WD 03/ 029006 PCT/ US02/ 27849 THERVAL SENSE RESI STOR FOR A REPLACEABLE
PRI NTER COVPONENT 5 The Field of the Invention The present invention
rel at es twopsioedoes s. More particularly, the invention relrarasor/orsas

vari abl e thermal sense resistor for a replaceable printer conponent. 10
Background of the Invention The art of inkjet technology is relatively well
devel oped. Commercial products such as conputer printers, graphics
plotters, and facsimle nmachi nes have been inplenented with inkjet
technol ogy for producing printed nedia. Generally, an inkjet inage is
formed pursuant to precise placenent on a print 15 nmedium of ink drops
emtted by an ink drop generating device known as an inkjet printhead
assenbly. An inkjet pri nt head assenbly includes at | east one printhead.
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I nkj et cart rdeggr%ll;,oe{n inkjet image is formed pursuant to precise placement on a print

15  medium of ink drops emitted by an ink drop generating device known as an
inkjet printhead assembly. An inkjet printhead assembly includes at least one
printhead. Typically, an inkjet printhead assembly is supported on a movable
carriage that traverses over the surface of the print medium and is controlled to
gject drops of ink at appropriate times pursuant to command of a microcomputer

20  or other controller, wherein the timing of the application of the ink drops is
intended to correspond to a pattern of pixels of the image being printed.

Inkjet printers have at least one ink supply. An ink supply includes an
ink container having an ink reservoir. The ink supply can be housed together
with the inkjet printhead assembly in an inkjet cartridge or pen, or can be housed

25  separately. When the ink supply is housed separately from the inkjet printhead
assembly, users can replace the ink supply without replacing the inkjet printhead
assembly. The inkjet printhead assembly is then replaced at or near the end of
the printhead life, and not when the ink supply is replaced.

Current printer systems typically include one or more replaceable printer

30  components, including inkjet cartridges, inkjet printhead assemblies, and ink

supplies. Some existing systems provide these replaceable printer components



exanple, typically stores information such as manufacture date (to ensure
that excessively old ink does not damage the printhead,) ink color (to
prevent 5Swoitgioe®bal | ati on,) and product identifying codesPCrasensisne t hat
inconpatible or inferior source ink does not enter and damage ot her
printer parts.). Such a nenory may al so store other information about the
i nk container, such as ink level information. The ink level information
can be transnmitted to the printer to indicate the anount of ink renaining.
A user can observe the ink level 10 information and anticipate the need for
repl aci ng awigneicad mekoept @nmatnicatSaifermiagiohac ephiher pbonitler conponent s,
such as sone inkjet printhead assenblies, include a thermag sense resistor
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addi tion, the analfog neasurenent hardware is an expensive part of the
printer15 of resistance (TCR) to be determined. The printer can determine the temperature

of the printhead assembly based on the TCR and a measured resistance of the
TSR.
Generally, the printhead assembly heats up in operation. A printer can
monitor the TSR and change the printing algorithm to either add or subtract
20  energy, thereby changing the size of the ink drops coming out. In the case of a
cold die (e.g., a new cartridge has just been placed in the printer), the printer will
recognize that the printhead assembly is cold and will provide extra energy so
that the ink drops become a little bigger. As the die heats up, the printer will
provide less and less energy. In some systems, the temperature of the printhead
25  assemblies is monitored to prevent overheating. If the temperature reaches a
certain threshold, the printer may go into a wait mode, where the printer pauses
briefly to allow the printhead assembly to cool down.
In existing printer systems, analog hardware is used to measure the
resistance of the TSR at a known temperature to use as a starting point for later

30 temperature determinations. The initial resistance measurement is an analog



It would be desirable to encode and store the TSR resistance at a certain
tenperature in the replaceable printer conponent, and thereby elimnate the
need 5 fwpooanzdoog neasur enent hardware and the associ at e@CTassn2/278he
printer would then be able to use the encoded data al ong with additional
factors to determne the printhead assenbly tenperature, w thout
performng the initial analog neasurenent of the TSR resistance. There are
typically a I'imted nunber of available bits in a replaceable 10 printer
conponent nenory. Additional bits could be inplenented if space is
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TSRs wi | | chy efinthead skahbly edmperareywithangeerfoamingth¢ initendpgvi de t he
randommess desired ifi%hﬁﬁgit' val ues are to represent both pen uni queness
and TSR i nfipeasarcnysAt of the 1gsiffanCedesi rabl e to vary the nom nal resistance
of the TSRs in Myt actiyitds 4 BmitBEhOABE JfAQail-bRaRtsah a FRadebbleval ues, and

t hereby provi de nore randommess or 25 uni queness for the pen_uni queness
val ues.10Sunprixtr avinpionentmmaretyi dvdddivaal bitsraogtd henmpiesadstt i SPAFEAT i on provi des
a replaceabl e.printer . .co ent in | .esj.stor having
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encoded TSR information.

15 For certain types of bits in replaceable printer component memories, such
as “pen uniqueness” bits, it is desirable to have a relatively random distribution
of bit values, such that the same bit values are not often (if ever) duplicated, and
each memory stores a unique value for pen uniqueness. However, if all of the
TSRs on a particular wafer are designed to have the same nominal resistance, the

20  bit values representing the measured resistance of the TSRs will cover a
relatively narrow range, and will not provide the randomness desired if the bit
values are to represent both pen uniqueness and TSR information. It would be
desirable to vary the nominal resistance of the TSRs in manufacturing to

increase the range of TSR bit values, and thereby provide more randomness or

25  uniqueness for the pen uniqueness values.

Summary of the Invention

One form of the present invention provides a replaceable printer
component including a thermal sense resistor having a first resistance. A

30 resistance modifier coupled to the thermal sense resistor modifies the first



5 Figure 1 is an electrical block diagramof nmajor conponents of an inkjet
printer according to one enbodi nent of the present invention. Figure 2 is a
di agr am owoa3logwwkaip table illustrating bit val ues associ atP€d/uSne/2 1849 SR

resi stance values. Figure 3Ais a schematic diagramof a circuit for
defining the state of a 10 fusible bit of an inkjet cartridge nmenory.
Figure 3B is a schematic diagramof a circuit for defining the state of a
masked bit of an inkjet cartridge nenory. Figure 4 is a diagramof a table
illustrating information stored in an inkjet cartridge nmenory according to
one enbodi nREktaRde. LTRONP BHOBmMANN\GaNdhory.stokss FiegistadcSRalisrepresentingr ged t op
view of a variable Iength portion of a TSR according to one enbodi nent of
t he present2 magrifde®h therpgdified Bt resistncen| ar ged top view of the variable

| ength TSR portion illustrated in Figure 5A with a shorting bar added to
vary the nomnal TSR resistance. 20 Figure 6 is a bar graph illustrating

t he neasured TSR resi st ancBrief Déscriptiohwfahe Drawingsnkj et pri nt head
assenblies on a single wafer. Descr.i g.ti on gti the Pr eferée(; Emié)dti ments In
the fol Iow ng dekigireekisde fﬁ%‘é‘ﬁd& 1agiEn O AT FREPKBE A AR TS 25
reference i "Hﬁ’% . VA | fonf Orm a part hereof, and
in which “iéns omﬁ&%/ﬁ%y&lggﬁﬁaﬁ%%@gﬁ?g%wgglgginﬁ}%benbodi ments in which the
i nvention may beFignec2 iscediagrhin df g leakupdahle dlbstadegbit Helpesastpstatedhbodi nent s
may be util]| ?H%F?ng' structural or |ogical changes may be made w t hout
departing ‘F"Fté SIS@BRYEECSt he present invention. The fol | owi ng detail ed
description, 30 pharesRi€a sdnemad dibSralfoft-adifiitifor deflning the sgtesdase, and the
scope of the present invention is defined by the appended clainms. 4 WO

03/ 029005 Plusblishiz pPagdrjet cartiidge MR NTER Figure 1 is an el ectrical bl ock
di agram of maj or-coO n inkje J q L t@ one

enbodi nent of thglgﬁrgégﬁeﬁs[élgcrl?\g/%ﬁ@%ﬂ%. niﬁaeét?fég?itfﬁ{%‘?ﬁl gﬂF%Eeudggs renovabl e
i nkj et cart fiagigd blef antihkjbt ¢angidgelarmionkj et print head assenbly

Figure 4 is a diagram of a table illustrating information stored in an inkjet

cartridge memory according to one embodiment of the present invention.
15 Figure SA is an enlarged top view of a variable length portion of a TSR
according to one embodiment of the present invention.

Figure 5B is an enlarged top view of the variable length TSR portion
illustrated in Figure SA with a shorting bar added to vary the nominal TSR
resistance.

20 Figure 6 is a bar graph illustrating the measured TSR resistance from a

plurality of inkjet printhead assemblies on a single wafer.

Description of the Preferred Embodiments

In the following detailed description of the preferred embodiments,

25  reference is made to the accompanying drawings that form a part hereof, and in
which is shown by way of illustration specific embodiments in which the
invention may be practiced. 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,

\ 30 therefore, is not to be taken in a limiting sense, and the scope of the present

invention is defined by the appended claims.



5 14, nmenory 16, and ink supply 26. Inkjet cartridge 12 is pluggably
renovable fromprinter 10. Inkjet printhead assenbly 14 includes at | east
one printwead/029ddd, and thermal sense resistor (TSR) 14B. PREMS0Y27869 may
include multiple forms of nenory, including RAM ROM and EEPROV and
stores data associated wth inkjet printhead assenbly 14 and ink supply
26. In one 10 enbodi nent, nmenory 16 includes factory-witten data and
printer-recorded data. |In one enbodi ment, nmenory 16 specifically includes
a 26-bit ROM 16A, having 13 "fusible" bits and 13 "nmasked" bits. In an

al ternati ver enboiKMITIPRENTERG bits in ROM 16A are fusible bits. Wth
fusible bits, at any point in the product's life, the fusibl its can be
blown with the dJ&gwiedtisewmalegtrisal bloghdiasrampd majer ‘Eﬂ‘mﬁ@ef"ﬁé’? BT E&@ﬂ ts provides

a great deal . f fle S fpig- coded”
bits that at& %{ealeco éd%&éro ?l%emtbﬁdﬁ%ﬂté}ﬁg% ﬁegﬁﬁ Elr?\%ggglg E‘gcﬁnnum ble bit may
be set by bjnentiagemonatse aikget danridgecl2, ehich iBEdes ifkjeoprintheadrisgrmtdy 3A)

t the f ble bit ked b t di
ool Stom | i k6, %ﬁo@?e@v@ﬁ R il e P ol esiyaPRe 50 masked
bit. 1n onegenbodi g rﬁl%aﬁ%séeﬂlﬁ)ﬁgf@ih@ﬂld@é £theésﬂ Kh&primhdaat head

assenbly 14. anaterﬂatlve enbodi nent, ROM 16A nmay be integrated with
i nk supply 2& antl thvrinhl deeseiredistos (BSR) AB. dwem@rybémaﬁanglu@mullﬁp en the art

that, rath t han |ncor | 14 and i nk
supply 26 i S ShMCIREY C?‘écg R%&vg[gﬁﬁfgf rﬁrﬁﬁi&]?égflaﬁ d\:fltltsserrbl y 14 and
i nk supply 28,4&¥d %haﬁlq&eﬁﬁ{tﬁéa@a%sdﬂwﬁMaﬁﬂlkrmyplly%l llﬁlenesepar at e
menories. Printer 10 includes comruni cation |ij nes 20 for gT‘?HJ i cati ons

bet weenl0 i nklpbcodlmantt medg)éy 16 na:huieétmtqrmwréienmta TIEEIEH $aihes 20

i ncl ude addgess RO flgencode
enable |ine ,e dﬁ ° {f}isp%%gﬁ% Q%Bgsf%bg%ﬁ connle%t@glgﬂt 0 ROM 16A
in one enmbods MeEble” ks 3Bd Qﬂemfa@kdm ofts.t Ineani alteanative ambedidreat 91126 hgs 20A

i nclude 13 address lines. First enable |line .2 B |s u to sel ect
fusi bl e bit & RAMRGA mfuﬂhkobl@eé%m?usg) Y 8 TIRWE 1P ??g%llg encode

oA e 1o dfuib® vt hOuRRkAGn FRR ek L Apnich Rﬁﬁ\dsléxéusé\éﬁress i nes 20A

are used to se icular fusible bit or nasked bit. The value of a
sel ectedsf uﬁlsbﬂebmpmﬁlked ghdat déad of Bewdbibity. %mnﬁ@tim@sk@@bﬁmﬁeon out put line
20D.

“hard-coded” bits that are defined during the fabrication process.

Each fusible bit may be set by blowing a resistor in a circuit 300A
(shown in Figure 3A) representing the fusible bit. Each masked bit may be set
by adding a resistor in a circuit 300B (shown in Figure 3B) representing the

20  masked bit. In one embodiment, ROM 16A is integrated with inkjet printhead
assembly 14. In an alternative embodiment, ROM 16A may be integrated with
ink supply 26. It will be understood by one of ordinary skill in the art that,
rather than incorporating inkjet printhead assembly 14 and ink supply 26 into an
inkjet cartridge 12, inkjet printhead assembly 14 and ink supply 26 may be

25  separately housed and may include separate memories.

Printer 10 includes communication lines 20 for communications between
inkjet cartridge 12 and controller 34. Communication lines 20 include address
lines 20A, first encode enable line 20B, second encode enable line 20C, and
output line 20D, which are all connected to ROM 16A in one embodiment. In

30  one form of the invention, address lines 20A include 13 address lines. First

encode enable line 20B is used to select fusible bits in ROM 16A, and second



I nkj et printhead assenbly 14, nmenory 16, and ink supply 26 are 5 connected
to controller 34, which includes both electronics and firmvare for the
control oWwotohm29086 i ous printer conponents or sub-assenbl i @€T/USOpRISMe

control procedure 35, which may be incorporated in the printer driver,
causes the reading of data fromnenory 16 and adjusts printer operation in
accordance with the data accessed fromnenory 16. Controller 34 controls

i nkj et printhead 10 assenbly 14 and ink supply 26 to cause ink droplets to
be ejected in a controlled fashion on print nedia 32. A host processor 36

i s connect eglct® &RBlNREROC i8dsedan deletiahastted bizs mEROMAl6A.pAddessi ng uni t

(CPU) 38 and a software printer driver. 40. A nonitor 41 is cor}nected to
host procedinss ZQA,areawdmsqL%a%l%l%ﬁ?%@lebgmmﬁk%é@%;'ﬁ&vaﬁm? fQre 15

indicative Q st.at I k] i - Auiptelide 201 nter 10 can
be configd?%ﬁ&ag $§$§%Hgg?%ﬂ§i%%aﬁgﬁ&%ﬁ&géqgﬁg%%ﬁPgn &%e#eﬁn nessages are
di spl ayed on a fIRjpet pi@held Reribie 1pr mamery. 16, hnd HXGERPINGOEBR | NFORVATI ON 20

As shown in Fi 1. inkjet printh ly 14 includes TSR 14B. |
e oo i ThonnoataEi: Contolids 39 BhisBrindies Baprarettonits apd St ERe BRfel ' ori i
The resi st atg):ﬁ?op& ti[esﬁ%r?ogh\%ﬁhﬁ}:eg%‘%ﬁogﬂé@l A SuBGsdenmlibabAi gt by ocess, and

t
then sone S are 16A to store an encoded val ue
repr esent i ngrotdiare 3k adicheday bsinsorpocated dShe privedévascuipasthe the resi st ance

of the TSR 14B on_eac rinthe S ly.14 on I red at 32
degrees Cel'€pdjag of at@)?"@ IB?%OB?&( ﬂ@sacﬁ%e‘%ql}]tgno%eﬁa%% ?(!nct0 %ggéag@genbl ies 14
are fornmed @B qaaSkaas& ¥6th Slemotyie6, NEasIHIRE34 sit®lsinkjet pranthead s truncat ed
(e.qg., 258.9 ohns beconmes 258 ohns). The truncated resi stanceg%/ff)\l ue is

then fdibnd assemblyildtaad dek suppbrddacavss ink dowlstyheieciast 1B 2893oldethun i n

Fi gure 2. 8@@9 03/02900gﬁ§ / US02/ 27849 Lookup table 200 includes col ums
202A and 2 ,10538p3n'blinura ity of entries 204. Each entry 204 in | ookup
tabl e 200 associ AtRst fo&Rtordt ibtdnneated s cortmiiondd, iand owluden a20®B) Wi th a
resi stance val ue (shown in _colum 202A).. B sed/&gy&he bit4¥alues found in
col umm 202BpPoeessinganid&B L 88 2apda seityprePripigrfaver 0. A monitor 411s

connected to host processor 36, and is used to display various messages that are
15- indicative of the state of inkjet printer 10. Alternatively, printer 10 can be
configured for stand-alone or networked operation wherein messages are

displayed on a front panel of the printer.

IL ENCODING TSR INFORMATION

20 As shown in Figure 1, inkjet printhead assembly 14 includes TSR 14B.
In one embodiment, TSR 14B is 0.5 percent copper, and 99.5 percent aluminum.
The resistance of TSR 14B is measured during the fabrication process, and then
some bits are “blown” in ROM 16A to store an encoded value representing the
measured resistance.

25 In one embodiment, the resistance of the TSR 14B on each printhead
assembly 14 on a wafer is measured at 32 degrees Celsius. In one form of the
invention, 280 printhead assemblies 14 are formed on a single wafer. The
measured resistance value is truncated (e.g., 258.9 ohms becomes 258 ohms).
The truncated resistance value is then found in resistance-to-encode value

30  lookup table 200, shown in Figure 2.



5 corresponding bits are blown in ROM 16A to store the TSR resistance
information. The blown bits in ROM 16A are |later tested to ensure that the
correct ewomdmebod&SR resi stance val ues have been stored. | mrcansot/orsne of t he
invention, to protect against error, if none of the TSR bits are bl own
(i.e., changed fromO to 1), the part is rejected at the wafer level. If
none of the TSR 10 bits are changed, it indicates that the part was sonehow
ski pped during the bit blow ng process, or the bit bl ow ng process did not
work correctly for the particular part. Il1. ROMCIRCU TS 15 The bit

bl owi ng pr ocess TkuRMelfbh iHatdeTolpRei2AcNIEIBhet hpiuralithef bi t is a
fusible bit or a masked bit. Figure 3Ais a schematlco?bgglram of a circuit
i

for defini egtrieh@04t Each arftry20¢kis lasikap fpble 200 mieppiaiena s #1u8%0A i ncl udes

first enco enabl e.in E.an L s sAagddr ess i nput
306, tr ang?ﬁﬁw&lnfﬁgfmlf&%@t%ﬁ% %ngép?‘gﬁ%?ésjgsgr h@fg,e(r)lég%%?\)%Agncode enaEI e
i nput  ( E_ofgke®bh Bibbit val@RFosiddn c3lian 2028 for thendedspregnelistds valugdr ess i nput

306 is coupled to one of address Iinggx 20A (@2 in Figure 1). First
encode &nalsoerespopdingdits aresblown i REM 1 ATD srC C¥EBf% | ne 20B (shown

in Figure 1&@@?@4}%&“&8@&1»35?@@6% :ﬂ@%ﬁe Bkt tdsfedag emuesmbomsecond encode

enabl e |iné own in put 304 is coupled to output line
20D ( shown dofrefticpuodedIlSR 25&istanconduentipyd bremstoredadinonsf formafhiiest or s 308, 312

and 316 is a field effect transistor (EET dress,qi 306 is coupled
to the dr ailﬂvwloﬁf@rﬁ?@?ﬁﬂga@é@.ﬂm’lﬂ%Pg‘Ee ‘gffb%ﬁz?ﬁg?{%ﬂ%bmﬁpﬁeeoz i s coupl ed
to the gat rRskai0%h a5, (ROart iEhGiecte@b e valfertiewSifsions o8BS TSR coupl ed to
the gate o%htglﬁ%etr(lim stor 3&’2 aﬁaétthg drain of transistor 316, The gate of

transi S0or BtGrd shangedlicigdicates habind P@ﬁd@déomb%WékiBBeqﬁliﬁmgt@qb}.t The drain
of tranel stipwigprodt A M Lbig oS i Ry o R EskatironhE | End Lhe gal

of transi st ansi s I's coupled to ground 7 WO
03/ 029006 Pﬁﬁé@%{a&7849 318. Resistor 310 is positioned between out put
304 and the drain of transistor 312. The source of transistor 312 is

coupled to ground 318. A fusible bit in ROM 16A, such as the bit

represente y Cj I %(ffs is read by setting first encode enabl e i nput
302 hi gh, g%fti ﬁ%b%gi%és I nput 306

15 The bit blowing process for ROM 16A varies depending upon whether
the bit is a fusible bit or a masked bit. Figure 3A is a schematic diagram of a
circuit for defining the state of a fusible bit in ROM 16A. Circuit 300A includes
first encode enable input (E_on) 302, output (id_out) 304, address input 306,
transistor 308, re;sistor 310, transistor 312, second encode enable input (E_off)

20 314, transistor 316, and ground (p_gnd) 318. Address input 306 is coupled to
one of address lines 20A (shown in Figure 1). First encode enable input 302 is
coupled to first encode enable line 20B (shown in Figure 1). Second encode
enable input 314 is coupled to second encode enable line 20C (shown in Figure

1). Output 304 is coupled to output line 20D (shown in Figure 1).

25 In one embodiment, each of transistors 308, 312 and 316 is a field effect
transistor (FET). Address input 306 is coupled to the drain of transistor 308.
First encode enable input 302 is coupled to the gate of transistor 308. The

source of transistor 308 is coupled to the gate of transistor 312 and the drain of
transistor 316. The gate of transistor 316 is coupled to second encode enable

30  input 314. The drain of transistor 316 is coupled to the source of transistor 308

and the gate of transistor 312. The source of transistor 316 is coupled to ground



5 high, and sensing the signal at output 304. First encode enable input 302
is set high by controller 34 by setting first encode enable |ine 20B high.
Addr ess iwpuwB/02®06 i s set high by controller 34 by settingCrhsozeeess |ine
20A coupled to address input 306 high. The output voltage at output 304 is
sensed by controller 34 by sensing the voltage on output |ine 20D. 10
Transi stor 308 acts as an AND gate, with inputs 302 and 306. If inputs 302
and 306 are both high, a current flows through transistor 308, turning on
transi stor 312. Transistor 312 acts as a drive transistor, driving output

304. If ragsskedist3lf0 & pokitvhed bdiReanulngS0dtand titepdrbindF4ramdisthr be hi gh,
indicating a logical 1. If resistor 310 is not 8 own, the voltage at
out put 304 3h2.| Théreourespf trangistu3lA e eouplsdito gravaf 33- | n one enbodi ment ,

resistor 310 is blo Y - A6 X | - LentddbPeiedhit®@aasisor 310.
Transi stor 316 i%%qﬁﬁ%gliéngpxgg?‘;\ia/sémgé?ﬁle?g{m%ﬁaoenpr ev}gnt 1I eakage current
from t r ansizgaasy R@hef freredconaen®lednpitr3dnsiigt, oettiBg addrbesrinput380si st or 312

shoul d be off. "Transistor 316 is turned_on b etting se d ncode enabl e
i nput 334 tighandprasing thneignaft oppyl SEGt @%BEQFQP@?%@PEWG}%FC? 20 from
transi stor 3081 QuBloRlnsl by Beidifidlifst BtolOeRIMMiIRGOPAIgh! tdddtOinpat her

e use te

met hods ma 0 cre n open circuit to define the state of a bit
i n ROM 16A 306 hciey tlighdhynmmhatect by sting thg addrassdined@k Govgleddd wel | as ot her

nmet hods. Figure 3B is a sch tic di agram of L ECUL L of hi ng the
state of a a%QSSW@Rb%pégi‘lﬁh'i ﬁH%@WP%Wig%f ?tc(mt}%u%ég%g leéggesd u fsctogﬁ{)]:’légl ly the
sane as ci rﬁlﬂgtdgeggggthes,nmyge bA oAU 0. Wi t h the exceptions that resistor

310 is replac witch 7320, and transistor 322 hacg a El[?rrow wi dt h t han
transi sibor 312. Tmnsisier 30fbats arcan ANB\giates Withappyts 302 and300, It IpPtSphy si cal

sw tch, but_repr nt | ther he . pr Rfnige bgSi stor. In
one form of30@r?gd§’§6@}:ﬁsl?(§h?ug§’Pé‘éﬁrgrftglpa%?g%ﬁ%g&?%@% ed’durli %g t he
fabricati onReRERSI2! TrakRWrde2act agh deve fraisidgtory diiviag ohfpua3esist or is

present in place of switch 320, the resistor_has.sufficient .resistance to
8 WD 03/ 0296860rgi) igddown tha yoltagept a%tp%lﬂr?’o&p}‘éﬂq’&is“@h i“?dl%aéi“\%/@éﬂg‘%adt put 304

There s notalB g0 1 B D e L B o P aer et or 322,
15 logical 0. In one embodiment, resistor 310 is blown by driving a large current
through resistor 310. Transistor 316 is used as an active pull down to prevent
leakage current from transistor 308 from turning on transistor 312 when
transistor 312 should be off. Transistor 316 is turned on by setting second
encode enable input 314 high. When turned on, transistor 316 diverts current
20 from transistor 308 to ground.

In addition to blowing resistor 310, other methods may be used to create
an open circuit to define the state of a bit in ROM 16A, including mechanical
cutting, laser cutting, as well as other methods.

Figure 3B is a schematic diagram of a circuit for defining the state of a

75  masked bit in ROM 16A. Circuit 300B is substantially the same as circuit 300A
shown in Figure 3A, with the exceptions that resistor 310 is replaced by switch
320, and transistor 322 has a narrow width than transistor 312. In one
embodiment, switch 320 is not an actual physical switch, but represents either
the presence or absence of a resistor. In one form of the invention, a resistor 320
30 is added during the fabrication process to provide a logical 1 bit value. If a

resistor is present in place of switch 320, the resistor has sufficient resistance to



Address input 306 is coupled to one of address lines 20A (shown in 5 Figure
1). First encode enable input 302 is coupled to second encode enable |ine
20C (showwoioa/oFiogur e 1). Second encode enabl e input 314 i #Craispr/et$4¢ o first
encode enable |ine 20B (shown in Figure 1). Qutput 304 is coupled to out put
| ine 20D (shown in Figure 1). Address input 306 is coupled to the drain of
transi stor 308. First encode 10 enable input 302 is coupled to the gate of
transi stor 308. The source of transistor 308 is coupled to the gate of
transi stor 322 and the drain of transistor 316. The gate of transistor 316
i s coupl ed J-PasSRCHRA cRAfOBEweaDEIButi 30dUnd Bhdsistdh82 X rThnmesissér i nansi st or 316
is coupled to the source of transistor 308 and the e of @&P@na stor 322.
The source [mésenirlamblcspﬁﬁwsglﬁﬂos t@é@ﬁll@cﬁdﬁﬁloﬁﬂdﬁﬁﬁa@%&a@ﬁq 5 310 is
posi ti oned :Jgﬁtmg ou 304 and the drain of transistor 322. The source
of transistor 28 a?é 8oup ed to ground 318. A masked bit in ROM 16A, such
as the bit repr%‘&Hés@(ﬂnﬂiﬂw@tstﬂubleﬂ@@Bneoﬁasidresaﬁnt)wOs’e(S&mWQ111| rst encode

enabl e i nput 302 high, setting addr 06 hi and.se ng the
oignal & dtiewad) IO epsadsionaie gB ant SoPp i a3 PogB PRl IR n %y
controller t C Rligput B4 i?d¥fepleidab firshddr ess i nput
306 is set qu%y %:1101?11 e gegg%é{ﬁ@eé%ﬁaﬁlg n’?pe adlresg | neIrZOA coupled to
addr ess |nmﬂco&}ﬁlabﬁegime desmwmmFlgmetﬁg@umut 3 isroupled to sutgdhsed by

controller b ensj the vol tage on output |ine 20D. Transi stor 308
acts as an m@r@@&s OWIhiT} ts 302 and 306. If inputs 25 302 and 306 are

bot h high, a curxgftss 1hﬂ%06'§§éﬁi@lbdttbaﬁb$dr§1haiftﬁﬁﬁstotmsm]FlgstemcodbranS| stor
322. Transistor 322 acts as a drive transistor VI ng%eo%ft ut 304.

switch 1810 mbhpaput(somcoupbdutgﬂmgam@fstéamﬁl)storﬁﬁ% @ tragsision 304 will
be hi gh, cati a resi stor
not pr esent@jéllsﬁ%up %joﬁottg%gatgto J gél%sﬂ)él}{) ?gf% \?\A%?‘ilglﬂ t&hﬁ?ﬁg? ?:gt '?l‘rl]% a | ogi cal
0. Transi st ite f@ansftdd3ed 1£&u@£ed6tﬁ sedvind eacquielehaltlewmput 314r Eivedrain eakage
current fromtransistor 308 from tur n| on t%ggg%% 3{22 when transi stor
322 shoul d eftramsistor Flaissiosplse taths sourced 8@’ %0598%2/27849 t ur ned
on by setti {j%g?s GORY §4C Qaﬁc@?ﬂ?&fsm't&@‘l% 1s3é|<ﬂ1pfk'd93 §rdﬁ‘ﬂﬁf$18UlSﬁl@tdh0n

transi st or "V&fts curren romtransi stor round
15 310 is positioned between output 304 and the drain of tran31stor 22. The source
of transistor 322 is coupled to ground 318.
A masked bit in ROM 16A, such as the bit represented by circuit 300B,
is read by setting first encode enable input 302 high, setting address input 306
high, and sensing the signal at output 304. First encode enable input 302 is set
20  high by controller 34 by setting second encode enable line 20C high. Address
input 306 is set high by controller 34 by setting the address line 20A coupled to
address input 306 high. The output voltage at output 304 is sensed by controller
34 by sensing the voltage on output line 20D.
Transistor 308 acts as an AND gate, with inputs 302 and 306. If inputs
25 302 and 306 are both high, a current flows through transistor 308, turning on
transistor 322. Transistor 322 acts as a drive transistor, driving output 304. If
switch 310 is open (i.e., resistor present), the voltage at output 304 will be high,
indicating a logical 1. If switch 310 is closed (i.e., resistor not present), the
voltage at output 304 will be low, indicating a logical 0. Transistor 316 is used
30 as an active pull down to prevent leakage current from transistor 308 from

turning on transistor 322 when transistor 322 should be off. Transistor 316 is



V. ROM CONTENTS 5 Figure 4 is a table illustrating information stored in
ROM 16A according to one enbodi nent of the present invention. Table 400

i ncl udes wodBPE®éi ne identifiers 402, encode enabl e |i necCirdsar/eBuers 404,
bit type identifiers 406A and 406B (collectively referred to as bit type
identifiers 406), bit values 408, and fields 410A-410J (collectively
referred to as fields 410). Table 400 is divided 10 into portion 412 and
portion 414. Portion 412 of table 400 represents information associated
with fusible bits, as indicated by fusible type identifier 406A. Portion

414 of tablg,408, HERieReRkend &HconBRbMinpasIel lagledWhet umedied  bits, as
i ndi cated by nasked type identifier 406B. Each one of the address |ine

i denti fi er srad@gor 3y divents aignelrom tepasisos 308 fRE8UBHA (shown in Figure 1),
and 15 corresponds to either a fusible bit or a masked bit. Both the
fusible and the nasked bits are nunbered 1-13, indicating the particul ar
address |ipg. 20RORSCONTENGSG W th the bit. Encode enable line identifiers

404 indicate the encode enable |line 20B or 20C tkﬁhgﬂ[@& be g.et in order
to sel e®t the cdligwsfonaiahly ifpstrating nformatpnsiergdin PrHE“ M 8entifiers
404 corresponds ihdefit of SRE 0T 4410 80PRBuddd i deles Sineised to sel ect
fusi bl e bi lt?%Pg%el&lgoéllh{r’?ﬁéoncod@ggeﬁggﬁghﬁ?@ne i denti fiuers 404 corresponds to

second encedatigraie, bidode 206]e Inkd identifeeru4@H bitdypeddensfierndiideandyi t s.
Fusible bits 1-13 and masked, bits.1-13. are.di vided, i ality of
fields 41040BBLROISCHVEIN releest 6 ashichvPY P‘%P‘dﬁ"z{i%b@ngﬂfﬁ {elgs goggik“ltﬁ val ue 408.
Wen a 25 f@l&s 41@%;@101 (Ed11eb@vely Reval ensifRaliscabR dTible 40Giscividess pondi ng bi t
val ue 408. en a bit is not set, it has a value of 0. |In one enbodi nent,
f usi bl @0bi tistolpolBorahit? andgpoktiah 44t Portiamd b ¢f talde 40QFPHFCMANuf act ure of ROM

16A. In an .alternative. embodi.nent ..fusi.bk. i .

post - manuf éE%qu‘inéu%‘? awti%%}tg@sgg{e biis: é:sﬁgé]l? ?tgérilégf%%%%t , E%%%ﬁ?g{a\ i ncl udes

al | fusi bl gdgiat spdrioP1Béiies10 a0 Ypraens iifocthantassemtad Withimaskahn be set

post - manuf acture. 10 WD 03/ 029006 PCT/ USQ2/ 27849 TF&?FE%:uq%g¥eness field
Geryre

410A i ncl udsts, avistlispied by mypskerl type 1deptifieret 0ok FAchent © s 11-13 are
145, Ae. ot PBHIE B Rt SRR, Do IR, (CHRRE Ml ARufces) AgnCe of ToR
15  corresponds to either a fusible bit or a masked bit. Both the fusible and the
masked bits are numbered 1-13, indicating the particular address line 20A
associated with the bit. Encode enable line identifiers 404 indicate the encode
enable line 20B or 20C that must be set in order to select the corresponding bit.
A “1” in encode enable line identifiers 404 corresponds to first encode enable
20 line 20B, which is used to select fusible bits. A “2” in encode enable line
identifiers 404 corresponds to second encode enable line 20C, which is used to
select masked bits.
Fusible bits 1-13 and masked bits 1-13 are divided into a plurality of
fields 410. Each bitin a particular field 410 includes a bit value 408. When a
25  bitis set, it has the value indicated in its corresponding bit value 408. When a
bit is not set, it has a value of 0. In one embodiment, fusible bits 1-13 and
masked bits 1-13 are set during manufacture of ROM 16A. In an alternative
embodiment, fusible bits 1-13 are set post-manufacture of ROM 16A. Also, as

mentioned above, ROM 16A includes all fusible bits in an alternative

30 embodiment, so all bits can be set post-manufacture.
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measured resistance of TSR 14B are taken from colum 202B of | ookup table 5
200. As will be described further below, the TSR bits are also used to
provi de wen3omogueness information. Ink fill field 410B ipaglusdzg7siusi bl e
bits 9-10. In one enbodiment, fusible bits 9-10 provide a reference |evel
or trigger level to determi ne when a low ink warning should be displayed.
10 Marketing field 410C includes fusible bits 5-8. In one enbodi nent,
fusible bits 5-8 are used to identify whether an inkjet cartridge can be
used in a particular printer. TSR/ Pen uni queness field 410D incl udes

fusible bits 1-4SR/PePMfqueBRAEIABIOA ifdisdebfgsilile bits 11-43alreonehe | east
significant 4 bits representing the 15 neasured resistance of TSR 14B. As

ment i oned abbedimetdulibleditsddriSyen thergost pienitirents PEyrepEssEng e of TSR 14B
are taken from col umm_ 202 |00k VY] i ri bed
furt her bell%%?“f{ﬁﬁées’f%ﬁcﬁi"? 18R 1480 (AP mEARY B 25OV, ﬂézoéwr%ﬂre&ﬁug@% I

are al'so use O provi en uni queness
i nf or mat i ORpeReRd YN AMRBOS TSRI 1@IBtard 14kEn ifioed clemni2A2Refl ldpkog tabke 13. I n one

20 enbodi nent, nmasked bits 12-13 are the significant twa bits of a
random 5nurd98r Astuill besdeé@él?difwll%HF]QWGB}eﬁ}”ttﬁm%@ﬂéﬁ&{?rﬁraﬂgﬁess fields
410A and 410D ' . pen uni queness value for inkjet cartridge 12.
Field 410Fﬂengptq&8§é5%%t§§%&bo?lt 11. I n one enbodi ment, nmasked bit 11 is not

used to store dahR fillsficld 4E0Bl inthlEs fusitileibies9-t1Ae It eng empkodinynt, fusible  not
assigned). 25 Field 410G.incl udes masked bi 1.0 prent, nmasked
bit 10 prohidslhpryide 315E581c8 VFﬁ‘?rc}Pﬁﬁetrﬂ%e.lt“?:%e(e%?lgnﬂigﬁl&ll %m%s masked bi t
9. I'n one epRQdi-"RBhId HAREHRHRI t 9 is a parity bit used in association
with the bits gfgigﬁespondi ng fo pen type field 4101. Pen type field 4101

i ncl udas masked Matletibg Sieldi4106 acledasdusiblerhits 530 WeanesmBtd™5. g provi de an
16 11 W0 B3PIaIsGE B Sy SneHEE b AT chldeq P S RER TG Nies
masked bit Spalidhlad pieiie enbodi ment, masked bits 1-4 are the |east
stonificant 4 b ’}“gRl%cen?mirq?ng?eggn finlglrIlbl%{) i%(tjlazlesl t%si'[l)iseebqtsl lr-]4. In one
embodiment, fusible bits 1-4 are the least significant 4 bits representing the
15 measured resistance of TSR 14B. As mentioned above, the bits representing the
measured resistance of TSR 14B are taken from column 202B of lookup table
200. As will be described further below, the TSR bits are also used to provide
pen uniqueness information.
' Pen uniqueness field 410E includes masked bits 12-13. In one
720 embodiment, masked bits 12-13 are the most significant two bits of a random
number that is used in conjunction with TSR/Pen uniqueness fields 410A and
410D to provide a pen uniqueness value for inkjet cartridge 12.
Field 410F includes masked bit 11. In one embodiment, masked bit 11 is
not used to store data, so field 410F includes the letters “NA” (i.e., not assigned).
25 Field 410G includes masked bit 10. In one embodiment, masked bit 10
provides nozzle location information.
Field 410H includes masked bit 9. In one embodiment, masked bit 9 is a
parity bit used in association with the bits corresponding to pen type field 4101
Pen type field 4101 includes masked bits 5-8. In one embodiment, ’
30 masked bits 5-8 provide an identification of the type of inkjet cartridge that is

associated with ROM 16A.

11



conjunction wth TSR/ Pen uni queness fields 410A and 410D to provide a pen
uni queness value for inkjet cartridge 12. The pen uni queness val ue,

conpri si nyoIsfewbels 410A, 410D, 410E, and 410J, uniquely ipdentSot/2mg9 an
inkjet cartridge 12, which allows printer controller 34 to determ ne when
a new inkjet cartridge has been installed. In one enbodinent, if the pen
uni queness value of a newy inserted cartridge is different than the | ast
three cartridges inserted, the printer wll behave as if a new cartridge
has been inserted, and may performan 10 alignnent schene, an ink |evel
sense reset and RemthhehdsifRIA4 10JAnclitics MaskedbitsobtalmendGhbodimedf ance
information fromfields 410A and 410D in ROM 16A, and can .determ ne the

t enper at ur enasked hitj & ave thetlpashsignifisartdiits of a rangom R'émb?régf‘tdweﬁ M nting

systens, printer .10 . per iy £ ; measur enent
of the r esi?fl)é(]ﬁ‘ﬁtéo%?vggg%lqgé ‘5@‘%{‘&&%6% inlgrAtn%@%%O?r %&’FB}’;%E? i&gi ent of

resi st ance yplfRhessathetiLinkps tatradyed 20 ThE $Bh udigBeradtss saloerdoriprisingnper at ur e
(which is encoded in fields 410A and _410De_ﬁiln ..ROM 1?(@%, rﬁii ntlﬁr 10 can

det ermi e flicdn HiOeA1PRet His and 41QJe Hpigpely ifeatifies amhig Ca‘g‘? §t'fiead assenbly
14. Printer_,L ' P HASRIES: idtlcanid 16A, which
i ncl udes th‘gﬁig?l%@%ggb%&pl n gpﬁg%zﬂgnrﬂel n fiel dssaﬁ%{,&ﬁgg]d 20 410D, as well as
a random nugeginstdlleth i shaemdddmeninif thelPeh uriquepessoralysr ofrt@ewlypr oduct s, the

TSRs have been designed to _have. th a | engt.h f.or eve i.nkl.et printhead
assenbl y di@sesiedgaridss s diffcrepdhan ﬁgiaﬁpg’ﬁ%es‘i%glggeﬁlgs%rge\%ﬁ%ﬁgms%ne ISlom' nal
resi stance QOfy QU a2t newQaRthidBe hakbeePIR¥HELE afd GlagPeFormegr ee of
randommess to the pen uni queness val ues, in one 25 enbodi nent of the

pr esent 10 nvaigninent schmey zmigh lofel Tre teattipad cperey icalipfationoA and 410D i s
extended by fabrjcati TSRS B_w ' ' iS5t ance val ues,
as descri bgd in #W%ﬁg@ogwgﬂ%ﬁﬁg%q%t\%ﬁce@#f%&ﬁ%&%%@3%f(%l§g§re 5A is an
enl arged t op10p BYROM 86 A Adridatah deleaniat hepefipeaturs 00inddet pfislReddtB. 1 n one

enbodi ment, variable |ength portion 500 is positi gr}ﬁd near 2 12 WO
03/ 029006 PGFsy42 Agnike prexigys priving syieas: ponter 18 GORKPHNaYE ot head

aseemoly O Sfdifh LRy LPhAYOL mb RGP0 R ResitNEe W FSN A1 B! udes ot her

portions co o varla portio _
15 knowing the thermal coefficient of resistance (TCR), and the resistance of TSR

14B at a certain temperature (which is encoded in fields 410A and 410D in
ROM 16A), printer 10 can determine from other factors the temperature of inkjet
printhead assembly 14. Printer 10 can also obtain a pen uniqueness value from
ROM 16A, which includes the encoded TSR information in fields 410A and

20 410D, as well as a random number from fields 410E and 4101].

In prior printer products, the TSRs have been designed to have the same
length for every inkjet printhead assembly die on a wafer, and have been
designed to have the same nominal resistance of about 240-250 ohms. To
provide a greater degree of randomness to the pen uniqueness values, in one

25  embodiment of the present invention, the range of TSR values in fields 410A
and 410D is extended by fabricating TSRs 14B with different nominal resistance

values, as described in further detail below.
V. VARIABLE TSR

30 Figure 5A is an enlarged top view of a variable length portion 500 of
TSR 14B. In one embodiment, variable length portion 500 is positioned near a

12



that extend to other regions of the inkjet printhead assenbly die. Variable
TSR portion 500 includes serpentine-shaped region 502 having 5 a plurality
of transiwpDoa/0emgé ons 506 near the top and the bottom of Perpsn2/218¢9 regi on
502. In one enbodi ment, current enters TSR portion 500 through conductor
508, noves up and down through the nultiple |legs of serpentine region 502,
and then exits through conductor 504. In one formof the invention, the
design for TSR portion 500 is included 10 in the die database for inkjet
printhead assenbly 14. TSR portion 500 is formed using standard

fabri cati onofecBRaMeSof thainkjeiitiad apesibly dig. & omtfaokmldyler, and etching
the nmetal |ayer using an appropriate photomask to q}ene ate the ,Berpenti ne
shape 502 shesmtion TSR B elssAnclmles atker pertiogs gerried WrgEaP Aot ¢ he
vari abl e TSR portion L0, El iR a shorting bar or

j umper 510%5%&%[@{180 9/@%& e?&glwragg%??@%éﬁ%waﬂggsr%ﬁﬁ%&gbo, and

cor r espondi ngl y,virhele ESR pbainacs00findlbéesaatpentmeTbRpdiBeicBHdRthariggbar 510

effectively shortens TSR portion_ 500 by short;j the first few transition
r egi ons 5506 Plawtityt ¢fdransition FeHensIER 158t ﬁ’?éﬁ’? %‘Io‘ggi?ﬂté‘?%ﬁ SERINEng t he

nom nal 1 esicakadns. B ol Bk ineriochiint engisalsiopion sop arigugonn [hr ough t he

20 first fe serpentine portion 502, nost of the current will flow
hori zont al | gontitirton s, sloves ipanddowisthfoughtthe mukitplelges ehterpadispes about

hal fway across rpentine portion 502, apd then the current wll start
f1 owi ng up BEQD 5§§»v%‘ tﬂPano"dij‘I% t{‘WBgl?ﬁ uﬁ'ioﬁg&}'egs of serpentine portion 502

and exit throughy (GEREMEEONe 20*NtidD, thod&s fBfPeRipreidn 5000y indlidetier ent
| engt hs of TSR 14B (and four different nom nal resistance val ues) are

provi ded oninghedie databsserforinkist pynthred assergblyy 145 TSRapqrEign e0G5ROPRS | on 500

with a variable |en shortin ; [ di nment,
five differ%is §t@ﬁ6ﬁ§b8?§xp§§e<%w%ﬂ{e 5?}1@%@/&%31?@2@&% Ili)lgir:fll(l)qua};?“r?gImi)(?esi st ance
val ues) ar ectpifyY itdasktfNaferdingran Pprpiiaryhbensshio F@Rra80tHeengt hs may be

provided in addrtional alternative enpodi nents. 13 WO 03/ 029006
PCT/ US02/ 2 78agentighghape SHL showm i Big - invention provides a method of

fabricating vari '2{11% SR ALANG S SRS idwlof (K vEan TR HRAGLASTRARBIhES
wi t hout the need to

15  inFigure 5A, with a shorting bar or jumper 510 added to vary the resistance of
portion 500, and correspondingly, the resistance of the entire TSR 14B.

Shorting bar 510 effectively shortens TSR portion 500 by shorting the first few
transition regions 506 near the bottom of TSR portion 500, thereby changing the
nominal resistance of TSR 14B. So instead of going up and down through the

20 first few legs of serpentine portion 502, most of the current will flow
horizontally through shorting bar 510 until the current reaches about halfway
across serpentine portion 502, and then the current will start flowing up and
down through the remaining legs of serpentine portion 502 and exit through
conductor 504.

25 In one embodiment, four different lengths of TSR 14B (and four different
nominal resistance values) are provided on a wafer by modifying the length of
variable TSR portion 500 with a variable length shorting bar 510. In an
alternative embodiment, five different lengths of TSR 14B (and five different
nominal resistance values) are provided on a wafer. Other numbers of TSR

30 lengths may be provided in additional alternative embodiments.
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design a unique inkjet printhead assenbly die for each desired TSR nom nal
resi stance value. In one enbodi nent, variable |length shorting bars 510 are
5 added iwotoh@29vesk frane instead of the inkjet printheadprPasgsobbigedi e.
Thus, nmask frane data (rather than die data) is used to make m nor

nodi fications to the length of the TSRs 14B on a wafer. One generic inkjet
printhead assenbly die design is replicated multiple tinmes on a wafer (or
multiple wafers). In one formof the invention, there are 10 280 i nkjet
printhead assenbly die formed on a wafer. A database contains soft copies

of the generic @R @8 ofike pfdient it RionProvilidiendethss effabyicating i s desi gned
once, and the design is put in 280 tines into a full wafer photomask. In
addition tvarighle resastance THBs phiskistasrthgad assemblicsgwithoytdAheneedi!d  The frame is

general |y Jborder arqund .each.i ndi vi |, di 3 @k 1S stored
separ at el y%F?‘lg%atuﬁbquf%rﬁ{é‘?qé’%Q}e%q aghgié%ltlfgir@réofésag? g%gt% ?vfrrei y large, has only a
f ew f eat ur gssjéthndetvali@N @ BSembaiiient, @4ridBOledpth. shdiieg bamfd Oiase popul at ed with

280 copies of the generic inkjet printhead assenbly die ntained in the
di e dat Abasddedringhe paslpirpme nsérad of fltealpli%%mftg?ad@é%@?{ Ay C@%i abl e | ength

shorting bars,510, tdal8 iR 9 RBRE mifrRistigomeks W th four or
five die sﬁ% s%(%}‘agne %a ﬁé&gg{th%gagodgyﬁér five i nkjmtlat rpri nt head assenbly die
woul d be prihdtedgih dfhiee T$koi4Brask wader. d be noved, four or five nore die
woul d be printed, and the_ . praocess,woul d be repeated.,until di e have
been generated. B ERH¢ IWQPPH&‘?@ aﬁ‘SSngyo(ﬁefl? lai“?h.‘:%‘%fl ﬁ%‘ﬁﬁ St omask coul d

be inserteq;jn LAF 8 m AR QPERSK). BB ford® ofthé Ulventied, elierp et omask. The
four or fi \c/heﬂl%%de}l?‘g tﬁlgﬁgﬂlotomsk v&)ul d be 25 substantially i d%nti cal,

except 10hat280tiekjovpunthéad afseanbdy digdormerben # wgfasaPddatrbasegontaims $athg | ength to

produce TSRs 14B_.aof varyi noni n resi st. i iBid ®signtpr 9raph 600
i |1 ustrati rigPlaset a%eﬂ?%%&ggﬁ“g%‘s?%? glniéet%brﬂ@l%qu %Sls:%?ﬂ&glﬂsy of 1 nkj et
printhead ageenditRS ddfenap pat iniZs0ltensvdhera fuldwafdrghbmaskbnimaddigen s, there
is alist of pen nunbers ranging from1 to 100 ch of whi 30 represents

one i nkj et tordindifadhc phatempkyalsuinglydes Kpmeg ﬁ@?vﬂhgﬁ?mfi i %‘?ﬂ?ra(hg’rﬁ)odi nent ,
031 029006 et 5o s TR SR Rr R B R o "k s
shows rigsi sdigdeq. Tk d@seiinreddtivelyf karge, has only a few features in it, and has
spots for 280 die. The frame is populated with 280 copies of the generic inkjet
printhead assembly die contained in the die database. The frame includes
features for generating variable length shorting bars 510.
In an alternative embodiment, a photomask with four or five die spots is
20 used. So four or five inkjet printhead assembly die would be printed, the
photomask would be moved, four or five more die would be printed, and the
process would be repeated until 280 die have been generated. Alternatively, the
four or five die in the photomask could be inserted into a larger photomask, such
as a full wafer photomask. The four or five die in the photomask would be
25  substantially identical, except that the overlaid frame adds shorting bars 510 of
varying length to produce TSRs 14B of varying nominal resistance.
Figure 6 is a bar graph 600 illustrating the measured TSR resistance from
a plurality of inkjet printhead assemblies 14 on a single wafer. On the horizontal
axis, there is a list of pen numbers ranging from 1 to 100, each of which
30 represents one inkjet printhead assembly 14 on a single wafer. In one

embodiment, there are up to 280 inkjet printhead assemblies on a wafer, but only

14



TSRs 14B. As indicated by graph 600, there are four different |engths of
TSRs 14B (and four different nom nal resistance values) for the inkjet
pri nt headwasserdhé es 5 14 on the wafer (which are identi fPcadiSby218¢d er ence
nunbers 602A, 602B, 602C, and 602D). Despite being designed for the sane
nom nal resistance, the TSR resistance varies within each one of the four
groups 602A, 602B, 602C, and 602D, because of nmanufacturing tol erances.
Thus, in addition to the designed four (or five) nom nal resistance
differences, there is a range of TSR resistance 10 values within each group
602A, 602B,106Q2CshowinG92R: 8 ThSRertitABxisThows iitkie salnet it it h, and
mat eri al conposition of the TSRs 14B may vary across the wafer. So even

t hough t he TSB®s14B4B are designed for a nonminal point, there is a certain

range of rreasur t C Muf tue of these
parts. 15 Wthi glgwaﬁfﬁ’g&w@& & %%@g%%@ﬁ&éﬁ%% ; of T%%s IEB if the
truncated r@sd fduiAEeriandhigl r@fearToRalbéS fustht aﬂqﬂ:rpmm@had asemaliet her TSR

14B h the two TSRs 14B wil| di f f t
sat of Yo e e By FTerers eORaRa 338 S5 T 1"
there is f%%@?éﬁ ?Eﬁﬂ%e %&%@&gﬁﬁﬁfé O DRIRETedifince! BaBRed T esi stance

val ues of have the sanme set of seven bits in
fields 410AcsmdnceddDios whithin etahhaom;ldfﬂhe(ﬁmmlgrm;tssﬁoﬂﬁ 6028, $92¢108 and 410J wil |

cause a variation in the en uni gueness 0 i ndi cat es
that, if t HO2EbRe WCP%@?@{% ﬁ%?f?f}?ss %%édo no de%a@ug%ble t he

only vari atd,0nd:Five) ﬁ(glﬁ&al‘lr%gétaﬁéyjdﬁé&?cesw&djis heaideef MSRatekiviahge M nor
resi stance varl ation that occurs within a si nal e 25 grou 602A, 602B, 602C,

or 60200 Amhlmdse;vﬂthlkeath‘gro@ @GZPgéDtZBn@O%ﬂndé 2l oEheBs 148 s that are the
| d di d d
stores the SaiiEiseiroy ey Fallnaf bolth AFGARL TSRY 785 k) GAEOCCS B

printer conpen@nihe wafed Sé B%n&ﬁ&ugﬁ*JmHTFBREQS,Btah@dess@ﬂdfmraIamnhaig measur ement
har dware and the associated 30 cost. Printer 10.is, g}eef orglt able to use
he

t he encodedpaat shes¢ Er?gcevwlﬁlﬁa%d%ftm%lﬁ‘ﬁ?meméélﬂ%l”‘§11t°6°‘HéTt‘ il

'I[D(Ca:[rr}jﬁlrsgtzfrz(;%%%u (I’:tlu{]et&qﬁge%ﬁﬁgnb| y 14, wi thout 15 WO 03/029006

15 ~ Within each group 6024, 602B, 602C, or 602D of TSRs 14B, if the

truncated resistance value of one TSR 14B varies enough from another TSR 14B

(e.g., one ohm or more), the two TSRs 14B will be assigned a different set of
TSR bits (which are stored in fields 410A and 410D of ROM 16A. If there is
not more than one ohm separation between the truncated resistance values of

20 TSRs 14B, the TSRs 14B will have the same set of seven bits in fields 410A and
410D, but the additional bits in fields 410E and 410J will cause a variation in the
pen uniqueness value. Graph 600 also indicates that, if the nominal resistance of
the TSRs 14B were not variable, the only variation in fields 410A and 410D
would be the relatively minor resistance variation that occurs within a single

25  group 602A, 602B, 602C, or 602D. And the likelihood of getting pen
uniqueness values that are the same would go up.

One embodiment of the present invention encodes and stores the TSR
resistance at a certain temperature in a replaceable printer component, and
thereby eliminates the need for analog measurement hardware and the associated

30 cost. Printer 10 is, therefore, able to use the encoded data along with additional

factors to determine the temperature of printhead assembly 14, without

15



performng the previously required initial anal og neasurenent of the TSR
resi stance. Enbodi nents of the present invention al so address the problem
of the I|wpiBewopunber of bits that are typically avail ablPETIUS0OZA27849

repl aceable printer 5 conmponent nmenory by double using certain bits, and

t hereby avoid the additional cost for adding nore bits. In one enbodinent,
bits that represent one type of information (e.g., pen uni queness
information.) are also used to represent encoded TSR information. Al so, in
enbodi ments of the present invention, the nom nal resistance of the TSRs
i's varied ig@rfEﬁﬁ‘i ng%ﬁélbi’e{uﬂﬁsl&%quﬁ@dﬁﬂﬁﬁ dnhRgmangeeklndf tHSKSRI t val ues, and
t hereby provide re randonmnhess or uni queness for the pen uni gueness

val ues. Al trésisigicespeci fi ¢ enbodi ments have been illustrated and descri bed

herein for pur pﬁ%gé@w%gﬁg{hﬁggesggﬁg ?ntn%ﬁa o%dﬂfe@?gxh‘;)mﬂéﬁl@ﬂfe it will be

appreci ated by e art t a wde variety of

al ternate Jgnigihbes @Ebiaiheitre tygﬁ)da@llyanm&tﬂl@msamphcdzﬂalesprhﬁdm tuted for the
specific enbodi nents shown and scri be t de g fromthe scope
of the SpreoEPOnErvesRerERY dppbls ESIRECRITER, tfH’Bb}é h’ﬁ mechani cal ,

el ectro- gigsg GPlost for &Mlé ﬁl%kc 9% iﬁgEHfb%&n?ernft Sblt‘é"ﬂ{a‘t rép?@@hﬂ dheappr eci at e
that the pr |nven|onma elrrp enented in a very wde variety of
enbodi ment sypeltff infotthatppld. gapmmmq&nessﬁdmﬂaamrb am)als-‘ruféd;w BERsseRt i ons or
vari ations o? the preferred nbod neF d|§c?ﬁqed he{ ;h refore, it is
mani f est |y q%@%@%‘ﬂfﬁ?ﬁﬁﬁwps 150, (i %‘ﬁmSBS SREFONTY & claims and
the equi Valrﬁ)%ﬁaltﬂgﬁgtﬁﬁ’dce of M YR 03/134 99 Hombkediaddoing %ﬁﬁék@ase\fﬁbﬁiﬁngﬁ CLAI MED
IS: 1. A replaceab rinter conponent (14) conprising: a therml sense
resi stdo (MB)SR\buwa]gea ahdl theteby @sodtlamors raademaess O PRIGUsRSss b dher i er (510)
coupled to the thermal sense resistor for nodifying the first resistance.
2. The repl ECSEHIEESY UsP conponent of claim1, and further conprising: a

menory (16A) for Afh&igdhNgedfit 6absdiaRas haat becwilipstesehindnigsaibedgni t ude  of

the nodified first resistance.
herein for purposes of description of the preferred embodiment, it will be

appreciated by those of ordinary skill in the art that a wide variety of alternate

15 and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present invention. Those with skill in the chemical, mechanical, electro-
mechanical, electrical, and computer arts will readily appreciate that the present
invention may be implemented in a very wide variety of embodiments. This

20  application is intended to cover any adaptations or variations of the preferred
embodiments discussed herein. Therefore, it is manifestly intended that this

invention be limited only by the claims and the equivalents thereof.
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3. The repl aceabl e printer conponent of claim2, wherein the nenory is a
ROM 4. The repl aceabl e printer conponent of claim2, wherein the stored
resi st ancwowaloes®o@al so represents at |east a portion of a ®exarsd2pispe of
component information. 5. The replaceable printer conponent of claim1,
wherein the resistance nodifier is a conductor for shorting a portion of
the thernmal sense resistor. 6. A nethod of formng a plurality of

repl aceabl e printer conponents (14) wth thernmal sense resistors (14B)
havi ng varyi ng nom nal resistance values, the nethod conprising: providing
a waf er; fogpAeis beAphaig:ty of replaceable printer conponents on the
wafer, the plruarality of replaceable printer conponents each including a
thermal sense resistor, each thermal sense resistor having substantially

t he sane nom nal , resistance: } rality of resistance
nodi fiers (510) %ﬁqﬁﬁgawg@gp?r?ﬁgpgﬁ%ﬁ*ggftyngﬁgésistance nodi fi ers
configured to nogikymilkenseasdistial (14B3 hatiaga dirsifresisk@ncdOuli3/ 029006

PCT/ US02/ 27849 the plurality of thernm|l sense resistors, thereby formng
thermal sense rexfesistinge medificn P 10AFuniEs 194 mAlSENeIEHYEr 5l ues. 7. The

met hod of cl aj.m. ; conprising: providing a plurality of
nMenori es (1%%?1%1353%%%%1§@§é0ci ated with one of the plurality of

repl aceabl e printer conponents; measuring the resistance of each of the
thermal sense resjstors; and. storin resi.stance.val ue in.each of the
plurality o menbhsEplace ep‘?‘&%‘i‘?ﬂ"&?ﬁ’%@n |°33émi aggg}{%%%n%ns?%r esenting a
magni t ude of the, gRAJH A) 6584t &kRNE R sRiant 8 Qalhb edpi@entBRNEagEitidst or
associated with %ﬁ% ne]ﬁm@frky.) 8. Thlgg]net hod of claim®6, wherein each of the
plurality obf theplosifiablimst repistanteer conmponents is formed based on a single

set of generic die data. 9. The nethod of claim8, wherein each of the
plurality of resistance nodifiers is fornmed based on mask franme data.

3. The replaceable printer component of claim 2, wherein the memory isa
ROM.
4. The replaceable printer component of claim 2, wherein the stored

resistance value also represents at least a portion of a second type of component

information.

5. The replaceable printer component of claim 1, wherein the resistance

modifier is a conductor for shorting a portion of the thermal sense resistor.

6. A method of forming a plurality of replaceable printer components (14)
with thermal sense resistors (14B) having varying nominal resistance values, the
method comprising:

providing a wafer;

forming the plurality of replaceable printer components on the wafer, the
plurality of replaceable printer components each including a thermal sense
resistor, each thermal sense resistor having substantially the same nominal
resistance; and

forming a plurality of resistance modifiers (510) on the wafer, the

plurality of resistance modifiers configured to modify the nominal resistance of

17



10. A printing system conprising: an inkjet printhead assembly (14)
including at |east one inkjet printhead (14A) for selectively depositing

i nk dr opsworespedoné nmedia (32); an ink supply (26) for storcmgsomkrssd be
provided to the at least one inkjet printhead; a thermal sense resistor
(14B) having a first resistance; a resistance nodifier (510) coupled to the
thermal sense resistor for nodifying the first resistance; a nenory device
(16A) for storing a resistance value representing a nagnitude of the

nodi fied first resistance; and a controller (34) coupled to the nenory

devi ce and (g LSRAMNES) YEihbAn bR kesislrs therebPomingitivimal seisaeesisvorsr ol | er
configured to determne a tenperature of a conponent within the printing

syst em basadviag vaeasg nomingbresistonce ¥aduest ored resi stance val ue. 18

7. The method of claim 6, and further comprising:

providing a plurality of memories (16A), each memory associated with
one of the plurality of replaceable printer components;

measuring the resistance of each of the thermal sense resistors; and

storing a resistance value in each of the plurality of memories, the
resistance value in each memory representing a magnitude of the measured

resistance of the thermal sense resistor associated with the memory.

8. The method of claim 6, wherein each of the plurality of replaceable

printer components is formed based on a single set of generic die data.

9. The method of claim 8, wherein each of the plurality of resistance

~ modifiers is formed based on mask frame data.

10. A printing system comprising:

an inkjet printhead assembly (14) including at least one inkjet printhead
(14A) for selectively depositing ink drops on print media (32);

an ink supply (26) for storing ink to be provided to the at least one inkjet
printhead;

a thermal sense resistor (14B) having a first resistance;

a resistance modifier (510) coupled to the thermal sense resistor for
modifying the first resistance;

a memory device (16A) for storing a resistance value representing a
magnitude of the modified first resistance; and

a controller (34) coupled to the memory device and responsive to output
of the memory device, the controller configured to determine a temperature ofa
component within the printing system based at least in part on the stored

resistance value.
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