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WD 2007/ 120988 PCT/ US2007/ 062644 5 GATE- COUPLED EPROM
CELL FOR PRI NTHEAD BACKGROUND 10 An inkjet printing

WQe7dRi9%88 a type of fluid ejection device, anBCT/US2007/062644

includes a printhead, an ink supply, and an

el ectronic controller that controls the printhead.

The printhead ejects liquid ink drops through an array
of orifices or nozzles disposed in a die by rapidly
heating small volunes of ink |ocated in vaporization
chanbers. The ink is heated with small electric
heaters, such as thin film 15 resistors or firing
resistors. Heating the ink causes a portion of the
liquid ink to vaporize and thereby eject a single
drop through the nozzle toward a sheet of print

medi um such as a sheet of paper, to print an inage.
The ink nozzles are typically arranged in one or nore
arrays in the printhead die, such that properly
sequenced ejection of ink fromthe nozzl es causes

char act er s GATBOQUPLEREPROM CELL FRRIARINTEMEADS t he
printhead scans across the print nedium To eject each
drop of ink, the electronic controller that controls
tBARCK@RIOUNIRad activates an electrical current froma

ower t.0 t.he i.nt head. , The .
PP ect ARIBReYebd sV8enliS o Vi ol SRERTAe A%, aningludes 2
rpeiptheiady an ok supply, afdkan electronia contrelies ezt dbnigols tﬂeemirﬁnbad.
r .and ejpect the ink
R e SR 00 B ot A5 et af s Rt fbkales,
fd;]spasgd in ashesb;orapicﬂy beutingmﬁ_ dnollgrlmes&nfdnk aktedrin vaporization
cha corr.e in zl e in
shamRets, TR iERe4tSs BHR Sur sl featerb osidbids hin fim
crbﬁgmt Grrﬁrfﬁ‘gl réslsmfrs eledting the inkcatiubés 8 pBrtRASIfIthe liquid ink to
|dent|f%%cﬁ 6%’/( a controller, and it is desirable to
IY2PRrizes3ndh thegrhyr g1e ¢t @singie drap: thFqushitas nezzip fawad a sheet of
Grineflediunbsuch as R dhidet 6@Fdper, 48 BrinfldH madd. The ink nozzles are
‘identification informtion" can provi e infornation

tPicdly F@RARgedIn @ne poMary AEaystinthe arp'éh%aq ¢a, sychithat properly
rs@gu&r%edaégéct%ﬂ%ﬁrﬁ( S p?é:ﬁozcz fc%hgwcha%g&ng SHhdn dma@és

différent types o eJ ect1on devices an
tto e pripfesk 2 the priptheacscansadrass thegeint medidn2007/ 120988

"1 UTEAL50R o 41 B B BOBE B 5
pilidthegdfactivates an elextrivahodgodritdom 4 powvbesddpbxextednal to the
Briitate e cOfertBated Brolon s Spdbd ntifl oG8
rheat thesink rean comespontling selestedoeplosizatipnechiaeder and eject the ink
through a corresponding nozzle. Known drop generators include a firing
resistor, a corresponding vaporization chamber, and a corresponding nozzle.

In inkjet printing systems it is desirable to have several characteristics of
each print cartridge easily identifiable by a controller, and it is desirable to have
such identification information supplied directly by the print cartridge. This
“identification information” can provide information to the controller to adjust the
operation of the printer and ensure correct operation. Additionally, as the

different types of fluid ejection devices and their operating parameters increase,
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5 devel oped and integrated with the circuitry of
inkjet printhead dies. In one configuration, the

WORMIRMYEY circuitry is a negative-channel net BET/HRIGE062644

sem conductor (NMOS) circuit, and the identification

cells are configured to be addressed individually.

Each identification cell includes an identification

bit that stores one bit of information. 10 The

identification bits of the identification cells

tt*medamrgeeéﬁ@pwmg@a@f@mounhgniganﬁmegiorain&rmaﬁonenx@hout

fidgmsg%ﬁﬁé’r%férwnﬂ%ﬁ"dﬂmg e ﬁ&atgg %I}!:ef t 08 Xsmé |of the
ese bits are programe use asi ca

df%ws@rméldmych Idﬁotlﬁﬁaﬂgnmmlwhl p, a relatively high

curre

cause” Phifes? anf et Sedschd bR aiottdls navgtRehae

\d@lveleped amd irt&grated with tmesnrcwtrwoémkjee pfmluaead Hiese lipore

L e e

tseivscomaiyctoatNNQ® cifcuitaad Klse |dbf\t|f catiom cglls a?re icanfigured td/ be

B sRRY ety Eabt derihcaton.saf nchides . ioniedticiiat tat

Istdras o€ bit of AfdhatisAd can be 20 unreliable. In inkjet
printhead circuits, for exanple, fuses can damage the

i nkj et! e idartifigationdts of Hl?r'pﬁfgt'ﬁﬁ?‘@ﬁ‘r %ﬁuﬁntywca"ammniw fuseg and,
fth&@rhﬁéy‘ §ré3¢ﬁfferem?fr@r|n shtiar pfdg%mbbl% rb4g- %n@@ﬂerﬁ@ry

rawn into the ink and cause blockage in pén, or
KBB&W) qfwsp&’zﬁse hifs are pregRMmed #gd usgd F"é’é@ﬁ*@a"yé’aﬁ game way.

b il dhi R REHRETH HecurRAE isQdlSttVBFPot
devi ce% haveI a skd eén dgsve opleden?(lgﬁ) Certlg('ﬂ]\/l

%‘Pﬁe}:?sm capseinent o g gut. n%lts Where fusesi regain havea valypiof 4)
WQM@wh‘EBMst Faié Beén bGARE 6ot gﬁb%%fd dhid of Qin the

col unims and rows e ce each 1 ntersection
toiRary ipgicef the gircwit e separated from each other by a

thin %d?ﬁmhﬁb@ﬂw& Héﬁhg ml\gtcﬁﬁa% tHid @523% h&meﬂﬂﬁ:v@écks If

the gates is ca gate a
Gt ts impsEpetlymregrpmiradinisially, tpere igae way Théx it] ant thaghip

SR 0® Aiplod DSIORRIE e 48 LRERB B RORERD
ginveliables o finijatirinnead CINGUITS) 67 /eXa0PBS fU%@E/cUSZi@m'agGGQGMjet
KRR e ol Whotalmubd e SR ek Blre o el depTdrom
ItMus@Q:aﬁMﬂ\lNP hﬁo\tl?é e a@fli Siat]ee ?igt:kégél |? ,a)rﬁen or reslu!t ir:]I poor
%Ftﬁé’mrhﬂgrvo age (e.g 0 volts) is applie

gate and drain. This progranm ng
voI t agrereteavyrears, electronically programmable read-only memory

(EPROM) devices have also been developed. Unlike PROM chips, EPROM
chips do not include fuses. Like typical ROM chips, EPROMs include a

conductive grid of columns and rows. The cell at each intersection has two
gates that are separated from each other by a thin oxide layer that acts as a
dielectric. One of the gates is called a floating gate and the other is called a
control gate or input gate. The floating gate's only link to the row is through the
control gate. A blank EPROM has all of the gates fully open, giving each cell a
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5 excited electrons to the floating gate, thereby
i ncreasing the threshold voltage. The excited

WQRRYUEHIRWEE are pushed through and trapped on tRET/GEHBT/062644

side of the thin oxide layer, giving it a negative
charge. These negatively charged electrons act as a
barrier between the control gate and the floating
gate. During use of the EPROMcell, a cell sensor
monitors the threshold voltage of the cell. 10 If the
tvaiussofol- dTRaslis, dhgefleating @ate ipsiatiyhasao charge hwhidh icavsss)the

ittfsql%ﬁﬁglhlvpggg%gb %(%'gwe of 1. If the threshold voltage

threshold level), the cell has a
val ue Tofchasge theBeatzriothERR@/Dca bragréraming veltagates. #0 to 16

dd
FRE) 8 iRLELY2Ron] B ol P i e Brave
|excltedjelngtrm1ty: tbe flbatirigi gate, ttherebn lr&:réasmgjlhl eitthreshisié Joltage.
t

(T 188 REESAF bl LSR5 o HR S
ghinroxidet lagerhyivinget apegativatchargeo fTHeB&RabativetyudHarged t he
35S 4 ke Segc o S e St B
iuserof #xeEPROM celb ta @yn@eﬁmmh@mdytr@fthielaﬁma%nagébe thBaEll.
g‘:_é arate EP chi 20 beev@r ovi ded.

MeFNei vertage ig ! FesHold lp\é%u G?%§3|Hi‘ﬁ§ a value of

andwameaaﬁe%hela voltagé Vrg%n (a‘b%vé\"tﬂé thbé%hemawmhé EiMasidre
detai |l ed descrlptlon ich follows, taken in

VBMER{EEI®Nn with the 25 accorrpany| ng drawi ngs, which
t oget Betaiidd BPROM Bellshavie@o gﬁte%@'éabﬁmtér@%tt?heﬁn E@’fROM

the i nvention, and wherein:

P RuieBUBR Sl EPrGPRECed t & pienderc NVOS, ot RRONFSTE,

an%éddﬁ?re 925?13?\ 'chlgg?ﬁdrt%h% ﬁg%%ng? rutséiﬂ_[hdﬂﬁgpﬁﬁthead circuits.

&,qréﬁﬁuemlydwa@e aome |o|f thetdrawbacksmf fusestiio MM@S ciraditsanould be

by TARTRE SRR i e BT HERB
ol edhéyoenuires thaf tharchimmc_ﬁ/idedtwnhradddiohal layereywhich
T ¥ T L
cbeqzrewdedt | onal view showing the circuitry layers in a
typi cal
BRIEF DESCRIPTION OF THE DRAWINGS

Various features and advantages of the invention will be apparent from
the detailed description which follows, taken in conjunction with the
accompanying drawings, which together illustrate, by way of example, features
of the invention, and wherein:

FIG. 1 is a block diagram of one embodiment of an ink jet printing
system;

FIG. 2 is a diagram illustrating a portion of one embodiment of a
printhead die;

FIG. 3 is a schematic diagram illustrating one embodiment of an ink jet
printhead firing cell array;
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5 EPROM chip; FIG 7 is a cross-sectional view show ng
the layers in one enbodi nent of an ink jet printhead

WQRWIARW¥E di ng the circuitry shown in FIG 3; PETLUSHI07/862644

a schematic di agram of one enbodi nent of a
gate-coupled EPROM cell that can be adapted for use
as an identification bit in the printhead 10
circuitry of FIG 4; FIG 9 is a schematic diagram of
one enbodi ment of an identification cell havin

gat e- E&apt iscp sehranaticatiagram; of one émbsidimentof amiids %ﬁcatiog cell

qn%ﬁé%ﬁ%ddﬁngﬁtéwg rray of gate-coupled EPROM
2 pr aHinfleadd 1 Y O BRTal Leb

DESCRan‘GJ @e Reshamaticaliagram of atypicalrzRROMdransistart ar y
enboler@né %% ElodSEaY %%I wgwtsn?\gingrt%“cﬂ etr)( %&grs |ﬁ§ctyé|{:gl

| anguage’ W ba-gseq escri
ViEPROMehiir t hel ess be understood that no linmtation of

A tor SBon S a, kRS 5B el B shosotiE TR hiloiTimeat of
faéIaFlslmspnntHeadsue mpmdlrigdhepmcuutay]slhwdlntm@walt

| n as
PP s PTG 815 SenelificRidh s Sie Snetoliner €5 A o= ipdibuee
|EPR®M cedil teatzoan ber adagpitet! foausergs ap ddetification bitfin tHe srinthead

di. sc gﬁf? ‘ﬁre to be considered within the scope of
ﬁ'{”'%? 25 Shown in FIG 1 is a block diagram

of on€lGndizt seHematic diagramidf ehe eptbodimetd of A idemtifichtion cell

he. i nkj et | st e enera i ncl udes an
i-H‘?tY]ngta b?e} Tq??f"ﬂ 8&%%@&' ?fgitm”a‘?ib édfl uid supply
assenbl@, 1Gischschentdtie diagkara wpph arrag $$ gatel soupied EFROM cells

| nk ri ntJ system al so i ncludes a nounting
%%I@e% Lgt nedi a transport assenbly 28, and an

eI ectronic controller 30. A power supply 30 32

' ower to the various electrical conponents of
ﬁéﬁé'ggae[ﬁg%ﬁ”?ﬂ@"‘enbodl ment shown in FIG 1, the
i nkj eheﬁréﬁé@ﬁm%oﬂﬁ&?m&% t@gxerhﬂlﬁl'%’é’rﬁﬁocﬂhehﬁ%ﬂstr% in the

printhead or printhead die at” ejects drops of 1nk
Argings(anNdisEesdis legregs bl gmh,erelrttmd@gmbeathe same. It will

megéﬁll\élgé/s 5 uﬁ&érﬁfo%@ ?hétrnr?rlﬂﬁtﬁltlgﬁ oﬁﬁlets%ﬁ% ot ﬁ‘lgﬁﬁ\}é?\'ﬂ(m is
dhereby lfé@ﬂldﬁ% d&terai@narajndtfwﬂw@ﬂocnﬁqanam of thedrventive features

'@{sgrr%te?i) I?eré Hcgnc?gdcﬂﬁ'c%ﬁl Hgﬁlﬁaﬂ%ﬁst ke phhAPRB3F HiGhshtion as

abric
illustrated herein, which would occur to one skilled in the relevant art and having

possession of this disclosure, are to be considered within the scope of the
invention.

Shown in FIG. 1 is a block diagram of one embodiment of an inkjet
printing system 20. The inkjet printing system generally includes an inkjet
printhead assembly 22, and a fluid supply assembly, such as the ink supply
assembly 24. The inkjet printing system also includes a mounting assembly 26,
a media transport assembly 28, and an electronic controller 30. A power supply
32 provides power to the various electrical components of the system.

in the embodiment shown in FIG. 1, the inkjet printhead assembly 22
includes at least one printhead or printhead die 40 that ejects drops of ink
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Typically, the nozzles 34 are arranged in one or nore
columms or arrays such 5 that properly sequenced

W RUGHRWE8 of i nk fromthe nozzl es causes char aBEEPE2007/062644

synbol s, and/or other graphics or imges to be printed

upon print nmediumas the inkjet printhead assenbly

and print nediumare noved relative to each other

The printhead 40 is one enbodi nent of a fluid ejection
e the follomnng description refers to the

3%@95&#5@"%4‘ Ofifich® AHOZBIER R HRwerdAsREHBISAIUY 36250 s to
l;ﬁln‘t Bnfdethe PART HEGAF. t'l'ﬁét pﬁﬁt 'i’r%"dldrh @hh 9? an? gﬂedéf s%[)able sheet

| owabl e materials, incl cl ear
ép@f@f'éld se¢hHas Pa*&erp@arﬁtsmdtrmmﬂcges Vibitar T, rﬁabrw ppd $he like.

PR Ané flor AeL 8E 2RIRRMHAIRTH ofic of mloré! boluRHRRY ¥irays sucn
Ahat prneeriyrﬁeqyappeq/ejeatxmfbmlyfromdhej dﬁzszleas cRrEes vzbanfcféiis
t ervol,r
smeblse ahfe bihér gtdbhied o ifides L HRPied G ey s
dhelinkyet Jpemthpad rasserably aad mnbingdmemarfemmeﬁ relxtive o each
Sifers e’ iR A oo RseirEn e 2301 GEcPrudRicem e the
sfullmﬂmgldesdripyo%élfemftoﬁﬂieejecﬂmndﬁfgmvfrdadhé pritithead akseﬁ-‘ﬁbly
ting
i 5 ieraiaed it ol Jodgs e @ ciabiamrdiia. pruding

tdl‘éarlﬂ[llﬂ ﬁfayvdedé]éctb@ frbhﬁthatbnﬁfﬁeaafé@@&naﬁsen‘ol y is
consurred urlqu/prlntln In suchassteq%jlnk not

consurB8 sy by isonearpbedimentofianivid awprlyippl v

%%S@rlﬁbly}’andl Brd@ib%s&ﬁlt’@qhg‘bﬁhth%d %Qsérﬁl'ﬂy QQ ﬁfhbriﬁk &@bply
éSt en] the in Jr rinthead asse in

BRMOIVARCHIRR § eserine3thiop storing U!ﬂ‘ei”ﬁ@% ﬂowseff?m H’l@] regervoir

Qathe |hﬂﬁepmﬁth§@d1ass‘¥n§tﬂi Nffhe m'%gp?%@sélﬂkly%nhma printhead
assenbly can be separate from 2 he i nkjet printhead

z9§§%WB|Y3Fa“afﬁU“ mﬂaﬁn FRNG-WRY {1k deluery siFtem ¢ra rackeulating ink
|stV/steH”Iﬁ Lagcshea«way l?i'l&feiu@ér? syaene e%agm.a‘ﬁg alf offhednk

ube (not shown). In eit
rpé@‘é¢%t0rths@lﬂ%trprwqaéra@%mblyﬂ%pomd duitngrinting. In a

n8&itdul
rsijdgtuaq@ el rggwﬂéglgé@rnbwg‘sbmoﬁg{ Bk pRRAIES the
tnrlaﬂzeﬁérassa@bb'nblcynwewurm psinging i tmsuchieesystemytink not
{:
SRciifba gl s Kulsaltd g BKSGpP BFEPC ot 1o
t he ndmzmeernBOdnmemm aim mkjelbptimgsystam ithé jréjet printhebd ad
rlnt inym The inkje rint.h

I338MB22 A ok S8l ahe Y o e hBTead WhheRbiAligRee
Rﬁiﬁhd_@éeﬂﬁérﬂ6ﬂﬁfmat_lw%, tieidRupplg @asberibly \vas Ibels@phh§ve from

unt i asse i ncl udes a carrj own
158 st PR TRAR Paverpiy aniaaavae Juris € i prioBeay Sheembly
rtiecbugh tandntefacé connection, such as a supply tube (not shown). In either
embodiment, the reservoir 38 can be removed, replaced, and/or refilled.

The mounting assembly 26 positions the inkjet printhead assembly 22
relative to the media transport assembly 28, which positions the print medium
36 relative to the inkjet printhead assembly. A print zone 37 is thus defined
adjacent to the nozzles 34 in an area between the inkjet printhead assembly
and the print medium. The inkjet printhead assembly can be a scanning type
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assenbly to scan the print nedium Alternatively, the
i nkj et printhead assenbly can be a non-scanning type

WORMNIMYEY assenbly, wherein the nounting 5 asBEREP3P07/062644

fixes the inkjet printhead assenbly at a prescribed
position relative to the nedia transport assenbly 28.
The el ectronic controller or printer controller 30
typically includes a processor, firmware, and ot her
ele troni cs, or any conbination thereof, for

A RsSP G N DRTeI eBRVTEG assgmblydngludgsea carriage (not
FHHoWnE ﬁﬂdné\ﬁﬁg?ﬂ@ Iijthprlr&ﬁb%d]é},sgﬁlBQt r‘el&ﬁvé‘?osflg%é(dlg Sransport

and the nedia transport assenb iqy ectronic
na

ASTETBIY BrSCAR dhs Y Rdium 3 dterelively. Hbe inkigf priathead assembly

e oAyl PRl et st SndTEE ridlaling
ta$éem@bfc fa<eiS§h€s jet panthaed asggnanly pt & prasatbed, pasitionelative to
_ ?%d@tr&ﬁ%ﬁ%@?&blfﬁ rared, optical, or other

in

ormation trans pat h. The data represents for
exanplTée elect®nigzontrelier ar gribter pomtmlled 30 dypically oidudies aone

%o&@%ﬁr ?H‘nﬂ/ghég %ﬁd %?{Qg%m:ﬁgﬁ? &h%cclgwe%qioﬁ %«?}gﬁ] gorrS :

slpmremlcatmgemﬂ‘aancbcontmllmg jtlee inkjbt prikthdad pssensbly 22, the

o BoRSeRby A AR UE ek FRERDR cSeehiily 25, TBgHettonic

|omotrum=.& receivey dath [30dbnd 8 hodt syistens, &uich 48 ahfbn@puter and usually

'%ﬁﬁ%%arrb?m&’é ﬁ%rﬁé ?&rplegﬁt{'r'lxe %tgr'i?@ﬁ\%;?%%r vapa"y, the
altals et d 08 ket inting Spasmdioeion s iekenic hRsiet! Siical

ni_cation betmeen printhead dies an

@ %rcbwpen%tmtmsreérpaﬂsoTheaﬁiﬂiagsﬂzrmrég for @mnnje a

Wh@@tb@pﬁ:ﬁ@a vRRNnéIbdesbrid bringe F&ln@j%b%rﬁ&\?dé aHd/or
qOPrﬁ'g%/rp assenbly 24. 25 Provided in FI G I's a diagram
[

daP?’ﬁ@eéﬁrﬁotPFFeQM fesmirgha paRbiekiferdhe inkist panting system.
PrHeSdtead of’éjéctég kaJ}%pQ sl dEtERAse FbPtHenY SQP?rﬂné‘ﬁJsagnd/or

of printingor fluid ejecting el enents 4
momma%p@amss are formed on a substrate 44, which
has afpbf; ”r'ﬂ%étep?ﬂtr%aetasé@mf)&r ﬂa[ﬁi Bne Bhﬁthb% 4b e(?rqt can

slot provides a su the printi
dlechwiftesarraher mgltlrm@d mtmtaﬁ@ﬁsernblya Themlﬂetsmmﬂ@@d

%Qéﬁlﬁl c%nhﬁélu@é*’ﬁ Qdiize %Iﬁcﬁ’garfn%%' ki PO Mé§ %?owdes

i ncl ud are not [Tmte correspond
|qlﬁntmadj gammunicatior betwsieashe prnthaad d@sra@dmmﬁnong: @ntholler

050 AR LSRR oA 60080 B AHR s
@@Ipplya@eamblyg'zt‘groups of fluid ejecting el enents.
Provided in FIG. 2 is a diagram illustrating a portion of one embodiment

of a printhead die 40. The printhead die includes an array of printing or fluid
ejecting elements 42. The printing elements are formed on a substrate 44,
which has an ink feed slot 46 formed therein. The ink feed slot provides a
supply of liquid ink to the printing elements, and is one embodiment of a fluid
feed source. Other embodiments of fluid feed sources include but are not
limited to corresponding individual ink feed holes feeding corresponding
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A thin-filmstructure 48 is provided with an ink feed
channel 54 formed therein. This channel communi cates

WR/120988 | nk feed slot 46 fornmed in the 5 subBEFEPW07/062644

44. An orifice layer 50 has a front face 50a and a
nozzl e opening 34 fornmed in the front face. The
orifice layer also has a nozzl e chanber or

vapori zation chanmber 56 formed therein, which

conmuni cates with the nozzle openin and the ink feed

cYRRRA#Atianrchamberhard multiplesshater U’tké'ee trenghesdhateasich fegd

Sobrictpofidifd Pfdﬂb@%f%lb@jébﬂh&%le‘ﬁ%%' zation chanber, and
conductive [eads 58 el ectrlcallégalo couple this firi ng

resi st HMstruclire A is pravided withyan ik f%eqoq:hamafe! &thfosmed
Gthét‘"e‘irf ' ﬂ% chaiei egmdﬁ{c%&&m.ﬁ«eih%%@féeﬁ'sidt ng g@ﬁ%&.ﬁ% .

used herern, enerat o
t%@stfaﬁellwg Areefifinedays 50 hasa in@ztia@a S0=aanrba nozzle opening 34

[gﬁﬂﬁéd FXht ¥3nt 208! m?EE Pﬁﬁc@lﬁ?ert J]? Qgé lngz%i ﬁérﬁﬁ%r?’or

ring printing Flom 1 e|n
t\@ppﬁéatmpzblarfm b6 fiormrEddheneire whish aonemutieates withdleel nozzle

‘iﬂféﬂm atrﬁf‘memlﬁfe@ﬂ%ﬂ%ﬁné? B?fl’\'erlﬂln?ﬁlm s?rggf&?é aAﬁ’Ylﬁ#g?sstor 52 is

Iring resi
drasjsioaed within the vaperiration hbambe:pand zandustive leadb &8 edeatrically

S B BROA i BOEPdrfion gy

reasiest througinsklected fiihg |Ies|smrs nAs meed heredt theoterm “drop

enerqgi,zi,ng . hef|r|n [ r. 20 There are a . .

REEHG BB 15%dek o g el s ndaig iy of y@porization

tdhemmksemhdnhélﬁatﬂeop%mﬁg)shgctrlc pL| nt heads, -

el ectrostatic.pri ther type o ui

ej ect IFOHN gé’\/'PE’gg 'ﬂb@&’(" ﬁéma‘%ﬁ E‘?r}g?‘ﬁﬂ?tﬁ%w g vaporization

Id‘mhﬁgfe&t'»ed'la thbdniefedd chanhelbal Thetrodgle Wpenind!¥a is operatively
con,

e
tVapBrizatiom chiafribet HfeSejéted Hitoligh ff@rdﬂigletdbeﬁ ‘"g: UiBs@ngally

or nore ﬁaSS|vat|on or insulation ﬁ;ers O | CONn
dosRaLte, the plane s the:firing rgsistos) andctoward thei ptist medivinm B6 spon

Fé?{e}f@t.h?%@fheq{r SesiQlpr Ot her suitable material. The

hin-fiTmstrucfure a(so i ncl udes at | east one
condudietesanea ariety\p typesieffnringreadidies. f Thesedneluds thepnal

Eb?'m?r{b%dkﬁgﬁfoé%tn%ﬁﬁntﬁ@éﬂu Fe'cisztEﬁ'ﬁy gfintﬁ@ﬂsb?nggw oftfer type

tcggﬂuﬁilexétwnmvmdﬁnogm@meart that aan be indegrateddntozd maifi-layer
i t

§trru'cf‘|.§?e gzhé BEMtfé‘fé hh Yzan ?Hg&n?eﬁr ﬂog%%tg\?fer a Qllcgoﬁ'ndabss,
tderamici bha stapter mlyrﬂeﬂ/\@na G thirzfilotfrue@ire Y82aa hef6avedito

TR, b1 Bisehos: BEuBlf DB TER RSBk
warbitie r silicChanitride f tantalunu rpolysiissm glass edrtather suitable material.

The thin-film structure also includes at least one conductive layer, which defines
the firing resistor 52 and leads 58. The conductive layer can be made of, for
example, aluminum, silver, gold, tantalum, tantalum-aluminum, or other metal or
metal alloy. Firing cell circuitry, such as described in detail below, can be

implemented in the substrate and thin-film layers.
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Techni ques for fabricating the orifice layer with SU8
or other polyners are well known to those of skill in

WO RWTHR88 | n one enbodi nent, the orifice | ayer PEEUS2007/062644

formed 5 of two separate |ayers, referred to as a
barrier layer (e.g., a dry filmphoto resist barrier

| ayer) and a netal orifice layer (e.g., a nickel,
copper, iron/nickel alloys, palladium gold, or

rhodi um | ayeri?{yporned over the barrier layer. O her

sui t aihe orifige taverpq can he of 3 Phpivinagrab|eePraxy resinnsuchas an

Qafrjo&y ¢Efelrad % as §t‘fB"‘ﬁ1a‘rl€ét§d &y Nﬁ”crbfcrfenf ?(rF MHsRGERBetts.

portion of one enbodi nent
p?erqhm%laa farifabriggting the erifice daver sdth Stfbor ¢therr@olymens are well

Ck'anf'\' th thée M@ﬁ;ﬁ n"i‘th ri” i dﬁeyerﬁlgothEﬁt ﬂ'feo&m%e %e‘r f& fgrmed

SiX fire groups fire group
off tye separatelayensi l‘efefgedzbl dssa Balrrlevblayerr stg fa drcy f@mmhptcﬁﬁémst

351 9% 40 e DS 4 R R
gratiagiuer, gokic bermadiunalaygr) domestgmar thet mr:ﬁ& mgyv%s Grhér suitable
[ e-char ge iring

i . | .. Th 5
3"319‘?@3'5%8%3‘3’. be ?’gﬁ%’h’?d F&n{;’r’vé'??opécedg%‘?rr ed. The eight
coI umShowh ip FEG charayecheiatic righgearnlof a%rt&frﬁ%f one errthboldm&ent
to e es e

2 2Raerinths oS e eRe A 16 b el il o
mlmattﬂya:f gedgrbups eg (€9) $i% rreSgrehps)t eachetirk yropUEdrestisi

f ot dat | {
Ry prechuaRg AMG 6Fls e AMTSohE edp Beaand n%éﬂq?@vﬂas
ls@zcblhd fir uS B2Y Brédghow i FﬂgbgeQ‘HS Bre Ehér@e@? ellshRkach

e%@ F?u'éﬁ’é
shown e rows_of pre- chargg firing are

dre. gFqupaLF sgherpatinaliy afrane%m 3 quYSn%QQ eeht qoligansedThe
Aurdber of B@-cﬁa@@@d ﬂrﬂwg’ﬂ&ﬂlé APd ISR m%a%ry s Yested. ged

flrlnq_ cell in a pre-charged firing cells,

r ef er 188 St gRIAINS ‘%{Qreacmfﬂ)e% fiveg erlls Brare Slasgically coyped

ab efght el lings 88URberd M -bBe E%@HGf fl’\%‘ firingfcelid® A BRNN of
lines, this pair 25 bein unlq for each row

Shershaigsd f"r'ﬁe csMSr ig\elegtriqally cagpledta enesefdhe daia lines, and these
gfa?éJﬂwé?e)&(ﬂﬂ é c&ﬁes‘gﬁ‘f‘{dﬂq%m%f J*?Htchbl?eﬂ"flnb R&lis in fire
t ca ul

apparent tha e arr Inclu
rﬂﬂm&fban@ab@e@umtfre'lgeotmanOthes aI so extend to

conne r
Cnecaetovlol B UPRLAYRS, Shs b fs SR RBI o e
llineg seaab@emema thateddive addriess sngaalpr &ach aregehargga &ting

. ' t he = cha all of the
S0 R L SEPe g LR, Rl HERse rarieps Guo ubamye or
ROBYrIBP OB Bl &ty colipled to fhersangy palpof&ﬂeadésé@slmém ahis pair
flre r.ou each hav separate pr i ne,

o S5 r BAGH o Fiiaeiodoh T afiel efirbeiess showi I tpe fre
@"r@ul{:p82321@ludes 13 row subgroups, but it will be apparent that the array can
include any suitable number of subgroups. The address lines also extend to
connect with row subgroups of fire group 82b and subsequent fire groups (not
shown).

The pre-charge line 90a (labeled PRE 1) receives a pre-charge signal,
and provides the pre-charge signal to all of the pre-charged firing cells 84 in the
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A select line 92a (labeled SEL 1) receives a sel ect
signal and provides this select signal to all firing

WQR200742@48 i n a corresponding fire group 82 andP@rARE7/062644

5 1ine 94a (|l abeled FIRE 1) provides a fire signal to
all pre-charged firing cells in the associated fire
group. The fire line is electrically coupled to the
firing resistors (52 in FIG 2) of all pre-charged
firing cells 84 in one fire group. Additional fire

diretfise geamprBasaAdditianal fire\groupsrachthave @l separaie gre-charge line,
|§u€ﬁ%s préeﬁhﬂgqualdom Bbkdmﬁﬁaﬁgsgréugszggt cells 84

in the arra areeectrlc 0 a

refer é\ﬁ%eqt){'ﬁé 998 (labeled iSELt 1 )éGCQIYﬁSaa selectrsignad and praviges
Sthﬁ% Reefttt sngfwéluca 4y fifsh Eé‘llst%ﬂ M aséJrfé%bUlgtﬁrelg E%agrgeg B? ré?lp%gﬁe

firing cefl's In ar W subgrou
diee |94 adlabeledddREi ﬁaﬂrwdmmmnab ta &lbpreschargedidiringcells in

lti‘n@ g%ﬁ:@ated ﬁ?eggrgnﬁfﬁﬁe Henlgwggg ?Fﬁ:ﬁ'kgw ﬁtlbdpiegq %ch%ﬁli'iﬁiu se

trhsstorsj(az iol thlatB 2)i ofiali pre-esarged fiing 6&llsi 84 iRlobe fitg gasupt he

e GBIt B e R

pr echmdgmdnallyr all gfe-tMgecEﬂtmg:éell\seB4Fleﬂ1éd%m8@l@re electgcéally
oVv.i e address |ines

(BohERTa a3 iR SR el Rt s §60 18 liBrenis Voise: sugh as

groums GRen ithis bma&tn»@ méepré%l"{a@éhgfrmP ReilgintdROw subgroup of
pr e- chargedflre grou Dat a si s are provided on

cpa% -ghanggd diripg cells i{fecﬁwcarécaé!mcaume ta thersame wrgs&)lm% 86,
'dﬁéJcHslﬂgegmbe‘é adldeamaen, h‘év}in%l&g éﬁa'prdumdtlmé 96

pr e- char fire group Next, a se Ignal is

provi d&g ang celis pa;ttste ‘the ingiviguab firingheesistass mnﬁ@ ) ptthe
RIONz AL @%‘e%ﬁvél? %p@rra?e <B aarsqs %Eefci fnk ir¥ {rfét&bs.rZE Paf&inCCthe

signal defines a " discharge I nt erval
dire greapg iarg) fitsh presbarged élpraugln mecresmctwaaREjhnaSeeo shidress

l’%?fal§5}@VHP%wHéh 8n B{eeacﬁﬂééﬂﬁ'%sfdsrtb %QdFé%E lonk tFé\li/ sbﬁ%roup in

her not 1 n the addressed row subgroup
@@pe@t e fire Q@l{ﬂscﬁ?p m&udﬂwr&@wsuhgrwmngm wr@wrged fire

DEALIgrREEaN! dd?Qvn@e&‘ bA Gg{a%ﬁég 8@% ?:ro?h&“@étﬁ td Qﬁegre

od ‘capacltance does no
fareupsg incliding the addegssed dew egbardup in thh @rs-ehargeédre‘ gnoap.

[
S5 S0P e d GYIEUL 582 84 e gl
gmup:tm setedt enpheecharggd firg (grcm‘pt efhedseleat signiat défimesian t he
. 0 0 .
SELBBIR 0B NP B oo 6% b SARNEAC<RE SRy e
switthéndtishewh) inea pre atfargdubf nr@eieﬁdlnaids éithrez ngt imLthe addressed
irin s 84 that have .conducting_.drive
SO EBBi5HP T bisasihes Tiehsio DestuAeedf i sacaiaR sl arot
ﬁmdrred&ﬁlvmb hgﬂ@'hletlbleda‘ta Eighgl. '@l riddelcaplditanefdoEs ndd to
d?s% alrgrgalﬁn pre-charged firing cells that are addressed in the selected fire
group and receiving a low-level data signal. A high voltage level on the node
capacitance turns the drive switch on (conducting).
After drive switches in the selected fire group 82 are set to conduct or not
conduct, an energy pulse or voltage pulse is provided on the fire line 94 of the

selected fire group. Pre-charged firing cells 84 that have conducting drive
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W@ 200742098% sel ected to fire in succession,

eject ink fromthe correspondi ng drop generator (60 in
FIG 2). In operation, the plurality of fire groups
or BEREF2007/062644
sequences, and non-sequential selections may al so be
utilized. The address 5 signals provided on the
address lines 86 can be set to one row subgroup
address during each cycle through the fire groups, and

t hereby cycle through the 13 row subgroup addresses
iswvitchehcondust gurerns tiyeuah therfisipagesisigr é52rl0 IGs2dgrheapink and

el ‘ﬁﬂ(sfrorﬁftlt\@(:or?&%oh&ﬁb d"ré}y\bé%étl‘%PEgg in f#?ér ﬁs Z agk)g%l)ﬁ the

select the first row Subgrou

O%Ma&tvcs«?éfe $QHP$H 82 £an Pe R tqdeto @rwwceqsswe eREHEr i n
$¢g665cdsOBnd hBﬁ-sé&ueﬁﬁﬂél %I&Rﬁhs frrPJ ét?ﬁbé lJfllee IFRERdbRess

used as the pre-charge sig next |re group.
gk emmsfi@@ the pddrgss flms %@an be setdp onp rew subareupt he

Sﬁd?é‘sts rﬁg%'acﬁ'&g ik 'tﬁrﬁugﬁn 21% re g@ EhgndD{Fl reblfy dyEle3hiduBh

ter the pre-c rge si
rﬂ]e ﬂﬁpowse group adatesaesiin @tcbrfwgrqmptuewamepmmga rww

Sl 8y o QU BT 5y 3T

apwéubﬂwumtebcglartgeagdrgﬁabycﬂ@pvemalmext fire group.

comp HRFA Tl 2 B tenih sSSP OE SR Hind gt e e

igsoyy iswisedds the eredwgedighakfon@_emelxt fregtoum Thenpre-charge
ST R LGP b Bl WA e By e
e groupl SAfier the pl'e@bh‘aggé ﬂgna ediaiafs@ﬂlafsl dre nﬂgﬁplékedaﬁ tlfeﬁa and
it gan be desir e rovi de reat e
SR i B kel PP SbaTR0P of e Rne T o el Sefeeh Skpal.
Cihecdsidet siynbihfok! thedsik oté fr@rgtr&@;r is digy tﬁé%@-@ﬁ@r@b%@d for the

the%lextab circuit or .increasing the size of

Explirgaradr. Atierhe gelect sigralfordhe ﬁﬂlﬁeﬁeﬁﬁw group is complete
A& Qélébﬁr;ﬂ%dbl fordRE hekt P& G i€ PlovidedaPRe-BRAGed ﬁm@eéé,@%q in

t hat ca e included in the printhead circuitry, such
4ke selgeted syharoun fixesorheat ink baseg\andbe stored-data signat ag the fire

B3 IGdifg 3HeRE} U upgae.semaeéarﬁgfhe%fe dfire group.

ent'ification cel 100 't hat can efarlcate
C| rcur"ﬁr@ﬂtQﬁ‘ akave. b6a0HEMesirablefo proyidea greater ameupiof i n

+éﬁf icatich |390{m5€k§}1ﬂrtgé‘§ gdad bﬁcmﬁtaﬂntrﬁgtla‘dgﬁ\ HFurther

urality |cat|on ce ele trically
dmsmoeae@t@né e theditexitab |cu:@wt @rin¢reasing U szt ptthe disctei prowde

t:

2 IR inBfin ol HocBliindl, e i Sadcibels have besn
ﬂeyeioaemthaﬂuceatbednpludﬁd in Ilnn)pmmtbeadj@scuatmu@r gs thadglaewn in
cFrIGI dephbilddih e, B |§ ¢é}ﬁétfcad|§§tam of the-enldbai rﬂgﬁﬁlf}én

0 I NT Or

enment stores one I'n" one
zmwr QMIIHOD/thmwmbmmed in the cnrcwtry of one embodiment
of a printhead die (40 in FIGS. 1 & 2). The printhead die can include a plurality

of such identification cells electrically coupled to one identification line 102

which receives an identification signal and provides the identification signal to
the identification cells.

The identification cell 100 includes a memory element or identification bit,
indicated at 103. The memory element stores one bit of information. In one

10
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enbodi nent, depicted in FIG 4, the nenory el enent
conprises a fuse, represented by fuse el enent 104 and

WO 2¢8/12098% st ance 108. The identification cell PABUGHEE062644

a drive transistor or drive switch 106 electrically
coupled to the nenory elenment 103. The drive switch
can be a FET (Field Effect Transistor) 5 having a
drai n-source path that is electrically coupled at one
end to one termnal of the nenory elenment and at the
SRadieRd, depisteddn E1G i dha memosy.slemest compiises, a fise,

%Bl%"seﬁt%H 'Hyrfﬂ%e Qlfea-fehf gRd ¥uselr éT?tQF\(iAtéO@l ﬁﬁé Idefifiida¥ion

coup catlon I ne
|Q§8mqludez§aa drive tranﬁs@mrezréirwe@ywaﬂw il e alectricalint cayplest tgribe

HemBhIEMBR 103 THIEAe!dvifth!caR b%'agl'-“lli:‘+ (i@ Effech P iiton

The | ntlflcat|on nclu
frayigamdrgingsedrce pathithat is emtr@a@nmqplexhat dre Qrmﬂdlmeetelrmlnal

(SR ety BRI Hnd af M enlf 15 afblefeioBolio) Sty

igieund. lemeaothentecreairlaisoﬁihe mesnory letemetd g eléctueallyormuﬁledeto the
. . i . 1z .

GentEaRiaithel fbof AR 8RRt FE oot 1 HeRuftinhd Siana
@amdiprevidesithel identificatiaregigreai td trmemdnoryt)élemeﬁtpm iientifisgtion
L B A Sk B B A s,
whrioogh ﬁhmme'nmnyselamesmt Imm)drwetswmhdl?e i hﬂmqﬁo@ (somdacting).

. { t - . .
1Pis AR oA sBraind Rehifhal ofls.oris sPER 1948 S5an tine t

despondsto me@dsampiogaardmg‘@tﬁgna‘ls oM thepientificatigitline, while other
traq i St or ectrlc coupl ed 20 to the

Fﬁ’@ 9 8aPR e”it' %%500 ipe dosobrespapd i tegrad and
B’ﬂ@grﬁﬁ'ﬁfmﬁ arggags line can be electrically connected to
the p ne 90 in FIG 3. The gate of the

i+ v TER ORI dNe W1 Q6 formp 3 Horaa8 nogia capactance 112,

Qvlrrﬁ!éﬁ funegdrisyas & A& td gotéwawam?@pnrsaamrts %@@édmeﬁﬁaﬂ he
re-charge transistor 114 - source

BetHon fae prerchavs Gagistan b14 anbhgelecbansiiors] Gcihe
tdréiﬁ%oﬁ?dér pdtﬁ an® galecstithe prY- é%r?@#@hﬁé’t& Qretéié‘ctﬁ&iIIZ%Bupled

line 120 that receives a sel ec

it@ éh%prgtqhar%hneom &lhatreceivas apr@-ﬁharsetsmai ol henpresehiasge

I ce 112
1B Eah B¢ gy canectdd o (6 Breefabefifio SBRTFIC 37, U
swi t chhe@ate @fthedrive switthy OGalscaacpmmot ioputtbptis atextricabyn

t | C eq .t O .
g pelitd hetfalechur K oaor REfte chale Fahsigts, 13 antling Dain-
:szgrceapeuleobtme selechtransistor 11824Thengate of ther séleotzmssnstom is

S B e U A el e R eEE b
tslermtraﬂmstor can be electrically connected to the select line (92 in FIG. 3).
The storage node capacitance 112 is shown in dashed lines, as it is part of the
drive switch 106. Alternatively, a capacitor separate from the drive switch can
be used to store charge.

The identification cell also includes a first transistor 122, a second
transistor 124 and a third transistor 126 having drain-source paths that are
electrically coupled in parallel. The parallel combination of these three

11
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WD 2007/ 120988 PCT/ US2007/ 062644 transistors is
el ectrically coupl ed between the drai n-source path of

WORW7TH98%t transistor 116 and the reference RGDUS2004062644

serial circuit including the select transistor
coupled to the parallel conmbination of the first,
second and third transistors is electrically coupled
across the node capacitance 112 of the drive 5 switch
106. The gates of the first, second, and third
ttransisters i electrioally copplegdrnetwes) theairainesiosterpatiabf the select
€ t
qlﬂa;hgs?r?r g u1% s%@l thE ré’fgligltngg 13? ehﬂ% s@ﬁ%l cﬂ'ft::u%I @?Ig@ﬁ%ﬁéé @él%gt
dEﬁﬁ\S&Qr@@Ude to éheaparallglicqumbingtion pf the firsty seeondfanti Hieird

8oL S R0 e 121 v
daitgh[108es can be those | abeled DI-D3 in the fi Le t

e
8: gugr@ré a'téqslgftﬁ\? fi l%t s-ggcgncp grﬁ‘i@?d Qg%si ﬁr&e ?? a@4
(aralelacmtalma)upled to mm dfithe datadinps 8thearsdotiatedSiee grdup (82

' [ ,\C el ect si gnal vi ded on sel ect

h B35 e ettt ifesISe onBRBa B B4 ATy itk Goly h three

Eifﬂixe Sighfldatp lings andﬂsssfdiemd/wiﬂﬁ m%reép&dlﬁ@ﬁre roup As
entif 100 receives enabling sig

B FIS 14 dhe fgtadings gan b doase 1aaalra bI-Day s Maygioup 82
d@Ff,GS:ggnals D1-D3 to turn on the drive switch 106.
The |q_ﬁnt|f|cat|on l'ine 102 provides the program
si gnal' Ne Pre-rRangg sidnat sabe Hie RIewharger signaher rgn pre-

Q:lhafgéﬂtne 90%6@!&‘29”!%@1? 'tcgi'h@'f r@EFBUSCBQS afd %Ié&%ﬁ%ﬁal can

gh vol t age ) vol ts) menor

herffﬁlepbs'mh@ pé@mﬁs’c@n ﬁ@e@rlﬁnﬁ@Zé\Klgab@hda?rﬁl- 1)etpdhefirgegroup
@Qn FIQ! 3, %'i’o%réifﬁ' tﬁéﬁfen‘fg}?@%ﬁer{th% %@qfer{ﬁcét%ﬁ ceII {100
‘eme S

menory e roma esi stive ate
reesivas enabing signaling, inciding ﬂaatpw-nbargawrm04seletbsmeddand

{3 sihAakiE DALDS *&?u{?ﬁ%ﬂ 6%e 8l Sitcn (08 'Itr'{%%entlf catlor1 Ime 102

identification ce recel ves enab
iPFRYidRE the pregrapy fignal i the idenifigationssignat to theg'nemoa/rﬂjem.eat

d‘i‘fe%r@brﬁﬂ%@n&?‘prmd%@a riaty fﬂﬂw %ll? %dlfggev(ﬁ éqs ggnsg]tﬂ ugh the

The identification |1 ne 10
imemer gleraant tp |tf¢%1@¢rtquc§nggdla\re switohrandrrefesenceet ‘éhe'ﬁtls high

UBflagd Ertghgl M stald GRS e Rierfy Wil ibff & YLk AR ¥

he” conduc |ve SW
higheresistiee $tate by barning auagm fusetlBd. i dentification |line

Che st B i B ietalL Atk iR sp) 100

géeaives enasbllngngnaimgemdwlﬁgstherpre-bbar’geglgnaESelﬁbt signal and

%%?é S?nélé oh Ittﬁs ﬁ@l‘g qatﬁgg{g&% 3@ tgﬁ" §é 1;Il?ea ReARR ko 188 102

provides the read signal in the identification signal to the memory element. The

read signal provides a current through the memory element to the conducting
drive switch 106 and reference 110. The voltage on the identification line can
be detected to determine the resistive state of the memory element. In one
embodiment, the memory element is determined to be in the high resistive state
if the resistance is greater than about 1000 ohms (i.e. the fuse is burned out)
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WO 2007/ 120988 PCT/ US2007/ 062644 and in the |ow
resistive state if the resistance is | ess than about

WaQWamw88 (i .e. the fuse is intact). Using thBCT/US2007/062644

configuration of FIG 4, each identification cell 100
can be individually enabled, and thereby can be
progranmed on an individual basis. 5 Also, since the
identification cells can be read individually, the
conbinations utilized to store data are greatly
ianekipdketow negistivs slafs iéthegesistagce is lgssthianiabaut 400 ohyes i.e.

ed in nmultiple conbinations that each
ﬁggglkegzeéﬁﬁrgggffferent information. Wth three of eight

dat a dIsinrepthe confidfatiar efdtlGng, eanhhidentifinatidn cedit 100rcandid

]ll(?cg|§H§9aI!I)Pergab?n%olJ raﬂl:l 'tﬁéf‘g@iﬁérf?%& og'ré:rﬁqngﬁ %g a%l hﬁwgggl Basis.

I on
Al sing the damiiboatianicefis cart be heaskindividubiy, ¢hegtambinations

FAAEES ot Ul GeaflPefiSal " PHEBIE o BV ot
tdedl canbeuitilizedhin rodltiple @ombirfatipns that ed@ntepfesreatsj different s

gt 5.1 identification cell bits per control
ﬁ{'fﬁgggﬁnrer natively, each identification cell can be

confi Wtremré@oﬂéigmtemﬁldnélé DMDB sulédting leach ideheficatibn cell

such_as. two or fo or re .dat .
O RSN ot BHtn o SRus upitd i, B ey 8 cation cells
dJaSCHe_Owéct&d bil bémbmaﬁoﬁé ofthee df denéight er4 sigRalsi Mhud ORith
that is coupI to each, of t identification cells
6 e ke obs sSiRaing, FiDBLdate ines, ABd pag dpmdicaton line

thé kir@dtcart dundropdiftyosik iientifidatibl Blts, W%Sﬁt 5)ﬁ iddhtification cell
i dentification cells. Also, the numbe

itis mer contzalilige. Akenativelyteagh éﬂemtlmat@e &ell ﬁary/ b onfigusedto
r8§p°or¥dr}6ré ?@uﬂ@rﬂ@ nahber 6f defté‘n%;ﬂer S?&’cﬁ‘aﬁﬁvo #?o@‘ e

he operati ng para
(ﬂaé%b‘lgﬂalsdew ce, or other considerations. Also, the

numbej; sqﬁfoulddr@ﬁétgﬁ ﬁ?ﬂtt '\Aﬂﬂe ?%Jrec’ 4@@:@03?% l%ltl ﬁ{‘ﬁrﬂc;g %ﬁj\g}’g th

i nf ormati on
|I@i@mﬁcai‘imfdtneo‘r€)2dbai is conpleﬂim each ofiBe Wentificatihe cells 100, more

'tﬁﬁ%hé |cf‘eﬂ{|f' c%'?ioﬁ %é {rfa?que' &HE@& fTous %E%\ﬁrqg# g 9@%&%&

'to store
|l¢#rmfn@ttqrb¢ellen Ala@ tb& nnmbeadf idéntii eatlorptmls diat ase provided

. %’@@ﬁﬁe BPlesd tﬁaﬁréé gépen-g %%f?%&&ls%h Az tﬁeegr;g%{‘ ﬁ%ddé?

ctroni 2o Peaq- 6Rl
ERROperating pbmmﬁensroilﬂheﬂmd efEction deviee, fon smer mnnNﬁl@Stlons

A8 B el et o A S SRR PR ol P be
pess/thee tie totatinembef of iddntifichtiorecelis\oerthéldiesS bits. 13

While the identification cell configuration described above can be used in
a variety of ways to store identification information on the printhead, fuses
present some drawbacks noted earlier. The inventor has recognized that
electronically programmable read-only memory, or EPROM, can be desirable to
eliminate fuses in NMOS circuits, such as in ink jet printheads and other

applications. EPROM cells do not include fuses, and provide a number of
advantages over NMOS bits.
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WO 2007/ 120988 PCT/ US2007/ 062644 Shown in FIG 5 is a
schemati ¢ diagram of a typical EPROM cell or bit 210.

WRRZPHORE cel | general ly includes an input gat BCDUS2007/062644

(also called a control gate), a floating gate 214,
and a sem conductor substrate 216 that includes a
source 218 and a drain 220. As shown in FIG 5, the
substrate is provided with 5 N+ doped regi ons adj acent
to the source and drain, respectively, and a p doped

r egi oShoWD iR FIG chisrarchiematis dliagsam of B typieal ¥icedor Rl
?ﬁ)e A EPROINRESI ?é’rfér%ll iﬁﬂH@ésegn fn?ﬂﬁ#l@ "242#%% g?"etdh% control

electric mater et ween SucC
@ate)r aiflogtinggate2l4gend a semimhéuictorosublstralfel 2 thatjngudes a
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When properly doped, this polysilicon material functions as a conductor. The
gate oxide layer 236 functions as a dielectric layer (26 in FIG. 5) between the
floating gate and the semiconductor substrate.
Disposed atop the floating gate layer is another layer 240 of gate oxide

material, which provides another dielectric layer, atop which is another layer of
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14 WO 2007/120988 PCT/ US2007/ 062644 pol ysilicon 242,
in which the control gate (12 in FIG 5) is forned.
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existing layers of the inkjet pen control chip shown in FIG. 7. The gate-coupled
EPROM bit comprises two transistors having their floating gates tied together.
The first transistor 272 is a control transistor, and the second transistor is the
EPROM transistor 274. The control transistor includes two control connections

or control terminals, the first terminal 276 being labeled Control1, and the
second terminal 278 being labeled Control2.
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15 WD 2007/ 120988 PCT/ US2007/ 062644 The floating gate
280 of the control transistor 272 is electrically

Wo 318t o the floating gate 282 of the EPROWCT/US2007/062644

transi stor 274. The EPROM transistor includes a drain
284 and source 286, which can be connected to ground.
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(Control2, 278) to the drain of the EPROM transistor 274 (Drain 284). One
advantageous feature of this configuration is that there is both source and drain
coupling to the floating gate. This provides additional capacitive coupling from

the control node to the floating gate. In general, the more capacitive coupling
the better.
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16 WO 2007/120988 PCT/ US2007/ 062644 Referring again
to FIG 8, the gates 276, 278 of the control

WO RYIdRMB®Hr 272 can be tied together, or ContrBEDUSHT/062644
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Programming of this gate-coupled EPROM cell 270, like typical EPROM
cells, is done by applying a voltage pulse to the terminals 276, 278 of the control
transistor 272. This is done in order to provide a quantity of hot electrons to the
floating gate 280. It is desirable that the voltage on the Drain 284 be close to
the breakdown voltage of the circuit. The breakdown voltage is the voltage at

which the EPROM transistor 274 begins to conduct with the gate below
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whi ch the EPROM transi stor 274 begins to conduct with
the gate below 17 WO 2007/ 120988 PCT/ US2007/ 062644

WO RSB vol t age (gate at zero volts). | n onBCT/US2007/062644

enbodi nent, the inventor has programed the EPROM
circuit at a voltage of about 16 1 V where the circuit
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the t tﬂ:\g %ngrlﬁﬂy Y)ﬂ\gta gct%o'%?prowc?e& é‘t}lrﬁgtpor(r)gra?nsmlHS ?s higher
when programming is done at close to the breakdown voltage, and with higher
current. In one embodiment, the inventor has programmed with a 25 mA
current, though other currents can also be used. The inventor has also
contemplated a 20 mA programming current, for example, and other currents
can also be used. A range for the threshold voltage that the inventor has used

is from 3 volts to 7 volts, but other threshold voltage ranges can also be used.
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is from3 volts to 7 volts, but other threshold
vol tage ranges can al so be used. 18 WO 2007/120988

WEIyaP8®7/ 062644 Under the above par anet er sSPCT/H82007/062644

i nventor has found that a 10 m|lisecond progranmm ng
time can be used. However, different progranmm ng tines
can al so be used, particularly if the various

par aneters nenti oned above are varied. For exanple,
the progranmng tinme can range fromless than 100 ps
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incorporated into an array of identification cells that share control circuitry.
Shown in FIG. 9 is one embodiment of a gate-coupled EPROM cell associated
with individual control circuitry. This figure shows a portion of the circuitry of the
identification cell of FIG. 4, with the gate-coupled EPROM cell 270 inserted in
place of the identification bit (103 in FIG. 4). Such a configuration will provide
one control line per cell, with the operation of each EPROM cell being controlled
by an individual control transistor. This sort of configuration has a larger
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one control line per cell, with the operation of each
EPROM cel | being controlled by an individual control

WO RYIdRMB®Hr . This sort of configuration has a PEFgE07/062644

WD 2007/ 120988 PCT/ US2007/ 062644 physical size than
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ire Y] | t

r eg’?gphymggﬁl ng %ﬁ%'s%es%égpg?gﬁuﬁg éenogt?e OM &"

rf@mtwnaas desc¢ribedifer thercah ¢ Bigd: Ameltag@ af the |amye\162tcegples
W : | i i ]| .

8 G el of Bechlifolfiansioff 2723y s b ob 2apaeg

iMGFB)G. A Trigh soltaged(l 6V pwillprogramt the EFR@Ma A lofvervolERRWNI be

h

b rnst st 8 Fhr8hdd FONKGR e PR réqifancs, gt

densg:m@ﬁu@nffaanyamitage appligdtte the lipliredwiltPieOhave a path to

. 4y . . . tryv 1n thi

FEIH. a6 e BB SP UL ERREERY oy cel i s 270 are

ar r an§bawnnin Fis1Ginc pastial rsnbemilmdi'agqam of amEPBROM acrhy 300

BB P 5 dud Sl R Bol BB LR 1
this configuration an array of gate-coupled EPROM identification bits share
control circuitry. In this array, a plurality of gate-coupled EPROM cells 270 are
arranged in rows and columns. The input line of each gate-coupled EPROM
cell is tied to the input voltage Vi, (designated at 304) through input line 308.
The source line 286 of each EPROM transistor 274 is tied to the drain of a

row transistor 310. The row transistors are tied through their sources 312 to the
drains of column transistors 314. If desired, a drain current limiting resistor (not
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30 The source line 286 of each EPROM transi stor 274 is
tied to the drain of a row transistor 310. The row

WO RYIdRMB®Hrs are tied through their sources 31PCTESI0HE062644

drains of columm transistors 314. If desired, a drain
current limting resistor (not 20 WO 2007/120988

PCT/ US2007/ 062644 shown) can be added to the EPROM
cell, as described above with respect to Fig 9. Rather
than an individual resistor for each gate-coupled

SBPWN) gan; e gaded tothp KREOM el agdrgeribed ata@\feewth rasesctitp
FHigo. ﬁ%)théTrQHérdaubﬂ‘\dMGDéﬂ Qéqjst&rofof 85h ?At& c@ﬁple& '&6" a single

transi stors |n' aral lel. This resistor can

dBHIRE £Ed (Efj‘éWOele aghed lingistin §EG 510)icauigihe ﬁrﬁ‘é'dé‘i’ g feedrall of
ttﬁ‘@ trgﬁ’ﬁgg“é |h6Hé$élfeﬁ 0Th|§ #84stbicdr e ccg')nect@dtﬂét\ﬁe | @ \%Jsta%e

line fromV resi stor, separ ate I nes
(\n e thmd@ﬁs%fetbe IEPIIRQNhtIWnSIBth 281401)1 FdGt 8haith@ singlenlinée

{0Eh bl hé réqilof Bl 3Bp eSS 24 (ST e ngs flc
i@ extending febnathe resistando EEiéR{wlhs «nbaaa:h)d)f the EFRGM drangigfrs
et alE e oo BT beray M sl e RHERNPe SRR Mo
wootrdl thansister®7@i wewdd thent ke ltenmvedmnd all ofehe 80i@trol Tiaasiston
l g ' ,
3 oph Ul A48 7 ol 85 JFBUNAp 4 rput e
308.in a given row. The sources 312 of all row
i J i t ta th

Ly S0 gl oS G Bl BRI, 8. it
Theggmsm aB t@v séleetateansistors 1310t agdientrow. Jhe soawesSdbed all
bR 33485 o L ISR DB T o
ttramsistcs t3d A Jorathat cournaC Thd gatesa8 18wfeach whtrmg&anssmrcahe

CaeS o FR A AR el Sl i e
nmrwusdssr:&mt@h@a@iumltmieustdrgaﬁe @drﬁh@&tea 1& aaﬂohﬁﬂbn voltage
sel ection of _the lﬁ.Bem ic gate-couple

[SHER a groysido gthengal nyﬁaﬁﬁfemrﬁdabemmwm.fﬁelumn1 “314b

6ROSILANY, and's® der nel  transistors, and the
i nterconnects to these transistors can be fabricated

i n t hdhesewtransisteys:31Q asd colimpit@nsisiors §dfmallow gelentieryekthe
bl a4 P8OM e o T oty . e
riransigtats e normaldransistoraand the inteesannedte tputhese t he

S I IR Y e, s
@dvantages of tinsmiltcult iang thatlit isymopteccarapedit thandmiptemestftatiameof
%iérﬂ@ﬁgtf’oq\ cé]lb Wltﬂ%eﬁg alte 8&% eirctﬁw Calﬁ'dtltr CYCﬁQﬁQ récﬂnf It?e

arra
Metal2 layer and |ts associated Iayout rules Addltlonally the size of the gate-

coupled EPROM array 300 is not limited by the configuration of the printhead
firing cell control circuitry (80 in FIG. 3). This array can be as large or as small
as desired, regardless of the number of data lines associated with the firing cell
control circuit.

To program a cell 270 of the array 300, the cell is selected by applying a
voltage to one row line (e.g. 316a) and one column line (e.g. to the gate of
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as desired, regardl ess of the nunber of data |ines
associated with the firing cell 30 control circuit.

WqaongAgysam a cell 270 of the array 300, the cBET/USA07/062644

sel ected by applying a voltage to one row line (e.qg.
316a) and one columm line (e.g. to the gate of 21 WD
2007/ 120988 PCT/ US2007/ 062644 col um transi stor
314a) and then a pulse of relatively high vol tage V,
is applied. To sense the condition of

Lot FRnSisto] 31a). Bbien ach s ol Fatively pianasitegs Y (69)
| B\ RPApRRA! ‘To@%‘ﬁsé HECHRMonHF thd &, & vk@rr?rﬁ]pdﬁ/ﬁltagge Vin

nonitored. In array, there is' no
RS9 1RY) eﬁwnﬂedm thesagsivey apH thea@urm'zmmtored In this

tdrr;bysth%?@fs rﬁ%@ﬁ%ffﬁb@‘a&é%é LiR% tr@%\éﬁféen A0S EPROM

e are no aln to gatev tage g 1 ssues
Heanaistar expeptavhanprag@myaing. advamtegmmvlthare arsne trairs to

Tt SRRl shobs i sl el b ot Bt e

\trainsistors switch tagethten. tihadditive, gatéito drairﬂrmml’ndmsacimyd
tr&at the size o ans 316 i 10
&%

hoipBal Bdhelin LidNehgpsife Ftaga  olplng. Bihe G no
curr etThe |mr;entbrat&52fhrmﬂtﬂat tRB sipd, of tie I’dv?%?cttt@hﬁlsfdﬁf 816 is
pu t he i nventor, has used row sel ect transjstors
R Lboien LA ot a0ie e RradrAmE G, utreh SUEh:as 20 mA
DsahAeor h‘igﬁas FoREhi® puipoee, tf\@fnvehmas DEED FoWBIBE transustors
rrent L‘@r er si ﬁg ﬁﬁneeded for hi gD
Bvingim widfy ' e@@ﬂﬂ@%ﬂ@ f smallersizas can|berysgpd for
CF@Wérf p?bgﬁahﬂﬁlﬁg%hﬂéﬁt 346 ldr@ertsiAds will Be Meeded\fdr Highdh current.
signal turns on a selected col um control transistor

314. KhoPeTARRR. asgim ignal (uns op all rew sontfy tiaasistosn d 16 i hat
tr6R. PeEdIurdr @i Hﬂxrﬂ%oér’ﬂa 'sé@cfe@V&oﬁ.l?\% cérithol 't'FEn&ét%P%'l@t fh

turned on will have the full volta?e across it.

KB HolLas8 \n 5 then ARRlsch AR S0l e ol 210 WA row and
tcoRiMer GhMistbt RAtdd\éh w-ﬁhﬁve'tﬁe fml%ltﬁélé&ss@ft 118 theF BBl

transistor will not be driven to any fixed voltage,

thave fiie soyree of thezRROM transistardioating. alead inihe euree wéthe

{ (0]

T IROMR GO Ry R0 1 a0 Folte, BELIII TSR the
veltagas efetherdtherdeamioals. T bere Wil beino ynitage dcrogs tenEPROM
k?llatn§|shﬂ an inkjet printhead. In this configuration,

row and column signals can be supplied by the
s h| f t AndcPROWr arcdy ¢anebegpeonfigoredrio ltheaonerdescribéidhalboviesfor

it Prabti B S ois R Ar iRt iR SBnfapptin. tre row
iamdesodursi sighals exgh Heesuppliedtbydthie\shift fegistertdfiéhesper control
%ﬁgblit?ﬁ?ﬁggrgfﬁgi t@noﬁlvéﬁlg ow gl% éctalﬁrrr\n?%gé v dsuaﬁl he%
respective values can be shifted into a shift register, and driven from the shift
register outputs. The shift register addresses the row and column selects of the
2x10 array. It will be apparent to those skilled in the art of semiconductor
design that the geometric configuration of the circuitry can be configured in a

variety of ways.
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2x10 array. It will be apparent to those skilled in
the art of sem conductor design that the geonetric

WQaMHF 1%t i on of the circuitry can be confi guPEHUSHOZ062644

30 variety of ways. 22 WD 2007/ 120988

PCT/ US2007/ 062644 The inventor has built and
progranmed a 4-bit array based on the above design.
After programm ng, the EPROM cells have held their
charge for over a year. The reliability and | ongevity

of thdh gm\@nmmﬁéw@mypg@mm@@gérblb@rday Basedran the above
GRBRNI AP PRogamEHing the EPRBM Eﬁfs hﬁ%%‘l’cffﬁ fgggﬂge for over a
the typica £ Cell

structure is different than
/&Af-i guration, sone aspects of the resultant design

af f eCtThétrélldbﬂﬂU%d"%ﬁéev@;Hft SC?upFeB%F‘F?éHeJeII%eégn&fd

the floating gate 'l ow nore a
fherein dgrerds W%nvmbwd@f f@¢t@f$a| Bacause theqritustuss isddifferent

(tlga%tﬁertyﬁ L&t EF@OMSCGH gﬁ@ﬂﬁﬁﬁf elme 0{1583{9%% H{eereghlgr[fﬁgélgn

| eak age current at ness
|adfeet its r@anstaesﬁclfortmmplqaéme largmrs«ze of tis flagting gate (280 in

HIE BRI Mol Ugh serib AR AR Rid Rl n fale ice

€35 et 1Gat7) Lsm?ot anateks sedk fog absatteamininie ledkagecarrehtn a

e BRI, i o e b S Pl

Sight turaaduim_smls ari IaMaESLIpﬁic;s agg Zalﬂaatgmﬁg: th:?h?;ﬁl@eﬁsgtglthe o
a

ISR Iayeth Bl Eh 0l pRaE PodefrBfichs 8kl taien ke

tidyers.elred perf conted| |ctryu:t:mﬁ"godedamm the tayleps 6OhETROM chipf
n EPROM.circuit, these

|
hEwE8 P for Syeames he Bickdess A Nathess.entbe ppiyaiicon layer
tﬂsrﬁdado?acféhhéklé‘c&rctlﬂie‘-‘r 258 3dre Abf %&ntfcﬁ%?oﬁé}ﬁflorﬂj& tﬂ@t

20 affec do not affect themin

RRMGRFUS: This fagter affapts the>l¢\@hpf qt@tmmnér@l appiied to fqm@gon
R ufese IMEHOWEv&r MEREPROMN éﬁ‘cu'iir fhekb ?&Bﬂf‘f@tr"a}ée agrea er

bot hersone. It is believed that ul ti
efbre reliable than fuses in the appllcatlon

di scl aga i’é?ﬁ(—?hr‘ﬂe M@F‘é &et&ﬁ?rﬁgét&smﬁt er{% fRES i dBfnot

t he at e-coupl e I scl ose rern can be
taffeet PROMS, mréhat@iﬁfnog affeatithem stheaameway of 19l theisameut

te&Een? eqd anéd 5%/‘33131%9 HQ\'/% 5 %ﬁuﬁw?@} {)Pcirawggék% thﬁt Jré l1‘r%q8£ntly

mﬂrstynabliun believed mateﬁPRQMmll ulymateé\chejmre rdlljable than
Cffsbh Wﬁpﬂfe k&?&l@&ll}%/%cfﬁérgms RAerd C}F\S Eo%gﬁlﬂﬁt&%rﬁ of the

ecause ets use
|gatq heurrstRERREM |ch| disploged hgigirycaﬂwejtolerated this confi guratlon

can be useful without the need to increase quality control. This is true of inkjet
pens. The design life for an inkjet pen is usually about 18 months, primarily
because inkjet cartridges are usually sold soon after manufacture, and because
the pen then gets used up. Consequently, if the EPROM cells can reliably hold
their charge for that time period, there is little likelihood that the device will not
work as intended. However, this same structure can be effectively used in other
applications where greater reliability is desired by exerting greater control over
the flatness and thickness of the layers.
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their charge for that tine period, there is little
l'i kelihood that the device will not 30 work as

WO 2003188 However, this sanme structure can bePCT/US2007/062644

effectively used in other applications where greater
reliability is desired by exerting greater contro

over the flatness and thickness of the |ayers. 23 WO
2007/120988 PCT/ US2007/ 062644 The gate-coupl ed EPROM
structure disclosed herein can replace fuses in inkjet

pen cdheagte-epuried EERGM ﬁtsuﬁturmqlfgsegr*@é@wan sGRiace wises
Q:"?ﬁ{kjetmh%onﬁ&rl'fu‘cgw \mthdlﬁ a%%ﬁ/p p@ﬁ%sg ?%Je?s AfPE r Fhis

ger than traditional er t han

qesBgurationrRwViges cetivihat ate lawenthani teagitiopal EBRDM eells. bt

léﬁeﬂe];gw%tfgg& a wide variety of identification
infornmation indicating features of or other

i nf or Mheigate-eaplrd idretiicatiemeellsaagndiecusedde stmaﬁpviée variety

Ryt l;
AR AR AR RSB 1 Mot abot e
ipfintheadtdienFeroexampie, ceprinde! empioymg appnmmmgwavmg EPROM

BB ARrRE s R 9B LEXRENAP hhafEgh RS s B EHED bt
sp_tumcsesde ppiimhizeatrintmg qudliby maper&:nmaﬂbextfund:tm_nsp Foneir(]m?ﬂg
el ol Sy i i 2
mmcjtl‘mtildl@ ai@bout thefinkjeticadadgroi man inevhi¢h thélpeinthead die is

1gERte, b A< R sk, FaRaPhg B BLPS Gk A6RbAS 74 Cc
( TSR) Thalldﬁmtrf catbataetiscae alsb estare nqmtlﬁd:aiioe inforndtimnlibdicating

e e n ce can re
YR s fertsthics, (SR Yaueth e Blnig e tsifberdh s G the
Lpnlndmme&Iéﬂﬂéﬂ)ﬁlﬁnﬁﬁmtld@Uéllsfqanamofepdemlﬁtétlbnrlﬁtbﬁﬂﬁﬁbrt 0
t.h rint he g %édent i ficati el |l s.can be used
e Aot AtRead (G ass SLITRET Bridenii Abd Brons il fegnged to
dne pnmaes@t IJeﬂtlﬁ@tlbﬁ cBld¢tbe dsddf folitére :a@mfeamuﬁform@tron
t values stored in select

'wﬁ?ﬁtm aniipk eﬁp%\gﬁlsat fona Printhegd: Aoqr"itwsaa@tceewtéw the drop

\veight viaRfearsidrel Wséié@té@ ﬂiénﬂf &R cefiShRF iHrbut of ink detection
identification cells to determ ne actual out of ink

d@\(eémfprmatlp@\;éqrgd inrpfeepselested idenfification celiscto determine actual

E*lnf('d%?édtleﬁ‘l vefsormation for marketing purposes,
suc as reglona marketl ng and origi nal equi pnent

rran uf dbe unrleter camaigp umndismtlf ingfionHoformationpioe masketiagt ed
| | . QELC

RS ST ol BB AA A anyaotrer
f(DlEMb roarketing nForeaXanple, Iselesteas identificaiiorecells stare édendification
3 et ¢
i.ﬁ@gﬁéﬁﬁ@ﬁk&?{h EHa?rkéif’i\B rﬁ@% ??r tgc? ﬁ&o P ééecc%gg%]@}/ ee. In one
ejnekndinantd eelected l@itlécatm detle nan stocanidieotificaion information
indicating the seller of an OEM fluid ejection device. Selected identification cells
can also store identification indicating whether an OEM printer is unlocked. For
example, the OEM printer can respond to the OEM unlocked information to
unlock an OEM printer, such that the OEM printer can accept OEM printheads

sold by a given company or group of companies and printheads sold by
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can also store identification indicating whether an
CEM printer is unlocked. For exanple, the OEM printer

WoaWAY8dNnd to the OEM unl ocked informati on tBCBES2007/062644

unl ock an OEM printer, such that the OEM printer can
accept OEM printheads sold by a given conpany or
group of conpani es and printheads sold by 24 WO

2007/ 120988 PCT/ US2007/ 062644 conpani es ot her than
the given co or. group of conpanles such as the
é’@mﬂﬁ’l"'%‘rrqt@?rrf ?" Y%@QJP@“YCQS@@FRIO agEPRARIasy such as the

Iééﬁ_[m bf,g,ﬁgpmgﬁhfg@th}eﬁ. cgmﬁ identification information

indicatin roduct type and product revision of a

f 1 ui dSef d ldﬁn ieatiorecellsistorgidgniifeatiopjeforpationdndicalingcthe
f %dlsl.fd(t: g{begﬂﬂrﬁ}%lﬁﬁ‘?&lgéfn efgﬁhlﬁtezéctlbﬂ d@ﬁﬁgrﬁ'ﬂé:ﬁm uct type

acteristics ead
regndi product penjsion aan baasad:bysaummtezrsto ascantain physigahci ng

%ﬂ%?é&?({hsﬂ%%&t sAor d tﬁ}géumé{viﬁpr?gﬁzs&éﬁ cFé'nIa%{e?istics,

stor 'n sele
|suenasfspaang batweasn| rmzzlie mltpnmmith&kmby dhangeiirsfuture products

i ment, the product i on Si C. .
EAR AR S bored R IR et R Bk Rlnegy. mthis
wmbﬁd&hemtotmobrudmctfr@ﬂsmﬁ Phyiya Icﬁéﬂactéhaf digfctmatibn 6an be
cha bet e&oac{) g \(/:Qé revisiopns. Gate-coupl ed EPROV

mpnééf Jystdonthe PRysical chgragteristicehanges befygen
qirmctwms in addition to those noted above.
Because .t he ch n hefloatln ate of the EPROM
trans %pmdé%;[':'%ﬁ{q%{l eel 58§°"\f§”@19ﬁﬂ% qnean gl$n ke yaed for
crmﬁylt @?éﬁ;ﬁdrpﬁséﬁﬁ aldditioh &sltHose ﬁbwdeakwau B@baﬁe the chtarhge on

ities in. an n rin e
T4 Hoatingrater CRIPRETEOM tansiion 264 IEIE: &Y beipuiative, this
[CORfiQEatsAEsh be uﬁécﬁfokstél@Q:M% RanftR@e Fdp @kaﬁqu/lwén

or for other purposes.  Since progranm ng of

daifieterintinade the grtecavRISH EPRQM celieandbe sircessivelim cel |

2&Progfdiined % MSclp!heg'fuﬂ{B@r Bﬂgé’éest&m &l bﬁfoPéfheF’ﬁur‘;b%@é’s
to control 20 anal circui such to create

RGepegrammngRi| Ofehq%ﬁ megies @mthm!aolarvelta@ﬁ gfothe

EEROR &1l 270, k@cde@snb@ pHIYASHh RSk tﬁ@@céllg%an be used to c%ntrol
above-r ef er enced arran ements are illustrative of

Apglagcaiicuidh syeh apdo preateca yarabletimedelqyr Ltber applications are

iigqel ijle It Wl be apparent to those of ordinary
S ‘Fgélsn ‘he art that nunerous nodifications can be 25

made Wi kool undgratobi mtg;atftlneaabm\leere(memchnrmganmnts are
glgﬁ?rgﬁ\tie oPtF\e aIBSnéa%ﬁ '8? h%npr%%l es of trfwé) ;rmtegell'ltnln\t/en ion. ?t Wil be
apparent to those of ordinary skill in the art that numerous modifications can be
made without departing from the principles and concepts of the invention as set

forth in the claims.
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clainmed is: 1. An EPROM cell in a printhead control

WRRG(124988 or an inkjet printer, the control cPEBYPI007/062644
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havi ng a sem conductor substrate, one and only one 5
pol ysilicon | ayer disposed above the sem conduct or
substrate, and a conductive |ayer disposed above the
pol ysilicon layer, the EPROM cell conprising: a
contrq| transistor, having a floating gate conprising
a porQLéWV'& the polysilicon |layer; an EPROM

WRASS Slafthed k2vi ng a floating gate conprising a
portion 10 of the polysilicon |ayer; and an

el ect i cal AnERRQMmed in a priptheadgontsol wgcmt boan inkjetgfrinter,

t n Ng

RS cofPAISHEN HRand SemiccRECEPIE I Ent Afig onbreld

WIMSHEOEH?&VHBPQM ahaye. thasemlcoMucEG?RﬂmstraﬂeL andha conductive
rans t%?d ?%Zﬁ%rtl‘ﬁé OWSﬁ] O?M%S'E n ro ?%ﬁ[(gé\ prgsr;rep:a

second cona nohtr@lélamslstdr having a ﬂmtﬁigeg"ate: oorpprisingng partion of

el ect gl .c i: r nection between the first and

secongﬁe @%K%'ﬁ%l% I%g mnals. 20 3. An EPROM cel |l in

accor danceam\EPIRQM dransistor Veving afiédtingejatetormpriding a portion

intercg{mec i Qn iyvveen the first and second control

term QAINE icoadayer andasi st ance. 4. An EPROM cel | in

accor danceapveleltrizhFihtsrdonnebisre 'cmeFI@in? Qrﬁdrﬁﬂn of&ﬁe
transi stor conprises a first contr ern nal and

secongoedetive 1aver intereennedting the Aeatingrgale of tgﬁsqogtrglrtransstor
Conpr aAg $hefichting ‘Yate2dthé EHRTSM te@8Ridrsi Ng an

electrical interconnection between the second control
termnal of the control transistor and the drain of

the EBROM Ap @WG‘MQfeII i3 8ccordaNee Wit QAiREA | wHetein the control
accordance with claim4, wherein the el ectri cal

itransistas seBPriseHa iﬁé&t\ﬁ@@ﬁﬁdt@f@"l@@(ﬁb\ﬁ@ sesand gpntrel tesminal, and

t
i ehicPiinky il aiedl iRBfonheliofuRiedi inb s B KEend
ROTroSEygmals 2644 6. An EPROM cel |l in accordance with

claim1, wherein the control transistor conprises a

first control termnal and a second control term nal,
and 3. An EPROM cell in accordance with claim 2, wherein the electrical

interconnection between the first and second control terminals comprises a
resistance.

4. An EPROM cell in accordance with claim 1, wherein the control
transistor comprises a first control terminal and a second control terminal, and
the EPROM transistor comprises a drain, and further comprising an electrical

interconnection between the second control terminal of the control transistor and
the drain of the EPROM transistor.

5. An EPROM cell in accordance with claim 4, wherein the electrical
interconnection between the second control terminal of the control transistor and
the drain of the EPROM transistor comprises a resistance.
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WO RM7f12498% and second control

the EPROM transi stor conprises a drain, and further
conprising an electrical 5 interconnection between
term nal s of thePE€bhB2087/062644
transistor and the drain of the EPROM transistor. 7.
An EPROM cell in accordance with claim®6, wherein the
el ectri cal i nterconnecti on between the first and
second control termnals of the control 10 transi stor
and the drain of the EPROM transi stor includes a
resistance 8. An EPROM cell in accordance with claim

1, wher ei nag EFROM RIMA E&o‘?&ﬁc@%ﬂ\p@élhﬂj v&HéréuH?he control

floating gate of the EPROM transi stor cumul ative

diapgistar somprisesafitaticortre! terminaj@nd mgsd gentyol Mml@aidand

4Re EPRGM tr%ﬁs@t?'?"g})rg\?aﬁ% i \%algf zﬁnrq%?rthoé} c%ﬁﬁﬂ%qnﬁealnl elbrical

accordance Wt he™ con

timtereonpeationi betweerethedirstragmdrsecomndh eentiad terminads ofthe EBFOHI
ttraae&o% R thé'f aWSfmg EPFRIGfrgRftaect | on, and furt her

connécted to the drain 20
connectlon of the control transistor, whereby

P00 9T i R aroB S W R B

%tefqonnemronchmweerstmmrst andrsecend centgil mrrmnalshafvﬂm goatrol

a1t P The Gl B b %Pﬁﬁd*@ﬁwa'sfqriwe%&%s& et

associated with a precharge l'ine, select line, and

a datg lin a rin er.eb
progr rrmI ng gﬁ’ﬁﬂ}" B 'ﬁ@ éqlrﬁ’ls V%#'—"Fi%\/{“cblwvweé%fﬂ %e
cpmdsgranirﬂnﬁgi cbargelwpwédstoaaetﬂoéﬁrrgcgmé of the EFROM trarisigtordigd

::fgirgl quﬁ Que@%aetctng rE%%é)I{IIQ:%II can Ss%cgecstswely c%arged tots?ore

cumulative values.

9. An EPROM cell in accordance with claim 1, wherein the control
transistor includes a drain connection, and the EPROM transistor includes a
source connection, and further comprising an input line, connected to the drain
connection of the control transistor, whereby programming signals can be
provided to the EPROM transistor.

10.  An EPROM cell in accordance with claim 9, further comprising a
drive transistor, having a drain connected to the source of the EPROM
transistor, a gate of the drive transistor being associated with a precharge line, a
select line, and a data line of an array of firing cells, whereby programming and
reading of the EPROM cell can be controlled by signals sent through the input
line and through the precharge line, the select line, and the data line.
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