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Background
An inkjet printing system, as one embodiment of a fluid ejection system,

may include a printhead, an ink supply that provides liquid ink to the printhead,
925 and an electronic controller that conirols the printhead. The printhead, as one

embodiment of a fluid ejection device, ejects ink drops through a plurality of

orifices or nozzles. The ink is projected toward a print medium, such as a sheet

of paper, to print an image onto the print medium. The nozzles are typically

arranged in one or more arrays, such that properly sequenced ejection of ink
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
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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 slot 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 & printhead die.



charged firing cell. 5 Figure 7 is a schematic di agram.

illustrating one enbodi nent of an ink jet printhead 29 MAR 2

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 diagramillustrating
ong. e j,pent of an 10 identification cell,
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In the following detailed description, reference is made fo 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,” “boitom,” “front,” "back,”
“leading,” “iraifing,” 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
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
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 illusirates one embodiment of an inkjet printing system 20.
Inkjet printing system 20 constitutes one embodiment of a fluid ejection system
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fluid supply assenbly, such as ink supply assenbly 24.

The inkjet printing system 20 also includes a nounting,
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In one embodiment, inkjet printhead assembly 22 and ink supply

30 assembly 24 are housed together in an inkjet cartridge or pen. The inkjet

cartridge or pen s 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 interface connection, such as a supply tubezg MAP 2[]{7?
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25 media fransport assembly 28. Electronic controller 30 receives data 39 froma
host system, such es 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 decument and/or file to be printed. As such, data 39

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

" commands and/or command parameters.




6 In one enbodi nent, electronic controller 30 control
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formed in substrate 44. An orifice layer 50 has a front face 50a and a nozzle

25 opening 34 formed in front face 50a. Orifice layer 50 also has a nozzle chamber
or vaporization chamber 56 formed therein which communicates with nozzle
opening 34 and ink feed channel 54 of thin-fllm structure 48. A firing resistor 52
is positioned within vaporization chamber 56 and leads 58 electrically couple
firing resistor 52 fo 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 56 and

nozzle opening 34.
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25 72 is electrically coupled to memory circuit 74 that controls the stafe of drive

i 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  cirouit 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., onor
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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 line group or data group, is
electrically coupled fo 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 celis 70 in

30  one column, including firing cells 70 in each of the fire groups 102a-102n. For
example, data fine 108a is electrically coupled to each of the firing cells 70 in
the far left column, including firing cells 70 in each of the fire groups 102a-102n.
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cells 70 in each of the fire groups 102a-102n. For
exanple, data line 108a is electrically coupled to each
of the firing cells 70 in the far left columm, including
firiqg cells 70 in each of the fire groups 102a-102n
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In operation, subgroup enable signals SG1, 8G2, ... SG are provided on
subgroup enable lines 106a-106L to enable one subgroup of fiting 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.




enabled firing cells 70 store data signals Di, ?g
provi ded on data |lines 108a-108m The data si gnal s D1
D2 ... Dmare stored in nenory circuits 74 of 30 enabl ed
firing cells 70. Each of the stored data signals D1, D2
Dm sets the state of drive switch 72 in one of the

éhébledflrlng cells 70. The drive switch 72 | o
coMLRe18¥5Inot  conduct based on the stored 88?’53%?55@?1’8

value. 2 9 MAR 2007 WO 200511|05451 PCT/ US20051 011395 11
After the states of the sel ected drive swtches 72 are
set, an energy signal FlREl-FlREn |s provi ded on the

fi I 110 di fii
| obe. 10ditel et e ST GRP bt ate sthate My g
cel signal (FnlqErhEIR&ne payided gn aHle firé el 1 f0aHE0N conddpdrding v the

. e .ener Se [ OV
col Dcuih e 102 1% sfidadthe St e 3RSl GPREEbdD: Tre
52 emergy signai IREI-FRER(ndlivies ah @rergy pndecThegnatgy pase is

£ hipUER 08 tneSMecRRSTAlAL okl f1bR D edefit o TodoR®3'in N

O print ned um
r epfirgeretiedl that bavescosdypting driveiswittiies 72. Theen€rgizedfidogss of

ena@q ofts. B2 nlyUAE e ik ofitbil &cgl}rhgsgcgpmﬁ%ﬁfrh{;% data
pr ompcﬁsngtednbydﬁ@rajgna!a Rh &2 FIDRElTlFﬂ reeessef en@hgm age firing
SRS Tl oSS DOl

rintrng stops. I n one e
‘EI Rsmgmuaaﬁtdmsowraﬁ/w@aﬁ%swal E@E'écﬁlgﬁn fq ‘P%ef@?-%ﬂwg
102p5kReNs2 pithe él%HRaoeéiﬁB}o@p %bﬂlﬁﬁéssumrmtﬁ@%tops SG
change to sel ect and enab ath Eﬂ%g Fﬁé%{p in
di f f er et Of§ ¢TEORAIHED, ﬁ?)%efﬁg Vil FEH%%*& a
Zutbgmml firk QF R 10253021, g;[lad;rﬁulﬂénab%r gnals WFF% I, lo:Ie;(isL on
a in and .an n is
o o108 Rt and rab iy s BBt G TOuR oy o
15 i r 102p. Masinsivyreniablad lsubgrhm sta%ylgtars&dnhlsdﬂ,?!zr.!. gn pm:vilded 20
ne su irin ells
' bR e et B sy stiiat AR R rited s grfheiSn g
t o sittos Sredata 1 Haghi@indo BXergip2 firing regitofsriiZan the rkandy enabliat a

ﬁggfgﬁ;sﬁql O&'Hny fﬁgttﬁ %@f AHIE t{bpr%%h Bt ﬁr’ir%%hé?% eanle

MAR 2007

I nes I VI'SI On

dat by siibgreaip enalile signals §Hly S6Re . B state daia gigoals i aa fir e
28" OBR d\]ltﬁ?dhté fiedsUdes-1 dérhvm tﬁié"a%?&%sdatgﬁ% ddidbt BE,, set

to conduct an _energ nis provided
t o Dy dedq linep d@8a-19%m gfaﬂmﬁ %waorl owliiplexpdata ﬁlgn@ﬁeA§9
ST §n§édﬁ§ﬂou5'u8§@el%&e@ fiR\GroH 629 1@2& frf%fuﬁ6§ dify \!ﬁr sztGIﬁé%U ps

102a-102n can and do overlap. Fi
di aft At Feeekle PQP‘FW?&WB'F?@W&Y F'@F—"zf 'BF'@: 15 P“’V‘de‘j to
the selected fire group 102a-102n, However, energy signals FIRE1-FIREn
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Figure 6 is a schematic diagram illustrating one embodiment of a pre-
charaed firing cell 120. Pre-charged firing cell 120 is one embodiment of firing
celi 70. The pre-charged firing cell 120 includes a drive switch 172 electrically
coupled to a firing resistor 52. In one embodiment, drive swiich 1721s a FET

30  including a drain-source path electrically coupled at one end io one terminal of
firing resistor 52 and at the other end fo a reference line 122. The reference line
122 is tied to a reference voltage, such as ground. The other terminal of firing
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arrangements as long as the operational relationships described above are
maintained. For example, ah OR gate may be coupled o address lines 144
25 and 146, the output of which is coupled to a single transistor.

Figure 7 is a schematic diagram iliustrating 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-202{. The pre-
charged firing cells 120 in each fire group 202a-202f are schematlcaliy 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
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The subgroups of the fire groups 202a-202f are identified as subgroups
$G1-1 through 8G1-13 in fire group one (FG1) 202a, subgroups SG2-1 through
SG2-131n fire group twe (FG2) 202k and so on, up to and including subgroups
$G6-1 through SGB6-13 in fire group six {(FG6) 202§, In other embodiments,

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




S&-13 in fire group two (F&) 202b and so on, up to ana '
i ncl udi ng subgroups SG6-1 through SG-13 in fire group g MAR 200?
six (FGB) 202f. In other enbodi ments, 30 each fire group

202a- 202f can include any suitable nunber of subgroups,
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~A2 ~A3 8G1-7, 8G2-7 ... SGB-7

~A2 ~A4 SG1-8, SG2-8 ... SG6-8
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~AZ, ~AT7 8G1-11, 8G2-11 ... SGB-11

~A3, ~Ad , S$G1-12, 8G2-12 ... 8G6-12

~A3, ~AD SG1-13, 8G2-13 ... 8G6-13

Subgroups of pre-charged firing cells 120 are addressed by providing
address signals ~A1, ~A2 ... ~A7 on address lines 206a~2069. 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, PREZ ...
PRES and provide the pre-charge signals PRE1, PRE2 ... PREG to
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Fire lines 214a-214f receive fire signals or energy signals FIRE1, FIRE2

.. FIRES and provide the energy signals FIRE1, FIREZ ... FIRES to

25  corresponding fire groups 202a-202f. Fire line 214a is electrically coupled to all
pre-charged firing cells 120 in FG1 202a. Fire line 214bis electrically coupled
to all pre-charged firing celis 120 in FG2 202b and so on, up to and including
fire line 214f that is electrically coupled to all pre-charged firing cells 120_in FG6
202f. Each of the fire lines 214a-214f is electrically coupled fo 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
2142-214f. The fire lines 214a-214f are electrically coupled to external supply
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to all pre-charged firing cells 120 in F&Q 202b and so
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In another aspect of operation, one of the fire groups 202a-202f is
operated by providing a pre-charge signal PRE', PRE2 ... PRES6 on the pre-
charge line 210a-210f of the one fire group 202a-202f. The pre-charge signal
PRE1, PRE2 ... PREB defines a pre-charge time interval or period during which
time the node capacitance 126 on each drive switch 172 in fhe one fire group
202a-202f is charged to a high voltage level, to pre-charge the one fire group

30 202a-202f.

Address signals ~A1, ~A2 .., ~A7 are provided on address lines 206a-
2069 to address one row subgroup in each of the fire groups 202a-202f,
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signal PRE1, PREZ ... PRES for the next fire group 202a-202f. The pre-charge
sighal PRE1, PRE2 ... PRES for one fire group 202a-202f precedes the select
25 signal SEL1, SEL2 ... SEL6 and energy signal FIRE1, FIRE2 ... FIRES for the
one fire group 202a-202f. After the pre-charge signal PRE1, PREZ2 ... PRES,
data signals ~D1, ~D2 ... ~D8 are muitiplexed in time and stored in the
addressed row subgroup of the one fire group 202a-202f by the select signal
SEL1, SEL2 .., SEL8. The select signal SEL1, SEL2 .. SELS for the selected
30 fire group 202a-202f is also the pre-charge signal PRE1, PRE2 ... PREG for the
next fire group 202a-202f, After the select signal SEL1, SEL2 ... SEL6 for the
selected fire group 202a-202f is complete, the select signal SEL1, SELZ ...
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FG6 202f and pre-charge line 210a coupled to FG1 202a receive SEL6/PRE1
signal 309, including SEL6/PRE1 signal pulse 310. In one embodiment, the
select fine 212f and pre-charge line 210a are electically coupled together fo
receive the same signal. In another embodiment, the select line 212f and pre-
charge line 210a are not electrically coupled together, but receive similar
signals. '

The SEL6/PRE1 signal pulse at 310 on pre-charge line 210a, pre-
charges all firing cells 120 in FG1 202a. The node capacitance 126 for each of
the pre-charged firing cells 120 in FG1 202a is charged to a high voltage level.
The node capacitances 128 for pre-charged firing cells 120 in one row subgroup
SG1-K, indicated at 311, are pre-charged fo a high voltage level at 312. The
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groups 202a-202f, select line 212f coupled to FG 202
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pre-char line 210a are electrically coupl to
2@"?%@%Wgﬁlthe same signal. In another enbéggﬁgﬁgﬁﬁiﬁg
select line 212f and pre- charge line 210a are not

electrically coupled together, but receive simlar
signals. The SEL6/PREl 'signal pulse at 310 on pre-charge
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firing cells 120 that have conductive drive switches 172 in FG1 202a. The
FIRE1 energy pulse 322 goes high while the SEL1/PREZ2 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/PRE2 signal 315 goes low and the energy pulse 322 is
provided to FG1 202a for a predetermined time to heat ink and eject the ink
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328 is provided to data transistors 136 in al
pre-charged firing cells 120 of all 20 fire groups 29 MAR ZUUT
202a-202f, including the address sel ected row subgroup
5&Q-K.  The fire line 214a receives energy signal FlREl
i ndicated at 323, including an energy pulse at 322 to
ener |ze flrlng resistors 52 in pre-charge e I'ls
ﬁ 4054 ave conductive drive switches 17%CPﬁ&é%§gg%§a.
The FI RE1 energy pul se 322,goes high while the SELII PRE2
signal pulse 316 is 25 high and while the node
capaci tance 126 on non- conductlng drive swtches 172 are
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charge FG4 202d. The process of pre-charging, selecting and providing an
energy signal, including an energy pulse, continues up to and including FG6
202f1.

The SELS/PRES signal pulse on pre-charge line 210f, pre-charges all
firing celts 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
SG6-K, indicated at 339, are pre-charged to a high voltage level at 341, The
row subgroup address at 306 selects subgroup SG6-K, and data signal set 338
is provided to data transistors 136 in all pre-charged firing cells 120 of all fire
groups 2022a-202f, including the address selected row suhgroup SGE-K.
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The SEL2/PRE3 signal pulse 326 goes |ow and the FlI RE2

energy pulse 332 remains high to heat and eject ink frori\g MAR 2007
the correspondi ng drop generator 60. 20 After the

SEL2/ PRE3 signal pul se 326 goes | ow and while the energy

pul se 332 is high, a SEL3/PRE4 signal is provided to

sel ect FG3 202c and pre- charge FG4 202d. of

pYRXLH4PGt ng, sel ecting and providing an P&E@F{%{}/ﬁgﬁgﬁal ,

i ncl udi ng an energy pul seE%é:onti nues up to and i ncl udi ng

FG 202f. 25 The SEL5/PRE6 signal pulse on pre-charge

line 210f, pre charges all firing cells 120 in FG 202f.
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energy pulse 344 is maintained high for 2 predetermined time to heat ink and
eject ink through nozzles 34 corresponding to the conducting pre-charged firing
cells 120.

After the SELG/PRE1 signal pulse 336 goes low and while the energy
puise 344 is high, address signals ~Af, ~A2 ... ~AT 304 are changed at 308 to
select another set of subgroups SG1-K+1, SG2-K+1 and so on, up fo SG6-K+1.
The select line 212a for FG1 202a and pre-charge line 210b for FG2 202b
receive a SEL1/PRE?2 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




energy pul se 344 goes high while the SEL6/PREl signal
pul se 336 is high and node capacitances 126 on ) 29 MAR ZUU?
non- conducting drive switches 172 are being actively

pul led |l ow, indicated at 346. Switching the energy pul se

344 high while the 20 node capacitances 126 are actively

pu prevents the node capacitances
beWRggqur’l%#vertently charged through drive svm&ﬁgsr%%@gkggs
the energy pulse 344 goes hj,gh. The SEL6/PREl signal

pul se 336 goes | ow and the ‘“energy pulse 344 is
mai nt ai ned high for a predetermned tine to heat ink and
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programmed with a program signal.

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

30 identification line 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 signal and the read signal, can be
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signal 1D and provides the identification signal IDto 29 MAR 2007

the identification cells. Each of the identification
cells is simlar to identification cell 400. The
identification cell 400 includes a nenory el enent,
indicated at 403. The nenory el enent 403 stores one bit

i nformation. In one enbodi nent, 20 L ele 403
W@%ﬂ?ﬂ%é represented by fuse el ement 404 anémﬁﬁﬂyﬁg
resi stance 408. In other epgpodinents, menory elenent 403
can be another suitable nenory elenment, for exanple an
anti-fuse that provides a high resistive state before
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charge 10 that receives a pre-charge signal
FIREdtOﬁiofm@%odl ment, pre-charge line 418 is
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reference 410, The serial circuit including select trans.1stor 416 coupled fo the

paralle! combination of first transistor 422, second transistor 424 and third
transistor 426 is electrically coupled across node capacitance 412 of drive

switch 408. The gate of first transistor 422 is electrically coupled to data line

428 that receives data signal ~D1. The gate of second transistor 424 is

electrically coupled to data line 430 that receives data signai ~D2 and the gate

of third transistor 426 is electrically coupled to data line 432 that receives data

signal ~D3. The data sighals ~D1, ~D2 and ~D3 are active low as indicated by

the tiida (~) preceding each signal name. The drive switch 406 including node




to select line 420 that receives a select signal SEL. Inzg MAR 2[][]?

one enbodinent, select 15 line 420 is electrically
connected to one of the select lines 212, (Figure 7). The
storage node capacitance 412 is shown in dashed lines, as
it is part of drive switch 406. Alternatively, a

acitor separate fromdrive switch 406 c to
st BP 2wzt A angdiits

20 A first transistor 422, a 'Sécon
tranS| stor 424 and a third bL ansi stor 426 include
drai n-source paths that are eI ectrically coupled in
parallel. The parallel conbination of first transistor

422, secon ransi st o Lat S
ol EePEaR (2 EOTDIEE R o) Sl E i ek

S €42 bedohd vahsistor 424 ldhdahict transistar 426 fora EQdynFiis re@mmw
C|rcu1t i cluding select transistor 416 coupled to the 25
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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 element 403 is determined to be in the high
resistive state if the resistance is greater than about 1000 ohms and in the low
resistive state if the resistance is less than about 400 ohms.
In operation, node capacitance 412 is pre-charged through pre-charge
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



provi des the programsignal in the identification sign ‘
IDto nmenory el ement 403. The program signal provi desﬂa9 MAR 200?

current through nenory el ement 403 to the 15 conducting

~drive switch 406 and reference 410. The program si gnal
. changes the state of nenory elenment 403 fromthe | ow
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resistive state to the high resistive st a%&mézﬁusﬁﬂ?%
na
provi ded for one mcro-secopd. To read the state of
menory el ement 403, identification cell 400 receives 20
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identification line 402. Actively discharging node capacitance 412 during at
least the rise time of the program signal and/or the rise time of the read signal
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drive switch 408.

Identification cell 400 Is selected and addressed for pragramming and

reading If data signals ~D1, ~D2 and ~D3 are fow and node capacitance 412
remains charged to turn on drive switch 406. Identification ceil 400 is not
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signals -D1, -D2 ... -DO in reverse order, that, in one
en‘godi ment, are utilized to activate each individual 29 MAR ZGG?
identification cell 400, are shown in the follow ng

Table |: TABLE | 15 IDCell:-D8---D 1 IDCell:-D8--D1

IDCell:-D8--D1 | DCell:-D8--D1 1:11111000 15:01110110

29; 43: 01101011 2:11110100 16: 1100
383%?%%@%%}44:10011011 3:11101100 17: 10101 2005/011395
31: 11001101 45: 01011011 4: 3011100 18: 01101110

32:10101101 46:00111011° 5:10111100 19:10011110
33: 01101101 47:11000111 6:01111100 20: 01011110

35: 010181 P4 SeTh ] e d: PRiAg st e
36ndiddually@nabled, End tigerehy cap:beruagrammed on an jpt\idyn! basis.
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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 celis can use this identification
information to optimize printing quality in a variety of priniting applications. Nso,
the printer can use this identification information for marketing purposes, such
as regional marketing and original equipment manufacturer (OEM) marketing.

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

In one embodiment, selected identification cells store identification
information indicating a printhead uniqueness number. The printer can use the
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nunber of data signals can be provided to the cach 29 MAR 2007

identification cells. Also, in other enbodinents,
Identification cell can be configured to respond to any
sui tabl e nunber of data signals, such as two or four or
nore data signals. The wuses for identification cells 400

can be sjmlar to uses described for |denti} | 15
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is specification. A plurality o
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a printhead store identification indicating whether an OEM printer is unlocked.
Eor 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.
In one embodiment, selected identification cells store identification
information indicating the product type and product revision of a fluid ejection
device. The product type and product revision can be used by a printer to




10 identification cells store Identification information:
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identification signal input pad 702, data line input pad 704 and fire {ine input pad

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

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.

29 MAR 2007
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line 400 may be utilized. 10 Al so, the nunber of 28 MAR ZDD?
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coupled to first netal |ayer portion 708e through via

714c, and first netal |ayer 10 portion 708e is 29 MAR 2007
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Figure 11 is a flow chart illustrating one embodiment of a manufacturing
process employing selected identification cells in certain embodimenis of
printhead die 40. In certain embodiments of printhead die 40, the operating
speed is dependent on the time it takes to 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 to the next due to slight
diferences in the properties of the substrate from which the printhead die 40 is
formed. By characterizing the speed of a printhead die 40 and encoding the
speed on the printhead die 40, after testing, applications can use some
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702 and ground is provided at fire line input pad 704. Azg MAR 2007
short circuit is detected 10 as a |l ow voltage | evel on
identification signal input pad 702. This short circuit
detection test can be used for each input pad that has
identification line 708 situated next to it. The short

irc tectlontest is used as a substi
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line input pad 704 and firg line input pad 706. In one
enbodi nent, signal input pads 702, 704 and 706 15 have a
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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 categories are implemented in printers having higher performance
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.
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time it takes to discharge node capacitance 126 thr ough29 MAR 2007
sel ect transistor 130 before an energy pulse is 10
provided in fire signal FIRE, and the tine it takes to
precharge node capacitance 126. At 800, timng
araneters of printhead die 40 that inclu ed
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cell array 200 are characterized in testing of the
printhead die 40. In each aracterized printhead 15 die
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|taoweef. per f or mance printers, such as |lower cost printers
that do not include the higher performance print nodes of
t he Qﬂ% er %erfornance printers. Il, 2 9 MAR 2007 WO
2005/ Y§BLE ClB¥PPAGE2005/ 011395 34 The operating speed of
ot her enbodi nents of printhead die 40 nmay al so be
dependent on the tinme it takes to charge and di scharge
internal circuit nodes. For exanple, in one enbodi nent
where dynamic firing cells are first discharged, the
operating tinme may be dependent on the tine it takes to
charge 5 the gate of the drive switch, instead of the
time it takes to discharge the gate of
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the drive switch. Although specific enbodinments have be.
I, it will be appreciate

se of ordinary sk¥ED
al ternate and/ or equival ent inplenentations nmay be i
substituted for the specific 10 enbodi nents shown and

descri bed wi thout departing fromthe scope of the

'present i nvention. This applj.cation is intended to cover

any adaptations or ents di herein. Therefore, it
is the specific enbodi mefulsanaicogiyy ons of intended thdt
this invention be limted only by the clains and the !
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(402), and identification ce electrlcally
coupled to the identification I|ne . (402), wherein each

of the iiddent ificdOidhcedinn RId)S &%@E&héﬁm E&Eﬁi o the
t,
oL oul 08k, Al &y TEIRL Y BSTORL (A04), e T ekt -

ry CrIcult
si gnal §iFgtien e@ellﬁs v@@lypsisﬁse @ neharey mxtdiﬁtrre(rwa); and a
Ci rcui memdher el Bmehbe (Malye %ﬁ%@é&h”%écwhﬁ Fg céEgPﬁgdls

|dent|f|%§% €n ceII 15 is responsive to sig
on t he® dBRTT f F-Ra X% i ﬁﬁsﬂqﬁgf¥%|§1§P@b$|§n selec-

devi cetdrely aphple whevaiive tire bhe metprel STRRiE)MRHeYRSin
a fuset5404hlﬁéuﬁe%@rh9négewh%@hbge@h'fH%%:Eg%lcaglon cell

evice o

(402). 111 3. g ejectlon
wher ei 5°t FESRERS O signals recelved on the 1dent1flca—
tion line.
2. The_fluid ejection device of claim 1, wherein the mem-—

ory element comprisés a fuse (404) coupled to the
identification line (402).

3. The fluid ejection device of claim 2, wherein the mem-
ory element (404) is in a first state if a resistance
of the memory element is greater than 1000 ohms and
the memory element (404) is in a second state if the
resistance of the memory element is 1less than 400
ohms.

4, The fluid ejection device of claim 1, wherein the mem-—
ory circuit comprises a switch (406) coupled to the
memory element, wherein a state of the switch is con-
trolled by the value.

5. The fluid ejection device of claim 4, wherein the
switch (406) is configured to be turned on by the
value to program the memory element (404} and to read
a state of the memory element (404),

art that a variety of CtUSU
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. ory element (404) is in a first state if aresistance ok«
Sh TR ARdory el ement: i s gr;”;§I”  131000 ohns and 25 the (T
ﬁ’!ﬂedﬁ%ﬁ%@é el ement (404) is iUr % state if the {U35 J

resi stance of the nenmory elenent is |ess than 400 ohns.

I','1 4. The fluid ejection device of claim1l, wherein the
mem 30 ory circuit conprises a swtch (406) coupled to

the e ement,, wherein a state of the switch is

con-5t roliHes BHEREIGEF 180 BevitR 9 (7ipie] dot PDACESD, bbe men-
of cl ai maxy whaceiih #83) 35s sa dyrtan(i40 Gerotyconf&gik ed t o

be turned on by the value to programthe nenory el enent.

(40 an%{ﬁﬁo reag a state of the nmenory el ement (404). f
~Pnnted 1£3M36QBIe et MR, daice- of clglinThe fhutler compris-
<(5J4ce)g§| on igigvidataof lehasm hbem.heié%ém_erﬁﬁeﬁhepgméﬁﬁfﬂéation.
‘ i's n r reuit. 7. e.fluid e ection
devi-ce o g?ﬁ[ 31%%)Pg'g?héérn%cg%&gs;°5 5SGG 105t 4L ilk@st one of
wherei n &B€hségnehe erict i¥samdt itve coerkspéd@D)g idata lines.
configured to receive at |east one of the signals on at

| east t or, nding data lipes. B. The fluid ejection
devisBE:'e \cl)\?hgl aﬁl%ﬁ‘%? WHET e egﬁﬁlcﬂoogd&ﬁqlﬁn cht i Bhegein each
1Ronpri seddgptiEheatiome celkinscotmrisesi2n, UMbt 420) tea6listor

of whi ch(ias2couphedsdg) ac8eK" 67 §g@gﬂiEg.gﬁﬁagé?gggogtcorre—

| east t alines. 9. The flui ectio
~claim 1\/\%%%%?}%? e Ofgt&ef 'F"rtshef"?ﬁe vaxdptaddmesd to
receive a first signal (Dl), a second line (430) adapted
to pecei ¥re o SOLPM eTtdRA! ded : ?ﬂ{{’ trd Line
432) adapted to ?ig]cei ve a Fh??éqﬁ%g%]é (DS PRAEFEEA at
-east one of the identification cells
a first line (428) adapted to receive a first Signal

(D1),

~
W

o~

a second line (430) adapted to receive a second signal

a third line (432) adapted to receive a third signal
(D3), wherein at least one of the identification cells
is configured to receive and respond to the first sig-

25 'nal, the second signal, and the third sighal to change
the value.

10. The fluid ejection device of claim 1, comprising:

30 a first line (428) adapted to receive a first signal,
wherein each of the identification celils comprises:

a switch (406) comprising a control input (412},
and
35

a first transistor (422) configured to receive

the first signal to charge the control input
(412) .
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IS conflgured to receive and respond to the first sig"

[~"hhe second signal, ! exthird signal to change o T
ral ue. 10. The fl ui @U.MAMQJ devi ce of claim 1, LUS051 319

conpr|5|ng. 30 a first line (428) adapted to receive a ; A —

first signal, wherein each of the identification cells

conprises: a switch (406) conprising a control input

(412), and 35 a first transistor (422) configured to

receive the first signal to charge the control input

(412). Fheeflu2e/ OF A CVSRAVDE~LEAEE 895 cdrpr ithg 4

fluid ejection device of claim 10, conpr|5|ng a second

line (430) adapted to receive a second sig- 5 naI and a

third |F‘née(’2§§) linapt(dg00 o adapErdeta rhicedvsi @nade,cond sig-

wher ei nneaehawd the identification cells conprises: 10 a

second transistor (424) configured to receive the second

signal; and a third transistor (426) configured to

recei ved thbrdpline s{432) ,adirgresl o hecedcend tyhansl Sidnal,

15 and &herdin rehdH @S0 I

tively discharge the con%rgfe?ﬁ%ﬁgw%iﬂ%ﬂqﬂ?ig;%%mgﬁlﬁﬂﬁ

ejectlon device of claim 11, conprising: 20 a fourth Iine

Oadapted to recesvend tvamshssignadz4) waeneiguide 08¢ r@fceive

the identifigal isekop8l b$g ﬁQﬂpﬁhﬁ?S a fourth transistor

configured to receive the fourt signal, wherein the

second transistor and the fourth 25 transistor are

control | ed tao selwtt trehyidisehquge)t hen G %@@éﬁ tAPYbceive

| 1
compris- ”g%ee%&&t”d‘) R Ko Rodne repend transistor
i dentifi - Pﬁn Pipd tragyistorn @re gonggdolldedetockelec—
i nk shorts tively discharge the control input (412).

12. The fluid ejection device of claim 11, comprising:

‘a fourth line adapted to receive a fourth -signal,
wherein the one of the identification cells comprises:

a fourth transistor configured to receive the fourth
signal, wherein the second transistor and the fourth
transistor are controlled to selectively discharge the
control input.

" 13. The fluid ejection device of claim 1, further compris-
ing input pads (702, 704, 706), wherein the identifi-
cation line (708) is configured to detect ink shorts
between each of the input pads and the identification
line,

14. The fluid ejection device of claim 1, comprising sig-
nal lines (420) configured to provide enabling signal,
wherein a ratio of the number of identification cells
to the number of signal lines plus the identification
line (402) is greater than one.




1}””" 4. The fluid ejeCU;h/- svire of claim 1,

g ng sig- : Zi3y:iconfigured to provide

ling signal, wherein a ratlo of t he nunmber of
i'dentification ceIIs to the nunber of signal |ines plus
the identification I|ine (402) is greater than one. ~~

UTA ~1'rPnfed 291 1~5/,29Q~ ~ CL~i 7f SRSMQ -
~US0511395 15. The f|UId ej ection device of cIa|n11
conp}53|ﬂ@@y§}q%ﬂ qmeﬁ§é°p4ﬁ@ylcanbfgadadmtm prowbdesing sig-

enabl i ng railgnaes. WAEOE! SoRE{ghien o theIWIDELRT i ng o1gnal,
|dent|f|g§}|% cgll £ % t he nu of s
plus the i 't fcat 63 Of; fde 4 erogrééﬁéFlfhﬁﬁtioﬁ cells
$6. The ﬁpuﬂ@eewémbﬁ@nOdewugmamfl&hasnpluscenaruaéﬁgl§hgatlon
nal IlneqthZthgpn{éQ#% éf)gﬂéwwd% enabl i ng signal,

e

10 wherein a ratio of nunber "denti fication cells

to the nunber of signal |ines plus the identification

| i nd§-40Zhei Slgidacgectham feoutce 1dt é&é&ﬁhpﬂ @émprlslng 51g~‘
rogra [ e Vi com ri slng

gecglvrggag g%éégaﬁgéﬁ)(g#dyﬁéﬁgéﬁsﬁﬁgpﬁﬂgb ?n€n§P£ﬂ&ﬂ|$ﬁpnal
t an id h?FF%%aﬁléﬁtlQOOEethe nuekeonolf njdémt i fiscation cells
recelvedtenahélﬂamBegn@flQggﬁleIPneylgphgntﬁ@aP 4 qatlon

val ue; afg%g5(§?%? gggagklng val'ue t hat se*ec I've

enabl es §98E- programmed vi a the
pro- gram signal. 18 The met hod of claim 17, conprising

resm@ndlmgméﬂhé@eof @rﬁz@lﬁﬁr@iﬂgs'agnﬂuitootﬁ)egzrtgfon deV:I.Cf-,’ com-—

lgdent|f|§ i nformati on The ne clai'm
wherein espoﬁﬁlng to the re ceived enabling signaling
conpr i ses: '
receiving a program signal;

receiving enabling signaling at an identification
20 cell;.

responding to the received enabling signaling to pro-
vide an enabling value; and

25 -storing the enabling value that seléctively enables
the identiﬁication cell to be programmed via the pro-

gram signal.

18. The ‘method of claim 17, comprising responding to the
30 program signal ‘to store identification information.

15. The method of claim 17, wherein responding to the re-
ceived enabling signaling comprises:

33 pre-charging the identification cell; and

discharging the identification cell selectively.
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the identification cell selectively. 2 MAR 2007 20. The
nmet hod of claim 17, wherein responding to the, re ceived
enabl i ng signaling conprises: discharging the

identification cell; and 5 charging the identification
cell selectively. 21. The nethod of claim 17, wherein

Vi enapling _signali ri ses receiving '

‘|n8g§i8ﬁgk?ﬂg°£n8§a¥% Egt ngﬁﬁg}sr?ﬁﬁﬂ e ity e re-
| mage oredded ¢naielsingZighwel imet hosppisesai m 17, wher e ¢
receiving enabling signaling conprises receiving three’
signal s ;and respondlng to the received enabling’

si gnal i AySChEr i Ses-donddfdnatagnt ecthe and ee S|gnals

5being in.a first state to enable the |dent|f|cat|on
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cell; a ng st one e three signals
bei ng gga£§ﬁ§?§§%%n§{ t%?& SSB+ HEctively.
identification cell. it it |

21. The method of claim 17, wherein receiving enabling
signaling comprises receiving enabling signaling and
data signals representing an image on data lines.

22. The method of claim 17, wherein receiving enabling
signaling comprises receiving three signals and
responding to the received enabling signaling
‘comprises:
responding to the three signals being in a first state
to enable the identification cell; and

responding to at least one of the three signals being
in a second state to disable the identification cell.




