WD 02/ 096655 PCT/ US02/ 16507 5 ROBUST BI T SCHEME FOR A MEMORY OF A
REPLACEABLE PRI NTER COVPONENT The Field of the Invention 10 The present

i nvent i onwoakabassto printers and to nenories for printerCT/U¥2/@6507
particularly, the invention relates to a robust bit schene for a nenory of
a replaceable printer conponent. 15 Background of the Invention The art of
inkjet technology is relatively well devel oped. Comrercial products such
as conputer printers, graphics plotters, and facsim | e machines have been
i npl enented with inkjet technology for producing printed nedia. 20
Generally, an inkjet image is formed pursuant to precise placenent on a
print mediumof ink drops emitted by an ink drop generating device known
as an inkjet printhead assenbly. An inkjet printhead assenbly includes at
| east onec printhead. Ty < | Rt enbly is supported
on a novable carriage %llgg?%ﬁ%gle??gs%@ﬂé&ﬂggrﬁmﬁf the print nmedium
and is controlled to 20F &4 REPLACEABRE PRENEERAPOMPONENT t i mes pursuant to
command of a mcroconputer or other controller, wherein the timng of the
application of the ink drops is intended to correspond to a pattern of

pi xel s of the image being printed. Inkjet printers have at |east one ink
supply. An ink supply includes an ink container having an ink reservoir.
The ink supply can be housed t ofetfeld d0henventidre i nkj et print head assenbly
in an inﬁbet cartridge or pen, or can be housed separately. Wen the ink
supply is”housed separately fromthe inkjet printhead assenbly, users can
replace the ink suplpfesehtii@intion @AkRS tOBriktOE ah@kd MemieOidrpadterassenbl y.
The inkjet printhead assenbly is then replaced at or near the end of the
print head | i NMorepaticabelywhennenton rilates i ipbis bitsghepee fpr ameyDf 896655
PCT/USOZ/165%%ﬂagﬂgEgpﬁﬁg%gﬁ%g&ﬁﬁysten; typically include one or nore

repl aceabl e prlﬁier onponents, 1 ncluding inkjet cartridges, inkjet
pri nt head assenblies, and ink supplies. Some existing systens provide

t hese replaceabl e printer conpgnents .
15 Background of the Invention

The art of inkjet technology is relatively well developed. Commercial
products such as computer printers, graphics plotters, and facsimile machines
have been implemented with inkjet technology for producing printed media.

20  Generally, an inkjet image is formed pursuant to precise placement on a print
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

25  eject drops of ink at appropriate times pursuant to command of a microcomputer
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

30  with the inkjet printhead assembly in an inkjet cartridge or pen, or can be housed
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.

1



W th on-board nenory to conmunicate information to a printer about the 5
repl aceabl e conponent. The on-board nenory, for an inkjet cartridge for
exanpl e, way2st@s® | nformati on such as pen type, unique peaTasdeiesink fill

| evel, marketing information, as well as other information. Such a nenory
may al so store other information about the ink container, such as current
ink level infor mﬁumt pritter smtcmseveilcalﬂsnimglrusiapnmr ware ngplaceallesprinteted to t he

10 i ndi k. L b h
"k T ovel 1 ApBRRAT oA G ept LRI ER SR SRR et e 1

contai ner. Ishpplies. Saie eﬁ(ﬁﬁﬁ%‘dﬁﬂexﬂs’p@vi@iﬁzItlﬂHséEeﬁlidéHblapﬂhteﬂt@hp@@ffﬂonent
menory cont ains an error e printer W){(I) perfor m an |1 ncorrect action, or

may be unabl ewtfoomb@ardm@npﬂrvm EPMEYRSAISHOrMEBIROAPTEVIAPORE)C be t he resul t
O o oS o skl 3nBon 8RO E oh Hbfa hindh, RAARSRSe! dARABORR) L9 (N

menory to ot h nter nponen suc er controller, or from
sone ot her preabmpm miat/ sfose ﬁhéamaabheudmashnueym, DRigDE perseddenimkifiiblevéls mor e
robust than current . nenory schemes used .in repI ceabl e printer conponents

to detect andnﬁ‘fb‘?tﬂ‘@df‘f‘)f’é‘ﬁ?l%‘@s&i‘?aaﬁro JeomRAtione SUGH R aémfm%w 20
Sunmary of the,l Béﬁ%f‘ @%amﬁ as&ﬁ%ﬁ@fnklcwemek %nclpasoeﬂrfé%m% 184 hod for

detecting an error received froma nenory of a replaceable printer
conponent . Th&fomaamrry Ttﬁ:ﬁnk teveLioégmatiph garabé trg'nsmltt&tﬂ tosthe phrtentet hod i ncl udes

provi ding_.a f.i arlt ssociated with a f a item The first
data itel and“‘ﬁ‘ﬁ%"’ﬁ] f‘t"%rﬁ’?’fnnﬁ}ge AET%F@%IO?WW%B?’ Hbﬁa]ﬁileér nenory. The
printer inclYgRsmaid Mdadnhb aRftheh&gitfol feplacihg L@pied inkRohtalis. At | east
one of the electrically conductive lines is associated w th each bit. The

first data item adfithe tafrﬁc@,veqdwapyn@r frowraepfrfé%rcpomp@ﬁﬂtth@“{\?,@Yrrerrory An
electrical t eahufls Alerof ARt pRE: My bR SEIELGE LGP BIHEL b BnkbiDeS |8

performed. Amerror temis’i ontheflrst

parity bit rneask tﬂaécpnfnteheoﬂﬁp@iww Sllft(lh etnf‘fxircﬁlnﬁxyttfelthafesﬁlesfa sidreciasrect of the
invention_is directed to a printing systemincluding an _inkjet printhead
for sel edfi velryppPeiegipaiitingy aﬂﬂqsswre?ﬁsouahngmeﬁ?ewmtaOth&ﬁpilﬁtﬁf 2 WD 02/ 096655

PCT/ US02/ 165(&)mponents, such as a printer controller, or from some other problem.

It is desirable to have a memory scheme that is more robust than current
memory schemes used in replaceable printer components to detect and correct
errors and provide uninterrupted operation.

20

Summary of the Invention

The present invention provides a method for detecting an error in data
received from a memory of a replaceable printer component. The memory
25  includes a plurality of bits. The method includes providing a first parity bit
associated with a first data item. The first data item and the first parity bit are
stored in the printer memory. The printer includes a plurality of electrically
conductive lines. At least one of the electrically conductive lines is associated
with each bit. The first data item and the first parity bit are read from the
30 memory. An electrical test of at least one of the electrically conductive lines is
performed. An error in the first data item is identified based on the first parity
bit read from the memory and the electrical test.
One aspect of the invention is directed to a printing system including an

inkjet printhead for selectivé]y depositing ink drops on print media. An ink
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supply stores ink to be provided to the inkjet printhead. A nmenory device
stores a first parity bit and a first data item The first parity bit is
associ at edowedseshe first data item A processor is couplped/uso2/idse7 menory
device by a plurality of electrically conductive lines. The processor is
responsive to output of the 5 nenory device. The processor perforns an

el ectrical teupplyfstasgs inkéxsbe prowided te the inlgpeprinthead| IAymematiudevicestorehes. The

processor identifies an errar in the first dat i.tem based o e first
oty bt ety BRaR BB e hn, DChet B ol \ERDRRE0B AT on | &
directed to d&fistidakd ®ém.CArfro¢edgst i$ Osupidd toithkineinopy deVidetey Splatdity bavi ng a
controller. The inkjet cartridge includes an inkjet 10 printhead assenbly
havi ng at | e&dactisallyicanqustivehings: NehgPregestor deTeapansive|ty od@pbelithe i nk drops on

Kje%'?’?‘glrr\){% @fo%é’sﬁr %ﬁ? aR @1 R4 Q%féa?le%é&ﬁn{gy%‘fﬂ%t

print nedka. A
print head.5 An mé rma orage ce stores a It and a

first data icdemicallpeofiductive iads. tThelpirbcessor adestificsnireerrov ihhhd fist ddtd st dat a
item The first parity bit is, UEEd (2}/ t he coa?trol l er in conjunction with
an el ect ri calitefelased pn hedust pagity by anetheslestiaqal {78t | i nes coupl ed to the

| nformation stora lagsect 8F thel SiVehfidn RMiRELEA o Lﬁin#%é?%a&ﬁ&g%tfog%a i tem
Anot her aspect of the invention is directed to a nenbry for a repl aceabl e
i nkj et pri nt enkjetgmpoimgsystan havimgiardontrgllery Sthe nmkjdttvartnid gomgludas druniéit a
sem condygctor die. A pl lity of circuits, are, fornmed on.the .sen conductor
e, 20" dllon reiniEa e Pbhliite Rl it kR P PR R SRS e bi
in the menor \nk diope o PART Medib OM@SInR shippl $ btofkatink foltRIProWde&th BE Mikijdles
identifying information regarding the replaceable i m'e;gf“ nt er

1t

conponent . Theintheadt Agdnfermnatéon sterage deyitestonsy a finy parif afpest datet o

det er m ne whej her . :.nkj el ' - I S, . opriate
for use in tH%mprT%hﬁrﬁfagf&g?g%p&%é%{iSétgﬁﬁéﬂgsgéggﬁtgﬁggﬂ%g{ﬁ@ﬁ%é first
data item ar gs pselityi the eshtslilesinasvhiukctiyn etBranalecaithbresiodf eldv@ricaigni conduct or
die. Brief Description of the Drawings 30 Figure 1 is an electrical block
di agr am df nmePBAUiyRHBRETAUBIedrto e infaFmation Ypfage devige tuideRtfy 2 STPRE present
i nventi on. Fitﬂé;fifst Bath Stefy, di @gram il lustrating the ROM of the printer shown
in Figure 1.
Another aspect of the invention is directed to a memory for a replaceable

inkjet printer component of a printing system. The memory includes a

semiconductor die. A plurality of circuits are formed on the semiconductor die.
20  Each circuit is associated with and determines the state of a bit in the memory.

The memory stores a first data item, which provides identifying information

regarding the replaceable inkjet printer component. The first data item is useable

by the printing system to determine whether the replaceable inkjet printer

component is appropriate for use in the printing system. The circuits associated
25  with the first data item are positioned substantially near a center of the

semiconductor die.
Brief Description of the Drawings
30 Figure | is an electrical block diagram of major components of an inkjet

printer according to the present invention.

Figure 2 is a diagram illustrating the ROM of the printer shown in Figure



WO 02/ 096655 PCT/ US02/ 16507 Figure 3 is a table illustrating information
stored in an inkjet cartridge nenory according to the present invention.
Fi gure 4Avodmdsshemati c diagram of a circuit for defini ngcrhsoziabe of a
fusible bit of an inkjet cartridge nmenory of the present invention. 5
Figure 4B is a schematic diagramof a circuit for defining the state of a
masked bit of an iHugjred icatabld idigstranngonfpripatiqnssored ésaminkjeteartndgsn. Fi gure
5Ais a table ill ustra%ii n Evvo exan Iveens[i %f bit assignments in an inkjet
cartridge mefofY &S i“ﬁgo r{?ffrﬁsgng}rr)’eserﬂ “invention. Figure 5Bis a table

illustrating the IFiguredaliigareidnsatieldidpr@t o€ aoicd! foRdefifling Uk @4te Of ahas
occurred. Description of the Preferred Enbodi nents In t ﬁe foll ow ng

det ai | ed desdwsipleibyrpf an inkiet Garteflae memosyRfole Resseny inveRtipef er ence is made to
t he acconpanyi ng gfaw r r d | i is shown
by way O]LTBi |1 ustrg{1 onﬂggseé??}fcéﬁaglﬁ%%rﬂngﬁfggﬁéﬁﬁqgﬁﬂﬁﬁg%% S\rfl\é\}éegf?on may be
practiced. | tmdsked bit bfariniijet siratdbetahogtdietic odendinvemicn. may be utilized

and structural or | ogical changes nay be nade wtggut departing fromthe
scope of the presdhurs addnpitdic iltpsiating o\ GXARPlEs OL PIt 8851 GRS Btalon, 20

therefore, ig, QEcahﬁdQ@m ﬁ}gg}nagcgrcﬁné&%ggf&ge‘ﬁ%\lﬁﬁﬁoﬁnd the scope of the

present invention 1s defined by the appended clainms. Figure 1 is an

el ectrical block diggeahinh tablg dlustcaingshebit gssegnnzemts ofldfigure Sgv afteren

accor di ng to theh resent .invention. Inkjet printer 10 includes renovable
inkj et caPtriCHQENSPCUREEh i ncl udes an inkjet printhead assenbly 14, an
integrally 25 nmounted nenory 16, and an ink supply 26. Inkjet cartridge 12
is pluggably renovable fromprinter 10 via interconnects 18. Inkjet
printhead assenbly 14 i ndleseraiogtof|teeBicfasred Hmbadimerty 14A. Menory 16 may
include multiple forms of nenory, including-RAM ROM and EEPROM and
stores data associated with inkjet printhead assenbly 14 and ink supply

26. I n one enbodi meMe follewhigketiled desoniptiunl ©f thk pedferryd smbbdimengat a and
printer-recorded data. In one enbodinent, _nmenory 16 includes a_ 26-bit ROM
16A, havilg 1eferenes smaadsitp she agampanying dray ingsithat forma part hegeat. 3ad in e

oo N S, B ey oAU s R A gl e Presen
invention may be practiced. It is to be understood that other embodiments may
be utilized and structural or logical changes may be made without departing
from the scope of the present invention. The following detailed description,

20  therefore, is not to be taken in a limiting sense, and the scope of the present
invention is defined by the appended claims.

Figure 1 is an electrical block diagram of major components of an inkjet
printer according to the present invention. Inkjet printer 10 includes removable
inkjet cartridge 12, which includes an inkjet printhead assembly 14, an integrally

25  mounted memory 16, and an ink supply 26. Inkjet cartridge 12 is pluggably
removable from printer 10 via interconnects 18. Inkjet printhead assembly 14
includes at least one printhead 14A. Memory 16 may include multiple forms of
memory, including RAM, ROM and EEPROM, and stores data associated with
inkjet printhead assembly 14 and ink supply 26. In one embodiment, memory

30 16 includes factory-written data and printer-recorded data. In one embodiment,
memory 16 includes a 26-bit ROM 16A, having 13 fusible bits, and 13 masked
bits. In an alternative embodiment, all 26 bits are fusible bits. In another form
of the present invention, all 26 bits are masked bits. ROM 16A can also include

a different number of total bits, other than 26 bits. An advantage of using both
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a different nunber of total bits, other than 26 bits. An advantage of using
both 4 WD 02/096655 PCT/ US02/ 16507 fusible and masked bits is that a size
reduct i orwor2/Rles16A may be obtai ned. Each fusible bit megThsSoyedsoby
blowing a resistor in a circuit 400A (shown in Figure 4A) representing the
fusible bit. Each nmasked bit may be set by adding a resistor in a circuit
400B (shown ifnsibiegod enadlgyd bitspis é‘@émslﬂﬂgedumomék@hﬂ HiA maypedbmedenbodi ment,

ROM 16A ed h.inkje head |
crbot ment R CBAOTY L BT RS AT Sl A W 1y e

under st ood byri@ie 48 répréiemtaigyths idible bit. Hach afabkdd it may Bé @ bytabiding a
incorporating 1nkjet printhead assenbly 14 and ink supply 26 into an inkjet

cartri dge 12 redisiRyiata giicii QB shevadriigura 4BArepresarting ihpmaskel bigyinpe
tely 10 _h i ncl ud
coparat el ¥, SO SHBRAsBAY N SOk AR AERRRL R IRAERI ARG, 30 1 15! Udee

control | er 34n afiefativd &abadnent, REMV 26ANSLCH inCagirdtyd with@xhluafppgdw dss |ines
20A, first encode enable |line 20B, second encode enable 1|ine 20C, and
out put |ine 20Bbewmrentond by ane oferdinagy gl imtheamh thetarathes thifle 15 enbodi ment ,

addr ess I|ne i ne ZOB
is used to se11 %%ﬁ@%ﬁg%ﬁ@gﬁﬁ%}lﬁ{gﬁn c]gé“fépg@;]%penc pjetra;abl e line
20C i s used tcartségecta, ird@alpeidtttehdassbmbBCM aBlAnk Adphly 86 mayrtese@#chr e used

to sel ect Pa E%rtl cular fu le bit or masked bit. The value of a sel ected

fusible ¢ E%éi&“ﬂll?aylg‘:}‘ S PAAISEAEIORES t he out put on output |ine 20D. 20

I nkj et printhead ggmer0Ynciddes¥BmRvhiddbion NS 2Mfor SHRRUnicAiod etwennect ed
to controller 34, which includes both electronics and firmmvare for the

control of thekjetaartoidge p2 kvt eontiobapdh eiersmyniceipn hres@@spealcally pri nt

I
causes the paateines M B aleaf HBRIRG 0 BebbE gl EFCL 2T on 1

accordance Wiing 28€, hidtEodiitdind QOB s@éthf dre bl beRtled IGROBINGAOI 6fie 34 control s
i nkj et printhead asserrb 14 and ink sug :4%[826 to cause ink droplets to be

ej ected ilA aeé&?ﬂklmqteﬁﬂldfeﬁ%tbﬁﬁscﬁﬁ)%wcb‘ﬂ?ﬂ plings. Fiastfaspdasngblessor 36 is
connected t 0 16200BAL L&k §eedtibRBINIPROM GER! 4R e PERII kol ¢ (CPU)

38 and a software printer rlve noni t or
line 20C is used to select masked bits in ROM 16A. Address lines 20A are used
to select a particular fusible bit or masked bit. The value of a selected fusible or
masked bit is read by sensing the output on output line 20D.

20 Inkjet printhead assembly 14, memory 16, and ink supply 26 are
connected to controller 34, which includes both electronics and firmware for the
control of the various printer components or sub-assemblies. A print control
procedure 35, which may be incorporated in the printer driver, causes the
reading of data from memory 16 and adjusts printer operation in accordance with

25  the data accessed from memory 16. Controller 34 controls inkjet printhead
assembly 14 and ink supply 26 to cause ink droplets to be ejected in a controlled
fashion on print media 32.

A host processor 36 is connected to controller 34, and includes a central
processing unit (CPU) 38 and a software printer driver 40. A monitor 41 is

30 connected to host processor 36, and is used to display various messages that are
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.



30 connected to host processor 36, and is used to display various nmessages
that are indicative of the state of inkjet printer 10. Alternatively,
printer 1Woaamdses configured for stand-al one or networkedcapsozidson
wherein messages are displayed on a front panel of the printer. 5 WO

02/ 096655 PCT/ US02/ 16507 Figure 2 is a diagramillustrating ROM 16A of
Figure 1 in addit ifogue 2d@ad1mgrarmdusq@mg&@bﬁh@%oéEmue@huu&d@ronel e 60 having

a plurality o a 2. 4 Addr J i enco I ine (El)
20B, second éifﬁ&a@dgf%ﬁalb elngﬁlrﬁlgﬁeﬁéﬁ(;ﬁglﬁé?é{fn@ %aﬁtn&i{]&f‘l?dﬁg? %dgﬁ g' coupl ed
t o sem conduAdiresdilideSLOA firsPendsddehable 1ARAES S 20B i se&hd2Mboddenabiddink3 addr ess

lines (Al- A1335{. | n one enbodi nent, ROM 16A includes ot her electrjcal
connections ((Hét 2QhamA putpuhing, 213 gregiognisd to seamigenducks die ¢f) yapadsd3.s a tabl e

illustratikng 4 I ' i : o di esent

nvent | on® SRR T A0 MO AR A AR R dne bRAARCRL SR 10
enabl e |ine iR@NEIGA exhiddOdthebelecttiygeonmbetibns (net sho8m§,Ancnding @6Rind
(collectively referred to as bit type identifiers 306), bit values 308, and
fields 310. FABMEUSEH is divided into portion 312 and portion 314. Portion
312 of table 300 NER[ESEN, Pabld S TG iRRrASHREGHEE th ROM 16MSB8inRi tS, as

i ndicated by fusible type identifier  306A. Portion 314 of table 300
represents i né therpeseoninasyoni afable J00tinclndeskeddressling tdentifzers BOlicoendsd by

Fusi bl e ARa meanedn et Bohy P ReRed AR b a0 Lol T 0 el

bits in ROM k6lrb@yo Rebin§pk aténbifits 30606h vanes 808, tahe fielld 326 ThbIBS00
identifiers 302 represents one of address |ines 20A, and corresponds to

either a fuds gividediintoertipndidiand pertion Hd Portian 312<qffiakde 30Q raprsemtisked bits
are nunbered . Lodi I . It LRe, 2 associ at ed
with the bit .":l‘fl‘:)nc%[gloé‘i as%%i%?%%@%‘égll gﬁ? 13%illgdr{éﬁé%§)dﬁ%g;ﬁ€t lélt néﬁéncode

enabl e |ine Z0BA0rPo2Xa 3 IHadf table B00 bpraseits infoomaln dssociddewith ntaeked
corresponding bit. A "1" in encode enable line identifiers 304 corresponds
to first lencdie sringryed pramaskad typmideptifier 39680 Asgnentiongd pbavgsiaies bits. A
"2" in encod zﬁﬂi’swﬁ?b h 'Blgﬁh‘dinfEl?erd%'éoﬁllﬁ%r'ﬁg&mrl%%ﬁﬁ pefrafiond encode
enable |ine g%c c(% ;ﬁgm used tg sel éc’t maskle bits. Fu}éigl e bits 1-13 and
masked bits bitkoralldidiiv REBd 16At maypbpmaskeidibitg. Bach one of the address line

identifiers 302 represents one of address lines 20A, and corresponds to either a

fusible bit or a masked bit. Both the fusible and the masked bits are numbered 1-
20 13, indicating the particular address line 20A associated with the bit. Encode
enable line identifiers 304 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 304 corresponds to first encode enable line 20B, which is used to
select fusible bits. A “2” in encode enable line identifiers 304 corresponds to
25  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 310. Each bit in a particular field 310 includes a bit value 308. When a
bit is set, it has the value indicated in its corresponding bit value 308. When a
bit is not set, it has a value of 0. In one embodiment, fusible bits 1-13 and
30 masked bits 1-13 are set during manufacture of ROM 16A.
Field 310A includes fusible bit 13. In one embodiment, fusible bit 13 is
not used to store data, so field 310A includes the letters “NA” (i.e., not

assigned).



fields 310. Each bit in a particular field 310 includes a bit val ue 308.
Wen a bit is set, it has the value indicated in its corresponding bit

val ue 308wowWemess bit is not set, it has a value of 0. | mrcansoensodi nent,
fusible bits 1-13 and 30 masked bits 1-13 are set during manufacture of ROM
16A. Field 310A includes fusible bit 13. In one enbodi nent, fusible bit 13
is not used to stlok&lldeld3 1 @bincludes Binbitnt)-ldiel engentmdier, " NA" (i .

2 S SR BTl P, 1 v

reference | evgly lﬂ{whfm@gfouldsoeailcfn@ydaa erm ne when a |ow ink warning
shoul d be displayed. Parity field 310C includes fusible bit 9. In one

enbodi ment, fusi bIRariky field 3IQC|1@cl@de@£P$1b19 bii% Inne embodigncabifusibls ®ibd t h t he
bits corr §Sp0£'9 argtytb?t L[E?{i hﬁ&s &Qat d Ahfth 1t iRco Qs %Hmﬂ%tt@ﬁﬁﬁe&ﬁ{g fefgpodi ment,,
fusible brt 9° &% $O% n w th multl

d I'n associ a e ones of the
fields 310. F319Db|lﬂ ablattexﬂanﬂm/erﬂﬁcﬁmnbm fisibie bxtﬁlmﬁm'yattim@dw‘ th menory bits
associ ated with another printer conponen g Iy 26, 10

Mar ket i ng fi eéS$pction Wilcppligls qqﬁépﬁhéftﬁ‘iss?’l@uﬁumi’ bearsed fusi bl e
bits 6-8 are H%%Cltagﬁlll g/th%JrﬂorWﬁE SocRAtd il Slotfd tph%teglgﬁmgé‘r{knp%ubﬁed ina

particul ar printer 310E"inclu es fusi bl e bi ne embodi nent,
fusible bit %Ssiisk supply Ased to store data, so field 310E i ncl udes the

letters "NA" (i.e., not a 15 Pen un| field,310F includes

fusible BPts 2-4. Mf*rksmgﬁ%ﬁ%&ﬁﬂéml“ esdPuplg by ﬁgﬁé’“&ew ARt 2 random
nunber that uypiiERiy 6lglfBtiséd ®Sdemifly Mhleler ai kot calaed thdah%B ufddi@ws printer
controller 34 to determ ne when a new i nkjet cartridge has been install ed.

Field 310G i rpartigdss printeirbl e bit 1. In one enbodi nent, fusible bit 1 is not

20 used to store cﬁllgﬁll nc{.chgcleg f§s]r19§b%}%g:Iﬁgﬁ%{x@gqih%h{,gl‘ri]s%l"e'ﬁpt‘ d&'noP not

assigned). Field 3 €s mnas
masked bits lﬁedé’o facre dant saifield 31 0E stidiides dad 1atters SNl . €, BdtQiskigmead). udes t he

letters llglA (. Penrll?lgquegessg If1eld BI)OF includes fusible bits 2-4. In one embodiment,
fusible bits 2-4 represent a random number that uniquely identifies an inkjet
cartridge, which allows printer controller 34 to determine when a new inkjet
cartridge has been installed.
Field 310G includes fusible bit 1. In one embodiment, fusible bit 1 is not

20  used to store data, so field 310G includes the letters “NA” (i.e., not assigned).

Field 310H includes masked bits 10-13. In one embodiment, masked bits
10-13 are not used to store data, so field 310H includes the letters “NA” (i.e., not
assigned).

Field 310I includes masked bit 9. In one embodiment, masked bit 9 is a

25  parity bit used in association with the bits corresponding to pen type field 310J.
In an alternative embodiment, masked bit 9 is a parity bit used in association
with multiple ones of the fields 310. Masked bit 9 may also be used in
association with memory bits associated with another printer component, such as
ink supply 26.

30 Pen type field 310J includes masked bits 5-8. In one embodiment,
masked bits 5-8 provide an identification of the type of inkjet cartridge that is
associated with the memory.

Pen uniqueness field 310K includes masked bits 1-4. In one

embodiment, masked bits 1-4 represent a random number that uniquely identifies
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Field 3101 includes nmasked bit 9. In one enbodi nent, nmasked bit 9 is a 25
parity bit used in association with the bits corresponding to pen type
field 31000 02lom68h al t er nati ve enbodi nent, nasked bit 9 i ®ca/ysar/idsy7 bit
used in association wth multiple ones of the fields 310. Masked bit 9 may
al so be used in association with nmenory bits associ ated w th anot her
printer conpeérpariculasimetgertriiga whighpllpwa@ringy cpatioliey 34 te determiBe0J i ncl udes
masked bits 5-8. 1n one enbodi nment bits 5-8 provide an

i denti ficati 8%68@%%%1“?15%%“0&#%%&?%%engﬁs? ir3‘°1(‘~ic|ge that is associated with the

menory. Pen uni qU@E%ﬁ§4Aii§h§clﬁizﬁﬁcidmgkajﬁieﬁaﬁﬁ&lﬁeﬂ)rﬂkﬁﬁinéﬂ{hstdmoﬁme

enbodi ment, masked bhits 1-4 represent a random nunber that uniguely

i dentifies fusmecbz/l@ma%cﬁf- iy AOPAsngludes fiyst enceds enablerpe(Ecapk ri dge,
whi ch al | gws iﬂ@ﬁf r ORI E IR HE M 1A hnkj et cartridge
has been ?nst@% ed. tl‘—‘%ﬁétzg%ﬁeﬁdgégs @?Hem&t’ Frg?l Sgél%%gr amre%*slagwclp’rcuit for

def i ni ng t he thsiser 412, 8ecohd ehddde ehntble inpuR@AcIHA 14 Giransistdr 460kd ncl udes

first d bl e i t .5 402, out i d- 404, i t
406, (1 ansi SEGRNAGD EBALE( SRERTNPY ki SRirIeiponeSbtEs oS dAenabl &
DUt (E_of D)o AR 9L £AE1cREbIg SIS (RolpEN i ol 55 | npu

Hpauh
406 is coupled to one of address |ines ZOX(a (shown in Figure 1). First
encode enabl enatipline 202 (showaonpligde 1b Jecord emododrableimpbt €14 is geueB (shown

in Fi 1). S d d b [ t 414 | | ed 10 t d d
cnabl o1 e SDEcoREwer g lrerds (PR stt e 1 f ORpEIEds Ergieou: “Tine
20D (shown i utpuglin@20D (shodndnFigrdesi ment, each of transistors 408, 412

and 416 is a field effect transistor (FET). Address input 406 is coupled
to the drain of tAaABsembedimest, eaghj ofsrangiptesdtO8eAbhind 4 Hpisa fighbeffect coupl ed

to the gate - Led.or . . t i - 408 s coupl ed

to the gate g{an%%t?ﬂ 'S )brA d?%%séﬁ??ﬁm?ﬁg‘glﬁgﬁ{hetﬁﬁsalkt;r%rgsﬁsu?fl%& The gate of
transi stor 4Xrst éncodeiladit hputsieasndoieindehegabdbtraisigoeit40814he The drai n of
transistor 416 is coupled to the source of transistor 408 and the gate of

transistdp 4BUCRBIraAIA0G1S ERURRY ol 2Aa B! TransttRrfilednt dhegtamd 418,
Resistor 410 5585 hld. O REbMRaRIsRI URY s ARpIANY stddfiadheddd eRbpik " ansi st or

input 414. The drain of transistor 416 is coupled to the source of transistor 408
and the gate of transistor 412. The source of transistor 416 is coupled to ground
418. Resistor 410 is positioned between output 404 and the drain of transistor
20  412. The source of transistor 412 is coupled to ground 418.
A fusible bit in ROM 16A, such as the bit represented by circuit 4004, is
read by setting first encode enable input 402 high, setting address input 406
high, and sensing the signal at output 404. First encode enable input 402 is set
high by controller 34 by setting first encode enable line 20B high. Address input
25 406 is set high by controller 34 by setting the address line 20A coupled to
address input 406 high. The output voltage at output 404 is sensed by controller
34 by sensing the voltage on output line 20D.
Transistor 408 acts as an AND gate, with inputs 402 and 406. If inputs
402 and 406 are both high, a current flows through transistor 408, turning on
30  transistor 412. Transistor 412 acts as a drive transistor, driving output 404. If
resistor 410 is blown, the voltage at output 404 will be high, indicating a logical
1. If resistor 410 is not blown, the voltage at output 404 will be low, indicating a
logical 0. Transistor 416 is used as an active pull down to prevent leakage

current from transistor 408 from turning on transistor 412 when transistor 412
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20 412. The source of transistor 412 is coupled to ground 418. A fusible
bit in ROM 16A, such as the bit represented by circuit 400A, is read by
setting fwogk/oeswsdde enabl e i nput 402 high, setting addre®sTiuspricsdD6

hi gh, and sensing the signal at output 404. First encode enabl e input 402
is set high by controller 34 by setting first encode enable |ine 20B hi gh.
Addr ess i nputshadd beeffi rausistori 4f§ ipjureshen by seslingsecpyd encode prabidvaPaddr ess

line 20A COUQ'I%% 50 wh {ugr?e% 48§6s1s491641%' cﬂb?rhs-rcrl'l?reﬁ rgr“ttra\ﬂgls ?g6§ { output

404 i s sense gontro sensin age on ou i ne 20D.
Transi st or 4%80@&5 as an AND gate, with inputs 402 and 406. If i nputs 402
and 406 are both hlgh a current flows through transistor 408, turning on

30 transistor 412Invpagmbedipent rensistprs 408 and 416 gachihayg ajlenedh of dhopyi ng
out put 404. 'fndcﬁaﬁﬁagrané%%g&l cﬁfem 15t RO RAS afd ir fs%iim%ﬁsw I be

hi gh, indicating a resistor 410 1$ not e vol tage at
out put 404 wildrgttbef zilxorm4nnchon1eteimg1cba widsly b€ athou® 600 macrsmsters. IAbaei s used as
an active pull dqown to prevept, | eakage rrent fr transi stor 408 from
Fur i ng. on ¢ EaeRRe: a8y AraraT oL PYS! ol 03 SEReuBeT R MBs02 ! 16507
shoul d be of fandz&@s?ﬁa&%%uﬁéé abSutl 400 HRehsAhedho? Bl dn $8&iGBA (¢Ncode enabl e
i nput 414 high. Wien turned on, transistor 416 diverts current from

transi st or 4®®wiog repistentd O, otheomethedbody e nsed toceaatd anfapes Clm@lttamd 416 each

have a | epgt f abo dt.h .of about

e omet aDe. dsfihe B3y ot FEORETER RedRRe b oy S iersiiber s ang a
w dt h of about wellQstHer aiPides. | n one enbodi ment, resistor 410 has a
resi stance of over about 1000 ohns when blown, and a resistance of under
about 400 ohns whdhgueBHs @\aﬁhemaﬁ%ﬂmm@ﬁapﬁcmbfompﬂh@mgém%@tepf @10, ot her

methods may De, WSei: b gRéNF%R AR A008 i ﬁl‘ﬂkttan*é?lgétge 98%& Ekecht&?t 4dbA! € O;Sa

bit in ROM 16A, I ncluding nechanical cutt as wel |
ot her et hodshowh gUFiguBIA swvich the reoggitions diaa@sxamdﬂOasrepllacad by $varchdef i ni ng

t he state_of sked, bit n Circuit 400B is. substantially the
same as &Pr C&SP %@Gﬁ@ns‘&% ?W@@é&@r%pr%epﬁsﬁw EAnsisior 4 i%s Inongt tesistor
410 is repl aGgfholnsi s%!&h:@o‘ilszx%t afRGtubl HYRical QFitch2Bud Bk ssaSeifief f er ent

propert ies than transistor . I'n one
the presence or absence of a resistor. If a resistor is present in place of switch

420, the resistor has sufficient resistance to act as an open circuit between output
404 and transistor 422. If a resistor is not present in place of switch 420, there is
20  no additional resistance between output 404 and transistor 422. In one
embodiment, transistor 422 is a field effect transistor (FET), with a length of
about 4 micrometers and a width of about 100 micrometers.
Address input 406 is coupled to one of address lines 20A (shown in
Figure 1). First encode enable input 402 is coupled to second encode enable line
25  20C (shown in Figure 1). Second encode enable input 414 is coupled to first
encode enable line 20B (shown in Figure 1). Output 404 is coupled to output
line 20D (shown in Figure 1).
Address input 406 is coupled to the drain of transistor 408. First encode
enable input 402 is coupled to the gate of transistor 408. The source of transistor
30 408 is coupled to the gate of transistor 422 and the drain of transistor 416. The
gate of transistor 416 is coupled to second encode enable input 414. The drain
of transistor 416 is coupled to the source of transistor 408 and the gate of

transistor 422. The source of transistor 416 is coupled to ground 418. Switch



enbodi ment, switch 420 is not an actual physical switch, but represents
either the presence or absence of a resistor. If a resistor is present in
pl ace of wW@iokob655120, the resistor has sufficient resistamrca/uso2asbd7 as an
open circuit between output 404 and transistor 422. If a resistor is not
present in place of switch 420, there is 20 no additional resistance

bet ween out puyi2049positiehed batveies ytpul 04 and-the deain efisensistent22. (Thaseurse or 422
is afield eff

transy stor a length of about 4 mcroneters
and a width o%f%z?B%tPr%lsnﬁog?lgigi%fw%igsdr ess input 406 is coupled to one

of address |ines 24makkdiidinini ROM-GALrsacH s thEibn&epremwﬂa)mahitaobeut 402 is
coupl ed to second encode enable line 25 20C (shown in Figure 1% Second
encode enabl €s raagby Satimgfgst@amﬂe@@ablé 1‘I’R‘F§92€}ﬂ@'o§f‘étl%%ﬁﬂf"éslllﬂmlé B (shown

in Figuresl). hl%t Hggeéélﬂé the mgﬁéei% pPﬁ AU end Q@mﬁ)%)m&) %g_S&FiF Ir gfr €

1). AddreSs in cou e drain of Transis
encode enabliggh Iapudintﬁﬂlar B&bywpﬁgd:cbmd tiwdgahablofing z@mmgm Add4&8. The

source of transistor 408 is c to th nsi sfor 422 and
the drain of IPPl&ﬁ‘Qﬁéﬁﬂ‘h%fd)Y CPREO fseftma%ﬁg? g@%?ss T@%O ©YBEde t o

second encode,jgnabl st M1 o Jﬁﬁumﬁa a%utéﬂt@@ﬁ'&&%e dnfrofigupl ed to

the source of transrstor 4 8 and e gat ransi stor 422. The source of
transi stor 418 b)&seoslugtled/dtaggomumumllr& 208ni tch 9 WD 02/ 096655

PCT/ US02/.1.6507 4 ned b out put 404 an drain of
transi stdP 422, T%]gra%%ﬁgczgd dgﬁﬁe%? %lpgmﬁgé%ﬁré(g“iéqe[&}r}?ﬂ d 418. A
masked bi t Imdiq}{hhﬁé\are%&m%a ﬁ&m@momm@ag{\&md@&msrmlh 4Q0B, is
read by setting first encode enabl e i nput 402 hi gh, setting address i nput

406 5 high, teandistaeda? ngranpistos ftéihacvts a&aémw@nsm@ar dvingouipit e ¥nable
| nput 402 1 s %Ne{chWZQ %%énzg%t fegls O?Pre%élntEX%y%lE ?\.thﬁ’ﬂg)ﬂ s?/loo% abI e line

20C hi gh. Address co setfi’'ng the

address |ine ﬂ&i&mcgtmllogiiatp Ifacbﬁkblesso isgoed 408, ﬂeslgﬂmr ndthgeut)pthe vol t age at
out put 404 is sensed by controller 34 by sensj nlg t he vol tfe{gﬁeﬁ ut put

li ne 20D.1510 vpltagptqugiut 484 Walk be loy, indjcatias aylegieal &y THNFINGL nd 406
T inputs 40g aﬁ%gtlé@r@lf;tg&;}np% zﬂ}e\llyngEak?gecdﬁWeﬁpftroﬁilt&‘P@lsttopﬂWﬁB mt F ansi stor

408, turning on tra Transistor 422 acts as a drive transistor,
dri vi ng out putrndidon trfinsistor 422 when transistor 422 should be off. Transistor 416 is
turned on by setting second encode enable input 414 high. When turned on,
transistor 416 diverts current from transistor 408 to ground.
20 In ROM 16A of the present invention, fusible and masked bits may be
further classified as either functional or informational. Functional bit fields must
match values expected by the printer for proper operation. An example of a
functional bit field is pen type field 310J. If the bits corresponding to pen type
field 3107 indicate a type of inkjet cartridge that is not compatible with the
25  printer, the printer may disable the inkjet cartridge. Thus, an error in pen type
field 3107 could cause the printer to improperly disable an inkjet cartridge.
Informational bit fields are not critical to proper operation and may be ignored,
or action may be taken based on incorrect information in an informational bit
field without causing a stoppage in operation. Examples of informational bit
30 fields include pen uniqueness fields 310F and 310K.
Short circuits caused by stray ink (“ink shorts”) in an inkjet cartridge
ROM 16A typically occur more frequently toward the edges of the
semiconductor die 60 (shown in Figure 2). Pads 62 that are positioned near the

edges of semiconductor die 60 tend to suffer from corrosion, potentially causing
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switch 420 is open (i.e., resistor present), the voltage at output 404 wll
be high, indicating a logical 1. If switch 420 is closed (i.e., resistor
not presewD)o2/obdses 15 voltage at output 404 will be | ow, i rdTamb2/NGR

|l ogical 0. Transistor 416 is used as an active pull down to prevent

| eakage current fromtransistor 408 from turning on transistor 422 when
transi stor 4Zkecsinslifailugss. &ipne qRbedimsni fungtigngl Hits apgd aber wepasiankRits; | ng

second encod t 416

di verts cur rgsn?p?%)@nti rggérjim S (‘;S%t Eggt%‘%lg}g&(fung&?%g%}mcmﬁg the pr esent
i nventi on, fLtsaldmbeheahlcbllrhiaedieﬂmmshsnmyh bspedt wo tHeee bitd, and iHerebg pasvide t her
functional or informational. Function bit fields nmust match val ues

expect ed by tariéorﬁrrph‘fségql\‘;rléﬁr dpepe slag?%imeah magketinghits 3408 PeR tYPYnct i onal
bit field : - r en type
field 310 ?é?%‘éﬁdﬁ’ é’q’é‘?%?g%ag{l 32glﬁrgpg§%&ﬁa§§iﬁ§'ﬂ%?%§%‘gti ble with
the 25 pri nt e:entetb’ése[mlccm@ctorrdipdﬂ)i sable the inkjet cartridge. Thus, an

error in pen type el d,310J co t nt t | y disabl
o Tk ot Pear t§F ada onE pRPEFRIENT.Oh BT T PEs e Tabe st o6 FRER t o’ proper

operation ang.fRig é)ﬁdwneAeaeeordmg t@%lp;égemv&ﬁldnabﬁnymwé R ghdror rect
information in an informational bit field wthout causing %oppage in
oper at i on. Examlpp@sarmbmfwld@r matudingfungsionabigt figldp déslsh@deEFlgéW AuAi queness
fields 3 ort. CI U|t ys r i nk. (i horts") in
an i nkj et carp[aF1 yglﬁ’ggl%(s)\ﬁ ToR %I ca ?t?ngocgﬂ?lg%léb ? i blt%{igglard t he

edges of the asﬁgﬁamrpéu@wblﬂﬂladmox meloﬂpﬂh@lhitg SZI):h aPpﬂ'&yﬁﬁsthat are
positioned near the edges of sem conductor die 60 tend to suffer from

corrosi on, p&lgﬁtﬁnél3IlQI QiEpRYye the ropystEsooeBsinkicbgrsee Ko el ectri cal
failures. |n §0g.2E00 IR ben BOGY fterbEhc @RLIRl ajpgr tant bits,

such as parlty Its, are positioned towar ent er sem conductor die
60 to reduce the H1g1k|eI5|Ahxmdatdé 1llust<ral$1’(gmtosemmltesraf$>pelsshgmmenthms:m bits, and

t her eby prow de a nopre ust ROM 16A. I n one enbo etl ng bits
310D, pertygBKist ‘Eﬁ“t"éig% a&?ﬂidlﬁﬁrt?ﬁ?pﬂ?stsgt ‘@I?R‘:‘Oé‘ngﬂhﬁia’ie d5®si ti oned

subst ant i al | t;Reap2 bAL50L aRA B5lufths SETLAPSHAETOTCHlifn®B6 lmuayaeheenbodl ment,
to further inprove the robustness of an inkjet cartridge ROM 16A accordi ng

to the presemaliernferparionbit fareactyexsimple, sneh asgwirignbid 310C or 3101. Columns

508A-D include the value of bits in a data bit field for each example, such as

marketing field 310D or pen type field 310J. In Example 1, shown on line 502,

20 the parity bit is set to 0, bit 1 is set to 0, bit 2 is set to 0, bit 3 is set to 1, and bit 4
is set to 1. In Example 2, shown on line 504, the parity bit is set to 1, bit 1 is set
to 1, bit 2 is set to 0, bit 3 is set to 0, and bit 4 is set to 0.

In one embodiment, even parity is used in determining what value to

assign to the parity bits. Since bits 1-4 in Example 1 add up to an even number,

25  the parity bit for Example 1 is set to O to maintain an even number for the sum of
bits 1-4 and the parity bit. Since bits 1-4 in Example 2 add up to an odd number,
the parity bit for Example 2 is set to 1 to produce an even number for the sum of
bits 1-4 and the parity bit. In an alternative embodiment, odd parity is used
rather than even parity.

30 Figure 5B is a table illustrating the bit assignments of Figure SA after an
error in the data bit fields has occurred. It is assumed in Figure 5B that an ink
short has occurred in the address line 20A corresponding to data bit 3.
Controller 34 determines whether any of address lines 20A has a short circuit or

open circuit by electrically testing each of address lines 20A. In one
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to inportant bit fields, including functional bit fields. As shown in
Figure 3, a 10 parity bit 310C is assigned to marketing bit field 310D, and
a parity Wpto2844e55i s assigned to pen type bit field 310JPCThSous&0Df
parity bits, such as parity bits 310C and 3101, to inprove the robustness
of an inkjet cartridge ROM is discussed in further detail belowwth

ref erence to émbpgimentsihe giegtrBl tepy 1gduées5whe§k fortcaptievityl | Teshpiguesdgr t wo

I f bj d h
o asent i nvertet SRR SR dgerdheihe RS PE eRESE L Lns So6

and 508A-D. Cadinary s@bin ﬁh6|ahtde’ﬁtetr|&l%ctriballjd€bsﬁﬁg addpessilings DOA, dotroRach
exanpl e, such as parity bit 310C or 3101. Columms 508A-D include the val ue

of bits in a %‘ﬂ%el‘m"@esfthﬁlthe pdgressdivg 20RnoprespondingHo Hi 3 hagrasdeitng fi el d 310D
or pen type i %QC]sho{‘t gﬁ%@%r??édéeéh%mhggu pol%Slg’tgggo%golfse(E?4%fl' ty bit

is set to ™0, IS se t to to 1, and
bit 4 is Setbetzol Jregdrﬁle@(@ﬁmheehe&‘theshoms an ;irlthD the4nk shoet. (hukthit it 1S set

to 1, bit 1 is set to 1, bit S tto set. to0.0, and bit 4
is set to 0. 3hiQshet ‘bﬁ’b%ﬂl?lﬁér?t“‘?lﬁé‘\? ep%l’r‘i]flﬁu‘iesg%%‘a‘ ‘?‘H“%]b‘?‘égh’? ni ng what

value to assE;thﬁlgztsﬁgﬂﬁ%'at(»’asl%hli)v'%n Hﬁpi%gge Hits 1-4 in Exanple 1 add up to

an even nunber parity bit le 1 is set to 0 to maintain an
even nunber for thhaEmmpdﬁIbJonsrolierAMemdrmm tlprapairi‘tybbitcn det@innioeifbhdzs 1-4 in

Exanpl e 2 add, up, t odd nunber arlt it e 2 1s set to
T ro pr odifbe At Bakanin e gt freaim pGE ire % ing AR By bie. in
an al t er nat i v@cfmagBkiedttrolRe d4 @afethines thatifiR@atatit fi€a dbé&aibtey@ainkar i ty. 30
Figure 5B is a table illustrating the bit assignnents of Figure 5A after an

error in the d&ra bit fields has occurred. It is assuned in Figure 5B that

an ink short has RGSUEEAL ! hd DeuARARERS P05 A0 0cERNTETARITGR, © dat

bit 3. Controll er r’m nes ress |ines

short ci rcui tfi€ld cotp@s aﬁbfrﬁulcbnthylleeBeQibl’enﬁﬁiek that &xs éirdrbceacéd, @i‘ncac}d:r ess
lines 20A. In one_ 11 WD 02/ 096655 PCT/ US02/ 16507 _enbodi nent, .t he
el ectricald t e¥im phRifsuad and therRagiky bibis A RINEY and e ePHhes Beie testing

electrical Y GRAIBGIIIGE tht BRERACSI P dd Hlﬁé‘b&'?esg&ﬁiéﬁé‘ﬂ)"mt Jo those of

ordinary skill Tn'the art ter ectric y testin ess Ti nes 20A,
control | er 34whieh éndicatebart inkishodneanddlalr MMnmngﬁﬁn derpagspesdhatgant o bit 3
has a short. error occurred, controller 34 determines that bit 3 should be a 0, and corrects the
bit accordingly. Thus, the error does not cause an interruption in the operation
20  of printer 10.
Although specific embodiments have been illustrated and described
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
and/or equivalent implementations may be substituted for the specific
25 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
application is intended to cover any adaptations or variations of the preferred

30 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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5 When an ink short occurs in an address |line, the output read by
controller 34 will be a 1, regardless of whether the bit was a 1 prior to
t he i nk swork/o9ebbus, bit 3 is a 1 for both Exanple 1 andPExamspt/ese7 in
Figure 5B, even though bit 3 in Exanmple 2 should be a 0 as shown in Figure
5A. In Exanple 1, controller 34 exam nes the parity bit to determne if the
10 data bit field contains an error. Since the sumof bits 1-4 and the
parity bit is an even nunber, controller 34 determnes that the data bit
field does not contain an error. In Exanple 2, after exam ning the parity
bit to determ ne iIWHARISIGLAIMED 19:1 el d contains an error, controller 34
det erm nes that an error occurred, since the 15 sumof bits 1-4 and the
parity bit is -an oﬂmeﬁlmdérdeteamgeveﬁorparima;rerequ@efrqrgaa%aoryeéged on the
el ectrical ich

i ndi cated an rrghlﬁgéaﬁgepﬁkﬁpﬁédﬁ?corﬁo&?g&?nﬁr? t on’ rggnrﬁ gllﬁdl?ﬂm X\{]est t hat an
error occurr gsluraliondfroids) e pﬁﬁtedﬁicﬁrdmg‘wﬁlu‘tdlﬁy obéltctﬁcaﬂl}mmhdudm/emnes, and
corrects the bit accarding us, the error e t cause an

i nterruption 4trlrea@trréle&ééfreaql%ﬂcallwoafluwpAltne“r asppciat ﬁaf"ﬂ'&f‘g"ﬁh E‘é’eté?fl c

enbodi nent s hﬁ&ﬁ 55 strated and described herein for purposes of
description o %e pr ‘ed enbodiment, it will be appreciated by those
of ordinary skill prnv1tihrg aafnrst pamdy b agiodiatedawittes firsp flatalitesy, tetferst datal/ or

equi val ent i npl ene a i ans [ be tituted for the specific 25

enbodi ment s SFF(S’\’API“CE‘&?S %é’é’f‘"ﬁﬁh“&ﬁeﬁ ﬁr BEPAPting fromthe scope of the
present invention.redNRS theWrbtHabKitdrh ah@triehestcﬂ%em BigfromeBe hdniorpl . el ectro-
mechani cal, electrical, and conputer arts will readily appreciate that the

present inventi orquf@?ymb@ anrplecerahtestofi at leastaneyofwharledireal propndgctive
enbodi nent s. Thr S, appl ication is intended to cover any adaptations or
vari ations of ’Fﬁe preferred 30 enbodi nents di scussed herein. Therefore, it
i's mani festly intedeafyingah etdt & the fiye daladenbeaskd oh tiedisnpayitppitrdw cl ai s
and the equivalents thereof. 12 W) 02/ 096655 PCT/ US02/ 16507 WHAT IS
CLAI MED | 'S: 1from theememaryanddbs ee¢riRY 8 error in data received froma
menory of a replaceable inkjet printer conponent of a printer, the nenory
i ncluding a

2. The method of claim 1, and further comprising:

identifying an electrical short circuit in at least one of the electrically
conductive lines based on the electrical test, and wherein the error in the first
data item is identified based on the first parity bit read from the memory and the

identified electrical short circuit.

3. The method of claim 1, and further comprising:

identifying an open circuit in at least one of the electrically conductive
lines based on the electrical test, and wherein the error in the first data item is
identified based on the first parity bit read from the memory and the identified

open circuit.

4. The method of claim 1, wherein the electrically conductive lines are

address lines coupling the memory to a controller of the printer.

5. The method of claim 1, wherein the memory is a ROM.

13



plurality of bits, the printer including a plurality of electrically
conductive lines, at |east one of the electrically conductive |ines
associ at esowendsesach bit, the method conprising: providi rgTashr/iase7 parity
bit associated with a first data item the first data itemand the first
parity bit stored in the nmenory; reading the first data itemand the first
parity bit from t hkherpetheq of clpiar .ondifwghes sompasingi cal test of at | east one

f th I i call d i X i i fyi I h
R L L L

el ectrical tagtin the plineerbeicdas thé figsk dataitém. and further conpri sing:
identifying an electrical short circuit in at |east one of the electrically
conductive lines based on the electrical test, and wherein the error in the

first data i-/t_err: @ﬁirﬂé%& £t Qinpﬁ_s‘a%gf &ngi)lhglégl |tof';1ri ty bit read fromthe

menory and t he Ied electrical short 3. The method of claim
1, and further conjerdrminigg akypendf itheyieplgceableograneradionguonentiinstalled iealsd one of
the electrical|ly conductive 1jines based on the electrical test, and

wher ei n the dFHHgT basediqnethe firdda@diem i temis i dentified based on the first
parity bit read fromthe nenory and the identified open circuit. 4. The
nmet hod of claim 1, wherein the electrically conductive lines are address

| i nes coupl iy thelhesnethgd oioclaint drand ditlear comptikiggpri nter. 5. The net hod of

claiml1, whereint nmenory.is a. 13 WO 02/ 096655 .PCT{ USQ2/ 16507 6.
The et hod of cl ai SHeTRE AT APOR SABTE AT POTRPHT G P SREPAL ¢ he
repl aceabl e Fkidaesit&@nmponent i s appropriate for wuse in the printer based

on the first data item 7. The method of claiml, and further conpri sing:
determning a type of the replaceable printer conponent installed in the

printer based, on the firpst daka, i,ta%ﬁ‘fuﬁherzgﬁpﬂﬁhgpd of claim7, and further

conpri si ng:
providing a second parity bit associated with a second data item, the

second data item and the second parity bit stored in the memory;
reading the second data item and the second parity bit from the memory;
determining whether an error is contained in the second data item based

on the second parity bit read from the memory.

10.  The method of claim 1, wherein the memory is integrated with an inkjet

cartridge.

11.  The method of claim 1, wherein the memory is integrated with an inkjet

printhead assembly.

12. The method of claim 1, wherein the memory is integrated with an ink

supply.

13. A printing system comprising:
an inkjet printhead for selectively depositing ink drops on print media;
an ink supply for storing ink to be provided to the inkjet printhead;
a memory device for storing a first parity bit and a first data item, the

first parity bit associated with the first data item; and
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determining a type of inkjet cartridge installed in the printer based on
the first data item 9. The nethod of claim1, and further conprising:
provi di ngva oglemesd parity bit associated with a second darartiusemeéesohe
second data itemand the second parity bit stored in the menory; readi ng
the second data item and the second parity bit fromthe nmenory

det er mi ni ng whet hérPragessarcevplpd toihamamry device by aphibalify Ocﬁ&leétnC@HYn based on
the second p ima1,
wherein the %e{rlr%%tl% limésh?% da[ r&?é&d& *}sstpﬁﬁﬁggé ?/Gn?(‘}[glft O-f@gerlﬂgﬁjg‘gﬂd&gcf he et hod
of claim 1, Vyﬂme@sdﬂ cbﬁf@gmrgerﬁoﬂnlantemgtraiahtésmﬂdn least onelgfétie pri nt head
assenbl y. 12 The nmethod of ¢claiml, wherein the nenory is integrated with
an ink supp|e§ﬁctr103llmobc}qcr1w ngssvrstpé?ﬁeémpv%wed toalﬁeritrfmaeterraf MPeead for
sel ectively I (%3198 k supply for storing
ink to be prgt\?lagﬁdatﬂttégﬂ%) e |ﬂl§?€ft§rsgparﬁ rl?ga %gcr%% t%lsgw ce for storing a
first parity bit and a first data item the flrst parity bit associ ated
with the first da item an i3096655 CT/ Us02/ 165 a, processor
coupled to t HE" menDE\PrRE)E é-‘é“%&}osvlgfﬁ yhegeigit %Pré’E?StSP’b’éICPS}fY%ﬁ‘H ctive
lines, the priggei$s N el'é@c%@él%ﬁbﬁ%u&&lt Mt@éﬂst &fe dthge @lEéfHEMl}d&inﬁéhvet he
processor configured to performan electrical test of at” | east one of the
el ectrical | y linethbased ionéhd g¢legigcal tdse apdowd@sq;mthecmmqswn%@prtftgur@etﬁu fy an
error in the ntlli‘%ﬂ'l data ntthgrfn Q%%Fa 1te nbgseg tres%lrspﬁlag-{tglv\htblt and the

el ectrical tég tlhe t he processor

eprlnlngssemo aim
i s confi gur edddmdified drBtrichlyshart cdlcegt ri cal short circuit in at | east one of
the electrically conductive 1lines based on the electrical test, and

wherein the processor is configured to identify the error in the first

data item batslgd O"Th%%gmti%)é §$sté}ﬁ“6f I:Mm}?'lg \?ﬁ@fﬁlqge Hﬂg@@s V\% 1%'08&1?.{;'@&{0" i cal

short circui I ng system 0 alm erelrn € processor
i s confi gur eddémify an open circu1t in at least one of the electrically conductive lines based

on the electrical test, and wherein the processor is configured to identify the
error in the first data item based on the first parity bit and the identified open

circuit.

16.  The printing system of claim 13, wherein the electrically conductive lines

are address lines.

17. The printing system of claim 13, wherein the memory is a ROM.

18.  The printing system of claim 17, wherein the ROM includes a
semiconductor die and a plurality of circuits formed on the semiconductor die,

each circuit associated with and determining the state of a bit in the ROM.

19.  The printing system of claim 18, wherein the circuits associated with the

first data item are positioned substantially near a center of the semiconductor die.

20.  The printing system of claim 18, wherein the circuit associated with the

first parity bit is positioned substantially near a center of the semiconductor die.
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identify an open circuit in at |east one of the electrically conductive

| ines based on the electrical test, and wherein the processor is

conf i gur eslotoe/oadent i fy the error in the first data item pasadgonmsohe first
parity bit and the identified open circuit. 16. The printing system of
claim 13, wherein the electrically conductive lines are address |ines. 17.
The printi ng Zyst dirediringipgsyster of ﬁhenéﬁnwlthfemﬁb%ﬁoyessgrlacmureqnp The

PNt 0 oY St neal AU A SERBudes, SIS HI5S: B sgRhegnductor die

and a plurali crreur e or rre con ch circuit
associ at ed wisykteandsaedreheifinstrigtatiteen.st ate of a bit |n the ROM 19. The
printing systemof claim 18, wherein the circuits associated with the
first data itemare positioned substantially near a center of the

seni conduct ory di e. %Qﬁm}qggys@%dq BF b qg%ﬁ%};lﬂfth& bEsdPis Cw@ﬁ%‘ﬁhs &id he

circuit assomate Irst parity I ST positione tantially
near a cent erde@imiree typeroLopdntet cymptinent ih§aNgd mzhﬂﬁﬁnﬁiﬁfg FgEMIsted a6507 21.
The printing of claim13, wherein the processor is configured to

det er ni ne whé?‘%ﬁ‘f“ B/ er conponent is appropriate for use in the
printing system based on the first data item 22. The printing system of
claim 13, wherein the processor is configured to determne a type of a
printer conp(iﬁent Thegpriating dystem phelajp QﬁIthgelehQ PIOcErserid cgmﬁgqrp@ton rst data

item 23. The rlntl S c n. the ces
cont | gur ed t Gl HFRESE R, B foeR B dfee PR ol ERuPRRRGR Glnt
printing systfﬁgndaaﬁleginon the first dat aitem 24. The printing system of

claim 13, wherein the nmenory stores a second parity bit and a second data
item the second parity bit associated with the second data item and

wherein the pjocesgar gﬁag%&érﬁk&? ?% irh 93 %ﬁ&élﬁ‘éﬂgm%%w&gregg s&fbanﬂr s

contained in the secol taite ased on t second parity 25. The
printing systpamyﬁn a:ddaa sactid davh @emi, thetsheondgramityybit sssbeibed vathatle sedond an
nkj et cartridge, The printin temof claim 13 erein the nmenor
: S JI nt egr at e:fl 1{q1:|n and Wmeré3 in Ithe plrocgessscxsls configured toldeterrmnewaethclr an error y

is contained in the second data item based on the second parity bit.

25.  The printing system of claim 13, wherein the memory is integrated with

an inkjet cartridge.

26.  The printing system of claim 13, wherein the memory is integrated with

an inkjet printhead assembly.

27.  An inkjet cartridge for an inkjet printing system having a controller,
comprising:

an inkjet printhead assembly having at least one inkjet printhead for
selectively depositing ink drops on print media;

an ink supply for storing ink to be provided to the inkjet printhead; and

an information storage device storing a first parity bit and a first data
item, the first parity bit associated with the first data item, the first parity bit for
use by the controller in conjunction with an electrical test of electrically
conductive lines coupled to the information storage device to identify an error in

the first data item.
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an inkjet printhead assenbly. 27. An inkjet cartridge for an inkjet
printing systemhaving a controller, conprising: an inkjet printhead
assenbl y wewengsead | east one inkjet printhead for sel ect ipeglugodessosi ti ng
ink drops on print nedia;, an ink supply for storing ink to be provided to
the inkjet printhead; and an information storage device storing a first
parity bit af$ a fThesnkjgbeastridge eh¢lainhd7rwheseingag ¢legiripally conduetivgtlimgs wi t h t he
first data itag dcfr@s%lfnie§5t parity bit for use by the controller in
conjunction w anelectrical test of electrically conductive |ines
coupled to the informati on storage device to identify an error in the
first data item 16 WO 02/096655 PCT/ US02/ 16507 A 28. The inkjet cartridge
of claim 27, dRher elhs inket @rtades pEepIng 2EoMbRiein;theinfermation slogaggigyiess | i nes.
29. The i nkj qwgri dge of claim 27, wherein the information storage
device is a 0. The inkjet cartridge of claim29, wherein the ROM
includes a sem conductor die and a plurality of circuits forned on the

sem conductor_ die, . each circuit_assocjated wt .determning the state
of a bit in tWe RAVE DY eﬂ%‘@?\ﬂé?“’&ébt‘ﬁ‘“&@‘@ ﬂ?Jethgggf‘}?f%? qwherein the

circuits assagiitdRdudbl die bh@ a plirkiftl of &fréuiistiBM & MESEhicBhastGulst antial Iy
near a center of the sem conductor die 32. The inkjet cartridge of claim

30, wherein tdaeh circuitassocitedwithtagd defierrhinirgethe ffatesaf adhit intthe BOMi s posi t i oned
substantially near a center of the sem conductor die. 33. The inkjet
cartridge of claim?27, wherein the first data itemindicates to the

control | er wgt herTr iRkjetdaetidge BPEaRR B, WwherBIRtRPEitauie afsotiatsiavitithkhe i nkj et
printing system 34. The inkjet cartridge of claim27, wherein the first
dat a it em i nditgtdagsitem aropasitioned sstantially aeargeariar of the semiceaducteridiie i nkj et
printing system 35. The inkjet cartridge of claim34, wherein the first
data itemindicates a type of inkjet cartridge installed in the inkjet
printing syst3@m 3fhe ifkiet ¢anttidge of elaini BOlgeheréincheadinouR Assavieedwith thee

i nformati on storage device, . : .
first pa(i:]‘ity bit 1s positioned substantially near a center of the semiconductor die.

33. The inkjet cartridge of claim 27, wherein the first data item indicates to
the controller whether a printer component is appropriate for use in the inkjet

printing system.

34.  The inkjet cartridge of claim 27, wherein the first data item indicates a

type of a printer component installed in the inkjet printing system.

35.  The inkjet cartridge of claim 34, wherein the first data item indicates a

type of inkjet cartridge installed in the inkjet printing system.

36.  The inkjet cartridge of claim 27, wherein the information storage device
stores a second parity bit and a second data item, the second parity bit associated
with the second data item, the second parity bit for use by the controller to

determine whether an error is contained in the second data item.

37. The inkjet cartridge of claim 27, wherein the information storage device

is integrated with the inkjet printhead assembly.
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stores a second parity bit and a second data item the second parity bit
associated wth the second data item the second parity bit for use by the
cont r ol | ewotoo/09@e: er m ne whet her an error i s contained i nPChasszoasnd dat a
item 37. The inkjet cartridge of claim27, wherein the information storage
device is integrated with the inkjet printhead assenbly. 17 WO 02/ 096655
PCT/ US02/ 165@38. 38 heTnlge| qaktridge ohelaim dddasgd @n hie glegtricabigsteaf etnstridally
electrical te . ehect i cal C Y i s roller corrects
the error in Ct% h%&}livfgilg gsdgqea%ntrélrlﬁer C%gl% &%ﬁ%e%odrriﬁlﬁ%rﬁrtﬁn?aé%ﬁ%%éabI e inkjet
printer conponent of a printing systemconprising: a sem conductor die; a
plurality of circuits forned on the sem conductor die, each circuit
associ at ed wiXh arf MeBIEY FAT i AplagsblesipkicbPrteLeamponept Af RPTiREREr y: and t he
menory stori t8mfd Jata item the first data item providing
i dentifying :gg? or nﬁ)%rlﬁ)télﬁ %egar ding the replaceabl e inkjet printer conponent
that is useabl e kysemiendnetot ding systemto determ ne whet her the
repl aceabl e i nkj et ri.nter.co nent i s approprjate for use i.n the
brinting system el e ERE0e ap G FRUFPEHEOT fiestaehgigsi t em
posi tioned subsiaRtd @ith ¥nd'8&EmAnm@hEStalof bt in ARERBANGH@r die. 40. The
menory of claim 39, wherein the nmenory is integrated with an inkjet
cartridge. 41. Thehememoyy sibring afinstd9ta iteheitlsi first dasa itempryvidiagi nt egr at ed
with an inklet prhntiead. asserbline 2eple BRI oo bah bt muhr el n the
menory is i ntSgrAYEE HPTRAUSE e e (iKpichiacq

useable by the printing system to determine whether the replaceable inkjet

printer component is appropriate for use in the printing system, the circuits
associated with the first data item positioned substantially near a center of the

semiconductor die.

40.  The memory of claim 39, wherein the memory is integrated with an

inkjet cartridge.

41. The memory of claim 39, wherein the memory is integrated with an

inkjet printhead assembly.

42. The memory of claim 39, wherein the memory is integrated with an ink

supply.
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