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M CRO- FLUI D EJECTI ON DEVI CE HAVI NG HI GH
RESI STANCEHEATER FI LM FI ELD OF THE | NVENTI ON The
WO pysot49en rel ates to mcero-fluid ej ecti on devPCEESZNH001809
in particular to ejection heads for ejection devices
contai ning high resistance heater filns. BACKGROUND CF
THE I NVENTION M cro-fluid ejection devices such as ink
jet printers continue to experience wi de acceptance as
economi ca I s _for laser printers,
v oro-t | uMICRGIFEIE BB THEN BEVICRIAYING
application i Hi<GHeRESE DANUENHISA TER Hd Ik cal ,
chem cal, and nechanical fields. As the capabilities
of mcro-fluid ejection devices are increased to
provi de higher ejection rates, the ejection heads,
VHEED @rFeTl%ﬂi-‘eI ﬁNﬂ‘l?Ncorrponent s of micro-fluid
devi Al t ol ye .and, .becone nor.e conplex, . .
ho. 1 EE nyER R AGes P Q- HHRT RUR ide BB 1 cction
hedde fortdjertion Fbvib &y copt20e e hiph redigshdedRaR L ARSS.
Nevert hel ess, there continues to be a need for
m cro-fluid ejection devices havi ng enhanced
BAEREE ldﬁlFﬁSOFﬁE?}ﬁ%l\i ﬁased qual ity and hi gher
roughput rates. npeétTtive pressure on print
qual Migrosfhudd pjectien fevices tsaclaaciaitjetpriters eottidue tP eRsbtizfce wide
ej ecti on heads, V\i} h enhanc?d capabjlities in_a_npr

acSRRIARAR ACORRIRITA} TeDISCRMAR TR axPTInkVEENfR R TWid jpection devices

al§S IR Sndife WG LRI @t'glgrdﬁEllag su@PhEH! e Hic cherntical, and

advantages there I's provi a sem conductor substrate
medrniahiiclds- fAsuthd cepabilitiesrofhemdo-{iThileejsctivmt deafoes are increased to
i ncl ydes a.plurality of fluid ejection actuators
prgy g Jager }F%b%f%%‘s{‘ﬁ %lf%%oné&‘eﬁ§= Sthilh grertpe PHME L eQmpppents of
mAFEHRIPESvitRCEHiate B ENIITe ARPORLNRUAGH RIFRX. SA ffhe®omplexity
thin filmheater and one or nore protective |ayers
ofa Hiea ciastion hecae dnereaseg;heo t dren thiel poshefat eprodiscimgm dgectibn aheads.

i pum:nj tride thinfil i al .havj .
NEAATTH il L% S0 L LS ol 0 BE naving
enhlbfbed T abpatilities Tatludihg Oitgreasddd duakityd amHeBightr Shsh AP rates.

ran%i_ ng from about. 30 to about 100 ohns per square.
Competithierpressirn ompeRt avalidn apdipRse Presnetatsoentigeed peed to produce

ejection heads with enhanced capabilities in a more economical manner.

SUMMARY OF THE INVENTION

With regard to the foregoing and other objects and advantages there is provided
a semiconductdr substrate for a micro-fluid ejection head. The substrate includes a
plurality of fluid ejection actuators disposed on the substrate. Each of the fluid ejection
actuators includes a thin heater stack comprising a thin film heater and one or more
protective layers adjacent the heater. The thin film heater is made of a tantalum-
aluminum-nitride thin film material having a nano-crystalline structure consisting
essentially of AIN, TaN, and TaAl alloys, and has a sheet resistance ranging from about
30 to about 100 ohms per square. The thin film material contains from about 30 to
about 70 atomic% tantalum, from about 10 to about 40 atomic% aluminum and from

about 5 to about 30 atomic% nitrogen.
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about 70 atom c% tantal um from about 10 to about 40

atom c% al um num and from about 5 to about 30 atom c%
worasogea? | n anot her enbodi ment there i s provi BE€DiU82005/001809

process for making a fluid ejector head for a

mcro-fluid ejection device. The process includes the

step 0 Rare| t : q e

depogll {Qtifmorggéraéﬁtﬂﬂc% t;ﬁngr'r@ elg ?E%\%ée@ﬁ 6@6‘&§§ &t Iﬁlaklﬁg% fluid ejector
headifer raniera-flujr cgwtdm éevpieur'ﬁha prpcess 1nd:iudlesf11hb isteipe af graviding a

t | um
s iy bR, eV O Ry Riiae RS P pbstate t
prdvidécd Yhald ? o tNin Eﬁﬁ' heét@f% Taht tidih! DS restiifle N@fer ds a tantalum-
sheet resistance rangi ng from about 30 to about 100
albmimmgrértndq @aneﬁlnrrm@temg hating @ nanperysdhnastectireom AIN, TaN,

t 7 % nt
P B R AT R A P LB s e
sqﬁ@reat'ﬂm 1@ ¥istive 1@9@&@ntaﬁqscmﬂ dB&wt\3® tbapetit 7(5ate@iR9s tingdum, from
nthe thin filmheaters, and is etched to define

0
abopbd8 tenabetHoamichndeminig and o abouh 5 fa bout 30 atomic%
r f
SR 2 (S RAE L BRGS0 A, g s s o
ddlmd ealoda\anﬂatat}m)delcmmctmns tal @pothin €imoleatdne t(lineﬂoﬂc irloge layers

s and conductive | ayer. A nozzle plate is
Segi"? %tH & RASPiNatiiLlayelo A ?‘3’?0 FAPR ?etygr 5’1“6\?1 @itatin layer
onb SERRILEH GRS R oy Shd AOLARe 1772 Pl fTE2le pIUBR fitached to
th¥ kemicendimtor subitrate® moude thertbndz e'ﬁetm hemdd u ct or

b t d he substra er ture
; anorni Anaies So0a el Afsrd b plois & Pshot aT Fabine & thin flm
reﬁ@t@c T bRl M@u@by?} ? lal ﬁnlﬁ&{cﬂl%for %99§t?a't@ 'aﬂ«g heating the

from about 50 to abou omc %tantal um and from
subgisaie to @ terapexdiost raagnﬁtfmm abaxeadbani Toom tempﬁemrt: ityy @bout 350°C.

PR Rg, bS, AE nPA Sp bRl B o

taﬁmbmp and fidadabuaeneid a@mft |50vitdrateeYel sdlithiue] istbidtiag %ﬁuﬁ&ed onto
on ranges fromabout 0.1:1 to about 0.4:1 .

th% dhstraic gtfie prutteingisiear eHowrdmitrogsniges and ﬂnw of argon gas
e t t

o R P BN o011 1

abAng&tlrlo fhe s"p'h&ertriy stepf is termiiesédtvhen ihe tﬁn'ﬁlﬂ bigtot B)eposited on

bout 30 to about 70 atom c% tantal um
(g SRt A DSnS GRS D R ARYARD S AGiFh X000 Apeskpms. The

thRbAMh resik®r Q@%ufz'ufl@f QH@}“CSK&EH s%r RGN abSHR BN BP a@out 0 atomic%

substantially uniform sheet stance with resp
tanthlam, from about 10 to about 40 atomlc% aluminum and from about 5 to about 30

atomic% nitrogen, and has a substantially uniform sheet resistance with respect to the
substrate.

An advantage of certain embodiments of the invention can include providing
improved micro-fluid ejection heads having thermal ejection heaters which require
lower operating currents and can be operated at substantially higher frequencies while
maintaining relatively constant resistances over the life of the heaters. The ejection
heaters also have an increased resistance which can enable the resistors to be driven
with smaller drive transistors, thereby potentially reducing the substrate area required

for active devices to drive the heaters. A reduction in the area required for active
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substrate. An advantage of certain enbodi nents of the

i nvention can include providing inproved mcro-fluid
wep@sieom’ heads havi ng thermal ej ection heat er BCIWOBZIN5/001809

require | ower operating currents and can be operated

at substantially higher frequencies while maintaining

déwtatib \deive thohedias cat egdbid BRARS oP\RIallENSibkirdte, Rbrebf Potentially
heaters. The ejection heaters al so have an i ncreased

redpeing it eest Whithdeviges e debirdyantage o€ shesproduction methelds fpsmaking
i ri | ' . [ ot,entd al

1 A osiont s kbR Bk Ly MG TR RO B Heers have o

substantialdy tnifeltd Sieeet fesistaaed eves thédsur@de @ifiasibstiaté be witictthey are
requi fed for activedevices to drive the heaters can

dosiet the use of smaller substrate, thereby

potentially reducing the cost of the devices. An

advant age of the production methods for naking the

BRIER DESOQRIRTIONIDE THE DRAWIDEGS her ei n can i ncl ude

w1 B Eoteiss R 8V B Vb SHR gt by reference to the

dEHRSTE 8&kApRsh WPie&dnp1eY erdbSifeRQSIi@deoBdefdd in conjunction with
DESCRI PTI OF THE W NGS Further advantages of " the

thiefoHewingndraivingsiBestrating ppe o muor ynondmeiting aepdots ofhthe invention,

tail.ed description of .exenpl enbodi ment s n
wHERE HES oBRRGE S aeR aRERs Tl ST SRt oal gdiout the
seivetaligtanah g fonlew@r nore non-liniting aspects of the
invention, wherein |ike reference characters designate

i keFigr 145 amvieno-iié gisatien dewiesuepnisidee. o tassoates gontaining a micro-
i . Fi ' Lcro-fl.uid ejection

PG 108 LOLLRNED Fpnpbal iR IR

i crBigl Oiisl agjegiettive viembiaaciak étndinia@ MAcink ¥ROHIFPEntaining a

of ttfe invention; Fi (g 2 is a perspective view of an
micie-fiugd ejgetion head aerording toene smbpiémersf shavinwention;
m crgpf b ul &6k or di t e | ent .
o URE 7 iy eefhSaiaBR VRgn REEPLIONt d BRHEo AP REH IR gection
haadtactardmgdab ene mbhodiorehi afithefnventiongr o- f 1 ui d ej ecti on

t.o one enb nt .of1 t he i nventi on;

head_.accar di di .
o, P 190 & MO TBR 0% B SEHNGR! SyORt P BrsERitalsfs micro-
{1918 efeclibR BbdPdRolfdg B ok eh®bhimit 6F @€ ihRRtifead
according to one enbodi nent of the invention;
Fig. 5 1s a cross-sectional view of a heater stack area of a micro-fluid ejection
head according to one embodiment of the invention; and
Fig. 6 is a plan view, not to scale of a portion of an active area of a micro-fluid

ejection head according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

With reference to Fig. 1, a fluid cartridge 10 for a micro-fluid ejection device is
illustrated. The cartridge 10 includes a cartridge body 12 for supplying a fluid to a fluid
ejection head 14. The fluid may be contained in a storage area in the cartridge body 12
or may be supplied from a remote source to the cartridge body.

The fluid ejection head 14 includes a semiconductor substrate 16 and a nozzle
plate 18 containing nozzle holes 20. In one embodiment of the present invention, it is

preferred that the cartridge be removably attached to a micro-fluid ejection device such
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Fig. 5is a cross-sectional view of a heater stack
area of a mcro-fluid ejection head according to one
weniwsadsovent of the invention; and Fig. 6 is a PCBENS2005/001809
view, not to scale of a portion of an active area of a
mcro-fluid ejection head according to one enbodi nent
asOdn flkejet pMBef D lOFlgDE)TAAb&Bd CRIRHHceINeIntadd24 BENOVIRYE on a
Wth reference to g1 I"bi d cartridge 10 for a
flexibleocitquiti 26 e,fpreéltept@ﬁa d@xmlé@ﬁqnstq theumiqretflogtl ejpgdon device. The

ﬂ&aﬁfelgﬁdﬁg %qPi;lﬂg%s ?qgc%% [races riéjg% i?rgg H%eic&efd%g therﬁubstrate 16 of

thelfluidlejeetyorigead ant ai ned in a storage area in the
cartridge body 12 or, may be supplied froma renpte

sour 88 endrrggtbCresitectiengd Vs ot thecate, of @ petens ofohe Ridiejection
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hebl 1416 YNGR 1 PP, SO REUE] GRbEhd B utP RO ARAE chetorably
caftaihhe thprmakindating elenieho3() ad 4 flusd dpectibanacwator %"t?ithehﬂilg the fluid in
artrid rempvably attached to a mcro-fluid

@Pg‘fs 5 832 ifermed,jn I’%F‘Zn%?ﬁ}q plgte; 1§tbeav¢%ta? sgbstraie; 1§ angya nozzle
h(ﬂ@ o0 dTHQ kerm8l BGhihk Ce?ém 8 RGES A A CheRleR YhAR s Q?Ohleh in an

flexible circuit 26 for e ectrlca connection to
emrmim'yfdmhudlmpmpam @nnnbemd:ef anThléoyf dfetentalum, calmmnmum Zlﬁrogen as

r| C traces 28 that are connected to

nc) udes
d‘otsﬁ% &?rﬁ ailé’e Wthe fluid ejection head 14. An

enl apged iCHosResd €S Heofah chh@Ver Smthrbl%lf'&ﬁbﬁ?em@% 01aslot 34 in the
portion of the fluid ejection ad IS i r at ed

he
sybgirgte gl6 3nd |throggle afibiddriannel 36 monneating thp edati h withathe fluid

ety 85 et APl SOl BB e Bt et o
by ladheivehaybeBs.32Af Qiepiefédl i Fide 3nakg Iﬂ@wpfeahﬁeslﬁlchﬁ:ﬁﬂgem fluid
t he substrate_ 16 and nozzl € hole 20. The t her mal

chegther Ad aad dhrid chanel % ean by formenrin Hbaneszlg plefestfor However, the
rg. C rised

O o, R TR R 300 i

cmmmmng&miiy hodvid boles flayibe attactpdayithke thi¢lofit aykt. Ulilan exemplary

er 32 through a eni.ng rslot 34 in the
et éhaléu‘grf’dg"tt‘ﬁp @qﬁ 14 i puiherman gk @tﬂzoglectee Apleiat iprigthead.

HBQ@V&' ﬂ’ﬁe 1%n%ﬁ By Cﬁ}(ﬁ‘ ?ntgﬁc*éﬁ% 60 BRRH t fuk § ?gaﬁg % other fluids,
plate’ 18 canbe adhesively attached to t strate
othé, tlsucihkamalyybeadjweedvmth aymicr3gluid\s;jettipn deexdeiaaccﬁidglg to the

the flow features including the fluid

1n§fént

Referring again to Fig. 2, the fluid ejection device can be an ink jet printer 22.
The printer 22 includes a carriage 40 for holding one or more cartridges 10 and for
moving the cartridges 10 over a media 42 such as paper depositing a fluid from the
cartridges 10 on the media 42. As set forth above, the contacts 24 on the cartridge mate
with contacts on the carriage 40 for providing electrical connection between the printer
22 and the cartridge 10. Microcontrollers in the printer 22 control the movement of the
carriage 40 across the media 42 and convert analog and/or digital inputs from an
external device such as a computer for controlling the operation of the printer 22.
Ejection of fluid from the fluid ejection head 14 is controlled by a logic circuit on the

fluid ejection head 14 in conjunction with the controller in the printer 22.
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chanmber 32 and fluid channel 36 can be formed in the

nozzl e plate 18. However, the flow features may be
w@e@siogwd7 i n a separate thick filmlayer, and BCTOSZ0®001809

pl ate containing only nozzle holes may be attached to

the thick filmlayer. In an exenplary enbodi nent, the

fluid ?h@@'ldwﬂ Rof10adald 4f b Flurl e%;&@foﬁfﬂea@m R shgealie Flg" 4C The fluid
ink jet printhead. However, the invention is not

cjeptienrad Idoneades asemiepndgctonubjstetedbiant hawaele alatol fettached to
tI{el slﬂl'bgt§ tf’ u%he/{ laéJA?Pof @ééflcenﬁ*}éasa@c@% ggrhgcgpﬁmﬁ?{ Sbstrate 16 is shown

cro I on devi Cce

ploviding IeQﬁnplB@f Richtisig fogddgdic cclitg. 442 drivBetridsibitéts 46, and heater
ej ection device can be_an jnk jet prlnter 22. The

resistars 8P 2 shawp gy kig. 4, hasrbsiigle Wointhdend slagw@kzs&é for providing
AR f1ch 38 slge 463 heflerdadstbRr 30RYE 19 dséggse%ac{& Mt{i' Ies g;Pthe slot 34.

over a such as paper depos
Hohevetherindetion iOnatriinhibel toediubstéade lﬁhaﬁﬁg afsmgld‘slamvc&, to fluid
the contacts the cartrjdge nate wt ntacts, on
eippiiony atygt %fgéuéoa% ﬂffate;srrswaﬁs FRASES PR &Pthc%‘gﬁ?étftth‘%) glot 34. For

BEHhEN SutRErhial %Eca%ﬁm@ g thd ‘fnvceggéﬁ emﬂ:lQltdﬁ énultiple slots with

M crocontrg?lers int printer
flnoveiesion afuatdre disposddagye ond Oﬁbothsmddshﬁ‘ thediots. 4Phantbstrate may

ol§ P EiacE AR & Wi hEvs eSHEd e digs G Subsirate 16 o the
a&@zﬁb@t | el tﬁaﬂleaps'iﬁg% %[otZBZP thé %ﬁﬁéu%ﬂe @5 Iﬁé}u ﬁ&lﬁd H?uluples or

the fluid ejection head 14 i's control
opsnings pnoeachHer bnmo@ne;mumr dexiss. 1Ihc nompmmts cmch as one

t.h | nt
it BRI b P PR B 5B e 36
4. The 4dtivedrel mbmme hentatk4 6 Regllte® Foraths QIFVeP %Hﬁ&t@fs 46 is
substrate 16 and a nozzle plate 18 attached to the

illugtsated i getaibin aplpayisut ofghe getiveseealead’ 1g>f5 _t'HéS figure represents a
p&ﬁﬂh %? gﬁxl%ﬁrh ﬁ!:p ﬁ{rfi)?taﬁd %921\)6 ar§$9§¥m{%t 45{11 d]‘i(? %dr a power bus

exe ocatl ons ogirc circu

52 ammstdedSo pfovidensbwee ad ﬁie devddes i@ tige é’oﬁve AfeaSITOMA folthe heater
i g. the substrate 16 includes a single slot 34 for
“ﬁ?%%?é@ng fluid such as ink to the heater resistors 30

t hat pAGRIA 1RRERS BR Bt Rrghd %ﬁbs%tet E& rélpﬁ{ed3§n the micro-fluid

However, the invention is not to a su
Cjiﬁldmd\ﬂadg%t}m dryleetrahsistor3dh autive ardal wideh idesateddry (W) 1s reduced

t uat h t d osed on
1o i KRB e gl oo ptERamsh €0 Of 168 Qe S0 s & widih

GRS 90 T o,
digieggiondd ratging fromsabotih 6,390 bsicransdo mayut 26,000 microns. The driver
transistors 46 are provided at a pitch P ranging from about 10 microns to about 84
microns.

In one exemplary embodiment, the area of a single driver transistor 46 in the
semiconductor substrate 16 has an active area width (W) ranging from about 100 to less
than about 400 microns, and an active area of, for example, less than about 15,000 umz.
The smaller active area 46 can be achieved by use of driver transistors 46 having gates
lengths and channel lengths ranging from about 0.8 to less than about 3 microns.

However, the resistance of the driver transistor 46 is proportional to its width W.

The use of smaller driver transistors 46 increases the resistance of the driver transistor
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al so not include slots 34, whereby fluid fl ows around
the edges of the substrate 16 to the actuators. Rather
WO b@s/069937 ngl e sl ot 34, the substrate 16 may i PCT/US®05/001809
mul ti pl es or openings, one each for one or nore
actuator devices. The nozzle plate 18, such as one

460 d89f inddtdérte heintast ardonsatitemtialbetiueh ths hp&iblyremsthape and the
i's attached to the substrate 16. An active area

diives $uabsistont wsis@neeqifier aesistancer RE thei hester 3n 8y g? gincreased
P@@p{t{p@ag S}Xr tngﬂt {}fq ﬂf“%@f Iiﬁhsisfhn?e RLAB ¥0 8 ﬁfchfd'é%hat the heater
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rdo@frbd RRs aﬁvmgtc)aﬁlemal Inrmﬁtﬁnatmnrwh atter &stireeofithedhed®r 30, one

A ground bus 50 and a wer bus 5 ro
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abfad DB DRV BIatELRLAIAES i aride! OT der to reduce the
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ej echere dnesavetod wayh pivvider highen sdsistagce héaterctO: vneggnpzoach is

(st SPpR e b e i AESGR bl iR g R ently ereater
ﬂ?an"\ﬂtdei‘dtH' %é%? Sch 5}1’1@& Bﬂaeﬁf f-%iﬁ‘oadéai-gh t8A@ tootrgbaittin the fluid

400 ‘mcrons and an overal | engt h di mensi on D rangi ng
charober 20 LAn@hSPprriach mwprowuh@mlmglm@m@@ocmhw@&@ 15 tp grovide a

driver .t anS| 0fS 6are owddat pi .
hSiERgods £ o o 105 EPBRE i satieteh Gribhmatqritis Ta.
HRWRvEX @BRtAdlY bR !’f@ﬂnadéchﬁteaﬂ&ﬁlmﬁfm dasied Gharactetistess thereby
transistor 46 in the sem conductor substrate 16 has a

meking & lessesuitebli Fhap\gtheramgteriglst fos Hsq i unicigduid, ejegiien Nevices.
A e Bt SRt SRS o B pfs Akt HnB B ep hFesistive laer

ifekicM@edbed 4fl dagoshed aghi emeaktlyrediser ad adjalcm&rtransistor device.
transi stors 46 having gates | engths and chann

Wihout HsPToieREYh ey ets S BUGRS B, Fo g8k Sz diingiim TaN is
x{:gu‘fﬁé}&ﬁ to :ﬂ%%}ﬂ?&rfﬁfsﬂﬁ Jefrbeil AR déﬂb@l&ﬁ hé\;\f/ﬁ"e _lgﬁntact metal and

ansrsto proportiona to I't e use
tlcefumhéﬂbdrgrs11d:bn\selbstﬂatean5| stors 46 increases the

resi stance Qf the driver_.transi sto Thu
to meMhEEHP qgryclgﬁngr,aqtﬁcoxdéqg éﬂg ?P‘zglpépventlon is a thin

HiSieatca RO @naa@%ftah %119& b¥ ?ahtdll!irﬁ n@u@h@ﬁn faﬁ& ln&%?éﬁ e In t&@rast to the

resi stance of heater 30 can be increase

tlpncf;im TaN rhgotet glescﬁb@bai@fvm a gfin il hehisr 3P @eddstageqrding to such an
& %’ﬁfl & Q‘ﬁee r’ﬂven*lﬁg gg?‘r‘%ﬁh aérg‘glﬂ 8 %a{@tﬁlalteﬁoga?ﬁ% eat ur?e :ano pdjacent
tﬁaﬂﬁsﬂ@?%ﬁfac@@ma%out the use of an intermediate barrier layer between the
aluminum contact and silicon substrate, as well as provide a higher resistance heater 30.

The thin film heater 30 can be provided by sputtering a tantalum/aluminum
alloy target onto a substrate 16 in the presence of nitrogen and argon gas. In one
embodiment, the tantalum/aluminum alloy target preferably has a composition ranging
from about 50 to about 60 atomic percent tantalum and from about 40 to about 50
atomic percent aluminum. In an exemplary embodiment, the resulting thin film heater
30 preferably has a composition ranging from about 30 to about 70 atomic percent
tantalum, more preferably from about 50 to about 60 atomic percent tantalum, from
about 10 to about 40 atomic percent aluminum, more preferably from about 20 to about

30 atomic percent aluminum, and from about 5 to about 30 atomic percent nitrogen,
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provi de a higher resistance heater 30. One approach is

to use a higher aspect ratio heater, that is, a heater

li¥ pRderabllyehah Bb&itd0ith bBARDDYtEhie Felent ﬁlﬁfBgC;Iént. ST WP resistivity
However, such high aspect ratio design tends to trap

ohjtihe thin da haaisry 30 repdrding3R. anApkamipdary gaphegiaentt pyeferably ranges
ﬁ%ﬁ?&&ﬁﬁ@@ba) ngl&ﬁﬁh§%§$ e heater 30 is to provide a
e

ater nmade fromat ﬁfﬁhving a hi gher sheet
resi i arieeto fPoduciCTa AT Rdate|30ihavihghe dRYRYRIstics described above
relatively thin TaN has inadequate al um num barrier
spifable spaiidring; cepditipnsepry desiketg For lewarapleyin apkecmbediment, the
Iy ' ] -fluid ejection °
Qb Ple TR Hemel 26 ab® 0B LB Gatd fp EBRIGB drom about 100
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shiftieRing icbidineRt f pRRidiRE e TahINMeatblsB0 REorkifi} 8lodRlembodiment of
alum num and nitrogen. In contrast to thethin f11m
thegnvensian are gluercin thedliovduetable. thin film heater 30 rmade
according to such an enbodi nent of the invention can
al so provide a suitable barrier layer in an adjacent
transi stor contact area w thout the use of an
internmedi ate barrier |ayer between the al um num
contact and silicon substrate, as well as provide a
hi gher resistance heater 30. The thin film heater 30
can be provided by sputtering a tantal um al um num
alloy target onto a substrate 16 in the presence of
nitrogen and argon gas. In one enbodi nent, the
tantal um al um num al l oy target preferably has a
conposition ranging fromabout 50 to about 60 atom c
percent tantal um and from about 40 to about 50 atom c
percent alum num In an exenplary enbodi nent, the
resulting thin filmheater 30 preferably has a
conposition ranging fromabout 30 to about 70 atom c
per cent
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atom c percent tantalum from about 10 to about 40
wa@t@giogooper cent al um num nore preferably fronmebostoo2®1809

to about 30 atomi c percent alum num and from about 5

to about 30 atomic percent nitrogen,nore preferably

fromabout 10 to about 20 atom c percent nitrogen. The

R o et T VIky Of [T fiE T [Thdwel 1 | [:B6@E €1 SutkRatélC C pDefosigon
N&.0| Bbw exeiml af yioemboglieent gw/eher @aliyay amgaserdiure rRate
abpedemPIQsct) flredat) 1000 nm cro- ohps-cm | f°Cor der  { ¢A/min)

1 prodisoe ja 3BaAl Nifwealt €0.380| ha¥d ngl t he&5char ac®®rj s cs—

2 dekcrsobdd @mboye2sul t abl el spf’ t eri nid-Ocondi t 2®ns ar 49374

3debi r4ed.| For éxampl e, 02h oneSenbodi #8nt | t h#00sibgt r #1220

416| cl23 He Meal edst of aBde|r obin t bnpdidat dre 2Wore
5pr Bf 80adl vid r dm9%bout 01D0[t 04hbolit 280G, d% nglt hatlso

6 split 18r ilng25t ep 75A1 k0033 he ni4trogen?fo 2 00 oc | ¢ 2440.0

7rat el®atli 025 t he Bput t B33 nd obher | armd®% hd 02d%%r adqyPld’-0

Sarb Boefler Hbi W3 bl 0043t hti Yl vl nabfowlr andl | n—fia
9 S rh 2@0( eégj hQ-l%i rnga%n] a -D“nw £1 20,0. ..,,\4.,\ 2]-’958
1G o6 530, dnets fr o3 abobd ol 1 2 tol abidk W 200 P1Y -

1Ll 423, il o3Q 85 T 832 1~ o3 | ZELL0 1 200 " O 51444
STt e Tt Vet armgets—T 1T Uraduut 30 TU abull £ZUU

g MY f
kilowatts/ m2 and the pressure ranges from.about, 1 )
aboutleatsrsd( madeagce! dlﬁg fe é’S%%regﬁBE EQGeRY BN PtLrj ‘F@iﬁ‘éetl}? uniform

slfée%% 5@%{3?%1:%? bg% tfi% TaA N el rRhSsudRrae 18/ g8 EBmOMRut 10 to about

e invention are given in the follow ng
10@bhmsHentsquare3Theashectarssistadem gl the thine film thegist 3§ has a standard

aBighon nustah e bzt poitied of dissdb &8 2 AeRBioR APRERIY tess
t1eR0bbud P 5ther 2RO Usu kOl umifiFm &ﬁ@tiﬁguﬁgxgﬁcah@ iship6tes the quality of

resi stance of the thin filmheater has a standard
ctetivmbeals by eonteiningethei heatest 881 rEeehenters 30emade peaosding to the

t han about 2 percent r ef a :
TepuRR POt (s, Ref SRRt e, W o0 focPe it
réIRERY RBat g AR thiry alfut 6] Redend NThehetterd 40 anadeadcoondihg to such
the heaters 30. The heaters 30 made_ according to t

ah ommelpdimentpefothesiavention: eineplse dolRTaih hiehnpiareaf GHessst unlike

0_ah 8 i . I eslist
TR SRR pllR b ine SPURY AN RAS Wulloubf a8 h room
t@hp@aiadimenitegfsutihes descaibed nUSaRawhs Dot 4J0d2 472 thiYgiazaki et

current stress. Also, unlike TaAl N resj st. .by .
abpite Caln g hoaieis AChmedy BRTPENCE BISaF M Do GO HE Fpon may
€ J bgi.J:al es, : [d i -
SRR, UBHALF Uty SERRLIPAIGD Wb o
ebeatislhpoBAINTHEN, and Gadi altpyso ByusingdiaAdNrsdhenmateriof for e heater

rlesqgé:grn?tad, %Te lg?gr providing the heater resistor 30 may be extended to provide a metal
barrier for contacts to adjacent transistor devices and may also be used as a fuse material
on the substrate 16 for memory devices and other applications.

A more detailed illustration of a portion of an ejection head 14 showing an
exemplary heater stack 54 including a heater 30 made according to the above described
process is illustrated in Fig. 6. The heater stack 54 is provided on an insulated substrate
16. First layer 56 is the thin film resistor layer made of TaAIN which is deposited on
the substrate 16 according to the process described above.

After depositing the thin film resistive layer 56, a conductive layer 58 made of a

conductive metal such as gold, aluminum, copper, and the like is deposited on the thin
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30

be characterized as having a substantially
nmono-crystalline structure consisting essentially of

wa\kdds/0d@hy and TaAl alloys. By using TaAl N as P@EUS2005/001809
material for the heater resistor 30, the |ayer

providing the heater resistor 30 nay be extended to

AIRT R¥sH6e BysRIa! TIRAShiigEveyee 88 hawstiave anpsljitablerthickness known
transi stof devices and may al so be used as e .

tortheserskilleddn theart.vbsinragtexemplar, pm t @é@fé@%@shoﬁq& thickness
ot.her. appl i | ons,. t ai i Ll i

PR BG4 LR R, pEptleh Lt gt iy

sdant @hdadtaeags it achaddiongoddhantle 58AGmdadthode 6818 ¢pnigets to the
to the above descr.i bed

o, process is ilJustrated in,Fig.

oSt sRE B0 o dRER B DEALGVISHRToif DHFURNcR g Stode and
%H%%tsrggt n First layer 56 is the thin filmresistor

4 ayer naagiéi]ﬁg%P'TaAl N which is deposited on the

Z ]chbsAr%Hsﬁ'vatﬁ)rﬁtagm di diglectict lagerpd® cars thed discsnosigedap e heater
f t er. depositing.th hi.n, fil ' '

reasiea e raeedy 0 satalastarnd 5ot | V8 BT Riisd from
d bla méeuﬁxﬁ&{p dRARREmoR tich Nerionk &ilicen dees  sikebnodxynitride,

the thinfilmresistive |ayer 56. Tﬁe. conducti ve I,ie}yer )
sifiSommigrideg siican gabide; atd e combiiiien of kilietm nitrde prkglicon carbide.

Killed.i - but .. i : .
Py ok b e SIS TR e caon
hARRE tHe1fell Rh OIS frof Aisut dEITOBIabberB0D Arstrommduct i ve

I 'ayer 58, the conductive layer is etched to provide
anod¥Wiss/ diahood ke varbogmatenal dxnsedias layrs GOpan §tﬂ“§?@n layer 62

| ayer, 56.and tp def] h ' o
cUEF BB Rt Genl RS g 35, Pfp et rom sicon
niglg%é 'té&]tﬁlilgﬁlrhi‘crtfdﬁ?ﬁthaﬁ{utnd hithids; ?tatﬂtalum?xﬁie, 6fd therlikehdn abexemplary

osited on the heater res 0 d
cimhbiset. Som hiskAosE o1 A AdERyR 1560 PRGN TSBESCRa PPBHI00 fo

a@éﬂ%%@a%lg%(‘?%g&ar bon, doped di anond |i ke carbon,

FTicon silicon oxynitride, silicon nitride,
si | i adter dapditite; therdhesion ieyen 62, iorthefcass of thernsaiafdianeond like

and silicon carbjde. |In ex I nbodj

oFhoe o 00 S e ) B SRR e
L gy @ alohd el o5 TukDARih® aahiokh i

r%g%d AngsAIn r%’%smﬁe“ﬁﬁgg idoiﬂg?r%%d Ii?&gmgg%ggn 1%%1? gr ]iQaI eSiS Srangmg

frosresboms fibayahout )00t ahait®dDO Anigslyans.62 can be

9D, e P2 e P BEAHL SR By BB insion
1a{ey')?1é gg{ %&%Hyéﬁv‘itﬁﬁ&?lay%ﬁm ab uiih ax ipdeiblaret proeidei skitable pratection for
the heater resistor 30 from the corrosive and mechanical damage effects of the fluid
being ejected. Thin layers 60, 62, and 64 can reduce the overall thickness dimension of
the heater stack 54 and provide reduced power requirements and increased efficiency for
the heater resistor 30.

Once the cavitation layer 64 is deposited, this layer 64 and the underlying layer
or layers 60 and 62 may be patterned and etched to provide protection of the heater
resistor 30. A second dielectric layer made of silicon dioxide can then be deposited over
the heater stack 54 and other surfaces of the substrate to provide insulation between

subsequent metal layers that are deposited on the substrate for contact to the heater

drivers and other devices.



enbodi nent, the thickness of the adhesion |ayer
preferably ranges from about 300 to about 600
weegseons. . After depositing the adhesi on | aper/uSRp5/001809
in the case of the use of dianond |ike carbon as I|ayer
60, a cavitation layer 64 can be deposited and etched
to caVigreohhenlfied eiind @gll Sectppafnt A tiesensplldyin the art from the

cavitation | ayer 64 is tantalum having a thickness
preeei g descriptivm Bad thef (SANANHIAS Q@W&Sog@bs}ﬂdl%@@@ns and changes

L et e

tHaavhé abieppingayedcripttomantlhibe axompasyihg edryetngpr owi idlestrative of
sui tabl e protection for the heater Qﬁikgtor 30 t[onh ¢
exaueplenrqnalsdimentp qnive BpTE RS theiRioy and fheb edrysy spiffeand scope o

£l ui L.hg: eject . Thi can
R R L e
stack 54 and provi de reduced power requirenments and
i ncreased efficiency for the heater resistor 30. Once
the cavitation |layer 64 is deposited, this |ayer 64
and the underlying layer or layers 60 and 62 may be
patterned and etched to provide protection of the
heater resistor 30. A second dielectric |ayer nmade of
silicon dioxide can then be deposited over the heater
stack 54 and other surfaces of the substrate to
provi de i nsul ati on between subsequent netal |ayers
that are deposited on the substrate for contact to the
heater drivers and other devices.It is contenplated,
and will be apparent to those skilled in the art from
t he precedi ng description and the acconpanyi ng
drawi ngs, that nodifications and changes may be made
in the enbodi nents of the invention. Accordingly, it
is expressly intended that the foregoing description
and the acconpanying drawi ngs are illustrative of
exenpl ary enbodi nents only, not limting thereto, and
that the true spirit and scope of the present
i nvention be determ ned by reference to the appended
clainms. CLAIMS What is clainmed is: 1. A sem conductor
substrate for a mcro-fluid ejection head, the
substrate conprising a plurality of fluid ejection
actuators di sposed on the substrate,

10
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wWoRoos/0pavat ecti ve | ayers adjacent the heater,

each of the fluid ejection actuators including a thin
heater stack conprising a thin filmheater and one or
WPET/B52005/001809
the thin filmheater is conprised of a

tantalumalum numnitride thin filmmterial having a
nano-crystalline structure consisting essentially of

CLAI; }&ﬁ TaN, and TaAl alloys, and the thin filmmateri al

g a sheet resistance ranging fromabout 30 to

Whabtwaihed iwhns per square, and containing from about

1.

30 to about 70 atom c% t antal.um .from about 1 0

abofit SQI@"Q?WQ?"/&"&“&WF myM aar%“’]for'%‘ﬁfia@(?%fon's ﬁi??)d(’) a%g Lo
at ogd Goa R & 1 i BERORGAERT diSpiREd batte Glibstrate,
cl alggr%ﬁﬁﬁg\?\#%ﬁ ﬁféthﬁio{ %ipﬁl ?’?fﬁm heat er .colﬁ%;rgi ses aet hi.SrJ e
f i | eachayfethe fimideejbgtion gotuatoss snchfdingathinheatep steele eorpRFiENgE a

t ant al lumnumalloy target.in a nitro .
Conthéql ﬁ%gxegﬁe QL Qre gr@cﬁ%gvtea%eés ﬁ%g?eggﬁ}eglegter, wherein
t enpRr g FBm! RéNgrng biprkaberita thoRhing ahREHtmIHEIE. thih film
The sem conductor substrate of claim?2 wherein at

| eastatapabhafing haap-oyysielling striefyrerconsisting essendiafly of AIN, TaN,

di -1 ke- b t exq al . j .
cubend Jral s A s Birchiol mayshiat Fiing RTERIEHGAe ranging
| ay gon@sou® 30 b akdiR 380 bamg ipegsdubauad cotitaidd@Grdm abdua B0 to
8000 Angstrons. 5. The sem conduct or substrate,

cl anbout Ahetpeiie?ortataliom, from pRYH D tor abext 48 alomicd slgninum

rang g1 40, AboVE 0% L8 ALRYLAARD Angstroms. 6. The

sem conductor substra claim=3 further conprising
a cavitation layer as an ink contact surface, wherein
t he Thaéthohductdaybstrawasf daitth] whieress thedhigi fimp Heateimcomprises

bout_ 1000 t b 6000 Angst . 1. Th }
DU 3000, 1 300, SO0 DIPLAGTE: ol I oo

an | 1n2Y SfitrSlefi RO RhiRE RSP hEddort a\Wubsttdt® Reated to a
I aygfrwgz tgtherz1 di Jﬁ%ﬁd-l [ ke-lcgr bon"l ayer, the adhesion

| ay éempreasturegrangingifioknawst t@0Tgo about3dMG@bout 400 to
about 600 Angstrons.8. The sem conductor substrate of

oL T MSE ol AR RST LAl B SRS et

Ni t N4y@&es comprises a diamond-like-carbon material.

The semiconductor substrate of claim 3 wherein the diamond-like-carbon

layer has a thickness ranging from about 1000 to about 8000 Angstroms.

The semiconductor substrate of claim 2 wherein the thin film heater has a

thickness ranging from about 300 to about 3000 Angstroms.

The semiconductor substrate of claim 3 further comprising a cavitation layer
as an ink contact surface, wherein the cavitation layer has a thickness ranging

from about 1000 to about 6000 Angstroms.

The semiconductor substrate of claim 6 further comprising an adhesion layer
disposed between the cavitation layer and the diamond-like-carbon layer, the
adhesion layer having a thickness ranging from about 400 to about 600
Angstroms.

11



9. The sem conductor substrate of claim1 further

conprising a plurality of drive transistors for
waleioziosey4t he plurality of fluid ejection actuaPOr/ES20051@1809

drive transistors having an active area w dth rangi ng

from about 100 to | ess than about 400 m crons. 10. An

ink jet printer containing the sem conductor substrate

of £ ai The, I8t c1Bid inCHRl ion layer is
8. V\he’?}éff N ceon#&%?rol-g ﬁli)glﬁllra ﬁ" &?e(g?llhgnm ﬁ’g%ég&goglt@a%%@la' hi g h

densirhprisefl of hintutdrial selénted Eom silinoginiigide pohteatsdin ngride)

about 20 thin filmheaters per square mllineter. 12.

A process, for maki.n fd ui.d epegtor h [ . .
0. 1 oFES FrmicerdyelE erfrefatpidti ChET bl §pnfalny of drive
t heysi@Rsts Ofor BFRYE dhé PlidaBETof AAW Gdjevtios Uigiatas e the drive
depositing a thin filmresistjve |l ayer on the
sublansittersthavingoan ekiva asea adth rgnging diomn aboyt ph0Rtg Igsssthan
t he .t hi ?rg{)l .Lmresistive layer conprising a
taniﬁ%ﬂuﬁ A% n nitride thin filmnaterial having a
nano-crystalline structure consisting essentially of
10.Al NAnTaRjet prifitel actaifin alyssentiestidugtoa selistrete afekiimtlance
rangi ng fromabout 30 to about 100 ohnms per square,
and_contajning fr abouyt 30.tq about .70, at gmi % .
11.¢ anThe il JoF PRRICEBOREIT 60 SRSt ihe MirrorB Jostion e sRptains
a”daf}ﬁ%mé@ﬁ%f ik GiLAMRMers3Anhe Mo ahidt 0@ &bout 20 thin film
depositing a conductive layer on the thin film
heahenters pet sfuaregnillmmeteonducti ve | ayer to define anode
and cat hode connections to the thin film heaters;

depqsi ting .one .or re, l.ayer ected f Q. .
12525 & RIQE§SS 01 Hgane 2 Juf %F%@i ﬁﬁagéora%&g(%ﬂb@?%@?tgf edre,V ice, the
and payce@VdonirisRig theyteps & the thin filmheaters and
conductive l'ayer; and attaching a nozzle plate to the
senbryiding 8 semicopdicieisebstte; The net hod of claim 12

whe Elglioo%it{n%r 4 BES AR RS RISy SR thE GubsiGteSE PrGRAIH Dihlity of

thin film heaters, the thin film resistive layer comprising a tantalum-

aluminum-nitride thin film material having a nano-crystalline structure
consisting essentially of AIN, TaN, and TaAl alloys, having a sheet
resistance ranging from about 30 to about 100 ohms per square, and
containing from about 30 to about 70 atomic% tantalum, from about 10
to about 40 atomic% aluminum and from about 5 to about 30 atomic%
nitrogen;

depositing a conductive layer on the thin film heaters;

etching the conductive layer to define anode and cathode connections to the
thin film heaters;

depositing one or more layers selected from a passivation layer, a dielectric, an
adhesion layer, and a cavitation layer on the thin film heaters and

. conductive layer; and

attaching a nozzle plate to the semiconductor substrate.
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substrate to a tenperature rangi ng fromabout 100 to
about 350C. while depositing the thin filmresistive

wo aysn6om7 t he substrate. 14. The net hod of cl aP@T/L182005/001809
wherein the thin filmresistive layer is deposited by
Ssputtering a tantalumalum numalloy target in a
ni trogen containing atnosphere on the substrate. 15.
The nmet hod of claim 12 wherein the thin filmresistive

13. | aY¥Ble hemhdEBPELine I Rhett firBlet Sn@idimyhaatingtial semicumductor
alloy target in a nitrogen containi n? at nosphere on

t hesubstbate tatactemperatii canging dtbp fabenta[0A° 1t Host DR° (gt while
| east ane qf th rotective |a sited on the
t hi pP?'lEPrg ﬂ?&f"é‘re@ BISt&‘é‘?ﬂlﬂﬁ%rtolnyvtgg ?‘%\bgggt%bonpri ses a

di anond-|i ke-carbon material. 17. The nmethod of claim

14.16 vheneiddtdreldinarm adieteik thecinbfilin kesjstive s & deposited by
t hi ckness rangi n%)érflrom_about 1000 to about .8000 . .
Angeuterieg A stantpfiEn-gaHeumoRlley afanget 2 e rBFRET SORIFHDS

filmresisti I as a thickness ranging from

abol o%%?%%ﬁ%gﬁ?ﬁ%&%o Angstronms. 19. The net hod of

claim12 at |east one of the protective |ayers .
15.conPhé aethod afalaitat? emeteny ére thin filig resistive diree s deposited by

ing f bout 1000 t t, 6000. Angst.r opE. ,
ot SRR eGP ATRPACR: (0T LYo Coriroaih g fiding

st epsRbher@ bR WediuBsirae. S€M conduct or substrate; heating
the substrate to a tenperature ranging from above

about room tenperature to about 350C reactive .
16.s puThemiethpdapfictaimd2whereinmm Fanh el odyhe Riptretivegnersdaperted

fromabout 50 £to.a Lo ¢ % I Hil0thrh

abofit ﬁféﬁy’oﬁgbﬁ erg%%ga%ogl%ngﬁ (%o &' nd%) %@%&%ﬂ#&g@g@a @ Bhrbon

Subgiateriagproviding a flow of nitrogen gas and a fl ow

of argon gas during the sputtering step wherein a flow
17.r al "ei“hcre artnlet%occl) f ofn Ic{arinqg (138 \txfﬁerglrng %Pe rd%]lgo%%-lflkre?crgﬂgo%o lfgyer has a

thickness ranging from about 1000 to about 8000 Angstroms.

18.  The method of claim 12 wherein the thin film resistive layer has a thickness

ranging from about 300 to about 3000 Angstroms.

19.  The method of claim 12 at least one of the protective layers comprises a
cavitation layer having a thickness ranging from about 1000 to about 6000

Angstroms.

20. A method for making a thin film resistor comprising the steps of:
providing a semiconauctor substrate;
heating the substrate to a temperature ranging from above about room
temperature to about 350°C.;
reactive sputtering a tantalum aluminum alloy target containing from about 50
to about 60 atomic % tantalum and from about 40 to about 50

atomic % aluminum onto the substrate

13



0.1:1 to about 0.4:1; terminating the sputtering step
when the thin filmresistor is deposited on the

waemse@ate with a thickness rangi ng from about PGD0S1005/001809

21.

22.

23.

about 3000 Angstrons; wherein the thin filmresistor
conprises a TaAl N all oy containing fromabout from
about 30 to about 70 atom c% tantal um from about 10

to about 40 atom c% al um num and from about 5 to about
30 atomi c% nitrogen, and the resistor has a. X
sulgbedingal flyw ofinfiogm ghestd z Bewof argon 5o GHIRS YsePriieEns

the substrate. 21. .Th t hod .of, cl ai j
sput t er i P TPEHH %ﬂege {agg %g?tﬁggde :c;[énv(a/e On\r/\%ﬁ ‘?éng" Peg)r%ut

about 40Q) {49 et 0208 kil owatts per square meter. 22.
The nethod of claim 21 wherein the sputteri.ng st '

g griﬂpxlxi:rlgﬁilgtheappﬂ@mﬁf@ wheny thegthiy Blm sstiar 14 BOSHEE% :9?1 the
militorrs, 23. The ' [
t enper at 'ﬂl?’étr%? Wﬁé S E}B%]{Lr%%{] gaq%gg{r%g gljg ﬂ*‘ ggﬁw%ag(gﬁtrt § '1%8{11?2000

about 30Rpgstroms;
wherein the thin film resistor comprises a TaAIN alloy containing from about
from about 30 to about 70 atomic% tantalum, from about 10 to about
40 atomic% aluminum and from about 5 to about 30 atomic% nitrogen,
and the resistor has a substantially uniform sheet resistance with

respect to the substrate.

The method of claim 20 wherein the sputtering step is conducted with a power

ranging from about 40 to about 200 kilowatts per square meter.

The method of claim 21 wherein the sputtering step is conducted at a pressure

ranging from about 1 to about 25 millitorrs.

The method of claim 22 wherein the temperature of the substrate ranges from

about 100 to about 300° C.
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