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technology for produ0|ng har d copy The basics of this technol ogy are

di scl osed, fMoR&xanple, in vari ous art icles in the Hew ett-Packard Jounel,
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descri bed by WJ. LI oyd and H. T. Taub in Qutput Hardcopy [sic] Devices,
chapter 13 (Rgé&mg.R C. Durbeck and S. Sherr, Academ c Press, San D ego,
1988). Al so, many publications describe the details of common techni ques

(4) REFERENCE TO AN APPENDIX

Nons.
10 (5) BACKGROUND OF THE INVENTION
(5.1) FIELD OF THE INVENTION
{0001] The present invention relates generally to ink-jet printhead fabrication
and, more specifically to making a re-usable mandrel to electroform orifice sheets with
a defined, tapered profile.
15 (5.2) DESCRIPTION OF RELATED ART
[0002] The art of ink-jet technology is relatively well developed. Commercial
products such as computer printers, graphics plotters, copieré, and facsimile machines
employ ink-et technology for producing hard copy. The basics of this technology are
disclosed, for example, irt various articles in the Hewlett-Packard Journal, Vol. 36, No.
2 5 (May 1986), Vol. 39, No. 4 (August 1888), Vol. 38, No. 5 (October 1988), Vol. 43, No.
4 (August 1892), Vol. 43, No. 6 (December 1992) and Vol. 45, No.1 (February 1984)
editions. Ink-jet devices are also described by W.J. Lloyd and H.T. Taub in Output
Hardcopy [sic] Devices, chapter 13 (Ed. R.C. Durbeck and S. Sherr, Academic Press,
San Diego, 1988). Also, many publications describe the details of common techniques

P used in the fabrication of thin film devices and integrated circuits that can be generally



25 used in the fabrication of thin filmdevices and integrated circuits
that can be generally 2 - 27 July 2005 enployed in the fabrication of

conpl ex, three-dinmensional, silicon wafer substrate structures; we e.g/,
SNcon Processes, Vol. 1-3, copyright ]1995, LattyceifPress, Lattice |
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the indiVvidual steps of such a process can be perforned using commercially

Fabr 22%@@%?2% ?éldme Spmas! VBI. 153, ipyFighious; Lianie Freds, Lcaice)

W be referre o hereinafter as sinply: in
k i i , £ Ul gt , ndersty f&ogg . th

Sr eggxﬁ%ﬁﬁwﬁaﬁ%%%giﬁﬁﬁ@éﬁ Hi@%ﬁ;ﬂarée |"§c‘ gse hgﬁeei nebased
t technol ; fut d I ts,in thi A N f

Abpr opr ARl ple9e P UL B PTORRRE AR SRR veing fereebet Vel .t ¢,

[0003] The state of the art is continually devel oping to inprove the

qual i t yfabfication machineseTheluseof sueh maphﬂwmr@rcqmmﬁmﬁhjmﬂggﬁ% c to inkjet

technol ogy. Current products have achieved print densities of 1200

dot s- petechnigbes WilFbé Feferred ite hereinafteras simply: {ip a lnowamanner.t &st he nore

expensi ve laser printers. To that end, thin-filmtechnol ogy has been

enpl oy egpdcifigaliy AEfFuIRb &ni uderstanding of the praseht inventiard, iapprepdimatedechinical nesh

ink is filters, and the like, for ink jet printheads. [0004] For exanpl e,
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mandr el can consi st of- a glass plate coated with a conductive
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have achieved print densities of 1200 dots-per-inch ("DPI"), achieving print quality

comparable to the more expensive laser printers. To that end, thin-film technology has
been employed to produce precision compenents such as orifice plates, fine mesh ink
15 filters, and the like, for ink-jet printheads.
[0004] For example, ink-jet pens can utilize an orifice plate generally formed on a
thin-film mandrel. The mandrel can consist of a glass plate coated wntl': a conductive
film. Non-conductive discs are defined on the surface of the conductive film for
determining the location and size of the orifices. Generally, the discs are about three
2 times the diameter of the target hole size. Looking to FIGURE 1 (Prior Art), the profile
of an electroformed ink-jet nozzle is described by a relationship between the exit bore
diameter, D,,, the mandrel pad (non-conducting region) diameter, D,,q, and the
thickness, T, of the electroformed sheet:

Diore = Dpad - 2T Equation 1.



t hi ckness, T, of the electroforned sheet: Ds, = DW- 2T Equation 1. 3 - 27
July 2005 The orifice size is determned by carefully controlling the

el ectropl ating paraneters (current, timng, and the like) for form ng an
orifice plate on the mandrel. Therefore, a variation in these paraneters
will directly affect the size of the orifices. Mreover, if a thicker
orifice plate is needed, it is necessary to izmcrhdaseodshe di sc size.

Manuf aThe biifige Sizk ¢ derennited bytdrefullytodiretlingithe electraplating parametersy i n a
decreased orifice dianeter if the thickness of the orifice plate increases
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rueba shows a process

fabricating a_ thipn-filmsjructure using, a tran ( .Su fe A first
St uct TiaKe! oifiee BBt s meseh i poossERy 1 inc(sRRs 156 Gk i Mg dpttrifo
conductive materjial on a surface of the substrate. A %tor.esi t .paterial
os1 | ar talerances Il Sueh diss dimenRIOning cRRUNINGIN, A perpased. e iameter i Tg,
exposure through the transparent material. 1s L&OOG] General ly, state of

t he ar thickriess ofthel enificeplateinemsiases oventhg discsize tleranc@eani ng t hat t he
profile of the orifice assunes a curved shape while the el ectro - deposited
mat er i {000%] ows. Qhe examplé ofatvimpraved METHOB G MAKINGINKWBE exit bore

di anet er depends directly on the plating thickness as a function of

posi t | JOMPONENTS lddscrib8e iP LS. PateneNor 5,560,837, Octldy 1886,y Truebar ge
across an orifice sheet. zo [0007] As the state of the art progresses, ink

jet or k&ﬁ&%wwﬁﬁwaé SHke ReteirfSid PaSfborated hefsin Byireferséhds)dar d

devi ati'o or tolerance nee to be reduced.
10 Trueba shows a process for fabricating a thin-film structure using a transparent

substrate. A first structure, such as a ring having a central pillar, is formed of a
conductive material on a surface of the substrate. A photoresist material pillar is
formed on top of the conductive material central pillar by exposure through the
transparent material.

15 [0008] Generally, state of the art orifice plating mandrel is two-dimensional,
meaning that the profile of the orifice assumes a curved shape while the electro-
deposited material grows. This is disadvantageous because the ink drop exit bore
diameter depends directly on the plating thickness as a function of position. As a
result, the bore diameter standard deviation is large across an orifice sheet.

2 [0007] As the state of the art progresses, ink-jet orifice bore diameter tends to
decrease. Bore diameter standard deviation for tolerance needs to be reduced.

Moreover, bore profiles need to be more accurately engineered so that pen

performance can be optimized.



Mor eover, bore profiles need to be nore accurately engi neered so that pen
performance can be optimzed. - 4 - 27 July 2005 ('i) BRIEF SUM RY OF THE
INVENTION [00 ] In its basic aspect, the present invention provides a
process for fabricating a mandrel including:,{

havi ng & & i -anaE INGERTIONCal |y cé
1, et A G e

pl ural

g,rutiﬁ ng.,a first structure
uctive surface havi ng a

non-conducti ve mandrel 5 associated first
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using said mandrel. [0005] In another aspect, the present jnvention .

prsovi dassocigted diestdedtores affixed distikytivaly acress said genduativa SUFRREY UFING 3B, 4j ng:
forming a first structure having a substantially | anar netalized first
sur f ac firdiatruciure; fommingla compleméintary second eref%@gdh%@ﬂﬁ stributed 15
across said first surface; using said first structure, formng a

conpl eRhipRinertascsstondistucture has aplutaiitt ofsecond feghiresmompigmeatasy af
structure has a plurality of second features conplenentary of said first
f eat ur qgid Metredfjree & d second structure, forning the nandrel having .
third features erein said third features define shape, location and -
eonet r,\.:. A , [ WelVa ' ] vhberaid said ng sai d
g ﬁéw%s% %W%tmqﬁ%. Vdﬂﬂiﬁwmﬁﬁ&%ﬁﬁaﬁm firdfeatires g

nandrﬁl: . still another aSpgct, t he present invent!on provi des
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created using said mandrel.

{0008} In another aspect, the present invention provides a process for fabricating
an inket printhead mandrel including: forming a first structure having a substantially
planar metalized first surface having a plurality of dielectric first features distributed

15 across said first surface; using said first structure, forming a complementary second
structure such that said complementary second structure has a plurality of second
features complementary of said first features; and using said second structure, forming
the mandre! having third features wherein said third features define shaps, location and
geometry of features of an ink-jet printhead to be electroformed using said mandrel.

20 [0010] In still another aspect, the present invention provides an ink-jet printhead
mandrel including: a glass substrate having a plurality of glass-formed mandrel
features for electroforming an ink-jet printhead construction hereon; a metal layer
superjacent the glass substrate conforming to said features; and a dielectric layer

superjacent the metal layer only on and conforming to said features.



features for electroformng an ink jet printhead construction hereon; a
netal |ayer superjacent the glass substrate conformng to said features;
and a dielectric layer superjacent the nmetal |layer only on and conform ng
to said features. - 5 - 27 July 200550011 ] Thez2far@goigyg sumrary i s not
i nt end€gf@01 4] be afhefolegdingesurmianis rdt intéided tohieeah incluENelistof afidnént ages,
and features of the present invention nor should any Ilimtation on the

scope Odspel, bHeeR! adVarilSgds RindTdaiunsy @ esBMt fnveriBR her Eould gyl ded in
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present_inyention will becone apparent upon consideration of the follow ng
exdp| andDeSH RAPPrER the publica 8pd more espenigly thase ipterested in-thepartieylarart o
designations represent |ike features throughout the draw ngs. (7) BRIEF
DESCRI Hemhichdhe imertinn\relatss, [of thehataresoiRbe invemtionin arder to beaof assistancec
depiction of a known manner electroform [0013] FIGURES 2A through 2F are
sequentin aiding rdadyainderstamding -of the patenat inutere searchds:pObjects) fediterey ardess i n
accordance with the present invention. [0014] FI GURES 3A and 3B denonstrate

an al.t exdvahiages efthecpresat invertiornwill Yecoineapparsit %(Po_ﬁ%oﬁbié‘éfat_idh dfithé/RES
2A-2B. 10015] FIGURE 4 is a depiction of a mandrel in accordance with the

pr esentfollowiNg Bkplanatich SH@ b accdmpadying &éw&!@rs](e *s"‘;ﬁ@?h{“he Prererfcd r esponds to

the dianmeter of 20 the feature at the thic e el ectroform grow ng
afgound dedynkficns fepresent like features throughout the drawings.

(7) BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGURE 1 (Prior Art) is a schematic depiction of a known manner

electroform.

[0013) FIGURES 2A through 2F are sequential, schematic, cross-sectional views
15 depicting the process in accordance with the present invention.

[0014] FIGURES 3A and 3B demonstrate an alternative embodiment of steps of

the process as shown in FIGURES 2A-2B.

[0015} FIGURE 4 is a depiction of a mandrel in accordance with the present:

invention as shown in FIGURES 2A-2F (wherein ‘D,.,," corresponds to the diameter of
Py the feature at the thickness of the electroform growing around the feature).

{00186] FIGURE 5 illustrates the electroforming of the metal nozzle plate sheet

500 using the mandrel as shown in FIGURE 4.

[0017] The drawings referred to in this specification should be understood as not

being drawn to scale except if specifically annotated.



[0016] FIGURE 5 illustrates the electroform ng of the netal nozzle plate
sheet 500 using the mandrel as shown in FIGURE 4. [0017] The draw ngs
referred to in this specification should be understood as not being drawn
to scale except if specifically annogated. 6 - 277Juhy 285 (8) DETAILED
DESCR! (H) OTAILEHDESORIPTION OPONHE HRYENTIONe i s nade now in detail to a
speci fic enbodi nent of the present invention, which illustrates the best
nods premRt | Y CREfePeRiett Padd/ndw n HEERNb @ spetiiic eniiotivhint ofghé presentent i on.
Al ternative enbodinents are also briefly described as s applicable. It

shoul d . be p@ﬂ%&@ﬁ@sﬁgﬁs tﬁ?ﬁe ﬁ%&%ﬁeﬁﬂ@ic&nﬁéﬁﬁﬁi@@efﬂy tRE frveRiRdrs for

Cross- arger structure having a plurality of the exhibited

features. |npk-jet dnthead nozz| l. aLe, | i ect r of or ned
sheet s lpﬁ?ﬁmﬂ‘e H"‘ﬁeﬁ@?(}i Mééﬁ%@'%@%eﬁé 3’%@%% a'a'%@ §éepar ated: a
typi cal sheet neasures approxi mately 6  inches-by-fl inches. For, exanple,
each népplicable.alt shawld benderstogd that the qﬁ%‘ﬂ'&ﬂﬁ&@r rey Aresmall o unns
where the nozzles have an orifice target dianeter of 0.0006 inch,
separ aceabsteestior at & largeestrusture vding aiplielity fdhe pxhibited fegturss, Ink-ift cURES
2A-2F, a nmethod is described for fabricating mnandrels with raised features
associ priptheadifioztierplates are fabricatécbinpslecteoformed sieats fromwhigh individhale wi t h
the present invention. Forming a final raised feature(s) associated 15 with
the i niaoizele plistés bfe striied ard segirated; auypitalsheet measures@ppedximiaiely Gaki ng t wo
parent” mandrels, a "father mandrel and a "mother” mandrel .- The final
mandr elindhegdby-8 ihchlbs.C Fbﬂéﬂlﬂ%l%g each nbzzle ipkite nudycedve an érrayef huridrededf t 0 as
the "child" fmandrel. [0020] Beginning with the father nmandrel process,

sparti mg@%&@gﬁ@gwé ﬁ%@?ﬂ&; héw 8n ehficé fPEBRdiEMmatdrof 8\0T0BAAkE from

Hoye Cor ose,
separated from each other by 1/300th inch.

[0019] Turning now to FIGURES 2A-2F, a method is described for fabricating
mandrels with raised features associated ink—jet printhead nozzle plate manufacture in
accordance with the present invention. Forming a final raised feature(s) associated

15 with the ink-jet nozzle plate on a glass substrate is accomplished by making two
“parent” mandrels, a “father” mandrel and a “mother” mandrel. The final mandrel used
in electroforming nozzle plate sheets will be referred to as the “child” mandrel.
[0020] Beginning with the father mandrel process, starting with a planar glass
substrate 201 (commercially available from Hoya Corp. USA of San Jose, CA), a

20 superjacent metal 203 layer (e.g., preferably stainless steel such as SS316L or a like
characteristic metal) is formed via known deposition manner. Note that this step may
include incorporating another intermediary layer, such as chromium, so that the
stainless steel will have a better adherence. The metal 203 layer has a thickness, “T,”

in the range of approximately 0.5 to 1.0 um. A superjacent photo-imagable polymer



20 superjacent metal 203 |ayer (e.g., preferably stainless steel such as

SS316L or a like <characteristic nmetal) is fornmed via known deposition

manner. Note that this step may include incorporating another internediary

| ayer, such as chromum so that the stainlessz§%§ﬁgg%d5 have a better
com
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is controlled through the spinning 5 process and should be at |east as

thi ck &tepshdhedbickaess ¢f tbenegstive rasist 205iis pe!étfqﬂe&fawah@g' Be sp ] Turning
to FIGURE 28, the negative resist 205 is nmasked 207 in accordance with the
pat t er pradess aatsheald e atleast as-thickas thedesired thicknesstof theorificg piate
ultraviolet, UV, represented by descending arrows). The exposed region is
depictgbesto Wi th the speckl ed shading. As is known in photolithography
arts, the exposure results are controlled by the thickness, the intensity

of the[ddat, anfuiiiy B FIGURE 2B; theneydtive resiBis205istnasked@07shst . Thus, the

exposure steps can be tailored and optimzed to a specific inplenentation.

The pheces@ahesd wgﬁ-uw Sttern'bfdedtlr to'BY Yofrhed bRAE éxposid id.utcgh?tgareﬁalwy FI GURE

2633 Ithe unexposed portions of resist 205 are i's strippe romthe nmet al
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POST LT Ol E5ntrolied by th Mickhess, the ftendily 3 the light, and the distance between the

mask and photoresist. Thus, the exposure steps can be tailored and optimized to a
specific implementation. The photoresist is cured in a known manner.
[0022] As illustrated by FIGURE 2C, the unexposed portions of resist 205 are
15 stripped from the metal 203 layer surface 203', leaving a resultant father mandrel 211:
a metalized glass substrate with an array of pillars 209 of cured polymer, the pillars
having a defined position and shape, namely the inverse shape of the nozzles to be
formed in an orifice plate with the spacing and position defined by the specification of
the specific orifice plate(s) to be formed. (Note that a positive resist can be used
20 reversely, viz., with a reversed mask, stripping away the exposed resist to leave the
same structure, father mandrel 211 of FIGURE 2C.)
[0023] Starting now with the father mandrel 211 of FIGURE 2C, the next part of
the process is to electroform the mother mandrel. lllustrated by FIGURE 2D, the

mother mandrel made by electroforming a metal (e.g., nickel) sheet 213 over the father



the specific orifice plate(s) to be forned. (Note that a positive resist
can be used so reversely, viz., with a reversed mask, stripping away the
exposed resist to | eave the same structure, father mandrel 211 of FI GURE
2C.) [0023] Starting now with the father mandrel 211 of.Fl GURE 2C, the next
part of the process is to electroformthe nother mandrel. Illustrated by
FI GURE 2D, the nother mandrel nade _bg el ectrof or fhdv& f8Pal (e.g.,

ni ckel ) mamdrsl 2113ty ReighhtHT thiahisrgréated tHan th Aickmassbfehe Pillar(sp 209 hei ght H
that is greater than the thickness of the piUar(s) 209 protrudi ng above
the fat hasriding kBbve tHe Refer#hdndrel SurfactP203'; 78S M CTRE bRickefbrivRidahetab heet
213 is renoved fromthe father mandrel 211. Note that the photoresist

P L abontBs Nl T SATRGIREr Z0E K388 B4 resasieeater o
SUbSL 2 fgim AveeT bpE) 217 oot M lGtiREZE © 7

fabricating the target ink-jet orifice plates. Turning to FILGURE 2F,
st t | ng A aiRctrafemesl metal saeet 213 o2n be thenmeriteding Subpbpte,18 forsdads | <
formed by 10 rrelting gl ass over the nother mandrel. The glass will flow

i nto t hétrgagtheand rigidi

.7 features of the nother mandrel 221. Note, using a
vacuum oven to heat the glass - nother nandrel sandwich to a liquify the

gl ass i {08RA]ant agEbenextpart of theprocessds 4@ make therchildkmapgrel shighiss) 217,
mnimzing any pitting (air bubbles) in the flowed glass. Alternatively,
mel ti ng ultimatslynesedSot fabricating thetacget link-jgé prificesplates? Turhingt torFIGURE/2B) so 15.
be enployed to this advantage. Next, nother and child are separated; the
t aper ofstarting withithe arther Maridret 221\ supenacthtdayerof Pldsss228istormed gl .t o
glass facilitates the separation of the backed nmetal 213 nother mandrel
224 T r orméitieg glass Bvaésthemibihér mandrel. The glass will flow into the depression 217
features of the mother mandrel 221. Note, using a vacuum oven to heat the gléss -
mother mandrel sandwich to a liquify the glass is advantageous as it removes gasses
from the depression(s) 217, minimizing any pitting (air bubbles) in the flowed glass.
Alternatively, meiting glass beads that pour into the depression 217 features may also
15 be employed to this advantage. Next, mother and child are separated; the taper of the
depression 217 features and the low adhesion of nickel to glass facilitates the
separation of the backed metal 213 mother mandrel 221 from the all glass child
mandrel piece 223.
{0025] Turning to FIGURE 4, it can now be recognized that a solid glass child
2 mandrel 401 piece has been formed. The top surface 401’ is metalized, preferably with
stainless steel in a known manner as with metal 203, FIGURE 2A et seq., to a
thickness in the approximate range of 0.5 to 1.0 um, forming a superjacent metal 403
conformed to the shape and dimensions of the solid glass child mandrel 401 piece’s

top surface 401’ features. Again, using a photoresist masking process, child mandrel



mandrel piece 223. [0025] Turning to FIGURE 4, it can now be recogni zed
that a solid glass child mmandrel 401 piece has been forned. The top
surface 401' is netalized, preferably with stainless steel in a known
manner as with nmetal 203, FIGURE 2A at seq., to a thickness in the
approximate range of 0.5 to 1.0 pm form ng a superjacent netal 403
confornmed to the shape and di nensions of the solid glass child mandrel 401
pi ece's top surface 401 features Agaln u5|ng263ﬁhbﬁ6WéS|st maski ng

gggcggﬁd% (r?d4 5 rep05| ting a %?%%e»ﬂ? rt%yidép%}séif@ @F% Sili con bcl%t?’ ""“J’e _
mandr el m%&*%@n{iﬁastg@%%%%ﬁ\?a%h@% Gk gl @?@? 7 48508 Tgenids o' ¢

sheets for inkdet r| nt heads ows,_.a chi.ld mandrel 411 in
accor dan®angpel 411 j pipteds Fﬁalergg’E Hp® Bthg%Wfﬁﬁ“'BEmﬁgﬁ Iplqtﬁépﬁﬁﬁcs}‘aﬁ%
control the ink-jet nozzle bore profile. Each physical feature has the

i nver se prirdpeadst Thus, FIGURENM sbows gabild mandreiel11 in)ascprdance nithitbat ur e(s)
405 can have a circular base with a truncated coni cal shape having a taper
angk e G prébentiigveritiontdving pieysicat fedttressd0Sad cohtroithblink-jet eeazie!base profile.

di aneter, and nozzle exit bore is now in accordance with the equation: 10

Dba. = Dbagh ph Baﬁf&ttﬁ%bﬁ’éd P8 irversé @ﬂaﬁé of the'dkired bote'§eomeRy. FBE

el ectroform%g of the metal nozzle plate sheet 500 using the child mandrel

411 Becaliitsind SarSiuBri0s af hatd's ciEliBFoaBEN s fieatdcB0ica i

accordance t'’h the sent I nvent1 on ndr el provi di ng

Spaci L;,C@%W@ﬁa"?eéér%fg rﬁ{eo%ﬁm%\ R0 B R SRR g o

fat her mrgle?er, ar?d }lclwzzll'g nge is nhow in accordance with the equation:

10 Dicre = Diase -~ 2Ttan®© i Equation 2.
[0026] FIGURE 5 illustrates fhe electrofonn_ing of the metal nozzle piate sheet
500 using the child mandrel 411. Because of the structure of the child mandrel 411
fabricated in accordance with the present invention, the mandrel is reusable, providing
significantly better control over the shape, dimensions, and relative spacing of the

15 nozzles. |
[0027] An alternative embodiment for forming a father mandrel is illustrated in
FIGURES 3A-3B. In effect, it is an inverse process to FIGURES 2A-2C. As depicted
by FIGURE 3A, a positive photoresist 207’ is exposed; in FIGURE 3B, the exposed
resist is stripped leaving a mother mandrel 311 having a resist 205 having an array of

20 “pot holes"309 associated with the nozzie(s) shape and dimension, again represented
as "Dy~ (Note here that a negative resist can be used reversely, viz., with a reversed
mask, stripping away the unexposed resist to leave the same structure.) However, this
embodiment is more difficult to use in forming the mother mandrel, primarily because it

is difficult to remove exposed resist in the recess of an acute angle of a feature having



FI GURES 3A-38. In effect, it is an inverse process to FI GURES 2A-2C. As
depicted by FIGURE 3A a positive photoresist 207 is exposed; in FlGIRE
3B, the exposed resist is stripped |eaving a nother mandrel 311 having a
resi st 205 having an array of 20 "pot hol es"309 associated with the

nozzl e(s) shape and di nension, again represented asz%'qtgl,lglzdbs(Note her e
that a negative resist can be used-rewersely, viz., wth a reversed mask,
stri ppi rRSAak§izehe unexposed resist to | eave the same structure.) However,
this enbodinent is nore difficult to use in form ng the nother nmandrel,
pri mar i |[§028]c aus e The foregoitgl deéscription of therpreferredremtzatiiment oftthé prégent r ecess
of an acute angle of a feature having - 10 - 27 July 2005 a snall size.

(0028] Theritioh$@eibeen HRESEnted for putboddiofilubiatio anBdReesipiin. 1Pls Adie Present

i nventi on has been presented for purposes of i1llustration and description.
pr eci so NS S8 Sl e BF REHTI S IrVeniich ) Bejprbdfe KT o
nite: or CreiinBa Jftidahd Roflel g RBEERons S b Wb abharercn o
e, s e 8 o By ST eop R B,
inventign and its best node practical application, thereby to enable

ot hers dnterahapgeable ndth-gther steps in agler ta achievethe sametasyit. The erabodiment

enbodi nents and with various nodifications as are suited to the particul ar
use or .\WaS chesen andeescabedinordecty best explaimtherptingipiéssof thadnventiopandf t he

i nvention be defined by the -.clains appénded hereto and - their equivalents.
Ref er endts biest mode peaaticl application, thetebyto ienabletothévisakilied ih theraato one and
only one unless explicitly so stated, but rather neans one or nore

2P O A S R W% MRS
are suited to the particular use or implementation contemplated. It is intended that the
scope of the invention be defined by the claims appended hereto and their equivalents.
Reference to an element in the singular is not intended to mean “one and only one”
unless explicitly so stated, but rather means “one or more.” Moreover, no element,

15 component, nor method step in the present disclosure is intended to be dedicated to
the public regardless of whether the element, component, or method step is explicitly
recited in the following claims. No claim element herein is to be construed under the
provisions of 35 U.S.C. Sec. 112, sixth paragraph, unless the element is expressly
recited using the phrase “means for. . .” and no process step herein is to be construed

2 under those provisions unless the step or steps are expressly recited using the phrase

“comprising the step(s) of. . ..".



t he public regardl ess of whether the el enent, conponent, or nmethod step is
explicitly recited in the following clains. No claimelenent hereinis to
be construed under the provisions of 35 U S.C. Sec. 112, sixth paragraph,
unl ess the elenent is expressly recited using the phrase "nmeans for. . ."
and no process step herein is to be construed 20 under thoﬁfgﬁr%@i ons

unl ess the step or steps are expressly recited using the p )
"conprising the step(s) of..... 27 July 2005 -11 What is clainmed is: 1. A
mandrel for form ng an inkjet printhead nozzle plate, conprising: a glass
subst r ttethadaimea isop surface with a plurality of glass-forned raised 5
features extendi ng above said top surface and spaced apart from each ot her,
said glass-fornmed raised features including pillars having a top and side
wagl S; 1a n’eh?nahQV@ffoh]?dﬂmmgaarL iniget pn’gthemi hgzzrte@latlemzerrmisambp surface
an a second portion formed above said raise eat.ure W t id_first
portion coArdeseaulitraeshayng & tarisWoets H’ht,?' %H&Jrfﬁjy%oﬁpas&!{glr %%d?r%/ééé;os

f or gred ' ' irfs@ dnasbaked apart foeh eacivetherg saa d t op
andg‘sai B%aq%% éﬂgﬁdﬁngY]@?gﬁds%Z%r{'ﬁe mand?_el of bcl ai m_é wherein said
first ptassifonmed reasat faatures iaghiding pillass &gvI9 AiteR a0t A8 ¥IFd portion of

said netal | [ I : i | t8p fdUrsdcdanid on
and said se@gﬁ%tg!)E%%nh%?%ﬁwsﬁﬁﬁlﬁa%%%g%% ?gﬁfhepshe{pe of said
gl ass gulstdrd @orfion e ni@d &Rlveosaiel Faised feheneds) withdsdidrftstpportion and
said second portion of _
connected with said second portion; and
10 a dielectric layer formed above said second portion of said metal layer and

covering said top and side walls of said pillars.

2. The mandrel of claim 1 wherein said first portion of said metal layer is
integral with said second portion of said metal layer.

15
3. The mandrel of claim 1 wherein said first portion and said second portion of

said metal layer conform to the shape of said glass substrate.

4, The mandrel of claim 3 wherein said first portion and said second portion of

20 said metal layer are directly adjacent to said glass substrate.

5. The mandrel of claim 1 wherein said dielectric layer conforms to the glass-

formed raised features.

25 6. The mandrel of claim 5 wherein said dielectric layer is directly adjacent to

said second portion of said metal layer.

7. The mandrel of claim 1 wherein said second portion of said metal layer
covers said top and side walls of said pillars.
30



20 said netal layer are directly adjacent to said glass substrate. 5. The
mandrel of claim1l wherein said dielectric |ayer conforns to the gl ass-
fornmed raised features. 25 6. The mandrel of claim5 wherein said
dielectric layer is directly adjacent to said second portion of said netal
| ayer. 7. The mandrel of claim 1l wherein said second porti %n % id netal

| ayer covers said top and side walls of said pillars. 30 Hpu ?@%2005 -12
8. The mandrel of claim 1 wherein said dielectric |layer has a thickness in
the approxi mate range of 3500 to 4000Z2angstrons. 9. The nandrel of claim1
wher ei 8. sai Therptaidreaperlaimsl avhereinksaid sliglactrielaysr hpprootligknessriadye of 0.5

to 1.0 mcrons. 10. Th re claim 1l wherein said-include a base;
with a2PRISXIMpEHEINge OgﬁgﬁagP 4@359%15%'“3? amet er .

9. The mandrel of claim 1 wherein said metal layer has a thickness in the

5 approximate range of 0.5 to 1.0 microns.

10. The mandrel of claim 1 wherein said-include a base; with a base diameter

greater than a top diameter.



