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WD 2004/ 060676 PCT/ US2003/ 041245 HEATER CHI P W TH
DOPED DI AMOND- LI KE CARBON LAYER AND OVERLYI NG

wW@2064706067€ON LAYER Field of the Invention 5 TheCPUSHE041245

invention relates to inkjet printheads. In particular,
it relates to a heater chip thereof having a doped

di ariRATERKGHPaWIGH DAYED RIXAMOND-IIEESEARBON/BAYER AND
More particularly € i arbon | ayer

i ncl udes S|I|con(j%ﬁﬁfgggﬁ‘gngﬁgﬁﬂﬁﬁﬁfhéﬁ?aIun1or

other and a cavitation layer of undoped dianond-Iike

carbon, tantalumor titaniumoverlies the doped
di anond- 1 i ke car bon | ayégld of thedaventionund of the

| nven onT art  of tln t

t oenohOBorE RdniBh Bl b el Bfhedly’ ol ilihar, it relates to a

hégR&echiiys thitr UG thebdy deped Hiaf®ndlikedsadis falye[rmlarva aniqsﬁstor layer.

i nthead at precise  nonents such that the np

Mormparfisuiashn e aioeeéudﬂ@aon%hlﬁ capbonTipber MAdsE Gl qag.  nittogen.

éénﬁllﬁp PRAt bé eca@irtétﬂ)tn ﬁ%xr bf"%ﬁddﬂeﬂhﬂlﬁm@nd-hke carbon,
evi Cc&, suc as an ; and caused to

ta@tilyah OF dtapiune beérlwsethe dopﬂfd chdmand: likg czpbmmiaymedl um |t

emts ink drops at times pursuant to conmands of a
m croprocessor or other controller. The tinming of the

ink drop em ssions gg&[ﬁmr}gﬁhé ventied tern of pixels
of the image being printe an printers,
f ani | The attenfi praing nmgq:ﬁowah iimget hekl]lrwﬂogyeksrm]@tlﬁgly well known. In

s o 5 POIReLb S et atce PR Frorb O tofidl BHEteGP t precise
oL RIch iR tﬁéy ﬁﬁpaﬁi Q?ﬁﬂt et 8sa Q%Q&Soéa@loﬁ IThe Printhead is

or renote supply of or or nono ink, a heater chinp,
supported by ermov4bié plentmam@eat/ﬂa@rae@%z sugh asean imkjet printer, and is

Sl Bl TS Y B e PR moBHE, e i Brops at imes

%@ﬂéﬁﬁﬁttb REmin@AH @ﬁfa&ﬁlcﬁd}ir@cets@)rtdﬂ etiri coheolle rTmagtlm&g of the ink
he heater chip, in turn, 25 typically. includes

grapremissignsofortenpands e apatiasn of BiEISGH (hAGE emgayintes: Qfher than
gﬁg‘%‘fso ?:?ﬁelﬁfap ﬁﬁwc&aﬁﬁz BlaRg %i]getefeem&@gyl %ﬁi&b%’)@?na%ﬂm@s all-in-

such as si con or nore | Vi as
fo?eﬁphdstetﬂmh’fursgugdh geaphits plattess toofaméefesi.| i con ser ve to
uidly connect the sugply. of .ink ~to the individual
heat oo BB e BrtE piiat BrpGFE bSO AGERD &ftal or remote
's{fk%ﬂly bH&Ebr 58RI inkEa REALrRhig, 8 ndPs16 H?bﬁﬁceﬁat@dﬁﬁ&feﬂ@& the heater
a small armount of current to rapidly heat a snall

vbﬂpurmd aif. iipiv/outPht sonneetos.ewich e ajtape swomatsdrbiopd (TAB] circuit, for

S BERER S B L PR By i o
RRedlls intiates 4 pnankty dfRinPfilnd kesiBests Winheaters fabncated by deposition,

patterning and etching techniques on a substrate such as silicon. One or more ink vias

cut or etched through a thickness of the silicon serve to fluidly connect the supply of ink
to the individual heaters.

To print or emit a single drop of ink, an individual resistive heater is uniquely
addressed with a small amount of current to rapidly heat a small volume of ink. This
causes the ink to vaporize in a local ink chamber (between the heater and nozzle plate)

and be ejected through and projected by the nozzle plate towards the print medium.
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1 WD 2004/ 060676 PCT/ US2003/ 041245 Her et of ore,
conventional heater chip thin filnms on a silicon

wa@agemre conprise silicon nitride (SiN) and BCT/USIN3/041245

carbide (SiC) overlying a resistor |ayer for reasons
relating to passivation. Thereafter, a cavitation
| ayer Henetnfbiep sotveationw heatss phaatthmwﬁlmem ¢ siligynpyubsteate comprise

e heat. or.r.osi v bl I
oben e (D 3 EinidBersEf aVBE RSP dhysafor ressons
fe'l‘zﬁmg' t)phssivakibaN T%@&théxoa 30Afxtion Uplek OV lied ih% Wb Paksdvation layers
000 to 1500 and the cavitation |layer is_2000 to 4000

‘emgslttfr(ﬂ; rthe hipnies from coprippive ik, and; hiebhle collapssnpscyming . the ink
t t
B  SER 45 Ol e SR o R 8 bl sic

1600e® 1589eihd thavsitdidd iyenis 2000 ¢ad0 aI[gSlT'pmSJ tThosisat amminimum,
| ess than three processing steps are required. 1

fhectbresi erynyined AyernRrpete e 1ol adaS_éﬁrt%OH_ ufer & thiskners AE several
Beatea Gh srt’rogrgnf | QoL e NSin %eaqy'tﬁfe@gla Ri MR different chemical
processi n Eps W thout Suffering a correspondi ng
s@apositis, mmlessprhnm threaprotensinigistaps are yeeuifesk mance.

Summary of  the In}@gntr an_ 15 The above:..nent

oned, and .
ot her Ag ra«aﬁrn@rag theolsia PeBthsadats, SR OpHmy™ hES e} Contigurations
| SEnfRe Jr&asy Sﬁﬁﬁdlﬁtﬁr@fﬁh My tBRespond ifi
Egé]rluel r%g l " espgrl % gg‘ jet print hgadéheat e(reSpoghllrl% sacrifice in
ba’m}m:glﬁndtmpe«)tpmﬁ)mmmbelr ke carbon thin filmlayer and
overlying cavitation layer. In one enbodi nent, a
heater chip has a silicon substrate with a heater

stack forned of a pl Sﬁl@iﬂ%ZoﬂfheWeﬁtlf)ﬂﬂ m | ayers

thereon for ejecting an 1 nk drop during use.

t hi n The aboxg-erentioned gad: othen @erhlems @gwmermﬂ\éf:;deby oqpplymg the
BARcipleb afi barRE! 30 51c e hkioh AU esObdd Al i MRlad heater

yer annnd ¢arb

td:lih@ Hg@%ﬂg&‘at dlipgdi ldiaffond-lﬂdgcbaﬂ)oﬁammfﬂm layerlaa;i (BlVeIdJylng havitation layer.
ope I anon | ke carbon | ether, the t.
dopedIn @ngEaedimed, 8 diepish © d}rl%saﬁ’/ |S’cq‘§9¥1 Sib MR W@ﬁ]g% mggter stack

&21 ei'df a&a‘l@ﬁﬁfﬁ% hiaf g ?&5 ﬁfér&ﬂrfglséjg&mg REBR IV, (ﬁi dllﬁﬁlg use. The

prot rom cavitation. The "doped di ano
¢iein Hom lhggre inch&dep a&hmbbgmen hyades thesi Slh@mrsdoslratm@/resmtor layer

R T R A
o e?%%lfﬁbh PfYek Sn @l@&ﬂpe& an‘ibn%ﬁﬂéat @PBon lapg’ dRBkthelyHetwo doped

erably, it is about 23 atomc percent. A preferred
cdwmdmitlulmrcalﬂaylemd Gavdhtinreleyers setve dhreti-finghenscof] qnﬂa@nced adhesion,

T

fgﬁg RAOBYES SilBon HHEMI) aldVintlatlé afirdgay Stitahidng @snthluanor other.
00 to 6000 angstrons. Thus, the conbined thicknesses

Mherr Hrigelugles pligen,f & areferredD sificeth gargepfatiqroisoghsart 20 to 25 atomic
%@%%ﬁtr Wore preferably, it is about 23 atomic percent. A preferred cavitation layer

includes an undoped diamond-like carbon, tantalum or titanium layer. The doped
diamond-like carbon layer ranges in thickness from 500 to 3000 angstroms. The
cavitation layer ranges from 500 to 6000 angstroms. Thus, the combined thicknesses
can range from as few as 1000 angstroms to 9000 angstroms.

In another aspect of the invention, the doped diamond-like carbon layer becomes

formed on a substrate in a conventional PECVD chamber with a 200 to 1000 volt bias
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I n anot her aspect of the invention, the doped
di anond-1i ke carbon | ayer becones forned on a

weumgnewmie i n a conventi onal PECVD chanber w t PCHUSID03/041245

to 1000 volt bias 2 WD 2004/060676 PCT/US2003/041245
between the substrate and gas plasma. Preferably, the
betwel trersabstratd ardlegas mdashen Preferhbly, dhe mlm@mp%@s methane and
%%sse ..Ln still another aspect, printheads containing

eIy sdAnG 4S8 Sand printers containing the printhead
are disglinsaththe ddhRee Rifhaalsdontirifgi e heateragiipCirgl printers
advant ages, and features of the present invention
odrtaining thepriftbeadrare discleseddescri pti on whi ch fol | ows,
and i art will becog P t S '
SR | inBRdng b B Pl ey SRk nth 88 %&dpﬁeé‘%gé BB present
HRBAtIAIPWIID Be Gkt firttein theatsstriptioanathick fellews; exhddinaarngdll become
or by practice of the invention. The as

ects, . ..
aenAzent 4y these aherdinagy slelldn dre arhBY Fo{cienes Bribs fallopeing lsseiption of
d; Wy Sk L NSt LEhes,
B, B RS BIERCAP TR T apcs
hdvaintages pdnfiatirescofthesinvitioaf arPesalizegt dndnattiinadhby means of the

Drawi ngs_.Fi gure IS a perspective viewin.acgordance
HeTHmeRgliten e D At RETBRBCER A T RO bR (G appended
bikhet printhead having a heater chip with a doped

Ianond-|i ke carbon and overlying cavitation |ayer;
Figure 2 is a perspective view in accordance with the

teachi ngs of the pres L nventl.on~of . I nkj et

printer for contai @%—ﬁgﬁ%ﬂgﬁ%o—f&eﬂ%aimﬁ%ead; Fi gure

3A i S Fazup® 1l SR ACHdrtRclive WeivNinadee Siddadec withi thd tdablgings of the present
teachings of the present 20 invention of a heater
dnvotondf an inkiat printherd having A geaterielip qvith & Aewprd-Jiameand-like carbon
cak bon, and VE ' cavitation |layer; and Figure 3B

S gveﬁ}yé%?avﬁﬁtzé{/{?é é}g‘\ccordance with the teachi ngs of

the preseay is iagpéi‘ﬁﬁe'b@% ofewainheebelancd witk thé teachiags ef the present
chi p having, a doped di anond-|i ke carbon an overlying
énvention pHan inkjgs printosiopspnipingng the inkystprintieads ¢ he

Pref erg [ s f | : [ -

descr TSR SRS b o LR tifPIR 1y &flings oftho present
fimcbation of heheater ataskrofi anbeatkrackim having at ddped rdizmeiad-tike carbon and
he(giqf, and .in which.is shown by way of illustration,

o¥elying caaiaonia¥eh@8di n which the inventions may be

pract igg&fe 3B is a planar view in accordance with the teachings of the present

invention of a heater stack of a heater chip having a doped diamond-like carbon and

overlying cavitation layer.

Detailed Description of the Preferred Embodiments

In the following detailed description of the preferred embodiments, reference is
made to the accompanying drawings that form a part hereof, and in which is shown by
way of illustration, specific embodiments in which the inventions may be practiced.
These embodiments are described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other embodiments may be utilized
and that process, electrical or mechanical changes may be made without departing from

the scope of the present invention. The term wafer or substrate used in this specification
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30 These enbodi ments are described in sufficient
detail to enable those skilled in the art to practice

W@ ba4ioensent i on, and it is to be understood thapCDURDN3/041245

enbodi nrents may be utilized and that process,
el ectrical or nechanical changes may be made without
degladesi repyf besa sehdcawiopier oftrudieepisedents istientimesapphire (SOS)

The term waf.er or .supstr sed,in this,spegificati.gn
JoghBolng, DN B BRI JS9h 4 estolory) . i sl TRREor  (TFT)
SeEHneRIPFUESIRE ahll iEspEdSemikondactos! itk wgeﬁs&imhidoﬁ supported by
(SOS) technol ogy, silicon-on-insulator (SO)

tachasp seraigpnduckarstruptugg, s Hielias oder samippnductersirypiyegs, well known to
. i 0r i i r f .

SRSLYRT HBFE S T E N e S Pt HETE B ki
aslimtting sefse) i theseopecoiitie ptesentsihvention fie defivedd| onkynbythe appended
to 5 one skilled in the art. The follow ng detailed .
craims; andl;their pquivalpas.o flp aecordance (thythernigsept joyentipn, we hereinafter
| . . . . t h \ '_ i .
40 608 o URe 000 9a0h Sy A ERtad IELSH i i
deyiraad enbserlying ediatidatayer.wi t h t he present invention,

we herej. naffer escribe an i.nkjet. pri ead heater . .

chi p NG 5P b i o PR B Pty etion is shown
| 24611926 18N TRE HhintteRd 10R4s bhabLARg 1 8% nedldt M titable material for
reference to Figure 1, an i nkjet printhead of "the

phoddieg inki. e shape wan saryraodrofieg eleperals lupon ghel exterMhledevice that carries

Ef%ltcg’}l aﬁ}aqu%gﬁQ'ﬁgar‘ﬁi ﬂgeuﬁ(i}ﬁggl& 2§fa§{?g§g)ng;ﬂ% 5 LeJi tfqgébfn?emal thereto
ool BEldERPANESAN RS E‘e_:ﬁlhibleeéﬁp@[?n@ﬂ in#e\th GRe tehdodadnt,| tBS compartment

or contains the printhead. The housing has_ at | east _
dise acinghe chamber and bplds arsyaplytdidlackgnk fhioth gtke ey iak, magenta ink
i niLi refi b i nk. .

e Bl S GART BURE, , lpedB: pplpl chanbers an
aovaltaiey tfecaupplitlof i, Prefedbly,nkinchides oydn)knageytannd Rllow ink. In

magenta ink or yel|low ink. In other enbodinents, th
c“@%paﬁemmkb%a@eqyﬁm Hiep PRMBATHREE r confaies BB h$1icks oto, cyan,
SHBLER ok, 1 olee ko M TRl PGB mnt 1

i
ow I nk. In er ‘embodi ,
cie shawi aehicaltpmiegrated plithimh douding | 20K thephrottigadcitamy alternatively

magent a or I[Tow ink. It will be reci ated

ToRBTFo & Fymitie TPk Ak B s aRRLY H5 T3 (e B SAals

| ocal | XdhepbPR GHeQGrfabd 18 B MhelHRUSinD ng@a?Brtfo‘ﬁew of a flexible circuit,
printhead, it may alternatlveliy connect to a renote

swspeaidlyod tapekautongated bend ETABp pirguit 2@ mThetatlus pottaon 21 of the TAB
examl-.. Adher t o ,0ne surface. 18.0f .t he. housi 2
AR g8 e PRSI R 7 P peshE T YRRen, e two
tpRcaul Y 8d Repahd{chiBly &tdndel to dde ahbBePbb@It an edge 23 of the
portion 21 of the TAB circuit 20 is adhered to

WEr surface 22 of the housing. In this enbodi nent,

ar v angll AT taE 20 derd, & SuRBLASE MM (10) comnectors 24
hthereomdor electrically connecting a heater chip 25 to an external device, such as a
printer, fax machine, copier, photo-printer, plotter, all-in-one, etc., during use.
Pluralities of electrical conductors 26 exist on the TAB circuit 20 to electrically connect
and short the I/O connectors 24 to the input terminals (bond pads 28) of the heater chip
25 and those skilled in the art know various techniques for facilitating such connections.

In a preferred embodiment, the TAB circuit is a polyimide material and the electrical

4
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The TAB circuit 20 supports a plurality of
i nput/output (1/0O connectors 24 thereon for

webk®@aneict@l | y connecting a heater chip 25 to aPCT/US2003/041245

external device, such as a printer, fax machine,
copi er, photo-printer, plotter, all-in-one, etc.
d:@ndwgora @ad cameptars admpisescoppere| Bartsimpligitye Sighue § ondy s®ws eight

o ShmBRo R RS hiteloobul S %ol gl BRETR Bugpeesent day

(difctafadave’ fluchflathe qhaaliRs aﬁblﬁy MR ds tdq0s88; embraced herein.
skilled in the art know various techni ques for

4} ifyrtheri thgse wkilledointhet atbrfhould) gppseqinte ftbaty wiile such number of
an

d
L gl G A G g v

Qmeqmm&lﬁmbeland connectors conpri se copper. For
S|rrpI|C|t ure 1 only shows eight I/Oco%ﬂtor

ei gt R ¢8| CoBBHtNAL lsasS 0pg Tk e hat YpRoggects to a
t e
%ﬁgﬁ .%f?%li 5‘2 oL@ RO DiSnb IHREHS Ihehf:88Fing, the heater chip
35| prieferably laennectmms aita&ked toe‘dhelhouslhg mutlt ashofiladvariety of adhesives,
nber of. 5 connectors

r eci that while such

DRt Sveil Bosimin sttt o APRE sl i Digkseuey are known that
Riut Bf BRRYRe Vﬁ%hﬂﬁgﬁ a tHRRAMR lof ARG & chiEh es&ﬁéto? theC ok preferred
25 contains at least one ink via 32 that fluid
queeessss gneluden grik bl@@ﬂn}g off efichilng; sichrasavett drys m@acmvj@:mmgtchmg, deep

Duri.n r nufa urin eat er. chi

AP AR bhREn S TR A B b, PGl g cBfimos otuma
Ay codlimA DyaTifRiEY ﬁﬁhg atthesitsv@heatkts. @ﬁ)@irﬁphm@t i .thisRkdwded figure,
known in the art. To formthe vias, many processes are
Kawieoluras of i dgts daniet thedhegters by uptactice theckestess mly number
t r

0y ARSEed 1 o Rl dBRlcEn ) BF ey A ifents may
r(ﬂ'ametyi noeha‘{zma kiterhli spgcing gapor stegmet theee baweeadt. chi gegeral} thowever, the

0 hown, the heat p contains faqur cqlu
f@%ﬁ uliipg ,sf CTREBY %V@)Veatfcaf mzﬁcg Tharng g RATEE stoothe dots-per-inch

fl@&ﬁ&iogll of df a tgeP ﬁ gétf‘s'%rﬁé"é)mn; lééviﬂaqdé b;gd&g% ofl’f5/3ooth 1/600™ ,

four ums epi ct eat er
dr/hm()l celpneo’h eatoehes ofean imghadong theviengitudiah CBX(EEuht @rf the via. As

AESHERA Belniym arp e oAU HA e SFae Ena € el h il of the

Heado @mptﬂ}@feﬁaﬂl)ﬁb&\&ﬁﬁb fored 89 arRtes BOWMRY BIm 1h8s ndallélivih growth,
firing elements have vertical pitch spacing conparable

tdgpesivord gnasking, -Hafeming, ebotolithagmanby mﬁl/qxt ¢teliigarar other processing

Meorhs no90¢ ATABORIR DIBRAEEEEARAC RIS, e R, aneres or i

Aalorigntddas dnotigt thidifikallayox tsast thef theezile &hole@&hgn w1th and above the
scri bed,below, in greater detail, it wl

g]&ﬁ feste i Lring yseothe pREzle hefiey Prgdest thedak &vgarfé? a Plh%t mediymer

chip 1,0 [

 aybr mg&@%&ge Q&‘P‘?\Aﬁ e 2 gﬂ%oge??all gl‘lre]%E 1§§hé3f°o&nhbf‘aﬁ kit printer

pantagrsnibia qmrmlh&aﬁo](] tlimangg amynémjsmegeﬂmraigy as 40t hEhe printer 40

1n<(:)lﬁ§esssancgamage 42 having a plurality of slots 44 for containing one or more

printheads 10. The carriage 42 reciprocates (in accordance with an output 59 of a
controller 57) along a shaft 48 above a print zone 46 by a motive force supplied to a

drive belt 50 as is well known in the art. The reciprocation of the carriage 42 occurs
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steps. A nozzle plate with pluralities of nozzle
hol es, not shown, adheres or is 25 fabricated as

wa@emtierws7e hin fil mlayer such that the nozzl e POI/ES2003/041245

align with and above the heaters. During use, the

nozzl e holes project the ink towards a print nedi um _

Yilbtiver tof @ pencmediontisgelr & 2 shewh of papar f8l theeadveecasrin tthe printer 40

formof an inkjet printer _cgntains the printhead 1

i apSer bR Fyee i fi e gt Bopk Hop B tfout ray s6.

40 i nphilsles the Gt AL, fte Bﬁ’ﬁ'ag@ B pdcifratdtésy i fthé IR¥cHrocating

44 for containing one or nore 30 printheads 10. The

Girectiony geagralle pemeodiguledy (tp rthe meperd ah dsing edyaneedoin fhgr Advance
. con I h 4 DFd:

SHihind s SV B FEE S9EBobh SnBBE AP TBle 1 o

@3uded toel ejéd1avein ithe hbgterachip 25he suek itiescpirsuant of commands of a

carriage 42 occurs 5 WO 2004/ 060676 PCT/ Uszglg?;/ 041245 | |

PEIREY inpigrapEocEsioF it othg dronfPllgueh ddediinge? lﬁ%ﬁéﬁ’P emissions

V . .
Bk AR, Lol D8 Pl Rls AlngBRS, ©EAIBRP A putes
decamné pederdtediin &vicddhddotridatly tchenquiddnto thenentrdllee 57 (via Ext. input)

' 42 i tes in th i ting.
it aeto e GEDY 4b IS BunisEAR e pul Bie s Baiget tasa computer, a
?Eérﬁ‘lgr, %Q‘éﬁﬁfa?g vidhal (ﬁl@plfﬁdﬁﬁﬂ G&ersonkl da@LAdsRntDr SRAN by

e arrows. k drops from'conpartment 16 (lfi gure 1) .
are cdiespdntt or bmitep sttglé doop vhenkhghe dhiid Hirmg2glements (dte dots in

ties r.suant tq, conmands, of inger

P Sdds Lol dehanco wdsfesshl B9 sl gpggetogt curent to
8 diyKeafl O AMVE RINRNSS ifkOT TERPONGS the Akt ¥poHzOfn a local ink
pi'xel's of the imge being printed. Oten tinmes, such
shembembetwiser che hyatee randethei mozgley plaéss and egjeqti rgug, and become
connec t 7 (V] 3q. EXt . .
SRIPSELE b2 PG PRl SR, TR bttt i
auéh it drbp mdyesmbaly @siagemuttacsplit diringgailseamd ia rarivedat the heater
a_visual display unit, a ger onal data assi stant, or

m?r_l ar;-én;&t iteriipgl (8485.tbord Pad £183 ﬁa)pb gorgrections betygen the bond pad
28“&1@ efléc)ﬁjicrég C@Acﬁ%?ﬁ hdPodRhse (\%Is tZ%%H %Bétf 1P57. Internal heater

ure 1) are uni quely addresse a sna anount
ahipcwinrenconveys thepfird lpylsedaim shesimphit tevoinahto ofie dontnany of the fluid
This causes the ink to vaporize in a local ink 15
?nﬂg%meen the heater and the nozzle plate and

ej ect A RbAwdhandNst, HRGRIFRuscPEQb@ohaftePiice bO.CalfPEddotpanies many
plate towards the print nmedium The fire pulse

rpeioptsirs eslan inpehd2 to theadentralterdi7olp previde pdditignal printeylcapabilities and
a Lit firing pulse and is received at the heater
4R %anﬁs.an input termnal (e.g., bond pad 28) from

connecwith RefeRALYRER fhfb@ 3postd IR thpprBiatinp ehechedrichipadf the present
conductors 26, the 1/0 connectors 24 and controller

SRventinn eif ralsubiate haviog difep mpeasHyl dunpuely @ saiies rofy growth layers,
f h?sgti(f)rg, ?r?%ts?}%?gé :pgrﬁreéﬁmrfgf 'bﬂbfaﬂ{ho'g&pﬁg),em% of@t@f)ﬁngfort Rfter processing
steps, a resulting heater chip 325 shown as a single heater stack 318 has a multiplicity of
thin film layers stacked upon one another. Specifically, the thin film layers include, but
are not limited to: a thermal barrier layer 304 on a substrate 302; a resistor layer 306 on
the thermal barrier layer; a conductor layer (bifurcated into positive and negative

electrode sections, i.e., anode 307, cathode 308) on the resistor layer to heat the resistor



10

15

20

25

30

A control panel 58, having user selection interface
60, al so acconpanies many printers as an input 62 to

W@ b@40ewste ol | er 57 to provide additional printBCT/US2003/041245

capabilities and robustness. 25 Wth reference to

Figures 3A and 3B, appreciating the heater chip of the

daﬁe%éhnough ithvesrmgl mndustl‘atysdlm;tgr ugepa ldaped diawad-like carbon layer 310
hrou

SRR Rlor R e Bt B 2 i AN B carbon layer

an d/ Orn&/afibiEmbsdiReite) the ﬂﬁﬁ €131 18¢rs BédRfe deposifal dn@'gvanety of
heater chip 325 shown as a single heater stack 318 ha

whemieal plapey depasitions HGYR); mlitf/ﬂaa,lemogtd&@{z%orwp%VIah eepltaxy, ion
aﬂ%?.ﬁ%‘bosﬁgﬁ%tkf%&%é éapl1 tne?ing%k ﬁtheir Ll]PH Laﬁ&%%w&l'%&! %§% Preferred

rier-layer

avbh sechsigued dndiids lawr padssirer (LY etmasihedo preksre (AP), plasma
_teggr mal barrhlr | ayer; a conductor |ayer_ (hifurcat

#nq56 S(PE) Bighndeniiky plasma (RPRY oF qifaers e Rsfernad etch@g techniques

AR, Bl st URGR 500k RIS BES) DSt P FhiRe Wirbiches, dep

Iragcmlve tidr etalds, ethe Pmibrrerbpithhdith«vgfayhsdstepmgclude but abape timited to,
di anond- | i on Ia

HrR0as 101y Srviaht PhywaY S RuRe o SH aPihBheomREAs includes

%b%ﬁhskﬁaé%lands%ﬁﬂfr?ﬁé’t%nﬁﬁlﬁﬁg hBREL T he bﬁk@icﬁl'ﬁf E‘mﬁbdlfﬁent island or
ers becone deposi variety chem cal

rdepensle ipph mtl(eoﬂls) coqﬁgysatloalof\th@mslé éposleni-Hield or dark-field

bea tion, evaporation,
aps R W s e wetet RS B ¢ cchin ques.
Pref ersed a@/@eﬁtﬁfd}ﬁ lF@giﬁ‘és 3 ahdi8B, theWilNtRESI0protidds the base layer
atnDspherlc ressure (AP), Iasna enhanced (PE), high

dwRsiwhjcialhe lempﬁreoﬂona@c}a e1|n onpregihedeentdt eempigses a silicon wafer

VW uﬁ);(’.) oﬂe?&ltlﬂggh vkﬂ'g sﬁuolr eg{(“: 'Egéo?}%g%ﬁe tlgshntyegnmng thickness

degpefeﬂabhrpbuﬁ/ﬁotl lmGesstmﬂlyeﬁequﬁdg anPoat ef5ed +/- 20 mlcrons 625 +/- 20
photolith rapﬂy ste s i cl ude, but (ée not |jmt
{BICTONS: Rhpostit & mecrans Wil respegtivervafer digmeteryaf 108 o chéo mm, 125

m/_ 050 %im, %hiqt@gg% ng includes photonasking
i sl ands and/ or photonasklng hol es. The parti cul ar

e nb o di emext iajenmda thermhbbaryiedbyensidt. ufomewhdtodenenthef the layer
a clearsfi

al th . r :
daRadH ot e T eBes v e Rish o HIREIRNG 65PPRC with an
tdxem ?Iaay tHigkricSs BPBEBGRNL tof A1 B G &S, 3épcaatly3Bs2 tl-he() 15 microns.
substrate 302 provides the base layer 15 upon which

alhis Bypregan/beypegrowadayer as el as & depmsgedotddi nent, it
coP B L G B B U SR GH G Bt s e

tHeatek oL &Sistdrdayer emer abﬂeferaﬁlyl the @¢siNechy&ak Iab(y‘ut a 50-50% tantalum-
?qw red, any,one of mcrons, 625 20
2

WREEL CERpasiipn hm%rﬁf éPQ}H§ OQp eAssirogsdhicky dn giyes pmbodiments, the
g:bg%ﬁ% ffyer Hde0 esénByBhire ' compfbsRn ™er@38 adp Ot the following:

hafnium, Hf, tantalum, Ta, titanium, Ti, tungsten, W, hafnium-diboride, HfB,,
Tantalum-nitride, Ta,N, TaAl(N,O), TaAlSi, TaSiC, Ta/TaAl layered resistor, Ti(N,O)
and WSi(O).

A conductor layer overlies a portion of the resistor layer 306 (e.g., that portion of

the resistor layer excluding the portion between points 118 and 120) and includes an

anode 307 and cathode 308. In one embodiment, the conductor layer is about a 99.5 —

7



10

15

20

25

30

20 The next layer is a thermal barrier |ayer 304. Sone
enbodi nents of the layer include a silicon oxide

wo agpei060s7ced With a gl ass such as BPSG PSG or P@BO2003/041245

with an exenplary thickness of about 1 to about 3
mcrons, especially 1.82 0.15 microns. This |ayer
de¥to dumingneeeppeayenpaitioned atmut 400k p6si0Cedngatroms thick. In other

ARSI b Pt TP Reb Sl g Pu L RS it 20
| RYSHdr a8 AlunBheher@Phys coppd. resi stor layer is about a

50-50% tant al um al um num conposi tion | ayer of about
1000 &yt pwipset off die. resistast laper 20 betwasnt e anede and cathode (as

rLesi stor. .l iR S, nt ,al | re

R 178 poP o4 R, JRBRCE N bR hBler g Lig 1n on arcn
Hi07 desitall behealla the hdagsrilewpth, The résisigislager, 304/ has a thickness ranging
haf ni um di bori de, Hf antalumnitride,

B2, T Ta2N, )
Teomp enucipce THteR, suriaes ELO gt vaitnes agesiser t'ht,cingiscré width of the
Ebgié}!oIQayexS?Ocﬁ%lgo YLD heftet %%Sgﬁ?,e%sgs.\h?@movﬂ {ahglﬁti ignco-pending

ortron’of 't resistor layer t'hat po
dfexntatle appixatiorn Betiz N, 1 /% 46,578, hgvinge filing daje obMayekty 2002, titled

e 3lehistCBips CoRREGREOR nib FhdRS: (RS aded el epd expressly
gﬁég%ﬁmlﬁte%%e?éiﬁ by 1R 00 HAGQAEAG TS SBEY Og%&‘kﬁig%/ an individual

al um num copper conpositi’on of about

dregist BbSres & Himskion lofi hesthearea €indabadi width, SVH tmaltgdied gt lusater length,
l.ayer ..nclude ure or ¢ ositions .of al,um num w t h .

I g B S TEDPY feelit vE e b8 i shte? s T B depioted as
Havingen §RtSbOfeclaaydhr Habe L IN@RRsMR RBOSBedMbre complex shapes
cathode (as 5 between points 118 and 120) is a

dnast begeed; thal argebt dessribedhsimpéy by ergidth WH andhadength 88, However
1 | | t : t i :
BB Yo SRR LRSS P A, RSOl i i

tformeds by tacgorfid® of Bt resistor NBer 306 @8t 3¢ Bouridbd dkivass théfanode 307
width of the resistor |ayer 306 also_defines a heater

vidtthe cthode 308 hdvira roREeseRiativR cxanple.- the dayengon canig@plates jetting
L ! 0 ; - i

IR 10 b RS REAE, W APy e 4 3 iR IR, More
fparticubarlyn ki istab&uti 194 ensbean d.97r GHEr 'In durd, thejposesivglume is greater
i_.nhcor.por at ed reipn by reference, the energy requir

ORI 55 ST To BRCFP 7 Rk GraBR e By eionspaLerpTates a heater
fHECHT SdvupBoheat@hs’akEide §6 ﬁgtiﬁ{ didpd tcBrresfond /b thleet 8@a of about
by heater Jength, LH and thicknéss TH or heater

vidlOQmaicronii. | e t he heater shape is general ly depicted

as hayin squar.e or..fectangul ar ape, jit is .
cnder b aa BE DBt e FesPRg G, TBA BT belvesh hapts, 18 and 120,
Uiehidripaippar surfiet pefas BEB23 i ofphe/cdidudtoiagéd aybttdiaeh Boints 116
l ength LH. However conplex the heater shlggles ma

! : : . be,
tangyl 18tan befyesga points i dhangH 2212 Hepadetiage 1h@4car§0n layer 310. In
one embodiment, the doped diamond-like carbon layer ranges essentially uniformly in

thickness from about 500 to about 3000 angstroms +/- about 10%. In another

embodiment, the thickness is as large as about 8000 angstroms.

The dopant of the doped diamond-like carbon layer preferably includes silicon
but may also include nitrogen, titanium, tantalum, a dielectric or other. When it
includes silicon, a preferred silicon concentration is about 20 to 25 atomic percent.

More preferably, it is about 23 atomic percent.
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formed by the portion of the resistor |ayer 306 that
i s bounded between the anode 307 and the cat hode 308.

WQ@\2008/068p¢ esent at i ve exanpl e, the invention  PCT/US2003/041245

contenplates jetting ink froma single heater with an
ener gy/ vol ume of about 3 to about 4 GJ/nB. Mre 20 .
part i duhend gthei things, dblast beenalisqoyergt shat 3 sgleci¢ned. dipmond-like

turn he ppwer/yvol.une i.s_greate t ha bout. 1..5 .
saipP s BB 0l ol 1t RN s < Bl RS, propertes as
@%F%@'t@t@ﬁv@tﬁﬁﬂt Bdateradh@d With abheUpassiOttidh BiyeRs 2Use of a single
while 30 ng ink drops correspond to a heater area of

daysu simplifies the memHagurimh prgcessEdeelgaingtinga gepaskion step from the
resi I 3 Nt : 5 .
GRS Sy e 3 S BOL R 40 e Pucncsion
e®nhkelainderlyiny dhyerass bempared tpoésstmiallyGpurandiarhdfd-dikd carbon. A
bet ween pqints 120 and _%22, is a doped dianond-1ike .
davHpHOR &) e Parecliamand-Fke cateBdarann aiTr¥sigpfaigr can be found in

I ds g car . . . n ¢ bl or
e T T
didedit “Bidpy | Bffimient hHeatere iftandti isiig Dh€ fdlamnedsch sdisdosure is
lar ge as. about, 80Q0 angstrons. 30 The dopant of the
&EFBERPT@TF% ALY edere®hon | ayer preferably includes

si |1 comhfoltitatdiRYa $he 1dyaf bEESH A didRGRMikd EdrBEY 868s not sufficiently
tantalum a dielectric or other. Wh I

. en it includes
siithistaod thescoprosivereffeets of inkawrihe longdenm hahbbacollapsmefigctoip the area

208 ey B ol e o S BeTeRhET s boh S bAEh B 3125
APOEAV IR ugpet Rgface iof tHatopbé elntnddikeasatbntiB@dr. Together the two
si ngl e doped_di anpond-1i ke carbaon | ayer above the

denede diamopdrliksr earbare anck cedtaientlaysas sevarthe it giegsiops joé enhanced
%ahes’fo%”p&fsﬁﬂpaﬁa&i’&wggﬁé&”a' heater chips with two
P 1 on ayers.

assiva e of a single layer sinplifies
t he miiaf meferred rgnbodimes, sthe gabiyatni layerahelndesaan undoped diamond-

deposition step, fromthe 5 process flow and al so
15 catpen, Pies s depech Bl pire of dgpech @RI P e R ot another

%%%ﬁi.nlﬁ’%t,l tgllg cﬁ%ﬁt@?gﬁéﬁﬁ%ﬁlﬁ&ﬁg@? uﬁ%&ﬁ’%gf &d thilkness from about

essent pure e car bon. escription
G00 do pooue 600G augstiotrisk dn tanibe chmpmed dinicknassssiod thoy doped diamond-

B iR E kR e R n T S o e 1008 Boms to 5000
208%romd 1 Adiedl thibRsens, KShdvet, MperfdRab8h asflralodssi ng DLC

I'sTand" which disclosure is” 10 incorporated herein by
r ef er énaezzleiflae notathomp, is cuénteplly attached ¢¢ thioferdgoing described

iamond-| | ke carbon does .not s | Ci i t
A RPotle e prEBrd o orrtophid RORPa S b Shamber area
3ab lgapsall i Retite hdatdrentd b Haint B3Giugedeing dsg. above the
heater. Thus, to inprove longevity, a cavitation |ayer
312 i dn another aspect of the invention, the doped diamond-like carbon layer becomes
formed on the substrate 302 in a conventional PECVD chamber with about a 200 to
about 1000 volt bias between the substrate and gas plasma. Preferably, the gas plasma
includes methane and tetramethylsilane gasses. Thereafter, in the event the cavitation
layer is an undoped diamond-like carbon layer, the flow of tetramethylsilane gas to the

chamber can be shut off thereby allowing pure diamond-like carbon to plate or build up.

This saves processing steps.



10

di sposed on an upper surface of the doped di anond-1i ke
carbon | ayer. Together the two 15 doped di anond-1i ke

w@e a00boeneand cavitation | ayers serve the tri-fuhCWUsnmymumﬁ

of enhanced adhesion, passivation and cavitation. In~— -~
a preferred enbodlnent the cavitation |ayer includes
an undopdr ¢ibedingents, |t1keed1@mondﬁ1kep1arb@ndﬂy@op édposﬁed at a pressure

é’%&{’%‘g:ﬁw% rlfﬂlfg;%ﬁg edﬁg}l%é(,ﬁr)}tai’p}lgﬁo {}e‘rﬁ“} néﬁelgh 4 Beposition rate

RFIBMItI 1800 Yo 2000\ Digskomd/middié.ckness from about 20 500
to about 6000 angstronB In turn, the conbine

t hi ckidaallys tst foregoinm deserighianman aresented f‘lfa}?%‘hseﬁ & dHustration and
m

TSP S4AR LA o RSGSEA R 9 Pt st

however to depexitsstiygoor ap ﬂininc ahé¢ dmvenfiomda zthe prédsee formoidisclosed.

shown s eventyal|ly attach d tq the foregoin

a%eﬂl%&, the. smbpdinients, deser V&nwersy goseR topRrovide the best
gfsl,%‘ﬁ%tloﬁ Ot rfﬁg pARci ?lé@ tﬂfetﬁe'lﬁvérﬁi%n' M4 #OBPREEAl ae[p%ﬁcat%% to thereby

gener al above the heater, onto a"print medium
cneblagneod ordinayrekilhéx thesgpetd uiilizet fhe inveaninn ipvariowseembodiments
do i anond e..car bon Ia cones. forne e
RS moriGiER e nEio BRGUD e o paled Al such
3R cAiod98nd Qané%i%ﬁh‘ brel WARNMAE bcdpedT ﬂl%?in\()@lﬁ[bnt 4€determined by the

substrate and gas plasma. Preferably, the gas plasna
|ampmdstés>1¢tmswah@ mterpretadr imeedeydaspe avith Geshreadth to which they are

T, r the cavitation 30 layer is an
ﬁ%l 1 @HL “Qﬁ%@nﬁg?%on | ayer, the flow of

tetranethyIS|Iane gas to the chanber can be shut off
t hereby all owi ng pure di anond-1i ke carbon to plate or
build up. This saves processing steps. 9 WO

2004/ 060676 PCT/ US2003/041245 _ ........ I n ot her
enbodi ments, the dianond-|i ke carbon layer is
deposited at a pressure of about 30 mtorr using a
power density of about 30 to 35 KWnR2 with a
deposition rate of about 1000 to 2000

angstrons/ mnute. Finally, the foregoing description
is presented for purposes of illustration and 5
description of the various aspects of the invention.
The descriptions are not intended, however, to be
exhaustive or to limt the invention to the precise
form di scl osed. Accordingly, the enbodi nents

descri bed above were chosen to provide the best
illustration of the principles of the invention and
its practical application to thereby enable one of
ordinary skill in the art to utilize the invention in
various enbodi nents 10 and with various nodifications
as are suited to the particular use contenpl ated. Al
such

10
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nodi fications and variations are within the scope of
the invention as determ ned by the appended clains

wob@n/osmrer preted i n accordance with the breade¢T/Us2003/041245

which they are fairly, legally and equitably
entitled. 10 WD 2004/ 060676 PCT/ US2003/ 041245 WHAT IS
WHAANED CIAIMEDASheat er chip for an inkjet printhead,
conprising: a substrate; 5 a doped dianond-Iike
carbon | ayer on the substrate; and a cavitation |ayer

QN A heudtRBROfod h ik phinkRad, aoh@fisingyer . 2. The heater

chip of claiml1, further including a resistor |ayer
betvve@ﬁubﬁ’fﬁlé@tesubstrate and t he doped di anond-1i ke

car bo ol do?%c?& ccll:flge -ggr%og ?@feﬁ{m Ayl sﬁb&f 1&g m 2,

wher ei n I anon e carbon dyer is a

silic @rzcavwht@mm}tér bh kies dopet dinnhanddike chrbobHeydreat er chi p
of claim3, wherein a silicon concentration in the
silicon diamond- 15 |ike carbon layer is about 20 to

gbople Kt Sf Elﬁfn‘?qnﬁrt@r i IBAS @rreﬁﬁbplag@lr bé@Ween the substrate

|nkJet pri nt head onprising:. a substratel a resistor
Iaa@&redmpedﬂmnmﬂéﬂqe@aﬂzonémrzo a doped di anond-1i ke
carbon layer directly on the resistor layer. 6. A
heater chip for an inkjet printhead, conprising: a

SUbR{RhR: cBipof %la%h% WiRYEH (HRMNYdphe dERSL Ao Iayer is a silicon
doped dlannnd I'i ke carbon | ayer directly on a portion

oiandng- hlwaﬂlomrla‘j/eiyer and a cavitation |ayer
directly on the doped di anond-1i ke carbon | ayer. 7.
The heater chip of claim6, wherein the cavitation

l4ayEtie heéate@ BipP6f @dninvBdahedin §kidicom dohdekatidr othe IsHiven diamond-
a tantalum | ayer and a_titaniumlayer. 30 8. The

Hikg catbop fayst sfabentad (hioZboyiver domianfacedbyi t ati on | ayer
i s about 500 to about 6000 angstronms thick. 11

5. A heater chip for an inkjet printhead, comprising:
a substrate;
a resistor layer on the substrate; and

a doped diamond-like carbon layer directly on the resistor layer.

6. A heater chip for an inkjet printhead, comprising:
a substrate;
a resistor layer on the substrate;
a doped diamond-like carbon layer directly on a portion of the resistor layer; and

a cavitation layer directly on the doped diamond-like carbon layer.

7. The heater chip of claim 6, wherein the cavitation layer is one of an undoped

diamond-like carbon layer, a tantalum layer and a titanium layer.

8. The heater chip of claim 7, wherein the cavitation layer is about 500 to about 6000
angstroms thick.

11
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WD 2004/ 060676 PCT/ US2003/ 041245 9. The heater chip of
claim6, wherein the doped di anond-1i ke carbon | ayer

WO p@ka®36 silicon. 10. The heater chip of cl aP@T/852003/041245

wherein a silicon concentration in the doped di anond-

5 like carbon | ayer is about 20 to about 25 atom c

Per Elenheatek lchipl b claam tog whetinp thef dagedi diatBondatike earhon bayer includes
doped di anond-1i ke carbon |ayer is about 500 to about
§8600angst rons thick. 10 12. The heater chip of claim

6, wherein the doped di anond-1i ke carbon | ayer

i ncludes one of nitrogen, titanium tantalumand a

di0e| Bretheater chip. of Afaiinn®] \ehergnuarmmwoné@rﬁaﬂpgulm ¢he deped diamond-

15 b d he h ;
ke e iR Bon 1Bl RayEbdfaknout s00 Lo

about 3000 angstrons thick on the substrate; and one
of an undoped di anond-1i ke carbon [ ayer, a_tantalum

114y éFhearates chipt efrelaim 61 whereinghe sppert BowondJiksrathondaysy is about
on the silicon dianond-1i ke

@82%% f) %&S‘&éﬁlﬁﬁﬂke pri nthead of claim 13,

wherein a si I icon concentration in the silicon

di anond- |i ke c ayer s ahout O to out

domhe hsales ship, 0 Mot igretyin bk Sgmop-Bke, 401 layer includes

Klﬁﬁtolﬁﬁftrog ltH i, AnBURp ?ﬁle'l&l&ld n the housi ng. ~ 16.

eat er eater stac or an i1 nkjet printhead,
conS|st|ng essentlally of - a substrate; a therma

rrjer er.on the substrate; 30 a resistor |ayer
gl nkl?%??t&%i CqmpYigect or | ayer on the substrate,

the congueher |ayer having an anode and a cathode; a
doped di anond- | i ke carbon | ayer on the substrate; and
12 WO 220bara6osmected s bls100sng41245 a cavitation | ayer

he d b '
O o 1 5 RO SRR b PP BF bt 3o 196 b Bstoms ik
intthé Sebstratéeind 17. The heater chip heater stack of

cl ai m 16, erein the doped di anond-1i ke carbon
one of an undoped diamond-like carbon layer, a tantalum layer and a titanium
layer of about 500 to about 6000 angstroms thick directly on the silicon diamond-like

carbon layer.

14. The printhead of claim 13, wherein a silicon concentration in the silicon diamond-

like carbon layer is about 20 to about 25 atomic percent.
15. The printhead of claim 13, further including a supply of ink in the housing.

16. A heater chip heater stack for an inkjet printhead, consisting essentially of:

a substrate;

a thermal barrier layer on the substrate;

a resistor layer on the substrate;

a conductor layer on the substrate, the conductor layer having an anode and a
cathode;

a doped diamond-like carbon layer on the substrate; and

12
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5 layer is a silicon dianond-like carbon | ayer. 18.
The heater chip heater stack of claim 16, wherein the

w@ a0ueateron | ayer is one of an undoped di anonPET/UR®03/041245

carbon layer, a tantalum|layer and a titaniumlayer.
10 19. The heater chip heater stack of claim 16,
wher eiarcaviiatiaddpret ati thedaped dikmonddile sarbbn jasfer,iwireid dlse substrate

ogde n|u talumand a dielectric.

%‘fcs%@%ﬂ:gé ?J%?‘({]e’af?ldpa%é @@FZ@? ‘of claim 16, wherein
the resistor layer is a tantalum alun1nun1layer 15
An inkjet. printhead, conprising: a housi W th

1H i tThe heafgs onip B‘fat?rrﬁEaCkanchﬂmsWa|V&]Ef‘r1iel§db§ dp xbdiamond-tike carbon
dzfﬁﬁcdﬂ&lgﬁn bhe 1@9&% /ing a heater stack
rre (0] a

ura Ity o t rn filmlayers thereon for
ej ecting an |nk drop fromthe supply of ink 20 during

e, the f|| a di n therrral
UL R I LG T S,
tlﬁﬂ&ﬂ@a‘iﬁinoﬂf 11?@9&1‘50&1215/& Q@Ql‘t'atlulﬁl e?%.ﬁ@ﬁtlteﬁllum rl]a er.

tantal um al um numresistor layer directly on
thermal barrier |ayer haV| ng a thickness of about

307 B Rl Y e o i, Lt i A pmond-fke carbon

Nk sichidel BNEHS MA¥bHD tl?alﬁlﬁh q&ﬁtﬁﬁlﬁl afd ameltetrR00 to

about 3000 angstrons, a licon concentration of the
silicon dianond-Iike carbon | ayer being about 20 to

(0] t er t: | 1.at
307 ot ush <R, Fal BR B RS TSl st Jler 1 tantatum-
hiumingmdajdd ckness of about 500 to about 6000
angstrons. 22. The printhead of claim?21l, wherein the

cavitation |l ayer is one of an undoped dianond-Iike

%g_r Qﬁf‘inkj%i’ﬁfinth@acf, @&Bﬁﬁélﬂkzl ayer and a titaniuml ayer.
a housing with an initial supply of ink; and
a silicon substrate connected with the housing having a heater stack formed of a
plurality of thin film layers thereon for ejecting an ink drop from the supply of ink
during use, the thin film layers including
a thermal barrier layer directly on the silicon substrate having a thickness
of about 1 to about 3 microns;
a tantalum-aluminum resistor layer directly on the thermal barrier layer
having a thickness of about 1000 angstroms;
a silicon diamond-like carbon layer directly on a portion of the tantalum-
aluminum resistor layer having a thickness of about 500 to about 3000 angstroms, a
silicon concentration of the silicon diamond-like carbon layer being about 20 to about

25 atomic percent; and

a cavitation layer directly on the silicon diamond-like carbon layer

having a thickness of about 500 to about 6000 angstroms.

22. The printhead of claim 21, wherein the cavitation layer is one of an undoped

diamond-like carbon layer, a tantalum layer and a titanium layer.
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