; fge3e_\I ("6T=C! _1_ 15 Decenber 2003 | NK CHAMBER AND ORI FI CE SHAPE

VARI ATIONS I N AN I NK-. JET ORI FI CE PLAT Technical Field This invention
relates to ink-jet printers, and particularly to orifice plates 5 that are
i ncorporated into the print heads of ink cartridges useqsi Be(t:g%ség ztbr0i3nt ers.
Background and Summary of the Inventieh An ink-jet printéer Incl udes one or
nore ink cartridges Coat contain ink. in sone designs, the cartridge has

di screte reservoirs of nore than one color 10 of ink. Each reservoir is
connected via a conduit to a print head that is nounted to the body of the
cartridge. The pri INKWMEEBMD@RWH&%VN‘E}AHQB&E dropl ets of ink
fromthe print head to a pN AN INK-JET ORIFICE PLAIBaper, that is advanced
through the printer. The ejection of the droplets is controlled so that the
droplets formt5 recogni zabl e i nrgeanical Fieldbaper. The ink droplets are
expell ed through orifices that are fornmed in an orifice plate that covers

nmost of the print head. The orifice plate is typigal bond an ink
barrier |ayer dhisinveptiomrelalesdo inkriat prigters. ?%fYBﬁﬁEé'&Fv'lVom %%ﬁjh&%ﬁ
chanbers. ch cha ' ' ' i{HAES uSeMin thosen 20 orifice
from wAi cﬁgﬁﬂei'%@%@ﬁ!@&iﬁngm‘%ﬁ%wﬁ%ﬁ'ﬁ’adr oplets are expelled
from an i Yfinedrgnber by a heat transducer, such as a thin-filmresistor. The
resistor i's carried on an insul ated substrate, which is preferably a

conventional silicon wafer upon whjgch has be i nsul ation | ayer,
such as silicon di oxi 5@9kgﬁ%“!3€§"é§+'m'§a%°g&£% sui tabl e
passivation and other layers, as is known in the art apd des,pri.bgd) for
exanpl e, in USApeinksét piinterintiales tne oromers ink-raskisiges tod! ¢ REk Bkence.

-2- 15 Decenber 2003 The resi.gtor is,. Cl i Hrifdoled th a

pul es of dN&ema '9'?,%&%ﬁ?.ﬁ"éﬂ%hﬁgﬁé‘:ﬁ%@n{*ﬁg}oﬁg@sﬁ% @?ﬁsuffici ent to

f orm gqvang b UBhiierd is" doriretatkviatdesraduit tha printheadith@biet t hr ough t he
assocﬁgt egﬁgﬁ?f [ cer?rdﬁ%g%gwgr%er is refilled afterpeach dropl et ejection

wi th ink trheantet dothe body ofhthescartidgehr ough a channel that connects with the
conduit of reservoir ink. Color printing on white nedia is acconplished by

using at toast _three different, colors f k- . fRoent a.

These three co|mespw?h°a§ lggpetrp@etﬁﬂl,ﬁ?%ﬁ@%r@g@rﬁﬁg %k grfﬁfrll ci ency

reasons, houeKghy téa printing medium, such as paper, that is advanced through the
printer. The ejecfion of the droplets is controlled so that the droplets form

15 recognizable images on the paper.

The ink droplets are expelied through orifices that are formed in an
orifice plate that covers most of the print head. The orifice plate is typically
bonded atop an ink barrier layer of the print head. That layer is shaped to
define ink chambers. Each chamber is aligned with, and continuous with, an

20 orifice from which the ink droplets are expelled.

The ink droplets are expelied from an ink chamber by a heat
transducer, such as a thin-film resistor. The resistor is carried on an insulated
substrate, which is preferably a conventional silicon wafer upon which has
been grown an insulation layer, such as silicon dioxide. The resistor is

25  covered with suitable passivation and other layers, as is known in the art and
described, for example, in US Patent No. 4,719,477, hereby incorporated by

reference.



separate supply of black ink is normally provided. 10 Print quality is
general ly inproved when) anong ot her things) one can pry control the vol une
-of the individual ink droplets that are expelled fromthe print head. Mre
specifically) print quality is enhanced in instances where the vol une of
one color of ink droplet can be controlled relative to the vol une of

anot her color of ink droplet. For example, to produceDecepber 2888, a 15
dropl et of cyan ink and a droplet of magenta ink are expelled to the sane

| ocation of the print nedia. A black dot is nade with a single droplet of
black ink. In order to ensure that the blue dot (or any other two-conponent

color) is not acceptabl y ' iricares of the
print head canuﬂ? @@g'@'ﬁ‘é&‘@%t%é" %&WW% op e?rri:gaéb&lfﬂt tw ce as
large as . péURRIBGOs sulficientdo folye ial vapanbubbigiran i nks.
O her irrptcgrwt?gﬁ? gggwa;‘c&gmi derations for inlfjié' et pri nterﬂ#onﬁgd;n what is
known as tiok nhmbenégggebmfom atiteglef threugh Pﬁ@%ﬁ?&rﬂ" - elt&t gy
required b | f ati ial ' RaifRwdinte theinount
suffici enthéf% v@%&?%%htﬂ\g%&rg‘r*gé%m@ﬂg a droplet of ink. It is
desi r algl e ghamtferthriughzechirmel Shat qorineats with the conduit okraspevaibidKat i ng

tenperature of the print head and avoid the problens associated with a high
operating tenperature,  such t he .creation ' Pﬁ% ' i nk.
7B 15 DecemberCaa0pRNGgMermBHia i Aecommichet by Uit Eieaft ik

respects t U%HRP t \ . [rRese ereblvolbrsacancrey Wit h
whi ch the m&%ﬁé%ﬁbgég e Hé’??ﬁvégﬁ??ﬁné s the frequency with which
dropl et s qromtbined to forirethe daloi black.s For effisiensytreasens,NewWevet. @hamber and
connect ed channel are cﬂo&é&gured in 5.a_a such that flow of ink to

refill theSepaEMBSUPDY @ E"&fﬁi’@ﬂl"ﬁ"\é?"%@@%‘?‘bl e bra that the ejected

droplet will not be affected by any wave action of the ink in the chanber.
One to neet W ' hdamonigwother things, randi t he
shapga%)f t he orFi’rﬁ}c l"silmylliﬁ changg?grgg.enfiwpﬁkgchangg.e I n gfhe ﬁ)aﬁgtn, the 10
barrier | gyecissly caritrohtheneolumenofdhe indivisuabink:<iiopigls ﬁ%ﬁ%&’(&g %f’ssi ngl e
| ayer) having a uniform depth acr.@ss,,t " ' :
uniyf 03 mjedqu%(ﬁ‘? Pﬂﬂéﬁﬁr&tt @P%§p§9ﬁ§€ egﬁpgaﬁﬁng? E%Paﬁ%ﬁééd;{r/‘e'ﬂg%eg result,
one inter Qgﬁ?ﬂe%hg'?@h{ﬁfé of ohb SoRdta milrdpiét calrcdesntrslled fetativectodthet her

| e 0 C

chanber wa angi ng the Ienrg;rh or width of the Iglhaﬁgr.

Lih kewi se)_mt md_ E:ffatnbtl'ierg:o?orzcﬁ inl_o?rophie zﬁi@mp_r le.coproduce 3 BIHg ribyd .

changing its diapeter ut. not i . ext ends e

opti ond f giroplet of EYa’bi'\'?ﬂ"q@é’#Qf@é?@ﬁgbgmang a?élé%ﬁ?#%dn@/@@défﬂect ed to a

re"or' 1 doBRidren HaTiRedie, I S gb e b 2 D o e okt o (o |
- L T

permit) i rinkhén erder tpensurenthati theoblyeddal fecany otheg t

desired, w der and | er an_.anot h C, . t t he

first charﬂfémnm'ﬁg&gwﬁ%hae%ﬂ?é?%’&%ﬁ%@%kdﬁg hetp Pégtca ghanber
b ' . i Ithe i t

ot her _cnis HEEBfed S Ra R K Tk Bl o R e e oy et

i nventigon droplets ptoducedifdethedcyan, yeliow andanagenta iBkSr ef err ed enmbodi ment  of
an ink-jet cartridge that carries reservoirs of four color sets of ink:

vari at ! ans” pr ovothed iapofina gk pott o IRRSTE ink It prrRrs odebr A MRS et
of chanber;g kneiAEelTn-oRBHEIgy ©F TOE.eFhis refers to the amount of energy
required by a resistor for heating the ink in a chamber by an amount sufficient
to create a vapor bubble for expelling a droplet of ink. Itis desirable to |
25  minimize the TOE, primarily to minimize the operating temperature of the print

head and avoid the problems associated with a high operating temperature,

such as the creation of air bubbles in the ink.



15 Decenber 2003 relative to another color set. For exanple, the ink
chanbers associated with the black ink can be nade deeper than the chanbers
associated with the cyan ink. A preferred nmethod for carrying out the
present invention uses a |layer 5 of photoresist material as both the
orifice plate and barrier. That material is end with el ectromagnetjc

radi ation (such as UV light) in a way3that varies) acros t%ée'g?eéa 29 the
orifice piste, the intensity of the radiation to thus vary the depth of

pol ymeric cross-linking that occurs in the layer. This allows one to

sel ect, via arrangenent of exposure-controlling mask(s), different sizes of
10 the ink chaghamber eéfill ﬁmosbhabedhnmnglfmtos@m spects tha-o nt ages and

features of the present invention w I becone t he

fol | ow ngﬂwohmﬁ Obihﬂﬂﬂ%t%B@@mmq thﬂ@' m%g%ﬁw scription
of the Draw rludge t hat
carries acﬂ}aﬁfﬁ@ﬁéﬁ‘?“@ﬁ% an or |cgﬁlﬁ’ﬁpm€ggﬁelbdd I n accordance with a
pref erredgg ﬁaﬁuhaitnehﬁkmmumnmmecmd msymetar@can figuediQed pl an

sSocit cawaytsuondnat towe inic ol Toe Ahaipher vedins etk ss Tosile | 13" 27 ¢
an enl ar 9oy 158 ofifdd Aot lifl ok beutibled by aag wasveladtion afithednk ime 3 - 3

of Fig. 2 gan rifice plate nade 1n accordance with a preferred
enbodi nentheadhdnmiserpr esent i nvention. Figs. 4 - 5 are diagrans show ng
preferred steps undertaken in nmaking an orifice plate in accord with the

Chowi ng_ anot hePramla weet I ARE:nSRH ussich Consludiaiongs fPmadiy™. 0 mde

in accord chainbers, dnd lﬂtbhahnelstedhe pasbr'uh%f Preferred
Enbodi rreant B%rﬂ&6§Qﬁk

reference to Fig. 1 a ferred Qg‘oodlm?,@;é1 of the
prosnio i nbaninrdayermwmhmmmbﬁfﬁm@'?é?m Haﬁc?é@' BNt ridge 20
i ncl udes asti c. bod 2 t I VRupifofmy sparately
cont ai ni néypbmv%ﬁmpégm%bnig%éiﬁé)9&* nttg?,agndnbl ack ink. The
pen body ,ﬁﬁ;@gﬂgetwagaﬁm(ﬂwmaﬁarhyeewswesuﬂum4 10 A print
head 26 is attached to the underside of the sno 24 Thetg |€ém§§€d S
fornmed wi irterested ia modifying the Sbﬁﬁ&\ﬁf@lﬂﬂﬁhm&ﬂ B Fe o the
printing w;glhmnted to changing the length or width of the chamber Likewise, one

15 orifice size could be changed relative to another by changing its diameter, but

not its depth.

The present invention expands the options for ink-jet print head
designers. The invention is directed to a method for making the orifice plate
of an ink-jet printer that defines both the orifices and the ink chambers. The

20 orifice plate is constructed to permit, in the same print head, one chamber to
be deeper (as well as, if desired, wider and longer) than another chamber that
may be next to the first chamber. Similarly, the channel delivering ink to the
first chamber may be configured to be deeper or shallower, as needed,

relative to another channel! on the print head.

25 The advantages of the present invention are best considered in
connection with a preferred embodiment of an ink-jet cartridge that carries
reservoirs of four color sets of ink: cyan, yellow, magenta, and black. The
chamber-, orifice-, and channel-shape variations provided by the present

invention can be made to one color set of chambers, channels, and/or orifices



As shown in Fig. 2) the orifices are arranged in sets of several individual
orifices: a cyan set 30) a yellow set 32, a nagenta set 34) and a 15 bl ack
-set 36. Each set has conducted to it tip ink color associated with its
name. Fig. 2 depicts the outer surface of the print head) which is covered
by an orifice plate 40 (Fig. 3) formed in accordance with the present

i nvention, and described nore fully below It is notemortﬂther% hg yer
that the term"orifice plate" is heredfter intended to mean & GRTT &@
menber that conbines 20 into one layer the orifices, ink chanbers (hence
elimnating a separate barrier layer)) and, in at |east one enbodi nent)
channels of the print head. Fig. 3 shows a partial cross section of the
print hea@la%ﬁ'e% dndlrist cdlerbt] imaian?&.dhembchmbﬁmwﬂiéﬂmh ng one
orifice 42 of the set 36 of black orifices and one or'ﬁééﬁgﬁi 8f the set 34
of nagentththksanZEMMTM“@MB&’%&% B9 hat has a
silicon base 50, which is preferably a conventional silicon wafer upon

whi ch haé“ﬁggﬂ ygrown an insulation |layer, such as silicon dioxide. As
described in the prior art, such -6- 15 Decenber 2003 as US Patent No.

4,719, 477) t heppréfatredimethod forearryingout the prasent inveptionMses iBdBYeuch as
Conduc | val phatoiesist ratpeekas Bathahe nice plkie ArechariBry Thit alGIEE L LY
56 that - rrged il bREEAEGEHE Fadiliion (A s BIGHIFITR Bl Al e
turn i s cqiees tfsareasofithie drifice (plate] thadntanisity Otﬂmi(ﬁf?l%ﬁlqﬂ tothugyvary

52 6F 1 hethedsanth o pob A orass-BRUNG MLz n fie BYpL cPubaloks e BOL one
of what @Mﬁé@@#ﬁ%ﬁ Sxpb8hfeEEbritRolfify rakENEKiolertajaes oft of the

substrat Ivation and "ot her sub-|ayers as descri bed,

for epaMPihe)ink ehanbBes, @ic. in tia Samprorifidecplate.f i ce plate 40 is a unitary
menber that is fixed to the control layer and includes for each orifice an

underlying ink _chanber fhat is, contin | Wil bé€ombhus in
fluid comuni c%@%f‘m&@fﬁtwg?ﬁ@ wsgg%ﬁ‘%ﬁgﬁﬁégpesent ative
“color’ ¢ fQibwiAg poridiPaithissspetificativarand thp, drawings.

repr esentgglgegbq'ggg{ﬁ%gﬁgnger ng(connect ed to the black-ink reservoir).
The resistors 52 are selectively driven &;\‘eaéqed wi th a pul se of electrical
current. The heat from t HBrletDpsedption ofthe; 89S0 vaporize sonme of 20
the ink in selected ones of the chanbers 60, 62) thereby forcing a droplet

through the asppgitasaterspéitive view of an inkjetcartridgesthabeamrieg @ Biffter each
droplet ejection with ink that flo into ih ugh a channel

t hat ti)nnlaeaéhm/iﬂﬂ wfmnle%m%"%ﬁ%&%Wﬁ?bg?g such "col or"
channel 64 _is [ ' : ted with the 25 col or chanber 60.

Anot her) meé’éﬁ‘@w&ﬁ%ﬁg%%ﬁi's S 0\?\'/?1 connected to the black chanber 62. As
wi |l be described in connection with Fig. 6) the ink chanbers may al so be
filled and ref Fld, edswharared plan eiew opaprinbhgad depidingAn at e 50 and

control layer 58) so chat channels in the orifice plate necessary
or provi dattangement ofope odfiee setsdbat WQ%@WA%%&Q”SG?%?%OQ@& cted in
Fig. 3 illustrate an_i tant asps of the present invention. Specifically,
i n order F%r"g&‘dpgg%c?ﬂ@%em consi derations di scussd above, the present

invention permts one to arrive at a unitary orifice plate 40 wherein one
(or npge) ink Flhpdisan diflargey dress sectional view of a print head as taken

along line 3 - 3 of Fig. 2 and showing an orifice plate made in accordance with

a preferred embodiment of the present invention.

Figs. 4 - 5 are diagrams showing preferred steps undertaken in making

an orifice plate in accord with the present invention.



5 deeper than another chanber 62 that is part of the sanme unitary orifice
pl ate. Put another way, one (or nore) orifices 4a may be deeper than
-another orifice 44 that is part of the same unitary orifice plate. In this
regard, depth is considered as neasured in the vertical direction in Fig.
3, fromthe outer s. niece 68 of the orifice plate 40 tor?&gcgngrs trate
48. 10 In considering the depth of an-6¢sifice) it is useful to consider
that structure in terns of an annulus) which can be described as the
annul ar portion of the orifice plate that surrounds the orifice and
overlies the sseosefsd chanber. As shown in the cross section of Fig. 3,

one "col or" anrmhus ie/8 crdssPsetionkl diagtam showingeandther praferredl at e materi al
t hat surrounds the 15 color orifice 44 and i s between the ﬁ‘g@}ﬁg lines 72
r'60.

that repr cambodiment opaprint bead and asiicerplialedmade i Aceordanee

Simlarly) a "ﬁl ack"i annulus 74 is depicted in the volune of orifice plate
mat eri al m%“ﬂﬁY%%e bl ack orifice 42 and is between the dashed |ines
76 that represent the upward projection of the underlying chanmber 62. 20
Wth reference to FipetallediDescrdptionof Rreferced Epphodinent nay be the sane
as or greater than the depth of another channel 64 in the sanme orifice

plate 40. Wien %?%MQ to-Hign 7 €h prefehreddmbddinient of thenpresbhough neasur ed
verti C;SPI y, IS ‘IR‘I’??Z% ed to nﬂggn th??jj'stance t hat the éﬁg&]ﬁéeextends above

the subst riaventioh iszanigd or anriok{ietreagisidgg 20 sThe aitidge Brifices and

hanmb t hat., | | | i i ' T infigfl that th
griafi g(ra: am%@msg%@@kc%%&gﬁggﬁ éﬁ?‘d é?]‘)? o] atﬁvarl etyamc ©
shapes. F%vﬁ?%ﬁ@%%f iﬂ&%?ahfyélmv,%aﬁd'me.MBlaCklinlndr| cal, the underlying

chanber cou square of rectangular (with rounded conmers). As such, the
annul ar or _8 15 Decenber 2003 annul us portion discussed a woul d be
somewhat frame WW&&'&SM%MD@WPMQB’ °ﬂ§ |§@§Kgé'd to be
limted to,a L] rH %s i34, PRe pHAL Readised t hat
as bet emﬂﬁ%‘f#ﬁgaﬁgﬂ%@r@% l‘E)r @E%ﬁﬁgéﬁ?%ﬁe IengtE as neasured

hor i zont al foymbd withcmintite afificas ffom whichsare ejedted inlcdroplats ontothenal to t he

pl ane of Fig. 3) could be varied. The present invention) however) is
concer ned prntingtmedivan.i ati ons in the depth di nensions across a single
orifice plate) as discussed above. This depth variability, either atone or

i nbi nat i it .1 abl . 1 i i & tly 10
enhances he. nAbRowR i i 217 Shficdt e drrdricl ixets BFSevalBPR, YO0 in o
a IPY{)I nt dhgﬁdmf@}! oﬁﬁ@é@maw‘@tr?, hqeﬂbMém_Sﬂepghamntg st 34pand o theh

conbi ned depth of the chamber and.its assogciate to the
Vol unelsor BiacepekEarh spbas pRadvciag A ife HICEE asseRtpd Wit o ' e
hanb ' i t ' j 1 | whiob i$ beverbd ft
chanber re'if@%é] ficéneﬁd q@é{ﬁ‘lsstnﬁ gdéai?sdrﬁﬁé' dfHe priht hedd, whiol i aredilyer after

a dropl et escription now turns to one preferred nethod

of making gn brfideplate40 (Fige 3piaed inaccbedanseiwithcthe presarbiBventili channel s

of various depths. Referring first to Fig. shown therej nt of a
print headanchdescsibedmore fullbetew. itisn y hprecngwever, ﬁ%&ﬁ??%ﬁrgr to

| et X i of th i : i t
Fhe: pr oduciontee plate: B herasiey iEeedlp riadh g dmitafy Aok haomBiRgs! ment)
phot orgsi Zihtd’@ﬁgldgréii' tofificts, irk erhbers (hunce eliminatinga sepatenbarmighs been

fabricated as describe above. (Alternatiyel éﬁ tég(i ori.f'ﬁe (?l ate could be
f abri cat edlaper)zanthineéloast engesebedimenhshaphalssl the pgﬂt) 82 abri cat ed
substrate.) In a preferred enbodi nent) the photoresist material 80 (Fig. 4)

25 conprises a gho. W i oEfHdprirtheadoze as éken alonghe trade
as SU-8. One ex@gp{ighpgjstﬁ%h%\?gﬁ%gﬁégﬁ??om I\ﬁroChem Corp,, . of Newt on, MA

and sol d ugges - Bhef Fign théreblyddeictirig one drifigee42 aptheset3eef blagkever, that
the orifice plate could conpri an nu r egati ve photoresi st
materi al s otifigesiangdHone pﬂ&@%ﬁi&%ﬁ@@ﬂ?ﬂgﬁ@&'ﬂ[‘ﬁgns after exposure to
-9 | 5Decenber 2003
25 The print head includes a substrate 48 that has a silicon base 50,
which is preferably a conventional silicon wafer upon which has been grown

an insulation layer, such as silicon dioxide. As described in the prior an, such



el ectromagnetic radi ation, such as UV radiation in the range of 200 - 500
nanoheters. The photoresist layer 80 is spun onto the substrate to a depth
D' of about 20 um Once applied) the layer 80 is exposed to UV radiation
through a 5 mask 82 that is pactned such that the photoresist layer is
divided into at least three different types of regions. Qng.L&@.2HdodCei ves
no radiation as a result of radiation-Btocking patterns 84, 86 on the mask
82. These patterns may conprise a thin layer of) for exanple) chromum One
bl ocki ng pattern 84 is shaped to conformin plan view (that is, as viewed

in direction parallel to 10 the&ane of Fig wi.th the d{gﬁrreter of the
rel ati vel yasUS PatentiNet 4,7 184 %%, the substgatan Wéés 8a¥er ¢ '8EBIYY pattern 86
mat ches, in pl view the di f ibh larsi Sl oundi ng
one bl ocki %Et %4‘@&'3@%%%1%???& gﬁgﬁé\{ e masllyr 82 for

attenuati 'W' hdUuctivh 1aY6rs 16 Waces ond flox olncuil 54 {Figad) thatisray 15 be,
for exanple) a tﬁfleg?/%r ofE ig?'grference filter mat?ri al %(r)ina t hin,

absor bi ng rhounteditothe extarior of the cartridga20. Thase Hages lefyng al | oy known

as incqnel s I Lvel i ' Rowhydi ati on
reache tr@ﬁ%&?é@?ﬂe%mﬁeP‘ﬁ‘ﬁ‘&f?ﬂﬁgwrﬁ@ﬁ'ﬁ%&%h nsi Pﬁsravéi):tion S
depi ct ed aghichn irhd¥eoffectsd[agby & ritﬂibﬂ-t.ypehnulli@rduct%)/\é&‘hﬁr om t he

bl ocki ng patterns 84, 86 and the attenuating patterns 88 the full,

rel ati vel ymigroprocassorafthe grintefe source radi ati on reaches the surface 68 of
the layer. This high intensity radiation is depicted by the arrows 92 in

Fig. 4. The ph | I : [ vellaydt, ng i n the

25 regions subf‘gg{l‘g@hagof%%éﬁgéﬁ?‘gﬁﬁ iﬁ| s&ggg??ﬁﬁﬂ? IS y(;?f)i cted as

the doubl endtabfberbienedto as résistors52 mecpartof what mayyhe eallectiv@ly ons

LR e et 24 he Sontra hyer S b BUSBHBAE R A nO L0 2 op

of cross-|inki Lb- ' le; imUS/Patent over
b%hgrzgi&%du@gbg s r|1éé,l11-ﬁ?.e, 58QgsBAbad, foPekample;i io

radi ation. ow intensity radiation is selected so that
the depth £719/47Fs- 11 nki ng penetration "D1" of the |lowintensity regions
mat ches 5 the depth of the annulus 70 surrounding the color orifice 44.

P L bl Bl e g et o
regions rrag,q%mﬁgg ﬂFPg&EPSIﬁ&% )Qn;?{g\gbggigpﬁﬂk'bhémﬁér thatiovontinupus ac

orifice 42- I'ng oresist layer 80 is next subjected
to hi gfs 10therdrifice] thusrindiuid commiunicatiop with the: esifices frige3 [d8PISES Bhr ough a mask

ur f ace Garaprosaniae oRIor Sgambar 0 LV RE U inaBnialRk (BYEUKE | 10
correspondgt atrgére%hfdlﬂggs'bw ¢RamBéer 62 (¢brinettad oithefblackeink her way) the

bl ocki ng pattern correspond in {)I an vi evv)mté t.he shape of the ink
Chalnberz Gféseﬁa)ir).li héa’_eslswvla Saﬁn‘gisyleawe W\«ﬁr?gﬂhﬂa el 1§ P ot on
enployed in this step is_selected to ensyre.t . - ' rs

t hr oughoutGIBﬁEICQh@WF@“dJ&%he@'frqrﬂt"ﬂ?léeﬁ'égf W@éé@@?@@ % hzriét% nﬁ;(afltljat i on,
such t hg r.egio [ ";ng r er for&iag aldropletxposure i s
conpl gf%, &W n?%&&%aé@ﬁefg?, Tor gkg%’pl e, 95 forQBO mpnut es) and
devel oped fhiowgts thievasyoctaned orificedd, 42. 20 renove the remai ni ng unexposed
portions of the |ayer) such as shown at 102 and 104. These unexposed

portions 102, 104 respectivel rr i htoorifice
44 and chamber &ghagﬂﬁerg%rqfﬁlg&@@%rPﬁ%ﬁﬁ@%}%ﬁg&e@?ﬁ |cénﬁg§g%wgﬁamer 62.
The devel o ar%{b&' tﬂﬁ)aqhﬁa BRahAsIthar édrineetsowvith ¢hel Goresponding esafyolr

I nvention, 1 ncluding 1n e sane nenber the variably 25 .s rifices and
i nk chanmbeokink. One guch “color” channel 64 is shown mfi:rlg.aZ?annecteg"a\RﬁtdthB

25  color chamber 60. Another, “black,” channel 66 is shown connected to the
black chamber 62. As will be described in connection with Fig. 6, the ink
chambers may also be filled and refilled via slots extending through the
substrate 50 and control layer 58, so that channels in the orifice plate are not

necessary or provided.



In instances where a channel such as shown at 64, Fig. 3 is desired, the
correspondi ng part of the mask 96 over the channel 64 is patterned with an
-attenuating filter to permit a mediumlevel of intensity to penetrate the

| ayer - 1S Decenber 2003 80 (F~. 5) and generate cross-linking to a depth
near; but less than "D' as selected by the print head designer. The
remai ni ng unexposed portion is renoved”sinul taneously withPesrmbaredffdsed
portions 102, 104 discussed above. In this way, channels of varying depths
in a single orifice plate can be 5 produced. Fig. 6 depicts an alternative
print head design wherein the function of the above descpibeg ghannels IS
repl aced with fEhsitwd chambérs 60,62 depictedin Fig 3 Hustratean ontrol |ayer

orovi da. T [AAREEL6Y iR espntvapton- Syitcell, Hifnet @ fiarads thd DBeRAT ;07
Lhe undev el ARerifisiie Micaiodilibvatheresontiabantih pemits enodo amiuaatt s 265

and 267 etcC o the silicon substrate 250. Thes cogguits 265, 267 are
connect ed d anitary oeifice plate di0ovkereimeane (erdaore)ink 8 r$€0MAYRE cartridge.

It will be,appreciate t heref or [ ' equire
channePs t rﬁ?ﬁﬂwﬁﬂ&hﬂr EW%B?%PQ%PEQQ? ﬁ@éﬁgwhﬁtﬂ ﬁfg;etearté'zgo i s
otherw se PitdRARGIWay, dhe{BRARdre Srificesca hay b deeperthenranetheramifiset h Fi gs.
4 and 5. I'l'e the prese

nt invention_has been describe d'en tgms of a
pref er r ed dhthadiispart of the same upitagyrificeiriates 1pyhisegatd, depthS v skiil that

the spirit_and, scope of_ t A | i | B {HrSGep MO NENt S)
but extenm?qqﬁﬂgga 'Qeoﬁﬁ"@%g '%&%élrgéﬁli@ggﬁgﬂli ?&l%!ﬂmts as defined in

t he appendgftaee®gsf the okficd pldle dortoaard tHessubstratedBnod of neking an orifice
plate (40), conprising the steps of: 5 providing on a substrate (48) a

I 80) of ph [ i al havi d

dept hil0exbosi ngnioeesisledng e Hepih alan oRise, i Hgel 1§ Baadig i), T1c °
ortions (% . f : t stribtekag theta depth of the
Ioayer in g“ﬁ%"l@'“é%s @ﬁ%’?gﬁﬂ%mg@é@'ﬁﬁo Holfléefignnul ar s;pgrtirr)‘ﬁﬂ?s gr eater
than the dssrién bPthe ofifive platecthabsurmbundspibetarifice anshexarties §i@ ts of the | ayer

that are surrounded by the_ anpul ar,_portions, f.her B/ t@o f«hgﬁﬁan orifice
(44, 42); asseciateshohaybenr As SB?WE,'" $ross Sk °rl'9§ 0. e PR e annul ar
portions i d pRitd Aiaténdlitharsurreundsahei on a
chanber (%ﬂ"‘&l‘?%%??%?h?? ‘E‘gﬁ’?ﬁﬁﬁ%ﬁ’?eﬁ ha?he orifice of that anpul ar
portiofs color orifice 44 and is between the dashed lines 72 that represent the upwa

projection of the underlying chamber 60. Similarly, a “black” annulus 74 is

depicted in the volume of orifice plate material surrounding the black orifice 42

and is between the dashed lines 76 that represent the upward projection of
the underlying chamber 62.

20 ~ With reference to Fig. 3, the depth of the one channel 66 may be the
same as or greater than the depth of another channel 64 in the same orifice
plate 40. When considering channels, the depth dimension, although
measured vertically, is intended to mean the distance that the channel

extends above the substrate 48.

25 " While the foregoing description concerns orifices and chambers that
are generally cylindrical in shape, it is understood that the orifices and
connected chambers can be configured in any of a variety of shapes. For
instance, even if the orifice were cylindrical, the underlying chamber could be
square or rectangular (with rounded corners). As such, the annular or



2. The nethod of claim1l wherein the exposing step includes the steps of
directing electromagnetic radiation (92) to the layer in a manner such that
‘the intensity of the radiation directed to one annular portion is 20
different fromthe intensity of the radiation directed to the other annular
portion. 3. The nethod of claim2 inclgging the step of 1F pMdeRb&Y 2808mSK
(82) for reducing the intensity level of at |east sone of the radiation
that is 25 directed to the layer. 4. The nethod of claim1l wherein the
removi ng steps include: exposing the entire depth of the photoresist |ayer

(80) in regions e r tqqg&;n? ﬁtmfﬁ qgggg. laim4
wher ei n th%%hﬁ@ﬁ%@%%cmg e s éﬁao dg\% pi ngfhteﬁe | ayer
(80) to r eI WEBIGHR; s wotintehtdd 16 bé)limifed foea pagtieular anpalar®rDecenber
2003 6. An orifice plate conprising: a base having an outer surface and
first and dmgshapahanbers 5 forned therein, the base being shaped to define
first and second annul ar portions, each annular portion formng an orifice

ext endi ng bet . A r Siifide%e ﬁ?ﬁb e first and
second c%arrbe\r,fl?%g@ﬁa&ﬁﬁ#‘%@“ﬁé@f@%%ﬁ@masuﬁg ro?nist'%g out er

sur f aces t Ocligithels: He fenigle (ad amsasured heriZontally iarfig! 3)rapbwidth {mesputpdadj acent
to the first chanber and 10 the sec Eg pgrti being aﬂ%@cen ﬁf)the second
chanber ; aiﬂcﬂmrﬂqfﬁ'@'(ﬂ@ﬁ?%l)@ﬂet‘ﬁ Q'i:?sqo"gﬂhﬁlvﬁf' o Pcma%g greater than
the depth (4, HREr, 38 Rn@brmRRviltPihe VargTidfis  iHe dépthldiinengiéRs of cl aim
6 further @gﬁ% 1" Si E’SFH; Fi rst an'g'%? seconc? c?hannel (64, 66), wherein a

first changebss a shnglooriicd plate; as discussad abowvesr Thiswepiin vatalifityc®#hRf channel
is connected to the second chanber . . .
alone or in combination with variable length and width dimensions, greatly
10 enhances the number of options available to one charged with the desl_gn ofa
print head. For example, the ratio of the depth of a chamber to the combined
depth of the chamber and its associated orifice relates to the volume of an
ejected droplet, the length of the tail of the droplet, the chamber refill time, and
the time required for refilling the chamber after a droplet is ejected. This
15 description now tumns to one preferred method of making a unitary orifice plate

that has orifices, chambers and channels of various depths.

Referring first to Fig. 4, shown there is a segment of a print head that
generally matches the segment of Fig. 3, albeit prior to complete processing
of the segment of Fig. 4. In a preferred embodiment, the production of orifice

20 plate 40 begins with a base layer of photoresist material 80 that is applied
over a substrate 48 that has been fabricated"as described above.
(Alternatively, the orifice plate could be fabricated on a mandrel, removed and
then bonded to a pre-fabricated substrate.)

In a preferred embodiment, the photoresist material 80 (Fig. 4)

25 comprises a photo-polymerizable epoxy resin known generally in the trade as
SU-8. One example is that available from MicroChem Corp. of Newton, MA
and sold under the name of SU8-10. It will be, appreciated, however, that the
orifice plate could comprise any of a number of negative photoresist materials
that become insoluble in developing solutions after exposure to



(62) -and wherein the depth of the first channel is different fromthe depth
of the second channel. 20 8. The orifice plate (40) of claim®6 wherein the
‘base (80) is a unitary nenber. 9. The orifice plate (40) of claim6 wherein
the base (80) conprises an exposed, baked and devel oped Iayer of
photoresist material. 25 10. The orifice plate (40) of claim®6 att%:t}ed to
a substrate (48) that carries at |east-84wo heat transducé 3
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Surrounding one blocking pattern 84 is an attenuating pattern 88 on thé
mask 82 for attenuating the intensity of the source radiation. This pattern may
15 be, for example, a thin layer of interference filter material or a thin, absorbing
film such as silver or a nickel, chromium, and iron alloy known as inconel. As
a result, a relatively low-intensity annulus of radiation reaches the surface 68
of the layer 80. This low-intensity radiation is depicted as the arrows 90 in

Fig. 4.

20 In the regions away from the blocking patterns 84, 86 and the
attenuating patterns 88 the full, relatively high intensity of the source radiation
reaches the surface 68 of the layer. This high intensity radiation is depicted

by the arrows 92 in Fig. 4.

The photoresist layer 80 undergoes polymeric cross-linking in the
25  regions subjected to the radiation. This cross-linking is depicted as the
double hatched areas in Fig. 4. More particularly, the regions subjected to the
high intensity radiation undergo cross-linking to a depth “D2" that is relatively
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0% & () 43 gh of cross-linking penetration “D1” of the low-intensity regions matches
5 the design depth of the annulus 70 surrounding the color orifice 44. Similarly,
the magnitude of the high intensity radiation is selected so that the depth of
cross-linking penetration “D2" of the high-intensity regions matches the design
depth of the annulus 74 surrounding the black orifice 42.

Referring to Fig. 5, the photoresist layer 80 is next subjected to high
10 intensiy radiation that is directed to the layer through a mask 96 that is
patterned to have blocking patterns 98, 100 that overlie the surface 68 of the
of the layer and cover the parts of the layer 80 that correspond to the orifices
44, 42 and annuli 70, 74. Put another way, the blocking patterns 98, 100
correspond, in plan view, to the shape of the ink chambers 60, 62.

15 As shown in Fig. 5, the high-intensity radiation employed in this step is
selected to ensure that cross-linking occurs throughout the entire depth “D" in
the regions exposed to that tadiation, such as the regions between the ink
chambers 60, 62. Once this exposure is complete, the layer 80 is baked (at,
for example, 95° for 30 minutes) and developed in a conventional manner to

20 remove the remaining unexposed portions of the layer, such as shown at 102
and 104. These unexposed portions 102, 104 respectively correspond to the
continuous color orifice 44 and chamber 60, and to the continuous black
orifice 42 and chamber 62. The development yields the unitary orifice plate
40 of the present invention, including in the same member the variably

25 shaped orifices and ink chambers.

In instances where a channel such as shown at 64, Fig. 3 is desired,
the corresponding part of the mask 96 over the channel 64 is patterned with
an altenuating filter to permit a medium level of intensity to penetrate the layer
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above. In this way, channels of varying depths in a single orifice plate can be
5 produced.

Fig. 6 depicts an alternative print head design wherein the function of
the above described channels is replaced with feed slots 264, 266 that are
formed through the control layer 258 (which layer is otherwise like earlier
described layer 58). The feed slots provide fluid communication with the

10 chambers, which are present after the undeveloped regions 202 and 204 are
removed, and associated conduits 265 and 267 etched into the silicon
substrate 250. These conduits 265, 267 are connected to respective colored
and black ink reservoirs in the cartridge. It will be appreciated, therefore, that
this embodiment does not require channels to be formed in the photoresist

15 layer 280. That layer 280 is otherwise processed in a manner as described

above in connection with Figs. 4 and 5.

While the present invention has been described in terms of a preferred
embodiment, it will be appreciated by one of ordinary skill that the spirit and
scope of the invention is not limited to those embodiments, but extend to the

20  various modifications and equivalents as defined in the appended claims.
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"10F10%& ()- 10z A method of making an orifice plate ()40) comprising the steps

of:
5 providing on a substrate (48) a layer (80) of photoresist material
having an outer surface (68) and a depth;
exposing the photoresist layer to define at least two annular portions
(72, 76) that extend from the outer surface into the depth of the layer in a
manner such that the depth of one annular portion is greater than the depth
10  of the other annular portion;
removing parts of the layer that are surrounded by the annular
portions, thereby to define an orifice (44, 42); and
removing parts (102, 104) of the layer between the annular portions
and the substrate, thereby to define for each annular portion a chamber (60,
15  62) that is continuous with the orifice of that annular portion. {

2. The method of claim 1 wherein the exposing step includes the
steps of directing electromagnetic radiation (92) to the layer in a manner
such that the intensity of the radiation directed to one annular portion is

20 different from the intensity of the radiation directed to the other annular
portion.

3. The method of claim 2 including the step of providing a mask
(82) for reducing the intensity level of at least some of the radiation that is
25 directed to the layer.

4. The method of claim 1 wherein the removing steps include:
exposing the entire depth of the photoresist layer (80) in regions
between the annular portions.
30
5. The step of claim 4 wherein the removing steps also include
the step of developing the layer (80) to remove unexposed portions (102,
104) of the layer.



10Z 10zl 810%Z&' () - FEMLOYZ &' () - , 510%Z& () - 310%Z&' () -Z&ZcZ[\]\ |\ aBmbCf f
"10@&10%& ()-s109% ()- Y10%&' ()-! 10%s& ()- 109& ()-

109 ()-|\\]JU ]]]dEbCif "10&$% 109 ()-!gl0%& ()-F 10%& ()- 109%& ()-S
10%&' ()- S109%& ()- |~FA"AA_dEnbCEf "10y/ 109%& () -- 109%& (11) -S

109&' ()-*10%& ()- ) 109%& ()- 9%0% (Y3 Normal" "Headi ng 13Pecemhsasazidig

23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] ¢c" "Heading 83]c" "Heading 93]c"A "Default Paragraph FontzFXh#+3;

DC: KPW " bdf hj | gpr, V@%\ﬂ%ﬁio xY!
J"&) J- 1F57@=‘ ?_ - NK T_ GHI JKLIMNOPQRSTUVWKYZ[\ ] _"abc6Ti nes New
RonmanAri al Courg bésélﬂd\'/imgmbulélﬂtswf&\ée dhd dinsteantd second chambers
I"#$UR () *+,-./0123456789: ; <=>?@ABCDEFGH JKLI\/NCPQ?STUVW(YZJ‘\& A “abcde
5 " formed therein, the base being shaped to define first ahd second annular
portions, each annular portion forming an orifice extending between the
outer surface and a respective one of the first and second chambers, each
orifice having a depth measured from the outer surface to the respective
chamber, the first annular portion being adjacent to the first chamber and
10 the second portion being adjacent to the second chamber; and
wherein the depth of the first annular portion is greater than the depth

of the second annular portion.

7. The orifice plate (40) of claim 6 further comprising a first and
15  second channel (64, 66), wherein a first channel is connected to the first
chamber (60) and the second channel is connected to the second chamber
(62) and wherein the depth of the first channel is different from the depth of

the second channel.

20 8. The orifice plate (40) of claim 6 wherein the base (80) is a

unitary member.

9. The orifice plate (40) of claim 6 wherein the base (80)
comprises an exposed, baked and developed layer of photoresist material.
25
10.  The orifice plate (40) of claim 6 attached to a substrate (48)
that carries at least two heat transducers (52).



