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S This invention relates to a process for nodifying
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S  Background of the Invention

The impact of MEMS (Microelectromechanical Systems) devices on the microelectronics industry has

been extremely significant in recent years. Indeed, MEMS is one of the fastest growing areas of microelectronics.
The growth of MEMS has been enabled, to a large extent, by the extension of silicon-based photolithography to
the manufacture of micro-scale mechanical devices and structures. Photolithographic techniques, of course, rely
10  on reliable etching techniques, which allow accurate etching of a silicon substrate revealed beneath a mask.
MEMS devices have found applications in a wide variety of ficlds, such as in physical, chemical and

biological sensing devices. One important application of MEMS devices is in inkjet printheads, where micro-scale
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30  especially important that each ink channel is perpendicular to the wafer surface and does not contain kinks,
sidewall projections (e.g. grassing) or angular junctions, which can interfere with the flow of ink.
In the Applicant’s US patent application nos. 10/728,784 (Applicant Ref: MTBO8) and 10/728,570
(Applicant Ref: MTBO07), both of which are incorporated herein by reference, there is described a method of
fabricating inkjet printheads from a wafer having a drop ejection side and an ink supply side. Referring to Figure
35 1, there is shown a typical MEMS nozzle arrangement 1 comprising a bubble-forming heater element actuator

assembly 2. The actuator assembly 2 is formed in 2 nozzle chamber 3 on the passivation layer 4 of a silicon wafer



In the manufacture of MEMS printhead chips, it is
often required to performdeep or ultradeep etches.
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side needs to be carefully aligned so that the etched
channel s neet the trenches plugged w th photoresist,
and do not danmge the drive circuitry 9. Secondly,
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and, hence, poor print quality and/or nozzle bl ocking.
A nodification of the cyclical Bosch process is
described in US 6,127,278, assigned to Applied
Materials, Inc. In the Applied Materials process, a
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. various sources (e.g. Surface Technology Systems, PLC). Typically, the etching reactor comprises a chamber

35  formed from aluminium, glass or quartz, which contains a pair of parallel electrode plates. However, other designs

of reactor are available and the present invention is suitable for use with any type of plasma etching reactor.



5 said photoresist; (vi) nodifying the surface

profiles of said ink supply channels by ion mlling;
and (vii) stripping said photoresist fromsaid

trenches to formnozzle inlets, thereby providing

fluid connection between said ink supply side and

said nozzles. In a third aspect, the present invention
provi des an inkjet printhead conprising: 10 a wafer
having a drop ejection side and an ink supply side; a
plurality of nozzles formed on said drop ejection

si de, each of said nozzles hal¥in§ a corresponding
inlet in said wafer; and a plurality of correspondi ng

i nk supply channels |leading to each inlet fromsaid
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35c o ety éngprroppdniq pvpid! ?fﬂ‘?“‘ﬁ‘bfabf“‘é%?effﬁffss Pl asma et ching
reactors we well known in the art and are commercially
avai l able from various sources (e.g. Surface
Technol ogy Systens, PLC). Typically, the etching
react or conprises a chanber 35 formed from al um ni um
gl ass or quartz, which contains a pair of parall el
el ectrode pl ates. However, other designs



of reactor are available and the present invention is
suitable for use with any type of plasnma etching
reactor. 7 0 A radiof requency (RF) energy source is
used to ionize a plasma gas (or gas m xture)
introduced into the chanber. The ionized gas is

accel erated towards a substrate di sposed on a | ower

el ectrode (el ectrostatic chuck) by a biasing voltage.
In the present invention, etching is typically

achi eved purely by physrcal anb rdment of the
substrate. Various control neans are provided for
controlling the biasing voltage, the RF ionizing
energy, the 5 substrate tenperature, the chanber

pr ess uPesioptiygeachiink supgjly| channeldyps 2 gepihy in dhgrangyRg 10003 40i44: optigmelhl g 450 4m.
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ex Q@Jer &8t praPUivingdn mBGbe REQQRPbrkrg®S shouldyrPdefinad ty Yo juribn SFEHE)AIE and the
| OpRliasma is generated in a plasma etching 10
jof eactor, and the argon ions accel erated

per endi cul ar IDy towards a silicon wafer having ink
B‘g@f—%ﬁﬁﬁf\%ﬁéﬁ-@é‘ﬁched therein. The ion nilling may

be per FEFNEstpvarrerperie Se of pspran Piraadiieamrgmsi 51 prigiead; he
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t ajffidnBégvebnShe %Hﬁlykl}émﬂbhﬁihﬂﬂb . rhese bhp@lar[Hok1dRE brfoedd pridiSit NQ
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e. about 50 to 250 niforr) to achi eve hi r
et chi n§eferePEBEnEr  sSipenmipk F“E)W hpeid §‘i§‘i“’e°“ﬁrag°(§ ﬂ§§§°m§5‘ plug 10.
ne Aelchpnng! 6 s Frehad pestirllsf beyers apsatod thephotasssist pleedh Inggopspapce wifife pesered
f r wentoln @ thistgf eforintheat faigiraddpythe @ pRriisiibizdted g argdn @h inttlige in 2 plasma etching
ef fehct. OJEBY operiig Gfabkicts G the GhsGllditdRigy r@ttor Rby(ére4dily 8 Shific@byltia bdver
30t h@mled,,qwapr essure, the nean free path of sputtered

sili Corf»u %fmig boShitfiog G G S e sha@s@rrs@wpso&rt, Lsrnsdmmm and

g;[)%f ! glgnﬁs utiere snhcongack ont.ol:he sr;gswa IS%YrEe c\?annglr’l%e resu{ isa nn%]fea% nozgfarran ement
The eBenf e 4§‘“t“ﬁ‘é‘l"°dé“°g‘§%sé6?I%”“c?fﬁ&ﬁ‘éf’ﬁ“‘§°“f"8?’°ﬁb‘g° Sl
substbrebpnsl ésur f ace, which redeposits 25 reflected

35si | i comemtdng® theredreanbies pewarnddr thq nilbng tigethd shauiders riff e pither fully
an tabeRE (BB h A Ggut@| or A@JDQ@SHidly reide® In eithefeds© B4 renghvabif bharpipangled shoulders
atons at greater depths, which results in angul ar
surface features in the sidewalls beconm ng nore
tapered. US 5,888,901, which is incorporated herein by
reference, describes high pressure ion mlling of a
Si2 dielectric surface using argon as the sputtering
gas. Wil st the nethod described in US 5,888,901 is
used for tapering a SiQ2 dielectric surface |ayer,
rather than tapering angul ar surface features on the
sidewal I s of ultradeep

ere




30 channels etched into silicon, this nethod may be
readily nodified and applied to the process of the
present invention, Low pressure ion mlling is
generally preferred in the present invention, because
it is usually only necessary to round off angul ar
sidewal | features in order to achieve inproved ink
flow, rather than taper the whole sidewall feature.
Mor eover, | ow pressure ion mlling does not require
any speC|aI apparatus and can therefore be 35 easily
incorporated into a typical ptinfhead fabrication
process. 8 0 Optionally, each ink supply channel has a
depth in the range of 100 to 300 pro, optionally 150

t 0 125 raliyimaroves Bk flogirohgd rhadhhnycl GendruitimiZOQckprnf lnde end/rlajr fubble
eaghmaiddk supply channel has a dianmeter in the range of
S to 3G, .pMms coquﬁelaﬁQ@akch Mat héprebeR indRtich b belldes@ipdd by} bay ofl:Zmple

to and@hat@nnglﬁc% S %&Qa‘rﬁl & ma%?\ﬁ!ﬂm [ﬁ%o%i o@thé uWen@ctn, \hl@ﬁns @ﬁzg@(@thb in
pn] optionally 10 to 30 pm or

%p?F8W§$ﬁVa“% 15 to 25 pm Optionally, each nozzl e
inlet has a dianmeter in the range of 3 to 28 pm
optionally 8 to 24 pm or optionally 12 to 20 pin.
Usual Iy, each ink supply channel has a | arger dianeter
than its correspondi ng nozzle inlet, and the process
of the present invention may be used to taper angul ar
shoul ders defined by the junction of the inlet and the
channel . 10 Brief Description of the Drawings Figure 1
shows a perspective view of a prior art printhead"
nozzl e arrangenent for a printhead; Figure 2 is a

cut away perspective view of the prior art printhead
nozzl e arrangenent shown in Figure 1, wth the
actuator assenbly renoved and the ink supply channe
exposed; 15 Figure 3 is a cutaway perspective view of
the printhead nozzle arrangenent shown in Figure 2
before stripping away the photoresist plug; and
Figure 4 is a cutaway perspective view of aprinthead
nozzl e arrangenent according to the present

invention, with the actuator assenbly renoved and the
i nk supply channel exposed 20 Detail ed Description of
a Preferred Enbodi nent Figure 2 shows a prior art
printhead nozzl e arrangenent havi ng angul ar shoul ders
11, which define a junction between the ink supply
channel 6 and the inlet 8. These angul ar shoul ders are
formed by prior art ultradeep etching nethods

descri bed above and in the Applicant's US patent
application nos. 10/728,784 (Applicant Ref MIB08) and
10/ 728,970 (Applicant Ref: MIBO7), both of which are

i ncorporated herein by 25 reference.
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Referring to Figure 3, there is shown an ink supply
channel 6 before renoval of the photoresist plug 10.
The channel 6 is etched partially beyond and around
the photoresist plug 10. In accordance with the
present invention, at this stage of printhead
fabrication, the wafer is subjected to argon ion
trilling in a plasma etching joreactor. Optinal
operating paraneters of the plasm etching reactor nay
be readily determ ned by the person 30 skilled in the
an. During the argon ion mlling, the angular
shawkders |1 are tapered by simultaneously etching and
redepositing sputtered silicon back onto the sidewalls
of the channel, The result is print head nozzl e

Lr r arfyseresfor mogivingis it mrople g @k ﬂepplwaw%’g 2 pripfligAd.spjd process
shvousingd e tepd @, whi ch define the junction between the

i Nl et(i) 8 piavihg i3 Briritodd, theSpebfthd/ha GARORE] thebin tﬁaml;&,p@ BnfI@ndQkench

Eoﬁx%ct%c?tﬁéf’ gg sgpé)ly cﬁgneg g@ﬁ’en&%g}@g plu %Q?é pht}tore%st 111 nn% time,

t her ereé ?as shown
in F|@dﬁ@mﬁy”ﬁ?“ﬁﬂP@FVmﬁhrtlaIIy rounded In either
case, the renoval of sharply angled shoulders 9 0 11
genermé prytess ARRAMESheleR he frbpWod HilBENT 9 1yChaRNedudd sidiinecusly

ubbl e
L e S T i R e
present invention has been descrlbed purely by way of
&xanpheprocgsnef climdt whewid it jog aifiling iy geripfmedimthalial angniay sutfge frade in the
Wb Al B e @ 950 PP@NQ bre aftRed kld¥BBIb@N, which is defined by
the $ acconpanying clains. 10 0 CLAIMS 1. A process
for dlfyln the surface profile of an ink sup
thanréf e Clﬁ‘fnl nt e &id ‘%“d’?ﬂam’ﬁsrpﬁ‘éoél’éf’é 0 AP °]§?gd‘§‘°‘?l he
steps of, 5 (i) providing the printhead, the printhead
Havi MPe ;ﬁl&éisb sre@imtl hﬁfex@fh Ehid:i&henil.liﬁgks p‘éﬂﬂﬁﬂe’d)ﬁ/it&hﬁ:@ﬁ Q—ls seREYEN £Rm the group

&&gﬁgﬁt% PRI %ggwﬁg the ink supply channel, the
e

rench I'ng plugged by a pholoresist material; and

(ii) ion mlling the ink supply channel. 2. The
Pr oc dssrrayfss & elaiinrh viheremppairiemmillitehreperddreqd ai@fpregsinthe kahgepf) to 2000
#twa. i nk supply channel includes sinmultaneously 10
etching and redepositing sputtered silicon onto the

S|demalls of the ink supply channel. The process of
Tl ai rhPeprocsiE Faim s g Fa&ﬁnkﬁ'rpplv Pl hes 6@%"&#%%6 & Q00 300 pm.
that angul ar surface features in the sidewalls of the

4. NK  SURRIYs S BRARNSIneBE SidiRREBHIF thaBHAQ iah Qb mf@dmgelo%z #30 ym.
The process of claim1, wherein said ion mlling is

performed in a plasma etching reactor. 5. The process
f clra@ripfead comprisipged niraligotink seamly rhaprelsrigerpinsaid dnk proplyeherneli ardmodified
@A ploftBhicorgiagso dahect ed fromthe group consisting of
argon, krypton and xenon.
10. A method of [abricating an inkjet printhead comprising a plurality of nozzles, ejection actuators,
associated drive circuitry and ink supply channels, said method comprising the steps of:
() providing a wafer having a drop ejection side and an ink supply side;
(ii) etching a plurality of trenches partially through said drop ejection side of said wafer;
(iii) filling said trenches with photoresist;
(iv) forming a plurality of corresponding nozzles, gjection actuators and associated drive
circuitry on said drop ejection side of said wafer using lithographically masked etching
techniques;



10

15

20

25

30

35

20 6. The process of claim1l1, wherein said ion mlling

is perfornmed at a pressure in the range of 5 to 2000
nmrorr. 7. The process of claiml1l, wherein said ink

supply channel has a depth in the range of 100 to 300

fan. 25 8. The process of claim1, wherein said ink
supply channel has a dianeter in the range of 2 to 30

pm 9. A printhead conprising 12 glurality of ink

supply channel s, wherein said ink supply channels are

nodi fied by a process according to claiml1. 30 10. A

nmet hod of fabricating an inkjet printhead conprising a

pl uralit y @fetcﬁ%uﬁﬁw oﬁb@&p{oﬁ(ﬁ@ m@-ﬁﬁjﬂﬂh%g}s from@§§1§l§§u§bﬁﬁﬁe of said
drive C|rCU|tF% an htrklstsupply channel s, said nethod
conpri sing tHE STERSD (1) providing a wafer having

a drop ej BOtHogHyingiTe etas roes of Sﬁ‘ﬂ ks Sy 39?3%"11%’@ fon mjlling; and

et chi ng a(vp) stipgthd shiy phobredist BmChie Senphastd fodd rogzletintersobigry s@vidéhs fluid
drop ej ecti QRu&ifl@eden SR s%\; Qdewand shid dobdesf 1 111 Ng sai d
trenches wth photoresist; (iv) formng a plurality

of correspondi ng nozzl es, gectlon actuators and

Hs s oclibameed eficlip 0, whireig s Fop o mesitvina fheisugfpop profs Bv i BHing pgds andior
Bffers$a kidulvaideed b kha gndierton@ig ird Ripble dbhdnyls witsdididetet chi ng
techniques; 1] 0 (v) etching a plurality of

e N U M

nodi fying the surface profiles of said ink supply

ghan gt Setoy oficith 107 whértiNgid in B@pl{ dhhringls S8 d/dr bddficifes Si@ktched by an
&sl.st mpsalg.lrenches to formnozzle inlets,

%ﬁg%gE(%%ﬁng ?ng ghuid 5 connection between said ink

supply side and said nozzles. it. The method of claim

10, wheinkdahiarigaeddy epcthof aceptfiefodeiiglOt he surface profil es

by ion mlling rounds and/or tapers the shoul ders

gef I rh%%%é{@&'@ %kjkt%%ﬂeéd%tegﬁ ansiﬁﬁeq)rlht%d ﬁﬁil@ﬁlnypr&aéﬁxg ﬁlleﬁnedlatc inkjet
sal The met hod of clai m 10,

Wﬁ@?&vﬁagﬂpamFrenches have a depth in the range of 5

t 0 15Qp devtionti@e andhyenkpphioidk: of cl ai m 10, wherein said

i Nk st pRiuypLchanmeksdnth ot ins abdy d&:enches are etched by

a AR %ﬁﬂo Gl %saopregm él&qndl ogeamginﬁ b B SpfIOGESS:; andl5

P s Lt et e e T T
¢hengdn i nkj et printhead fabrication process, the
internmedi ate inkjet printhead wafer conprising: a

drop ejection side and an ink supply side; 20 an ink
suppl'y channel extending fromthe ink supply side; a

wench extending fromthe drop ejection side and
WpeniThgntErmmedietitkist frinfkead vasp Pielaghartriebin theipgsupply channel has a larger diameter

than the trench.

17. The intermediate inkjet printhead wafer of claim 16, wherein a shoulder portion of a junction of the ink

supply channel with the trench is sharply angled.

18. The intermediate inkjet printhead wafer of claim 16, wherein a shoulder portion of a junction of the ink

supply channel with the trench is rounded a/or tapered.

19. The intermediate inkjet printhead wafer of claim 15, wherein the ink supply channel has a depth in the

range of 100 to 300 gm.
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a photoresist material plugging the trench, the

phot oresi st material extending partially into the ink
supply channel. 25 16. The internedi ate inkjet

print head wafer of claim15, wherein the ink supply
channel has a | arger dianmeter than the trench. 30 17.
The internedi ate inkjet printhead wafer of clai m 16,
wherein a shoul der portion ofjpa punction of the ink
supply channel with the trench is sharply angled. 18.

The internediate inkjet printhead wafer of claim 16,
wherein a shoul der portion of a junction of the ink
supply channel with the trench is rounded a/or

Japeredy o 32t  End. N &L Eﬁ%ghﬁtsﬁvhkr%lh% RS UEREALS o diameter in the
wafer of C a|n1f§f erein the 1 nk supply channel has
#regelptt?Oi“A- t he range of 100 to 300 Fnn. 12 o 20. The

i nternedi ate inkjet printhead wafer of claim 15,

Wh er qih&nélﬂ%iéwrmje%gtﬁgay wz@é? @@ﬁﬁj 15,%&&@&%%%&% Bepihrih tfaeh'ﬂlge of 5 to
range of 5 to 30 pan. 5 21. The internediate inkjet

Bt head wafer of claim 15, wherein the trench has a
depth in the range of 5 to 40 pan. 22. The

1Nt ermneidkatdtel iki¢] feihthdad wakk breath 1d@fhetin 0f reGdh@ismdiddeter in the range of 3
wherein the trench has a diameter in the range of 3

1o 28 pan. 10



