The second fire group FG2 latches in data signals ~D1-~Dn at 508 and
clocked data signals ~DC1-~DCn at 510 to provide latched second fire group
clocked data signals FG2C at 516 and latched second fire group data signals
FG2D at 518. The third fire group FG3 latches in data signals ~D1-~Dn at 508

25 and clocked data signals ~DC1-~DCn at 510 to provide latched third fire group
clocked data signals FG3C at 520 and latched third fire group data signals
FG3D at 522. The other fire groups also latch in data signals ~D1-~Dn at 508
and clocked data signals ~DC1-~DCn at 510 to provide latched clocked data
signals and latched data signals similar to fire groups FG1-FG3.

30 To begin, signal SO at 500 provides a high voltage pulse at 524 in the
pre-charge signal of the first fire group FG1 and data clock signal DCLK at 506

provides a high voltage pulse at 528 during the first half of the high voltage



cl ocked data signals -DCl1--DCn at 510 to provide |atched in clocked
data signals and latched in data signals, which are used to turn on
drive swtches 172 to energize selected firing resistors 52. Each of
the fire groups receives a fire signal that includes energy pulses to
energi ze the selected firing resistorsg 15 52. I n one enbodi nent, an
energy pul se starts substantially toward the mddle or end of the
hi gh voltage pulse in the select signal of the fire group to energize
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at 5%% tQat are i}@through clock latch circuit 404 to provide the
first flréanﬁscg?fp q g lﬁ%&a signals 1C at 530 in clocked data
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group data signals FG1D at 514. The first fire group clocked data signals 1C at
532 and the first fire group data signals 1D at 536 are latched into pre-charged
firing cells 150 in the first fire group FG1 as the high voltage pulse 524
transitions to a low logic level. The first fire group data signals 1D at 534 must
25 Dbe held until after the high voltage pulse 524 transitions below transistor
threshold values.
Address signals are provided to select a row subgroup and signal S1 at
502 provides a high voltage pulse at 538 in the select signal of the first fire
group FG1 and the pre-charge signal of the second fire group FG2. The high
30 voltage pulse at 538 turns on select transistors 130 in the pre-charged firing
cells 150 of first fire group FG1. In the addressed row subgroup, the storage
node capacitances 126 either discharge if the latched first fire group data FG1C



at 528 nust be held until after the high voltage pul se 526
transitions bel ow 15transistor threshold val ues. During the
second half of the high voltage pul se at 524, data signals -Dl--Dn at
508 include first fire group data signals 1D at 534. The first fire
group data signals 1D at 534 are passed through data | atch
transistors 152 in pre-charged firing cells 150 of the first fire
group FGL that are attached to data 20lines 422 to provide the first
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vol tage pul se 524 transitions below transistor threshold val ues.
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the first frre gro e second fire
gr oup FGZSub@hmphl gh 30vol tage pul se at 538 turns on sel ect

t t 1 t firi l1.s 150 of fir fire
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addr essedhre p\as&djtyurmlgh clock latch circuit 404 to provide the second fire group
156  clocked data signals 2C at 544 in clocked data signals ~DC1-~DCn at 510.
Also, the second fire group clocked data signals 2C at 544 are passed through
data latch transistors 152 in pre-charged firing cells 150 of the second fire group
FG2 to provide the second fire group clocked data signals 2C at 546 in latched
second fire group clocked data signals FG2C at 516. The second fire group
20 clocked data signals 2C at 544 are latched in as clocked data signals ~DC1-
~DCn at 510 as the high voltage pulse 540 transitions to a low logic level. The
second fire group clocked data signals 2C at 542 must be held until after the
high voltage pulse 540 transitions below transistor threshold values.
During the second half of the high voltage pulse at 538, data signals
25 ~D1-~Dn at 508 include the second fire group data signals 2D at 548. The
second fire group data signals 2D at 548 are passed through data latch
transistors 152 in pre-charged firing cells 150 of the second fire group FG2 that
are attached to data lines 422 to provide the second fire group data signals 2D
at 550 in latched second fire group data signals FG2D at 518. The second fire
30  group clocked data signals 2C at 546 and the second fire group data signals 2D
at 550 are latched into pre-charged firing cells 150 in the second fire group FG2

as the high voltage pulse 538 transitions to a low logic level. The second fire



Data cl ock signal DCLK at 506 provides a high voltage pul se at 540
during the first half of the high voltage pulse at 538. dock latch
circuit 404 10 receives the high voltage pul se at 540 and passes the
data signals -D1--Dn at 508 to provide the clocked data signals

- DC1--Den at 510. During the fizggst half of the high voltage
pul se at 538, data signals -D1- -Dn at 508 include the second fire
group cl ocked data signals 2C at 542 that are passed through cl ock

latch circuit ,404 .to Vi t he .seco fir 0 1 ock
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until _after the high voltage pulse 538 transitions bel ow transistor
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resistors 52 coupled to conducting drive swtches 172 In
addr ess edhindfireggrodm §@c[§gqbdata signals 3C at 558 are passed through data latch

25 transistors 152 in pre-charged firing cells 150 of the third fire group FG3 to
provide the third fire group clocked data signals 3C at 560 in latched third fire
group clocked data signals FG3C at 520. The third fire group clocked data
signals 3C at 558 are latched in as clocked data signals ~DC1-~DCn at 510 as
the high voltage pulse 554 transitions to a low logic level. The third fire group

30 clocked data signals 3C at 556 must be held until after the high voltage pulse
554 transitions below transistor threshold values.



Data cl ock signal DCLK at 506 provides a high voltage pul se at 554
during the first half of the high voltage pulse at 552. C ock latch
circuit 404 receives the high voltage pul se at 554 and passes the
data signals -D1--Dn at 508 to provide the clocked data signals
-DC1l--DCn at 510. 20During the first3talf of the high voltage pul se
at 552, data signals -Dl1- -Dn at 508 include the third fire group
cl ocked data signals 3C at 556 that are passed through clock latch

circuit 404 t ®uihgthéeethtd half 6Tthé ihigh \ﬂiltgyépms@(éf%Zd@été sigri@gml s 3C
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The pre-charged firing cell 160 is similar to the pre-charged firing cell 120 of
Figure 6 and includes drive switch 172, firing resistor 52 and the memory cell of

20 pre-charged firing cell 120. Elements of pre-charged firing cell 160 that coincide
with elements of pre-charged firing cell 120 have the same numbers as the
elements of pre-charged firing cell 120 and are electrically coupled together and
to signal lines as described in the description of Figure 6, with the exception that
the gate of data transistor 136 is electrically coupled to latched data line 166

25 that receives latched data signal ~LDATAIN instead of being coupled to data
line 142 that receives data signal ~DATA. In addition, elements of pre-charged
firing cell 160 that coincide with elements in pre-charged firing cell 120 function
and operate as described in the description of Figure 6.

Pre-charged firing cell 160 includes a data latch transistor 162 that

30 includes a drain-source path electrically coupled between data line 164 and

latched data line 166. Data line 164 receives data signals ~DATAIN and data

latch transistor 162 latches data into pre-charged firing cell 160 to provide



15fluid is conpleted. Figure 12 is a schematic diagram

Il lustrating one enbodi nent of a pre-charged firing cell 160 that can
be used in multiple data rate firing cell circuits. The pre-charged
firing cell 160 is simlar to the pre-charged firing cell 120 of
Figure 6 and includes drive switch 143, firing resistor 52 and the
menory cell of 20pre-charged firing cell 120. Elenents of pre-charged
firing cell 160 that coincide with elenents of pre-charged firing

cel | 120 ieeqdits SRREISIYFRAAN DAY SRR PAR o RiGR RS, (111 ng

cell 120 and are e rically coup gether "an | i nes as
descri bedsigmals REDAGHINiapd aotiveohén w &s indicatddby the tidec e tat the t hat t he
gate of data t.ranf&fetor 36 is electri ?ally couﬁ ed to | atched data
line 166 RRYIRMHAY O KieIgna nediE: niEte Qpie & datgiatch tanaisirN62is t ead of

bei ng counb@flcaly diipfed tortfatd ddethite ﬂmﬁhv.%%?ﬂa& 8 dHts)88kct YA I N

addition, elenents of pre-charged firing cell 160 that coinCide with
el enedt s PATABELcharged firing cell 120 function and operate as

described in t % ' ' : : Pre- ed
firing cell 1 E%In%c u&e@%gnﬂagf[gadalﬁg?éc{&ﬁ%rggﬂgtlogt1g‘?’ 'sl%?"ﬁh&n?gglégcl udes
a dr ai n- dransistoptatrhinighige ichargsl sharing bptvezbrtthewatehedidata liner®616w thad

| at ched ' ) [ 64. recel.ves, dat a si,gnal s - DATAI N
and dat adq%gééigw%%g?g?gf E’%ﬂg{&ﬁttéﬁ'&si%gt qsf]t[lg%afa@eé% rsé%rl?lfi ring
CSA!I' I1%0 ttwsliirotn\sigd?'\ a4figh mltdgede\i&tﬁﬁﬁgb\?&aliagelbm:mlhi‘é &I@Q?sﬁér@@' S
- an at che ata, signals .- are active e W, as
o A0 o 1y 66 Vel eyedaRhRa dbB Al rin oBF AHRoUERaINe SR OFrhe
gate of dpéYatfaedh tramitbs16Y ddiBAnings Meesdpdchande/scedta! Rith fife 464 @
select line 170 that receives a data select signal 5 DATASEL.

In one e iertata sRlectignalinach o witagstlere! apd & minmuMHisAgh si zed
transi st Grgstdd @éﬁ%%ﬁs%ﬁﬁé&%nﬁ@ﬁﬁng between the latched data |ine

166 and the gate to source node of data latch transistor 162 as the
dat a sel ect silptallatch érapsision62 presasaddta flonvdatadige 16d\te latchedhddtaw
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t he data sel ect Slﬁf?@elels at a low voltage | evel and a m ni num si zed

transi st SRk 85R0G 2PAGHARCH, 465 phe data select signal transitions from a

high voltage level to a low voltage level. The latched data storage node
capacitance 168 is shown in dashed lines, as it is part of data transistor 136.
20 Alternatively, a capacitor separate from data transistor 136 can be used to store
latched data.
The latched data storage node capacitance 168 is large enough to
remain at substantially a high level as the data select signal transitions from a
high level to a low level. Also, the latched data storage node capacitance 168 is
25 large enough to remain at substantially a low level as an energy pulse is
provided via the fire signal FIRE and a high voltage pulse is provided in select
signal SELECT and a high voltage pulse is provided in pre-charge signal
PRECHARGE. In addition, data transistor 136 is small enough to maintain a
low level on the latched data storage node capacitance 168 as the gate of drive
30  switch 172 is discharged and large enough to fully discharge the gate of drive
switch 172 before the beginning of an energy pulse in the fire signal FIRE.



Data |l atch transistor 162 passes data fromdata line 164 to | atched
data 15line 166 and a | atched data storage node capacitance 168 via a
hi gh | evel data select signal. The data is |latched onto the | atched
data line 164 and the | atched data storage node capacitance 168 as
the data select signal transitions frugma high voltage level to a | ow
voltage |l evel. The | atched data storage node capacitance 168 i s shown
I n dashed lines, as it is part of data transistor 136. 20
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during each hilgla niolkiplegfats vats @iring cell circuit that uses pre-charged firing cells
160, some data lines charge up latched data line nodes in one fire group at a
time, where each fire group receives the high voltage level in the pre-charge
signal of the fire group. Other data lines charge up latched data line nodes in a
25 number of fire groups, where a number of fire groups receive the high voltage
pulse in a clock signal.

In operation of pre-charged firing cell 160, data signal ~DATAIN is
received by data line 164 and passed to latched data line 166 and latched data
storage node capacitance 168 via data latch transistor 162 by providing a high

30 voltage pulse on data select line 170. Storage node capacitance 126 is pre-
charged through pre-charge transistor 128 via a high voltage pulse on pre-
charge line 132. Data latch transistor 162 is turned off to provide latched data



the pre-charge signal. In other enbodinents of nultiple data rate
firing cell circuits that use pre-charge firing cells 160, any

sui tabl e nunber of clock signals can be used to latch in nmultiple
data bits, such as three or nore data bits, during 20 the high

vol tage pul se of a pre-charge signal 42 In a nultiple data rate
firing cell circuit that uses pre-charged firing cells 160, sone data
| ines charge up latched data Iine nodes in one fire group at a tine,
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Pre-charged firing cell 160 is an addressed firing cell if both address
20 signals ~ADDRESS1 and ~ADDRESS?2 are low, and storage node capacitance
126 either discharges if latched data signal ~LDATAIN is high or remains
charged if latched data signal ~LDATAIN is low. Pre-charged firing cell 160 is
not an addressed firing cell if at least one of the address signals ~ADDRESS1
and ~ADDRESS?2 is high, and storage node capacitance 126 discharges
25 regardless of the voltage level of latched data signal ~LDATAIN. The first and
second address transistors 136 and 138 comprise an address decoder and, if
pre-charged firing cell 160 is addressed, data transistor 136 controls the voltage
level on storage node capacitance 126.
Figure 13 is a timing diagram illustrating the operation of one
30 embodiment of a double data rate firing cell circuit using pre-charged firing cells

160. Each of the data select lines 170 is electrically coupled to a pre-charge
line, a first data clock or a second data clock. The double data rate firing cell



transi stor 138 and/or second address transistor 140 is on.

Al ternatively, storage node capacitance 126 remains charged if data
transistor 136, first address transistor 138 and second address
transistor 140 are all off. Pre-charged firing cell 160 is an
addressed firing cell if both addrese320 signals - ADDRESS1 and

- ADDRESS2 are | ow, and storage node capacitance 126 either discharges
i f latched data signal -LDATAIN is high or remains charged if |atched

data si ggf'i’]]]gzl uit riides fn%} hl@% PEHS prhare mﬁfe’ @g%%’dz ?aelerd re"éﬂ‘ouB“

addr esse ring cel east One o ess 'si

- ADDRESSIFG3idnd ,@[mlfiﬁsaroupshwgtq firargtowp BGagd hecdmibquiﬂtalraterfcrmgm

di scharges 25 reqgardl| es of t he \vol t ched data signal
CLDATAI N.CTPHE 9GeNS RIRFhe egq(ﬂgr@ié’gp,rgﬁ%?s%qg 58N 138
conpri se @@r@&%l%&@@@d@ﬁa@ﬂ Thé pl@’-@heﬂ gieet digridl® S0cSH hrelied S
addressed, data transistor 136 control st age |l evel  on ?torage
node apaﬁ:’ﬁ Rfﬁrﬁi@faezﬁ'gf‘?*ﬁ@ﬁ'ﬂ@ff§'qcés'a"?'ﬁr'ﬁ‘H‘@Qﬁ%’&ﬁ Aairptefiingseling t he
oper ati on;j@fitone 30enbodi nent of a double data rate firing cell

circuit using épre charged firing cells 160. Each of the data sel ect
lines 170 is dlhedirst fcralgquun:BGfblre@eweﬁ signal SkatH00aq @ pee-charge signabiat a

cl ook of ASSINSARBLLOT kT AVHE dahay SRl Solb FEpcEELbe 43

circuit includes a Tirst fire a secon PHR €57 64
third fi rsigred @dpatEB2 asmipmi d:ha‘rgé srgeagarmm_gnaltﬂﬁ a6 04 a;ea geleopsig@l. The

doubl.e data rate firin circuit cei re-c e/ sel ect

o ondDs" S5 Bt Pes biau 5 R imechies Ay SR BlE s st erotnera e e
pr e- char gedrieg baqhossrww)%s%as&cw@auaﬁd sb @, Pp %o filkA§roEp FIGHMALS

and/ or select signals in the double data rate firi ng.cell_ circuit.
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odd numbered fire groups, such as first fire group FG1. and third fire group FG3.
The pre-charge line of each fire group is electrically coupled to the data select
20 lines 170 of substantially the other half of the pre-charged firing cells 160 in the
odd numbered fire groups. The second data clock is electrically coupled to the
data select lines 170 of substantially half of the pre-charged firing celis 160 in
even numbered fire groups, such as second fire group FG2 and fourth fire group
FG4, and the pre-charge line of each fire group is electrically coupled to the
25 data select lines 170 of substantially the other half of the pre-charged firing cells
160 in the even numbered fire groups.
The first data clock signal DCLK1 at 606 includes a high voltage pulse in
the first half of each high voltage pulse in pre-charge signals of fire groups
coupled to the first data clock and the second data clock signal DCLK2 at 608
30 includes a high voltage pulse in the first half of each high voltage pulse in pre-
charge signals of fire groups coupled to the second data clock. Data lines

provide data signals ~D1-~Dn at 610, wherein each of the data lines provides



15 DCLK1 at 606 via the first data clock and a second data cl ock
signal DCLK2 at 608 via the second data clock. The first data cl ock
Is electrically coupled to the data select lines 170 of substantially
hal f of the pre-charged firing cells 160 in odd nunbered fire groups,
such as first fire group FGL. and thigzgd fire group FG3. The
pre-charge line of each fire group is electrically coupled to the
data select 20lines 170 of substantially the other half of the
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energize the selected firing resistors 52. In one embodiment, an energy pulse

starts substantially toward the middle or end of the high voltage puise in the
select signal of the fire group to energize selected firing resistors 52 in the fire
group.

25 The first fire group FG1 latches in data signals ~D1-~Dn at 610 to provide
latched first fire group clocked data signals FG1C at 612 and latched first fire
group pre-charge data signals FG1P at 614. The second fire group FG2 latches
in data signals ~D1-~Dn at 610 to provide latched second fire group clocked
data signals FG2C at 616 and latched second fire group pre-charge data

30 signals FG2P at 618. The third fire group FG3 latches in data signals ~D1-~Dn
at 610 to provide latched third fire group clocked data signals FG3C at 620 and

latehed third fire group pre-charge data signals FG3P at 622. The othet fire



nore data bits, during the high voltage pul se of a pre-charge signal
The fire groups FGL-FGnh latch in the data signals -D1--Dn at 610 to
provide |latched in clocked data signals and | atched in pre-charge
data signals, which are used to turn on drive switches 172 to
energi ze selected firing resistors 2Q52. Each of the fire groups
receives a fire signal that includes energy pul ses to energize the
selected firing resistors 52. In one enbodi nent, an energy pul se
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transistors 162 that are coupled to the pre-charge line of the first fire group FG1
to provide the first fire group pre-charge data signals 1P at 634 in latched first
20 fire group pre-charge data signals FG1P at 614. The first fire group pre-charge
data signals 1P at 634 are latched into pre-charged firing cells 160 in the first
fire group FG1 as the high voltage pulse 624 transitions to a low logic level. The
first fire group pre-charge data signals 1P at 632 muét be held until after the
high voltage pulse 624 transitions below transistor threshold values.
25 Address signals are provided to select a row subgroup and signal S1 at
602 provides a high voltage pulse at 636 in the select signal of the first fire
group FG1 and the pre-charge signal of the second fire group FG2. The high
voltage pulse at 636 turns on select transistors 130 in the pre-charged firing
cells 160 of first fire group FG1. In the addressed row subgroup, the storage
30 node capacitances 126 either discharge if the latched first fire group data FG1C
at 612 and FG1P at 614 is high or remain charged if the latched first fire group

data FG1C at 612 and FG1P at 614 is low. In the row subgroups that are not



15During the second half of the high voltage pul se at 624, data
signals -D1--Dn at 610 include first fire group pre-charge data
signals 1P at 632. The first fire group pre-charge data signals 1P at
632 are passed through data latch transistors 162 that are coupled to
the pre-charge line of the first firdégroup FGL to provide the first
fire group pre-charge data signals 1P at 634 in latched first 20 fire
group pre-charge data signals FGLP at 614. The first fire group
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after th
20 fire group FG2 to provide the second fire group pre-charge data signals 2P at

646 in latched second fire group pre-charge data signals FG2P at 618. The
second fire group pre-charge data signals 2P at 646 are latched into pre-
charged firing cells 160 in the second fire group FG2 as the high voltage pulse
636 transitions to a low logic level. The second fire group pre-charge data

25  signals 2P at 644 must be held until after the high voltage pulse 636 transitions
below transistor threshold values.

Address signals are provided to select a row subgroup and signal S2 at

604 provides a high voltage pulse at 648 in the select signal of the second fire
group FG2 and the pre-charge signal of the third fire group FG3. The high

30 voltage pulse at 648 turns on select transistors 130 in the pre-charged firing
cells 160 of second fire group FG2. In the addressed row subgroup, the storage

node capacitances 126 either discharge if the latched second fire group data



15638 transitions bel ow transistor threshold val ues. During the
second half of the high voltage pul se at 636, data signals -D1--Dn at
610 i nclude second fire group pre-charge data signals 2P at 644. The
second fire group pre-charge data signals 2P at 644 are passed
through data latch transistors 162 thhat are coupled to the pre-charge
line of the second 20 fire group FO2 to provide the second fire group
pre-charge data signals 2P at 646 in | atched second fire group
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20 third fire group pre-charge data signals 3P at 656 are passed through data latch
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transistors 162 that are coupled to the pre-charge line of the third fire group FG3
to provide the third fire group pre-charge data signals 3P at 658 in latched third
fire group pre-charge data signals FG3P at 622. The third fire group pre-charge
data signals 3P at 658 are latched into pre-charged firing cells 160 in the third
25 fire group FG3 as the high voltage pulse 648 transitions to a low logic level. The
third fire group pre-charge data signals 3P at 656 must be held until after the
high voltage pulse 648 transitions below transistor threshold values.
This process continues up to and including fire group FGn that receives
signal Sn-1 as a pre-charge signal and signal Sn as a select signal. The
30  process then repeats itself beginning with the first fire group FG1 until ejecting
fluid is completed.



at 652 nmust be held until after the high voltage pul se 650
transitions below transistor threshold val ues. During the
second half of the high voltage pul se at 648, data signals -Dl--Dn at
610 include third fire group pre-charge data signals 3P at 656. The
20 third fire group pre-charge data sggnals 3P at 656 are passed
through data latch transistors 162 that are coupled to the pre-charge
line of the third fire group FG3 to provide the third fire group
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120 150f Figure 6 and includes drive swiitch 172, firing resistor 52
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coupl ed tohalgetdcfiveng abdit180lthatecoincide with elements in pre-charged firing cell 120
function and operate as described in the description of Figure 6.
25 Pre-charged firing cell 180 includes a clocked data latch transistor 184
and a pre-charge pass transistor 186. The clocked data latch transistor 184
includes a drain-source path electrically coupled between the drain-source path
of pre-charge pass transistor 186 and latched data line 182. The drain-source

path of pre-charge pass transistor 186 is electrically coupled between the drain-
30 source path of clocked data latch transistor 184 and data line 188. The gate of

data latch transistor 184 is electrically coupled to data clock line 190 that

receives a data clock signal DCLK and the gate of pre-charge pass transistor



182 that receives |atched data signal -LDATAIN instead of being
coupled to data Iine 142 that receives data signal -DATA. In
addition, elenents of pre-charged firing cell 180 that coincide with
el enents in pre-charged firing cell 120 function and operate as
described in the description of Figuae 6. 25Pre-charged firing cel
180 includes a clocked data latch transistor 184 and a pre-charge
pass transistor 186. The clocked data |latch transistor 184 includes a
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transi st a§ sA@fn FRBadieduRrRe, 49it 5 pdreof @dta he@sidira3s. Alternatively, a
capacitor separate from data transistor 136 can be used to store latched data.
20 The latched data storage node capacitance 192 is large enough to
remain at substantially a high level as the data clock signal transitions from a
high level to a low level. Also, the latched data storage node capacitance 192 is
large enough to remain at substantially a low level as an energy pulse is
provided via the fire signal FIRE and a high voltage pulse is provided in select
25 signal SELECT and a high voltage pulse is provided in pre-charge signal
PRECHARGE. In addition, data transistor 136 is small enough to maintain a
low level on the latched data storage node capacitance 192 as the gate of drive
switch 172 is discharged and large enough to fully discharge the gate of drive
switch 172 before the beginning of an energy pulse in the fire signal FIRE.
30 In one embodiment of a double data rate firing cell circuit using pre-
charged firing cells 160 and two pass transistor pre-charged firing cells 180,

each fire group includes substantially haif pre-charged firing cells 160 and



20The | atched data storage node capacitance 192 is |arge enough to
remain at substantially a high | evel as the data cl ock signa
transitions froma high level to a lowlevel. Also, the |atched data
storage node capacitance 192 is |arge enough to remain at
substantially a low |l evel as an energy pulse is provided via the fire
signal FIRE and a high voltage pulse is provided in select 25 signal
SELECT and a hi gh voltage pulse is provided in pre charge signal
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data line 182 and latched data storage node capacitance 192 via a high voltage
25 pulse in the data clock signal. The high voltage pulse in the data clock signal
occurs during the high voltage pulse in the pre-charge signal.

Storage node capacitance 126 is pre-charged through pre-charge
transistor 128 via the high voltage pulse in the pre-charge signal. Clocked data
latch transistor 184 is turned off to provide latched data signals ~LDATAIN as

30 the high voltage pulse in the data clock signal transitions from a high voltage

level to a low level voltage. The data that is latched into pre-charged firing cell
180 is provided while the data clock signal is at a high voltage level and held



25pul se in the data clock signal. The high voltage pulse in the data
cl ock signal occurs during the high voltage pulse in the pre-charge
signal. Storage node capacitance 126 is pre-charged through
pre-charge transistor 128 via the high voltage pulse in the
pre-charge signal. C ocked data 51/ atch transistor 184 is turned
off to provide |latched data signals -LDATAIN as 30t he hi gh voltage
pulse in the data clock signal transitions froma high voltage Ieve
to a lowl V, The. d ta t i,s latch i nt o e char
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126 either discharges if latched data signal ~LDATAIN is high or remains
charged if latched data signal ~LDATAIN is low. Pre-charged firing cell 180 is
not an addressed firing cell if at least one of the address signals ~ADDRESS1
and ~ADDRESS?2 is high, and storage node capacitance 126 discharges
20 regardless of the voltage level of latched data signal ~LDATAIN. The first and
second address transistors 136 and 138 comprise an address decoder and, if
pre-charged firing cell 180 is addressed, data transistor 136 controls the voltage
level on storage node capacitance 126.
Figure 15 is a timing diagram illustrating the operation of one
25 embodiment of a double data rate firing cell circuit using pre-charged firing cells
160 and two pass transistor pre-charged firing cells 180. The double data rate
firing cell circuit includes a plurality of fire groups and each fire group includes
substantially half pre-charged firing cells 160 and substantially half two pass
transistor pre-charged firing cells 180.
30 The double data rate firing cell circuit includes a first fire group FG1, a
second fire group FG2, a third fire group FG3 and other fire groups, up to fire
group FGn. The double data rate firing cell circuit receives pre-charge/select



20regardl ess of the voltage | evel of |atched data signal -LDATAIN.
The first and second address transistors 136 and 138 conprise an
address decoder and, if pre-charged firing cell 180 is addressed,
data transistor 136 controls the voltage | evel on storage node
capaci tance 126. Figure 15 is a timg diagramillustrating the
operation of one 25enbodi nent of a double data rate firing cel
circuit using pre-charged firing cells 160 and two pass transistor
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20 The first data clock signal DCLK1 at 706 includes a high voltage pulse in
the first half of each high voltage pulse in pre-charge signals of fire groups
coupled to the first data clock and the second data clock signal DCLK2 at 708
includes a high voltage pulse in the first half of each high voltage pulse in pre-
charge signals of fire groups coupled to the second data clock. Data lines
25 provide data signals ~D1-~Dn at 710, wherein each of the data lines provides
one of the data signals ~D1-~Dn at 710 and a first data bit during the first half of
the high voltage pulse in a pre-charge signal and a second data bit during the
second half of the high voltage pulse in the pre-charge signal. Each data line is
electrically coupled to pre-charged firing cells 160 and two pass transistor pre-
30 charged firing cells 180 in each of the fire groups FG1-FGn.
In odd numbered fire groups the first data clock signal DCLK1 at 706 and

a pre-charge signal latch in two data bits during each high voltage pulse in the



180 in a fire group are electrically coupled to the pre-charge line
of that fire group. 20The first data clock signal DCLK1 at 706

i ncludes a high voltage pulse in the first half of each high voltage
pul se in pre-charge signals of fire groups coupled to the first data
cl ock and the second data clock signgk DCLIC at 708 includes a high
voltage pulse in the first half of each high voltage pulse in pre-
charge signals of fire groups coupled to the second data cl ock. Data
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-D1--Dn at 710 to provide |atched clocked )
groups also latch in data signals ~D1-~Dn at 710 to provide latched clocked
25 data signals and latched pre-charge data signals similar to fire groups FG1-
FG3.
Signal S0 at 700 provides a high voltage pulse at 724 in the pre-charge
signal of the first fire group FG1. During the first half of the high voltage pulse at
g
724, first data clock signal DCLK1 at 706 provides a high voltage pulse at 726.
30 Data signals ~D1-~Dn at 710 include the first fire group clocked data signals 1C

at 728 that are passed through pre-charge pass transistors 186 coupled to the

pre-charge line of the first fire group FG1 and clocked data latch transistors 184



25data signals and | atched pre-charge data signals simlar to fire
groups FGl- FG3. Signal SO at 700 provides a high voltage pul se
at 724 in the pre-charge signal of the first fire group FGL. During
the first half of the high voltage pulse at 724, first data cl ock
signal DCLK1 at 706 provides a high esltage pul se at 726. 30Dat a
signals -D1--Dn at 710 include the first fire group cl ocked data
signals 1C at 728 that are passed through pre- charge pass transistors

186 d

ol ocked” R Lipie R dakAEa i fE Ay i< ol T 1o drbuidb g feed

c: oct ijndgr?ep tlocked ﬂataesimajslpCFeﬁ;JBlﬂmg tat«.hedcfarsttfhe gkmumclotkededarjaoEpd

cl ocked data s n latc

dat a si grigral ?:E%g%a@t 7%1%28.}%§5? wpgroqlq F@gﬁ%@aéf%‘@%egé@g? éﬁéFCn; s
1C at 73qat%h8d '.@fa&h%ﬂmgﬁ va&ageh@ul@é gbe v@hélﬁ&% M A 163 IEvaNThiifpsts t o

a low logic |eve first |re%§ cl ocked data signals 1C at
728 mbst fbegr@lmclgmed d@t&ﬁ@ﬂdﬁn&ﬁta msqst bg beldurdiafterghe itions

bel ow tr I econd hal f of
Phe i oh (ORRRE Bkl BRIt by wansistor e bl PeonE PO 1 B
first fire gr dmmrqgrtbeshamrg;bhalﬁoiaihelrml'avcﬂtage patse7g ¥ 24THatafsignals f i r e

group pre-cha | 1P tch
Jotr anei o 2bieas Wi T b fist i rlbe bERAGe BBRE SpaR B AR T ' ©
first I fi rlfgsg{relgg%ﬁﬁarelt-@a@%@tdnhw&mgmm?ﬂPrat?32 iarepgssadnhmxghgdma @crdat?
si gnal s a in | atche rst r - t

P eregs e gl ot eGSR BEA0913 °
are | at Ch%rbﬂaétr@ﬁspmr@sdp bie- bﬁwgéeb{a%@ms HP 4ttre4fin [#éhdd first gr oup
FGL as the high voltage pulse 724 transitions to a low |logic |evel.

The 15fi rfge grwrepr@rmg@ Aatacsignale FEdPatgi1gndihe first fie oraup PRgsthasee hel d
until af 'Sha }s@%am i gvm afeeuamﬁbaeng e Eﬁéﬂéghtﬂ'nﬂﬁ%el@@m@’ﬁ fhefrétst or

t hr eshol ress signals ar rovi to select a row
subgr oup faadraighel @ﬂhamlmlq@ge\nuts@s trangitions|te adewpegicevel. 7i3s in

Si gna® ortreuedlauhiver sy bl sids FBH TSR0 AT UMISEEN B2, o6

turns on igh @ckade pulsé FL4trandifiong belbh&rams&{cﬁrhalreshdldfvaluesg cells 160

and select transistors 130 in the pre ed firing cell f
first fire Address signals are prowdedpto sefec?a oW su gxlou and S|§na]I%1 at

702 provides a high voltage pulse at 736 in the select signal of the first fire
group FG1 and the pre-charge signal of the second fire group FG2. The high

20 voltage pulse at 736 turns on select transistors 130 in the pre-charged firing
cells 160 and select transistors 130 in the pre-charged firing cells 180 of first fire
group FG1. In the addressed row subgroup, the storage node capacitances
126 either discharge if the latched first fire group data FG1C at 712 and FG1P
at 714 is high or remain charged if the latched first fire group data FG1C at 712

25 and FG1P at 714 is low. In the row subgroups that are not addressed, the
storage node capacitances 126 discharge regardless of the voltage level of
latched first fire group data FG1C at 712 and FG1P at 714. An energy pulse is
provided in the first fire group fire signal to energize firing resistors 52 coupled to
conducting drive switches 172 in the addressed row subgroup.

30 During the first half of the high voltage pulse at 736, second data clock
signal DCLK2 at 708 provides a high voltage pulse at 738. Data signals ~D1-

~Dn at 710 include the second fire group clocked data signals 2C at 740 that



group FGL. In the addressed row subgroup, the storage node

capaci tances 126 either discharge if the latched first fire group
data FGLC at 712 and FGLP at 714 is high or remain charged if the

| at ched first fire group data FGIC at 712 25 and FGLP at 714 is | ow
In the row subgroups that are not addgessed, the storage node

capaci tances 126 di scharge regardless of the voltage |evel of |atched
first fire group data FGLC at 712 and FGLP at 714. An energy pulse is

ided int irst fi i ; . et
oot st or Srpasse iyl bicScial Bags fnSuBRflad Caltgd B HE oo chae
addr essedine thelBetantfire3péup FGR dnideciddkedtdatelatchotrandistorsi ‘gﬁ caplexh e
ovi des

ulse at 736, s d dat I ock si | DCL 708 i gh
Dol tage. daitee saeoniatamiats & fsacondite OaR F62 fo avReIacsEwe BsSond

fire gr 05@0% Rfeked eafaasighfegggataﬁzaﬁ |afdifed $lond Fike BidupRAsE@d dats ough

pre-char pass transi stor coupled to the pre-charge line of the
second f isignajs 6GRO-aL7 HhdThg srdond filegeouptliesked pignalsCi 8l 4bars ed

to th ' Lok : i.de th
second 1 PENgHanBe it B yoladePusE Tapebbfibrols ol b 8y eCE ([
f : r ekg{jowbtoohdgﬁk@gTai@tzdo&ed;dftmblgnﬁll@atc ﬁtﬁ@@usﬂwfhddﬁmnﬁaﬁer:’[tﬁe group
cl ocked data sjgna 2 ar atched.in as, the hi vol t age
pul se 7388h ¥RF9S Bﬁ§e ? 832"3('8 ?%5?'8"‘4 téﬂ;@rgtorfllhgesgg@o\@&iqqﬁ. re gr ogp

cl ocked data @R thedecohd R4Pofhsthifievdiige pind at 798, @atat digndls gh

vol tage pul se 738 transitions below transistor threshold val

Dur i 1§ t D Serat THA inclyge speond ik areR BEFeChATge dat Signals 28&"’(&?@5 gnal s
10 -D1-- Dﬁ‘lé?_]%ec?o%% ﬂraglrwp,%- bhfassi dRIDP i 724 s pesdattfirctiganal s

2P at 744. e second fire group pre-char ata signals 2P at 744
are passedbtaatolntyansistoss 1162 Hiatarepeiplediasthegrechatgedine fdppeernd t he

pre-char ] t i 2 1 de: nd
Pl re or oo Pozi8 brafge I scofia B Yoy e caflicdSidnals S0P,
group pr e74thiarlgehddisacendyfirel grofprR-charge datarsignals F&2fbatd? 18. rEeyr oup

el | <156 (oaanites geprerhPle g seas 255 726 p R PERIE ! e 7a6°
transiti ofifargéd frih@wellsoBCrinlthy 8bconthfire SEOWNHGRiasehg highpvaitage pludseg e

data signals 2P at 744 must be held until after the high val{age
pul se 736736 HARSHONSHe BHlomoRgiciewR; gb%ﬁeﬁ?ﬂ‘g@ﬁcﬂrﬂuﬂlaﬁﬁ'g@@?éﬂ ress

si gnal s agignd 9B Sethal AuSEleErdid AntioNte? WRORBHROANGE BLISE 786 FAnBHioRS4
provi des a high voltag%gul se at 748 in the select signal of the

second f i bejoyrtansiska oldhalyase- charge signal of the third fire
20U O, AR KRR Bl SR NS BB st 01
the pre- cheq predidesra highweltage pdiSe at 748 dothe s2fect sigealgrfdig secnd fire t he
G schar geTOLPITES Bad Hiferecot s Bk gro i i 9 Meeod: Theidha. Fezp
at 718 i sydliagB Riisd sMBigRAGDSSetl trdrifstdat1B0an trepenshargeLfigigpup
data cells 160 and select transistors 130 in the pre-charged firing cells 180 of second
25 fire group FG2. In the addressed row subgroup, the storage node capacitances
126 either discharge if the latched second fire group data FG2C at 716 and
FG2P at 718 is high or remain charged if the latched second fire group data
FG2C at 716 and FG2P at 718 is low. In the row subgroups that are not
addressed, the storage node capacitances 126 discharge regardless of the
30 voltage level of latched second fire group data FG2C at 716 and FG2P at 718.

An energy pulse is provided in the first fire group fire signal to energize firing



F&C at 716 and F&P at 718 is low. In the row subgroups that are not
addressed, the storage node capacitances 126 di scharge regardl ess of
the 30 voltage | evel of |latched second fire group data F&QC at 716
and F&P at 718. An energy pulse is provided in the first fire group
fire signal to energize firing 56 resistors 52 coupled to conducting
drive switches 172 in the addressed row subgroup. During the
first half of the high voltage pul se at 748 first data clock signal
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threshold val Lburmg the second half of the high voltage pulse at 748, data signals
20 ~D1-~Dn at 710 include third fire group pre-charge data signals 3P at 758. The
third fire group pre-charge data signals 3P at 758 are passed through data latch
transistors 162 that are coupled to the pre-charge line of the third fire group FG3
to provide the third fire group pre-charge data signals 3P at 760 in latched third
fire group pre-charge data signals FG3P at 722. The third fire group pre-charge
25 data signals 3P at 760 are latched into pre-charged firing cells 160 in the third
fire group FG3 as the high voltage pulse 748 transitions to a low logic level. The
third fire group pre-charge data signals 3P at 758 must be held until after the
high voltage pulse 748 transitions below transistor threshold values.
During the first half of a high voltage pulse in signal S3 (not shown),
30 second data clock signal DCLK2 at 708 provides a high voltage pulse, indicated
at 762. This turns on clocked data latch transistors 184 in even numbered fire

groups, including the clocked data latch transistors 184 in the second fire group



During the first half of a high voltage pulse in signal S3 (not
shown), 30 second data clock signal DCLK2 at 708 provides a high

vol tage pul se, indicated at 762. This turns on clocked data |atch
transistors 184 in even nunbered fire groups, including the clocked
data latch transistors 184 in the seddnd fire group 57 F&Q. As the
cl ocked data | atch transistors 184 in the second fire group F& turn
on data in the |l atched second fire group cl ocked data signal FQC at
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first drop generators configured to respond to the first energy
signal to eject fluid based on the |atched data signals; and
second drop generators configured to respond to the second energy
signal to eject fluid based on the | atched data signals,

wherein the latch circuitry latches the data signals via a clock
signal and the latch circuitry | at che®® t he data signals via pul se

charge control signals. 2. The fluid ejection device of claim
1, wherein one of the first energy s includes an initiation time
and an end tinme and one of the second energy pulses is initiated
between the initiation tine and the end tine. 3. The fluid

ej ection i,¢e of alm1l, wherein the first fireline is
eIectricaﬂﬁ%hﬁégggy%dgfron1the second fire |ine. 4. The fluid

ej ection device of claim1l, wherein the | atched data signals include
first |atched atalgjﬂ%ﬁal.s . s%co.nd | at ched data signals, and third
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to provide the f'lrs.t | at ched data signals; 59 second | at ches
confi gur e@"¢'@YIPHSER' t he data signals via a second clock signal to

provi de the segesebridxireing codiqured @ enductansbcond enerdylbigrial Inafuaigs
configured to |atch i%‘Qe data signals via the pul se charge control

signal s t 8SFRNG\ANPEDY PIESEShi rd | at ched data signals. 5. The

fluid ejecti ondtgVih6é€coifighted & cbndubteiatd SigRalk tHad FePe4drit @R ibgé;he
first drop generators eject fluid based on the first |atched dat a

d
signal s and a lgkbgirguigyicontigrred tq lachrthe datagignalytonrrpyds lajchgdedatar | yj ¢
based on tjggakhi rd | atched data signals. 6. The fluid ejection
device of Claim4, wherein a portion of the first drop generators
ej ect fluid bayetdren generaters senfiguredh taregaend i9ithe frst eaergy £igpat o on of

the secongdicdf MRd 98881 &% MHeJafhed Uafd HyrhiPapgd on the second | at ched
dat a si gnaﬂ S. 7. The fluid ejection device of claim 4,

conpri sing fi rsacopdsgeonsgpnacaiess exiphipdrie despongde the sesondeaerggnal s t o
the first Sigﬂéﬁg%ﬁac@ﬂgdtblageé$ﬁw1at%g%§a Qpﬁgg on the pul se charge

control signals. _ ej ectFon device of claim 4,
wher ei n t he | awhéret thadaick cigeuilrslatohes thieddte signals ia elskatkgigral andynal s

and conpr -{h%i 188 h circuitry latches the data signals via pulse charge control signals.

2. The fluid ejection device of claim 1, wherein one of the first energy
pulses includes an initiation time and an end time and one of the second energy

pulses is initiated between the initiation time and the end time.

3. The fluid ejection device of claim 1, wherein the first fire line is

electrically isolated from the second fire line.

4, The fluid ejection device of claim 1, wherein the latched data
signals include first latched data signals, second latched data signals, and third
latched data signals and the latch circuitry comprises:

first latches configured to latch the data signals via a first clock signal to

provide the first latched data signals;



fourth latches configured to |atch the data signals via a third cl ock
signal to provide the fourth | atched data signals. 9. Afluid
ej ection device, conprising: a first fire line configured to
conduct a first energy signal including first energy pul ses; a
second fire line configured to conduct a second energy signal

i ncl udi ng second energy pul ses; da¥a i nes configured to conduct
data signals that represent an image; latch circuitry configured to

| atch the data I n at

| east one cIocﬁé%?gﬁé$hé§ﬂﬂﬁ@g&%ﬁogﬁgﬁﬁ§ﬂ¥§§%ﬁc@§%|ng |rs$ﬂ%8

| at ches c6&ighatfiorprovide thessashnd kadchegtdata signalssand a a first cl ock signal

to provide fir C r

i ncl udi ng seco?{' it ?ﬁ%:g) cg&%d%ure@4 ﬁ‘o qt l{'?e&hﬁ%%wadhég:ﬂlss:égcﬁgfds and the
first cl ochetdol@mnalsstpgmmlde theathlpdjlairétéddasaggnai&nt rol signals to

provi de the | atched data signals; first drop generators
~configured to respond to the first energy signal to eject fluid based

on t he | at ched5dat arte fuhdibjecti@ndevice of claimet; am@redin ep’rgemetroatai tise

based on (15 IR GARELP i oL gicand of 1 A ke aeke s BATE ot o on

devi ce of setanidpdiionbrahe ffirst drapagdneatofejédi duidi H=8kd dhabe Berdestahed S

eject flui,d based on the first clocked data signals. 11. The
fluid ej eBfPHIMYi ce of claim4, wherein the latch circuitry
conpri ses: third Iatches configured to |latch the data signals

via a second c| ock SI E to provide second clocked data signal s,

wherein the se®ond Thetftubeiestion deyine of ¢tadm 4 whersie A PoRONP{the @’anal S
and the fy o?;t%é‘l'e%l&%(b satgidiazealon tﬁélﬁlrst B&r@a%ws.ghag kRg a%hﬁm of

signals via't ul sed charge control signals to provide the | atched
data si gng]essecond drop generators| gje¢ ﬂé]dé&SPéﬁ“dﬁ%ﬁ%@r@dﬁ*ﬁP?%ﬂﬁQ S'Qna|3rreans
for conducting a first energy signal |nclud|ng first energy pul ses;
means for conducting a second energy signal including second energy
pul ses; means for dhedlwd eirglianedayiosi o sidin 4 Remprieing &xé pessswitohage;

means for chgtidd g Jda8 tlﬂ’@ﬂé&a%}gﬁ’\%‘té thefirdf RYdnds a'nétﬂ?é‘@&o%?%ui nal s;

means for responding t I'rst energy signal to e]ect based
on the Iab@%@@ﬁ@@%@@ecqﬁw signals. peans for responding to the
second energy signal to eject fluid based on the | atched data
signals, wherein the neans for latching includes: neans for |atching
the data signad.s vildedlud ejektion davide;of glaim 4, wherein the latched data

signals include fourth latched data signals and comprising:
fourth latches configured to latch the data signals via a third clock signal to
provide the fourth latched data signals.

9. A fluid ejection device, comprising:

a first fire line configured to conduct a first energy signal including first
energy pulses;

a second fire line configured to conduct a second energy signal including
second energy pulses;

data lines configured to conduct data signals that represent an image;

latch circuitry configured to latch the data signals to provide latched data

signals based on at least one clock signal, the latch circuitry including first



61 neans for latching the data signals via pul se charge control

si gnal s. 13. The fluid ejection device of claim12, wherein
the nmeans for conducting a first energy signal is electrically

i solated fromthe neans for conducting a second energy signal.

14. The fluid ejection device of claim12, wherein the |atched data
signals include first latched data si%hals, second I atched data
signals, and third | atched data signals and the neans for |atching

t he data | nal s
Ve et r O SR 5 %ch the dote BARS S isPHEDL BInhiTE pRAIGE ALOC
means f or dagkethidat@ sngmalsiamealamhgmuwyxalm incleding sdcaridletches gonfigurexd
provi de t at chi ng
Phe dat a & GASFBRGHaL HERAS o3 fsPHEb Gy s pionsls i RS Pt et he
third | at ccbetdolmgrmlsstogma\hde the latched di5ta sigreald;| ui d ej ection device of
claim 14, conpgj sind: Rass h ata signals to the
nmeans for |at Cﬁrisiaro%t%engaa[t%rs f’bﬂrg fsﬁo?ﬁpg’s irs 8Rer§V§ a‘ é?nd t he
nmeans for eext ﬂthl'tirmgsédhendadlatdaegﬂa{&lgmas angecond cI ock signal based
on the pul se char ont r ol ection

devi ce conpri s?‘?@% &0%3'?@3%6? C%'HH[?&tPr'iﬁspémg itp &te %ﬁ?@?%?hgrgéfnal

i ncl udi ng sfgntabto e Mgl LRsks @f theRtdhedfidata sighalect i ng a second ener gy
signal including second energy pul ses; nmeans for conducting data

signal s that represent an inage; means for latching the data
signals to proypde Trﬂiﬂlh@djed@érﬁdéhﬁk@ﬂ&alm%e@éln@tpdnﬁﬁﬁdftﬁ’é‘ﬁrs@' ock
signal, the nmeans for latchin he data signals including neans for

| at chi ng OFRP Q\%ﬁeéatgi’%‘ﬁ%‘i’tsﬂuﬂ %?3§d1°inrt§? figt lorked ¢gtasiang! Sprovi de first
clocked data signals, the means for latching the data signals also
including nmeans for_ 62 latching the data signals and the first

cl ocked data sihnalBefiuid gigpticrdevics ¢fclaivt Milerein dirdlptehiccyifyvi de t he
l'at ched dabmpasdnral s; means for responding to the first energy

signal to egj ect fluid based on the |atched data signals; and
third latches configured to latch the data signals via a second clock signal

to provide second clocked data signals, wherein the second latches are
configured to latch the data signals and the first clocked data signals and the
second clocked data signals via the pulsed charge control signals to provide the

latched data signals.

12.  Afluid ejection device comprising:

means for conducting a first energy signal including first energy pulses;

means for conducting a second energy signal including second energy
pulses;

means for conducting data signals that represeht an image;

means for latching the data signals to provide latched data signals;

means for responding to the first energy signal to eject fluid based on the
latched data signals; and

means for responding to the second energy signal to eject fluid based on
the latched data signals, wherein the means for latching includes:

means for latching the data signals via a clock signal; and



means for responding to the second energy signal to eject fluid based
on the | atched data signals.
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means for latching the data signals via pulse charge control signals.

13.  The fluid gjection device of claim 12, wherein the means for
conducting a first energy signal is electrically isolated from the means for

conducting a second energy signal.

14.  The fluid ejection device of claim 12, wherein the latched data
signals include first latched data signals, second latched data signals, and third
latched data signals and the means for latching the data signals comprises:

means for latching the data signals via a first clock signal to provide the
first latched data signals;

means for latching the data signals via a second clock signal to provide
the second latched data signals; and

means for latching the data signals via the pulse charge control signals to

provide the third latched data signals.

15.  The fluid ejection device of claim 14, comprising:
means for passing the data signals to the means for latching the data
signals via a first clock signal and the means for latching the data signals via a

second clock signal based on the pulse charge control signals.

16. A fluid ejection device comprising:

means for conducting a first energy signal including first energy pulses;

means for conducting a second energy signal including second energy
pulses;

means for conducting data signals that represent an image;

means for latching the data signals to provide latched data signals based
on at least one clock signal, the means for latching the data signals including
means for latching the data signals via a first clock signal to provide first clocked

data signals, the means for latching the data signals also including means for
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latching the data signals and the first clocked data signals via pulsed charge
control signals to provide the latched data signals;
means for responding to the first energy signal to eject fluid based on the

latched data signals; and
means for responding to the second energy signal to eject fluid based on

the latched data signals.



