EPx0 317172 Bl Description This invention relates generally to the

manuf acture of orifice plates for Ink. jet pens and nore particularly to the
manuf acture of a plastic orléﬁp%.p M8 for sa.thermal ink jet printhead. 5
In the manufacture of disposable pens ?or thermal | nk jet printing systens,
It has been one practice to enploy netal electroplating processes to form
themy&ﬂyi.ohnk ejection orifice plate of the pen to a desired contoured
geonetry. This orifice plate is also sonetines referred to as a nozzle
-phat e, Thizgnkbentioh eldtes gensrdily 1o theemarmitaetare \vbdrificesplatescior iblGetzpens gpd eorespltiguladlyi gned

Wt o tammeithetuteytr a glasticiorifich iplatm foradthesma ink (o pRhesdibst rate. In this structure, a
pé ur alin the mEhufeciee ot dispesdbleaiees foethermalitisielwrintingraystored. It pabieeen oneypracicentot h an

ass empibe chetabblentraplating prokesseskto fam theoauter k] ejestidnr esificevitiate Bf theyRen 1@ acdesladed

t hr comivredigesneiey. Byincorificryelate is alsnsorelimnes refrired i 95wz d!t% %wﬁ“ %ca'h/ Benk j et
pri wdhepiveht prsrad it pnd oregisslyaligned (ith @ jupdertying, thindlm e Mecture is

des @lrychi) 2 plugity of rogistive hWR‘i H\gntHangma" ‘ﬂ'ﬂ'i‘ed wih g f"’i lurality 5 May

1198esesswwedrp ow*aeﬂﬁm 'ﬁ Fi@? %Wess 'p i °e?8 "E‘ ey B'mth'

Jour %‘l st mc 9 tru r:é ot & °§W?’e’f

el & R seﬁﬁ rﬁu 8 Et . ‘?Tblﬂc%ﬁ 4:3&8:'! e to

C. 8 gt pidbes etde b (3 g@ Eg‘ Ther mal
waﬁﬂ b o et s 14 Chan et

k
Layel d_ " Pa

aP m .-titl 6}8\% L;%r Q'rﬁehﬁeﬁ |nﬁ’|Jattn?int‘hei¢ ABbﬁﬁ BBdngi Nk Jet
Pri MnGRERbY fied et b &QfBoMiWaﬁﬁtt 48l @ho, copenbiifglagpidatiincaie asigdddS86. Bot h
t he b @Risent Askighbeand QREAEINTEAEINRIGIrCIH lefdfoncd. & sEEorgI0akb 4tovd iscigaures ant
ass irgEE slaidiomilty process JaT mhrathelodigesa rRorbyound bers aiukel. orfice plgiei fori @n inkdett he above
di, s pliaisisd esdisslossel aat etlimgl dct.SoPaentNa.g878,083cdswed torJamesGf Beotssef #ign dur®onpound
Bor e, Mgk elbo eesipied dethp bmsent dssignemrand inkorpagatedihereinttiyaeference. di scl osed and cl ai ned
i N U. The Pestab piifichiplates diggiesed SGthe shove identified)rgieregces; ha®cripven bighly mccgpialieiite 23,
198Terma ks impeoyiod dnicaipction effeieneyr endenerformgacecand dn pdurinaricl Fayiatian weered dnkn by
r ef epreaslen thuptincrassingihe printhgag dfetimes Howeves, dtepe, el rifios; R'Pét’%%e@qvwﬂt‘h% ed

réf &p Epfasabiaenpdo ?‘W‘é Moy theriiuig déi “QBP 8°‘i“ fbgn 'M§‘° df"'cP rﬁﬂ’q‘\? ej ection
ef f PEREMNes ‘h'ar‘flff‘ f‘? ﬂte "' FIG“ '%s"i" R"d ‘Wie

cort Os/wﬁ . l r 0 e 711% iﬂ eo tn 1 fg mat al

ori 13 E nvom o gse ?ﬁ 5 0 8’: ®y Vi ew

t he vldg ‘bm

h%‘ﬁﬂ&%‘ &it?%n@%cﬁ%(re the
aSsq :& rﬁ e|n ! vﬁw% oo difcalgie Bid dLipgd 1 esti ng
and ?. madg.mﬁmé i prﬁiﬁﬁ&[ 4 aeeva.&aubns e s Bl T Phe
Pr eSenfng Q% brovidd £ kst oﬁ'c@%‘%@% rdld RS altﬁesw&déaeﬂbﬁa fmowrihat e and
Pr OGGsle - rﬁrec ridchIConfide bibie® MEY bEWURELR/ repriduBéctdt highl yieies.f | Ce geonetries and
sPaci NGsthe atidde ist tARGvidd] $ Gowd IR inkpRovied Plagie oriiceChiae vihich ehayasrdmidendstam et el
I NV @rigdsh@ af WhidhNvonicuegdive.30 Anot her object is to provide a new and
i pr ovie Grifigr a8 A ©BITHrovidle aSrioivGand Inhifrdved: plastia toefica Ipthtepef dltcigpe describbdibrwhidhi ng sane
wheingegral bander Ngygrs\may\bet fored eviti ah odtbruarificechyata for eisbseduend atidchméng toa ithiin e pl at e

_and resisiouorrsauizpleabenewy ohreraling subkiated Twa thetrequirementifor providing intenmediste pelymerng and
"6 abarrierilayars may be blisminatsg) ang the pyerall pripfhesd fatyicaion fostds reduced.i f i ce pl at e and

r el at €he pbevecbiectsf ‘ﬂh@’f‘%’eaﬂw&’f lﬂé‘d fqah" g his dﬂXP’é’B’I' é"a?ﬁ!f"&do%

or| PT°&‘§° Ph# daanpfagiurpe W%Fﬁsa‘m' mjpg ﬁ,fgﬂal P have r se
' '°'l$§’ft‘(9' '6 F "Efdr? FI "?‘ F”B' f° ?ﬂf h may or
P"‘B‘ opH t'° &Ef ) oL ‘::'9 t isto
E‘[ % | i ':%%iraiy 8 ' }I §'r tth ¥ &g, :oFggel for
u {p, e G ofB i toia nfaﬁf &Fmggw val ent energ)¥

ge“er Er?to?thus i ﬁnoh A %61%1 bERBEGNderkiB8d #Pib Wibiiind BdsBpiBbrat e
m%m any lafawings. | ayers rray e el I mnat ed and t he overall printhead

fabri ogduledaNAGRSIghi 19 INSERIC R G seimw%mem@mm fhe MNGusPrécRssePe whid @8t ages and

f eatpHigSoutih abddidande WiE B biefdirediéipoaimenty s ilvgntoe provi si on of a manufacturing

proc esxsguwglamhhrbml aHiee crbe fctionl vigwsictrgespontig & Figirés B61Handl @e tmueahmgl sed

secClined 2 ¢ Figare PA ©F @ty & dxarpivtfongne st tighas ¢A greidet ry whi ch replicates the

aesSi r eRbfekring @pw &l the corfesroadingeisomiiricyand trogs ektins tviees brfiguiesd gpll Atrespedtively.ast i ¢

pr ebalainiosd sicel sukstué ¢¢ iscxiatbd) ke thirclayes ot photorebistol2ghe welh krowpimpasier ahd bont act 45

- Wi t lacooidencrrenith [teachingsioh the alitveddantified cihan ploal paterd or sipplieations Ihe phatntesist 12 1se die are

pundhadmmmgwwﬂ@"qbpfmlihwmh@m'mﬁ uv P#P@?%?‘dfd@ﬁ'ﬁp&‘ﬂﬂﬂp{ﬂ?&ﬂs?sﬂyw cl osely
spaced and contoured orifice openings therein. Wen it is desired to view
fluid dynamcs and the Iike withis the underlying printhead substrate, then
one obviously would use a clear transparent plastic preformin the above
manuf acturing process. The above sunmmary of this invention will becone
better understood fromthe follow ng description of



50% the acsonpanying draw ngs. Figures 1A through 1H illustrate in a
sequence of isometric views the various process steps which are carried out
in accordance with a preferreg gﬁggqé t of this Invention. Figures 2A

t hrough 2H are cross section P esponding to Figures 1A-1H and are

t aken anng lines 2.2 of Figure 1A by way of exanple for one set of figures

1A 4 h% esistinask 14 FRCHAS by hH&cﬂ@W:h&;S} ds RIceed inGigaRP 4B Bt 2g50net.ri ¢ and cross
sect’ ?agnﬂ% ﬁ“&e?@trfc’hﬂé‘ Bﬁﬁ:t; e Bl ard 2B 96 PRA traveRirdd td a Thiokel NieBStorfingedtatibst r at e
18 | Syierfl £itstdutticedayonigof Inkieét Is 16ned MOthe gedfisty shbign inFigurened b 20 bramdimpanner and
IV aCpfVerbRMCHRfiod dpBnifgEAOAHich 36ime borlcérvicallyoxna theCiaask i14 hedbstibad indfurtrat detalitient  or
app! | e blicwd) iderftinéd DA ted Bliimientionsl Thé Bsel diahe dirwiartnask 14 Infthecoannenghpemeriables

phot ahé hikaDw PRk W overstke ouger el of tpaBask endingo daingsfbropthe canvesgent erificecepeniog f or m 2
EP O 1 Podevar, Blwith b loadecsiced ithwt theesingle lopeniig thisi merely Feprageritativg of ;plrelitpof as

i ndi capesinhsi whicFiutjoetely corrg8pend do 2 Bluralty of erifick ergeniagsy i the plasticoqrifies ﬁ? E@"UI‘B and 2B

i st Heved inragepsdancerwith theg"stamprioutk e "puickHrough grrege °g'=t"aﬂ g fpore det
first, Togstayetwe|infigues 1 EJ'F’ i 3 I’(’\QP Pl‘?df"bf "f‘ ’1"?1 F| gure
1C +“‘2'€!d t’?’ﬁ é’l‘%?lﬁ"ﬁ t°a‘“c‘t¥

Otg thln
o L e %% 2 aﬂftza A T iy e TS e

abOVe ¢ F\EH tob GE
he I Mg’prﬁaé'bg“:% i;tzo“.b kel & pla?z“ dana,emm %Zon&tearnd e of * he
5‘< h@ kff ”ﬁs ﬁ&%@ﬁg 14 o o R NuBsbadeRt priavBAtes . | t
édkripl erh%l %ueoﬁerﬂw& daslly SrigPBl Gwdy AP theIAGKNINhg ve of a

p' Ur iékklyqxia |£:9re£U Elgt%e%u ﬁésﬁ@%&)&pﬂ@d KCSIBPIRE nickel die (32 Whdl thetsyainles or i f i ce

OPEeNi {ghp silbbtrghd 'F) B! tiePdbly Goaty th& rdaGtart IS SrubiBrd K 6 gedribr® Ghdicled MCFIJuFkanE@navi th t he
"spange, out” or "punch-through” process described in nore detail below 10

The st r uRd e did12h Gigures 1FLgadeards (B& taliontd1& heap Stsleestation asindibetet iv Blgurbsit® t 0

I e D V4hd tAeewhdhoit @rfies ipitednupek a tkin el taisparert rplasticf discr24cbf mpprematehe .8 iheat ed

t 0 abwigknegscant thed ifsentedapimesn iwrmiechs of tgless 2foand28t lderd @ temparature of apprejiredtelyxi de

| ay er 2006C winkpressure abapptosivmtoly B.2Fx JO Wm? appiied:tn the 219, 22 phd ransparest plastie prefof ¢ | s

t hem 24csvms daicaisecthe cdntoured evesassection 3R ehiheydia 24 torpynchilroygh thedhin plpstie prefor® 24 ng

st at | and theaiy dormrtor PF@I'OWQ&%?O"M’%P' ifi§p-QRENING; 32 "é?"@(?laft{?f%?f?f@oe"t‘ﬁ‘"a 3?‘?’1‘1"6’?( ness of

appr ofiguiest il apd 8. 2 [err] Th|s second nlckel er s,’_’E (?‘ ' gures 1
E and 2fhe ﬁPﬁjmT!?dt“H@ gt pglice E‘t‘ 5@“’" é‘% gé fran p 8 é’}, e as a
separ%i‘!%rf*’% 39 Sfpstoguripge; h'%ﬂ" cRFRaC AT °pfs Pmawd e Ry 22.

Thé® selegia r rd§oB¥er or plating 22 I's the die for the subsequent pl astic

orifice fdo‘%m ng step to be described.- The nickel die 22 may be easily
strlp t he underlying nickel oxide |ayer 20 by the use of an
adhesd)rx uﬂa@‘y Rtl ed to both the nickel die 22 and the stainless steel
trate 10 thereby | eave the resultant die.structure in the geonetry
i ndi cat ggh in F| gures 1F and 20 2F. The nickel die 22 in Figures 1 F and
2F is then taken to a heat staker station as indicated in Figures 1 G and
2G Whghe=iotmihdiesf | 'St pl aced upon a thin clear transparent plastic disc 24
~of approximately 44.8 [err] in thickness and then inserted between two
Pi e eThiDibited pRSaIuBGVIRIBthowSapprioidingtel 212¢ nearf alasic dashing sygleriad fromdhecsiusfack of 19 and
pr es Splistic officapipte 34i tnpdbe leavidy £dlean cit@fr pdge 3P anthe buteud edge of the cerivergent orifige|
tr ansepaniegnd2.pl astic preform 25 24 so as to cause the contoured nesa
sect | on AB®ugf the nisag iplastizoprefermy g @18y ther ensiiynokigined: thioygh ?%‘tef‘i'," paopels 1194 and

t her elapsramnhsubsiatecnaierial vas1hady 28 faflevs dueny e ?qt‘iab’éd Hisy "PL? U0 astic
pr &5 ot tharefere represents B RAT phiepigasnily kop wnbaﬂ °§7—If°’ 'a" &t §par ent
orif ﬁg&%@ﬁ%rﬁégwgwd% ° bic pe o %E% L‘, ’f, in a

| as 0 | | rifice
BI at ezég"i rpé??we‘% 9‘ g‘m’% ' :’:ﬁ }ﬂ“ g '"'t'a ?)' gan@ agaistséeiss?— CF4
ang, 0 il

o mm i
mapirp?aigdjﬁﬁwoon%o &asL %fa{ela (1%5 slﬁ)%’) which were supported
by 2 mm meta] substrates (not shown) to control the ultimate preform thickness. Then a temperature of
approximately 200° C and pressure of approximately 8.89 x 10° N/m? were applied to these discs for about
2 minutes to thereby yield the final plastic preforms 24 of about 44.8 um in thickness.
‘It will ‘of course be understood that the above description of the formation of a single orifice 32 is only
55 one of many orifices (not shown) which will be simultaneously formed in the transparent orifice plate in
accordance with the number, geometry and spacing of a plurality of mesa-like sections 30 on the die 22.
Thus, the present invention obvioysly extends to the formation of either one or a plurality of orifices 32
arranged in any desired geometry.



tife = 2 mnutes. 40 This latter procedure wll renove approximtely 2.24
[err] of plastic flashing material fromthe surface of the plastic orifice
pl ate 34, thereby |eaving a &3%37@??# ar edge 36 as the output edge of

t he convergent orifice opening ough the clear plastic preform 24
may be easily obtained through comrercial channels, this transparent

subst 1 daRoddR}, Hel presem@veriiBiélR nasiinfited toQNéSfoialion g okt Gngﬁ:étbpid:onﬁdag’humolzm to

Pr aGhd Mgy Ritedd!Biplol BittRAhS @smpbing wRigeofetryedppioschrdispioessdmihe atove Bedrssct alt he

PF € $£8) tRalentk4805083 e alteriBiNbey the oubiar Inyer Migked gbontelry displowd tin the. abbyer identified

pol yonat Eain aiventicisSis fonvaing theadis 222¢k inmaly giher prefareblecgeometryp Whiee usingothe deibleoxi mat el y
25 Snayersildial prazagstth makehibe nickebdip 82, [tet rsespisections 3rwhnidhiecamer aostenpechdauble ey ass

pl atvesa sactibntydirh ecbid herchwrusedtofieimah {ntepmbmutti-lavet plastigdprrigrieyenend @Mﬁ@&@ur e of

3. 4%late ftracturp fstoilarctd dhet metal barer laxer anghmefaliorificejplgte 13'#’6\-!’8§ bad| 't!i@ta car bonat e
di s@bovefideptfipd SChpm et &1 invantiops. & thisclatter Alternative-emhe

CEE R e b

t he t@penp Then rature of approximately [err]
and pr'ﬂ‘grggﬁ‘@" tpblg‘%{) W‘ﬁ%%'%g'““é’yé@y°’°f‘%'$r“’ﬁ{9"%vere applied to these discs for
about 2 mnutes to thereby yield the final plastic preforns 24 of about
44.8 [err] in thickness. It wl Bakd8course be understood that the above
descrlptlon of the formation of a single orifice 32 Is only 55 one of many
orifices (not shown) V\hl ch w Il be si rrultaneously forrred in the t ranspar ent

g i e BRhEBE of TS il
pl uyal y of| mesa li ke sept i orm-;mgqn thp dloriﬂ.ccTBplcimhe pr dsent
Bt

|pvpnt | on ouw ou ) ext enfds_tof, plurality

of Priveces 132 arganged. |h'any?ﬂ_'“ e 1172 B1
AddLLgﬁgaLLJ iqu ' ";f” ) - - ] tion of only
si nyl teplconvergept nogzl es™& ftsteaﬂsqnyloy e|ther t He conmpound
bor e pr-oach - ok s oy ‘5buve—Bearss"E¢“%H*1Tﬂ§| Pat ent
467 0 or 4Iternaltuely he dnlbae | ayef_ni cksb. eonetr dlscnosed in the
aboy e gFIeTT 1"”?ﬁV§ﬁTF6ﬁS § g ‘€22 0r] in any
other refenable gédhe;;y : ; - _ dl process to
nake the nlcke d|e 22 the nesa sectlon 30 woul d becone a stepped doubl e
oncy i eceegsh ipnEn s iadl bidely tt'-theu in off b bl oot £ -1 ayer
p"foastk ?P glon %g{\%‘?’t i € %h g'rﬁ’ {aferiatwlch %dst 0 t he
L t(né% g&&t’oﬁ) b osQ& Q:Iaﬁﬁ QF@W e described in
' aggb nt|f|e n Inventions. In this latter

aI t %I ve enbodl ment the creation of the Integral plastic barrier |ayer
a‘;gd or| I ce plate structure woul d nmake possible the elimnation of well
know) RQlokésR for Idiming BRérititepiate Y &1 ink jof priieadivhich omgiises: SUCh as barri er
mat eri al § Jrvng d Methindle Rivingadisdd Sohtolied RonvitAiRnlesanbtiapdt sections rtmdmuites of t he
DuPont Qﬁéﬁ%ﬂrﬂm ceﬂib\ﬂo-f:ohielr apdcings Wild deficl dediratiBrogesporsiing Senjentecentey spaaipgo f
.exanpl e @lifice ofdningaiian ink jet orifice plate. Thi ckness
Dicanmet erb)dfingbiyi daidale iBoapbysivg! chbtact with a preform of a pregelected material and thickngss gp
150. 1 2(that ssid raised sectior® of said die punch through quApreform and thereby form conlt%edl 29
44. 8 convergent oriflcp ggometries therein, and 150.
44.8 ¢ removing said prefor diom paid dlie and exoping, '?‘Pf&‘ Bragrlasme raRlpaRe r°81‘?"‘t s
primari |ﬁasmwf@m@ﬂpt"sheﬂmmm6@%%9%0369“ asti c transparent non-netallic
ofSifice plate preforns, it ted cessing
any %r éfpfﬂ"?ﬁsr‘r%[tf‘et"l"ﬂwwpﬂh °"fi|’i'cfst¥"? F‘?élt?’m oa“t‘h pag%%?tg' OHg'%gh*‘hQaB fesost anpi ng
oper at Por} 2] c? ocJepos ng ar}pst CrJte"Hl rra?/gr ghesesb&tratg hg\MBBa %ﬁll’&'lty of protectively masked
sections thereon to leave openings in said first metal layer coricentric with said magked sections.
80 b) forming a second metal layer on said first metal layer and having smoothly curved convergently
contoyred mesas therein extonding into openings in said first metal layer to form a metal die
c) separating said first and second metal layers, and
d) using said second metal layer defining said metal die to stamp out openings in a thin layer of a
selected material to form convergent orifii-therein.

6 .
3. The process defined in claim 2 wherein said selacted material is a plastic.

4. The precoss defined in claim 2 wherein said selected material is a transparent plastic.
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a) electrodepositing a first metal layer on a substrate having a plurality of protectively masked .
sections thereon to leave openings in said first metal layer concentric with said magked sections.

50 b) forming a second metal layer on said first metal layer and having smoothly curved convergently
contoyred mesas therein extending into openings in said first metal layer to form a metal die.
c) separating said first and second metal layers, and
d) using said second metal layer defining said metal die to stamp out openings in a thin layer of a
selected material to form convergent orifii therein.
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3. The process defined in claim 2 wherein said selected material Is a plastic.

4. The process defined in claim 2 wherein said selected material is a transparent plastic.
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2. Procddé de formation d'orifices convergents dans une couche mince, pour former une plaque &
orifices, qui comprend les phases congistant & :

46 a) déposer une premidre couchs de métal par électrodéposition sur un substrat portant une pluralité
de sections munies d'un masque protecteur pour laisser les ouvertures dans ladite premi&re couche
méfailique, concentriguement auxdites sections masquées ;.

b) former une deuxidme couche de métal sur ladite premidre couche de métal, celte deuxidme
couche présentant des mésa A profil convergent, A courbe douce, qui font sailie dans des

50 ouvertures de ladite premidre couche de métal pour former un outil métallique ;
¢) séparer lesdites premidre et deuxidme couches de métal ; et
d) utiliser ladite deuxidme couche de métal qui définit ledit outil métallique pour matricer les
ouvertures dans une couche mince d'une matidre choisie pour former des orifices convergents dans
cette couche.
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3. Progédé selon la revendication 1, dans lequel ladite matidre choisie est une matidre plastique.
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qui deflnit ledit outil netpllique pour matricer |es ouvertures dans une
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