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20  devices is in inkjet printheads, where micro-scale actuators for inkjet nozzles may be
manufactured using MEMS techniques. The present Applicant has developed printheads
incorporating MEMS ink ejection devices and these are described in the following patents

and patent applications, all of which are incorporated herein by reference.
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Typically a MEMS inkjet printhead (“MEMJET printhead”) is comprised of a
plurality of printhead integrated circuits, with each integrated circuit having several
thousand nozzles. Each nozzle comprises an actuator for ejecting ink, which may be, for
example, a thermal bend actuator (e.g. US 6,322,195) or a bubble-forming heater element
actuator (e.g. US 6,672,709). The integrated ciruits are manufactured using MEMS
techniques, meaning that a high nozzle density and, hence, high resolution printheads can
be mass-produced at relatively low cost.

In the manufacture of MEMS printhead integrated circuits, it is often required to
perform deep or ultradeep etches to depths of over 10 micron. A problem with deep etches,
especially ultradeep etches, is maintaining anisotropy during the etch — that is, ensuring the
trench is etched in a vertical direction, but not in a horizontal direction. Ideally, the
sidewalls of the trench should be substantially perpendicular with respect to the surface of
the substrate.

It is particularly important to have perpendicular sidewalls in ultradeep trenches
when etching ink supply channels through silicon wafers. MEMS printhead integrated
circuits require delivery of ink to each nozzle through either an individual or a common ink
supply channel. These ink channels are typically etched through wafers having a thickness
of about 200 micron, and therefore place considerable demands on the ultradeep etching
method employed. It is especially important that each ink channe] is substantially
perpendicular to the wafer surface and does not contain kinks or sidewall projections (e.g.
grassing), which can interfere with the flow of ink.

In the Applicant’s US patent application nos. 10/728,784 (Applicant Ref: MTBOS)
and 10/728,970 (Applicant Ref: MTB07), 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 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 a nozzle chamber 3 on the passivation
layer 4 of a silicon wafer 5. The wafer typically has a thickness “B” of about 200 micron,
whilst the nozzle chamber typically occupies a thickness “A” of about 20 micron.

Referring to Figure 2, an ink supply channel 6 is etched through the wafer 5 to the
CMOS metallization layers of an interconnect 7. An inlet 8 provides fluid connection
between the ink supply channel 6 and the nozzle chamber (removed for clarity in Figure 2).
CMOS drive circuitry 9 is provided between the wafer 5 and the interconnect 7. The

actuator assembly 2, associated drive circuitry 9 and ink supply channel 6 may be formed
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on and through a wafer 3 by lithographically masked etching techniques, as described in

US application no. 10/302,274, which is incorporated herein by reference.

Referring to Figure 3, the ink supply channel 6 is formed in the wafer 5 by first
etching a trench partially through the wafer 5 from the drop ejection side (i.e. nozzle side)
of the wafer. (This trench will become the inlet 8, shown in Figure 2). Once formed, the
trench is plugged with photoresist 10, as shown in Figure 3, and the ink supply channel 6,
is formed by ultradeep etching from the ink supply side of the wafer 5 to the photoresist
plug 10. Finally, the photoresist 10 is stripped from the trench to form the inlet 8, which
provides fluid connection between the ink supply channel 6 and the nozzle chamber 3.

Alternatively, each ink supply channel may be configured to supply ink to a
plurality of nozzles which all eject the same colored ink. This arrangement is illustrated in
Figure 4 and is described in detail in the Applicant’s copending application no. 10/760,254
(Applicant Ref: RRC022), the contents of which is incorporated herein by reference.

In either of these ink supply channel configurations, the “back-etching” technique
avoids filling and removing an entire ink supply channel with resist whilst nozzle
structures in the wafer are being lithographically formed. Notwithstanding the problems of
etching anisotropically to a depth of up to 200 micron, it is also desirable when etching ink
supply channels to provide hydrophilic channel sidewalls. Optimum printing conditions in
an inkjet printhead are generally achieved by having a hydrophobic nozzle face and
hydrophilic ink supply channels. Hydrophilic ink supply channels ensure that the aqueous-
based inkjet ink is drawn into the ink supply channels from a bulk ink reservoir. A
hydrophobic nozzle face ensures the formation of discrete ink droplets when the ink is
gjected from each nozzle and also minimizes surface flooding during printing.

Several methods for etching ultradeep trenches into silicon are known in the art. All
these methods involve deep reactive ion etching (DRIE) using a gas plasma. The
semiconductor substrate, with a suitable mask disposed thereon, is placed on a lower
electrode in a plasma reactor, and exposed to an ionized gas plasma formed from a mixture
of gases. The ionized plasma gases (usually positively charged) are accelerated towards the
substrate by a biasing voltage applied to the electrode. The plasma gases etch the substrate
cither by physical bombardment, chemical reaction or a combination of both. Etching of
silicon is usually ultimately achieved by formation of volatile silicon halides, such as SiFa,

which are carried away from the etch front by a light inert carrier gas, such as helium.
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5
Anisotropic etching is generally achieved by depositing a passivation layer onto the

base and sidewalls of the trench as it is being formed, and selectively etching the base of
the trench using the gas plasma.

One method for achieving ultradeep anisotropic etching is the “Bosch process”,
described in US 5,501,893 and US 6,284,148. This is the current method of choice in
commercial MEMS foundries and involves alternating polymer deposition and etching
steps. After formation of a shallow trench, a first polymer deposition step deposits a
polymer onto the base and sidewalls of the trench. The polymer is deposited by a gas
plasma formed from a fluorinated gas (e.g. CHF3, C4F5 or C;Fy4) in the presence or in the
absence of an inert gas. In the subsequent etching step, the plasma gas mix is changed to
SF¢/Ar. The polymer deposited on the base of the trench is quickly broken up by ion
assistance in the etching step, while the sidewalls remain protected. Hence, anisotropic
etching may be achieved. However, a major disadvantage of the Bosch process is that
polymer deposition and etching steps need to be alternated, which means continuously
alternating the gas composition of the plasma. This alternation, in turn, leads to slow etch
rates and uneven trench sidewalls, characterized by scalloped surface formations. Plasma
instability as the gas chemistry is switched also tends to exacerbate the formation of
uneven sidewalls.

Moreover, the Bosch etch leaves a hydrophobic polymer coating on trench
sidewalls. As discussed above, hydrophobic sidewalls are undesirable in fluidics
applications, such as ink supply channels for inkjet printheads. Accordingly, in inkjet
printhead applications, the Bosch etch is usually followed by a post-etch cleaning process,
such as EK.C wet cleaning, dry O, plasma ashing or combinations thereof. The post-etch
cleaning process is intended to remove the hydrophobic polymer and leave channel
sidewalls coated with SiO,. However, post-etch cleaning processes undesirably add to the
number of fabrication steps and can also lead to their own inherent problems, such as
wafer-cracking during EKC cleaning.

A modification of the cyclical Bosch process is described in US 6,127,278,
assigned to Applied Materials, Inc. In the Applied Materials process, a first passivation
etch is performed using a HBr/O, plasma, followed by a main etch using a SF¢/HB1/0; in
alternating succession. The HBr enhances passivation, probably by formation of relatively
nonvolatile silicon bromides in the passivation layer. However, the problem of

hydrophobically coated sidewalls still remains with the Applied Materials process.
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In order to avoid the cumbersome Bosch process, in which plasma gases need to be
continuously alternated, anisotropic etching techniques were developed, which use
simultaneous sidewall passivation. In such etching methods, a plasma mix is formed from
a passivating component and an etching component. A typical plasma mix is formed from
0,/SFs with the addition of He as a carrier gas being highly recommended to enhance ion
dispersement. The plasma mix simultaneously passivates and etches, which avoids the
disadvantages of the Bosch process. Nevertheless, it is the general view that mixing the
gases gives less effective anisotropic etching, because the two processes tend to be self-
cancelling. Accordingly, simultaneous sidewall passivation etching has been mostly
confined to etching relatively shallow trenches. For ultradeep anisotropic etching,
alternating passivation/etching is by far the most preferred technique.

One successful process for etching ultradeep trenches, which does not require
alternating plasma gas mixtures, is the “Lam process” described in US 6,191,043, In the
Lam process, a passivating/etching plasma is formed from a mixture of O, SF¢, He and Ar
—the O is a passivating gas; the SF; is an etching gas; the He is a carrier gas; and the Aris
a bombardment-enhancing gas. Trench depths of up to 60 micron have been reported using
the Lam process with acceptable etch rates. However, the process has not been used widely
and etch depths of greater than 60 micron have not been reported.

None of the above-described etch processes can be used to etch trenches through a
typical wafer to a depth of over 100 micron, whilst leaving hydrophilic sidewalls. Even
when the etch process (or post-etch treatment) leaves SiO,-coated sidewalls, these SiO,-
coated sidewalls are not particularly hydrophilic, having a contact angle of about 60°. Truly
hydrophilic surfaces have contact angles of less than 50°, preferably less than 40° or
preferably less than 30°,

It would be desirable to provide a new reactive ion etching process, which is
capable of anisofropically etching ultradeep trenches of over 100 micron. It would be
particularly desirable for the process to leave hydrophilic sidewalls after the etch, without
the need for any post-etch hydrophilization treatments.

Summary of the Invention
In a first aspect, the present invention provides a method of deep reactive ion

etching a trench into a substrate, said method comprising an etching process using an
etching gas plasma and passivation process using a passivating gas plasma, wherein said

passivating gas plasma comprises a hydrophilizing dopant.
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In a second aspect, there is provided a method of fabricating an inkjet printhead
comprising the steps of:

(i) providing a wafer having a drop ejection side and an ink supply side;

(i) etching a plurality of trenches partially through said drop ejection side of said
wafer;

(iii) filling said trenches with photoresist;

(iv) forming a plurality corresponding nozzles, ejection actuators and associated
drive circuitry on said drop ejection side of said wafer using lithographically masked
etching techniques;

(v) etching a plurality of corresponding ink supply channels from said ink supply
side of said wafer to said photoresist; and

(vi) stripping said photoresist from said trenches to form nozzle inlets, thereby
providing fluid connection between said ink supply side and said nozzles,
wherein said ink supply channels are etched using the etching method described above.

In a third aspect, there is provided a substrate comprising at least one feature etched
in a surface of the substrate, said feature having the characteristics of:

(&) a depth of over 100 micron;

" (b) sidewalls substantially perpendicular to said surface; and
(c) sidewalls having a contact angle of less than 50°.
In a fourth aspect, there is provided an inkjet printhead comprising:
a substrate having a drop ejection side and an ink supply side;
a plurality of nozzle assemblies formed on said drop ejection side of said
wafer, each nozzle assembly having an ink inlet; and '
a plurality of ink supply channels defined in said ink supply side, each ink
supply channel being in fluid communication with at least one ink inlet,
wherein said ink supply channels have the characteristics of:

(a) a depth of over 100 micron;

(b) sidewalls substantially perpendicular to a surface defined by the ink supply side
of the substrate; and

(c) sidewalls having a contact angle of less than 50°.

The etching method of the present invention provides a means by which trenches or
channels can be formed in substrates. The trenches or channels advantageously have

hydrophilic sidewalls by virtue of the hydrophilizing dopant present in the etching plasma
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gas chemistry. Hence, the method is highly suitable for forming trenches or channels used
in aqueous fluidic applications, such as ink supply channels in inkjet printheads.

The etching method may be used for etching ultradeep trenches into silicon, having
a depth of at least 100 micron, with acceptable etch rates. Moreover, minimal RIE lag is
observed using this method. The method also provides highly anisotropic etching, whereby
the trenches formed have substantially perpendicular sidewalls with respect to the substrate
surface. By “substantially perpendicular”, it is meant that the taper angle of the sidewalls is
between 85° and 95°, preferably between 87° and 93°, and more preferably between 88°
and 92°,

Additional practical advantages of the present invention include the potential
avoidance of any post-etch cleanup steps such as EKC wet cleaning or O plasma dry
ashing,

Detailed Description of Optional Features

The etching plasma is typically generated in a plasma etching reactor, such as an
inductively coupled plasma etching reactor. Plasma etching reactors are well known in the
art and are commercially available from various sources (e.g. Surface Technology
Systems, PLC). Typically, the etching reactor comprises a chamber 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.

A radiofrequency (RF) energy source is used to ionize plasma gases introduced into
the chamber. The ionized gases are accelerated towards a substrate disposed on a lower
electrode (electrostatic chuck) by a biasing voltage. Hence, etching is achieved by a
combination of physical bombardment and chemical reaction. Various control means are
provided for controlling the relative ratios of plasma gases, the biasing voltage, the RF
ionizing energy, the substrate temperature, the chamber pressure efc. It will, of course, be
within the ambit of the skilled person’s common general knowledge to vary plasma reactor
parameters in order to optimize etching conditions. For example, the chamber pressure is
usually in the range of 5 to 100 mTorr, which is typical for deep reactive ion etching
(DRIE).

Optionally, the total amount of hydrophilizing dopant is such that it comprises less
than 10 vol%, less than 8 vol%, or less than 5 vol% of the passivating gas plasma. The

dopant may be introduced into the plasma chamber as either a liquid or a gas. The toxic or



11/014743 11/014733 11/014754 11/014755 11/ 014765
11/014766 11/014740 11/014720 11/014753 11/014752
11/014744 11/014741 11/014768 11/014767 11/014718
11/014717 11/014716 11/014732 11/014742 11/ 097268
11/097185 11/097184 3 Typically a MEMS inkj et
printhead ("MEMIET printhead") is conprised of a
plurality of printhead integrated circuits, with each
integrated circuit having seveéral thousand nozzles.
Eachipingeziatradspnd Isdsphiliziag ﬁdpaﬁto(e & BiHcgmest thadiguidk are

0 0 g TR e RO B0 e

5 abmdator (e g. US 6,672,709). The integrated ciruits

i t hat
o o noC bR B BRI S Sor TR AN, b o
Spr iphedrberdsscopaimitgeonmend or @dlbmetﬂonathereef Spiionellyy tHedpdrophilizing
c osdtopant co émkég atcg&ﬁ}t)ﬁ&] H:flé%{?sﬁ %? Bof-lg, &-“{EI\@HIH E&%@g’r]}@% trimethyl

integrated circul I's 0 regui r to per
deéBW§P“UWW?é@é@@b@ﬂ@Wéﬁwﬁefdepths of over 10 micron.
A pr obl 8eMhdapheeRuEdHRESare ngl?%%llﬂhl? Yonﬂ%g&oﬁzagﬁﬁo%n glasses.

etches, is maintaining anisotropy durin

t hatecqrdinelrisneh ity walkeeuktig Spmithe Qelreny poraprivepopibpilicatc
10di @64 POG), b&‘d&h@&t% 1dsO(ERd) %&oéﬁ&mdsm%é B6didrsG)! og&fiﬂﬂlﬁétmns
y

t he S|g%y%1 e trench s be substanti al |
periFERbSEgh s S%a'feﬂm?‘é%ﬁé’éfmf*‘-‘d“yf”f?ehlé‘ﬁlﬂlﬁ%%]écoéfhoﬁﬁ%
substr a@ﬁmn&ﬁy, {h8 trpRh bidewd1 idsitih dR6H B Rich hfve BAMBact angle of less

per j dewal | s Itra trenches 15 when
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I\/EI\;Bthp}Id mghm@drapnﬁbegaicwemb redulting iffos theeBpstH @chdeﬂldy\awaysoof

i nk. ch n h elth r _an.indiyidual or
15com%an | K“@ﬁgﬁﬁve%ﬁ % 2%%3@"V%ﬁm ?%méfﬁmthQROf
t ypboabl’y et ched through waf er s haV|ng a thlckness of

bout d
demande oRRE iy Pl b RET MR PR E R st e ey Bar e
i s selsigeivilly bdisotiopip @khagxunrctvhhtg teeadies witlk subktarinky pel‘[&ndlcular
su Qﬁ&v@zﬂﬂs 't@hé s%@ox%? M?)elﬂg;lo% L%JVQI"TZOE) dzz Qe?rvé@gr%lbo m{cron A%fn aspect

and does not contain klnkS or ‘si
20( e ragios efroxersli nh pyerdt ever SAnovientlel rover mu Tm hearfibubalyof

nosdvegtageos e ¢l MAE B Bhan Rl b B BRLR ) 207
(Appl i cmtionglly fthe e)drl usdg ¢ ¢ichor plyglits laf enehes froovupsietst ed
he gleiuna&aausrye«svﬁgrsa Eh%’postnli@l@ 8t ﬂh§tr9n%§é”s rafe%féne@ Ry

fabricating €grlnt heads from a wafer aV|nS§%§nthe
dr 61&“&t¢e%§w1a¥y5t %P@a ﬁwqeﬁﬂzers(espwngqﬂa@nh@eﬁrdé?meﬁghcon
25t o(‘iEQYT)®r & phdthtedi® 1S shown a typical MEMS nozzle

arrangeyre ng, 1 npri sing a_bubbl e-form ng heater
el ement SR ‘F’&&lﬁg‘}ghé%‘é@%f fpask selqqliyitighare ghsgrredyasing i method of

I S th @fesaelink-dhtian. ISOR&IvRY Qﬂ@ﬁ&&h’f Beciike ‘ithﬁm@%ﬁ%"cﬁe& kHe Mhask does
ﬁr 4 of a, silicon fer The wafer, typically has
a

(NEREEY Whgh cigfyng ePéﬁBChﬁ? ghcralhighes subsirate a3k o
C heaidogvitidsyap achibvaple@siagl Baire 8xide he knmparedio sOif plafResist BBsks.
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selectivity of least 30:1, optionally at least 40:1 or optionally at least 50:1. With a hard

oxide mask, the present invention typically gives a substrate : mask selectivity of least

80:1, optionally at least 90:1 or optionally at least 100:1. Such high selectivities are



CMCS netallization layers of an interconnect 7. An

inlet 8 provides fluid connection between the ink

supply channel 6 and the nozzl e chanber (renoved for
clarity in Figure 2). CMOS drive circuitry 9 is

provi ded between the wafer 5 and the interconnect 7.

The actuator assenbly 2, associated drive circuitry 9
and i nk supply channel 6 nay be formed 4 on and

through a wafer 3 by lithographically masked etching

t echmiisjug givemdatdesosthddediek,no AIBrgapplentcat ihpsicahibambardment of the
10/ 302,274, which is incorporated herein by reference.
Referrlng to Figure 3, the ink supply channel 6 is

f or med Te hé¢teodndifhe mreSenbylveﬁnitipls genellaﬁm)rn@dﬁ atqeptaldi high etch rates.
par i on

&E E?er oAl s.ﬁlnnlg gcgl ettcllpﬁt !\?Iag{ea% 4 n?]e /i, o&{o?@ Ieagﬁ":tgstrt ench

5vv| |5l mibeeone opti@allydt Mst&;zzcsdmmm arptangllyr 2 1623t 7 n@rro@min are
];ggl\%nlﬁaﬂpf ﬁébEeS/aglg %ngr}dlln%&%lt\ 1969]:?0% 1§lmsu1it£51$ g?étﬂugosﬁlﬁgdg%)%en&%s (e.g.
f or20e dridpgr luhg nr@dlae)pwbplm@mbg uied @fmnk hl@plywkarsxeip pl Iym@ﬁaﬁe

of the e "

t he pho?%jrneglflg?dﬁr%& P@ IE\H?TIEO% ﬁ% ? ; SlRlIUftl%eeo]atQ F’lgér?é X’? or

t helvjipg eiehiig, Wikhisistultpneousi e@é@g/fsﬂdeweﬂl regsivatier, the ﬁleﬁxéfl pEaipises < the

1t h %tc%j let tYengﬁ]ﬁ{&Q@ su@st@t@ QSlhch& &%&l aﬁd ﬁﬁﬁ@ﬁé gz?é -plasma. The
ernatlve , each %ﬁ channel " may
c orsfie ﬁ@iﬂpaﬁwaélaws ylaﬁlm@pﬁl@n Y pOTORTERES: f3) 2 64‘551%@2 gesomprising
WhiggBoed (b) 811861 splitBing BRECFOMRFiBHed Alhing HAE; Sndddy aggatm_ ml bing
et ai

|s ilTustrated in Flgure 4 and is described in
doprat (&% Aespibed eayele opendi ng appl i cati on no.

10/ 760, dbton) PleiieaRbutiRel g gaBB@%@Optfoﬁ@lthﬁ@ﬂ&ﬁ Ea& dFfhe inert
whi ch i,s incarporated h reln by re{@re%g? aﬂ b
Pof spHiggae FA 5 BB B o100 BT P dS PO Tecm Ciponaly. the s

"b aﬁ&mgmhammphmt Then gabEsash dshefituh) Iﬂdfi@v&m’d isrgemepaliiyng

an e t|r hanne with i.lst nozzle
o T G e B B APy iohelof B s hirEh 1
f or med. Tﬁbﬂumhhaimﬂig @@s thdyebe pnyaﬂxh@m}bm;éd gdschietgean produce
ani_sotrao ron, it is
o1 S OREER 0¥ ok Peo R Mot Bk SesPOP T S Bed dg oy e,
20pr dwni edemﬂdy 8FoPR; drindxtolaatheredt. Qptobewily, ths ﬂu@piated‘gm is SFe.
pfl r
Ger Ry SR LTl Bl 6 ol SRS 180 pogmy or 2010
an c$0 2®n_h Wh@pﬂy, Ithegatiortf irstt pmﬂﬁyrntgmm fe@ grgotbiyaiflespingted gas is in the
a nsure that the aqueous- based
|n§m§g8?%z0&h'gngdﬁ ?nto the ink supply channels from
ab uI k Thekpapsbeting/gss may goniyidisofisopsstvatiog eqnepopeisan addition fo
25eNSUR. FeRGxblThb AR 8o WbREhPhOraRl HiORkE baVARA
Ink is from each nozzle and also mnim zes
s u @p&e@llw t @tedaﬁ Paspiiatipe Eftls inghe rapapef H) tofd peranisr ¥5gp 60
et Gl @pabﬁanga dﬁeeraud Jf@xfé@t@?ﬁtehﬁg Hs§ ﬂags@@ﬁngagae 1A BWRankBof 2-20
the art. hese net hods 1 nvol ve de reactive

i oo bRt W@fe{abm %}5 todi Hefogallyathe &f@@ﬁﬁumﬁt& etching gas to

fﬁ@h@@aﬁ&gcgtagfs iSUOBhESIrS:1 thil Blora: 1S It1t2a§43ez 3ask Ioll sposed
ereon P I el.eCctro I.n a asna

reactor“h% “@%ﬁ@@%ﬁﬂPﬁmgﬁﬁﬁﬁﬁ“ doﬁﬁﬁjﬁwﬁgﬁﬁgﬁﬁpﬁed

f r eifulkaibond eﬂmgqfassg;aﬁ@&nay‘sb andepsfiod & tHel falfoRingIAGR Ses:

(usual | osi t cha ccelerated towards
e oubdelet ol Yoo R BSER R e b e
el eqiatioth 1] ahHg2]pl asma gases etch the substrate 30

ei ther by ph S|cal bonbar?gen éﬁe cal reactign or a
conbi nat i on %65 tBot h. £t ch g o on®is usual”y
ultimately achi eved by fornatlon of volatile silicon
hal i des, such as Si F4, which are carried away fromthe
etch front by a light inert carrier gas, such as
helium 5 Ani sotropic etching is generally

achi eved by depositing a passivation |ayer onto the
base and sidewalls of the trench as it is being
formed, and selectively etching the base of the trench




nunber of fabrication steps and can also lead to their
own i nherent problens, such as wafer-cracking during
EKC cl eani ng. A nodification of the cyclica

Bosch process is described in US 6,127,278, assigned
to Applied Materials, Inc. In the Applied Materials
process, a first passivation 30 etch is perforned
using a HBr/02 plasma, followed by a main etch using a

SF6/1113r/02 in alternating succession. The HBr
enhances passivation,spropably by- formati on of 2]

relatively nonvolatile silicon bromdes in the
passi vation | ayer. However, the probl em of

hydr ophokj &3 n)fadi&ﬁtpﬁﬂw% %‘é@i%lfsuﬁﬁdelbg' ﬁfs@ %bﬂgﬁ‘w %tB bhe surface
t he A@?Iled terial r ocess. I'n order

av g %@ﬁ%ﬁﬁﬁe®§%ﬁe3 dikpy process in which plasna
gases need {9 beg;§ost §aeysbys:dltsr nat ed, ani sofzopic

et chi ng technlqugg me#gydeve Spegg whi ch use Eﬁ

si mul t aneous sidewal | passivation. In such etching

met hodsyeabxRie §§s@§atf9n)faykxscotfé?§ PERdnt Elgé.{;vaﬂs %Stﬁé LAl %f ¥ trench.

co onent and an et chi'ng onent ypi ca

IV HhE Faserobihe eeeh/t@n@ ilayhr qeh ée @a@md. bcrrﬁhedfsﬂqqengas
a Galckds®f gas being highly reconmended to enhance ion
di spersenent. The plasnma m x sinultaneously passivates

10and etches S%%{%h+dbo?d%0{$de|sadvantages of t H¢
Bosch pg; Nevert hele 4 enera
t hat nrxrng §E gggggb?V§§«(%is %Pfégggve anlsﬁbroplc
etching, because the two processes tend to be self-
cancel | tRQ4soAGE Q&%Moﬂde Al gﬁé&%&fﬁ%&%g@é gc?é{@lsl ocjate from the
passi vati on etching has been nost on %
et cHPMgUrRePeitherdly yheimaiorabyelatifityme hréshysmdrspmetma&é@phe silicon
158N Ea@@bﬁhéeﬂ&rbﬁ Roald! th&fiRAhd Iq@lcaa@eﬁr V@R n&%&d@émth

is by far the npst preferred technique
su e@ég% flle etphingis devendy thepvelaiilify otlicon Jeesise spesisg hess,
whi ch does not requrre alternatlng pl asma gas
m xtures, is the "Lain process" described in US
6, 191, 043. Pis)thé& Lai n prdcessinfa passivating/ efsthi ng
plasma is f f.roma g of 02, SF6, He d Ar
15 - the OZg{gpdgﬂgégf é?kﬁ%&bgs the SF6 is anﬁT

20et chi ng gasSifka®) He ™ a Y&f@ier gas; and the ABlis a
bonbar dnent - enhanci ng gas. Trench depths of up to 60
m cron _have been reported usi ng the Lam process with

accept appecdingtravaioesd!] triflewarnreseicuircad s epivestisyetace film;
be@s) ysRdeit ABbYeR Ry reeregatscg@pmﬁx, 9fan@£ %%taﬁﬁua&mggQQ

m cron have not been rep orted None of
abWéSe&%%?clﬁ?%@&%?%rrmb‘bdélé%%@sda&wt%spseed to etch

a5t encheﬁtehﬁmwgme@ag?e&rsw@wakn \rﬁa‘erh LRaon g }Ig}es@lflts BY¥REy

avl ng I Cc Sl Even

m%??n{fﬁeepaéwﬁ%{ﬂ&é& e bass Ofﬁbesffene‘t i ﬁerrowe%'rshsemaesa 2gusjidy ion
Si ﬁﬁrg@mihdédhdsdtd@i@@ﬂdsﬁra lstabteeetealp@z%enm@&ls) Goveardd evardllcen

are cul ar | r havi ng a cont act

antyPE™ f;f"qg'ﬁéf i Fracid @%/ dﬁrr%ﬂr eﬁarﬁ frqngh dQuiof seeise agpane fon

C oty bis tha bise Haate, hiissropib awhibdn b@ﬁ@xﬁe@éc&m y less than

40 or fer than 30. 25|t e desirab
080 or ot aSEE RelppBEe o) S st i SEAC O e

i sangsafperyltimt odn rrtldoted e oal biackieahy lilgh idnhzteﬁﬁgi}ere i 1ncrease the

tr cron. It woul rtic
TR s e Ko THELSR, = Ui P R b i oo
s i aengr fs|te ufhesry ibdsesuett Shrgomidnkduthe paemmeed for any
post -etch hydrophilization treatnments. 30 Summary of
the Invention In a first aspect, the present invention
provi des a nethod of deep reactive ion etching a
trench into a substrate, said nmethod conprising an
et chi ng process using an etching gas plasm and
passi vati on process using a passivating gas plasng,
wherei n said passivating gas plasm conprises a
hydr ophi li zi ng dopant. 7 In a second aspect,



20ln a fourth aspect, there is provided an inkjet

pri nthead conprising: a substrate having a drop

ej ection side and an ink supply side; a
plurality of nozzle assenblies fornmed on said drop
ejection side of said wafer, each nozzle assenbly
having an ink inlet; and a plurality
of ink supply channels defined in said ink supply
side, each ink 25 supply chantiel being in fluid
comuni Riah kltamnatitre émiaklinhean gte inyagion mikployd aitrnativyetobing and

(o e R s ARGl FORN B R ARG Sk Rlncor.

s ubibt methddabiyrispethpetpghioful ar to a surface defined by
the ink, I i ' : ; 0
si deva { LB S S Syl Wha3l SEAEELSpIGHE (g eesplaome
et chinpgsinget hod of the present invention provides a
means by mhkﬁgiﬁ&ggﬁggﬁmggg&pgﬁnels can be forned in
substrates. The trenches or channel s advant ageously
have hydr oplki)|ahéncsisoetaErd gsby virtue of the
hydr ophi) paskigin B4 sRiFREEM el shbstrt@ uBhLhhaBGvABh lasia,
gas che%?gtry. ggﬁ%@, the nethod is hiéﬁ?@ suit%%?g
f orths 3ssiveheg 425 BAUPEOMBFS B annel s used in aqueous
1d | ui di ¢ appl@)eaticenSontsixtiepsitio kassatiapl y channel's in
inkjet mnth aqg. ... The etcging nmet hod nmay be used
for et chi ng YWY EIREEg OREEEE i nto silicon, having a
dept h ofiijatterh@agly rdakingisepOf) andif).nh accept abl e etch

rat es. reover, nimal RLE lag i.s 5 o rved i.n

i o et POt SRR g P S SR BT Rage g & dopbtiRg dopen

aniasodenaiyas éésctibed grevivhgy.eby the trenches fornmed have

ubst ant. al er.pendi cul.ar . si dewal | s _wi.t h.res t

Fhe supbtralt BEPREREY R el PR Sl shE ARSI,

persgemdiatrinrg'depasttion gaste griapdrized TEOR niagpe nsed figlee gabs that may

th ' ' en. f egneen

o S gl MBSt BBl SL S B

10 Adgbinationsitherpofald¢rice.dbe rashirvaiingatppdiotsemhlss piypisalprocess for

| VLRI ) s B foRhicAY QLA PBES) @ borBBbsphosilicat

pos@%%tggp%ﬁg@gﬁg%% eé such 0asm.EK% Wt cloe;a%i ngs%r()SICIQ(:’Zale
20| abaraBRSG) enthi srystrate Thy dtehineieg € fepmilng agfri@heitipester n a

FeaiddliGioctThe etching plasma is typically generated

in a pllasna etching reactor, such as an inductively

coupl ed plasma etching reactor. Plasma etching

I eaglePhScAbBnWell D@3 i n the art and are
conner0|allﬁ avail abl e from various sourcges (

: . | € e. g.
Sur f ac el FWE bt REEpeys visvret a 1opds arapgemeanior § Prigthead;
2%t chi NYFiE@a 0 i cub@aP hérsREV viRVT e hodzQ) diaslehiefihown in Figure
al um |(£%P%%?ss or. quartz, which contains a pair of

pariatif PSTPIHEROEE  However, 20 ot her designs
of reacrigiire 3l @¥Rial plrbRct dichvio the pASEEH nbiveiahgemehishown

sui.table, for use with any type.of plasma etching
r edfighee 2 boore Sgﬁp%&?’vﬁﬁ ﬁﬂgall?éﬁ%gifp?lﬁé)m‘gner gy source is
used t oFig@al 1 qutaaspergRsids vientof adalesdtivaihlosuphle channel
3Oc:harrber.l;{he ioni zed gases are accelerated towards a
suBEFIEYE€" di sposed on a | ower el ectrode (el ectrostatic
chuck) by a biasing voltage. Hence, etching is
ac }%¥§HﬁP¥ﬁ%mé§P%8&Bknati9” of physi cal bonbardnent
an . Various control neans are
pr ovi dedll ighes exsrperfornieil frop standard oidudtivele couptad piasmi DRIExeagOr.
ga [ RS Y/ ge, the RF ionizing energy,
thg%g&%égﬁgggﬁ%gﬁgg?g@ﬁﬁé, t he chanber pressure etc.
It will, of course, be within the anbit of the skilled
person's conmon general know edge to vary plasna
reactor paranmeters in order to optimze etching
condi tions. For exanple, the chanber pressure is 30
usually in the range of 5 to 100 niforr, which is
typical for deep reactive ion etching (DRI E)
Optionally, the total anount of hydrophilizing dopant




Optionally, the trench sidewalls resulting fromthe
etch have a contact angle of |less than 50, |ess than
40, or less than 30. These are hydrophilic contact
angl es and contrast with the highly hydrophobic
sidcwal I's resulting fromthe Bosch etch. They are al so
15significantly nore hydrophilic than Si Q2 sidewalls,
whi ch typically have a contact angle of about 60.

As nentioned above, the nethas of the present

i nvention generally provides substantially anisotropic

etchin provi di ng tantially
perpeng¢%ular S|demdﬁf399$§ﬁﬁégﬁﬁ§ over 100 m cron
over 2@mksii cron or oMer NBOH 120cWdex wi t h aspect
20ratios of.over 1.5 1 E'éc L, 10@M@RMa10: 1
or ove:i’O b5 gﬁ%ls ﬁ%“ﬁgr |8ﬁﬁ)é?y adv ntageous for
5 et chi n@ghambersuppl y cAmdized.d 4difreichryber Vomfead
fabric i L'y, the nethod is used to
etch aéaﬁgrallty ofq?ééﬂﬂ%es in a substrate
si nul t &ivelings| y, wherRacksidahsligangedippns of the trenches
are defined by a mask [ ayer on the substrate
Typically, the mask is an oxide |aye é 'ﬁ% The rnaH;X
Enhanc dawithifgenrss bq apprgeigtsd ﬂ*afﬁlzm@%emdwe Hgiat berdysgtoe
10 SuanEl'y S 08 o eRdriifle S RISk FBliBcatioRBT KetBien@Chd itdde indthinaliesscope
observed using. the nethod of thgggﬁﬁ ent i nvention.

Seplethe yaniign, Eich fsistined by thesaoRw 4% i nperati ve
that the mask does not wear away when etching

ul tradeep trenches. In general, higher substrate :
mask sel ectivities are achi evabl e using hard oxi de
masks as conpared to soft photoresist masks. 30 Wth a
soft photoresist mask, the present invention typically
gives a substrate : mask selectivity of |east 30:1,
optionally at |east 40:1 or optionally at |east 50: 1.
Wth a hard oxi de mask, the present invention
typically gives a substrate : mask selectivity of

| east 80:1, optionally at least 90:1 or optionally at

| east 100: 1. Such high selectivities are 10
surprising, given that the nethod relies, to a |large
extent, on physical bonbardnent of the substrate.

The nmethod of the present invention generally provides
acceptably high etch rates. In a typical silicon etch,
etch rates of at least 4 micron/mn, optionally at

| east 55 mcron/mn, optionally at |east 6m cron/mn,
or optionally at least 7 mcron/mn are usually

achi evabl e. Accordingly, the nethod is suitable for
etching ultradeep trenches (e.g. 200 m cron | ong
trenches), which can be used as ink supply channels in
pri ntheads. In one enbodi nent, the invention enploys
si mul t aneous sidewal | passivation during etching Wth
si mul t aneous et chi ng/ si dewal | passivation, the nethod
conprises the 10 step of etching a trench into the
substrate using an etching and passivating gas plasma.
The et ching and passivating gas plasnma optionally
conprises: (a) a passivating gas conprising oxygen;

(b) an inert sputtering gas; (c) a fluorinated etching
gas; and (d) a hydrophilizing dopant (as descri bed
above). Optionally, the inert sputtering gas is argon.
Optionally, the flowrate of the inert 15sputtering
gas is in the range of 100 to 300 seem or 150 to 250
seem Optionally, the gas chem stry may conprise ot her
i nert gases, such as helium However, it is generally
preferred to use Ar alone in order to sinplify contro
of the gas chem stry. The fluorinated etching gas
may be any fluorine-based gas, which can produce
fluorine radicals and etch silicon in a plasm etching
reactor. The fluorinated gas may be, 20for exanple
SF6, NF3 or m xt ures thereof Optionally, the

L~ p—
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deposition gas conpri ses

The oxi de passivation | ayer covers both the sidewalls
and the base of the trench. However, at the base of
the trench, the oxide |layer can be renoved by the
foll ow ng processes: 10Si On(sf) + FSi On(sf)-F[ 4]
SiOn(sf)-nF ? ion energy ? SiFx(ads) + Si O Ty(ads)|[5]
The adsorbed silicon fluogi de and silicon oxyfluoride
speci es dissociate fromthe silicon surface, either by
t hei atural volatility or by physical sputtering.
V@iﬁhgge silicon 15 at the base of the trench
reveal ed, the quorine radicals in the plasm can
proce t ri.ven

D87 ac i eyl e i F Tt B oo Efuging it Sping
Siprondsp 64ingSin eokin® gas o}asremmdg)pa&v&dﬁmt@ds )il a passivating gas

[ b, AP Sy R 8 ey el S Rl o

surface f|In1 (ads) represents adsorbed; (Q)

repre itrary integers
errezgﬁkﬁﬁggﬁaéﬂgq %?anggg%ﬁ?géﬁyﬁkﬁlxed oxi dati on
state species. 25In terns of achleV|ng ani sot ropy
dgrin |

The. pankpGLe) EibigrE I A Ak AR RRRRS G iR
réﬁ@?@@wwvfﬁd9@%%@§@ma%§¢§ﬂéﬁmﬁyﬂﬁ@h energy. Since the
etching plasma is accel erated perpendicularly towards
the silicon substrate in the plasma reactor, the
sftdewalbe&retipd phrtain | Shiereinie ﬁetoh pldevilywsitng fomrthe stgfrhave a
eBRBYand® of B& thase. Hence, ani sotropic etching can be
achi eved. 30In general, the greater the ion energy in
the plasma, thc greater the degree of anisotropy that
c an berha gfaihed ettlaifonexiwesin @é hriedpheiving GopahtGhmprass £hesgy

B R e R R T e i

energy |s to use heavy |ons such as argon ions in
tvemmo

e pla t
(Be P8 Mg dttam 1 vholdh A0 R AR book SRR Elpoung

pmted &vindire esdug psnswnngapfdﬁﬂés PHBmdﬁhypqueé@\dB)V%mtbyl
LB o FafindbRarsiyation, the method comprises
st eps (1) tchlng into the substrate
using an etching gas plasnma, the etching gas plasna

5¢.0MPris d@od éaind 1 RN Hat&fn SEERINY 888 modNEk &) an

inert sputter 1) paSS|vat|ng exposed

seﬂmp&ée@owoselr?étcggﬁﬁs&’%k eorpgliqaty elpsyRSSH. Vereplvgphgeilicate glass
PIERS R or bRSnRASSIHYAIA Ng gas plasma conprising: 10(a) a
si licon-containing deposition gas; and (b) a
hydrophi l'i zi ng dopant; and (iii) alternatingly

r gpeatihegedbEfzlalth ), vwHekid dald)irench has a ddpgh Jrbup 100VRALRH.
etching gas, the inert sputtering gas and the
hydrophi i zi ng dopant are generally as descri bed

Ps.evi qus h¥thodlsT BMaRh €3 tedbin agh@faﬁt&f bi t?éﬁﬂfeﬁt @ @kﬁédﬂﬁt@ Jaid substrate
ho ug

sTPpEgeRuglsieRositipy Oééab%§“r“€‘ileé nge%eﬁe%ibg %@V@rz‘eaosed on
TR@S)bsway. be used O her gases that may be optionally
present in the passivating gas plasma include N2, N20,
NH3, 02 or conbi nations thereof Hence, the passivating
step (T mbB&rITRIagS 9, avHedel BRAImaIE RGE SSanfoRite AR OSE boRFesist
phosphosi ticate glass (PSG, borosilicate glass (BSG
dﬁ“ﬁorophosph05|llcate 20gl ass (BPSG) onto a
substrate. The etching step (i) resenbles a typica
etching step in a Bosch process. Brief Description of
the Drawings Figure 1 is a perspective view of a
nozzl e arrangenent for a printhead; 25Figure 2 is a
cut away perspective view of the nozzle arrangenent
shown in Figure 1 with the actuator assenbly renoved,



Figure 3 is a cutaway perspective view of the

pri nthead nozzl e arrangenent shown in Figure 2 before
stripping away the photoresist plug; and

Figure 4 is a cutaway perspective view of an
alternative ink supply channel 30 arrangenent. Genera
Experi nental Procedure “ Al etches are perforned
in a standard inductively coupled plasm DRIE reactor.
Ther eathohethd of Gk QUFREIRGe hdktk@WSnask dechifisht Rast 30 1.
2.2 M1z, 2000W Max Bias:13.56 M1z, 1250W Max Lower

El ectrode: Anodi zed El ectrostati c Chuck (ESC), 1000W
Maxi 25 Chandagsth i@ el hizeid whekeift tHelelch Eat&il aTRBT 4 Ml WimE, Punp: 2
litre turbo Cooling: Backside heliumcooling It will,

of course, be appreciated that the present invention

$asi3beemhdaaidd lp e mLQoRy# &hoVsik)tah@Ys Qéhi: s8vaBBfprocesses,
e

that, nodifications of detail may be nmade within th
sCOPE Bt YIRS SIFRPE ARG RIFFIVAlE P REapempTRSEsas\ i}y as plasma and
ac ceidpasiythg g6d jdsis. 14 CLAI MS 1. A nethod of
etching a trench into a substrate, said nethod
conpri sing an etching process using an etching gas
pl dé$na Erchahqlasshivat) wherd Quesding shdyghsdvpasss Madniang
Mga§m§¥%5§na, wherei n said passivating gas plasm
conprises a hydrophilizing dopant. 2. The nethod of
claim1, whéxeipmsisging gsubsprisieexygnsi | i con. 3. The
met hod of clsai i_n.said etching gas plasma is
generated i gﬂgﬁggﬁgg%ggg%hing reactor, and said
substrat e i $)etiloringied piclizd gis;redict or. 4. The net hod of
claim1l, whepsgi : sidewal |'s resulting from
the etch haggggﬂgg%?g%'ggﬁgTe of l-ess than 50. 155. The
et hod of claim1, wherein the hydrophilizing dopant
CONPY i SER ntHRAbPMim DRl AR i FAPRRAL ¢afis argon.
phosphor us- cont ai ni ng conpound or " conbi nati ons t her eof
6. The method of claim 1, wherein the hydrophilizing
dopéant THemHoS 6cldam GO RRKNG .Y SluESiaRd clohifid RI8H QUM the

consi sti ng. of PH3, tripethyl borate (TWMVB),
t r EiTeR AR Oﬁﬁég@%??%”?ﬁ%ﬁwl%?ﬁconbinations t her eof
207. The nethod of claim1l, wherein the trench sidewalls

resul ti fr.o he etch conprise phosphosilicate gl ass
(Pey Hemsidbicdin 5otk B aRa o st R edp o
gl ass (BPSG) or conbi nations thereof. 25 S. The net hod
of (gl-ai n.,said trench has. a depth of over
10(l)§'rri 01?8 #ethé‘.@%cgamr}é?’ﬁ%p%sfnggﬁl easlieﬁws (1f,' wherein a
plurality of) ¢¢hingcttesid wbemehedg imttcirgapdplsubstidatding gas
ZSSiPH§&ﬁB§8H§&¥' the positions of said trenches being
defined by a frask | ayer di sposed on 30sai d substrate.
15 11. The met hod?)éfluginaicdrettiong gdvemei n t he substrate :
mask sel ecti Vit yyi.g i@k 8 Q : 1. 12.The nethod
of claim 1, wher&?ﬁ %hqut%ﬁ%ﬁgfe is at |east 4
m cron/ r ai n{t) BEgvaingeipetchotifaeds of hasbsitatcwing ripsssivgfing gas
Si pdnt20e0asRlis ah g aRdoRA3Hvat i on processes,
wherein a single etching and passivating gas plasm
MO conprises said &Ry gaainise deneaitiomgrsisad d passi vati ng
gas pl asna. (b) a hydrophilizing dopant;

(iii) alternatingly repeating steps (i) and (ii). -

19. The method of claim 18, wherein said inert sputtering gas is argon.



14. The net hod of claim 13, wherein said etching and
passi vati ng gas plasma 10conprises: (a) a passivating
gas conpri sing oxygen; (b) an inert sputtering gas;
(c) a fluorinated etthing gas; and (d) a
hydr ophi |'i zi ng dopant. 15. Tife net hod of claim 14,
wherein said inert sputtering gas is argon. 16.
The net hod of claim 14, wherein said fluorinated
etching gas is selected fromthe group consisting of
s;:e 20.NF3Ttemebthot ¥f dlrid 8} \ft&reﬁos‘md fluorinated F:&ng gdags soed: G m the
0 laim 1 &9 g t n et ching and pass

vat onpﬁpgé ggéésﬁp3mﬁ“u§§' nethod of claim 17,
conprising the steps of: (i) etching

t t chi I d
el ng s 4B8t b SR P e s Sy e Arispa popies

et cRithg gas and (b) an inert sputtering gas;

(ii) passivating exposed surfaces of the substrate

using a passivating gas plasma, said passivating gas

pl agha dbepeitsd ofgiaiiB0§, ax)heamsiaild ipessirating Bhseyild3ind Gurther comprises a

dep S n hi 1] zi ng dopant;
R R R b PR s )

9 The nmet hod of cla|n118 wherein said inert

sp%ﬁenﬁw Q f C

18, “where, rr?g‘gczﬁ ég% aﬁ'{xj gé) thgrtexégh gbas quonn?eglaeposx%s or té% ?xg%lsed

f r GHTRIF® agphesphosdierts eletsi(RYS)od bOQEGICHtNElBSSéBSGm hdrephesphosilicate

t hegao(prsed §r LaBidRIIed,pf Claim 18, wherein said

sil1con-containing deposition gas conprises SiH4. 22.

The nethod of claim 18, wherein said passivating gas

19| ase uRdiAlof ROHTMhSSSnBet PATLSS |o&%p§r§gx fleQp Ot N2,

N20, NH3 or. %onblnatlins thgreo § ° %g met hod

of cl ai m 18,WwAariding ke hayingiadrapicisatiossisls aukasdal seply wdes

t he exposed (BustiagesplualifpbospbRs birheﬁ@rtﬂﬁo%h§§§ d&ﬁ’%@tm fde

bor Slé fate gl ass (BSG, a borophosphosilicate gl ass

(BPSH® 8°conbi nati ons t hereof 1524.A method of

fabri cati ng (@ipfillink paixt tr@bhe@tvhﬁpld)tcﬁ&mprl Si ng t he steps

oof : a waf er a dro
20 ej ection si §O% mg‘ %nglruﬁal 8‘5%?@7“1@?8%221"’5 Sjoct actuators g‘l‘d] )
et efspeigeddrpl giraiitit on seifl dtapejecivasidpaf saidabdfyt utihg Mbicpraphiailly
drg{gslgahg& of said wafer; (iii)

11 ng sgkgg?%gﬂghes with photoreS|st 20(iv) form ng

a plurali ty(‘doqtqhélgﬁmhmh’mgofm%bmlmge}kesupplx)maarmtsmuzcsa@ ink
an%p@@%ﬁﬁ'o%aﬁﬂvgéﬂté/?al@%}fo&%gs{s{ ¥On Said drop ejection
side of said wafer usi ographi cal ly nasked
25 ot chi ng tec Séﬂp@gxg said photoreslst from gajq trenchds itnfigroanozzle inlets,

Pl theby bobvidihg QQiH rc@xﬁ@&ﬂ)g 'b&gleénrégd ?&Qgéﬁfy &5@5@ &li®ndzEI0M
said in de of said
phBGFia é?létﬂg S%HREV °2§F\?§SPIC§t°h?dp1é1na estehias plybodacseiliag to claim

fromsaid trenches to formnozzle inlets, thereby
providing fluid connection between said i nk supply
side and said nozzles, .wherein said ink supply
channel s are etched using the etching nethod according
to claim1.



