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: Cross-Reference To Rel ated Applications 10 This application is
irelated to Patent Application Serial No. [Not Yet Assigned],
Attorney Docket No. 200210152-1, entitled "Fluid Ej ection Device,"
Pat ent Application Serial No. [Not Yet Assigned], Attorney Docket No.
200208780- 1 ywepsbdidobefl "Fluid Ej ection Device Wth Addr@aasceneat or, "
Patent Application Serial No. [Not Yet Assigned], No. 200311485-1,
entitled "Device 15 Wth Gates Configured In Loop Structures,"” Patent
Application Serial No. [Not Yet Assigned], No. 200209559-1, entitled
"Fluid Ejection Device," and Patent Application Serial No. [Not Yet
Assi gned], Attorney Docket No. 200209168-1, entitled "Fluid Ej ection
Device," each of which are assigned to the Assignee of this
application and are filed on even date herewith, and each of which is
fully 20 incorporated by reference as if fully set forth herein.
Background An inkjet printing system as one enbodi nent of a fluid
ej ection system may include a printhead, an ink supply that
providessliquid ink to the printhead, 25 and an el ectronic:controller
that controls the printhead. The printhead, as one enbodi nent of a
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15  With Gates Configured In Loop Structures,” Patent Application Serial No. [Not
Yet Assigned], No. 200209559-1, entitled "Fluid Ejection Device,” and Patent

. Application Serial No. [Not Yet Assigned], Attorney Docket No. 200209168-1,

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

‘ this application and are filed on even date herewith, and each of which is fully

20 incorporated by reference as if fully set forth herein.

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

embodiment of a fluid ejection device, ejects ink drops through a plurality of
orifices or nozzles. The ink is projected toward a print medium, such as a sheet
of paper, to print an image onto the print medium. The nozzles are fypically
arranged in one or more arrays, such that properly sequenced ejection of ink

30 from the nozzles causes characters or other images to be printed on the print
medium as the printhead and the print medium are moved relative to each
other.




resistors referred to herein as firing resistors. Heating the ink
causes the ink to 5 vaporize and be ejected through the nozzles. To
eject one drop of ink, the electronic controller that controls the
printhead activates an electrical current froma power supply
external to the printhead. The electrical current is passed through
a sel ected fwoiegiosesi stor to heat the ink in a correspososngsss

isel ected vaporization chanber and eject the ink 10 through a
.correspondi ng nozzle. Known drop generators include a firing
Eresistor, a correspondi ng vapori zation chanber, and a correspondi ng
‘nozzle. In fluid ejection device it is desirable to have several.
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As the different types'of fluid ejection devices and their operating
parameters increase, there is a need to provide a greater amount of
identification information. At the same time, it is not desirable to add further

20 interconnections to the flex tab circuit or to increase the size of the die to
provide such identification information. ,
For these and other reasons, there is a need for the present invention.

‘ Brief Description of the Drawings
25 Figure 1 illustrates one embodiment of an ink jet printing system.
Figure 2 is a diagram illustrating a portion of one embodiment of a
printhead die.
Figure 3 is a diagram illustrating a layout of drop generators located
along an ink feed siot in the one embodiment of a printhead die.
30 Figure 4 is a diagram illustrating one embodiment of a firing cell
employed in one embodiment of a printhead die.




icharged firing cell. 5 Figure 7 is a schematic diagramillustrating
one enbodi nent of an ink jet printhead firing cell array. Figure 8

is atimng diagramillustrating the operation of one enbodi nent of
a firing cell array. Figure 9 is a schematic diagramillustrating one
jenmbodi mrent of an 10 identification cell in one enbodi ment of a

‘printhead diwozs/gsse 10 is a | ayout diagram il l ustr apdmngs@8erm1os
enbodi nent of a portion of a printhead die. Figure 11 is a flow
chart illustrating one enbodi nent of & manufacturing process

enpl oyi ng selected identification cells in certain enbodi nents of a
15 printhead die. Detailed Description In the follow ng detail ed
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process employing selected identification cells in certain embodiments of a
15 printhead die.

Detailed Description
In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
20 of lllustration specific embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bottom,” “front,” "back,”
“leading,” “trailing,” etc., is used with reference to the orientation of the Figure(s)
being described. Because components of embodimenis of the present
invention can be positioned in a number of different orientations, the directional
25 terminology is used for purposes of illustration and is in no way limiting. itis to
be understood that other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the present
i 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

30 appended claims.
Figure 1 illustrates one embodiment of an inkjet printing system 20.
Inkjet prinfing system 20 constitutes one embodiment of a fluid ejection system



system 20 al so includes a nounting assenbly 26, a nedia transport
assenbly 28, and an electronic controller 30. At |east one power
supply 32 provides 5 power to the various electrical conponents of
inkjet printing system 20. In one enbodi nent, inkjet printhead

i assenbly 22 includes at |east one printhead or printhead die 40 that

ej ects dr opsvaofosiimd¢sit hrough a plurality of orifices rarusnszdiess 34
toward a print medium 36 so as to print onto print nmedium 36.
Print head 401s one enbodinment of a flui d ejection device. Print
medi um 36 10 nay be any type of suitable sheet material, such as

'paper card stock, transparencies, Ml ar, fabric, and the |iKke.
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from printhead assembly 22.
Ink supply assembly 24 as one embodiment of a fluid supply assembly
20 provideé ink to printhead assembly 22 and includes a reservoir 38 for storing
ink. As such, ink flows from reserveir 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 ohe-way ink
delivery system, substantially all of the ink provided to inkjet printhead assembly
25 22 is consumed during printing. In a recirculating ink delivery system, only a
portion of the ink provided to printhead assembly 22 is consumed during
printing. As such, ink not consumed during printing is returned to ink supplif
assembly 24.
in one embodiment, inkjet printhead assembly 22 and ink supply
30 assembly 24 are housed together in an inkjet cartridge or pen. The inkjet
cariridge 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 assenbly 22 through an
I nterface connection, such as a supply tube (not shown). In either

" enbodi nment, reservoir 38 of ink supply assenbly 24 nmay be renoved,
‘replaced, and/or refilled. In one enbodinent, where inkjet printhead
- assenbly 22 and ink supply assenbly 24 5 are housed together in an
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PCT/ US2005/ Cr)nlo%ﬁt?n% assembly 26 fixes inkjet printhead assembly 22 at a prescribed

20 position relative to media transport assembly 28. Thus, media transport
assembly 28 positions print medium 38 relative to inkjet printhead assembly 22.

Electronic controller or printer controller 30 fypically includes a processor,

firmware, and other electronics, or any combination thereof, for communicating
with and confrolling inkjet printhead assembly 22, mounting assembly 26, and

25 media transport assembly 28. Electronic controller 30 receives data 39 from a
host system, such asa 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 38

30 forms a print job for inkjet printing system 20 and includes one or more print job

" commands and/or command parameters.



it herein

i6 I n one enbodiment, electronic controller 30 controls I nkj et

printhead assenbly 22 for ejection of ink drops fromnozzles 34. As
such, electronic controller 30 defines a pattern of ejected ink
drops that formcharacters, synbols, and/or other graphics or inages
on print medium 36. The pattern of 5 ejected ink drops is determ ned
by the printwpatsewmiands and/ or conmand par anet er s. pCHUS2003/011395
enbodi nent, inkjet printhead assenbly 22 includes one printhead 40.

I n anot her enbodi nent, inkjet printheasd assenbly 22 is a w de-array
or multi-head printhead assenbly. In one w de-array enbodi nent,
inkjet printhead 10 assenbly 22 includes a carrier, which carries
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supply of liquid ink o printing elements 42. Ink feed slot 46 is one embodiment
of a fluid feed source. Other embodiments of fluid feed sources include but are

20 not limited to corresponding individual ink feed holes feeding corresponding
vaporization chambers and mulfiple shorter ink feed trenches that each feed
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

25 opening 34 formed in front face 50a. Crifice layer 50 also has a nozzle chamber
or vaporization chamber 56 formed therein which communicates with nozzle
opening 34 and ink feed channel 54 of thin-film structure 48. A firing resistor 52
is positioned within vaporization chamber 56 and leads 58 electrically couple
firing resistor 52 to circuitry controlling the application of electrical current

30 through selected firing resistors. A drop generator 60 as referred to herein
includes firing resistor 52, nozzle chamber or vaporization chamber §6 and

nozzle opening 34.



nozzl e openi ng 34. WD 20051105451 PCTI US2005/011395 7 During
printing, ink flows fromink feed slot 46 to vaporization chanber 56
via ink feed channel 54. Nozzle opening 34 is operatively associ ated
with firing resistor 52 such that droplets of ink within

vapori zati on chanber 56 are ejected through nozzle opening 34 (e.g.,
substanti al \wy 2008kd¥8d; to the plane of firing 5 resistecr/b&posamdost owar d
print medi um 36 upon energizing of firing resistor 52. Exanple
enbodi ments of printhead dies 40 inclode a thermal printhead, a

pi ezoel ectric printhead, an electrostatic printhead, or any other
type of fluid ejection device known in the art that can be
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in one embodiment, orifice layer 50 comprises a photoimageable epoxy
20 resin, for example, an epoxy refetred to as SU8, marketed by Micro-Chem,
Newton, MA. Exemplary techniqugs for fabricating orifice layer 50 with SUB or
other polymers are described in detail in U.S. Patent No. 6,162,588, 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
25  barier layer) and a metal oriflce layer (e.9., a nickel, copper, iron/nickel alloys,
palladium, gold, or thodium layer) formed over the barrier layer, Other suitable
materials, however, can be employed to form orifice layer 50.
Figure 3 is a diagram illustrating drop generators 60 located along ink
feed slot 46 in one embodiment of printhead die 40. Ink feed siot 46 includes
30 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
generators B0 are located along ink feed slot 46, with m drop generators 60



'30 opposing ink feed slot sides 46a and 46b. Drop generators 60 are
.di sposed al ong each of the opposing ink feed slot sides 46a and 46b.
A total of n drop generators 60 are |ocated along ink feed slot 46,
with mdrop generators 60 WO 2005/ 105451 PCT/ US2005/ 011395 8 | ocated
along ink feed slot side 46a, and n - mdrop generators 60 | ocated

al ong i nk fewd:@baissssi de 46b. I n one enbodi ment, n equelgs28B80118550P
generators 60 |located along ink feed slot 46 and mequal s 100 drop
generators 60 |ocated along each of the opposing ink feed slot sides
46a and 46b. In other 5 enbodi nents, any suitabl e nunber of drop
,generators 60 can be disposed along ink feed slot 46. Ink feed slot
146 provi des lotdted along itk fedd didteide 4bapsndyen er abp pendtoraBipestedl al ong

k feed sl ot, 46. t d f
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-eject fluad dmlm:rdlmalﬁararwauﬁihfe mm@féroa@engramrmaa tancheghispesed | es 34
'to print an j kﬁ% %rdt% medi um 36. Figure 4 is a diagram
fillustrating one odinent of a firing cell 70 15 enpl oyed in one
‘enbodi nent of pr inkfeehsloiteoravdesink tarpch of theTodrpmaenedaters$0f i ri ng
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Firing resistor gener at or . Drive swtch 72
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ccell 70 is formed in thin-filmstructure 48 and on substrate ‘44.
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drive sw t cdhefgizddsina dohebidd ebfetie to go&ifakiaron ¥pbizatibh charBbere s st or
52 is electrlcg rai n-source

oath of ari vAoLeRReRAEssb Gk an mear PR ETRRNGD BB i ve sw oh 75 i s
al so el ectrical | Figuneusplserdiagram ifustraiirgyore dmbedinit otélﬁ!inglcall Toupled to
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of drive swesistor 32.a resistor drive switch 72, and a memory circuit 74. Firing resistor

52 is part of a drop generator 60. Drive switch 72 and memory circult 74 are
part of the circuitry that contrals the application of electrical current through firing
resistor 52. Firing cell 70 is formed in thin-film structure 48 and on substrate 44.

20 In one embodiment, firing resistor 52 is a thin-film resistor and drive
switch 72 is a field effect fransistor (FET). Firing resistor 52 is electrically
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 electiically coupled to a reference line 78
that is coupled 1o a reference voltage, such as ground. The gate of drive swiich

25 72 is electrically coupled to memory circuit 74 that controls the state of drive
switch 72.

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

30 circuit 74. Memory circuif 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



Menory circuit 74 is electrically coupled to a data |Iine 80 and
enable lines 82. Data |line 80 receives a data signal that represents
part of an inmage and enable lines 82 receive enable signals to
control operation of nenory 30 circuit 74. Menory circuit 74 stores
one bit of data as it is enabled by the enable signals. The |logic

l evel of thgoshRhgds;data bit sets the state (e.g., OBcPUs¥Ro11395
20051105451 PCT/11S2005/011395 9 off, conducting or non-conducti ng)

of drive switch 72. The enable signalg can include one or nore
sel ect signals and one or nore address signals. Fire line 76 receives
an energy signal conprising energy pulses and provides an energy
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and m columns. The L rows of firing cells 70 are electrically coupled {o enable
lines 104 that receive enable signals. Each row of firing cells 70, referred to

20  herein as a row subgroup or subgroup of firing cells 70, is electrically coupled to
one set of subgroup enable lines 106a-106L. The subgroup enable lines 106a-
106L receive subgroup enable signals SG1, 8G2, ... SG, that enable the
corresponding subgroup of firing cefls 70.

The m columns are electrically coupled to m data lines 108a-108m that

25  receive data signals D1, D2 ... Dm, respectively. Each of the m columns
includes firing cells 70 in each of the n fire groups 102a-102n and each column
of firing cells 70, referred to herein as a data fine group or data group, is
electrically coupled to one of the data lines 108a-108m. [n other words, each of
the data lines 108a-108m is electrically coupled to each of the firing cells 70 in

30  one column, including firing cells 70 in each of the fire groups 102a-102n. For
example, data line 108a is electrically coupled to each of the firing cells 70 in
the far left column, including firing cells 70 in each of the fire groups 102a-102n.



li ncl udes firing cells 70 in each of then fire groups 102a-102n and
each colum of firing cells 70, referred to herein as a data |ine
igroup or data group, is electrically coupled to one of the data

1 ines 108a-108m In other words, each of the data |lines 108a-108mis
ielectrically coupled to each of the firing cells 70 in 30 one col um,

i ncl udi ng fiwbnRgsgridrs 70 in each of the fire groups 3EPds:dddRNaesFoOr
exanple, data line 108a is electrically coupled to each of the firing

cells 70 in the far.left colum, including firing cells 70 in each
of the fire groups 102a-102n. WD 2005/ 105451 PCT/ US2005/ 011395 10
Data line 108b is electrically coupled to each of the firing cells 70
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cells 70 in edstv0d$ elehigicéllyrosugled topfre nw &10a that receives fire signal or energy
signal FIRE1. In fire group 102b, each of the firing cells 70 is electrically
20  coupled tofire line 110b that receives fire signal or energy signal FIRE2 and so
on, up fo anc%»inciuding fire group 102n wherein each of the firing cells 70 is
electrically coupled to fire line 110n that receives fire signal or energy signal
FIREN. In addition, each of the firing cells 70 in each of the fire groups 102a-

102n is electrically coupled to a common reference line 112 that is tied to
25 ground.

In operation, subgroup enable signals 8G1, 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

30 enabled firing cells 70. Each of the stored data signals D1, D2 ... Dm sets the
state of drive switch 72 in one of the enabled firing cells 70. The drive switch 72
is set to conduct or not conduct based on the stored data signal value.




102n is electrically coupled to a coomon reference line 112 that is
tied to 25 ground. In operation, subgroup enable signals SGlL, S&,
. SG. are provided on subgroup enable |ines 106a-106L to enabl e
one subgroup of firing cells 70. The enabled firing cells 70 store
data signals D1, D2 ... Dmprovided on data |lines 108a-108m The

:dat a si gnal QJMS,Q%M Dm are stored in nmenory circupffydrfoselisz0
enabled firing cells 70 Each of the stored data signals D1, D2 .

Dm sets the state of drive switch 72 i1p one of the enabl ed flrlng
cells 70. The drive switch 72 is set to conduct or not conduct based
on the stored data signal value. WO 2005/105451 PCT/US2 00 5101 13 9
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i firing cells 70. Atany one fime, only one subgroup of firing cells 70 is enabled
by subgroi.:p enable signals 8G1, 8G2, ... 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 muitiplexed data signals. Also,
only one subgroup in a selected fire group 102a-102n includes drive switches
72 tl"llat are set fo conduct while an energy signal FIRE1-FIREn is pravided to
the selected fire group 102a-102n. However, energy signals FIRE1-FIREn

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

Figure 6 is a schematic diagram illustrating one embodiment of a pre-
charged firing cell 120. Pre-charged firing cell 120 is one embodiment of fising
cell 70. The pre-charged firing cell 120 includes a drive switch 172 electricaily
coupled to a firing resistor 52. In one embodiment, drive switch 172 isaFET

30  including a drain-source path elecirically coupled at one end to one terminal of
firing resistor 52 and at the other end to a reference line 122. The reference line
122 is tied to a reference voltage, such as ground. The other terminal of firing



only one subgroup in a selected fire group 102a-102n includes drive
switches 72 that are set to conduct while an energy signal
FIREI-FIREn is provided to the selected fire group 102a-102n.
However, energy signals FIREI-FIREn 25 provided to different fire
groups 102a-102n can and do overlap. Figure 6 is a schematic diagram

Il ustrati ngooens @ygpodi nent of a pre- charged firingecgidzookadiizos
Pre-charged firing cell 120 is one enbodinent of firing cell 70. The
pre-charged firing cell 120 includesa drive switch 172 electrically
coupled to a firing resistor 52. In one embodinent, drive switch 172
Is a FET 30 including a drain-source path electrlcally coupl ed at one

end to one [egkfty b2ls éPéctn:falljF b@@l@d&aaﬂr@rn&@mnﬁ rectenleb@ftbéb;gnal@nd to a
reference |line 122. to a reference
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second address transistor 140 is electrically coupled between the drain-source
path of select transistor 130 and reference line 122, The serial circuit including
20 selact transistor 130 coupled to the parallel combination of data transistor 136,
first address transistor 138 and second address transistor 140 is electrically
caupled across node capacitance 1286 of drive switch 172. The gate of data
transistor 136 is electrically coupled to data line 142 that receives data signals
~DATA. The gate of first address transistor 138 is electrically coupled to an
25 address line 144 that receives address signals ~ADDRESS1 and the gate of
second address transistor 140 is electrically coupled fo a second address line
148 that receives address signals ~ADDRESS2. The data signals ~DATA and
address signals ~ADDRESS1 and ~ADDRESS2 are active when low as
indicated by the tilda (~) at the beginning of the signal name. The node
30 capacitance 126, pre-charge transistor 128, select transistor 130, data transistor
136 and address transistors 138 and 140 form a memory ceil.



path of select transistor 130 and reference line 122. The serial
circuit including 20 select transistor 130 coupled to the parall el
conbi nati on of data transistor 136, first address transistor 138 and
second address transistor 140 is electrically coupled across node
capaci tance 126 of drive switch 172. The gate of data transistor 136
is electricaldypgaRled to data line 142 that recei vesebRsshgsal s
-DATA. The gate of first address transistor 138 is electrically
coupled to an 25 address |ine 144 thatgrecei ves address signals

- ADDRESSI and the gate of second address transistor 140 is

el ectrically coupled to a second address line 146 that receives
address signals ﬁg?%?ﬂg
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node capacitance 126 discharges regardless of the data signal ~DATA voltage
level. The first and second address transistors 136 and 138 comprise an )
20 address decoder, and data transistor 136 controls the voltage leve! on node

capacitance 126 if pre-charged firing cell 120 is'addressed.
Pre-charged firing cell 120 may utilize any number of other topologies or

: arrangements, as long as the operational relationships described above are
maintained. For example, an OR gate may be coupled to address lines 144
25 and 148, the output of which is coupled io a single transistor.
Figure 7 is a schematic diagram illustrating one embodiment of an inkjet
; printhead firing cell array 200. Firing cell array 200 includes a plurality of pre-
charged firing cells 120 arranged into six-fire groups 202a-202f. The pre-
charged firing cells 120 in each fire group 202a-202f are schematically arranged
30 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




node capacitance 126 di scharges regardl ess of the data signal -DATA
voltage level. The first and second address transistors 136 and 138
conpri se an 20 address decoder, and data transistor 136 controls the
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The rows of pre~-charged firing cells 120 are electrically coupled to
20 address fines 206a-206g that receive address signals ~A1, ~A2 .., ~A7,

| respectively. Each pre-charged firing cell 120 in a row of pre-charged firing cells
120, referred to herein as a row subgroup or subgroup of pre-charged firing cells
120, is electrically coupled to fwo of the address lines 2062-208g. 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
8G1-1 through $G1-13 in fire group one (FG1) 202a, subgroups $G2-1 through
5G2-131n fire group two (FG2) 202h and so on, up to and including subgroups
$G6-1 through SGB-13 in fire group six (FGB) 202f. In other embodiments,

30 each fire group 202a-202f can include any suitable number of subgroups, such
as 14 or more subgroups.



§120 in the far right columm, including pre-charged firing cells 120
tin each of the fire groups 202a-202f. The rows of pre-charged

firing. cells 120 are electrically coupled to 20 address |ines

206a- 206g that receive address signals -A, -A2 ... -A7,

respectively. Each pre-charged firing cell 120 in a row of

pr e- char ged wa fsor@s€el | s 120, referred to herein as adraw:@esfghcoup or
subgroup of pre-charged firing cells 120, is electrically coupled to
two of the address |ines 206a-206g. Ak pre- charged firing cells 120
in a row subgroup are electrically coupled to the sanme 25 two
address |ines 206a-206g. The subgroups of the fire groups 202a-202f

are identified a@aé%g&ua%f rﬁ%ﬂgﬁmﬁh aénsﬁfg@igéé’cmd&wbmmteUD one
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el ectricall Qagﬁiﬁfﬁfs gﬁ p‘ﬁg ?%g%go%ggob é%‘goégforﬁ %9 é%es‘c‘cé)nad's

addr ess trargiistAR s.-¥Faarerae mmlemta prévisieghé eddreskoyignats "I*AheAZOGfa 2069
is el eg r| of. Itgﬂ{éo b ggggﬂhggngg%@}a%mq%:ot her one of t_he first

and seco d ad ress ansi stors The address |ines
206a- 2069 recelllve add_ress Si gnal S -AI A2 ...-A7 anpl are coupled to
Phe array J00 naEnyp Adtrees ety 1 R%“ﬁ‘*';’%bgdfd ool e BonoSunny dups
“Al, -A2 SGHATL,~AE2-1 ... SG-1 -A, |-SH-6QC2T.8886d . SGB-2
-Al, -A4 SEAS, /23 S&6-3 AT PEcH2 . S66sh - - o0 4

AT, ~Ad SG13, 8623 .. 8663

~A1, ~A5 SG1-4, 5G2-4 .., 5G6-4

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

~A1, ~A7 8G1-6, 8G2-6 ... SG6-6

~A2, ~A3 SG1-7, 8G2-7 ... SG6-7

~AZ, ~Ad SG1-8, SG2-8 ... SG6-8

~A2, ~A5 8G1-9, 8G2-9 ... 3G6-9

~A2, ~AB 8G1-10, SG2-10 ... SGB-10

~AZ, ~A7 SG1-11, 8G2-11 ... 8G6-11

~A3, ~Ad $G1-12, 8G2-12 .., SGB-12

~A3, ~Ab 8G1-13, 8G2-13 ... 8G6-13

Subgroups of pre-charged firing cells 120 are addressed by providing
address sighals ~A1, ~A2 ... ~A7 on address lines 206a-206g. In one
15  embodiment, the address lines 206a-206g are electrically coupled to one or
more address generators provided on printhead die 40. ,
Pre-charge lines 210a-210f receive pre-charge signals PRE1, PRE2 ..,
PRES and provide the pre-charge signals PRE1, PRE2 ... PRES to



-Al, -A6 SGl-5, S&X-5 ... S&-5 -A, -A7 SGl-6, S&-6 ._. SG5-6

-A2, -AS SGL-7, S&X-7... S&-7 -A2, -A4 SCGl-8, S&X-8 ... SG6-8 -A2,
1 -A5 SG1-9, S&-9 ... SG6-9 -A2, -'A6 SGI-10, S&-10 ... SG5-10 -A2,
;-A7 SGL-11, S&-11 ... SG6-11 -A3, -A4 SGL-12, S&@-12 ... SG6-12
-A3, -A5 SGI1-13, S&-13 ... SG&6-13 Subgroups of pre-charged firing

icells 120 arg acghassed by providing address signal sscrAsoesnids . .
t- A7 on address |lines 206a-206g. In one 15 enbodi nent, the address

glines 206a- 206g are electrically couphed to one or nore address
; generators provi ded on printhead die 40. Pre-charge |lines 210a-210f
'receive pre-charge signals PREI, PRE2 ... PRE6 and provide the
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signal s SELL.. SELZ tine 2199BLAcE 0 corresponding fire groups 15
202a- 202f . $&1 ect%i'nnee 212a0f's electrically coupled to all
pre-charged fi ri figeeidines212a-212f receive select sidgnals SEL1, SEL2 ... SEL6 and

provide the select signals SEL1, SEL2 ... SELS to corresponding fire groups
15  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
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 FG8 202f. Each of

i the select lines 212a-212f is electrically coupled to the gate of all of the select

20 transistors 130 in the corresponding fire group 202a-202f, and all pre-charged
firing cells 120 in a fire group 202a-202f are electrically coupled to only one
select line 212a-212f. ‘

Fire lines 214a-214f receive fire signals or energy signals FIRE1, FIRE2

... FIREG and provide the energy signals FIRE1 . FIRE2 ... FIREB to

25  corresponding fire groups 202a-202f, Fire line 214a is electrically coupled to ali
pre-charged firing cells 120 in FG1 202a. Fire fine 214b is electrically coupled
to all pre-charged firing cells 120 in FG2 202b and so on, up to and including
fire line 214f that is electrically coupled to all pre-charged firing cells 120 in FG&
202f. Each of the fire lines 214a-214f is electrically coupled to all of the ﬁring

30 resistors 52 in the corresponding fire group 202a-202f, and all pre~-charged firing
cells 120 in a fire group 202a-202f are electrically coupled to only one fire line
214a-214f, The fire lines 214a-214f are electrically coupled to external subply




120 In FGL 202a. Select line 212b is electrically coupled to al
pre-charged firing cells 120 in F& 202b and so on, up to and

I ncludi ng select line 212f that 1is electrically coupled to al
pre-charged firing cells 120 in FG5 202f. Each of the select |ines
212a-212f is electrically coupled to the gate of all of the select 20
transi st or syd20s/iofysi he corresponding fire group 202ar@a&bgos/anss al
pre-charged firing cells 120 in a fire group 202a-202f are
electrically coupled to only one sehect |ine 212a-212f. Fire |ines
214a- 214f receive fire signals or energy signals FIREI, FIRE2 ..

FI RE6 and provide the energy signals FIREL, FIRE2 ._. FIRE6 to 25
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I nterface Fi gure har Iring cells 120
in array ZﬂﬁfcaeEGélaEdtsplfmaUMO MN2BdAter REG 202t tire 9@%&’2‘96 that is

tied tg asrtﬁ'%z%l‘gpﬁﬁ’h kalihags I-ﬁ:%t?era pgmqugmzhm nohb@q@rfime har ged

firing cell a row subgroup’ of pre-charged firing cells 120
are el ect rissldclignsopapbedtizedt he 5 same address |ines 206a- 206g,

pre-charge |inergdQ3qddiig na?seJ-&thAbl ne-A%@@e Zkdigh tAa93 fow ﬁiﬂgrcﬁ@
214a-214f. In operation, Tn one e inment fir 02a-202f are
sel ect ed t caddrgspes before epealing giow ﬁ@gf?ﬁ?%}qr%sss g'lhg@a %ﬂg’baﬁ% éz
202b, whi ch.As . selEegbafed HEhadresdimds a06h-30bgaite selfto boe feidbsubgtiup Af t er
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through fire groups 202a-202f, the address signals ~A1, ~A2 ... ~A7 are
changed to select ancther row subgroup in each of the fire groups 202a-202f.
20  This confinues 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
~A1, ~A2 ... ~A7 select the first row subgroup to begin the address cycle over
again,
In another aspect of operation, one of the fire groups 202a-202f is
25 operated by providing a pre-charge signal PRE1, PRE2 ... PRE6 on the pre-
charge line 210a-210f of the one fire group 202a-202f. The pre-charge signal
PRE1, PRE2 ... PRES defines a pre-charge time interval or period during which
fime the node capacitance 126 on each drive switch 172 in the one fire group
202a-202f is charged to a high voitage level, fo pre-charge the one fire group
30 202a-202f.
Address signals ~A1, ~A2 ... ~A7 are provided on address lines 206a-
206g to address one row sitbgroup in each of the fire groups 202a-202f,



rA2 ... -A7 provided on address |ines 206a-206g are set to one row

Subgroup 15 address during each cycle through the fire groups
02a-202f. The address signals -Al -A2 ... -A7 select one row
ubgroup in each of the fire groups 202a-202f for one cycle through
he fire groups 202a-202f. For the next cycle through fire groups

202a-202f , tweeddises signals -Al, -A2 ... -A7 are ¢BPDGSE LG5

sel ect anot her row subgroup in each of the fire groups 202a-202f. 20
This continues up to the address signatss -Al, -A2 ... -A7 selecting
the | ast row subgroup in fire groups 202a-202f. After the |ast row
subgroup, address signals -A, -A2 ... -A7 select the first row
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) -D8. The nodesfter drive switches 172 in the selected fire group 202a-202f are set to
conduct or not conduét, an energy pulse or voltage pulse is provided on the fire
line 214a-214f of the selected fire group 202a-202f. Pre-charged firing cells 120
that have conducting drive switches 172, conduct current through the firing

20 resistor 52 to heat ink and eject ink from the corresponding drop generator 60.

With fire groups 202a-202f operated in succession, the select signal

SEL1, SEL2 ... SELS for one fire group 202a-202f is used as the pre-charge
signal PRE1, PREZ2 ... PRES for the next fire group 202a-202f. The pre-charge
signal PRE1, PRE2 ... PRES for one fire group 202a-202f precedes the select

25 signal SEL1, SEL2 ... SELS and energy signal FIRE1, FIREZ ... FIRES for the
one fire group 202a-202f, After the pre-charge signal PRE1, PREZ ... PRES,
data signals ~D1, ~D2 ... ~D8 are multiplexed in fime and stored in the
addressed row subgroup of the one fire group 202a-202f by the select signal
SEL1, SEL2 ... SELS. The select signal SEL1, SEL2 ... 3ELS for the selected

30 fire group 202a-202f is also the pre-charge signal PRE1, PREZ ... PRES for the
next fire group 202a-202f. After the select signal SEL1, SEL2 ... SELS for the

selected fire group 202a-202f is complete, the select signal SEL1, SEL2 ...



capaci tance 126 does not discharge in pre-charged firing cells 120
that are addressed in the selected fire group 202a-202f and
receiving a low |l evel data signal -D1, -D2 ... -DB. A high voltage
| evel on the node capacitance 126 15 turns the drive switch 172 on
(conducting). After drive switches 172 in the selected fire group

202a- 202f fefpbss0 conduct or not conduct, an eneicEysiiddiesedr
vol tage pulse is provided on the fire |line 214a-214f of the selected

fire group 202a-202f. Pre-charged figgng cells 120 that have
conducting drive switches 172, conduct current through the firing 20
resistor 52 to heat ink and eject ink fromthe corresponding drop
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enbodi nent Irin array 200. rou s _202a-202f are
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signals -D1, - change endi ng,on the nozzl es
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sequential order from one to 13 and back to one. In other embodiments,
address signals ~A1, ~A2 ... ~A7 at 304 can be set to address row subgroups
20  in any suitable order.
During a cycle through fire groups 202a-202f, select line 212f coupled to
FGB 202f and pre-charge line 210a coupled to FG1 202a receive SELG/PRET
signal 309, including SEL6/PRE1 signal pulse 310. in one embodiment, the
select line 212f and pre-charge line 210a are electrically coupled together to
25  receive the same signal. In another embodiment, the select line 212f and pre-
charge line 210a are not electrically coupled together, but receive similar
signals. '
The SELS/PRE1 signal pulse at 310 on pre-charge line 210a, pre-
charges all firing cells 120 in FG1 202a. The node capacitance 126 for each of
30 the pre-charged firing cells 120 in FG1 202a is charged to a high voltage level.
The node capacitances 126 for pre-charged firing cells 120 in one row subgroup
SG1-K, indicated at 311, are pre-charged to a high voltage level at 312. The



10 subgroup address and fire group 202a-202f conbi nati on. Address
signals -Al, -A2 ... -A7 at 304 are provided on address |ines
206a- 206g to address one row subgroup fromeach of the fire groups
202a- 202f. The address signals -Al, -A2 :.. -A7 at 304 are set to
one address, indicated at 306, for one cycle through fire groups

202a- 202f . KidRmesnbdie cycle is conplete, the address Sicgr@iodsnoiBes Al ,

-A2 ... -A7 at 304 are changed at 308 to address a different row
subgroup from each of the fire groupgs 202a-202f. The address signals
-Al, -A2 ... -A7 at 304 increnent. through the row subgroups to

address the row subgroups in sequential order fromone to 13 and
back to one.row aulﬁzjrb@:ra(ﬁ:rm(tﬁmké!ects aalayraassswnaﬂzm déta signdlsetat - A7
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120 in FG %%ZZQK iﬂﬁgated at 319, are pre-charged fo a high voltage level at 320. The
row subgroup address at 306 selects subgroup SG2-K, and a data signal set at
328 is provided to data fransistors 136 in all pre-charged firing cells 120 of all
20 fire groups 202a-202f, including the address selected row subgroup 8G2-K.
The fire line 214a receives energy signal FIRE1, indicated at 323,
including an energy pulse at 322 to energize firing resistors 52 in pre-charged
firing cells 120 that have conductive drive switches 172 in FG1 202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PRE2 signal pulse 316 is
25  high and while the node capacitance 126 on non-conducting drive swiiches 172
are being actively pulled low, indicated on energy signal FIRE1 323 at 324.
Switching the energy pulse 322 high while the node capacitances 126 are
actively pulled low, prevents the node capacitances 126 from being
inadvertently charged through the drive switch 172 as the energy pulse 322
30 goes high. The SEL1/PREZ2 signal 315 goes low and the energy pulse 322 is
provided to FG1 202a for a predetermined time to heat ink and eject the ink



node capacitance 126 is discharged in all pre-charged firing cells
120 in FGL 202a that are not in the address sel ected row subgroup
SGl-K. in the address 10 sel ected row subgroup SGlL-K, data at 314 are
stored, indicated at 318, in the node capacitances 126 of the drive
switches 172 in row subgroup S@-K to either turn the drive switch
on (conductwom)sinesssof f (non-conducting). The SELI/ PREZ/siogmalzopul se
at 316 on pre-charge line 210b, pre- charges all firing cells 120 in
F& 202b_ The node capacitance 126 fa@t each of 15 the pre-charged
firing cells 120 in F& 202b is charged to a high voltage |evel. The
node capacitances 126 for pre-charged firing cells 120 in one row
subgroup ShRullh nbxrtiscHlt exrespondihg to theecopdwsting aregardrgenl fiindicglls vol t age
| evel at 32@. The row subgroup address at 306 sel ects subgroup

S&- K, and data signal set at 328 is provided to data transistors
136 in all pre- thasged lihe i 2igfor EGE 202 ancfreathbrgeding 21 @ fgr oG s
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on sel ect 145624 2RnHiIBEhCEESAPRES signal pulse 326 is high, indicated at 334,
The SEL2/PRES3 signal pulse 326 goes low and the FIRE2 energy pulse 332
remains high to heat and eject ink from the corresponding drop generator 60.
20 After the SEL2/PRES3 signal pulse 326 goes low and while the energy
pulse 332 is high, a SEL3/PRE4 signal is provided to select FG3 202¢ and pre-
charge FG4 202d. The process of pre-charging, selecting and providing an
energy signal, including an energy pulse, continues up to and including FG6
2021,
25 The SEL5/PRES signal pulse on pre-charge line 210f, pre-charges all
firing cells 120 in FG6 202f. The node capacitance 126 for each of the pre-
charged firing cells 120 in FG6 202f is charged to a high voltage level. The
node capacitances 126 for pre-charged firing cells 120 in one row subgroup
8G6-K, indicated at 339, are pre-charged to a high voltage level at 341. The
30 row subgroup address at 308 selects subgroup SG6-K, and data signal set 338
is provided to data transistors 136 in all pre-charged firing cells 120 of ali fire
groups 202a-202f, including the address selected row subgroup 8G6-K.



transistor 130 in each of the pre-charged firing cells 120 in F&Q
202b. The node capacitance 126 is discharged on all pre-charged
firing cells 120 in F& 202b that are not in the address sel ected
row subgroup S&-K. Data signal set 10 328 for subgroup S&-K is
stored in the pre-charged firing cells 120 of subgroup S&-K,

i ndi cat ed o 8@Hoss6:0 either turn the drive sw t ches ptT@snUSH11395
(conducting) or off (non-conducting). The SEL2l PRE3 signal pul se on
pre-charge |line 210c pre- charges al#2 pre-charged firing cells 120 in
FG3 202c. Fire line 214b receives energy signal FIRE2, indicated at
331, including 15 energy pulse 332, to energize firing resistors 52
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node capacitances 126 an non-conducting drive switches 172 are being actively
pulled low, indicated at 346. Switching the energy pulse 344 high while the
20 node capacitanlces 128 are actively pulled low, prevents the node capacitances
126 from being inadvertently charged through drive switch 172 as the energy
pulse 344 goes high. The SEL6/PRE1 signal pulse 336 goes iow and the
energy pulse 344 is maintained high for a predetermined fime to heat ink and
eject ink through nozzles 34 correspending to the conducting pre-charged firing
25 cells 120.
After the SELB/PRE1 signal pulse 336 goes low and while the energy
puise 344 is high, address signals ~A1, ~AZ ... ~A7 304 are changed at 308 fo
select another set of subgroups SG1-K+1, SG2-K+1 and so on, up to 8G6-K+1.
The select line 212a for FG1 202a and pre-charge line 210b for FG2 202b
30 receive a SEL1/PRE2 signal pulse, indicated at 348. The SEL1/PRE2 signal
pulse 348 on select line 212a turns on the select transistor 130 in each of the
pre-charged firing cells 120 in FG1 202a. The node capacitance 126 is



5 discharged in all pre-charged firing cells 120 in FG5 202f that are
not in the address selected row subgroup SG-K. In the address

sel ected row subgroup SG6-K, data 338 are stored at 340 in the node
capaci tances 126 of each drive switch 172 to either turn the drive
switch on or off. The SEL6/PREl signal on pre-charge |ine 210a,

pre- char ges wodesif3szapaci tances 126 in all firing cebéfusheddotsFGL
202a, including firing cells 120 in row subgroup SGL-K, indicated at
342, to a high voltage level. The firizmg 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 SG6-K. The fire
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i Each of the identification cells is similar to identification cell 400.

The identification cell 400 includes a memory element, indicated at 403.

The memory element 403 stores one bit of information. In one embodiment,
20 memory element 403 is a fuse represented by fuse element 404 and fuse

resistance 408. 1n other embodiments, memory element 403 ¢an be ancther
suitable memory element, for example an anti-fuse that provides a high resistive
state before being programmed and a low resistive state aftér being
programmed with a program signal.

25 The identification cell 400 includes a drive switch 406 electrically coupled
to memory element 403. in one embodiment, drive switch 408 is a FET
including a drain-source path electrically coupled at one end to ohe terminal of
memory element 403 and at the other’end to a reference 410, such as ground.
The ather ferminal of memory element 403 is electrically coupled fo

3¢ identification fine 402. The identification line 402 receives identification signal
ID and provides identification signal ID to memory element 403. The
identification signal 1D, including the program sighal and the read signal, can be




SA-K+1 is stored in the pre-charged firing cells 120 of subgroup
SGl-K+1 to either turn drive swtches 172 on or off. The SEL11PRE2
signal pulse 348 on 5 pre-charge line 210b pre-charges all firing
cells 120 in F& 202b_ The fire line 214a receives energy pul se 352
to energize firing resistors 52 and pre-charged firing cells 120 of

FA 202a t Rgagdagmeisconducting drive switches 172, The @pekaspul se
352 goes high while the SEL1/PRE2 signal pulse at 348 is high. The

SEL1/ PRE2 signal pul se 348 goes | ow aad the energy 10 pul se 352

remai ns high to heat and eject ink from correspondi ng drop

generators 60. The process continues until printing is caonplete.
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program si gnal : cation cell 400 i1ncludes a drive
switch 406 tee@@mauyaaonvecé%fp|0@a of the nie-abarge tnes At Figd® 7% n one

enbodi ment, dri ¥gs gufelof BrivtQuilch 406 I%FaTcmﬁrBﬁhMﬂ ltﬁw lsae[éb"trﬁ:law écﬁ.lﬂ:fééie pat h
electrlcally coupl ed at one end to one termn rrent
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swﬁch 408, Alternatively, a capacitor separate from drive switch 406 can be
used to store charge.

20 A first transistor 422, a second transistor 424 and a third transistor 426
include drain-source paths that are electrically coupled in parallel. The parallel
cbmbinaﬁon of first transistor 422, second transistor 424 and third transistor 426
is electrically coupled between the drain-source path of select transistor 416 and
reference 410, The serial circuit including select transistor 416 coupled to the

25 parallel combination of first transistor 422, second transistor 424 and third
transistor 426 is electrically coupled across node capacitance 412 of drive
switch 406. The gate of first transistor 422 is electrically coupled to data line
428 that receives data signal ~D1. The gate of second fransistor 424 is
electrically coupled to data line 430 that receives data signal ~D2 and the gate

30 of third transistor 426 is electrically coupled to data line 432 that receives data
signal ~D3. The data signals ~D1, ~D2 and ~D3 are active low as indicated by
the tilda {(~) preceding each signal name. The drive switch 406 including node



conducted through nmenory elenment 403 if drive switch 406 is turned on
(conducting). This allows for only specific identification cells 400
on a single identification line 402 to respond to read and
programm ng signals on the identification |ine 402, while other
identification cells on the sane identification 5 line 402 do not

respond t o wheegeadiand programm ng signals. The gat ecwds2ehsbMessw tch
406 forns storage node capacitance 412, which functions as a nenory
to store charge pursuant to the sequestial activation of pre-charge
transi stor 414 and sel ect transistor 416. The drai n-source path and
gate of pre-charge transistor 414 are electrically coupled to
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I ncl udi ng node
20 enabling signaling, including pre-charge signal PRE, select signal SEL and data

signals ~D1, ~D2 and ~ D3 fo turn on drive switch 405, Identification line 402
provides the read signal in the identification signal ID to memory element 403.
The read signal provides a current through memory element 403 to the
conducting drive switch 406 and reference 410. The voltage on identification
25 line 402 is determined to determine the resistive state of memory element 403.
In one embodiment, memory eletent 403 is determined to be in the high
resistive state if the resistance is greater than about 1000 ohms and in the low
resistive state if the resistance is less than about 400 ohms.
In operation, node capacitance 412 is pre-charged through pre-charge
30 fransistor 414 by providing a high level voltage pulse in pre-charge signal PRE
on pre-charge line 418. After charging node capacitance 412, a data signal ~D1
is provided on data line 428 to set the on/off state of first transistor 422, data




WO 2005/ 105451 PCT/ U52005/ 011395 25 capacitance 412, pre-charge
transi stor 414, select transistor 416, first transistor 422, second
transistor 424 and third transistor 426 forma dynam c nenory
circuit or cell. In one enbodi nent, data signals -Dl1, -D2 and -D3
provided to 5 identification cell 400 are data signals --D1, -D2 and
5-D3 prOV|dedw@mmgﬁ@@1I|nes 208a-208c to all fire grop@aus2zensne2f
(Figure 7). Al'so, in one enbodinent, pre-charge signal PRE is
pre-charge signal PRElI provided on prescharge line 2l10a to fire
igroup 202a. In addition, in one enbodi ment, select signal SEL is

isel ect signal SEL1 provided on select line 212a to fire group 202a.
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20 In one embodiment, node capacitance 412 is actively discharged thraugh
. select transistor 416 and at least one of the first, second and third transistors
422 424 and 426 during the entire program signal and/or the entire read signal.
The high level voltage pulse in select signal SEL overlaps the entire program
signal and/or read signal on identification line 402. Also, valid data signals ~D1,
25 ~D2 and ~D3 overlap the entire program signai and/or read signal on
identification line 402. Actively discharging node capacitance 412 during at
least the rise time of the program signal and/or the rise tirme of the read signal
prevents node capacitance 412 from being inadvertenily charged to turn on a
drive switch 408.
30 Identification cell 400 is selected and addressed for programming and
reading if data signals ~D1, ~D2 and ~D3 are fow and node capacitance 412
rernains charged fo turn on drive switch 406. ldentification cell 400 is not
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drive switch 406. 30 Identification cell 400 Is selected and
addressed for programm ng and reading if data signals -D4, -D2 and
rD3 are | ow and node capacitance 412 remains charged to turn on
rive swtch 406. ldentification cell 400 is not WO 2005/ 105451
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}Capacitance 412 di scharges to turn off drive swwtch 406. The first,
%econd and third transistors 422, 424 28nd 426 conprise a decoder

hat controls the voltage | evel on node capacitance 412. 5 In one
nbodi nent, data signals -D1, -D2 ... -D8 provided on data |ines
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-D1, -' D25 .. celt4pggnay he yiliged is enuindreeombinaions that each renrbsnmmﬁeremar e
utilized t Oinffhbtici € each individual identification cell 400, are

shown in the followng Table t; TABLET 15 IDCell -D8---D1
| DCel | : - D8--' D1 IlDeRs embodimgent; printiesdidie 465incipdes a preschangedioe 1@saict 10110

29 10110101 e s 2arieilarl - -
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24: 11011001 ssu ita %91%181 ef of5 dzataos(?glna?s such as fwo or four or more data sighals. The
uses for identification cells 400 can be similar to uses described for identification
16  cells in this specification.

A plurality of identification cells, similar to identification cell 400, in an
example embodiment of printhead die 40, store identification information
indicating features of or other information about printhead die 40. A printer
employing such a printhead having identification cells can use this identification

20 information to optimize printing quality in a variety of printing applications. Also,
the printer can use this identification information for marketing purposes, such
as regional marketing and original equipment manufacturer (OEM) marketing.

In one embodiment, selected identification cells store identification
informafion indicating a thermal sense resistance value as determined at a

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

30 printing quality.

In one embodiment, selected ideniification cells store identification
information indicating a printhead unigueness number. The printer can use the
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the identification cells 400 can be read Individually, the
conbinations utilized to store datagare greatly increased. For
exanple, a single identification 5 cell 400 may be utilized in
mul ti pl e conbinations that each represents different information. In
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information indicating that the fluid ejection device is sold under a certain
company’s brand name or not sold under that certain company’s brand name.
20 In one embodiment, selected identification cells store identification
«  indicating a marketing region for the fluid ejection device. In one embodiment,
selected identification celis store identification information indicating the seller of
an OEM fluid ejection device. In one embodiment, selected identification cells in
a printhead store identification indicating whether an OEM printer is unlocked.
25  For example, the OEM printer can respond to the OEM unlocked information to
unlock an OEM printer, such that the OEM printer can accept OEM printheads
sold by a given company or group of companies and printheads sold by
companies other than the given company or group of companies, such as the
actual original manufacturer company.
30 In one embodiment, selected identification cells store identification
information indicating the product fype and product revision of a fluid jection
device. The product type and product revision can be used by a printer fo



value. The TSR is read and the obtained value is conpared to the
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deternmine the tenperature of the printhead. Printers can use this
TSR i nformation to optimze 30 printing quality. In one enbodi nent,
Sel ected identification cells store identification information
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memoty element with multiple bits of information is depicted and disclosed in

co-pending U.S. Patent Application Serial No. 10/778,415, which is incorporated
20  herein by reference in its entirety. .

' Figure 10 is a diagram illustrating one embodiment of a portion of a
printhead die 40. The brinthead die 40 includes an identification signal input
pad 702, a data line input pad 704 and a fire line input pad 706. The
identification signali input pad 702, data line input pad 704 and fire line input pad

25 706 are formed as part of the second metal layer of printhead die 40. The
identification signal input pad 702 is electrically coupled to identification line 708
that is electrically coupled fo identification celis such as identification cell 400, or
other identification elements, in printhead die 40, The data line input pad 704 is
electrically coupled to data line 710 that is electrically coupled to firing cells 120

30 in printhead die 40. The fire line input pad 706 is electrically coupled to fire line
712 that is electrically coupled to firing cells 120 in printhead die 40.



25 For exanple, the OEM printer can respond to the OEM unl ocked
information to unlock an OEM printer, such that the OEM printer can
accept OEM printheads sold by a given conpany or group of conpanies
and printheads sold by conpanies other than the given conpany or
group of conpanies, such as the actual original manufacturer

conpany. 30wbRoenBssenbodi ment, selected identificati eQugbdsgiisdsor e
identification information indicating the product type and product
revision of a fluid ejection device.3tThe product type and product
revision can be used by a printer to WO 2005/ 105451 PCTI US2005/ 011395
30 ascertain physical characteristics about a printhead. In one
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dentificat :sglra]\tesdlﬁg data ?Re 1710 and from fire line 712. The data line 710 receives
data signal DATA and provides data signal DATA to firing cells 120. Fire line
712 receives fire signal FIRE and provides fire signal FIRE to firing cells 120 in
20 printhead die 40.

The second metal layer portion 708a includes an elongated finger
portion, indicated at 720, that is situated next to fire line input pad 706, and
second metal layer portion 708b includes an elongated finger portion, indicatgd
at 722, that is situated next to data line input pad 704. Identification line 708

25 receives identification signal ID and provides ideptification signal ID fo
identification, cells, such as identification cell 400, or other identification
elements in printhead die 40. Also, identification line 708 receives a shori
detection signal in identification signal ID. The short detection signal is used to
detect fluid short circuits, such as ink short circuits, between data line input pad

30 704 and finger portion 722, and between fire fine input pad 706 and finger

portion 720.



pad 702, a data line input pad 704 and a fire line input pad 706. The
I dentification signal input pad 702, data |ine input pad 704 and fire
line input pad 25 706 are fornmed as part of the second netal |ayer of
printhead die 40. The identification signal input pad 702 is
electrically coupled to identification line 708 that is electrically
coupl ed t o welspidoksscati on cells such as identificatimrusedos/od®6, or
other identification elenents, in printhead die 40. The data |ine

i nput pad 704 is electrically coupled to data line 710 that is
electrically coupled to firing cells 120 30 in printhead die 40. The
fire line input pad 706 is electrically coupled to fire line 712
that is electri ¢@|dbséct3@wﬂﬂr8¢1rctimbéﬁneémgataﬁhé mptieadi 704@nd fingerad di e 40.
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el ongated f
input pad 706 is 10 micrans,

Examples of other identification elements or identification cells that may
20  be utilized with layouts of identification signal input pad 702, data line input pad
704 and fire line input pad 706 are depicted and disclosed in co-pending U.S.
Patent Application Serial No. 09/967,028 and U.S. Patent No. 5,363,134 both of
which are incorporated by reference herein in their entirety.
Figure 11 is a flow chart illustrating one embodiment of a manufacturing
25  process employing selected identification cells in certain embodiments of
printhead die 40. In certain embodiments of printhead die 40, the operating
speed is dependent on the time it takes fo charge and discharge internal circuit
nodes. These charge and discharge times are dependent on the speed of the
silicon and may vary from one printhead die 40 fo the next due to slight
30 differences in the properties of the substrate from which the printhead die 40 is
formed. By characterizing the speed of a printhead die 40 and encoding the
speed on the printhead die 40, after testing, applications can use some



portion, indicated at 720, that is situated next to fire line input
pad 706, and second netal |ayer portion 708b includes an el ongated
finger portion, indicated at 722, that is situated next to data |ine
i nput pad 704. ldentification line 708 25 receives identification
signal 1D and provides identification signal IDto identification;
cells, suchwasoos/dhessii fication cell 400, or other | depd1d92080i108
elements in printhead die 40. Also, identification line 708 receives
a short detection signal in identifisgation signal ID. The short
detection signal is used to detect fluid short circuits, such as ink
short circuits, between data line input pad 30 704 and finger portion
722, and bejrnerad dig 4 hinher peftimaaed applications srdgker pripthekd die 4020. WO
2005/ 105451 _PCTI US 005/0113%5t.32 To detect a short circuit between
data |ine iMFYEr BECTTERQATIFTIY8r  portion 722, probes are

posi ti oned on i tempiifthaztdioAo Brlydnl prexghargqubfding @2llat2D in ddiriag kelhe

i nput pad 704. Th h } i | V4

dont i F1 catay St Rafp il prak et R n FRURA BRI FIREL 4aca
line i nput FIRE Z7.04IRES divhide ebeigly polses thabowwdap es ddstzatedinthadimingt age

| evel on i L fi i S4 I a a short
circuit be?ﬁm&%&'foﬁrﬁgh%gﬁ l?{é‘@%b?%’g&é’ﬁ'ﬁﬁ??%g@ﬁgﬁ%’?eon 720,
probes ar e qepsidandnethedime ititakes fo dhatdeamdsisgharige iadgigss fes TAd2ndnd fire

l'i ne input : -det ‘ j j '
identifi cat14§ﬁgrsslzage%g?g?ﬁd ﬂ%&?ggﬁeﬁ?g“é%&%?ﬁ g%ﬁ‘c’in% 'Etagéﬁf’: e a?? fire
| i ne i nput N capacitapcestsythropph selpet tipasisfer 34 kafore@nneypyReol t age

| evel ofy i dgnliidd hdfd Q8na FERER ank R imPREKEDD O,orcIdEHasgeS.li&re_tcaséésﬁH&é

detection test can be used for each input pad that has identification
line 708 sl3buated next to it. The short circuit detection test is

used as a subst iat 4 tifftg paRfthEBis! I PrifiRdaddie ub b fickas prd-Sidiiedoads,
such as data |ine |nput ,r[.')ad 704 and_ fire I(lﬁr;le |n%ﬂé ad 706.- I n one
enbodi ment ,rieg GAR 1304p ftingcaliaraydsimiigifo g sy e a pad width W
of 125 mbcr@ﬁsacmﬁe@ﬁtwmg ap e @iggz@h@gie\;lBP xmfagcﬁﬂ:naréayma@grinmmd
spaci ng, bet w i nger .portion a ata. line in a at
Wos | o150 die 29 ahe OtherBiie e R fes s MR cRaRe e
fire line dfepabrpott adiiedsdinds) stuicaoadksiredSiaapiebanal 148 Mdso, In each
identification elenen i i £ '
i 11 zed TRy EE SIpSia R Ehe i RO R dfdhe RN BE
| i ne i nput dgisuharge time of one or more node capacitances 126. The timing

characteristics of each characterized printhead die 40 are categorized into a

20 designated speed category.

At 802, the designated speed category of a characterized printhead die
40 is programmed into selected identification cells in the characterized printhead
die 40. The identification cells in the characterized printhead die 40 are similar
to identification cell 400 filustrated in Figure 8. The selected identification cells

25 400 in each characterized printhead die 40 can be read at 804 and the
printhead die 40 are sorted based on the speed performance category.

At BO8, printhead die 40 that are categorized into higher speed
performance categories are implemented in printers having higher periormance
print modes. At 808, printhead die 40 that are categorized into lower speed

30 performance categories are implemented in lower performance printers, such as -
lower cost printers that do not include the higher performance print modes of the
higher performance printers.



704 and fire line input pad 706 are depicted and disclosed in
co-pending U.S. Patent Application Serial No. 09/967,028 and U.S.
Patent No. 5,363,134 both of which are incorporated by reference
herein in their entirety. Figure 11 is a flow chart illustrating one
enbodi mrent of a manufacturing 25 process enploying sel ected
identificatwemonmkdss in certain enbodi nents of pri ntdraschesieiesod0. I n
certain enbodi nents of printhead die 40, the operating speed is
dependent on the tine it takes to chatge and di scharge internal
circuit nodes. These charge and di scharge tines are dependent on the
speed of the silicon and may vary fromone printhead die 40 to the

next due to slighé ofétatitigf dpeee BESHEe embcdnamtOsigiihihead G 40eaysallst r at e
from whi ch thcf Er%ﬁ%heg@ di e ff?% i f? formang. 'BM char, actler.i zi ng the
speed of a HSrISREREN ORI Wer i ires edaiasant HisChaPR JieBal 96t pri nt head
di e 40, af tredes.ebdraxgmprPpl dreambabinanawhereelysanie fikiiy 208 ard H5U51

PCT/ US2005/ 011395 3 printhead di 0 in_hi per.f.or manc

nopl ot | ofciR@ety e PRRPHe Fose=y Pe dapertef UG #R8 ke R Aparoe

appl i cats onke gate cétherdring beikch, tstzad @f thedimedi takesdo eischagg & date ofig
cells 120 i JIL0 cell array simlar to firing cell array 200
iIIustrateaﬁ?ﬁn‘ﬁ%ﬁ@g‘ 7, fire signals FIREI, 5 FIRE 2 ... FIRE6

i ncl ude energy Aliheigh spécific ekadimgniabavel Hegs tllustrated amd déssribédri ng

di agram of FLgur.g . rad,l o ' y be
dependent 5ﬁh$ﬁéﬁyﬁ%%£P§E§g gs g@g§§£§§@m§hﬁﬁgbgt arggﬂgﬁﬁégggalines
144 and 14@efmate aslereouiNglentinpteasatations may be substtutas) forthe 3pecifiche ti ne
it tak t o ' : ransi st or
130 be?@r e%gﬁﬂogn_er g%gnﬁtﬂhgﬁl%g% p%@ﬁ?ﬁggggﬁ@ﬁ%% %cﬁg?%ﬁh%E and
the time itpresskbigverdiopr dbiapglicatioe iniensiedite spreeanyiadeptaliensoD, ti ni ng
par amet er s \Qfiaik b HeaPetlfiCemBodiahts REhsdee ekl amdrasd, ki ring cells

120 in firing cell arrays simlar to firing cell array 200 are

char act er i Zatandaq thaldbis iyegtion hdingted pniydydheislaimeend the @apiyplents
characteri zgglegi | Nt head 15 die 40, the characterized timng
paraneters include charge and di scharge tinmes of one or nore address
Iines,'ghch as address lines 144 and 146. Also, in each

characterized printhead die 40, the characterized timng paraneters
include the discharge tine of one or nore node capacitances 126. The
timng



characteristics of each characterized printhead die 40 are
categorized into a 20 designated speed category. At 802, the

desi gnat ed speed category of a characterized printhead die 40 is
programmed into selected identification cells in the characterized
printhead die 40. The identification cells in the characterized
printhead die 40 are simlar to identification cell 400 illustrated
in Figure 9. The selected identificatid@s cells 25 400 in each
characterized printhead die 40 can be read at 804 and the printhead
die 40 are sorted based on the speed performance category. At 806,
printhead die 40 that are categorized into higher speed performance
cat egor Y8t gy daimedisrent ed in printers having hi gher perfornance
print nodes. At 808, printhead die 40 that are categorized into | ower
speed 30 performance categories are inplenented in | ower perfornmance
printers, suéhflad ejecomedevossomprisingers that do not include the higher

performance print .podes.of th hi gher performanc inters. WO
2005/ 105451 B i?g‘éié‘ﬁé‘%@%déﬁc%% PRETICRL s GrT SR
enbodi ment s afenfifitdtiohealts déctridhfly EBypll ®ahe ReniRABHIRRS; g the tinme it
takes to charge and discharge internal circuit nodes. For exanple,

in one embodiNBREP WhERE laph anfagured foseeies Fata Jprsesepting an gnagengndgegnals that
the operatin i e : i Lt t : :
the gate of The en Bt ik RRAGEloRoh PRAbER  ton, &Y R KenERAKAR s i
di schar ge t heoupdgdetoodt leashevadatadingsirt the. grépt diodegd lisgpeaidf adapted to conduct and
enbodi nents have be illustrate nd_described . herei it wll. be
apprect ated Boboihans pepSiaargiefPr e R HaeS gt i voapltbipypgfoabled
al ternate anghereireaathvalablet iddmifieatnt &l nElapBy 1 ©c Pibifhined 66a HY program
t he specific 10 e odinen%s shown and descri bed wi thout departing

from the scop@¥ng fd Vi Be &5 Sigidlent i on. Thi's application is

i ntended to cover any adaptations or variations of the specific

enbodi ments di scussed herein. Therefore, it is intended that this

i nventi @n beThe fluideejeaionydeiige whelagh di whersimdonehd theyidientéficatios celtshie cenfigured

15 35 to be enabled via the signals on the at least two data lines being in a first state.

3. The fluid ejection device of claim 2, wherein the rest of the identification cells are
configured to be disabled via the signals on the rest of the group of data lines being in a

second state.

4, The fluid ejection device of claim 1, wherein the at least two data lines is three data lines
and one of the identification cells is configured to be enabled via the signals on the three
data lines being in a first state and the rest of the identification cells are configured to be

disabled via the signals on the rest of the group of data lines being in a second state.

5. A fluid ejection device, comprising:
means for receiving data representing an image and signals that selectively enable
identification cells;
means for responding to the signals to provide an enabling value; and
means for storing the enabling value that selectively enables the identification cells to be

programmed via a program signal and read via a read signal.



What is clainmed is: 1 Afluid ejection device conprising: an
identification line adapted to conduct a program signal and a read
signal; identification cells electrically coupled to the
identification line; and a group of data lines configured to receive
data representing an i mage and signals that selectively enable the
identification cells, wherein each of the identification cells is
coupled to at least two data lines in t3ge group of data |ines and
adapted to conduct and respond to the signals transmtted on the at

| east tmo data lines to be selectively enabled, wherein each enabled
i dent i f Pcat i ¢he &uld gptiondgpceal ¢lanpe %ﬁ%ﬁrcamam% RN ECSPPBYYAIH the program
signal and r The fluid ejection device of
claim1l, mhe?%ﬂﬁ%gﬁg&%ﬁm&ﬁ& ‘ﬁgntl%?aatlon cells is configured to be
enabl ed via the S|gnals on the at least two data |ines belng in a

first state. TIh UId e ect e of .claim wher e

rest of t7t he |T?} x ejg %e & ?fla %‘ ‘évg ﬁ?éﬁeapﬁ)%%re t?lmégd © e&‘a@ﬂ% value
t he signals @ﬂmpﬁﬁmrest of the group of data | ines being in a second
state. 4. The flu% ction device of claim]l, wherein the at |east

two data |in&¥as Ofﬁ?e apparg e idsadticalicg celfe st the i dentification

cells is confrdaqhgrﬁsidfsam?@ gp&béh%ﬂgtea&&nﬁﬁ@atﬁ gp@l. s on the three data
lines being in a first state and the rest of the identification cells
are configured to be disabled via the signals on the rest of the

gr oup of dat g.Life §gan ate. el ection,,.

devi ce. Corrp?“he fnn e anpngde]fvme Q alm h%ra]tnathlg enb?ag%e?{t #%@{%ﬁjei er%%léng value
and signal s b&ﬁpnﬁfiectlvely enable |dent|f|cat|on cells; means for

responding to the, si provide an enabling val ue; and neans for
storing the &K4B ﬁOHS%%@Egﬁﬁa@en&QF@ww $¢2&nabl es t he
identificatigpaselok ghgrgngglscmyr%&r iABR aVdrBeefls Pr ogr am si gnal and read
via a read signal. The Tluid ejection device of claimb5,

further conprising: means responsive to the program signal to store

i dentifigcati f, fluid ejection device of claimb5,
mherelnbthe %Q%%g Emﬁa{‘%??ﬁ%n?ﬁgg%nabling val ue conprises: neans

for pre-char gigngupt diesigrchd hibes mdagtedom reelvedirstadighal redieseif the gtogc bfgignad dines

pre-charged L1r9: un e!s ];t;bcg?(;[ulp(s) gf gt?east three signal lines;

an identification line adapted to receive a program signal and a read signal; and

identification cells electrically coupled to the identification line, wherein each of the
identification cells is coupled to a corresponding one of the subgroups of at least three
signal lines and adapted to respond to the first signals received on the corresponding one
of the subgroups of at least three signal lines to be selectively enabled, wherein an enabled
identification cell is adapted to be programmed via the program signal and read via the

read si gnal.

10.  The fluid ejection device of claim 9, wherein each of the identification cells is adapted to
respond to the first signals received on the corresponding one of the subgroups of at least

three signal lines being in a first state to be selectively enabled.



8. The fluid ejection device of claim5, wherein the neans for

storing the enabling value conprises: neans for discharging the
identification cells; and neans for chargi ng di scharged

identification cells. 9. Afluid ejection device conprising: a group

of signal lines adapted to receive first signals, wherein the group

of signal lines includes subgroups of at |east three signal |ines;

an identification Iine adapted to receid®e a programsignal and a read
signal; and identification cells electrically coupled to the
identification |line, wherein each of the .identification cells is

coupl ed o aThsdikgerignnlgvisnal drint Hy vderdn etshof e identificglen ¢ahls éssadapted to
signal |ines : L ] [

the.cor espordras ond T6f TR nibgrsunear St e W LERRESnORs e
lines to be sebgoupnswébilesn divbedgnahhessdiemgan asemibll etite th de ntledtiveht disubled.
cell is adapted to be programred via the program signal and read via
the read signal. 10. The fluid ejection device of claim9, wherein
each of 1phe mmieid dj€dibhdBvieebf Saitnso, adRA% € thetpBoup FSRAA e id ddaptell Fsteceive
signals received on the correspondLn%_one of the subgroups of at .

| east t hr ee S&ogA sienpls frxenphlingdlvideigctionag p diffesgns timg thaw reeqiaipg thedirgt signals.
enabled. 37 11. The fluid ejection device of claim 10, wherein each

of the identification cells is adapted to respond to at | east one of

the fird8. si Jhalfbid eicetionedevine afhdaioo?.r fashendinmpyisingeenebletlines adapiieyr wupscive

of at |least three signal |ines bei.ng in a seco state.to be

el octivery druife st Wikt PRl Re RRBh daeRellofirtsedf ip gro mumoer of
wherei n the gigaulplinds & gealgrdubne sighalatiagt plds tthe MGy &f s@@blRdlines plus the
signals for epahling fluid ejection at a different tinme than

recei vi ng t hésnfifieationilign iy geaterfhan tgs | i d ej ection devi ce of claim

9, further conprising enable |lines adapted to receive enabling
signaling, wherein a ratio of the nunber of identification cells to

t he nuntdér ofThe dlugrhaiectiamdayiderpft dhaimg?,cluphert cosipgising dibledings adapidseto receive
number of _enablifinkiN&81h) Whehliea AR bl WERbES hiNGichS HARLE Inel fidfber of
two. 14. The ul ect?on device of clarm9, fur her conpri sing

enabl e |i nes sidalpting fro thieegriupeof eigadll limg slugrthé inughbewoEr eiablealinedt plas the
of the nunber  of. idenﬁjflcation ce%ls to the nunber of signal lines

in the group $Pileaienting is et than ohe nunber of enable Iines plus the
identification line is greater than four. 15. A fluid ejection device

conpri si ng:
15. A fluid ejection device comprising:

a first line adapted to receive a first pulse activated at a first time;

a second line adapted to receive a second pulse activated at a second time that is different

than the first time;

a third line adapted to receive a program signal and a read signal at different times,

wherein a received one of the program signal and the read signal is activated at a third

time that is different than the first time and the second time; and

identification cells electrically coupled to the third line, wherein one of the identification

cells comprises a capacitance, 1s coupled to the first line and the second line, and is

adapted to respond to the first pulse to charge the capacitance to a first voltage level,

wherein the second pulse controls whether the capacitance is discharged and the one

identification cell is adapted to respond to the capacitance being at the first voltage level at

the third time to be programmed via the program signal and read via the read signal.



a first line adapted to receive a first pulse activated at a first
time; a second |line adapted to receive a second pul se activated at a
second time that is different than the first tinme; a third line
adapted to receive a programsignal and a read signal at different
times, wherein a received one of the program signal and the read
signal is activated at a third tine that is different than the first
time and the second tine; and identificdtion cells electrically
coupled to the third line, wherein one of the identification cells

conpris a citance, jis coupled to.the first |jne and the second
e, and s 108 045 Strtp dPBT Bhitioly Mberit b Sgypuls® eaf b spoad RS e non-
capaci tance tQeupbing$hulse@! tage level, wherein the second pul se
control s whet her the capacitance is discharged and the one
identification cell is adapted to respond to the capacitance being at
the firsf{;vo . : : k i : rogr J

pr ogr am £ gnar ekt BiEloflianibBe LhAS R 5P SERILATNRN IR IMEest the
ej ecti on deviactevatbn of @ik mectyed whesighapolend sipstl apdithseeaeigitahe second
pul se are non- overlapping pulses. 17. The fluid ejection device of

cl aim 15, wherein the second pul se overlaps at |east the activation

of the rngcei Tad Mi¢ PdctibhalePicOPrammisl I5alvhaRth tHeesdc6@ pilse NPkrlapkSthe entire
The fluid ejection device of claim15, wherein the second pul se

overl aps t he '&AIEd ene pidie pipstrnbsignaand te rendgegnan si gnal and t he read
signal. 19. The fluid ejection device of claim15, conprising: a

fourth line adapted to receive an enable signal and a data signal

r epr esen®i ng Tae pordt ¢jemion feviemod aheagel, 5, vdrepraing: t he second pul se and the
enabl e signal sel.ectivel i scharge t .capacj tance. 20. The.fluid.

o octton dovhdarTind e REHH B ehbR s SR0ER BERiend SomstreRne Lhrtion of
| east the aeghiiMapt,onhatint e fce6Rl yele ane @t dnbble QG aBlesti @A diseRdge the

the read signal .,
capacitance.

20.  The fluid egjection device of claim 19, wherein the enable signal overlaps at least the

activation of the received one of the program signal and the read signal.



