v]"e3ezUzRI (F6| T8>(1 ) TITLE - 1 RE-USABLE MANDREL FOR FABRI CATI ON OF

| NK- JET ORI FI CE PLATES (2) C~t OSS- RE~FFER~NCE TO RELATED APPLI CATI ONS None.
S (3) STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR Non. ,o0 (5>
BACKGROUND OF THE | NVENTI ON *G0O0O02* (5.1 ) FIELD OF THE | NVENTI ON [ DOO1 ]
The present invention relates generallyy_to ink jet printhead fabrication
end, nof® Iﬂ&ﬁfi cally to making a re-usabl mandrel to electroformorifice
sheets with a defined, tapered profile. ~s (5.2) DESCRI PTI ON OF RELATED ART
[0002] The aRE-USABLE NANDREIWRORIGABRICATION OF WNIKWET QRIFICERLATESTE! ci al
products such as conputer printers, graphics plotters, copiers, and

facsi m (2) CROSSREFERENCE TO RELATED ARPLICATIONSoduci ng hard copy. The
basi cs of this technology ere disclosed, for exanple, in various articles
in the Hew ejbpgackard Journal, Vol. 36, No. sO 5 (May 1985), Vol. 39, No.
4 (August 1988), Vol. 38, No. 5 (Cctober 1988), Vol. 43, No. 4 (August

1992 I 1994
ed?ti)z)n . gg&%ﬁ%@ﬁ%%k@%@%ﬁ%% oy 6§FlddﬂrH.yT. Tazjb in

Qut put Harrlcopy jsrcj Devices) chapter 13 (Ed. R C. Durbeck and S. Sherr,
Academ c Pr e@%San D ego, 1988). Also, nmany publications describe the

R e g e AR

None.
|
®  (5) BACKGROUND OF THE INVENTION R WA
(5.1) FIELD OF THE INVENTION o000zt
{0001] The present invention relates generally to ink-jet printhead fabrication

and, more specifically to making a re-usable mandrsl to slectroform orifice sheets with
a defined, tapsred 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-jet technology for producing hard copy. The basics of this technology are
disclosed, for example, ih various articles in the Hewlett-Packard Journal, Vol. 38, No.
20 5 (May 1985), Vol. 39, No. 4 (August 1888), Vol. 39, No. 5 (October 1988), Vol. 43, No.
4 (August 1892), Vol. 43, No. 6 (December 1992) and Vol. 45, No.1 .(February 1894)
editions. Ink-jet devices are also described by W.J. Lioyd 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

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



enpl oyed in the fabrication of conplex, three-dinmensional) silicon wafer
substrate structures; see e.g., Silicon Processes, Vol. 1-3, copyright

1995) Lattice.Press, Lattice Sm conduccor Corporation (assignee herein),

Hi | | eboro, Orgon. Mreover) the individual steps of such a process can b
performed using commercially avail bl-fbcicati on machi nes. The use of such
nmchi ns ampleysdiodheé fabrication of compiex; threerdimensional| silicon waersubstrete
hereinafter es sinply: in known manner." As specifically helpful to an
under st gtrdctagss) beb #og.p Sisoh Processs Vol. 4+ copyrightc 995C hattice Presy, L attivec

di scl osed herein based upon current technol ogy; future devel opnents in this

art may s%ﬂiiéoﬁdefm&mtfrgefdtfaﬁaadbﬁaé Rerdis), filsberd, ORRoAP Mer8Blerl thePne

skilled in the art 003] The State of the art is continually devel opi ng
to inpr ; | f ?"ﬁ 'Eﬁ’d Rl NO

I ntrinsi cﬁ'éﬂgnﬂé?geﬁ%ec %Efbg"g‘%y rIErE nt 9 ;')1?' gguc %d\/héhgf:#‘ vae@ilg?fdnt

densi ti of . 0 dot s- - ] " ) LRV } Ot. | conpar abl e
t o>t he ﬁ@'@@&%&&‘ﬁ)@ﬁ Q@ghgﬁg{%ﬁhﬁmnﬁgbﬁﬁﬁﬁnﬂ{aﬂh% %tééhnol ogy has
ben enployed to duc recision conponents sSuch as orifice plates, fine
reah” | iedhoiayes i Bp efared B RerRibaRALRS BB B knavnabeaners B8] For
exanple, ink jet pns can utilize an orifice Iaterg,enerally. formd on a

t hi n-f i IEREFHCAllyhelpfuhio an Haderstanding ef thp presant invarkion, aprroximate technigaln a
conductive film Non-conductive discs are defined on the surface of the
conduct idata anel dis¢losedibersimbased upon:cursentiteainclegy; futuce develapmenisrindiis.
Cenerally, the discs are about three za tinmes the dianeter of the target

hol e si aet maycéll foy appréprist&adjustrvents asAvayld belapparerititd enefskilleddh ¢ ardf or med
ink jet nozzle is described by a relationship between the exit bore

dianet e[Q003}~e, t The stutd of thepar is cominualiyl develogingdgiimpioveithequality dPtise and
the thickness) T, of the electroforned sheet: Due, = D~ - 2T Equation 1.

- 3 Theurdamdritdl dot#Rathik feier 6 pRrting iRtringRY tBfink-jet téchNoldty. | Cdvéritroducts
el ectropl ati n8 paraneters (current, timng, and the like) for formng an

il i rRYFaEnRed BrinfRaifes of TAUFICHERI-IGH CORY) crlbying AP qidHy ™" <
Vanut ac COTPREAS 18 Bhre End b BRI e, FARTRAH Bi-Frkleghbhoy nes,

decreased orifice dianeter if the thickness of, the grifice ate increases
over th 9&F§@%¢&JM'PQHE%P’?%%F°’@HQ"@%§@HP@ a§f°'g"ﬁ° Pt ine meshink o
MAKI NG | NK JET COMPONENTS is dscribed in U S. Patent No. 5,560,837) Cct. 1,
1986, byilters,apd the:like, Jarimktjet prindheadson assi gnee hrein and i ncor por at ed
herein by reference). Trueba shows a process for fabricating a thin-film
struct uf@Q4i ng aFor examplecink-jeLpens carcutilizefan arifics: plate generallyformad on ai ng
having a central pillar, is forned of a conductive material on a surface of

t he subghindlim mendrébt Themigndrereanicahsist bf ayldass platerootted witlva cohduttive
conductive material central pillar by exposure through thestransparent

mat er | alfim ~NonQYélcrd 'béﬁr%aéﬁﬁéa 6t thid'urfiice cfthe CERARLRL A rGRNdr el i s

t wo- di nensional, mminp that the profile e orifice assunes a curved
Eeggﬁse eLeZ‘n'flitﬂﬁg m&;%ggﬁgﬁg%@é | arr%tB Qﬁée é:)eﬁﬁgrayv’p@gh%y&g%a%@% a§| ﬁ;

t hi ck f L f R . ; ' t

st8ndar AsBInaHReL 87 R aRe rlecdizs BpPehg 3L EIGUREL IEG A HE Bloie ot e
i armet oot SP BRI nkiekiozai e esrabetby e salEtonshie ebveer e BERBer
bore profiles need to be nore accurately engineered so that pen performance
can be ¢§ameterd.,, the mandrel pad (non-conducting region) diameter, D4, and the

thickness, T, of the electroformed sheet:

Diore = Dpaa = 2T Equation 1.



- 4 (8) BRIEF SUVWARY OF THE I NVENTION [OD09J In its basic aspect, the
present invention provides a process for fabricating a mandrel i ncluding:
forming a first structure having a substantially planar slactricaliy
‘conductive surface having a plurality of electricalty non-conductiv mdrl s
associeted~first features affixed dietributively across said conductive
surface; using said first strudure, fonning a conplenentary second
structure such that Braid conpl enentaryy-second structure has a plurality of
second f &8e Qrifice 8igais & By cargfullyiqantrollingdbe eisstroplatingarameters second
structure, formng the mandrel having third features wherein said third

f eet ur es(atiient) dimihg,pand thedie)) for farmingeamarifice piatefarathermandrel. aTherefarep@or m
created using said mandrel. (0009J In another aspect, the present invention
provi desvarigtionda thedeoparariutersavill cirectly affectjthe sizei ofthe orifices) dveteover; litiai ng:
formng a first structure having a substantially planar netalized first

surface {poKeRarific®plététld heeddd, #tiie hecéddafy td intfeds®ahe URT size: t MaRufeRtlriry

across said first surface; using said first structure, formng a

f
conpl emegy Mcé@%rﬁﬂ@uf.ﬁ Hi%%tq{ﬁﬂnﬂr(]bgh}dé PRSIt &8%59@&‘5%?’3 drafrigiter if the

structure has a plurality of sco atures conp ntery of sal irs

f eat ures; ' | o Nolg1l ndrel having third
feat ur estmﬂ@gg#% %ﬁ‘% F?Igfaf @gﬁ%%éggggéﬁﬁeé'gég'gg)%lk%ﬁon and geonetry of
features_gaf .an ink.jet printhead to be f ' Ld mandrel . zo
[0010] | ig00sf || arQbﬂ@?‘g@Er?e an Wﬁ?‘é@ﬁﬁéﬁﬁémﬂ@ BT an i nk j et
printhead mandrel including: a glass substrate having a plurality of glass
formed nGQMBONEDNTS isdeacobedinth$ JFaient N: 560887; Oft. s 1866l TPueba
construction hereon; a netal |ayer superjacent the glass substrate

conf or ni (apsignedde the commossassigneeherpi and mmqaqted%mg'e Hy-etarencdle net al

| ayer only on and conformng to said features. [0011 ] The foregoing
sunorer y Teuebatshowsangrotess far fabricatinigues thire-film structUreausing ladtrarsgpacent, obj ect s,
advant ages) and faturas of the present invention nor should any limtation

on th sceylsstrite.t Adirststritturensiich asnalring Havirigea 'centrallgillar, fsformed of a provi ded
in accordance with th nandate of 37 C F. R 1.73 and M P. E. P. 608.01

(d) mer ehdncf&naamdtéﬁa%fa BHﬁhé&of ﬁ@%dﬁ%frﬁteesﬂgsﬁbﬁt#ﬂsttrﬁ&%ﬁai ﬁmgf i?St ed in

the particular art to ch th i nvention rel at th natur o he

under st alRarRg 47tep gt Barkudtyd e o ller By sRedyy Bl

advantag&s of the 5 eéﬁnt i nvention will beconme apparent upon consideration
of the f FF%RH’HB“B {ﬂr ation and the acconpanyi ng drawi ngs, in which Iike

reference _designations represent |ike features thrqughout the draw ngs. (7)
BRIEF DEGSRBPTI ON GRNeTay. Fiaih ddee Fﬁcﬂ'ﬁ"&emtf%ﬂ@@"aﬂﬂ?ﬁﬁm imensional,

schematic depiction of a known manner el ectroform [0013J FI GURES 2A

t hr ough Dveaning thatiherprptille)ofdhe erifice 9ssumes;a cueved; shape whiletbe @leatia-i ng t he

process in accordance with the present invention.
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.



10014] FI GURES 3A and 3B denonstrate an alternative enbodi mt of stps of
the process as shown in FI GURES 2A-2B. [0015)J FIGURE 4 is a depiction of a
mandrel in accordance with the present invention as shown in Fl GURES 2A- 2F
(wherein D-"" corresponds to the dienter of the feature at the thickness of
the electrofortn grow ng around the fgature). [0016] FIGURE 5 illustrates

t he el e(@)r BRIEMSUYIMARYNOFEHEINVENTIQND| at e sheet 500 using the nmandrel as
shown in FIGURE 4. [0017J The drawings referred to in this specification

shoul d (ogospder stiawg bamic:aspdot thy plesem invantion providescptprotessferi fi cal |y
annot at ed. - 6 (8) DETAILED DESCRI PTI ON ~F THE | NVENTI ON [ 0018] Rfrence

i s m&def &ﬂir;q &'nidrldréOindiuaRee | foriinglefirst sdturdlh 8's0Bgtahtiamy plahan

which illustrates the best nod presntly contenplatd by the inventors for

L S AR o R oAby RS =
SR ChRRRS bt b RS A A 8 e o i

el ctrof grimd sheets fr.om which indjvidual ozzl e plats are, scribed and
Separ at B8t Stielyis, oo acomRIaTANEAY 3BfA e WP s R AR by o nchs. For
exanpl e, ach nozzle plate may have an array of hundreds of ,0 nozzles in

col unmsCmBlementary second stryaluee has arnlyrality of segend faatres complementany; of nch,
separated from each other by 11300th inch. [0019] Turning now to FlI GURES
2A- 2F, saiddirstdeaturesi@ndr i bed for fabricating mandrels with raised features
associ ated ink jet printhead nozzle plate manufacture in accordance with
t he pr easing sald/sevondrstrueturs] fogming theahandrekavirg:thindrfeafuress wherein daics wi t h
the ink jet nozzle plate on a glass substrate is acconplished by nmaking two

" par ent thingeredtures defingd shape, |ocatidhedndgebmetrofifeaturesofn elettrefdrmnal mandr |
used in electroformng nozzle plate shets will be rferred to as the chlld"

mdr el . ofdatetllisiRg Skl nBAdMIt h the father mandrel process, starting with a
pl anar glass subStrat 201 (comnmrcially available from Hoya Corp. USA of San

éhﬁﬁegs @E@lé‘f3?ﬁééﬁﬁﬂ‘%ﬁ?%@l%?%P&#ﬁﬁ%@@ﬂ%ﬁ@%ﬁfﬁéﬂmﬁmﬁt e

it or B K7 Hfnee niardiét ikl BRufiBla frBe oithurelitinsh bBAnRRRY ' .,
b dh . Jh . 203 | .h hi, o T

of " appr BIATREENE)Z8drscouTAsS AT & BLERU CEHPISsH B taatuse SigtByladt " 205

i's spun in a known maner onto the netal 203 |ayer. A commercial negativ

phat or e 8Cro8s saidfirstisurface; usingsaidfict strueturacierping / aomriememary saeond

enpl oyed; commonly celld a n~egativ rsist as unxposed regions are stripyd

i n subsetquetate st psuchiibat: seid complemsntany sesgad strectureshas aphdrality af@econd| ed
t hrough the spinning s process and should be at |east as thick as the

desi r edfddiirels eofplathentacy of sdid fiestfeaturess ahd ubihigaid Secordstructure, /iing B,
t he negative resist 205 is maskd 207 in accordance wth the pattern o

f eat ur egne MaRdrel ABARY tAIRA FERIORBSAhErBin ddid tHird feaRFESHbfind Shdpd! iGdation dAd
represented by descending arrows). The exposed region is dpJcted to with th
speckl edeGRatl) BPfeatirasof RISt brintiiad to DA WleARRImIed Ssinb MR rRnarg). resul ts
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 slectroforming 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.



are controlled by the thickness, the intensity of the light, and the

di stance between the mask and photoresist. Thus, the exposure steps can be
tailored and optimzd to a speck inplenentation. The photoresist is cured
in a known manner. [0022] As illustrated by FI GURE 2C, the unexposed
portions of resist 205 are ~s stripped fromthe netal 203 | ayer surface
203') | e 1jg a r Ebalforagoirigaummanismotinterided to be an inchusive letofalidber at e
with an array of pillars 209 of cured polyner) th pillars having a defined
posi ti ormspacts sobjpcts, advaritagds) andfeatuses oftthe predent inventien nes shouldanyor ned in
an orifice plate with the spacing and position defined by the spcifiication

of the gipfitation @nQﬁafsbsﬁe Bf eieeiﬁ%eﬁtmm fnﬁwaac{her@w@he TH8!SummmMas/ il ve resi st

can be used reversely, viz.) w a reversed mask, stripping away the

Eép? "To B i fccraiticd I Eﬁ‘ﬁsﬁ?%‘#?é%ﬁftf?gfi‘“?%ﬁéﬁé @ e next
P eure Si5teR HRTRe e bl Bk R dRre I §$'H1‘3ﬁ“*58 e poftbal e Y

et 24 m%%ﬁ@é?&ﬁn o Talates; e a"@yrwﬁﬂﬁmr&w@ﬁﬁ% B peasnielics

surfc 2Q3'; i T. Th iectrofortned netal she 21 |s rnoved fromth
fat her _ W AlMing regdy under#aﬂms of the patspbindutuge saan 85 Pbjeats,{agtures and
conpl enentary depression 217 fatures as shown in FIGURE 2E. s Th

el ct r of @dventages af the-presentiipventionywillihesomerppasentiupoa comsideratian ofither or
added strngth and rigidity. [0024] The next part of the process is to mak
t he chi [follawing explanaiiarnand the accompanyingdrawings, irmwhichdikergfarémca ar get i nk
jet or~ce plates. Turning to FIGJURE 2F) starting with th nother nmandrel
22, a <esignatiorsitepresent liké featares thsugheuf therdrawings:-0 nel ting gl ass over
the nother mandrel. The glass will flow into the depression 217 features of

the not ey BRIEFDESCRIPTION OF PHEMRAWINGS/ M oven to het the gl ass nother
mandrl sandwich to a liquify the glass is advantageous as it renbves gasses

fromth ressi rmrgy i f Wﬁ% n the
fl owed 3?%1?3 Al tgﬁgﬁ%ve ?/m mel't I§ giggﬂ%glgﬂan&gth kngur |§'tﬁa(')eﬂt he

depr essi E%t@qm{jeatures may al so ~s be enpl oyed to this advantage. Next,
mot her &) are separated; the taper of the depression 217 features
and the adhes Ickel to.glass facilitates the se ararion of the
packed HOFLAI 215 FRSUBES 2R iiontB 2F & 3aniruiel, SEhemalic, cRebaeriolvays cc
223. [0025] Turning to FIGURE 4, it _can now be recogni zed that a solid
gliss cleiepisting theyRERcess i acorrdance,with thapresgnhipventiole t op surtace 401 is
nmetalized, preferably with stainless steel in a known manner as w th netal
203, FI 12A et FKBYRES 3A andi3B-deroonstrate analtamativeiamhadimentief step9ob t o
1.0 Nm form ng a superjacent nmetal 403 conforned to the shape and

di mensi dines prgcess as shown igIFIGEIRES RA-2Bandrel 401 piece's top surface 401
features. Again, using a photoresist masking process, child mandrel

pi |l arsyogfs) are FIGOREY Rogd C@pﬁmbfaa%d%ldﬁae&raaﬁ@a with!tké prégent

prefrabiy si'licon carbid, to a thickness in th approxi mate range of
35D0 «pd

0 Ll B e PR OB L AR gt
f Bur s 4%%*%@&%ﬁ%wfﬁie%%nq‘iﬁiefg%éﬁg@ivﬁ &%%vﬁ@“%%ﬂwsﬁys. cal feature
"2 eSS S RRSRE 4 EeFRRb1RS PTG e el it S
having a tapr angle O The relationship between the el ectroformthickness,
base di é@@t’-&ﬂng thedangdrel as shewn i E'GHREcﬂN in accordance with the equation:

,0 Due", = D", - 2TtanO
[001 7] The drawings referred to in this specification should be understood as not

being drawn to scale except if specifically annotated.



Equation 2. [0026] FIGURE 5 illustrates the electroformng of the netal
nozzi plat shet 500 using the child mandrl 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, dinensions, and relative spaci Iﬁ%‘of ,&éhe ~s nozzles. [0027] An

ai t mat | (8 BDRIAUER NESCRIATUON QF EHEMNVWENTIGNdrel is illustratd in FI GURES
3A-3B. In effect, it is an inverse process to FI GURES 2A-2C. As dpicted by
FI GURE 0018 posiRefecsnsteos onads sow hodelall te grpesific embadimeriofibe pressrdxposed
resist is stripped laving a nother mandrel 311 having a resist 205 having
an arr ainvehtidmothitioiliestrafes the dest modd presentlylcontemplates) bysthe irventors for

di mension, again represented as "D~,." (Note here that a negative resist
can be prfR#icig\Ré Filentiod! Altermiitive embiciinbARCereRiido badfly dédcriBe@dgy the
unexposed resist to | eave the sanme structure.) However, this enbodinent is
noge di &k t W ' ; as =X ause it
TS5 11 ppfdble,’ @ sHaAa'HD ckeftBad 1 1B TR Nl roftebdt oretarmBECISC 1
feature i - L1 | | L of the
prferr dc}rb%ébdélg‘r‘r%% P f é? argﬁ'éétggésdrﬁes*énv\%# 9 %ﬁ@gég %%?‘s@%f%ﬁ%& E{'ﬁ'&gs es of
illustr=tipon gnd _dscription, lt {s not intndd to be exhaustive.or, tp limt
the 1 nvRUNEHe8 Bozsie iade oid rapricaldd W PlacHoiimed Shedis FonbwRichifaiiyel

Cbvi ousl many nodi fications and variati.ons wi|l be apparent to

b ace | £ NP Blales Are.sertipd arilsdhsrated; A yRIRR shesl peRpuBR EPPLUBRIANE. | b

m ght be intrchengeable with other steps in order to achi eve the sane

resul t . iNFREsByHbHinches: FARexamelecpach nozxle plate may haveranamray,obundreds pfi n t h
principles of the invention and its bst node practical application, thereby
t 00 enabnezzjes ify eolymng where the nozzies have an grifice targeidiametarof 8:0006rinchyr
various enbodi ments and with various nodifications as are suited to the
parti cusapanated foomieachotiherdyy 1/800tinehpl atd. It is intendd that the scop of
the invention be defined by the clains appended hereto and their

equi val [U19] Ref eTamirgy Aéw 36 FIGURES 2A-2F! emetHvalib destribetPlor FabirReing t O
mean "one and only one" unless explicitly so stated) but rather neans "one

or NOr em; leai i i sent
i soi oo RIS S raigha rEatiRes aspctid BRACR printhBh LG piath Maritacify i 2°7
the Inme : ' | & A ' ' | owi ng
cl =i o ke BRARERED In reRbf Bbetia, ESmnG A e st Hab iR IR SsbEtRte ne o
35 U.S. C, c, 112, sixt aragraph, un] ess, the el ng, i s _expressly
81t cavitt g inkiat pardd pletf 2 20 ol subsiratesia accompfiehecy DekiBiteRei 1 i s 1o
be construed under those provisions unless the step or steps are expressly
r eci t ed"REIERG mangdrels, a statheromandesl ggdia,dnathen mangrel. The final mandreyised s
clainmed is: 1. A process for fabricating an ink jet printhead mandrl
char act & electiofoyming rnazzie pigtesshidets wilkbe refered te as thachilg” mandtedt antial |y
pl anar netalizd first 3 surface 203" having a plurality of dilectric first
f eat ur ef00209 di st Beginhithgawithothe fathied niandsel procéss; 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 stesl 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



s using said first structure, formng a conplenentary second structure
213(215) s such that said conplenentary second structure has a plurality of
second features 217 conplenentary of said first features; and a using said
second structure, form ng the mandrel 411 having third features s 405
wherein said third features define shape, |ocation and geonetry of features
of an i205 isEpuprin atkmewmn manher anto dhe o1etal203 layern A cammenciaknegative. The
process as set forth in claim1 wherein formng a first structure 211 is ~z
char actphdtaregistsuchasB08T dionyMicroCheimeQorpa bf Neptam MA, glamste embicyed] e 201;
form ng a substantially planar first metal layer 203 on said substrate; and

~s f or redremenly Caled hahbédtniﬁ redist! &€ Undxposid %glﬁﬁ@bt& StFipped irsutssaiqtient I st

netal layer. ~s 3. The process as set forth in claim2 wherein formng said
first f r Vel reBRH 205 is ééHthllBH througk the 8hin or esi st
mat er i aﬁaé 5@%9@@}?@8?‘@@%@&% al ﬁFjayer 3; maski ns sal gﬁ ﬁgﬁ)rem st

- arppi i Tl 3R A et oy hER 'R d%g.g% BeiRRS Bt Sl o=

featurea. - 12 4. The process as set forth in claim3 whrein formng a
conpl c ry ~cond z structure 213(215) is characterized by:

el ectroform ng a_second al er 213 on said first strycture and thereby
form ngicganij conﬂ%ﬂ'ﬁﬂé?}eé &éj%et@@mhﬁﬁ%é%lma%aa@ gé@ond nt al
| ayer s has a thickness grater than said electrically non-conductive

nandr el acepEdaNce with therpattarn phfeatwresio befaaned ane mcpm to light tgemerallysai d
third features 405; and r stripping said second netal |ayer fromsaid first
stn.t ctultraviobt,aJV:rneprm by descendingarrhws): Thexexpeseditagiontie depictedy: s
provi di ng a backing 215 for said second netal |ayer 213 for added strngth
~go and wityths speckfedsshiadirg nfs ésiemaven in photolithography arts cthetexpdsaremesuaitss as

set forth in claim4 or 5 wherein said formng the mandrel 411 ~z is
char act griel goprolldd by the thickness, the intensity of the light, and the distance between the
mask and photorasist. Thus, the exposure steps can be tailored and optimized to a
specific implementation. The photorasist 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 resuitant 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 spacific 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



~s using the conplenentary second structure, nelting a glass |ayer 223 onto
said second netal l|ayer 213 such that said third featurs 405 are fornd on a
~a surface of the glass |layer adjacent to and confornd to said second netal
| ayer second features 217. 7. The process as set forth inclaim6
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of glass-formed r~n~xndrel fatur$ 406 for electroforming an ink jt printhad
const r usheet21&isosamoxeddton thefather mandrel2t . -Natetthatthgiphotoresist pillar(e)
conformng to said featurs; s and s a dielectric |ayer 407 superjacent the

met al | 208havelfyrmisd cortiplementanyi depréssicral 7 featires s shown iINRIGUREIREl as set
forth in claim8 wherein said features are related to s printhead orifice
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strength and rigidity.
[0024] The next part of the process is to make the child mandrel which is
ultimately used for fabricating the target ink-jet orifice plates. Tuming to FIGURE 2F,
starting with the mother mandrel 221, a superjacent layer of glass 223 is formed by

10 melting glass over the mother 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, melting 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

20 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 ym, 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
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diameter, and nozzle exit bore is now in accordance with the equation:

ickness, base

10 Diore = Dpese - 2Ttan® ) Equation 2.
[00286] FIGURE 5 illustrates t'he electrofonn_ing of the metal nozzie plate 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 aiternative 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
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invention has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise form or to exemplary

5 embodiments disclosed. Obviously, many modifications and variations will be apparent

to practitioners skilled in this art. Similarly, any process steps described might be
interchangeable with other steps in order to achieve the same resuit. The embodiment
was chosen and described in order to best explain the principles of the invention and
its bast mode practical application, thereby to enable others skilled in the art to

10 understand the invention for various embodiments and with various modifications as
are suited to the particular use or implementation contemplated. It is intended that the
scope of the invention be defined by the claims appended hersto 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 regardiess of whether the slement, 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 eiement 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. . ...
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3 surface 203' having a plurality of dielectric first features 209 distributed across said
4 first surface;
5 using said first structure, forming a complementary second structure 213(215)
6 such that said complementary second structure has a plurality of second features
7 217 complementary of said first features; and
8 using said second structure, forming the mandrel 411 having third features

9 405 wherein said third features define shape, location and geometry of features of

10 an ink-jet printhead to be electroformed using said mandrel.

1 2. The process as set forth in claim 1 wherein forming a first structure 211 is

12 characterized by:

13 providing a substantially planar glass substrate 201;

14 forming a substantially planar first metal layer 203 on said substrate; and

15 forming said plurality of dielectric first features 209 on said first metal layer.
16 3. The process as set forth in claim 2 wherein forming said first features 209 is

17 characterized by:

18 forming a layer of photoresist material 205 superjacent first metal layer 203,
19 masking said photoresist material for forming said first features 209;
20 exposing said photoresist; and

21 stripping photoresist material not conforming to said first features.
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3 elactroforming a second metal layer 213 on said first structure and thereby

4 forming said complementary second featuree 217 such that said second metal layer

5 has a thickness greater than said electrically non-conductive mandrel associated

8 first features 209 and predeterminedly related to said third features 405; and

7 stripping said second metal layer from said first structure.

8 5. The process as set forth in claim 4 éharact_erized by:
9 providing a backing 215 for said second metal layer 213 for added strength

10 and rigidity of said complementary second structure.

11 6. The process as set forth in claim 4 or 5§ wherein said forming the mandrel 411
12 is characterized by:

13 using the complementary second structure, melting a glass layer 223 onto

14 said second metal layer 213 such that said third features 405 are formed on a

15 surface of the glass layer adjacent to and conformed to said second metal layer

18 second features 217.

17 7. The process as set forth in claim 6 characterized by:
18 forming a third metal layer 403 on said surface of the glass layer 223; and
19 forming a dielectric film 407 on said third features 405 superjacent said third

20 metal layer.
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5 and
8 a dielectric laysr 407 superjacent the metal layer only on and conforming to

7 said features.

8 9. The mandrel as set forth in clairﬁ 8 wherein said features are related to
9 printhead orifice size and shape in accordance with the equation:

10 Dbon = Dm. - 2Ttan®.



