;rse3e™*[|.6T*=D+ | NK CHAMBER AND ORI FI CE SHAPE VARI ATI ONS | N
ORI FI CE PLATE Technical Field This invention relates to ink-je ] ,”

and particularly to orifice plates 5 that are incorporated into th Hm
“heads of ink cartridges used in those printers. Background and SumTﬁ a
the Invention An ink-jet printer includes one or nore irk cart

.contain ink. In some designs) the cartridge has discrete reser }HMW@W
than one color 10 of ink. Each reservoir is connected via a conduit

print head that is nmounted to the body of the cartridge. The print NP i s

controlled for ej eNKTHAMBER ANDORIRICE'SHAPE VARIATIONS nt head to a

printing nmedium such as F]PPRNII\FKIQFT‘GRM‘GE‘PE Tghrough the printer. The
ej ection of the droplets is controlled so that the droplets form 15

recogni zabl e i mages on the paper-'-e?"rﬁﬁ@aprlgaopl ets are expelled through
orifices that are formed in an orifice plate that covers nost of the print

head. The orifice plate is typically bonded atop an ink barrier |ayer of
the print headThisiaventigretelates dni tpnnw,iaﬂﬂ PmcdmlyﬂemlflcE@dme&hanber

I d f, f ch th k
i ol et 1 e ineRerSOeR Ry RE onity il ik Bhid g ol BBk "Chamber by
a heat trafs@dyser, such as athlnfllmre3|stor The resistor is carried on

an insul ated substrate, which is preferably a conventional silicon wafer
upon whi ch has been own an insulation layer, such as silicon dioxide. The
resistor is 25 cover gaaﬁkg'f?léﬂﬂ @ﬁﬁI%mﬁwyﬁtthéﬂnaﬂﬂﬂgﬂher | ayers, as is
known in the art and described) for exanple) in US Patent No. 4,719,477,
her eby i ncorpoAatirdd]dtbprintﬁrénGJudes one o mdredink eaitddges lnmtsdwtdmmw driven

h d h f el I f h
Sut 1 i el 9B oBRIaBS, e Fariiok 548 iSKRE FRserkain o Mors IR GRo 6PBInG o

dropl gf tBf:ﬁRQ*EaTcHQe%r%ﬁ'uélbéﬁné&tb&'viaaa cEH&Hﬁi@H??fnt%aBQﬁhﬂ ised after each

droplet ejection with ink that flows into t hanber through a channel
t hat conneustad mﬁhatb@dycnidhﬁcadtldg@ser voir ink. Color printing on white
media is acconplished by using at |east three different col ors of i nk:

N | b % h
cotor biack. £ elRPERadis, Fit st dor Srind in e trggiels B chigth Tag bl ack
i nk i s nopyif Headtb@prititthg redRinh, rHudHPa”é paper, &ﬂ@é‘ﬁﬂ@ér‘\c}bd (ﬁi’é@%ﬁd\é"he”

anong ot her things, one can preC| sely control the volune of the individual
i nk dr opl Rirdet.hkhe giestion oé the drapielmis pentseliad sothad thereplelsdormi cal |y,

pri nt efuawcg nfzagﬁpﬁﬁgﬁggﬂﬂeﬁgnces where the volunme of one color of ink

dr opl can to the volunme of another col or of ink
droplet. For exanple) to produce a blue dot) a 15 droplet of cyan ink and a
dropl et of magEm inkidreplatearxegidlied thmugmeommme thabazrreifonneﬂ imlaa print

nmedi a. A bl ack dot is made w th S|nle | et ack ink. In order to
ensur e t hefificerpiatg that eRyers mosd o) tha pent 'i'%ﬁ{ cg%QH 4 pl?é?(b‘i' SYH'C@"Mot

unaccept r font head can
be desi gat?(g%jégaétgg nt'ﬁg bgmz;ecrkgfér?@é S’Piﬂf ﬂ|é%&)a {:%S'\?\Apce Habg)q[?f arge as the
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 expelled 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.



20 droplets produced for the cyan) yell ow and nmagenta inks. O her inportant
design considerations for ink-jet printers concern what is known as turn-on
energy or TCE. This refers to the anount of energy required by a resistor
“for heating the ink in a chanber by an amount sufficient to create a vapor
bubbl e for expelling a droplet of ink. It is desirable to 25 mnim ze the
TCE, primarily to mnimze the operating tenperature of the print head and
“avoid the probl ems associated with a h#gh operating tenperature, such as

the creation of air bubbles in the ink. -3 Chanber refill times can be
limting factors as respects the overall throughput of the printer because
the frequency with which the ink chanber can be rfilled |imts the

frequency wit h TRe; '@ﬂ'sﬂ?rdﬁpéwhwﬁ dsiven {paategy with:a P!i'sﬁl(g@'q%ﬁﬁt ant that
th Kk t h t hat
[llow of | GTSAL P nRECRER| e rBORIRT: sPliRIEATE IdHH] & VabBr BBl aRLCT, | 70
t he ej ect &k chevpber, tharaby lfnm:irigea dfdpdetttbcbttgh ﬂmyamcmtmtbnﬁce ofThehe ink in

t he chanbey . e, nay, not ed onsi.derations is to
odi vt nEnampREiasetiedalBr paci Sicnisheleriinruieyis izt IRRSIAG el o 1 n°t he
past) ShecHE’mBSF erSﬁ t‘téycfﬂan!n | tiak Bnﬁﬁkﬁs‘mﬁﬁﬁﬁr n‘ﬂ%’it%ffrés‘fé”f%ﬁlr‘fﬁ? applied as
a single layer, havi g a uni orm ept across t e area o e print head. A
uni fornmdepth orifice plate was attached to the barrier layer. As a result,

one i nt er est edColorpsutingiangwhite madia és mcatrwlstthQMSInglaateasé threeanot her

[ v e, appeorecfieiat i 2 3h VoW oo Bhilndles st Riee EGcIRERRER o,

changi ng témibiied®fefm the toloPblddks F&@fhcieﬁé;?réﬂs@h@nhoww&nh' on expands the
options for ink-jet print head designers. The invention is directed to a

net hod f ofepaiRiensupMy obblackdek js nerenally pravided- j et printer that defines both
the orifices and the ink chanbers. The 20 orifice plate is constructed to

perm in the :

desi rie%l Wi derpgﬂ{c}&ﬁ'ﬁ%eﬁgﬁgﬁyﬁﬁﬁu %a%ﬁ‘toag?aﬁgﬁ'%?%né n’i&s{:éto the
first chapmtselyscmtmmhg volunge ohamautvtiﬁJaluﬂmmplemlthatcarblwcfbua@t chanber
may be configured to be deeper or, shall ower needed ative to

anot her cHamiBe Rﬂﬁ“hﬁédpMQ\fﬁ snesifically, prind ayalityris spbaneed imipsiancesnt

i nvention di ment of
an ink-j el carﬁéﬁ{? '&'ﬂg ﬁdf%;éﬁl?&ﬁﬁ@?ﬁ%%fﬁﬁ“%% QP P‘H?"%%F%%ﬁ‘%ewgf i nk:
cyan, yeIV@Iumemfdgmmd l?)erwlhdcbﬂlakklroﬂtbe Iéd)rae'otwnple, m;)prfodueealalué ddh,aatlnel shape
variation vi de esent |nven can be e to one col or set
of " chbbaplehel aian ik SRS AGIroRR pf ERGENIa Tk ara EMPEIRE IGHIA SISOl o set
For _examploBatid6t ihiprift IHEEaS ABHEK ot Rimatib il & shlgié birdglt Gdladle made
deeper than the chanbers associated wth the cyan 1| A'preferred nethod
for carryinkg Inotdertte epsaesetitat tha/blmeu dot (asasy athesyeo- @mﬁo@rﬂtoom)s isst

terial as both the orif Lo, 2pg. b That d
W th of cchaRsABRRBLF A e K Simbas 4pf aiices of SRt irad 3087 P osy

acr 0ss t g, AEGANGA sbiifaibfdidd iﬂk%‘r@gle eatidlit el ds Rirg éag th@di ation to

thus vary t epth of polyneric cro I ng that oc urs in the | ayer.
Thi s A | adveplateptaduseddot theveyanayeliowamdmhagéntavipikesur e- control |i ng mask(s),
different sizes of 10 the irk chanbers, etc. in the sane orlflce pl at e.

O her advanta and f at ur es of th rese ventign wil |l C cl ear
upon study of Q{Sﬁ@rfrgpprg s&ﬂ??'&?ﬁ%‘%“?ﬁ?g rs'BEé?tﬂ?r ?TSOCFP%?&" f”x\g?dravu ngs.
Bri ef Desisthetvg% n bheertargwgmreec' PhisYelets fo B @h%ﬁht 5ﬁeﬂé@ycof an

ink-jet cartridge that carr a print 15 head ing an ori e plate
fornmed i rrequu:axﬂ uaracfesmtwnfoahpaMgetheenjken‘acnhaMﬂrbyfam amqurd safficiemvent i on.

2 I h d f
Four ori 1P cbeB vt dusibie f @YpBlipd el dipieted ik cBR AesBbiZ T carr i od in
t he Cﬁrtrmﬂgﬁrze%e FiCRk, pirhariig o eMh#hidé dhé bperatm@abhfethturé 8MHY pantPr i nt

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

such as the creation of air bubbles in the ink.



along line 3 - 3 of Fig. 2 and showing an orifice plate nmade in accordance
with a preferred enbodi nent of the present invention. Figs. 4 - 5 are

di agrams showi ng preferred steps undertaken in naking an orifice plate in
"accord with the present invention. Fig. 6 Is a cross sectional diagram
showi ng anot her preferred enbodi mant of a print head and orifice plate nade
in accordance with the prsent inventi%ﬂ. Detail ed Description of Preferred
Enbodi ments 5 Wth reference to Fig. 1, a preferred enbodi ment of the
present invention is carried on an ink-jet cartridge 20. The cartridge 20

i ncl udes plastic body 22 that conprises liquid ink reservoirs for

separately con pd;j%g : i bk ta and bl ack
i nk. The pen bg'g’? irémgﬁrg%g%@ b Olfﬁilg@fehng'}é%tgﬁé'v\gg ﬁ%&?@r?dlg?%ﬁgnout 24. 10
A print htadugifputof dhe prihted because thenfilequenty with whichsthavink 2fhanibee pri nt
head is forned w.th, mnpute orifices fromwhich are ejected jnk droplets
onto the ﬁ?ﬁ?i'%‘%@}‘ﬁ%{he&egm with which droplefg capibg %wlfaae I&i8r anged i n
sets of s f Hadi inR'dHah s @ﬁ‘ﬁ 32, a
magent a sglé%@,bogﬁﬁ* tgafgﬁbﬂngciﬁaset 3%-@ ac c?gc'&n%g%%h%@e% tg"i’%t the ink
col or &ssawaytsththahflow of irdoto. refill the ehampecsettiod asautickdy aspossibleof t he
print hea l,ch is. cover by an.orifice plate 40 (Fig. forned in
accor dancgd W\gjﬁh? ﬁ@%@é@?fé{i%ﬁgﬁ? Psrﬁf'fe&fﬂﬁ’ &QEY WAYE arﬁ@é‘ %)JP?W'%'QI ow. It

I S not ewotHeldhangtser, however, that the term"orifice plate” is hereafter

I ntended to nean a unitary nenber that conmbines 20 into one |ayer the

orifices, ink chanbers (hence elimnating a separate barrier | aiy(:r), and,
in at |east orf@nensdutoraaet therrhaverroted dasigneansideratians is t9 madifhons a

parti al [ : ' | 3 - 3 of
Fro. 2) cHEshepeq g officd T Ehainb B potinRnatidl. MMPrattlie’s 7 Ces
and olte obartieckyé#dirowhichehe chambers worg torneadwas iapplied @8 albiagle i nt head
i ncludes a substrate 48 that has a silicon base 50, which is preferably a

convent i JA%E" SAViNgsHuGHare: deptraciase thenaeanidie griphhead AWRifM-on | ayer
v At T . ! . e oS
Patont QORI FREES BIA6 fras SuALTRE 06 Hafdrieyel! [AC afesom Bl (o= o0 1T

such as tiaterestethirmuodifying theasHaperof dnd cfamiberablative toatiotheteHdnybaronnect ed
by conductive [ayers to traces on a flex circujt 54 (Fig. .1 ) that is

(Fig. .
mount ed t¥a% h@'t@ét‘%Phﬁ‘Pg'ﬁg the, dength oF | o the ehamber. LieWis® GRhat e i n
15 orifice size could be changed relative to another by changing its diamster, 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



5 contacts 56 that mate with |like contacts on a printer carriage (not
shown), which in turn is connected) as by a ribbon-type nmulti conductor, to
the m croprocessor of the printer. Returning to Fig. 3, the individual
“portions 52 of the resistive |ayer) hereafter referred to as resistors 52,
are part of what may be collectively 10 referred to as the control |ayer 58
of the substrate 48, which includes passivation and other sub-layers as
"described, for exanple, in US Patent 4, 719,477. The orifice plate 40 is a
unitary nmenber that is fixed to the control |ayer and includes for each
orifice an underlying ink chanber that is continuous with 15 the orifice,
thus in fluid communication with the orifice. Fig. 3 depicts a

represent gl " col ar’ r o] eservoir),
and o r op P8 tofioMer dIENE £ SRR GHETHR arhBofPibred Wil

reser voi rthe bléek inksantte matd duepes tharcthevehamblers\ewsoCiated edth thet h a pul se

of electrical, current. The heat fromthe resistor is sufficient to vaporize
sone of RY&HBKi nk in selected ones of the chanbers 60, 62, thereby forcing
a droplet through the associated orifice 44, 42. A chanber is refilled
after each dr i ; ! i ¢ : hr ough a
channel that %Eﬁ%‘gﬁgavﬁ' ?ﬁag \r@ %%Wﬁ%gggméng%gtewpﬁ&g%’ g?ﬁgq 6’2 such

"col 05" ofphotoresist matetiahas bothihe orifice plate anddaniieh, That raatesial isr chanber

60. Another, "black " ch | .66 |.S,.sh . he bl ack. chanb
02 na vipPone B oleeEaPRReUR YT AR ToBY AR IneiAalesr < nmy
al 50 be Tadrb@sh/ktoa i thd Biizé Plats ahs iMEhSRbMhet R (b1RLS VB! T at e 50

and control | ayer 58, ) channel's in e orifice Late ar e "not
necessar ythedepitvof priymeric crosstlinkingwhal ingses i the laysr. ddyis allewss oneFi g. 3

Il i f th t ' ifically) i
or der - t o Baast IS RlrARkeRRRE oh Sredslie RoRLORNg (BE SRSk MR PR Reoh Bhsent
i nvenpi ONh@inR éivarABérst @%cé‘ﬁdih@séhe%rﬁiﬁbfpﬁtﬁ. orifice plate 40 wherein one

(or nore) ink chanbers may be 5 deeper than anot her chanber 62 that is
part of the sanme unitary orifice plate, Put another way, one (or nore)

orifices 42 méjtheeadeanipages andderiures obherpresentinyention willRgaoma t he sane

unitary i f LS, : L S SRS ured in
he. ver g fPridiger b follomigiidn of Bk spencafi) 474 Bk BRiRRE (7T |
plate 40 toward the substrate 48. 10 In considering the depth of an
orifice, it is useful toBeclefDeaseription oftheDrawings) terns of an annul us,
whi ch can be described as the annul ar portion of the orifice plate that
surrounds the i f isGeparpeeies Viedbof ARinksjePeaid b Had Ehries Lprinhown in the
cross section of Fig. 3, one "color" annulus 70 1s present in the volune of
orifilde peaddayingan arifice plate fermashinaceedarcecwith @ pefarra® 44 and i s

bet ween t i t, resent the upward projection of the
under | yi & ccﬁﬁEéEo%@gﬁF%ﬁtdB?%t{ozp"bI ack"™ annulus 74 is depicted in the
volune of orifice plate material surrounding the black orifice 42 and is
bet ween the d%’%@is'dn"@ﬁla? d?lah vigw ot agitint head tihgrdrej ection of the
under | ying chanber 62. 20 Wth reference to Fig. 3, the depth of the one
channel a@angemest ohious arifica sets thgt ara assaciatad with (@eipcaloss obimdt her channel
64 in the_sa ificge plate 40. Wen considering channels, the depth
dinensioﬁ?”ﬁﬁﬁﬁgﬁ%ﬁaﬁﬂggﬁTed vertically, is intended to nean the distance
that the channel extends above the substrate 48. 25 Wile the foregoing
descyppption CERf:@igancenlht raBsl seboTe Vibvi bBa paine head asakken cyl i ndri cal
in shape, it is understood that the orifijces and connected chanbers can be
conf i gur alengringny - 8fof ig. 2 aed ghewingap egfice-plate madamiveaceordangerwithe orifice

were cyl i i cal, . rleyil | d be square or rectangul ar
(with roa%gé@?%gr%rép@'% Aéﬁ%g@%@@%ﬂﬁgﬁ or _g_ annulus portion

di scussed above woul d be sonewhat franme shaped. The term annul us,
therefore) i sFiyst 4i-18 aredgidgtamd showing préfdrredhistepsturderiakennmoteingr i ng
shape. It wi|ll be appreciated that as between two orifices, chanbers, or 5
channel sanorice elae in aeeorAauthythadpriesentipvenlion, in Fig. 3) and width
(nmeasured in a direction normal to the plane of Fig. 3) could be vari ed.
The present invention, however, is concerned with the variations in the
dept h di nensions across a single orifice plate, as discussed above. This
depth variability, either alone or in conbination with variable |Iength and
wi dt h di mensions, greatly 10 enhances the nunber of options available to
one charged with the design of a print head. Far exanple) the ratio of the
depth of a chanber to the conbined depth of the chanber and its associ ated
orifice relates to the volunme of an ejected droplet, the length of the tai
of the droplet) the chanmber refill time, and the time required for

Y T . - o - o




of the segnent of Fig. 4. In a preferred enbodi nent, the production of
orifice 20 plate 40 begins with a base | ayer of photoresist material 80
that is applied over a substrate 48 that has been fabricated as descri bed
“‘above. (Alternatively, the orifice plate could be fabricated on a nandrel,
renoved and then bonded to a pre-fabricated substrate.) In a preferred
enbodi nent, the photoresist material 80 (Fig. 4) 25 conprises a

" phot o- pol yneri zabl e epoxy resin known generally in the trade as SU-8. One
exanple is that available from M croChem Corp. of Newton, MA and sol d under
the nane of SUB-10. It will be, appreciated, however, that the orifice

plate could co nunber of n SIS mat eri al s that
becone i nsol ublrpiﬁ iFs é?%;ﬁ%?&"@%‘ﬁﬁﬁgmsﬁg‘t’@tg %”SBBQ{JPI@ Q1o _g_

el EthaWa%?ﬁﬁédinfaﬁdbﬁh'pﬂﬁt hé&'&ﬂné%r%eﬁﬂb@ﬁéd@id ébdd?&aﬁ@é‘%h@ﬁe 200 - 500
nanorreters The photoresist |ayer 80 is spun onto the substrate to a depth

"D' of abdueserd imyantionce applied, the layer 80 is exposed to UV radiation
through a 5 nask 82 that is patterned such that t he photoresist layer is

divided into at lea | e region receive
nloVIradi altion as a r?set}%'pégﬁ)érga:fé oq'géfg |ng %ﬂﬁ@ﬁ%ﬂ 4) 86g|on t he rr:a\s{ks
82. Th tt t hi,n | f I h ' On
bl ocki Ag pat t eliBEelRteres QBsaéfb%ce;#%«a&%erba" o0t QUNPIRRESY, s vi ewed
in direct 'iernlﬁaﬁfPé b&tnett%lenW@ePbaﬂﬁdgﬁ 201 The’oantidda éduﬁcmo%et er of the

relatively small-diameter color orifice 44. The other bl ockin %rpattern 86
mat ches, iPlasiichedyi2lhat nhemprisesliquiddnk reserieschier separately £antatningoundi ng

o0 o YA bl B Bk b RS ARBARAG, o0 Lhe ek £2 Tor

for exanple) a thin layer of interference filter material or a thin)

absorbing fil mrheqierﬂsody 22/Wsh§pe@ t@lhdwlado\hnwardlmexmmg showt!aQy known
as inconel. As sult, a relatively | owintensi tKEannu us of radiation

r eachd@ tﬁepryurheade%‘s@ asfachad to fieundersideeidhe spouh2dnJiheyprinkeadiion i s

bi bk ng TIeR i e Btichs fickh hif e SlabeR IO BB b U

rel ativel prih1||1gtmgmimﬁs| ty of the source radiation reaches the surface 68 of
the layer. This high intensity radiation is dep| cted by the arrows 92 in

Fig. 4. The photoresi st ayer 80 under oes peric ¢ross-linking in the
25 regi ons sub 8 shewn;ip Rig.2, taaloa'tjl%%a el'ﬂf@ %SQtFrﬁﬁﬁﬁ&em& depi cted as

Ll SotccMAMBSBRETeidh Sothn b AAFedss AHBBENISNR pROFTS
"D2" t1Sat bleskiset 36i \aelch set has conducted to it the 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 invention,
and described more fully below. It is noteworthy here, however, that the term
“orifice plate” is hereafter intended to mean a unitary member that combines
20 into one layer the orifices, ink chambers (hence eliminating a separate barrier

layer), and, in at least one embodiment, channals of the print head.

Fig. 3 shows a partial cross section of the print head 26 as taken along
line 3 - 3 of Fig. 2, thereby depicting one orifice 42 of the set 36 of black
orifices and one orifice 44 of the set 34 of magenta orifices.

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 art, such



-10 deeper than the depth "D1" of cross-linking that occurs in the regions
subjected to the relatively | ower radiation. The nmagni tude of the | ow
intensity radiation is selected so that the depth of cross-Ilinking
‘penetration "D1" of the lowintensity regions matches 5 the design depth of
the annulus 70 surrounding the color orifice 44. Simlarly, the magnitude
of the high intensity radiation is selgcted 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 intensity
radi ati on t t NBC Q?érko is patterned
to have b|%§c1€§n$§t8§% ng ﬁ?q%fﬁigge% ﬂgf‘*%‘%g?‘??g@? %e' surffggg&ggé of the of the
| ayer and matesial,isuchme taptalomtaleminure, pations 62 of evhiels penindividually ori fi ces

44, 42 and 40, 74 angther way. the hl ocki a rns 98, 100
correspon&oﬁrﬁﬁgtﬂdaw G?ré ct@éﬁ%mgéﬂirggegﬁht%ﬂe)f ﬁﬁ%ﬁ%ﬂﬂé’ﬁsﬁg@‘,ﬂ@z. 15 As
shown in RFheunted tb ke Bik@iior B GitbtaAnridgI2@!t TROsE traLey estniRatelths step is

selected to ensure that cross-Ilinking occurs throughout the entire depth

"D' i n3t heContants §E thabmataiwith lika fontacieipatd printescamiage (nakshawilons bet ween

baked (at QT el is Bonngdieq, A<y AHRRDAY e B BBRAGHEY e’ CX00 .Y ohal
manner t o mkroprooyssoriof thieprnterng unexposed portions of the layer) such as

shown at 102 and 104. These unexposed portions 102, 104 respectively
correspond to &a; continuous color orifice 44 and chanber,  60) and to the

conti nuous bl adtetHMIng teFig 3athe individial poptions 22 atthe resistive layes ds t he
unitary orHd ; ey i I, nel el W the sanme
menber thé1 %%%égk?rﬁghﬁgﬁ?%%ﬁagﬁ? @%ﬁ@ﬁgﬁgggyﬂ?gﬁl{%t ances where
a charfel refeciedds ashtharcomtrobiyeFb§.of the substrite éd) which includaespondi ng part of

the mask 96 over, the channel 64 is tterned with an att ting filter to
permit a PEaRAIRFaR Alher sHasRYPIS af Jopeiech e rpmblpandiS Paeitey (Fig. o)
and gener gteigqpps-1inking to a depth nears but Less than "D' as sel ected
by the print Read designer. The renai ning unexposed portion is renoved

si mul taneously with the unexposed portions 102, 104 discussed above. In
this way, chand&ewrifice\plaigi4jiscepotaryimember thgitds tixed tocthetantrol layer be 5

duced. _Fig. .6 ict 2l t i int head i in.th
Punct i on’ GooneddBe B SeaRiBe L iasrbieg N Sraio JnS o B0 Ribe 264,
266 that MieofifieT®BuS I Mg tohitBusieaiorPithak@ orifiés Fiacdepicts®l i s ot herwi se
| i ke earlier described |layer 58). The feed slots provide fluid

comuni cateRyasantative fieolal chiaates 69 (cannected e the magentarnkliesep®@inndevel oped

regi ons 2 ' i y and 267 etched
into the gﬁ?%’%ﬁ@%ﬁf@%@é?%%?@%éméhﬁéggg@“%bkgﬁ@onnect ed to
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A chamber is refilled after each droplet ejection with ink that flows into
the chamber through a channel that connects with the corresponding reservoir
of ink. One such “color” channel 64 is shown in Fig. 3 connected with the

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.



scope of the inventionis not limted to those enbodi nents, but extend to
the-20 various nodifications and equivalents as defined in the appended

cl ai ns. 12 Cains 1. A nethod of making an orifice plate (40) for an ink
“jet pen (20)) conprising the steps of: providing on a substrate (48) a

| ayer (80) of photoresist material having 5 an outer surface (68) and a
_dept h; exposing the photoresist |layer $o0 define at |east two annul ar
portions (72, 76) that extend fromthe outer surface into the depth of the
| ayer in a manner such that the depth of one annular portion is greater
than the depth of the other annular portion; 10 renoving parts of the |ayer

that are surr owmaghaﬁgewIf%?ﬁ%%%yq@?q%;mflggwetﬁ ?ﬁ &ngan orifice

(44) 42) ; and renoving par ayer en the annul ar
portions aaspecheof thepresentdnvantione Spacifiasdly ineorter tocaddreaa tiv designrti on a

harb 60 hat i i i t h | fi h |
Sortion. | Tnsicealioti dinusean aiysnine iageut iveTton ARudis ga e AR des « ne
steps of Cﬁﬂﬁﬁéwf@ﬂifi@bWtéqmﬁﬁ%irpoﬁélfﬁr&hb@) inPeharmBetd €0 hebe i N a manner

such that the mtensM% of the radiation directed to one annular portion is
di f f er Snt deeper than anetbaschamber 62 that isipart o theisamet unitary orifies platr annul ar

(82) 20 ot ELRYRFMAY, cBle G BidfbrofiEnd? By adoiet BanBiiahiotfedo:  on
that is digsetaeis part bhthel Qies unitary Grticepldted Inthis |rég'f;aﬂd.1 depgiigin the
renovi ng steps, i nclude: exposing the entire depth of the photoresist |ayer

(80) in r&@nsikiorestasseansured Khifa vartiqad direelien indigs3, free tieaiitet cl aim 4
wherein t hs@,,.,ragg%\él mhébﬁﬂ%% [a?&4br1§\%gﬁh%5§5b§gr?% Qé. devel opi ng the | ayer

(80) to renove unexpose I ons he’ | ayer. 13

10 In considering the depth of an orifice, it is useful to consider that
structure in terms of an annulus, which can be described as the annular
portion of the orifice plate that surrounds the orifice and overlies the
associated chamber. As shown in the cross section of Fig. 3, one “color”
annulus 70 is present in the volume of orifice plate material that surrounds the

15 color orifice 44 and is between the dashed lines 72 that represent the upward
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



6. An orifice plate for an ink jet print head conprising: s a base having
an outer surface and first and second chanbers fornmed therein, the base
bei ng shaped to define first and second annul ar portions, each annul ar
“portion formng an orifice extending between the outer surface and a
respective one of the first and second chanbers, each orifice having a
depth neasured fromthe outer io surfaBe to the respective chanber, the
"first annular portion being adjacent to the first chanber and the second
portion being adjacent to the second chanber; and is wherein the depth of
the first annular portion is greater than the dept h of the second annul ar
portion. 7ANMES pertidhdisquisaed abavy wollld baisomewhat ftaame shaped.sThg a fir st

i st - cnan8i Bpagss ferofis s POF ity o) 69 g B nerfe fRT G Lot

chanber (g gwherein the depth of the first channel is different 20
fromthe depth of the second channel. 8. The orifice plate (40) of claim®6
wherein the base 6{80) is a unltary menber. 2s 9. The orifice plate (40) of
clai m 6 wherei it WHdeaappreciated tatgsibatwean twe prkiees, aharmhers0rd devel oped

a1 achd LRaReE (R Iefiias thoatited HafGhtell #TERL ) Bg WiCtodddidi ..
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" 109w ( germratvanatshesaheosearmgntst Figsd alheit priadiecamplats piecessiay
M 10% () o* 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
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nanometers.

The photoresist layer 80 is spun onto the substrate to a depth “D" of
about 20 pm. Once applied, the layer 80 is exposed to UV radiation through a
mask 82 that is patterned such that the photoresist layer is divided into at
least three different types of regions. One region receives no radiation as a
result of radiation-blocking patterns 84, 86 on the mask 82. These patterns
may comprise a thin layer of, for example, chromium. One blocking pattern
84 is shaped to conform in plan view (that is, as viewed in direction parallel to
the plane of Fig. 4) with the diameter of the relatively small-diameter color
orifice 44. The other blocking pattern 86 matches, in plan view, the diameter
of the black orifice 42.

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
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.

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
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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jected to the relatively lower radiation.
The magnitude of the low intensity radiation is selected so that the

depth 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 intensity 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 attenuating filter to permit a medium level of intensity to penetrate the layer
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selected by the print head designer. The remaining unexposed portion is
removed simultaneously with the unexposed 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 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 efched 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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3: 109 () - L1z 109& mpthddafonsking-arortiie(plater40) foyag iak-jet pen (20),
comprising the steps of:
providing on a substrate (48) a layer (80) of photoresist material having
5 anouter 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 of
the other annular portion;
10 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,

62) that is continuous with the orifice of that annular portion.

156 2. The method of claim 1 whersin 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 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)
20 for reducing the intensity level of at least some of the radiation that is 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.

25 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.
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<=>7? @\BCDEFGHIpHtivdBIPEDUtd \WiYalckdhd & Pssiictivé ionknBTaRe first and second
chambers, each orifice having a depth measured from the outer
10 surface to the respective chamber, the first annular portion being
adjacent to the first chamber and 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.

15
7. The orifice plate (40) of claim 6 further comprising a first and

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
20 from the depth of the second channel.

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

25 9. The orifice plate (40) of claim 6 wherein the base (80) comprises
an exposed, baked, and developed layer of photoresist material.

10. The orifice plate (40) of claim 6 attached to a substrate (48) that
carries at least two heat transducers (52).
30



