;e3e\lV6To<'~ .n ' -1 7 February 2003 FULLY | NTEGRATED THERVAL | NKJET
F%HNWHEAD HAVI NG ETCHED BACK PSG LAYER CROSS- REFERENCE TO RELATED
"APPLI CATI ONS Thi s |s a contlnuatlon in-part of U S. Application Serial No.
09/033,50 1998, entitled, "Fluid Jet Printhead Wth

I ntegrate ‘Mﬂp‘ by Colin Davis et al. , a conti nuat 7dkbiuarypZ(a3 of

uU. S Pate |cat|on Serial No. 09/314,551, filed May 19, 1999,
entitled, "Solf 16§tate Ink Jet Printhead;And Met hod O Manufacture,” by
Ti not hy Véber et al which is a continuation of U S Patent Application
Seri al mmmﬂ“mﬂmmmmﬂ filed February 7, 1996, and a continuation-in-part
of US P at | eULLSEeINTEALGRAYED m:mas IQRET PRINEGGEAVEr ch 2, 1998,
entitled "Diregdozt magi ng Polymer Fluid Jet Orifice,” by Chien-Hua Chen,
Naot o Kanmanura et al. These appViN6aETCHER HER Péﬁsla@lrﬁéd to the present
assignee and incorporated herein by reference. Z 7 February 2003
FIELD OF THE INVENTION This invention relates to inkjet printers and, nore
particularly, to a nonolithic printhead for an inkjet printer. BACKGROUND
Inkjet printers typically have a printhead nounted on a carriage that scans
back and forth across the width of a sheet of paper feeding through the

D ok T CRBLANRERERERRR! KO ker Rl et RRablst he carriage or
external to th nbers on the printhead.

Each ink ejection chanber contains an ink ejection elenent, such as a
heater resistor or EhpsezaeBecontcn@aamnnﬂ%nﬂphrchofsU1&de@pp&&n&d@on

addr essabl e. %%E%%ilﬁg apeypéﬁekggtlfghég(ﬁy?a lgau?§ % @f%f‘iof ink to

be ejected through a nozz creating a sna on‘t ium The
pattern of dot§Fdnedtédtfﬁrmsthﬂadﬂmgéldhntematedstmt $Esblbtbmns (dots

per inch) i ncr ea3¢,ah0g kLNt e {1240 J/-RAuENGLes,  foge heat i

generated by the ring el enents. eat needs t € dissipated. Heat is
di ssi pated by &Zatenbi Appilénabfionh8eriid Bei-n§o¢padt BUL anfiiled May rtthead

substrate sinki 99heéht§E9€hthesbf ?ﬁé&ﬂé GRxehe B%?ntﬂ'1d§&9§trate may

even be cool ed by "t he supply’of owng to t pri nt
Method Of Manufacture " by Timothy Weber et al., which

is a continuation of U.S. Patent Application Serial
No. 08/597,746, filed February 7, 1996, and a
continuation-in-part of U.S. Patent Application Serial
No. 09/033,987, filed March 2, 1998, entitled “Direct
Imaging Polymer Fluid Jet Orifice,” by Chien-Hua Chen,
Naoto Kamamura et al. These applications are assigned
to the present assignee and incorporated herein by

reference.



Additional information regarding one particular type of printhead and
inkjet printer is found in U S. Patent No. S, 648,806, entitled, "Stable
‘Substrate Structure For A Wde Swath Nozzle Array In A H gh Resol ution
Inkjet Printer,” by Steven Steinfield et al., assigned to the present
assignee and incorporated herein by refegence. _ 3 _ 77Febiuanr3003003 As
the resolutions and printing speeds of printheads increase to neet the
dermandi ng needs_of_ the consumer market, new printhead manufacturing

t echni ques and +ed. Hence, there is a need for an

i nproved printhead that has at |east the follow ng properties: adequately
sinks teat fromthe This ejraadritdorelrelants ab bhgheopRfiaiddig fareguenci es;
provi des an adequate refill. speed of the ink ejection . ch ers with m ni num
bl owback; i ni Mes RAPGSELT el an RER! by HFIOE HSh earBer s: | o

tol erant to parinlk]es patitddgr .t he i nk; provides a high printing resol ution;
enabl es precise alignnent of the nozzles and ink ejection chanbers;

provi des a precéi ng edictable drop trajectory; is relatively easy and
i nexpensive to HartHsertre; and is reliable. SUMVARY Described herein is a
nonolithic printhead fornmed using integrated circuit techniques. Thin film
| ayers, including a Imdsjest ipreintayper tyatieal by neaveorn gptiop id avanékda
silicon substrate. The vari OLEz_1 Itayers abe gtch{gd totéprovi de g:%%gucti ve

| eads to the he® &t THH AN N ETEES BRES IR aFsw y be used

i nstead of the wiiMilstifve allmenicf. pApeopfeedihg ttiersmH eopddatieve | ayer
bel ow t he heat eé resi stors .sinks heat .froméhe heat.er gqestl stors _and
transfers the hedt TR TortinatiSsn 'St Tt et 5PFT Fh st Fht%e CRAE1EHS i nk.
At | east one i nkr feeatkrima@le tics ther redrtihgeughs t fisd tto nidk lefelcayens for each
i nk ejection chqing)%. sAotr %%h irsl %thchgd i a(t:heinotetomtsurfa?ﬁeﬂl%f t he
substrate so that> ik can f1owRmMto tAE trefch and TIMo S PAREE] ecti on
chanber t hroughcditainsk aredohkhe@jestfionnetlenent hesudh m id melaayper s. 4 7
February 2003

resistor or a piezoelectric element, which is
independently addressable. Energizing an ink ejection
element causes a droplet of ink to be ejected through a
nozzle for creating a small dot on the medium. The

pattern of dots created forms an image or text.

As dot resolutions (dots per inch) increase along
with the firing frequencies, more heat is generated by
the firing elements. This heat needs to be dissipated.
Heat is dissipated by a combination of the ink being
ejected and the printhead substrate sinking heat from
the ink ejection elements. The substrate may even be

cooled by the supply of ink flowing to the printhead.

Additional information regarding one particular
type of printhead and inkjet printer is found in U.S.
Patent No. 5,648,806, entitled, "Stable Substrate
Structure For A Wide Swath Nozzle Array In A High
Resolution Inkjet Printer," by Steven Steinfield et
al., assigned to the present assignee and incorporated

herein by reference.



An orifice layer is formed on the top surface of the thin filmlayers to
define the nozzles and ink ejection chanbers. In one enbodi nent, a

*phot odefi nabl e epoxy is used to formthe orifice | ayer. A phosphosilicate
glass (PSG | ayer, providing an insulation | ayer beneath the resistive

| ayer, is etched back fromthe ink feed_holes and is prot2&tiadaly2083
passivation |layer to prevent the ink frominteracting with the PSG | ayer.

Q her layers may bengrotected fromink by being,etched back in a simliar
manner. Various thi %9 St$IRYUENSaPBAGRELPY HRF SRESAS 1°fas vari ous i nk

feed arrangenenpsiatidesds ficerdayens nébe tRSUAdhas iy Ineddy egr ahed
thermal inkjet printhead can be nanufactgg%g to a very precise tol erance

since the entir8CREWTRE SR KL ol PEAPENC AR P MY A H HEK S oCHP 1EHES next

generation of pahdtseadstuBRl ErDESERIPERON LnddE DRAW NGSFheedl is a
per spective view of one enbodj nent rint cartridge that may

f a
i ncor por at e anyfﬂﬁea%flT?ﬁPYﬁqrﬁqﬁQQEEaéegE?FbﬁﬁﬁrﬁﬁeQQﬁsqqqﬁg 2 is a

perspective cutayByowimy pforefaldd :0adetuanel ¢ rddidmia toff rdmpehat head in
accordance with, the ﬂéesent invention. FIG 3 is a perspective view of the

undersi de of thEPréHeRy SHAMENGT BFGRIgh epeyating ff equsssigsct i onal
view al ong |inepfodidds Abadbqidte r8fiislaspad dofvtne gwixotejleleiphi nt head
of FIG 2 with transparent orifice Ha%er. .5 7 February 2003 FIG 6
i's a top-down VFRHURTFR Pt i gRTaRaFPeFhat TV Sl TRATE “bRikt head.
between nearby ink ejection chambers; is tolerant to
particles within the ink; provides a high printing
resolution; enables precise alignment of the nozzles
and ink ejection chambers; provides a precise and
predictable drop trajectory; is relatively easy and

inexpensive to manufacture; and is reliable.
SUMMARY

Described herein is a monolithic printhead formed
using integrated circuit techniques. Thin film layers,
including a resistive layer, are formed on a top
surface of a silicon substrate. The various layers are
etched to provide conductive leads to the heater
resistor elements. Piezoelectric elements may be used
instead of the resistive elements. An optional
thermally conductive layer below the heater resistors
sinks heat from the heater resistors and transfers the
heat to a combination of the silicon substrate and the

ink.

At least one ink feed hole is formed through the

thin film layers for each ink ejection chamber.

A trench is etched in the bottom surface of the
substrate so that ink can flow into the trench and into
each ink ejection chamber through the ink feed holes

formed in the thin film layers.



FIG.7 is a perspective cutaway view taken along line 7-7 in FIG 6. FIG 8
I's a cross-sectional viewtaken along line 8-8 in FIG 7. FIG 9 is a

t op- down view showing in greater detail a portion of a single ink ejection
chanmber in the printhead enbodi ment of FIG 8. Figs. 10A-10F are
cross-sectional views of the printhead_pf FIG 8 during varHeBrsrpi@ges of
the manufacturing process. FIG. 11 is a cross-sectional view of a second
alternative enbodi ment of .a gr%nt head. flt:I G 412 iEha lgers ective view of a
conventional inkj et “Br PREEFCFntd Thith THESSE PRt RBRdsCRBT =P he Pr édent
i nvention may hbéaei natial Eédnf bayers nto ne fomea tiedhonz 1 OETAd EDhMOESCRI PTI ON
OF THE EMBODI MENTS, FI G i S _a_perspective vi.ew of one type.of. inkjet print
cartridge 10 V\ﬁijgﬁtrlrﬁ9 Fn%gf)%f)? at efrghoeneprelmrll)tcﬁéganst r%c?%(\?/tg%d%%”f%éepr esent

i nvention. Theepokpt isanteddge fidroftHd @rifiice fhAgetype that contains a

substantial quantity of ink within its body 12, but another suitable print

cartridge may be th [V j xternal . upply
ei t her nounted on tﬁek}églgﬁ{lﬁgg%j{%%@éc@gﬁaeéc%ﬂégggggmtl%ge%’ri%’f%velé%jl aa%a t ube.
The ink is supphsedatbon payetheemkdth thre mekeatitd, layebe desdrdHedd in
detail later, ¢hapn t i it oy j i hanber s, ,each chanber
cont ai ni ng an BagﬂFg ?ﬂa%ezgllé% P e(? n l&éa]%le%ﬁiogge Ié(?rte%‘%e%lbé‘gtari cal signals
are provided tpaseavatienlbayer itwlipdedealt yhenéngi Zeon hntewad]jient i on
elements to e %EEhaFHEOBégt 1£’fe£.”k.6Ji{e{1“€ﬂy%?saﬁ§§%@;pezdoé‘é’c¥éae 18, The
structure and operation of conventional prrnt cartridges are very wel |
known. The presskt biynbehngoatekd¢dtlamck dnt lae spnihideashporri on of a print
cartridge, or a printhead that can be permanently installed in a printer,
and, thus, is independeshsOofinifers ik dshioterkssysl cadiaindd Qi drsal nk to
the printhead. The invention is also independent of the particular printer
into which theaprvarhend isk|feed porzanagemneptes, apdj erif igeskaygnst.i onal vi ew
of a portion of the printhead of FIG 1 taken along line 2-2 in FIG 1.

Al though a print heaghgayebave; RP060r1y MR <822 2L& St Rdeh A5 sapi-aled i nk

ej ection chanbers, detail of only a single’ink ejection chanber need be
described i n oP#éRrtheadnger sharftRIHEGtWER FOn2 Yer$HOR@L 8 so be

under st ood by tBosgaské! befcd Ncderditrel RRt-uBBAYe P14 MtdieadS e formed on a
single silicon wafer and then_separated from one another_using conventi onal

t echni ques. | n"EEELNg thespeedHnfaqsdre RegtogeRgsatHerf on it various thin
filmlayers 22prtarhgadgscribed in detail later. The thin filmlayers 22
include a resistive layer for formng resistors 24. Qher thin filmlayers
perform various_functions el ectrical insulation fromthe
substrate 20, EF PRECRIPRION, 128 ¥8 path fromthe heater
resistor elenents to the substrate 20, and providing el ectrical conductors
to the resistor el epentsi (¥ea ghddgdctdlveC ORAUCHOIoRS dribSdliavghd @Fdi ng to
one end of a resistor 24. A sim/lar conductor |eads to the qﬁger end of the
Cesi stor 24. | BRIBE GAFCEMEER tath "PheTFEEPRTOrS Am¥ PEbRanfoU03 and
conductors i n préhenbedswaescriteedhsauwied by overlying |layers. Ink feed

hol es 26 are forned conpletely through

FIG. 2 is a perspective cutaway view of a portion
of one embodiment of a printhead in accordance with the

present invention.

FIG. 3 is a perspective view of the underside of

the printhead shown in FIG. 2.

FIG. 4 is a cross-sectional view along line 4-4 in

FIG. 2.

FIG. 5 is a top-down view of the printhead of

FIG. 2 with a transparent orifice layer.



the thin filmlayers 22. An orifice layer 28 is deposited over the surface
of the thin filmlayers 22 and etched to formink ejection chanbers 30, one
chanber per resistor 24. Anmanifold 32 is also formed in the orifice |ayer
28 for providing a conmmon ink channel for a row of ink ejection chanbers
30. The inside edge of the manifold 32 Lg_shown by a dashgdicbhuaey 2603

Nozzl es 34 may be forned by | aser ablation using a nask and conventi onal
phot ol i t hogr aphy tecgﬂ%qu s. The siljcon substrate 20 is etched to forma
trench 36 extending ng® tHe 4 SRRHOSE VREW 8l B PPFRKLIe&tf & es 26 so
that ink 38 froalaarhakiveseibulimeiy peihehehe i nk feed holes 26 for
supplying ink to the ink ejection chanbers 30. In one enbodi nent, each
printhead is approxig:%ely Qne- hal_f ingh Iong and contains two_offset rows
of nozzles, each row containi g PI50PN6221"EsCFOPYaY t Bt 56H<3061RBEZzI es per
printhead. The piieatheadicHALG.hgs print at a single pass resolution of 600
dots per inch (dpi) along the direction of the nozzle rows or print at a
greater resolution igdruldgi. S, eater resolutions_may al so be
printed along the scﬂgln“'dietrelf:gt %o%%’%% he p%?ﬁ?%e‘é’ae.w ELGRS 0fR€200 or
greater dpi may8te BbtBlited -using the present invention. In operation, an
electrical signal is provided to heater resistance 24, which vaporizes a
portion of the ink t orgm; u e 1 hj n_ii nk. ej ecti on _chanber 30. The
bubbl e propel s an i.n}%({fr ogg]ll%t lat E%USM%%@O‘%‘%‘P@ m?%&ﬁ‘&ﬁﬁry 2003 _a_
nozzl e 34 ont o etAEdi mpPoHtdonnkfepesin@he chekbejedtsicnhenambéi| fed by
capillary acti F J i iew of the underside of the

pri nt head of FIOdﬂ(IExle f?ﬁé&&e‘ﬁg ?Pgﬁgzmgxgﬁagng [ﬁl 'fée)'ed hol es 26. In the
particul ar enbodi nent, of FIG 3, a single trench 36 provides access to two
rows of ink feed holf8§52610pn18Reataborraeriectinmali zéewt eficthénk feed
hol e 26 i s smaldemdHalm Leersgzego : . t _particles in the
ink will be fi IE{ ered by the ?Ek ?egﬁﬁkﬁ?é’;&g%&%n v?ntg{%? ﬁgt{:’%{aog a nozzle
34. The cl oggi Mg HUTARS BEACASSe 26 will have little effect on the
refill speed of a chanmber 30 since there are multiple ink feed holes 26
supplying i nk to eagrcchanbes 30crdss one-ihingd RBRL, oENEr Seabfg Nore ink
feed holes 26 than ink.ejectjon, chambers 30. FIG 4 is a cross-sectional
view al ong | i né ESAP3F 1FFEMBOd RNt Lk iRy idisaddi vi dual thin film

| ayers. In the particular enbodi ment of FIG 4, the portion of the silicon
substrate 20 shown FGabaat i40amberghsct i krielhicy ROELLPONE SodLf erred to
as the bridge. i];l]}e Qul k.sklicon is abqut 67S mcrons thick. A field oxide
| ayer 40, havi n§ dSChPERRESE HPFTQ. Witk i PrivthsaAsdobvERre B
substrate 20 udnwgntdouemtizobal inecdllicfliefor AriiR@SRROSH! 4 cRd L1 gl ass (PSG

| ayer 42, having a thickness of O5 mcrons, is then applied over the |ayer
of oxide 40. A [ T er may be used instead of
| ayer 42 but e%ﬁégﬂfzﬁs%ﬁéﬁ%P@nd.%oa%}{f%Iﬁémsng of layer 42. A
resistive layer of, for exanple, tantalum alum num (TaAl), having a

t hi ckness of 0.1 mi EfGnsl is a Perspedidbreuanipw?6@3ohbenypors®dimiet t he PSG

| ayer 42. O heg, kpe b st Ve, | ayens .al so_be used. The resistive

| ayer, when et%ﬁea, m?%%ﬁé@%ésigoﬁl 4" Fheé " BEEPRR Bxt ?%ﬂj‘bt&k‘?a 2 and

40, provide el eErnreares nefil the @rdsemeanvehe ivasi sThe sp2dntand substrate

20, provide an.gt-eh;§LQP; yhep hi,ng sybstrate and provide a

mechani cal sup;c):ort %oé' the over éafingl g‘gr ;éi%%ntéf?? %E%t%@%‘ljdlsoﬂ de | ayers

al so insul ate pBPySanttoh guamsitf af dmdd stichsn(hos sddyw)2 used to coupl e
energi zation ShﬂB@hért§h£$§bféﬁﬂf¥ﬂyw%a%%ridge may be the type that

receives ink from an external ink supply either mounted

on the printhead or connected to the printhead via a

tube.

The ink is supplied to a printhead 14. Printhead
14, to be described in detail later, channels the ink

into ink ejection chambers, each chamber containing an



It is difficult to perfectly align the backside mask (for formng trench
36) with the ink feed holes 26. Thus, the manufacturing process is designed
‘to provide a variable overhang portion 45 rather than risk having the
substrate 20 interfere with the ink feed holes 26. Not shown in FIG 4, but
shown in FIG 2, is a patterned netal layer, such as an af &ebmu2008per

all oy, overlying the resistive layer for%providing an electrical connection
to the resistors. Traces are etched into the AlCu and TaAl to define a
first resistor thienponde.elgmena W 8ibytricskcoighalesisteopraividEadi on
(e.g., alength) is defined by et.ching.the,Al | ayer to cause a resistive
portion to be c%%t%%r?teacftﬁsyq&l éﬁ) tlrngéé’gdg f%%%%%%’.yzerhﬁhse tlé%hni que of

form ng resi st oegeanibreledeimeintal toordact oasdrespiret |oknown tihmotuh ant. Over
the resistors 24 and A metal  lL.ayer s for a siljcon nitride_(Si 3N4)

| ayer 46, havi n%sséocflha}tc%éls?szzofe 6%5 mré?oﬁgl.ﬂg%%frse I%nyderoljﬁrrg\t}rlagsofnsul ation
and passi vati oncolrergridmalt fperimitt caderhidyes dfe bezng vdddoginbed, t he PSG

| ayer 42 is etched to pull back the PSG | ayer 42 fromthe ink feed hole 26

so as not to be in cqu i th . LE 1S, 1S d rtant. - _I; O0- 7
February 2003 because t%glesggttl a@%’ﬁ%%%%%%%%a%ﬁ eo%gé'rnttgfeﬁdi nks and
t he et chant usegbttoidroraf & eawdhnt36arErtgag wack rriryheadt ehpeotest the

| ayer fromink Yol Y s ol ysil.icgn and al yets in the
pri nt head. Q/erg?hpe ni Qll‘el Egkll ag/lgrtggge?swo% n%lc a %yeaEB t(l)ll’lgéi Flgcon
carbide (SiC), irdépmpdenthiodktbesiok Gel&veryraysten dhmtoprdeiddditi onal

i nsul ati on and i vatjon. . lat ri I 46 rhi de | ayer 48 now
protect the PS a?ge(jrq:t %F&%Q?lﬁghi'nkggﬁdf%‘% %ln?l?r% %er dielectric |layers
may be used i nsirmdaparfdemitt cifdéhgnparhipitier Mhenteer binde wWayeh #Beand
nitride | ayer t d. ortions of the AlCu traces for

ﬁ{tﬁﬁ%fp% i gong‘Bége{i

contact to subseque or me oun ines (out of the field of FIG 4) .
On top of the carbide layer 48 is formed an adhesive |ayer 50 of tantal um
(Ta), having a thi cli¥ss 20fis0a6 caPeFoAsCtIpral drtey wh & portiast Pbns as a
bubbl e cavi tat i Q. BanhileaQVer FhH8." eSESkOE £GP e Thiss jhayes 59
contacts the Al Cu conductive traces through the ©openings in the

ni tride/ carbi ddltdymradh agprdntheadsmaviniaye HEhow twareoverzing &adt al um

layer 50 and etghed 4 J0hmIeguRE i bhNeambesd | idldii egnbggled to certain
ones of the Al Cu traces. Such cConductors may be conventional® The A Cu and

gol d conduct or SSW%eir’(i‘OG[jle@&iPB chamber need be described in order
to understand the invention. It should also be

understood by those skilled in the art that many
printheads are formed on a single silicon wafer and
then separated from one another using conventional

techniques.

In FIG. 2, a silicon substrate 20 has formed on it
various thin film layers 22, to be described in detail
later. The thin film layers 22 include a resistive
layer for forming resistors 24. Other thin film layers
perform various functions, such as providing electrical
insulation from the substrate 20, providing a thermally
conductive path from the heater resistor elements to
the substrate 20, and providing electrical conductors
to the resistor elements. One electrical conductor 25
is shown leading to one end of a resistor 24. A
similar conductor leads to the other end of the

resistor 24. In an actual embodiment, the resistors



transistors forned on the substrate surface. Such transistors are described
in US. Patent S, 648,806, previously nentioned. The conductors may

term nate at el ectrodes al ong edges of the substrate 20. -1 i- 7 February
2003 A flexible circuit (not shown) has conductors which are bonded to the
el ectrodes on the substrate 20 and termnate in contact pdd&bitary ZF00E 1)
for electrical connection to the printef7'The ink feed holes 26 are forned
by etching through the thin filmlayers. In one enbodinent, a single feed
hol e mask is useW domdasseher ienpodhamper wauwdkd dle whskimgdahd et chi ng steps
are used as thqn%§ﬁ5qgg ghip, filmliayers are formed. The orifice layer 28
is then deposited and forned, followed by the etching of the trench 36. In
anot her enbodi nent, the trench_etch is conducted before the orifice |ayer
fabrication. The orilfikcéepdyBplos paya¥e ForiRt comPaespdn- Bhrepsly cal i ed
SU8. The orifiged ayeh ifR1RNCapaPodrprENt is about 20 microns. A backside
nmetal nmay be deposited if necessary to better conduct heat from substrate
20 to the ink. FIG 5 is a.top-down view of the structure of FIG 2. The

di mensi ons of the ePEnBrisifByld¥eehs?t ot f RPOSNed e¥arhbhessyrtase 10

mcrons x 20 mgHE @k thik €jeatlopeeharbedsd I ced 28 FbenoNskX 40 microns;
nozzl es 34 have a diiameter of 16 mcrons; heater resistors 24 are 15

mcrons x 15 nicOEGHEORaRHHRATTF of U 3P ha RGP oreahstPr29% mi *ons. The

di mensi ons W | lnararfpidependsngl e fhenddkinisak digiepelaybpdad epperat ure,
the printing speed, the desired resolution, and other factors. FIG 6 is a

t op- down vi ew &FOYIFIRGi BnCoPmAm WM FhAERRSAe O EIFRENPL pifRt head. In this

printhead, thergdctiba tRkmpapsiod d. tHK fmsieRcldgekoe] eati @i chauder is
provi ded by two dedicated jnk feed holes. Qther views of this printhead are

shown in Figs. 37 18 SBAFP BY #d3TREDnbIE et SRGRASSt RerBa¥rke twi ce as

many -12 - 7 foehedaby 2088ri skl {eRsh hod 85y as daert hdr 65h6e8¢ Sond N anot her
enbodi nent ; there areﬁgne or. nore dedicated i nk feed hol es for each

chanber. In FI 8Mo§OlifBOgERPRRQFIYSRK- ej ecti on chanber 60 is shown
along with a heater resistor 62, a nozzle 64 (wth~ the smaller dianeter of

the nozzle shown inTtasbellioo | sueyt rand dnk < @edhbal es B6rangd 67. 1nk feed
any parti ol s BEFOFE PBabh FRECRAE SO0 LASsh PFcF B cFoBsobref ni f ecd
hol e, the size fefled heleshes sakcheedidiol 3 ifradeguahk teséefdlt whanmber 60
at close to the gperatin requenc FI IS a cross-sectional

per spective vi g\ﬁ%glroﬁéel ?ﬂ% geq%glr}hgﬁﬁz% fi'yqu lfélPPgWﬂ% RS th%l@“? nk

ej ecti on chanbamkbtejeknibhGhambersiid con substrate 70 has fornmed on it a
plurality of thin filmlayers 72 (to be identified in FIG e), including a

resistive |ayer and Ignaﬁ‘goe'mﬂ)g%gﬂerﬁ@,at%ﬂr? q%agﬁgaﬁoigoﬁgﬁg&i@%%g 62. |nk

resistors 62. AlCu conductors are shown gtot resis
feed hol es 67 ane-hedfrednchr bomgdh atd adnigrifng rwoapéfse72roesexf end to the

surface of the_silLikgan t e A or i-fd € [ f of med
over the thin P?|Z%1%§ye§§9§2£% %%%anigﬁlﬁ 1(§}Oe§€|&g%8%hg§%e%s&2§&an nozzl es
64. The silicoR0fuboredee POripruirati + o The prantheadhcd elxweendi ng t he
| ength of the rownaf ;ink gfgeid qm chanherss, ;Ehe o' ga6N bg, dipr med
prior to the o%i Fceal ayer. ?niog% from an tilnk Pesergoflgélsgg% oﬁln k?I oW ng
into trench 76,(dPfd oadRngnkhe edireel oLt 4i¢ NeeslehsaverobPrAMG B is a
cross-sectionalyvijew-abeng Liog & Hd nFlid1cdoiRonLgeone-hali- of chanber
60. The ot her ﬁalfa gg symmetrical wwth PIG 81.pslUn\fMiakeethe qu?%st

resolutions may also be printed along the scan

direction of the printhead. Resolutions of 1200 or

greater dpi may be obtained using the present

invention.

In operation, an electrical signal is provided to
heater resistance 24, which vaporizes a portion of the
ink to form a bubble within an ink ejection chamber 30.

The bubble propels an ink droplet through an associated



-i 3- 7 February 2003 enbodi nent, where a portion of the silicon substrate
20 was | ocated directly beneath the heater resistors to sink heat fromthe
‘resistors, the structure of FIG 8 uses a netal |ayer beneath the heater
resistors to draw heat away fromthe resistors and transfer the heat to the
substrate and to the ink itself. An insulating layer of feleBruant 2390,
having a thickness of 1.2 microns, is foPned over the silicon substrate 70
(FIG 7) prior to the trench 76 being formed. The portion of the printhead
in FIG 8 is showzlaf Bdr onhe treadbuw6 iBhd ormedjscttibe shbsbeat £s70 i s not
shown in the fiegld of -view P 9 ving a thickness of 0.5
mcrons is thenteh élp%éaiftlég\ggvé\y g%%g%%y %:saggeds'cri bed with respect to FIG
4, the oxide and PSG | ayers provide electrical insulation and thernal
conductivity betweelIfhe3heat ar peespetiorvand eshefutter hpdagstdadott i ve
| ayers, as wel l_,as _prayi i per pased | pQEt | dge
ext endi ng bet \/vetériraie tp%ég}%%gfin?%g g;él i%&r’%?i%s(f?:lzﬁezﬁgo?t%i %ﬁé %@?eg% e trench
76 is etched. Acdes as.pr éwi bhel paneinirredernhidddmR8G PAYEBEGO23j sapul | ed
back fromthe i e t Wit e_kn ich woul d
; 18edBake 84 Lo plsveny n W
ot herw se reactsqvl%‘ngih tﬁg lIBEG F%r?red overc’:tceﬁéeB %%Gtwgyg?&gzo:fsk%wpem stive
| ayer of tant alfigedalhgdesudf-having a thickness of 0.1 microns. An Al Cu
| ayer (not shown) is fornmed over the TaAl layer. The TaAl layer and Al Cu
layer are et ched as rpr gyiOURbYaffSeE | Dotk [0 JOUR EhenyahkOHS. AN EL
resistors 62 and conductors 63 (FIG 7). A layer of nitride 96, having a
t hi ckness of 0.2% #scepaslersthapntierengr ferd Niggzlesp4t 8estie2t and Al Cu
conductors, fold.qued Ry 2n! a¥erigf ild G Garkida 88, cne- 4k dodgbruary
2003 having a tFJhai ckness of. 0._281m' crons. The nitride car%i%% Ia(z'/ée:rs are
etched to expos®lgsr 2boasdoVilhenet GlADRINEZEAe. 3An aBhes¢legdmyer 100 of

tantal um havi g aut Bhgkegss R619. 55 W ONSwd 9ikheD depositsd. cfo! | owed by
a conductive layer of gold. Both |layers are then etched to formgold

conduct ors el edefiidadl peednehcti plepkal aith SANce EbR¥AcRBE sMbakbIR to
heater resistorsk62eaR0nEh L5 N8E ebYpd BHAJAHINGJ BaPANGL BELOADS, 2l edges
of the substrate. In one enbodi ment’, the gold conductors are ground |ines.
The ink feed h&Meseppodidephentherhatra Mg khéeedi hotes 2§ a3 (or
patterned duringf aheieabhoBngbbihe 3hin filmlayers). The orifice |ayer 74
is deposited and etChed to form chanbers 60 and nozzl es 64. Nozzles 64 may
al so be fornmed by | aser ablation. The back side of the substrate 70 (FI G
7) is then masked aRdCet &hd8 @sFHYSS SAME®Adh ViEEWE B AT h&ine ehch o,

extendi ng the Ipgrgt b, of pacr oW Showdke1Ri 6Gidivn aeRanBRIS B91mAYyoRe, of
several etch techniques could be used, wet or | es of dB/fEEtChes

dry. Exa
i ncl ude XeF2 add® SPE6PREXARPLRE YRPUALIDYr okt &1Ret et E}ggsp?ﬁ“c’r% t hyl ene
Di aLﬁ ne Pyrolcatte%h@m&g&?) suB@t%zséf mhwmii@eabgb&b 1oarachMPé4h : fOtherI .
etches may al so he used. . Any one of these or a conbinpation, {hereof cou e
used for this &ppFicat FBAS gﬂﬁt’t?%n’cﬁh Ay chaPedd WAt R 519%pprh§ matel y
one ink ejecti @ulkhanbetonr i saybhaty 6w Wididonishahierconpasses nul tiple rows
of ink ejection chanbers. The trench may be forned at any tinme during the

fabrication process fter, the.trench 76 is _fornmed, an _adhesio er 101
of tantalum (Ta), h v?ﬁﬁfg ?ﬁll%?nfaas%erof&(l %aVl-n? 8- tgl ‘B?%%r?lpz%%
m crons, is fomiedoos,the backediaenfsitlheomafsabsovereéyagusimgfi el d oxi de

90. A heat conducting.layer 102 of. for .e I l, Au hav a

Do cknose. of 7 HaleRS s0BX ST ca0fn hued O 1XBMLL91 fa kbl o I8V AR
Anot her adhesi dayeayeée, 1B3vbhgt antialadmesmwiing .& whccanessisftilerd m crons,
's then forned gyst Lhg beatngopdiel 1010 JAu (402

A boron PSG or boron TEOS (BTEOS) layer may be
used instead of layer 42 but etched in a manner similar

to the etching of layer 42.

A resistive layer of, for example, tantalum

aluminum {(TaAl), having a thickness of 0.1 microns, is



FIG.9 is a top-down view of one-half of an ink ejection chanber 60 in the
printhead of FIG 6. FIG 9 illustrates the etching of the various |ayers
and is to be taken in conjunction with FIG 8. Starting with the ink feed
hol e 67, the oxide and passivation |ayers 90, 96, and 98 forma shelf
approximately 2 mcrons |ong. The shelf |ength could be ot7lRbnsirgeso3 for
exanpl e, 1100 mcrons. The tantal um| aye'|9_100 (used as an adhesive | ayer
for gold conducbors is shown extending 1 mcron beyond the PSG | ayer 92,
and the PSG | ay8fM92°fge h8ﬁﬁre‘klf%n%c’f%gla?’erﬁ EPonsCbBSotNY e resistor 62.
Fi gs. 10A- 10F aeeiet08&- 38¢troNGhn vdleuws 1af ugepor t T fsidhei waf er during

i t ing t facturi f the pripth f_ FIG_ 8.
Convent i onal - AGRBETTi BCm nRERMAD: L b OaRAGORT o o UL (bss

ot herwi se not edxilla FhgGeridDA¢2 aamsd | 4aomprutiger alecHivdt himswraesita | i ne
orientation of (111) i | aced in a vacu chapber. Field oxide 90 is grown
in a conventi oﬁ%Fwﬁéﬂngpg PG Fayet ?ﬁzﬁnlsgntsﬁgﬁgg%'b%s?%ecp%‘f &hvent i onal
t echni ques. Fl &cchOAcspowbenaskciity bribyg rheened, cved ghwrREGH ayer 92

usi ng conventi onaé ghot gl it ho(gr ae'gi c .techni %Ees. The PSG | ayer 92 is then
et ched usi ng cBAVaAY{oRal S Vs SPECYRFAGPERIB Y pla 1 0¥ the PSG

| ayer 92 from pbe snbsegiéatlyydécs ndd dhshidade hedbBysilicdn yates bgbruary
2003 In FIG 10B, nask 110,is renoved and a resis]t[ive | ayer 111 of TaAl is
deposi t ed overtfﬂﬁséﬁW’éﬁe(%‘?ttﬁé"“sz &Nt RoATRTT VS YRR of AlCu is

t hen depositedsOgralsheo Teke . réfsidttcdts mask 113 is deposited and patterned
usi ng conventional photolithographic techniques, and the conductive |ayer

112 and the resisti | ayer.111 are etched i ng, conventi.onal .1C
fabrication techni qﬁgs}sAﬁ% le?“%a?kol ﬁgergﬁﬁggifc%}h%n srt%eep ktancg(tSlgﬁom) i's
used to renovemabke pHoti Hosmixg ttheendhC6dveithhehdeatlerfaessilriless 62, as

previously desggib The_resul ti Al.Cu conductors are .outsjde the field
of view of FI ng 18%“—18 10‘3.le I%alﬁ%%tf&é?gt R]éof)%séssil\/sat(il’eosr%qrée)#e%éj, nitride 96
and car bi de 98pravide henvatejpmsld edrearhanige psut f a e Hfratie mafhemn udiskg
conventional techpniques. The Sivat i, | ayers, ar.e .then ed (outside
the field of vﬁ%ﬁn n?%t%‘t%%pﬁ%ené%c&%\ggﬁﬁ!gﬁa + kéc%ei qldlg e(‘f%expose
portions of theole€u2€onductive traces for electrical contact to a
subsequent gold conductive |ayer. An adhesive |layer 100 of tantalum and a
conductive | ayer of I 4 en d S| oyver. e waf.er . masked,
using a first mask q%,g%%eﬁ:ﬁpe . B‘s'i %ggc%fﬁ(\?‘g[?]tjirgnl:a t ezdhr%'l%ql‘}es to form
the ground |ineattexped metal layvdsonéushdssarnnylweigesn-ofoppes substrate. A
second mask (n 0 Lt : .t Ta adhesi ve

| ayer 100, sucﬁhé(gpb;%?e{ e 9@:&}%? IrregglggtlgffE %%%QQ#G%% dlll%lgugtnr ates the
resul ting strueteteriedl egonnretsiapsoothp| esigrhavitipcesmasie 116
exposing a poriioneQfitte did midd Wrsa%ans Lo @@fﬁ{%ﬂki&%éorm the ink
feed holes. Alternatively, multiple masking and etching steps nmay be used
as the vari ousTeHi PLe¥ | fMeRkeN alee 9 or Aedidbhkt cH t9Rsdnik rHesd@thsl es. 1
~ _ 7 Februarya2003- FLG (JQE | 14 ustipahgs ibhge BLALS Y & @fifi8ly @hghi ng the
thin filmlayers. The thinTilmlayérs are etched using an ani sotropic
etch. This inkAieedlareh {0 RBLee Garesd shivenPPratq it vbes @pataictedpes of
etches (RIE orpyeilcu Theaddk feadidehes 67thoul b o fRRY igatedmiinbh an etch
in conmbination wth the filnms being patterned during Tabrication. The hol es
67 coul d be deFFFLILWS PRAELHEK IR SCBRAUSERTS oS WalH &7$eii & of et ches.
All the etchestm®ayarsse conventional |1C fabrication techniques. The back
side of the wafer is then masked using conventional techniques to expose
the ink trench portion 76 (see FIG 7)2. Th tiﬁ?nch%is etched using a
vet - et chi ng pr ocesOYRY gt SHTHREON 24nABRi DHrhyHitdi d@YEeIVAS) as an
etchant to forfeided angd £k qrofrilteidet ek, wet 1apks0d s OphavBighant s may al so
be used. (See l{_x schnakenber et,al., T chants for Silicon

M cr omachi ni ngt 1% Rfst0 - BtH-IEMS - ConfiS SBAYF S5aY%e-%Séhsors and

Actuat ors (Tr ajssW£d Son Hnd Rt ia@AehSCopr (Fy &inthe?4ridS:i A9 by eRp.
81S-818.) Such a wet etch will formthe aTgI ed trench 76. The trench 76 may

extend the | enbt POYT HEERRT HtSeadi6r FSColfWpY ot theuf@taticc® st rengt h
of the printhasskk arhey mx¢ endyeaxr por ttirem ehet hek | £ngt hafe thwe o ianrt head
beneath the ink ejection chanbers 6Q. 6 A passivatiqn |ayer. may be deposited
on the substra??ife rdactt o?’f’rbcfa‘ithé’%&bgg?’af’ékw t'ﬁ“tsnelﬁ MR 8% oncern. In
FIG 10F, a tantal um adhesive layer 101 is then flash evaporated or
sputtered over the bottom surface of the substrate foll owed by a gold heat
conductive layer 102 and another tantalum |l ayer 103. These |ayers act as
thermal Iy conductive |ayers and provide mechanical strength to the bridge
portion.



-1 ~- 7 February 2003 FIG 10F also shows layer 74. Oifice |ayer

phot o-i magi bl e material, nmay be | am nated, screen. chanbers and nozzles are
‘phot ol i t hography. the formation of the orifice 74, in one enbodinent, is a
such as SUB. Orifice layer 74 'd, or spun-on. The ink forned through The
resulting structure after etching of thejorifice layer 747irsbmbgyeoo3n FI G
8. The orifice layer 74 may al so be fornmed in a two-stage process, with a
first layer being forned to define the ink cranbers and the second | ayer

bei ng formed t PUF e e BFG,2P¥ET thelf XU REFRP RS CestRhBN1BXGed to

formthe indivigh@leHy idddeads usaddca Ebexi blenehrrdiit (not shown) used to
provide el ectrical access to the conductors on the printhead is then

connected to the bondi ng pads at t{ie edges of the suybstrate. The resulting
assenmbly is then aff3 % P21 BstPEepr FREPERrETT cfgéa 1aYER A5°PhiakKshown
in FIG 1, and wdie qiidontpead icd seal pdlpkibhicespasd dedalliheapept igartri dge
body to prevent ink seepage. FIG 11 is a cross-sectional view of a portion
of a second al tEFhRTIE di ment printhead simlar to that shown in FIG
4, except the trench in the silicon is not etched all the way to the thin
film Rather, the budersithecarit¥20ei 3apart4@lly @iwdeedd at dalyernea bhin

il brid bel ow t he heat .esi 24. To. | i is, bef
The Chin fi1m 1 G e e agbal S0 BV IPErt SPUBCHEn RE Barlr s

patterned w th wmismsls,t acepposddehaddisibhabnimsnels ion khd trench area

whi ch are not to be conplete etched .t hrough. The exposed portions_are

t hen doped V\,itrPaasﬁi‘f‘_‘\%' ndopé%"?, néggﬁdgsi%%n%JtadlcgﬁggéﬁgSX?ﬂﬁ?ﬁ %%pth of
1 to 2 m crons.ndhexapidt abel @Sbelageteep BsordShd cmdknandr edebpat. The
mask is then remved. .Alba ksidﬁ har dmask -19- . 7. F%:orga\% 2093.ciis used to
define where t W& 15 EF & 16 FAYSEEUPSY TRe Batk BSHERE Raf BFF 4% hen

subj ected to a aidd\Rzaticliepr ocess, which only etches the un-doped silicon
portions. Silicon portions in the trench area having a thickness of about

10 m crons now underil,je fhe .resi S, R4 j g4 e be used to
formthe thin sili corllr#ebrcl%lgg;%é}dlgnIllsi—*’giE ﬁg ﬁff\nﬂﬁln% &%&%& iﬁge%ﬁxfi ed with

t he same nunberstg¢hed-It@ ekpowy pertdensi el tamd ke tswlgesqbient |y for ned
usi ng processes_siJgl.ar. t i i h i fEcC ayer
122 oy be 1 derf Al 5 BaPiSnBeRERY' YR RIS Kinck To8E] b rEnt

print head of FIfield ofs RNgat 40he silicon bel ow the resistors 24 conducts
heat away fromthe resistors 24. One skilled in the art of integrated

circuit manufacturing woul dcugeear Sgﬁggdghga%{%;iﬁsig %Qq‘ielgugﬁ used to form

the printhead structures described herein. infilmlayers and their
t hi cknesses nmayadesiye dayeandOsefetrayetundeTal edhavimial @ Shiirknedsai ni ng

the benefits Ofofrvidmﬂ¥8¥ahsLnVQﬂEiQQntalum also functions as a
bubble cavitation barrier over the resistor elements.
This layer 50 contacts the AlCu conductive traces

through the openings in the nitride/carbide layers.

Gold (not shown) is deposited over the tantalum
layer 50 and etched to form ground lines electrically
connected to certain ones of the AlCu traces. Such

conductors may be conventional.

The AlCu and gold conductors may be coupled to
transistors formed on the substrate surface. Such
transistors are described in U.S. Patent 5,648,806,
previously mentioned. The conductors may terminate at

electrodes along edges of the substrate 20.



FIG 12 illustrates one enbodi ment of an inkjet printer 130 that can

i ncorporate the invention. Nunerous other designs of inkjet printers nmay
“al so be used along with this invention. More detail of an inkjet printer is
found in U S. Patent No. 5,852,4S9, to Norman Pawl owski et al.,

i ncorporated herein by reference. InkJeHlprinter 130 i ncl pgesruady 200put tray
132 containing sheets of paper 134 which are forwarded through a print zone

135, using rollers 137, for_bein -z0- 7 Febr ary 2003 printed upon. The
paper 134 is then f@r&&F&éHlFocé cutk plet SRPWId6 1eA RBVEHEFRSarri age 138

hol ds print cantiictigaseldBnddd, cohtieh drspaeideselon phensubyarad&)ao bl ack
{K), nmagenta ( and e enbodi ne inks in

, el | ow, ink. In on t
repl aceabl e in%kgaﬁﬁfﬂ%6€§e1ﬁéyg?%p%ﬁﬁuﬂﬁi§jHﬁ Eh&ir 1AsEBEi ated pri nt
cartridges viadileexirikali aBknhabesod 4 tHe grintlercartri dges may al so be the
type that hold a substantial supply of fluid and nay be refillable or

nonrefillable. In a her odi e es are.separate from

the printhead porti gb% r%ﬁQV%é%$§nﬁb§ﬁFgﬁ ytﬁECB??%theads in the
carriage 138. Emﬁou@hrtagetﬁsﬂ f 51 moMsek rad OngnaoﬁeaBmB&dSmQHtﬁe£0nventlOna|
belt and pulley sy gldes al on $nother

50. In
enbodi nent, thé @g ?aT?%%e??q‘éﬁg & a?P8§ 6f 5?8? 5 print
cartridges prlmbvemaa mamkmggsﬁmﬁneuﬁhxngxsteparamblngeaigﬁaiﬁefron1a

conventi onal exter.nal a PC) are processed by printer 130 to
 FBTRoF Elncliebss recdorRe.

generate a bit W&y OHS bitmap is then converted
into firing signals for the printheads. The position of the carriage 138 as
it traverses back afmdef orfihiaéohgydhe 8 dan tdmhsdm/pblsétpdi ahd NEprnsed,

det erm ned frO@%ﬁQ ogglggl QC89%1 strupt%EZtrgg ECE ct|¥% %$q§%oelectr|c

el ement on carri age t 5"%alise variousin fts on each
print cartrldgembodhaeseLethevetqndhnﬂﬁﬂausthendppteﬂrbaferélmmadurlng a

carriage scan. ri thead & Jesighlve, |ezo | ectrl ot her
types of ink ejéétﬁgn g ngabyﬁsa e prﬁﬁﬁ OXtH e geeYFh %éﬁ%ﬂé&% 138
scan across a fbembdobfpapepun{@m<3Maqh$agﬂedt658by The orifiXle 7 February

2003 print cartrldges oggrlaﬁb éqméi (ﬁgiéﬂbugDEE scansﬁgthe sheet of paper
S

134 is shifted |H Pr 8Cti on T owar e output ray 6, and the carriage

138 resumes scanni ng.
A backside metal may be deposited if necessary to

better conduct heat from substrate 20 to the ink.

FIG. 5 is a top-down view of the structure of
FIG. 2. The dimensions of the elements may be as
follows: ink feed holes 26 are 10 microns x 20
microns; ink ejection chambers 30 are 20 microns x 40
microns; nozzles 34 have a diameter of 16 microns;
heater resistors 24 are 15 microns x 15 microns; and
manifold 22 has a width of about 20 microns. The
dimensions will vary depending on the ink used, the
operating temperature, the printing speed, the desired

resolution, and other factors.

FIG. 6 is a top-down view of a portion of an
alternative embodiment printhead. 1In this printhead,
there is no ink manifold. 1Ink to each ink ejection
chamber is provided by two dedicated ink feed holes.
Other views of this printhead are shown in Figs. 7, 8,

and 9. In the embodiment shown, there are twice as many



The present invention is equally applicable to alternative printing systens
(not shown) that utilize alternative nedia and/or printhead novi ng

» mechani sns, such as those incorporating grit wheel, roll feed, or drum or
vacuum belt technol ogy to support and nove the print nedia relative to the
printhead assenblies. Wth a grit wheel design, a grit wieBdbraarg 200hch

rol ler nmove the media back and forth alddg one axis while a carriage
carrying one or nore printhead assenblies scans past the nedia al ong an

ort hogonal axi sty ffed BPLes @F Mt SdediefiStPRE - nedta@p’tiunt ed to a

rotating drum thabolisméRt at €geAd ANG: AR dH ol headc£eEd | A8E & Vi ng one
or nore printhead assenblies scans past the nedia al ong an orthogonal axis.

In either the dPOHPEr EGFi E2AmedtatRES gns, the scanning is typically not
done in a back and forth manner as is the case for the systemdepicted in

FIG 12. Miltiple printheadss myhdedrarifRdonad $hROE eSS rAHambeurt her,

an array of printheads nmay extend across the entire wdth of a page so that
no scanni ng of Fﬂelﬁr?H?H%aﬂﬁoq%‘ﬁ%%ﬂ@d%egﬁFf FREIPEPEre? s ZMGA%E

perpendi cul ar test hweiekhr aje Gkl lIdorElametient ogathei 482514 Nsidid Gaf ri age may

i nclude other cqolors_or fjxers. Wjl.e rticul ar enbodi nents of the present
i nvention have ﬁéﬁheghBHhih%%)ﬁégﬁiﬂﬁégieﬁé %Pﬁ?sbéso%W@oﬁé't&“$hose

skilled in the asédthaleshesgesd A aredidelseah@nNEoNBY Hifa MBE tMalphout
departing fromthis invention in ifts broader aspects an t herefore, the

n d
-Z Z- 7 Februar§°28b3 4HpendEdl @ eéfénﬂb?éﬁ_bﬁb%%sb%quﬁerﬂﬁgngscope
all such changegshamnBef0Eb i CBf i ORsmras chial k1vgkhbRet gk tFd3 S, taed scope
of this invention. 7 Februar zoqg -23 CLAIMS W claim 1. A printing
devi ce conprisiﬁb?eaoﬁrFﬁ?H%%Rgr £5e 90 PRESd 1 E oRPRTEF Ry : E 2 Yefildtthead
substrate (20);cRaRbéfabdtyr aflddd ntd iche bareasinddfrdudy formed on a
first surface of said substrate (20), at |east one of said |ayers formng a
plurality of ink ejegtjon_e]enents (24), .one of said |layers (42) .conprising
a non- conductive nat II[ al 7182t St By '\A%é:ﬁlggﬁg gﬁﬁ‘?‘?%%"? Zf)‘)(ewar?&o gid ink
ej ection el emenlsné?24)7 andFDme fildaisd raayaysaceipglesi gk & jyrtient i ve
| ayer (46) over ﬁaid Ia%gr (42) of nonconductive nmaterial; ink feed hol es
(26) fornmed thrB03ACERI @thin filmlayers (24, 40-50): and
In FIG. 7, a silicon substrate 70 has formed on it

a plurality of thin film layers 72 (to be identified in

FIG. 8), including a resistive layer and an AlCu layer

that are etched to form the heater resistors 62. AlCu

conductors 63 are shown leading to the resistors 62.

Ink feed holes 67 are formed through the thin film
layers 72 to extend to the surface of the silicon
substrate 70. An orifice layer 74 is then formed over
the thin film layers 72 to define ink ejection chambers
60 and nozzles 64. The silicon substrate 70 is etched
to form a trench 76 extending the length of the row of
ink ejection chambers. The trench 76 may be formed
prior to the orifice layer. Ink 78 from an ink
reservoir is shown flowing into trench 76, through ink

feed hole 67, and into chamber 60.

FIG. B8 is a cross-sectional view along line 8-8 in
FIG. 7 showing one-half of chamber 60. The other half

1s symmetrical with FIG. 8. Unlike the first



at | east one opening (36) in said substrate (20) providing an ink path (38)
froma second surface of said substrate, through said substrate, and to
‘'said ink feed holes (26) forned in said thin filmlayers, said | ayer (42)
of non-conductive material being etched back fromsaid ink feed holes (26)
so as to be protected fromany fluids (38 entering said i7rHebhred2t0d es
(26) by said protective |ayer (46). 2. The device of Claim1 further
conprising an OEdedmﬁdn&Menﬁffﬁé_af@bged?gvgf_fﬁéc%ijmﬁ?g!gungggggﬁgg%g}s
40-50), said orifice |aye efining,a pluraljty of ink ejection c

(30) ,)each chantft? Clr?afxﬂ WA Yt PERSRRR BRRcRTieRImafdftors4Fo sai d
orifice |layer faiihereateffminnge Rezszbeoct34) chorswacit Rk gj @6l og chanber
(30). 7 February 2003 ﬁég 3. The device of aim1l or 2 wherein said
first material 42 3 &N &% PERFBLHI GRS NPH@r esiterdetPceray d ai m

3 wherei n sai d Heuth alwalymtlrayehe( 245140059) ak@i¥driFera thiehdapxide (FOX)
| ayer (40), over, which is forned said Iayer_(4%hfof PSG a resistive |ayer

(24): and the substrate and to the 1nk itse
An insulating layer of field oxide 90, having a
thickness of 1.2 microns, is formed over the silicon
substrate 70 (FIG. 7) prior to the trench 76 being
formed. The portion of the printhead in FIG. 8 is
shown after the trench 76 is formed so the substrate 70

is not shown in the field of view.

A PSG layer 92 having a thickness of 0.5 microns
is then deposited over oxide 90. As described with
respect to FIG. 4, the oxide and PSG layers provide
electrical insulation and thermal conductivity between
the heater resistor and the underlying conductive
layers, as well as provide increased mechanical support
of the bridge extending between the remaining silicon
substrate portions after the trench 76 is etched.
Also, as previously mentioned, the PSG layer 92 is
pulled back from the ink feed hole 67 to prevent
contact with the ink which would otherwise react with

the PSG.

Formed over the PSG layer 92 is a resistive layer
of tantalum aluminum, having a thickness of 0.1
microns. An AlCu layer (not shown) is formed over the
TaAl layer. The TaAl layer and AlCu layer are etched
as previously described to form the various heater

resistors 62 and conductors 63 (FIG. 7).

A layer of nitride 96, having a thickness of 0.5
microns, is then formed over the resistors 62 and AlCu

conductors, followed by a layer of silicon carbide 98,



said protective layer (46) overlying said resistive |layer and said | ayer of
PSG 5. The device of aim3 wherein said thin filmlayers (24, 40-50)
"conprise a field oxide (FOX) |layer (40) over which is forned said | ayer
(42) of PSG said FOX | ayer (40) form ng an etched stop | ayer when formng
said at | east one opening (36) in said _substrate (20). 6.7 Rebrabdy@0Bor
fabricating a printing device conprising: providing a printhead substrate

(20); formng a plurality of thin film.layers (24, 40-50) on a first
surface of sai Hag’u‘b%t? a‘i%l? SS & Ioegét "‘éﬁEOBE' sald | ayers forming a
plurality of inkte]d®eldnbelenenteary 24k, ctrbedf tsadthdayefs-didd)s GFPri sing
a non-conducti ve na%irial ocat ed between said substrate (20) and said ink
ej ection el enehfs £29Y : CRWHIHY Sai d | ayer (42) of non-conductive materi al

so as to be pulled back from subsequently forned ink feed holes (26);
depositing a protecin vadheyiere (4G)erov@0 odi danvalwonducting dmaterial to

Gnter i ng oaid FHCPASE ol b 4 200 Brmiidg  Cah (P 60 T ess) ¢t ough
said thin fil nbyayecendie,ivi EQ)er afdgold. Febotar a3 are then

etched to form gold conductors electrically contacting

certain AlCu conductors leading to heater resistors 62

-and ultimately terminating in bonding pads along edges

of the substrate. In one embodiment, the gold

conductors are ground lines.

The ink feed holes 67 are then etched through the
thin film layers (or patterned during fabrication of
the thin film layers). The orifice layer 74 is
deposited and etched to form chambers 60 and nozzles
64. Nozzles 64 may also be formed by laser ablation.

The back side of the substrate 70 (FIG. 7) is then
masked and etched using a TMAH etch to form the trench
76, extending the length of a row of ink ejection
chambers 60. Any one of several etch techniques could
be used, wet or dry. Examples of dry etches include
XeF2 and SiF6. Examples of appropriate wet etches
include Ethylene Diamine Pyrocatechol (EDP), Potassium
Hydroxide (KOH), and TMAH. Other etches may also be
used. Any one of these or a combination thereof could

be used for this application.

The trench 76 may have a width of approximately
one ink ejection chamber or may have a width that
encompasses multiple rows of ink ejection chambers. The
trench may be formed at any time during the fabrication

process.

After the trench 76 is formed, an adhesion layer

101 of tantalum (Ta), having a thickness of 0.1



-25 formng at | east one opening (36) in said substrate (20) providing an
ink path froma second surface of said substrate, through said substrate
"(20), and to said ink feed holes (26) forned in said thin filmlayers (24,
40-50). 7. The nethod of Claim6 wherein said first material (42) is
phosphosilicate glass (PSG. 8. The nethod of O aim7 whe7 Eebrusni 2003t ep of
formng a plurality of thin filmlayers (324 40-50) includes formng a
resistive layer (24) over said |layer (42) of PSG 9. The nethod of Caim7
wherein said stmaip:rafna‘,orinsi g ranegl anathEybwﬁkt:hid\e fofl mHeayefsr(24, 40-50)

i ncl udes form %@aﬂ lglgd Neyd %E(lf_i Lavgg (8‘9) eaq:vecron\gfellcggﬁédlsogrred said

| ayer (42) of erein sai ayer (4 orns an etc Yop | ayer
when perforn nglGaiak stfepy exafngrlei n QOM K&akt lmeirgpenitigck86§siafsaid

substrate (20).; 10. 'Ig}%nrget q%dé;g))enp%%éggof‘% d}l‘suabr&[ Sl%gt’?i%f nk (38)

t hrough at | eas one openi‘n rin rate and t hrough
i nk feed hol es X@6) fAorardext mddn@ghonhilﬂyérl 93 asyﬁartsar(tzzluMOhaﬁingnasai d
substrate (20),,,at .l east f Ld,Lil r ty of ink
ej ection el enentt@c&f)as;ss éj(}rgi'(r%gmgglk I hk 3%(&{ ({IQ'Las%fgleg : g ?%ﬁgh sai d
at | east one opmmdyiildy) leyer d48iRd th| n filmlayers (24, 40- 50) and into
ink ejection chanbers (30), said guiding conprising guiding said ink over

di tact with | 4
and in contact w rp%f QF 41Dl t%§y85§n0\\/féley6@gar?e BN er 58 2k gxfl]éai d i nk

non- conductive material [ocat ed tween sal d substrate (
ej ection el enertieqt2on chixaberafOedgethé puminthendof FI5. oﬁ noﬁI@on%lucti ve

mterial has been pulled Dacl Leam sal dc'esd ol esd 4)caadaprol gctsd by a

protective |ay so that in does not cont sai ayer (42) of
non- conduct i ve beattédkeal ;inaggnjuncrepnudiyh 20038 -6 Stergiingngishi dhe nk

ej ection el ement I Z&&csi o] .11,
Tlhe nmet hod of gilgcl %?ei%i %el%)(;?? salé ’tf)?%(g%gér}iac? * (a}%oﬂ ég ??gt(agél)
phosphosi | i cat €l @l (9|88@)0m12 shepf i apprexideat ey @ompr:trghﬁgloragpri nt head,

sai d printhead Heg)f” tgr bghkﬂgagesg‘pﬁélt agieze@O)fora %%l ty_of thin

filmlayers (24, on a first surface of said strate (20),
at | east one ofl%lﬂdqr@}@rs Thentagtalwhukayen y1 Q9 Quﬁlﬁdejaéc@non el enent s

(24), one of saj4daXRS 9a4A2) Bk BB apbgﬁada&@ gla S ne of
said | ayers co?répdri} s&ﬁng da r ot egtl Qeg s?ver %Zﬁoggl ?‘%?@42%) of PSG
1 micron beyond the PSG ayer 92, and the PSG layer 92

is shown extending 2 microns beyond the resistor 62.

Figs. 10A-10F are cross-sectional views of a
portion of the wafer during various steps during the
manufacturing of the printhead of FIG. 8. Conventional
deposition, masking, and etching steps are used unless

otherwise noted.

In FIG. 10A, a silicon substrate 70 with a
crystalline orientation of (111) is placed in a vacuum
chamber. Field oxide 90 is grown in a conventional
manner. PSG layer 92 is then depcosited using
conventional techniques. FIG. 10A shows mask 110 being
formed over the PSG layer 92 using conventional
photolithographic techniques. The PSG layer 92 is then
etched using conventional Reactive Ion Etching (RIE) to
pull back the PSG layer 92 from the subsequently formed
ink feed hole.



ink feed holes (26) fornmed through said thin filmlayers (24, 40-50); and
at | east one opening (36) in said substrate (20) providing an ink path (38)
froma second surface of said substrate, through said substrate, and to
said ink feed holes (26) formed in said thin filmlayers, said |ayer (42)
of PSG bei ng etched back from said i nk_feeed hol es (26) so7 Bebrtiaryt2603
protected fromany fluids (38) entering said ink feed holes (26) by said

protective |ayer (46). - Vi, C f. i wherein said thin film
| ayers (24, 40-50) g)érr%%(?'sel:g'% ?‘?ae kdelc%gi g ?E&‘)}’g‘?a‘?fér 40550V’ which is
fornmed sai d | ajyevet42}1obf PS@1 a v elposiived| ayer ¢Re)sunffatesaifd gheot ecti ve

| ayer (46) ove | sai LStV e nd.said | ave PSG 7
Fe%r uaEy )2003 &ggégg 1%.gqjﬁfg&é@lev\%ecglaéf?fdaé?mg_fm?i%elf%iL{lheg{ai dthin film
| ayers (24, 4048ppstoaproeer atie dladloxi de fEFOK)maslyeX1 40 depersiweidch is

formed said | ayer (4200 PSG, apIb EQK LaYEs (A1 iGN £t ched stop

| ayer when form ng sal
techniques, and the conductive layer 112 and the

resistive layer 111 are etched using conventional IC
fabrication techniques. Another masking and etching
step (not shown) is used to remove the portions of the
AlCu over the heater resistors 62, as previously
described. The resulting AlCu conductors are outside

the field of view of FIGs. 10A - 10F.

In FIG. 10C, the passivation layers, nitride 96
and carbide 98, are then deposited on the surface of
the wafer using conventional techniques. The
passivation layers are then masked (outside the field
of view) and etched using conventional techniques to
expose portions of the AlCu conductive traces for
electrical contact to a subsequent gold conductive

layer.

An adhesive layer 100 of tantalum and a conductive
layer of gold 114 are then deposited over the wafer,
masked, using a first mask 115, and etched, using
conventional techniques to form the ground lines,
terminating in bond pads along edges of the substrate.
A second mask (not shown) removes portions of the gold
over the Ta adhesive layer 100, such as over the heater

resistor area.

FIG. 10D illustrates the resulting structure,
after the steps of FIG. 10C, having a mask 116 exposing
a portion of the thin film layers to be etched to form
the ink feed holes. Alternatively, multiple masking
and etching steps may be used as the various thin film

layers are formed to etch the ink feed holes.



opening (36) in said substrate (20). 15. A nethod for fabricating a
printing device conprising: providing a printhead substrate (20); formng a
“plurality of thin filmlayers (24, 40-50) on a first surface of said
substrate (20), at |least one of said layers formng a plurality of ink

ej ection el enents (24), one of said |aygrs (42) of phosph6lFebivast 2003 ass
(PSG; etching said |layer (42) of PSG so as to be pulled back from

subsequently forned ink feed hql es 226); geposi ti n\%rﬁa protective | ayer (46)
over said PSG to proteet FHi ¢ q“é’férr £47) tBF PSEFY ¥ §itF1098)
entering said itte faeich hlles aRe)s .f orAenghsal gi ik fyead Relees @)y t hr ough
said thin filmlayers (24, 40 SO.; and forpging at |east one opening (36) in
sai d substrate ‘(52%39 SRS SR 1R B8t h ﬂ)b% ?%e@&?&%ﬁ?‘f&&?cﬁ%sai d
substrate, thraugh saidd cudsinaatien( 3@) seaadal ocgadd dmletferd halres of26)
formed in said thinn filmlayer 24, .40-50). 16. The. nethod of Claim 15,
wherein said st%p-lof f”ﬂé}emlﬁé( zfséﬁgiupﬂfz?y?gfc‘?‘h% RS (SRR &req 2’&,‘3%40- 50)
i ncl udes form ngn aad@siist ictendimpetd on24) thvehe siilind deang 42k ceknB3G  17.
The met hod of aim 15  wherei.n sai( st of rm plurality of thin
filmlayers (2 ,UW%CBaql}%cﬂa&d@?'fogﬂangﬁe?i%?ac%&%dZ’e( 8k regy ¥ thao)
over which is faidrethskaiazhd @teth €42p of PHEh ahensids oF ¢ckc@¥sl.apen (40)
forns an etched ,stop layer when perfornmng said. s .of form ng at | east
one openi g ( 3651 FRESF SRerrel EorapE tnat fo i ¥aciSh

techniques.

The back side of the wafer is then masked using
conventional techniques to expose the ink trench
portion 76 (see FIG. 7). The trench 76 is etched using
a wet-etching process using tetramethyl ammonium
hydroxide (TMAH) as an etchant to form the angled
profile. Other wet anisotropic etchants may also be

used. (See U. Schnakenberg et al., TMAHW Etchants for

Silicon Micromachining, Tech Digest, 6th Int. Conf.

Solid State Sensors and Actuators (Transducers '91),
San Francisco, CA, June 24-28, 1991, pp. 815-818.)

Such a wet etch will form the angled trench 76. The
trench 76 may extend the length of the printhead or, to
improve the mechanical strength of the printhead, only
extend a portion of the length of the printhead beneath
the ink ejection chambers 60. A passivation layer may
be deposited on the substrate if reaction of the

substrate with the ink is a concern.

In FIG. 10F, a tantalum adhesive layer 101 is then
flash evaporated or sputtered over the bottom surface
of the substrate followed by a gold heat conductive
layer 102 and another tantalum layer 103. These layers
act as thermally conductive layers and provide

mechanical strength to the bridge portion.



7 February 2003 - 26b 18. A nethod of printing conprising: feeding ink
(38) through at | east one opening (36) in a printhead substrate (20) and
‘through ink feed holes (26) fornmed through thin filmlayers (24, 40-50) on
said substrate (20), at |least one of said filmlayers formng a plurality
of ink ejection elements (24); guiding said ink (38) that 7iRsriarpr6as

t hrough said at | east one opening (38) over said thin filmlayers (24,
40-50) and into ink ergctigp ghagbeisd 3Ne @%%%hdbf‘gu?&@{'fsi ng guiding
said ink over and in contact with one or nore | ayers overlying ﬁa er (42)
of phosphosilicaB¥eyl 48s (PSEficankenyedda Qmesamuocﬂay@rtmzs) a)f PSG has
been pul | ed bathBE@nm drisedatiol£s (28)-r2nd @g@t eCéPP?P% t' ve
| ayer (46) so t i nk 8 does not contact said |ayer 3 * and
ener gi zi ng sai d™AKkPg;] %%‘E‘Fﬁﬁt‘é‘lien%?ﬁ%er(%) ofro spKRpebni nKTmmchru'gh assom at ed
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The orifice layer
74 may also be formed in a two-stage process, with a
first layer being formed to define the ink chambers and

the second layer being formed to define the nozzles.

The resulting wafer is then sawed to form the
individual printheads, and a flexible circuit (not
shown) used to provide electrical access to the
conductors on the printhead is then connected to the
bonding pads at the edges of the substrate. The
resulting assembly is then affixed to a plastic print
cartridge, such as that shown in FIG. 1, and the
printhead is sealed with respect to the print cartridge

body to prevent ink seepage.

FIG. 11 is a cross-sectional view of a portion of
a second alternative embodiment printhead similar to
that shown in FIG. 4, except the trench in the silicon
is not etched all the way to the thin film. Rather,
the bulk silicon 120 is partially etched to form a thin
silicon bridge below the heater resistors 24. To
accomplish this, before the thin film layers are
deposited, the front side of the wafer is patterned
with a mask to expose those silicon areas in the trench
area which are not to be completely etched through.
The exposed portions are then doped with a P-type
dopant, such as boron, to an approximate depth of 1 to
2 microns. The depth could be as deep as 15 microns or

deeper. The mask is then removed. A backside hardmask
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18%&(9 F110% & fdza® #2 Qi1 QYO () 1 XI9E4d e FLind ABYA 10%
reference.
Inkjet printer 130 includes an input tray 132
containing sheets of paper 134 which are forwarded

through a print zone 135, using rollers 137, for being
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black (K), magenta (M), and yellow (Y) ink.

In one embodiment, inks in replaceable ink
cartridges 146 are supplied to their associated print
cartridges via flexible ink tubes 148. The print
cartridges may also be the type that hold a substantial
supply of fluid and may be refillable or non-
refillable. In another embodiment, the ink supplies
are separate from the printhead portions and are
removeably mounted on the printheads in the carriage
138.

The carriage 138 is moved along a scan axis by a
conventional belt and pulley system and slides along a
slide rod 150. In another embodiment, the carriage is
stationery, and an array of stationary print cartridges

print on a moving sheet of paper.

Printing signals from a conventional external
computer (e.g., a PC) are processed by printer 130 to
generate a bitmap of the dots to be printed. The
bitmap is then converted into firing signals for the
printheads. The position of the carriage 138 as it
traverses back and forth along the scan axis while
printing is determined from an optical encoder strip
152, detected by a photoelectric element on carriage
138, to cause the various ink ejection elements on each
print cartridge to be selectively fired at the

appropriate time during a carriage scan.

The printhead may use resistive, piezoelectric, or

other types of ink ejection elements.

As the print cartridges in carriage 138 scan

across a sheet of paper, the swaths printed by the
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the output tray 136, and the carriage 138 resumes

scanning.

The present invention is equally applicable to
alternative printing systems (not shown) that utilize
alternative media and/or printhead moving mechanisms,
such as those incorporating grit wheel, roll feed, or

-drum or vacuum belt technology to support and move the
print media relative to the printhead assemblies. With
a grit wheel design, a grit wheel and pinch roller move
the media back and forth along one axis while a
carriage carrying one or more printhead assemblies
scans past the media along an orthogonal axis. With a
drum printer design, the media is mounted to a rotating
drum that is rotated along one axis while a carriage
carrying one or more printhead assemblies scans past
the media along an orthogonal axis. 1In either the drum
or grit wheel designs, the scanning is typically not
done in a back and forth manner as is the case for the

system depicted in FIG. 12.

Multiple printheads may be formed on a single
substrate. Further, an array of printheads may extend
across the entire width of a page so that no scanning
of the printheads is needed; only the paper is shifted

perpendicular to the array.

Additional print cartridges in the carriage may

include other colors or fixers.

While particular embodiments of the present
invention have been shown and described, it will be
obvious to those skilled in the art that changes and
modifications may be made without departing from this

invention in its broader aspects and, therefore, the
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appended claims are to encompass within their scope all
such changes and modifications as fall within the true

spirit and scope of this invention.
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CLAIMS

We claim:
1. A printing device comprising:
a printhead, said printhead comprising:

a printhead substrate (20);

10 @@ L begary

a plurality of thin film layers (24, 40-50) formed on a first

surface of said substrate (20), at least one of said layers forming a

plurality of ink ejection elements (24), one of said layers (42)

( 10((!3
() OPPPP) PP
003

comprising a non-conductive material located between said substrate

(20) and said ink ejection elements (24), and one of said layers

comprising a protective layer (46) over said layer (42) of non-

conductive material;

ink feed holes (26) formed through said thin film layers (24,

40-50); and

at least one opening (36) in said substrate (20) providing an ink

path (38) from a second surface of said substrate, through said

substrate, and to said ink feed holes (26) formed in said thin film

layers,

said layer (42) of non-conductive material being etched back

from said ink feed holes (26) so as to be protected from any fluids (38)

entering said ink feed holes (26) by said protective layer (46).

2. The device of Claim 1 further comprising an orifice layer (28) formed

over said thin film layers (24, 40-50), said orifice layer defining a plurality of ink

ejection chambers (30), each chamber having within it an ink ejection element (24),

said orifice layer further defining a nozzle (34) for each ink ejection chamber (30).
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3. The device of Claim 1 or 2 wherein said first material (42) is

phosphosilicate glass (PSG).

4, The device of Claim 3 wherein said thin film layers (24, 40-50)
comprise:
a field oxide (FOX) layer (40), over which is formed said layer (42) of
PSG;
a resistive layer (24); and
said protective layer (46) overlying said resistive layer and said layer
of PSG.

5. The device of Claim 3 wherein said thin film layers (24, 40-50)
comprise a field oxide (FOX) layer (40) over which is formed said layer (42) of PSG,
said FOX layer (40) forming an etched stop layer when forming said at least one

opening (36) in said substrate (20).

6. A method for fabricating a printing device comprising;:

providing a printhead substrate (20);

forming a plurality of thin film layers (24, 40-50) on a first surface of
said substrate (20), at least one of said layers forming a plurality of ink
gjection elements (24), one of said layers (42) comprising a non-conductive
material located between said substrate (20) and said ink ejection elements
(24);

etching said layer (42) of non-conductive material so as to be pulled
back from subsequently formed ink feed holes (26);

depositing a protective layer (46) over said non-conductive material to
protect said layer (42) of non-conductive material from any fluids (38)
entering said ink feed holes (26);

forming said ink feed holes (26) through said thin film layers (24, 40-
50); and
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forming at least one opening (36) in said substrate (20) providing an

ink path from a second surface of said substrate, through said substrate (20),
and to said ink feed holes (26) formed in said thin film layers (24, 40-50).

7. The method of Claim 6 wherein said first material (42) is

phosphosilicate glass (PSG).

8. The method of Claim 7 wherein said step of forming a plurality of thin
film layers (24, 40-50) includes forming a resistive layer (24) over said layer (42) of
PSG.

9. The method of Claim 7 wherein said step of forming a plurality of thin
film layers (24, 40-50) includes forming a field oxide (FOX) layer (40), over which is
formed said layer (42) of PSG, wherein said FOX layer (40) forms an etched stop
layer when performing said step of forming at least one opening (36) in said substrate

(20).

10.  The method of printing comprising:

feeding ink (38) through at least one opening (36) in a printhead
substrate (20) and through ink feed holes (26) formed through thin film layers
(24, 40-50) on said substrate (20), at least one of said film layers forming a
plurality of ink ejection elements (24);

guiding said ink (38) that has flowed through said at least one opening
(38) over said thin film layers (24, 40-50) and into ink ejection chambers (30),
said guiding comprising guiding said ink over and in contact with one or more
layers overlying a layer (42) of non-conductive material located between said
substrate (20) and said ink ejection elements (24), where an edge of said layer
(42) of non-conductive material has been pulled back from said feed holes
(26) and protected by a protective layer (46) so that ink (38) does not contact

said layer (42) of non-conductive material; and
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11.  The method of Claim 10 wherein said first material (42) comprises

phosphosilicate glass (PSG).

12. A printing device comprising:

a printhead, said printhead comprising:

a printhead substrate (20);

a plurality of thin film layers (24, 40-50) formed on a first surface of
said substrate (20), at least one of said layers forming a plurality of ink
gjection elements (24), one of said layers (42) of phosphosilicate glass (PSG),
and one of said layers comprising a protective layer (46) over said layer (42)
of PSG;

ink feed holes (26) formed through said thin film layers (24, 40-50);
and

at least one opening (36) in said substrate (20) providing an ink path
(38) from a second surface of said substrate, through said substrate, and to said
ink feed holes (26) formed in said thin film layers,

said layer (42) of PSG being etched back from said ink feed holes (26)
so as to be protected from any fluids (38) entering said ink feed holes (26) by
said protective layer (46).

13.  The device of Claim 12, wherein said thin film layers (24, 40-50)
comprise:
a field oxide (FOX) layer (40), over which is formed said layer
(42) of PSG;
a resistive layer (24); and
said protective layer (46) overlying said resistive layer and said

layer of PSG.
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14. The device of Claim 12, wherein said thin film layers (24, 40-50)
comprise a field oxide (FOX) layer (40) over which is formed said layer (42) of PSG,
said FOX layer (40) forming an etched stop layer when forming said at least one

opening (36) in said substrate (20).

15. A method for fabricating a printing device comprising:

providing a printhead substrate (20);

forming a plurality of thin film layers (24, 40-50) on a first surface of
said substrate (20), at least one of said layers forming a plurality of ink
gjection elements (24), one of said layers (42) of phospholilicate glass (PSG);

etching said layer (42) of PSG so as to be pulled back from
subsequently formed ink feed holes (26);

depositing a protective layer (46) over said PSG to protect said layer

(42) of PSG from any fluids (38) entering said ink feed holes (26);

forming said ink feed holes (26) through said thin film layers (24, 40-
50); and

forming at least one opening (36) in said substrate (20) providing an
ink path from a second surface of said substrate, through said substrate (20),
and to said ink feed holes (26) formed in said thin film layers (24, 40-50).

16. The method of Claim 15, wherein said step of forming a plurality of
thin film layers (24, 40-50) includes forming a resistive layer (24) over said layer (42)
of PSG.

17.  The method of Claim 15, wherein said step of forming a plurality of
thin film layers (24, 40-50) includes forming a field oxide (FOX) layer (40), over
which is formed said layer (42) of PSG, wherein said FOX layer (40) forms an etched
stop layer when performing said step of forming at least one opening (36) in said

substrate (20).
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(24, 40-50) on said substrate (20), at least one of said film layers forming a
plurality of ink ejection elements (24);
guiding said ink (38) that has flowed through said at least one opening
(38) over said thin film layers (24, 40-50) and into ink ejection chambers (30),
said guiding comprising guiding said ink over and in contact with one or more
layers overlying a layer (42) of phosphosilicate glass (PSG), where an edge of
said layer (42) of PSG has been pulled back from said feed holes (26) and
protected by a protective layer (46) so that ink (38) does not contact said layer
(42) of PSG; and
energizing said ink ejection elements (24) to expel ink through

associated nozzles (34).



