200314430-1 1 FLUID EJECTION DEVICE IDENTIFICATION BACKGROUND [0001 ] A conventional
inkjet printing system includes a printhead, an ink supply which supplies liquid ink to the printhead, and
an electronic controller which controls the printhead. The printhead ejects ink drops through a plurality of
orifices or nozzles and toward a print medium, such as a sheet of paper, so as to print onto the print
medium. Typically, the orifices are arranged in one or more arrays such that properly sequenced ejection
of ink from the orifices causes characters or other images to be printed upon the print medium. The
operation of the printhead is a function of various parameters, including but not limitedstQ.ink type,
number of nozzles in the orifice plate, spacing betwegen the nozzles, data transfer rates, among others. In
addition, different print cartridges may operate according to different protocols. As such, the printer must

utilize the protocol of the print caﬂigﬁg@j}@@ﬁbtﬂ 5@%&’% R eletiApRf ink and to prevent damage
' le to

to the print cartridge. [0002] In an ink jet printer It is desira ave several characteristics of each print
cartridge easily identifiable by a controller. Ideally the identification data should be supplied directly by
the print cartridge. The "identification data" progidex ofonypation to the controller to adjust the operation
of the printer and ensures correct operation. The identified characteristics include, but are not limited to,
ink color, architecture revision, resolution, number of nozzles in the orifice plate, spacing between the
nozzles, among [ibet$ ascdeseribedhinrtkiet previoy syseayiagphdés aduitidretol the abougpplyaracteristics of

the print. cartridgg, imay, B LIRS ARIGIRI SATHERACIFIZE-CAS LRI EBRTISHS dHito
controls the printhead. The printhead ejects ink drops through a plurality of
orifices or nozzles and toward a print medium, such as a sheet of paper, so as to
print onto the print medium. Typically, the orifices are arranged in one or more
arrays such that properly sequenced ejection of ink from the orifices causes
characters or other images to be printed upon the print medium. The operation of
the printhead is a function of various parameters, including but not limited to, ink
type, number of nozzles in the orifice plate, spacing between the nozzles, data
transfer rates, among others. In addition, different print cartridges may operate
according to different protocols. As such, the printer must utilize the protocol of
the print cartridge in order to achieve proper ejection of ink and to prevent

damage to the print cartridge.

[0002] In anink jet printer it is desirable to have several characteristics of each
print cartridge easily identifiable by a controller. Ideally the identification data
should be supplied directly by the print cartridge. The "identification data"
provides information to the controller to adjust the operation of the printer and
ensures correct operation. The identified characteristics include, but are not
limited to, ink color, architecture revision, resolution, number of nozzles in the
orifice plate, spacing between the nozzles, among others as described in the
previous paragraph. In addition to the above characteristics of the print
cartridge, it may be further desirable to characterize each print cartridge during
manufacturing and to supply this information to the printer. In this manner, it
would be possible compensate for variations in energy supplied to the resistor

array in the integrated circuit, ink drop volume, ink drop velocity, missing nozzles,



manufacturing and to supply this information to the printer. In this manner, it would be possible
compensate for variations in energy supplied to the resistor array in the integrated circuit, ink drop
volume, ink drop velocity, missing nozzles, 200314430-1 2 and various other manufacturing tolerances or
defects such as orifice plate misalignment or non-planarity and angled orifice holes. [0003] Print
cartridges and printers employ electrical interconnects between the cartridge and the printer, so that
operation of the print cartridge can be controlled by the printer. The electrical interconnects can be in the
form of an interconnect array having a plurality of discrete interconnect pads. The ugsgffiseplaceable
print cartridges in inkjet printers allows the possibility that a user may install or attempt to install a
replacement print cartridge that is not designed for use with the user's particular printer or with the

particular chute gf, (e pa[[ICHAL PG LG é@ !{Fﬂﬂ@e@f& 8@%%?3%[38\9‘34’3@(@@ Bggyrect chute in a

l
printer can resultin dangerous situations whete electrical circuits are energized incorrectly, e.g. using
the improper proteslignmapkebaosprNarburnd degleshordlieg Aaleage to the print cartridge, the printer,
or both. This damage may cause substantially loss for users. Therefore, consideration must be given to

the prevention of 35O LAR I FERLLARIPHULIGH SR aLE PLoRSTI I NG SR RLBAfer. 1000¢] One

solution to prevent Incorrect Use of a print cartridge in a printér i to make each print cartridge with a
physically differe¢Rrytigreandrinepientpririo chatrRRAsation ofiee printexy tiderfa’ bercaitatrde is no

possibility of a prptgfe AERERHINEHRATLIBERIEECHEHIHARE: 1S RisSHELHARL ST 8P M EiEshABE Production
lines for print cartridges and printers and is consequently costly to implement. Another solution is to have

similar print cartﬁ&@é@]%ﬁ?%?o%@ﬂ%iaL%'iﬂ{‘y“E‘?dQ erconnect pads. The use of replaceable print

cartridges in inkjet printers allows the possibility that a user may install or attempt
to install a replacement print cartridge that is not designed for use with the user’s
particular printer or with the particular chute of the particular printer. The
installation of a print cartridge into an incorrect chute in a printer can result in
dangerous situations where electrical circuits are energized incorrectly, e.g. using
the improper protocol or improper signal magnitudes, causing damage to the print
cartridge, the printer, or both. This damage may cause substantially loss for
users. Therefore, consideration must be given to the prevention of use of a print

cartridge that will not operate properly in the chute or printer.

[0004] One solution to prevent incorrect use of a print cartridge in a printer is to
make each print cartridge with a physically different shape from other print
cartridges for other printers or chutes, so that there is no possibility of a printer
accepting an incorrect cartridge. This solution requires very different production
lines for print cartridges and printers and is consequently costly to implement.
Another solution is to have similar print cartridges, but provide unique physical
keys on the cartridge and printer so that an incorrect cartridge cannot be inserted
into a printer. This solution can be defeated by a user who removes or modifies
the physical keys. Yet another solution is to have physically similar print
cartridges, and to make sure that the positions of the interconnect pads do not
overlap between cartridges intended for different printers or different chutes. This
solution becomes unreasonably difficult to implement, as eventually interconnect

pad positions will overlap as the number of interconnect pads increases



keys on the cartridge and printer so that an incorrect cartridge cannot be inserted into a printer. This
solution can be defeated by a user who removes or modifies the physical keys. Yet another solution is to
have physically similar print cartridges, and to make sure that the positions of the interconnect pads do
not overlap between cartridges intended for different printers or different chutes. This solution becomes
unreasonably difficult to implement, as eventually interconnect pad positions will overlap as the number
of interconnect pads increases 200314430-1 3 (increasing performance) and/or the size of the
interconnect array decreases (decreasing cost). [0005] In addition, it is possible thapgdiigsent types of
print cartridges are capable of being inserted into a gingle chute. In this instance, it is necessary to
identify the operating parameters of the print cartridge that is inserted and operate that print cartridge
accordingly. To ?ﬁ&%ﬁg&iﬁ@?ﬁnﬂr&%ﬁﬂﬁ}ﬂ e BF'meWéF%%é;%%%ﬂr %%é?&éﬁgéed- [0006] As the
different types of cartridges and their operating parameters increase, there is'a need to provide a greater
amount of identif@ei®asHIBAGHon. At the same time, it is not desirable to add further interconnections to
the flex tab circuit to carry such identification information. 200314430-1 4 BRIEF DESCRIPTION OF
THE DRAWING Eeatures. of the | ' ' I Cl illed in the art
rom the followiny AeThIed TLLoT o Ao ry el Eacfvece SRR ke e R atts
accompanying dealgitgsinaefiritinto a single chute. In this instance, it is necessary to identify

the operating parameters of the print cartridge that is inserted and operate that
print cartridge accordingly. To do this, a number of parameters of the print

cartridge need to be identified.

[0006] As the different types of cartridges and their operating parameters
increase, there is a need to provide a greater amount of identification information.
At the same time, it is not desirable to add further interconnections to the flex tab

circuit to carry such identification information.



[0008] FIG. 1 illustrates a fluid ejection device according to one embodiment. [0009] FIG. 2 illustrates a
simplified block diagram of a fluid ejection device and a controller coupled with the fluid ejection device
according to one embodiment. [0010] FIG. 3 illustrates a functional block diagram of pull-down resistors
and components that are utilized to measure the magnitudes of the pull-down resistors according to one
embodiment. [0011 ] FIG. 4 illustrates a flow diagram of a process of obtaining identity information from a
fluid ejection device according to one embodiment. [0012] FIG. 5 illustrates a flow diagram of a process of
determining identification values from control lines of a fluid ejection device accordingte.fe
embodiment. [0013] FIG. 6 illustrates a printer with g print cartridge according to one embodiment.
200314430-1 5 DETAILED DESCRIPTION OF THE DRAWINGS [0014] In the following detailed

description and in the several f'guﬁIEEtB%Q@YWIOW%EI?W%'Bﬁ ﬁ(ﬁll@é tified with like reference
to

numerals. [0015] FIG. 1 illustrates an exemplary embodiment of a replaceable fluid ejection device 5.
Fluid ejection device 5, in this example a print cartridge for a printer, comprises a fluid reservoir 10, e.g.
an ink reservoir, and a die 15, a print head. Fluid reservoir 10 stores a supply of a fluid, which may be

refiled or repleniph AERESSRNe AT MRIRLE 1P SISANAL 0000 UG mediiey, s o paper

mylar, plastic, f any other material. Furt ay com asilieon substrate. [0016]

Die 15 is sﬂuateé”nf@f%ﬁb%tfob@wm datailedlBeneripHoMA @]@&I@Jﬁ@@ﬂt@@ﬂ%ﬂ@eﬂi@f foba?sbe in

another location;iigrdfdlude s Gupaliiff Meehlfss, GRMAI$ING one or more columns of openings or
orifices 25. Although not expressly

[0008] FIG. 1 illustrates a fluid ejection device according to one embodiment.

[0009] FIG. 2 illustrates a simplified block diagram of a fluid ejection device and a

controller coupled with the fluid ejection device according to one embodiment.

[0010] FIG. 3 illustrates a functional block diagram of pull-down resistors and
components that are utilized to measure the magnitudes of the pull-down resistors

according to one embodiment.

[0011] FIG. 4 illustrates a flow diagram of a process of obtaining identity information

from a fluid ejection device according to one embodiment.

[0012] FIG. 5 illustrates a flow diagram of a process of determining identification

values from control lines of a fluid ejection device according to one embodiment.

[0013] FIG. 6 illustrates a printer with a print cartridge according to one embodiment.



shown, each orifice 25 is fluidly coupled to a chamber which is heated by heating elements located on or
within die 15. [0017] One or more contact pads 35, designed to interconnect with electrodes to a device,
e.g. a printer where the fluid ejection device is a print cartridge, that operates fluid ejection device 5, are
formed on a front surface of flexible circuit 30. Each of contact pads 35 terminates one end of various
conductive traces (not shown) formed on a back surface of flexible circuit 30 using a conventional
photolithographic etching and/or plating process. Contact pads 35 and the conductive traces cooperate
to provide externally generated signals and power to die 15. 200314430-1 6 [0018],W¥ingkawvs 40 and 45
extend through flexible circuit 30 and are used to fagilitate bonding of the other ends of the conductive
traces to electrodes on the silicon substrate containing heating resistors. Windows 40 and 45 are filled

with an encapsulant to protect wg\qgggywq' IBN@FC?HELASE‘{@\MW% and the substrate. [0019]

Flexible circuit 30 is conformed over a wall 50 of the fluid ejection device 5 and extends approximately
one half the length of wall 50. This portion of flexible circuit 30 is needed for the routing of conductive
traces which are connected to the substrate electrodes through the far end window 40. In particular,

conductive trac t t > 1 rt ted to the
substrate electr gg %E%%%ﬁ%%ﬁ&%sag%ﬂa%rg? §’§cﬁp¥ﬁ&? t%ﬁa%qcr}%l%ts %eﬁﬁgb? %QéPfg’é@?Q@] Imber of
operating paramiétereemanigelssisendimsenate ltke referonneanimer @ ction elements that are fabricated as
part of die 15. These

[0015] FIG. 1 illustrates an exemplary embodiment of a replaceable fluid ejection
device 5. Fluid ejection device 5, in this example a print cartridge for a printer,
comprises afluid reservoir 10, e.g. an ink reservoir, and a die 15, a print head. Fluid
reservoir 10 stores a supply of a fluid, which may be refilled or replenished as
necessary. Die 15 functions to eject fluid onto a print medium, such as paper, mylar,
plastic, fabric, and any other material. Further, die 15 may comprise a silicon

substrate.

[0016] Die 15 is situated in a "snout" portion of the illustrated fluid ejection device 5,
however it can be in another location. Die 15 includes a plurality of nozzles
comprising one or more columns of openings or orifices 25. Although not expressly
shown, each orifice 25 is fluidly coupled to a chamber which is heated by heating

elements located on or within die 15.

[0017] One or more contact pads 35, designed to interconnect with electrodes to
a device, e.g. a printer where the fluid ejection device is a print cartridge, that
operates fluid ejection device 5, are formed on a front surface of flexible circuit
30. Each of contact pads 35 terminates one end of various conductive traces
(not shown) formed on a back surface of flexible circuit 30 using a conventional
photolithographic etching and/or plating process. Contact pads 35 and the
conductive traces cooperate to provide externally generated signals and power to
die 15.



parameters include, but are not limited to, operating voltages sufficient to cause a fluid ejection element
to eject fluid, the characteristics of the fluid in fluid reservoir 10, operating frequency, the type of fluid that
fluid ejection device 5 is configured to eject, the protocol of signals that are required to eject fluid from the
fluid ejection elements, and the device or slot in a device that the die is to be operated. In the case of an
ink jet printer, such parameter may include pen model, ink color, ink fill, the printer and chute in the
printer into which the penis to be inserted and other parameters. [0021] FIG. 2 illustrates a simplified
block diagram of a fluid ejection device 5 and controller 150. In fluid ejection device Bofing0qr possibly
more, fluid ejection elements that are arranged in ggpups 105, e.g. here depicted as rows. In one
embodiment there are eight groups 105 on a die 15 of a fluid ejection device 5. 200314430-1 7 [0022]

Each fluid ejec“‘gB(c:ﬁ%/gle}Ho YPURSHD &@ﬁ@?ﬂ?@*@ﬁ&iﬁi&%ﬁ}%ﬂit‘%‘ﬁ'ﬁﬁ&‘tar%Qséd"t%ater resistor that

vaporizes ink in a cha ‘form drops is as we n. Each fluid ejection element in a group is
coupled to a conrbitpirtoadineektiirothen esdeddhtienadydiive Iresesdrelantides;0pideharge line

130, and fire lingjfcn SIHyRURY cOAINivtcheiffiPrsiaEeNmaAsP DM Louptalida ditdifferent data
line 120. In this embodimeLr#é there are sixrglrou%gl 1105 and Iheref&re t?ﬁe are six first address lines 110,
i

second address HES TS HRRY QLY 458! ATYIRNAFEMNG-BAULOR PSR &0 Egt%.rfﬁﬁﬁﬂn&tgﬁeration, one

or more fluid ejestibatedEments eject ink based upon a protocol that specifies the order and timing of
signals provided on common first address line 110, second address line 115, data line 120, select line

125, pre- charge line 130, and fire line 135. Faor example, one embodiment of a protocol
[0019] Flexible circuit 30 is conformed over a wall 50 of the fluid ejection device 5

and extends approximately one half the length of wall 50. This portion of flexible
circuit 30 is needed for the routing of conductive traces which are connected to
the substrate electrodes through the far end window 40. In particular, conductive
traces, connected to contact pads 35, are routed over the bend and then
connected to the substrate electrodes through windows 40 and 45 in flexible
circuit 30.

[0020] Die 15 has a number of operating parameters that are used to operate the
individual fluid ejection elements that are fabricated as part of die 15. These
parameters include, but are not limited to, operating voltages sufficient to cause a
fluid ejection element to eject fluid, the characteristics of the fluid in fluid reservoir
10, operating frequency, the type of fluid that fluid ejection device 5 is configured
to eject, the protocol of signals that are required to eject fluid from the fluid
ejection elements, and the device or slot in a device that the die is to be

operated. In the case of an ink jet printer, such parameter may include pen
model, ink color, ink fill, the printer and chute in the printer into which the pen is to

be inserted and other parameters.

[0021] FIG. 2 illustrates a simplified block diagram of a fluid ejection device 5 and
controller 150. In fluid ejection device 5, one, or possibly more, fluid ejection
elements that are arranged in groups 105, e.g. here depicted as rows. In one

embodiment there are eight groups 105 on a die 15 of a fluid ejection device 5.



for operating a fluid ejection device, such as fluid ejection device 5 includes first charging a fluid ejection
element via pre-charge line 130. At approximately the same time an on-signal is provided on select line
125 to prepare the entire group 105 of fluid ejection elements 100 for ejecting fluid. Almost immediately
after the on-signals provided on select line 125 and pre-charge line 130 are terminated, the address
lines 110 and 115 and fire lines 135 are provided with an on-signal. During the time that an on-signal is
provided address lines 110 and 115 and fire lines 135, an on-signal may be provided on a particular data
line 120 for a particular fluid ejection element. In this embodiment, the on-signals ongatalifies 120 are
provided sequentially during an on-signal provided op address lines 110 and 115 and fire lines 135.
Other portions of a protocol, also determine when this sequence occurs for groups 105 with respect to

other groups 103, T8 rainchl,MaAIER ASIRIEIING e iy IbBhiGk e bove Rigtasglggeurs o

groups 105. [00 the a paragraph describes a protocol for a fluid ejection’device 5 that has
first address lineSlI0eRk GAJHRRESS FRIBIe1 1A ¥RPAAEEEI0K de iR EhAMBer1s, fpre ehapgdsia® 130, and

fire line 135, the pentRrehANCELLH BIRSGECBENIAASA In & RYipEiSRBUIMME (D@ SAMMBKTMRer, greater,
fewer, or even d[gfd'ent uch lines and sta.l(g})e c%{]néJatible with the disclosure herein. The ong
ion

requirement is tHCERRTA A & HuRfRGALHETOE 6 HPE|BEHEN et BIECIAIITHES 14t o
elements of eacliirgréng 18%. arHpaeupteddnhdhados)suien lisles d0R5)Pul-dod/isresigited are carried on

each first addr?%f?&%r?t“u%ti‘ﬁﬁ%’1%"?“1?1%?%Q&%ﬁg‘i%eﬂﬁtﬂm@?g 3*‘%%5%’?&&%%% g lifs ine 135

Pull-down resistors are utilized to prevent the voltage potential of t rom floating by pulling the
voltage potentialt@iparms shaftesolnes LbeseeonyAddsragdnes 115, fire lines 135, while

there are seven select lines 125.

[0023] In operation, one or more fluid ejection elements eject ink based upon a
protocol that specifies the order and timing of signals provided on common first
address line 110, second address line 115, data line 120, select line 125, pre-
charge line 130, and fire line 135. For example, one embodiment of a protocol
for operating a fluid ejection device, such as fluid ejection device 5 includes first
charging a fluid ejection element via pre-charge line 130. At approximately the
same time an on-signal is provided on select line 125 to prepare the entire group
105 of fluid ejection elements 100 for ejecting fluid. Almost immediately after the
on-signals provided on select line 125 and pre-charge line 130 are terminated,
the address lines 110 and 115 and fire lines 135 are provided with an on-signal.
During the time that an on-signal is provided address lines 110 and 115 and fire
lines 135, an on-signal may be provided on a particular data line 120 for a
particular fluid ejection element. In this embodiment, the on-signals on data lines
120 are provided sequentially during an on-signal provided on address lines 110
and 115 and fire lines 135. Other portions of a protocol, also determine when this
sequence occurs for groups 105 with respect to other groups 105. The protocol

may also determine the order in which the above protocol occurs for groups 105.

[0024] W hile the above paragraph describes a protocol for a fluid ejection device
5 that has first address line 110, second address line 115, data line 120, select

line 125, pre-charge line 130, and fire line 135, the protocol and fluid ejection



signal is applied to the line. When voltage on the line is high, a voltage drop forms over the pull-down
resistor, and the electrical potential of the line is elevated. [0026] In Figure 2, controller 150 receives a
controlled voltage from a power supply. Also, controller 150 receives data from the host system and
processes the data into printer control information and image data. The processed data, image data and
other static and dynamically generated data, is utilized to operate the fluid ejection elements and the
other functionality of fluid ejection device 5. [0027] Controller 150 includes test circuitry 145 and
operating circuitry 155. Operating circuitry 155 controls and provides address line gejeraten and
conversion of data received by fluid ejection device 3 in order to properly eject fluid from the fluid ejection
elements. A description of controller 150 and its operation with respect to operating circuitry 155 is

depicted and dis&%ﬁ@%ﬁ?&ﬁﬂa@&ﬁ%%ﬁ&i@%@ 3?8&@?%%52%?'&}& ﬁ%?uﬁ%g%%?ﬁ jilled Variable

Drive For Printhead, w Is Incorporated by refetence in its ehtirety as It ful orth “herein. [0028]
Test circuitry 1452di6Wskee0pnatIsOi shsvdistier Hie ety atfirienlydRanEGsISEnel iEdponents of

fluid ejection devigg & aleestutiinieitidohAS 108YoRA0RIGESEbA orreBIRIM thaymBesaftgst modes, which
allow it to test difffﬁrent components or af?o%ects om%{e%ifon of fluid ??ithion device 5. In some
t

embodiments, c&HPORRE CAAAPIRER IR &fE SR Ee'3FIhe test modes, does not testing

and allows fluid ejection 5 to perform standard fluid ejection operations. The other three test modes

operate to test tqaiRisyPiMedheSaiR ff the Puldewbn esistars: rriatunehthe addsas lines 110 and

115, and determine if fluid _ _ o
address line 115, data line 120, select line 125, and fire line 135. Pull-down

resistors are utilized to prevent the voltage potential of the lines from floating by
pulling the voltage potential of the lines down to ground, unless a high voltage
signal is applied to the line. When voltage on the line is high, a voltage drop
forms over the pull-down resistor, and the electrical potential of the line is

elevated.

[0026] In Figure 2, controller 150 receives a controlled voltage from a power
supply. Also, controller 150 receives data from the host system and processes
the data into printer control information and image data. The processed data,
image data and other static and dynamically generated data, is utilized to operate

the fluid ejection elements and the other functionality of fluid ejection device 5.

[0027] Controller 150 includes test circuitry 145 and operating circuitry 155.
Operating circuitry 155 controls and provides address line generation and
conversion of data received by fluid ejection device 5 in order to properly eject
fluid from the fluid ejection elements. A description of controller 150 and its
operation with respect to operating circuitry 155 is depicted and disclosed in co
pending US Patent Application Serial No. 10/670,061, entitled Variable Drive For
Printhead, which is incorporated by reference in its entirety as if fully set forth

herein.

[0028] Test circuitry 145 allows controller 150 to probe and measure various

parameters and components of fluid ejection device 5. Test circuitry 145 may



ejection device is properly operating, respectively. It should be noted that more or fewer test modes may
be utilized, and the functionality of the above test modes may be divided into more or fewer test modes
as well. [0029] In Figure 2, controller 150 and fluid ejection device are coupled to each other through
interconnect circuits 160 and 165, respectively. [0030] Figure 3 illustrates a functional block diagram of
components and pull- down resistors that are utilized to measure the magnitudes of the pull-down
resistors according to one embodiment. In the embodiment of Figure 3, control logic 200, amongst other
things, operates switches 220a to 220N by sending control signals along control linggy22@10 225N,
respectively. When switch 220a is conducting, e.g. when controller 150 is in a test mode and test circuitry
145 is operating, a current from current source 215 is provided along select line 125a, this current is

shunted through pull-QoWN. eI 2798 HEMRIRSRASREIRIED AcqffeUldONMpLRRIHOEA40a IS then
10 which ae

determined by measurement circuitry termines the magnitude of pull-down resistor 240a.

This process carfREFEHABEN FBoB AX ¢ RIRSEIOMERVICESD 18 BRI SEhrehmanisocgatFrlleN-bits of data,

as in one embodiaeppyhRy heaGhdndreawesianisies 24tter HONAaRINS RRESIIG: §atry a high
resistance state an(g a} low resistance state.&%)Slré Thei%{i(ﬁt lines 125a to 125N are coupled to nozzle
&l R

control logic 2303PGAANR, HRY FEHDR &8 HéR Y9 HESUBLPREEA RRst ABBress lines 110,
second address tithes thtbe dedarindssl@fepre-chagedideeddideand firadioeth2QBideld0-1 10 135. In

test mode, as degigiagn Flouie, 3 PFALC. AR fagic 20-sdEuciesly iy SaRL pliggic 200 to prevent

current flow to the tluid ejection elements. Therefore, the only path for current provi by current source
215 is through €jection device is properly operating, respectively. It should be noted that more

or fewer test modes may be utilized, and the functionality of the above test

modes may be divided into more or fewer test modes as well.

[0029] In Figure 2, controller 150 and fluid ejection device are coupled to each

other through interconnect circuits 160 and 165, respectively.

[0030] Figure 3 illustrates a functional block diagram of components and pull-
down resistors that are utilized to measure the magnitudes of the pull-down
resistors according to one embodiment. In the embodiment of Figure 3, control
logic 200, amongst other things, operates switches 220a to 220N by sending
control signals along control lines 225a to 225N, respectively. When switch 220a
is conducting, e.g. when controller 150 is in a test mode and test circuitry 145 is
operating, a current from current source 215 is provided along select line 125a,
this current is shunted through pull-down resistor 240a. The voltage generated
across pull-down resistor 240a is then determined by measurement circuitry 210
which determines the magnitude of pull-down resistor 240a. This process can be
repeated for each of select lines 125b to 125N sequentially to gather N-bits of
data, as in one embodiment where each pull-down resistor 240a to 240N has two

possible states, a high resistance state and a low resistance state.

[0031] The select lines 125a to 125N are coupled to nozzle control logic 230 that
includes the fluid ejection elements and is also coupled to first address lines 110,
second address lines 115, data lines 120, pre-charge lines 130, and fire lines



pull-down resistor 240a to 240N. [0032] It should be noted that the order of measuring pull-down resistor
240a to 240N need not be in sequential order from select line 125a to 125N. The order may be any
pre-determined order that is programmed into control logic 200. Further, the actual number of pull-down
resistor 240a to 240N that are used to encode information may vary to as needed. For example, if there
are 10 possible protocols that the different fluid ejection devices, which can fit into a single chute, utilize
to operate, then 4 pull-down resistors can be utilized to encode the necessary information. In one
embodiment, if there are seven select lines 125, then 128 bits of information may beggeaesed, which
allows multiple information to be encoded including, for example, protocols and operating voltages or
currents. [0033] In the embodiment of Figure 3, prior to providing a current from current source 215 on a

select line 125a 10,42 e@t'%aﬁ’é,]%%88.‘8{@5W.ﬂ%\ﬂ?@%,iﬁ??_—%B”@&f?Bl? ?c%ﬁﬂ%i?@éﬁc%?l%“- [0034]

While the embodiment depicte igure 3, depicts one pull-down resistor per select line 125, it should
be noted that mitHient&aliirgiccdOntapneuaniipam ekt addidcies iomAAIRIKSA system and method

for providing multipiecpstk, @Mﬁhr@gmfért@@chgwﬁwéﬁ%wmfem@ém&@en@mw disclosed in
U.S. Patent No. 6,(@5 5,483 which is incorgvorated erein by reference in its entirety. [0035] It should be
noted that the adtHSARYULIERELEPAIR- NP Resistor 240a to 240N can vary. In one embodiment the
magnitude of the resistance is between 200314430-1 11 ten thousand and fifty thousand ohms in a high

resistance mode;ayBieItnAJON HERIStENAMAER IS GSINtangars plasesim addigred @hps.
240N need not be in sequential order from select line 125a to 125N. The order
may be any pre-determined order that is programmed into control logic 200.
Further, the actual number of pull-down resistor 240a to 240N that are used to
encode information may vary to as needed. For example, if there are 10
possible protocols that the different fluid ejection devices, which can fit into a
single chute, utilize to operate, then 4 pull-down resistors can be utilized to
encode the necessary information. In one embodiment, if there are seven select
lines 125, then 128 bits of information may be encoded, which allows multiple
information to be encoded including, for example, protocols and operating

voltages or currents.

[0033] In the embodiment of Figure 3, prior to providing a current from current
source 215 on a select line 125a to 125N, a low or non-operating voltage is

applied on select lines 125a to 125N.

[0034] W hile the embodiment depicted in Figure 3, depicts one pull-down resistor
per select line 125, it should be noted that multiple resistances may be utilized to
encode additional information. A system and method for providing multiple pull-

down resistors to encode additional information is depicted and disclosed in U.S.

Patent No. 6,325,483 which is incorporated herein by reference in its entirety.

[0035] It should be noted that the actual resistance of pull-down resistor 240a to

240N can vary. In one embodiment the magnitude of the resistance is between



[0036] Figure 4 illustrates a flow diagram of a process of identifying a fluid ejection device according to
one embodiment. Controller 150 determines whether a fluid ejection device is inserted into one or more
carriage chutes, step 400. In one embodiment, this occurs only if controller 150 has determined that the
chute was previously empty or the device housing the fluid ejection device is being powered-on. In other
embodiments, this determination can also be made prior to beginning fluid ejection, e.g. if the fluid
ejection device is a printer, then at the beginning of a print job. [0037] If controller 150 determines that a
fluid ejection device has been inserted, then it reads identification information provideggQusgantrol lines of
the fluid ejection device, step 405. In one embodiment, the information is encoded in the magnitude of
pull-down resistors on the control lines after the magnitude of a voltage on the control lines is brought to

an "off” state, W'IEiﬁ‘tHbU%Eq%f%ﬂ%ifPﬁﬁoﬁ@ﬁ%ﬁﬂ? i'r‘?%‘ﬂiﬁ?éﬁé%%?g}%‘?ﬁ&&’%’ Rhi§CL15ignals used to

actuate the fluid ejection elements of tr ejection he information encoded on the
pull-down resistdESIAPIFEMIRR MRS I TEHaRin § aserenssedpbrating fluid ejection device 5. In one

embodiment, where the fluid ejection device is a print cartridge, the encoded information may be

indicative of Whe@i@j orint 1] iS.C i i ._dauple data rate protocol,
where the signal prc)é\fl]lglexgéiJ %ﬁﬂ%&%%%ﬁj%%’%@gaﬁﬁgai‘% %%%r%%%ﬁ@%aﬁﬁelf 5, data line 120,
select line 125, fieciifsrgeviee ageordititfrengemizBlimeshck Yrbafie1 d5dsteteichirgdup are staggered

slightly, i.e. duripg@Rery alacERRAFAI REIRABN_PIMSIGAR!dF RBle tahmpEidas taigach of the
groups on each of the lines to that group while signals are also bemg C§>rOV|ded on the lines of another
group. 2003144389 Inone embodiment, this occurs only if controller I50 has determined that

the chute was previously empty or the device housing the fluid ejection device is

being powered-on. In other embodiments, this determination can also be made

prior to beginning fluid ejection, e.qg. if the fluid ejection device is a printer, then at

the beginning of a print job.

[0037] If controller 150 determines that a fluid ejection device has been inserted,
then it reads identification information provided on control lines of the fluid
ejection device, step 405. In one embodiment, the information is encoded in the
magnitude of pull-down resistors on the control lines after the magnitude of a
voltage on the control lines is brought to an “off” state, which in this embodiment
is a voltage level below the threshold of the on-signals used to actuate the fluid

ejection elements of the fluid ejection device.

[0038] The information encoded on the pull-down resistors may be information
regarding the protocol for operating fluid ejection device 5. In one embodiment,
where the fluid ejection device is a print cartridge, the encoded information may
be indicative of whether the print cartridge is capable of operating according to a
double data rate protocol, where the signals provided on common first address
line 110, second address line 115, data line 120, select line 125, pre-charge line
130, and fire line 135 for each group 105 for each group are staggered slightly,
i.e. during one cycle of operation at least one on-signal is able to be provided to
each of the groups on each of the lines to that group while signals are also being

provided on the lines of another group.



12 [0039] Alternatively, it is possible that the information provided by information encoded on the
pull-down resistors is indicative of parameters for obtaining information from the identification elements of
the fluid ejection device. In the example above, where the fluid ejection device is a print cartridge that
operates at a double data rate, the information obtained from the pull-down resistors would be utilized as
to set the rate at which signals are provided to obtain information from the identification elements of the
printhead. Other information for obtaining information from the identification elements, e.g. regarding the
position and voltage of signals for obtaining information from the identification elemegis,sRay also be
encoded into the pull-down resistors. [0040] Based ypon the protocol information or other parameters for
obtaining information from the identification elements that is obtained from the pull-down resistors, the

protocol for gl ) ?ﬁlte 4 théf} Cl?g%fé%%ltg@h%'ﬁ'ﬁ‘é?gf%}ﬁmﬁlbﬂ Slgna&qt bifsfgterations, may

include, but are e’ timing, sequence, and magnitude o at provided to and read
from the identifi@ﬁﬁ@ﬁe@léﬂﬁéfﬁﬁspL[UMUNT@@W&!Egﬂ%é%‘h&@é%@ﬁﬁ@ﬁﬁ&f&h@éf@g the identification

elements of thefieigheiBEHArAEHESRIRifitIERCeIeIRBMd of fieeridandjisativnsir@emsnhmay be any
number of circuits or emor}é/ elements, s(ﬁéjch as random access mem a£¥§ Iemgnts Exar%?les of

identification elef@MEISAPGLR HEG 8 THE JUL RIRSHTR OPUCB RAHPHBE # 8PSEABI 4, 5,699,001,
and 6,604,814, etahladbiditdtaraténchepofatechipnrefeaarecefinthitie eotirdtyri0edi2idonomtite

dentification infoyptipne-atenss 19mdne IReRTalan SIepeniR.FRTtiler 1R delfyines the

necessary operating parameters of th ejection device, ste uid ejection device can now
be operated from the identification elements of the prmthead Other information for obtaining

information from the identification elements, e.g. regarding the position and
voltage of signals for obtaining information from the identification elements, may

also be encoded into the pull-down resistors.

[0040] Based upon the protocol information or other parameters for obtaining
information from the identification elements that is obtained from the pull-down
resistors, the protocol for communicating with the identification elements is
altered, step 410. These alterations, may include, but are not limited to, the
timing, sequence, and magnitude of signals that provided to and read from the

identification elements.

[0041] After altering the protocol or other parameters, the identification elements
of the fluid ejection device are queried, step 415. The identification elements
may be any number of circuits or memory elements, such as random access
memory elements. Examples of identification elements are depicted and
described in U.S. Patent Nos. 4,872,027, 5,363,614, 5,699,091, and 6,604,814,

each of which are incorporated by reference in their entirety.

[0042] Once the identification information is obtained from the identification
elements, controller 150 determines the necessary operating parameters of the
fluid ejection device, step 415. The fluid ejection device can now be operated
and the operation of the fluid ejection device can be monitored to be maintained

within the desired operating parameters.



and the operation of the fluid ejection device can be monitored to be maintained within the desired
operating parameters. 200314430-1 13 [0043] Figure 5 illustrates a flow diagram of a process of
determining identification values from control lines of a fluid ejection device according to one
embodiment. The voltage on the control lines is forced low, step 500. The low voltage allows the
pull-down resistors on the control lines to be at their initial values that were preset during manufacturing.
In one embodiment, the low voltage is substantially equal to a magnitude of a voltage that is at the
ground line that is coupled to the fluid ejection device. [0044] Once the low voltage in@psiied, a signal is
provided on one select line, step 510. In one embogiment, this signal is a current that is provided using a
test mode of controller 150 as described with respect to Figure 2. Based upon this signal, the resistance

of one of the pulsop EeRRenERHAles aRGRRIaRAIS A0 BLUE SPlask g read. sep 815, Then

another signal, €.g. a rovi on another se ect Ine, unti appropriate pull-down
resistors are red@le%tﬂéﬁafs@o,WQQ%F“%ﬁéréfﬁHﬁtﬁﬁﬁrﬂ,f{H@ ﬁﬁ@mé@VdﬁQr?@%%iﬁigﬁ@é’@? each

pull-down resistgmisdaifdit. of THENORAGES 6 IRELBELAN IRRE' AliRgdRarRmeteepEtie fiwick igction device.
This allows for flex] bl|lt% Hﬂencchdlnglgnformatlon onto th elect lines. Th numEer of select lines that are
to be read can b}éols{ AN e SR W IS IBOHE™ 888?%5%%%8 £ EIPLLHBle, if the only

information encededsstiheviaia pedeco tanprintneaitifsbyeritige riroohe @neblodjreent pitevided by one
pull-down resistoy aje, o 0e il o M'S MIBRANESS RSP iRM1Ed the proTRgfiAk select ines

to be read can be incre
that is coupled to the fluid ejection device.

[0044] Once the low voltage is applied, a signal is provided on one select line,
step 510. In one embodiment, this signal is a current that is provided using a test
mode of controller 150 as described with respect to Figure 2. Based upon this
signal, the resistance of one of the pull-down resistors coupled an appropriate
one of the select lines is read, step 515. Then another signal, e.g. a current, is
provided on another select line, until all of the appropriate pull-down resistors are

read, step 520,

[0045] In one embodiment, the magnitude of the resistance of each pull-down
resistor is one bit of information regarding an operating parameter of the fluid
ejection device. This allows for flexibility in encoding information onto the select
lines. The number of select lines that are to be read can be any number needed
to provide the necessary parameter. For example, if the only information
encoded is the data rate of a print cartridge, then only one bit, e.g. provided by
one pull-down resistor value, can be utilized. If more information is to be

provided, the number of select lines to be read can be increased as needed.

[0046] It should be noted that while Figure 5 describes determining values of pull-
down resistors on select lines 125, other pull-down resistors may be encoded to
contain the protocol or other information for obtaining information from the

identification elements. For example, pull-down resistors located on address



[0046] It should be noted that while Figure 5 describes determining values of pull- down resistors on
select lines 125, other pull-down resistors may be encoded to contain the protocol or other information for
obtaining information from the identification elements. For example, pull-down resistors located on
address 200314430-1 14 lines 110 and 115, data lines 120, and fire lines 135 can be encoded with
information in addition or in lieu of the pull-down resistors on select lines 125. [0047] Figure 6 illustrates a
printer with a print cartridge according to one embodiment. Generally, printer 600 can incorporate a print
cartridge 610, which is a type of fluid ejection device as described in Figures 1-4 abgye:Lsinter 600 can
also include a tray 605 for holding print media. Whegya printing operation is initiated, print media, such as
paper, is fed into printer 600 from tray 605 preferably using a sheet feeder (not shown). The sheet then

brought around if) 3 H%‘H@r‘f&i‘ﬂ@ﬂﬁa{ﬂf?&% Bgf‘a%pfﬂéiﬁﬁggﬁ%%"&h%‘éaéﬂc%{fé’a’h}ﬁﬂy 615. Other paper

paths, such as a straight paper path, can also be used. The sheetis stopped in a print zone 620, and a
scanning carriag8fermaton jbastifieR@LIN Kesref JhgPedreiigEes oS eRaeleeanmRY Hdross the sheet for
printing a swath of ink thereon. After a single scan or multiple scans, the sheet is then incrementally

Cartiage 625 a0l oanE L S e L e B Fepeats unl the
entire sheet hasehEadigRitedCaNaMAIbh Poteitaefestdtr MRP @i Pial eI BIduD 48P THBIhInt cartridges
610 can be remayealPerBPHNEE; S5 RRY BERGNEY JBQPEd iPRRR R ING SATIagME@RB0BISO, the print
cartridges 610 can have self-contained ink reservoirs (for example, the reservoir can be located within

can also include a tray 605 for holding print media. When a printing operation is

initiated, print media, such as paper, is fed into printer 600 from tray 605

preferably using a sheet feeder (not shown). The sheet then brought around in a

U direction and travels in an opposite direction toward output tray 615. Other

paper paths, such as a straight paper path, can also be used. The sheet is

stopped in a print zone 620, and a scanning carriage 625, supporting one or

more print cartridges 610, is then scanned across the sheet for printing a swath

of ink thereon. After a single scan or multiple scans, the sheet is then

incrementally shifted using, for example, a stepper motor and feed rollers to a

next position within the print zone 620. Carriage 625 again scans across the

sheet for printing a next swath of ink. The process repeats until the entire sheet

has been printed, at which point it is ejected into output tray 615.

[0048] The print cartridges 610 can be removeably mounted or permanently
mounted to the scanning carriage 625. Also, the print cartridges 610 can have
self-contained ink reservoirs (for example, the reservoir can be located within
printhead assembly body, e.g. the embodiment of fluid ejection device 5 in FIG.
1.) The self-contained ink reservoirs can be refilled with ink for reusing the print
cartridges 610. Alternatively, each print cartridge 610 can be fluidly coupled, via
a flexible conduit 630, to one of a plurality of fixed or removable ink supplies 635
acting as the ink supply. As a further alternative, the ink supplies 635 can be one

or more ink containers separate or separable from printhead assemblies.



printhead assembly body, e.g. the embodiment of fluid ejection device 5 in FIG. 1.) The self-contained ink
reservoirs can be refilled with ink for reusing the print cartridges 610. Alternatively, each print cartridge
610 can be fluidly coupled, via a flexible conduit 630, to one of a plurality of fixed or removable ink
supplies 635 acting as the ink supply. As a further alternative, the ink supplies 635 can be one or more
ink containers separate or separable from printhead assemblies. 200314430-1 15 [0049] It is understood
that the above-described embodiments are merely illustrative of the possible specific embodiments which
may represent principles of the present invention. Other arrangements may readily bgdeyged in
accordance with these principles by those skilled in;the art without departing from the scope and spirit of
the invention. 200314430-1 16 CLAIMS What is claimed is: 1. A method for identifying a fluid ejection
device C.Omp”s"1%.'0?9”1;&ﬁ@ﬂfﬁ'&'&é@d‘iﬁﬁ%‘fh‘@é\&&?&%’é@ﬁﬂQ&é@%%%?@a%%%%{iﬁ&@%ﬁ%on. -
information, querying one or more elements on a fluid ejection device that include Second identification

information, whebethaResaiig spasilihaieRpcineiphicheaaaicRerRent &Y iaeiptarcalibe RiRs®AAtion
comprises a datpyatad. RS LIgEa Histhapdestaieainaasie pesauiddrpdifigaiiondsgormation
based upon the gugeé%/; deterﬁlinin%m%uraﬂa/ of oPeratng parameters of the fluid ejectio %evice based
upon the first an r Blﬁa l?é(é ARe ﬁlf]ot IIO\NI%% parting from the scope and spirit of the

invention.



operating the fluid ejection device in accordance with at least some of the operating parameters. 2.
The method of claim 1, wherein determining the first identification information comprises querying a
portion of the fluid ejection device that controls operation of one or more fluid eje&t&g&ﬂ&ments. 3.
The method of claim 1, wherein determining the first identification information comprises éetermining
a resistance value at a pull down resistor. 4. The mgthod of claim 2, wherein determining the first
identification information comprises determining, in response to a current provided to a pull down
resistor that is coupled to a line that is coupled to the one or more fluid ejection elements, a voltage
magnitude at the pull down resistor. 5. The meti@dh\o¥islaim 2, wherein querying a portion of the fluid
ejection device that controls operation of one or more fluid ejection elements comprises querying a
first portion of the fluid ejection device that controls operation of a first group of elements and querying
at least one other pRRriSoHa1BEHI% ejection device that controls operation of a second group of
elements. 200314430-1 17 6. The method of claim 2, wherein the first identification information is
indicative ofla protgcole%‘otg?oﬂlijégnq@]ction f?]l%ﬁice 8nd \@Q\%eeiréquerri mg one or more elements on the

fluid ejection device that include secondidentificAtion information omprises querying the identification

elements based up8@ieraipirgdiEs identifieaistiiararéiemm 6, wherein the protocol is a double data
rate protocol. 8. A pagipdgehidentificationintaidnihriacitn dQYieeng BRI IRGIPEMIdiNgsat least a
st signal on, o0, o IOLG SR, 1S % AR 0SS SOURIRSLID NG GHERSS T giaction elements
that eject fluff! J ’
fluid ejection device is a print head and the first identification information comprises a
data rate of operation of the print head,;
determining the second identification information based upon the query;
determining a plurality of operating parameters of the fluid ejection device
based upon the first and second identification information; and
operating the fluid ejection device in accordance with at least some of the

operating parameters.

2. The method of claim 1, wherein determining the first identification information
comprises querying a portion of the fluid ejection device that controls operation of

one or more fluid ejection elements.

3. The method of claim 1, wherein determining the first identification information

comprises determining a resistance value at a pull down resistor.

4, The method of claim 2, wherein determining the first identification information
comprises determining, in response to a current provided to a pull down resistor that
is coupled to a line that is coupled to the one or more fluid ejection elements, a

voltage magnitude at the pull down resistor.

5. The method of claim 2, wherein querying a portion of the fluid ejection device
that controls operation of one or more fluid ejection elements comprises querying a
first portion of the fluid ejection device that controls operation of a first group of
elements and querying at least one other portion of the fluid ejection device that

controls operation of a second group of elements.



determining, responsive to the at least first signal, first identification information; providing at least a
second signal to one or more elements on the fluid ejection device that are configured to provide
second identification information; determining the second identification informati%o?%fs(a_qsive to at
least the second signal; and determining a plurality of operating parameters of the fluid ejection device
based upon the first and second identification inforfpation, wherein the fluid ejection device is a print
head and the first identification information comprises a protocol for ejecting ink from the print head
and a value of at least one pull down resistor; and operating the print head in accordance with at least
some of the @peratifige pathotetdrd@m s whejett the filsiddOntificatime ihtminodtdaim Bdadet@renining a

value at least;ang Bl Y E IS0k EABIPHEGE CSIRT MHIRS A MAGRIHSIR o HSSiRARS A the at least

one pull down resistor in response to a current provided on the line Coupled with the at least one pull
down resistd?" 10 iy RISEHSN SR Em SFRIthiARY e A0 raPIRRECH ROPRIIgRR VN resistor
comprises dgtesiyigngesidaitrigetinaghitisiesibdbedoupbaananpiesidisll in response to a current provided
to the at least one pull down resistor. 11. The method of claim 8, wherein the first identification
information comprises a protocol of operation of the fluid ejection device and wherein providing at
least a secohd sigiaeteeedphetadewhaiginoiheridqiondldree tionkie deta tisie aretoot314430-1 18
configured to provide second identification information comprises providing signals based upon the

rotocol. . L o . -
P 8. A method of identification of a fluid ejection device, comprising:

providing at least a first signal on one or more lines, the one or more lines
coupled to one or more fluid ejection elements that eject fluid;

determining, responsive to the at least first signal, first identification
information;

providing at least a second signal to one or more elements on the fluid
ejection device that are configured to provide second identification information;

determining the second identification information responsive to at least the
second signal; and

determining a plurality of operating parameters of the fluid ejection device
based upon the first and second identification information, wherein the fluid ejection
device is a print head and the first identification information comprises a protocol for
ejecting ink from the print head and a value of at least one pull down resistor; and

operating the print head in accordance with at least some of the operating

parameters so as to eject the fluid.

9. The method of claim 8, determining a value at least one pull down resistor
comprises determining a magnitude of a resistance of the at least one pull down
resistor in response to a current provided on the line coupled with the at least one

pull down resistor.

10. The method of claim 9, wherein determining a value at least one pull down
resistor comprises determining a voltage magnitude at the pull down resistor in

response to a current provided to the at least one pull down resistor.

11. The method of claim 8, wherein the first identification information comprises a
protocol of operation of the fluid ejection device and wherein providing at least a

second signal to one or more elements on the fluid ejection device that are



12. A fluid ejection device, comprising: a plurality of fluid ejection elements; a plurality of identification
elements; a plurality of lines each coupled to a group of the plurality of fluid ejection elements; and a
plurality of pull down resistors coupled to some of the plurality of lines, at least 5?5% %g] plurality of
pull down resistors encoding information regarding a protocol for operating the p urahty of fluid
ejection elements, wherein the information regardijyg the protocol further comprises information that is
indicative of parameters for providing signals to the identification elements. 13. The fluid ejection
device of claim 12, wherein the fluid ejection device is coupled with a controller (150) capable of
determining eonfagnédide ptovaizh sfdbred pdkndiivat oesistonsatind detepnsesnprivamptsigoalsased on the
magnitude o@ggég%%qg@p%&glpull-down resistors. 14. The fluid ejection device of claim 13,
wherein the controller is capable of determining a magnitude of a resistance of each of the pull down
resistors. 15. The fluid ejection device of claim 12, wherein each of the plurality of pull down resistors

has at least aZirst magnitefe @i sesosunpagniiude, and wherein the first magnitude is indicative of
the at least one opera}ingl.*pa(r);f\mtiaéeer.gcf“tgeEﬂgidee'ection device. 16. The fluid ejection device of claim

12, wherein the pIu‘Fl |tl§/ro ines are one of selec ﬁhes, address lines, data lines, or fire lines.. 17. The

fluid ejection devicé Glwiliv afAdeyriéesiipthelsrRNection device is a print head.
a plurality of lines each coupled to a group of the plurality of fluid ejection

elements; and

a plurality of pull down resistors coupled to some of the plurality of lines, at
least some of the plurality of pull down resistors encoding information regarding a
protocol for operating the plurality of fluid ejection elements, wherein the information
regarding the protocol further comprises information that is indicative of parameters

for providing signals to the identification elements.

13. The fluid ejection device of claim 12, wherein the fluid ejection device is
coupled with a controller (150) capable of determining a magnitude at each of the pull
down resistors and determining the protocol based on the magnitude of at least some

of the pull-down resistors.

14. The fluid ejection device of claim 13, wherein the controller is capable of

determining a magnitude of a resistance of each of the pull down resistors.

15. The fluid ejection device of claim 12, wherein each of the plurality of pull down
resistors has at least a first magnitude and a second magnitude, and wherein the first
magnitude is indicative of the at least one operating parameter of the fluid ejection

device.

16. The fluid ejection device of claim 12, wherein the plurality of lines are one of

select lines, address lines, data lines, or fire lines..

17. The fluid ejection device of claim 12, wherein the fluid ejection device is a
print head.





