2 June 2005 1 5 SLOTTED SUBSTRATES AND TECHNI QUES FOR FORM NG SAME

TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates to
substrates such as those used in inkjet printheads and the |ike.
BACKGROUND OF THE | NVENTI ON Various inkjet printing arrangenments are known
inthe art and include both thermally actuated printheddsuasd2£8>
mechani cal |y actuated printheads. Thernmal actuated printheads tend to use
resistive elenents or the like to achieve ink expul sion, while
mechani cal ly actuated printheads tend to use piezoelectric transducers of
the like. 15 A representative thermal inkjet printhead has a plurality of
thin filmresistors provided on a sem conductor substrate. A nozzle plate
and barrier layer .are provided on the substrate and define the firing
chanbers about each of the resistors. Propagation of a 20 current or a
"fire signal” through a resistor causes ink in the corresponding firing
chanber to -be heated and expelled through the appropriate nozzle. Ink is
typically delivered to the firing chanber through a feed slot that is
machi ned in the sem conductor 25 substrate. The substrate usually has a
rectangul ar shape, with the slot disposed |longitudinally therein. Resistors
2 2 June 2005 are typically arranged in rows | ocated on both sides of the
slot and are preferably spaced approxi mately equal distances fromthe slot
so that the inkLot@aEDeSUBSMBARESt ANBAERCEREQUED FOR EQRIING i y equal

The width of the 5 print swath achieved by one pass of a printhead is

approxi mately equal to the Iength of éhe resi st or rows1

The present invention relates to substrates such as
those used in inkjet printheads and the like.

BACKGROUND OF THE I ION

Various inkjet printing arrangements are known in the
art and include both thermally actuated printheads and

10 mechanically actuated printheads. Thermal actuated
printheads tend to use resistive elements or the like to
achieve ink expulsion, while mechanically actuated
érintheads tend to use piezoelectric transducers of the
like.

15 A representative thermal inkjet printhead has a
plurality of thin film resistors provided on a
gemiconductor substrate. A nozzle plate and barrier layer
‘are provided on the substrate and define the firing
chambers about each of the resistors. Propagation of a

20 current or a "fire signal" through a resistor causes ink in
the corresponding firing chamber to be heated and expelled
through the appropriate nozzle.

Ink is typically delivered to the firing chamber
through a feed slot that is machined in the semiconductor

25 substrate. The substrate usually has a rectangular shape,

with the slot disposed longitudinally therein. Resistors



which in turn is approximately equal to the length of the slot. Feed slots
have typically been formed by sand drilling 10 (also known as "sand
slotting”). This nmethod is preferred because it is a rapid, relatively
sinpl e and scal able (many substrates nmay be processed sinultaneously)
process. Wile sand slotting affords these apparent beRefi§ 288ad
slotting is also disadvantageous in that it causes mcro 15 cracks in the
sem conductor substrate that significantly reduce the substrates fracture
strength, resulting in significant yield | oss due to cracked die. Low
fracture strength al.so Lim ubst | engt | N gl sely
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chi ppi ng causes two separate issues. Normally the chipping is tens of

m crons Iar%&?%auj limts how close the firing chanber can be placed to the
edge of 35 the Hemid sOotashawal typi¢ml bhihgsmdormedabyesandBxididdyd 3 2
June, 8005 YiLidh @t B B8 ng&eewhgng.pr@ﬁfésmearmdcm ApkdRerrpdbl em i s
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control | ed Fﬁhny substrates may be processed simultaneously) process.
While sand slotting affords these apparent benefits, sand
slotting is also disadvantageous in that it causes micro

15 cracks in the semiconductor substrate that significantly
reduce the substrates fracture strength, resulting in
significant yield loss due to cracked die. Low fracture

strength also limits substrate length which in turn
adversely impacts print swath height and overall print

20 speed.
other techniques include wultrasonic diamond bit

drilling, . abrasive sand blasting, YAG laser machining,

KOH etching, TMAH etching, and dry plasma etching.
Ultrasonic diamond bit drilling is only suited for
25 machining round holes. Moreover, this process creates
large chips to glass and silicon on both the input and
output side of the through hole. These chips are too large
(hundreds of microns) to allow the resistors to be close to

the ink feed slot.
30 Abrasive sand blasting also has chipping problems, due

to chipping of the wafer around the output side of the
through slot. This chipping causes two separate issues.
Normally the chipping is tens of microns large and limits
how close the firing chamber can be placed to the edge of

35 the slot. Occasionally the chipping is larger and causes



5 many factors. The variation of the slot edge position causes variation
on the ink flow resistance. The slot position is controlled nmechanically
in a harsh environnent, thus limting the accuracy and repeatability of
the slot positioning to about +/-15 mcrons. 10 YAG |l aser machini ng al so
has di sadvantages. The |aser systemis;expensive to buy dndendPAbain. The
relatively small |aser beam needs to be "paned," i.e. noved, around the
paranmeter of the desired slot area and needs multiple passes to cut
through the wafer. The |aser produces a 15 small spot (around 10 to 50
mcrons in di Set el S hie nalfEake@RehY dibdalissedne i ggmld active
area requi r&y° PSfhe’l aser spot be nove round the perineter of the
area that iprdmldme dst mbi¢e prevaledr RS p%lhl%edieslltre@akﬁéo‘:nalrﬁpg%er

pul ses at each peri a t h si.| i con swfer ,
which in anl%créaa%egeétgdnb%d& &éggﬁég g%ﬁom&%ﬁ td%?g’é%ggs of lgrﬁ%c crons.
Typi cal vvafmocmﬂ:ﬂ:e@m meseling sshape gfnshes s1etnilts Py ggﬁ’am ty.
As the lasr@%nybufgétépé;OUQhI‘ﬁJ'evﬁk.lLé@PBnt BEr i alo@r edgar Cpmtizftm cut

wher e the sili‘con s nel , hot va OI‘IZ% This 25 nolten ﬁ%‘llcﬁ%
spat t er ed ﬂ@mﬁftﬁ%rb@%bo%fophé:rtﬁﬂ-w( Lo REITRAT b e part

adhesi on a@oém\erﬂgs gbabubese@rmatiognidwllcam haharshresakitausntand cl og
the ink feed area around the lLaser 0 1t enough
to cause daﬁkﬁ'bga}’d“’ttﬁé‘q hFRE i FRFRRACharPle p§§%}oéwltgl .%%K ( Pot assi um
hydr oxi de) mﬂumm@ teta migpartt e LIS mlctphms since KOH is a corrosive

basi ¢ .chem cal I Lael .t hend hiaddd ns used
in m%ﬂy types o nfye? W?%gﬁlﬁ Séfél% haé\?;:alwtaﬁgaﬁaﬁ tch ttack .35 of the
thinfilnms, systen chs m&%%%l‘ﬁ%e’a% byyoeedr "BiPsARy 4 o0 he

thinfilm prg%ﬁls'fhgseﬂ'%éarﬁrﬂéeaﬁ 88 Bedepag@dses i. probdoe;rﬁ b eczmsel
trenched mﬁjﬁgsaé¥gké¥§rt¥%rEHKHJESLQEJngi t area and needs multiple
passes to cut through the wafer. The laser produces a
15 small spot (around 10 to 50 microns in diameter) where the
laser energy is focussed. This small active area requires
that the laser spot be moved around the perimeter of the
area that is to be cut while the laser is pulsed. It takes
many laser pulses at each perimeter location to cut through
20 the silicon wafer, which in an exemplary embodiment has a
nominal thickness of 670 microns. Typical wafer processing
time is 2 to 3 hours, limiting system capacity. As the
laser burns through the silicon there is an area around the
cut where the silicon is melted, not vaporized. This
25 molten silicon is spattered around the edge of the drill
slot causing problems with part adhesion and leaving
globules or slag that can later break loose and clog the
ink feed path. The area around the laser cutting zone gets
hot enough to cause damage to the thinfilm and barrier
30 material.

KOH (Potassium hydroxide) etching can damage the thln
films, since KOH is a corrosive basic chemical which will
etch silicon, and will attack the thinfilms used in many
types of inkjet printheads. To avoid the KOH etch attack

35 of the thinfilms, the etch process needs to occur prior to



of the thinfilmprocessing tools. For an anisotropic etch, the etch rate
Is different for different crystalline 5 planes; therefor the etch geonetry
is defined by the crystalline planes. Etch angles cause the backside
opening of a slot to be very large and Iimt how close the slots can be
pl aced to each other and the edge of thg die. TMAH (Tet r2a Iweh00&mmoni um
Hydr oxi de) is another 10 anisotropic etchant for silicon. TMAH et chi ng
techni ques on <100> silicon enploy etch angles causing the backside
opening of a slot to be very large, and thus limt how close the slots can

be placed tg, eagh; gtk S 8elge Ofrhitdep db@es dn@nicyeleroptgusdsh, the
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damaged, etchi oGgcurs, .causi r.obl r r ef I Lty and handli ng
i n subsequet™ B%oé’ e&éﬁs.eaﬁqgtdghﬁrn%gﬁeg\%ﬁf é@ggaﬁgeéﬁgh%%fng of the
barrier materialTMAR y (Petisan Ng oy hgAmechhbgudiydndxide) r éBatan@iies| ow 30
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the die. An anisotropic etch, the TMAH etch rate is
15 different for different crystalline planes, and therefore
the etch geometry is defined by the crystalline planes.
Etch rates are only about 1 micron per minute. Typical
wafer etch rates are about 8 hours if etched from both
sides and 12 hours if etched from one side. Wafers can be
20 batch processed. The masking films are drastically
undercut as a result of the extended etching time. These
films can break and become a mobile contaminant that can
block ink flow in the pen. The etch blocking oxides around
the edge of the wafer are scraped and damaged during wafer
25 handling. Where the oxide layer on the wafer has been
damaged, etching occurs, causing problems for wafer
fragility and handling in subsequent process steps. Slots
in the wafer causes thinning of the barrier material.
Dry plasma etching techniques utilize relatively slow
30 etch rates. Etch rates are only about 2 micron per minute.
Typical wafer etch rates are about 3 hours if etched from
both sides and 6 hours if etched from one side. Wafers can
not be batch processed. Long etches cause damage to

thinfilms that are used in inkjet. Dry plasma etchers are



barrier material. SUMMARY OF THE I NVENTION 5 A net hod of fabricating an

I nkjet printhead is described, and includes providing a printhead
substrate, fabricating a thinfilmstructure on the substrate, formng a
break trench in a surface region of the substrate in 10 which a feed sl ot
is to be formed, and subsequently abrasively machini ng 2 ReirsuZH0=at e
through the break trench to formthe feed slot. in accordance with an
aspect of the invention, the break trench is fornmed by an etch process.
The etch 15 process is perfornmed prior to applying a barrier layer to the

thinfilmsty ki elseprad i anbadi weper BRhEEs DESCRAAY QY @heTHE
DRAW NG 20 T nd ot her features and advantages of the present

i nvention v@ﬁirlﬁﬁxmﬁ§Qﬁﬁaé -apparent fromthe following detailed
description of exenplary enbodi nents thereof, as illustrated in the
acconpanyi ng drawi ngs, in which: FI G 1A i p pl an view of the
printhead structure 25 afteak4 ARY HE, VI printhead fabrication
process, i.e. after t he |nkJet thin filmstructure has been forned on the

silicon substrate. ross-sectional of .1 4 nthead
structure of FI& iﬂﬁt r°§ fg?EHéFatéP%p of t%ﬁ*?éﬁwlca h%h proé%ss t he
TVAH et ch plesesibediasandBOibebndeer pooveding ar patiathesdotsulrsdaiaterench.
FIG 2Aill tratsmt v 0 sUbstd atee afither the
Chin 11 m 1 o o o B iEmebELbblRrt toh Gnd Mundeiabd Miedeming

enmbodi nent af bréeak tabncbatllnora pﬁ’él:ﬁ%@e FEGionBdfs %\h%r§§-§8§€éF?oﬁ&I Vi ew

of 6:¢ Junqﬂ%qqg ghe é’éd\ Nthead $Lrued Uk okokh&d Z%n@f s ehtiy et ch

process has been orned for thls alternate, e Ogl FH{ 3A h
i 1lustrat esabrriiscldﬁ?lﬁl BACDIBHNG e, aubshiate through the ‘break trénc

to form the feed slot.
In accordance with an aspect of the invention, the

break trench is formed by an etch process. The etch
15 process is performed prior to applying a barrier layer to

the thinfilm structure in a preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWING

20 These and other features and advantages of the present
invention will become more apparent from the following
detailed description of exemplary embodiments thereof, as
illustrated in the accompanying drawings, in which: _

FIG. 1A is a top plan view of the printhead structure

25 after the first step of the printhead fabrication process,
i.e. after the inkjet thin film structure has been formed
on the silicon substrate. FIG. 1B is a cross-sectional
view of the printhead structure of FIG. 1A after a further
step of the fabrication process, the TMAH etch process, has

30 been performed to create a slot break trench.

FIG. 2A illustrates in top plan view the top of the
substrate after the thin film fabrication step on the
substrate, for a first alternate embodiment of the
fabrication process. FIG. 2B is a cross-sectional view of



al ternate enbodi rent of a printhead fabrication process the 5 top of the
substrate after the thin filmfabrication step on the substrate. FIG 3B is
a cross-sectional view of the printhead structure of FIG 3A, after the
TMAH et ch process has been perfornmed to create a break trench. FIG 4A
illustrates in top plan view for a thirg 10 alternate érbodie&iOof a
printhead fabrication process the top of the substrate after the thin film
fabrication step on the substrate. FIG 4B is a cross-sectional view of
the printhead structure of FIG 4A, after the TMAH etch process has been

per f or med t%h‘é E@&ﬁcﬁe%eaé&zu&%% 6&1 pf&er ohhe arlarbaid efMARY&tcH S

applied. Fl lustrates 1n top plan view for a fourth alternate
enbodi ment phecesp mSth@e@mﬁ@m@e fEQF GiHes atlmeﬁmaqemen@@dﬂtsamon step

on the substrate (g lSUSaC actre%sslﬁegbgo?_anw.g%‘pf fbhe Priédddignd
structure of FI en ﬁong line 5 5A, after the TMAH

etch proceéétﬁéga‘b%é?ﬂwlfmﬁf}’ﬁe@ t 8 RYbRERead Hrabad catdRBhPRABES ARG t he
barrlt ﬁf |dayt66 'téfaQHé:cEg}IJ%Ef%\eSé:ﬁtératﬁé0§§|1n3§£315d10f@br¥¢%&\i§1{ é,Aﬂ@ft
printhead structure o a ong |ine after
Phe TN e B i (BU® St BLbn GBI SFELiB A IOV BRY OF SR and
after the paintleéadaateuudmnmplfl BlG. 5, HFtal apreafMAH etthypmemEssts in a

top view of ubst r at f rd he n trenches serving as
chip stop bg?g é?%nr%? €onneaét ed(‘{ae r%e%co%?r%érksmgbgbl G 6Bis a

cross-sectional EI@w takehllismptdamein6BaB pbin FvdewsALor| & third
1 ISl al €Sal fefnd O Sl e\ﬁ{b%aﬁénw B,h_ea &r@%mtfab%cat%ﬁaﬁré&@w e He ocess,
simlar tot except that ndbttomchlp
stop bars aF@P70% gmes%%%r%‘?ﬁt? RPT FiRE © r?sgg %k‘%&’l%ﬁ &H ew
t aken al ongon! the sibstkatfe .Fl BIG7AB is a cross-sectional view of the
printhead structure of FIG. 4A, after the TMAH etch process
has been performed to create a break trench and after the
15 barrier layer is applied.
FIG. 5A illustrates in top plan view for a fourth
alternate embodiment the top of the substrate after the
thin film fabrication step on the substrate. FIG. 5B is a
cross-sectional view of the printhead structure of FIG. 5A
20 taken along line 5B-5B of FIG. 5A, after the TMAH etch
process has been performed to create a break trench and
after the barrier layer is applied. FIG. 5C is a cross-
sectional view of the printhead structure of FIG. 5A taken
along line 5C-SC of FIG. SA, after the TMAH etch process
25 has been pérformed to create a break trench and after the
barrier layer is applied.
FIG. 6A diagrammatically depicts in a top view of a
substrate a further embodiment, wherein trenches serving
as chip stop bars are not connected at the corners.
30 FIG. 6B is a cross-sectional view taken along line 6B-6BR
of FIG. 6A. _
FIG. 7A illustrates in a top view a further embodiment
of a break trench process, similar to the embodiment of
FIG. 6A, except that the top and bottom chip stop bars are



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 5 An exenpl ary enbodi nment
of a process in accordance wth aspects of this invention uses the
thinfilmmterials and processes heretofore enployed in inkjet printhead
construction. The changes to this process involve the 10 redesign of the
artwork on the photomask set' to aIIOM/fPr the silicon2wafuere t20 Oe
uncovered in the desired area for a TMAH (Tetra Methyl Ammoni um Hydr oxi de)
etching of the trenches in accordance with this aspect of the invention.
TMAH i s an ani sotropic etchant for silicon. For an 15 anisotropic etch, the

etch rate is_different ff S in | anes, th he etch
geonetry is d%f?%é%’ byighe ?rys Ilné % %ﬁ' 10 ﬁ%fs e?%hF §EBf #ﬁg&
trenches habpjpens/BxftBeft FEG. h|7ﬂf| | m processes are conplete and before the

barrier material is applied. This TMAH etch 20 process includes a few
short steps: 1. Vafer Surface cIeanrng in the Backsrde Ckrde Etch (BOE) .
FAH T P

2. De-ionized walE b Ri nse.
The wagers are then subjected to the current proceSS|ng to conplete t he

pen construction. The abrasive drill process is tuned to match the shape
and size requiredn texepplany : enbedinerhchfdasiRFRCeRs| #pl iefcegdpretess

flow 30 for wlrteﬁtals?gctaeoertﬁtseeﬁvéﬁtﬁ&evwb&elt@w ft@xﬁ.n@ﬁ@.ﬂ\ aaeeeeels 1.
Create Inkjet Thin |In18trg§ture . Perform TWAH E Process t est

Thi nfil m 4. 3RhI PrERASEETFt HFF AT SAPLOYE et |mnee§d BF O frrtifﬁ
Abr asi ve Macdumsti@ic8idnluneTRO0THanghist ach @hi&i @ocess involve the

10 redesign of the artwork on the photomask set to allow for
the silicon wafer to be uncovered in the desired area for
a TMAH (Tetra Methyl Ammonium Hydroxide) etching of the
trenches in accordance with this aspect of the invention.

TMAH is an anisotropic etchant for silicon. For an
15 anisotropic etch, the etch rate is different for different
crystalline planes, and thus the etch geometry is defined
by the crystalline planes. This etching of the trenches
happens after the thinfilm processes are complete and
before the barrier material is applied. This TMAH etch

20 process includes a few short steps:
1. Wafer Surface cleaning in the Backside Oxide Etch
(BCE) .
2. De-ionized water Rinse.
TMAH Etching.
25 4. De-ionized water Rinse.

The wafers are then subjected to the current
processing to complete the pen construction. The abrasive
drill process is tuned to match the shape and size required
to work with the trench design. A simplified process flow

30 for creating the printhead is shown below for each process.
1. Create Inkjet Thinfilm Structure

2 Perform TMAH Etch Process

3 E-test Thinfilm

4. Apply and Pattern Barrier

5

35 Create Inkfeed Slot with Abrasive Machining



7. Saw Wafer 8. Attach Printhead to Flex Grcuit Steps 1 and 3-8 are the
steps in the state of the art 5 process described above. Step 2 is the new
trench etch step described above. Aspects of the invention solve several
probl ens, including the follow ng. The chipping that is normally caused
by the abrasive machining process is cogtained and 10 stopped B Othe
paraneter etch trench. In many cases, the etch trench defines the crack

| ocation site. Therefore the slot edge can be noved cl oser to the resistor
to give a faster ink refill rate along with a | ow scrap rate regardl ess

of slot width and I en 5 .slot or trench shape can be accurately and
repeat edl y defingd thgégaﬁﬁap%£§%§+ithography process and the crystalline
pl anes of the siliconSaiWaferfine the trench shape. TMAH has dramatically

different etch rgtes Aéf?%cﬁhﬁrﬂé@%%igo st il pgpl anes. Due to this

fact, 20 for an etching fromt pl'ane at the surface of the silicon
waf er, the etch @képs pt cerdB dviare rithe thepgafisr thanstatetof clteicdrt he

<111> gl aneprfRess14d3cPiBBE adote.a Sxbplenres angl ek dhamchl Meepl ane,

and will therefore etch _a "V' shaped notch in cross section. On the <100>
pl ane, 25 t BESR| fe3cHikdsahPf@rsect at 90 degree angles, and therefore
square or rectangshadtPatdfer kheCannbent tadli |961vieor Bedetalt herstml emyl ar

phot of | t hogtARRITHRBCEEE RGP EigH nlhs nERtPRRah PBELt idn STEE Y ows the
trench sl otcaGfeédge phsi sbrasite hachivimatmtorens iepsatwalinedlaned. The
e 6%t chi AECPTHE T2 OB P TIRLE besr ol B aihn g Jenig e Yo D)
waf er abr aseveh terdh defdnes Sbe7orathutasatipmesatenh tThexefore et 35
enough that gig L LGANbedHBARE LMY 1 e VRESIsEIBC LI give a
faster ink refill rate along with a 1low scrap rate
regardless of slot width and length.
15 The slot or trench shape can be accurately and
repeatedly defined through a photolithography process and
the crystalline planes of the silicon which define the
trench shape. TMAH has dramatically different etch rates
for the different crystalline planes. Due to this fact,
20 for an etching from the <100> plane at the surface of the
silicon wafer, the etch will proceed down into the wafer
until it reaches the <111> plane. The <111> plane is at a
53 degree angle to the <100> plane, and will therefore etch
a "vV" shaped notch in cross section. On the <100> plane,
25 the «<1l1l1> planes intersect at 90 degree angles, and
therefore square or rectangular patterns can be readily
formed to the molecular level with trenches having the "V"
trench cross-section. The photolithography process which
defines the trench position also allows the trench slot
30 edge positions to be accurately and repeatedly placed.
The etched silicon trenches are shallow and etch
relatively quickly. Typical wafef etching time is 20-50
minutes for a batch of 25 wafers. Typical wafer abrasive
drill time is 50-70 minutes. The etch times are short

35 enough that no gsignificant damage occurs to the wafer edge.



2 June 2005 This process does not create sufficient heat to cause danmage
to surrounding thinfilnms or inkjet materials. Barrier thinning is mnimzed
by the narrow and relatively shallow etched trench used by this process 5
technol ogy. The TMAH etch and relatively short etch tinmes prevent danmage to
the thinfilms on the inkjet printhead. gControl of the éhidppiengOdut si de of
the etched trench mnimzes thinfil mdamage due to chipping. Severa
exenplary trench designs are illustrated in 10 FIGS. 1A-7, in which |ike
reference nunbers refer to like elenents, and described bel ow.

Br eak- Tr enchy, Bl oty r@dl ngoés (FoES. cﬁé’aé@) suffffithentbrigsde t kencdause

enmbodi nent, a v-trench is etched around the 15 ﬂel’l net er of lt he i nk feed
sl ot area piﬂﬂmg% ot RUEERURGIAY tHringt o€§s§n TRFs™RAFEARLA  Ror ks as a

CLaCk initiat 'hO“BaﬁicertCtrlgﬁQﬂhﬁ—n%l the rbir@ﬁkii’%cpuw I leét i partow tadmel
abrasive machini In_ this enbo an_abr asive dr process.. In
addi ti on, tﬁF%a‘H“é%% s“tb@ﬁs}of”hee'bglbﬁg&ﬁegﬁ of “$H %ﬁ' hgﬁgov? BB ng
exper iencedeythio 1y Abretss \mm; idtich pndcesdat Fv€ly 1#host setalp tiim@s vi ew of
t he prlnthead-struture t r Held on
process, i. TeveRt ePA TR % t%lﬁlﬁh?(i}&ngs?%u%?}%eq{ﬁ&ge&aﬂ# orned on the
25 silicon Gub!stmht of Ft@e 1csumnaxgzrog§sséet iohalthg egtehedt HEgRGMt head

structure éﬁ? ﬁ%{;ﬁ t{}ﬁ[ "rlbecia%ég%f %"es%oheﬁlpggﬁg performed to create a

break tren arrier layer 'S applied. The pr.inthead

structure 100 i n@gVRKEl aezsm%%w Qﬁeé%sg?ﬁ%@iozr% iddiugt rasprodd
pat t ergned |131/@§S Tve, baenyhi @k MBtkd Ord BdYdrd Grdnberidhizefidd rocs tiiket ur e,
shown gener %%as 101 | Fl Gb&fs 'Ehe thin filmstructure details wll
vary in dep® %‘8 0@t epﬁeﬁ’rﬁ &e15% nthead design. FIGS. |A-IB
illustrate in sinplified formsome of 35 the patterned layers defining an
exenplary thin fégégk-Trench Slot Embodiment (FIGS. 1A-1B). In the
break-trench embodiment, a v-trench is etched around the
15 perimeter of the ink feed slot area prior to the abrasive
drill process. This trench works as a crack initiation

site to control the breakthrough location for the abrasive

machining, in this embodiment, an abrasive drill process.
In addition, this trench stops the propagation of the
20 shallow chipping experienced with the abrasive drill
process.
FIG. 1A is a top plan view of the printhead structure
100 after the first step of the fabrication procéss, i.e.
after the inkjet thin film structure has been formed on the
25 silicon substrate. FIG. 1B is a cross-gectional view of
the printhead structure 100 after the TMAH etch process has
been performed to create a break trench and after the
barrier layer 112 is applied.
The printhead structure 100 includes a silicon
30 substrate 102 on which various patterned layers have been
formed ﬁo fabricate the thin £film structure, shown
generally as 101 in FIG. 1B. The thin film structure
details will vary in dependence on the particular printhead
design. FIGS. 1A-1B illustrate in simplified form some of
35 the patterned layers defining an exemplary thin film



10 2 June 2005 structure. These include a field oxide |ayer 104, a
polysilicon |ayer 106, a passivation |ayer 108 including silicon carbide
and silicon nitride layers, a tantalum |ayer 110 to define heating
resistors for the printhead. 5 Not shown, for exanple is an al um num | ayer
defining wiring traces. The location afy the desired fe@dJdsmet 208° t he
printhead is indicated by dashed line 120 in FIG 1A which narks the

peri phery of the desired slot. The printhead 10 material within this |ine
120 is to be renoved to provide the feed slot for the printhead. The field

oxi de (FOX) grlayghirdn thenasea picide feedidld wvkibeserayemsiaamask for

the TMAH et chi ng, and has been renoved in the region 12 20 abo he |ine
120, in prepatusibicenr LaHBRT THAA t PeRATSHVA: 198 gﬁy s E;I'hJeler NFer s

typically r 95@3{ ?’nt QaPRlideN asdbsinikeenC HittaGlde tDaitféh.esﬁl lai coamtiaiurhe
t hermal ink abrication process. However, in t st the(_ehF | ayer

has remai ne aYﬂrthéol KR Peddng dieatiag TAGRELRTE | ayer,

and thus thgoFQhAREdFdr0 ehampaleetsi ¥¢lal vl nuamugert deﬁihmgtvha'mt@hl ng of
the silicon substrate to occur. The phot omask design for the contact etch

is changed™®Ff®t the prior design, so that the FOX will be renpved for
the substrate corti@ctkocanidme df eathet r deshrat fhedsaskoti nkor THB® area is

then kept oBer REQYUIONLANG 26 HETBLBAY 1B A PEE951A0 ialer e 9ol ng

throughthe Focess to rea reaktrench. Alternatiyvely,
i nstead of warkg the P@Xllpm &f tHee ‘ﬁr%%krﬁf‘%)rsl‘h\é TMERS (RFHESHocess,

the pgssi Va&é@?xié‘ye&ltﬁﬁh NP &) 16 Do elraolwebia fﬁmd\hécﬁ q:mrpmﬁa’del n one
That it ovebrapEetHoodage Lo (TP RS r SRt oy Thpofi o R o iBie, THRRICRC P
p e t by od m Crons. ter the

TMAH et ch plegessin aHe ealeat bénchelﬂéled slot will serve as a mask for

the TMAH etching, and has been removed in the region 122

about the line 120, in preparation for the TMAH trench etch

15 process. The FOX layer is typically removed to obtain

substrate contacts to the silicon in the thermal inkjet

fabrication process. However, in the past, the FOX layer

has remained in the ink feed slot area. TMAH will not etch

the FOX layer, and thus the FOX needs to be selectively

20 removed to allow the etching of the silicon substrate to

occur. The photomask design for the contact etch is

changed, from the prior design, so that the FOX will be

removed for the substrate contacts and the break trench at

the same time. This area is then kept open throughout the

25 remaining thinfilm processing before going through the TMAH

etch process to create the breaktrench.

Alternatively, instead of using the FOX layer as the

mask for the TMAH etching process, the passivation layer

(SiN/siC) can be employed for this purpose. In one

30 exemplary alternate embodiment, this passivation layer is

extended so that it overlaps the edge of the FOX layer by

about 3 microns.
After the TMAH etch process, a break trench 124
(FIG. 1B) is formed in the substrate 102. In an exemplary
35 embodiment, the trench is 80 microns wide to a target depth



(FIG 1B) is forned in the substrate 102. In an exenplary 35 enbodi nent,
the trench is 80 mcrons wde to a target depth 11 2 June 2005 of 58

m crons, although the width and depth of the trench nay be different for
different slot sizes or applications. Now the remaining steps 3-8 in the
fabrication process can be perforned. 1these include the éluest 208i5c testing
of the 5 thin filmstructure, and the application and patterning of the
barrier layer 112 (FIG 2B). The barrier layer is typically a polyner

| ayer. After the barrier layer is fabricated on the printhead structure,

t[\)e i nk fgeslflswtmiér@xﬁ@ataeﬂttbw@brmé Wi d el mrdaqjmg oﬂ rthé hirencise by
abrasive drilling t ersl e of th ubstrate 03|te si de
fromthe tﬁ?ﬁf??rﬁ#éﬁgﬁ 3@%’ %ﬁrgnngﬁPESbe ﬁZ%r zi?“fe
drilli nghprnéﬁsghé rk?ﬁhﬁi(ﬁlf@b&:rebseﬂbedhﬁeﬁheufalbriﬁsti?oxsapsncbcéﬁsasiamg
system t hat mxes a e al um nuy ve 15 ressure
air stream PTHRILIATRSTH ¢ e?ﬁr&éﬁcs’éldeaﬁg a?fe?‘ér?rﬁje‘ﬁ ?%rh)er%? g)gf %h%ozzl e
that iss si Zelﬁln&in&h]&‘nhanﬁﬂxcttureqreafdethbeapphcadlmtamqiatit&'mrtgh@f

b Th b drill] I me, d I
eparati on VOT PRECERF aaReguidy ol s 28] not Y oPeRrah 13geE, ¥ e @

appropri at ecgpitakiy (mgioltymamlllaiymn substrate. The drill slot 126
preferably ent erﬁf{r{]&e t%%,t ?E}? tf&yﬁ%f &N EAn4 cablay éﬂet:l%é'ipi‘ﬂrﬁm%aaﬁt erial
ri | |

envel oped wi thin Icated in FIG 1A as

conpl et el y seepriiunsed fthem LRk r%ﬁ%ﬁlno@ro':of igheczaptedatlly @ARFaSd¥ebe 25
remoygd to I QiHidde Eﬁe%rﬁéﬁ cEQé tﬁye abraébeéddﬂqwltdge promt kdad

structure 100 can be SS t hr.ou enalnln fab 0
i ncl udi ng MRIRFHER gg t?‘ﬁe Stk i?é (\HEP&S g ?rﬂettgigt achnent
of the prithiredidn Qa5 @ildbl)eaabnguat driypi ebbt Y126 TAE‘l'm rabriasive30 for

aULachrent 40 % Rl BLREAYER heltedionly LEBBaRaR0 (111 Gy gaFbencr

Sl ot Enbodi nen tial
blastlng system that mixes a fine aluminum oxlde abrasive

15 into a high-pressure air stream. This mixture of abrasive
and air is then plumed to a nozzle that is sized and shaped
to create the desired cut profile in the substrate. The
abrasive drilling cutting time, cutting pressure and nozzle
separation for the silicon substrate is adjusted to obtain

20 an appropriate slot through the silicon substrate.

The drill slot 126 preferably enters the bottom of the
trench 14. Now the substrate material enveloped within the
drill slot, indicated in FIG. 1A as 102A, is completely
geparated from the remainder of the substrate, and can be

25 removed to create the feed slot for the printhead.

Now the printhead structure 100 can be passed through
the remaining fabrication steps, including attachment of
the orifice plate, wafer sawing and the attachment of the
printhead to a flexible circuit, typically a TAB circuit,

30 for attachment to a printhead pen body.

Break-Trench and Drill Guide Trench Slot Embodiment
(FIGS. 2A-2B) . In this embodiment, the initial

breakthrough occurs along a deeper "drill guide" trench and
35 then grows out to the perimeter etch trench. The perimeter



br eakt hr ough occurs along a deeper "drill guide" trench and 35 then grows
out to the perineter etch trench. The perineter 12 2 June 2005 etch trench
is used primarily as a chip stop feature. Thus, with this process, the
sand slotting process will first break through the wafer at the | ocation
of the center trench. The sand slotti will then be céntiungedO@ftil the 5
t hrough slot has grown to the size of the outer break- trench. A chip stop
feature is one that will stop the propagation of shallow chips by allow ng
themto be termnated by breaking through the inside wall of the trench.

When t he chiec&z1 A S ACKS sbrgaly t Bromghii{pe aisnsd denif veddp thetohep will
stop as it <an no

propagate the stress through the gap. FIG
i 11 ustratecThus,t ot athis eprofessop the 193@d tr‘é’(% ﬁ@c%‘ﬁ e‘r%fpﬁe thin
filmfabrication step on € at THge Stdasdisre dfl lchet caneerin FI G
2A is sim :ﬁ?s%Sbfﬁaghg?rés@mé?%%é%_ TA “but the fi.el dchi g_? I@{%r in the
center of tdrenkbcatTiom fnd feltdddas Mad 1 Ehap e CORNRHeE SNt AaF T he

silicon sul%lfi,lr%ro%bﬁ ss%irgtac 14 Sgebea @@ossl 8izd 224 thEheod®w breakh etch
process is n~pertormed, to def

] ne a perinete ch, iqyren 3épahi ch
fol | ows t h&rsemchi-ne df chEPdEHE ‘%??\%urlezols( F?Yfig3 EZ-R§E ra%"’sl]'v\}el%‘h?a% a]Pdee'per
drill gui dgrdgagaeioh32oEn siel bent reiipsegbyn abbawing dhefkeflfl afy

enbodi nent,_ the peri.neter | Se RPPEOXT FRE el e NvELDNSHIM tieeby 43
mi crons deetr?réﬁmfagsd% rr&%egﬁel:%?ﬁ, Gind ﬁe drill guide trE,QCQnEEde

appr oxi mat elner®@ . Fhensthedehpps 95 %Ba?ﬁscrq}'r??kdég‘ﬁoé‘?hi £8P RUm dept h.
The ywidth of, it hepat ﬁﬁ i 4 oplelcL i BEntist trfopataite dbpt Btuesshe
tren@ﬁes pﬁggﬁteghgéi?h %ﬂ fﬁ?s is due to the low etch rate of the
<111> pl anehnoughe toel gépn crystal line structure. The shal | ow perineter

trench will 30 rgach 3 SitORRIv¥ALRG Nin Ve gl dikde pheneeptefnthéte in a

sharp "1V, The Wi der Center M Snohnt 79! (BYechesthdrep on the

substrate. The structure illustrated in FIG. 2A is similar
15 to that shown in FIG. 1A, but the field oxide layer in the
center of the location of the feed slot is also removed, so
that the silicon substrate surface is also exposed at 122A.
The TMAH trench etch process is then performed, to define
a perimeter etch trench 134 which follows the outline of
20 dashed line 120 (FIG. 2A), as well as a deeper drill guide
trench 132 in the central region 122A. In an exemplary
embodiment, the perimeter trench is approximgtely 60
microns wide by 43 microns deep at its maximum depth, and
the drill gquide trench is approximately 80 microns wide by

25 53 microns deep at its maximum depth.
The width of the etch mask will determine the terminal

depth of the trenches produced by the TMAH. This is due to
the low etch rate of the <111> plane in the silicon
crystalline structure. The shallow perimeter trench will
30 reach a stopping point when the <111> planes terminate in
a sharp JV". The wider center trench will not have reached
thig termination point and will continue to etch at the

higher etch rate.
After the TMAH etch process has been performed, and

35 the two trenches 132, 134 formed, as illustrated in



this termnation point and will continue to etch at the higher etch rate.
After the TMA-H etch process has been perforned, and 35 the two trenches
132, 134 formed, as illustrated in 13 2 June 2005 FIG 2B, the renaining

steps in the fabrication process are performed. The abrasive drilling
occurs along drill slot 136, and an inRistial breakthroughJdoiet RE0si | i con
substrate 50 occurs along the deeper drill guide trench 132. The 5 renoval

of material then grows out to the perineter etch trench 134. The size of
t he through trench will be determ ned by the nechanical sand slotting

process. ?Eﬁ i engle Rédaidiely Eabpdi mienihd Eb@ﬁlcaﬁlﬁﬁ) procesdi@rehi s
enmbodi nent , e abrasive dri]l s]|ot | f{m enough tf 1[ (:leds t he
center of tRerfampedtchTheeAPRaSIRE SRl RS tcli)l af'Irenc are
used to confggn Lhe &HI Pﬁiﬁgalaﬂﬁed)%ﬁhf@lg‘;meoﬂme s@abecamdsxmﬁmat@n FI G

3Aillustraies’in top plan view hetop 5 ate~102 er the
thin film faarpégumnaélpég ra eengioirih Sude SERRERAS2L0% e

Cross-ssect i pamb{&] SHPSFnEEIehalOEhéht glrotube oﬁMNﬁoettd’re mm&msetks@en
performed, and after the harrier r 12 n lﬁ@‘] e pe
structure i FFER¢Ratlddin F SAZF |s ln Fﬁ?‘?ﬁ‘gﬁ W|ln G 1A,
but the fieldtexhiiced akyprtﬂémneq:hame:allommdowlomtlPEePFé’éGS§I ot is also
renoved to near the edges, |eaving border region 104C of the field oxide
| ayer, so that the ghea 156.

The TMAH trenchtenks SES S-S S gHt ol et ch
trencyy 152 %hgremaﬁx@z& hQ:Hl-_UTablraelOé diﬁshbdsllqmes s@al(ma@um)to Af ter

the TMAH et ch process . has. been perfar tq_rg}g.'% I fegfeged, the
remai ni ng sPépBiPﬁe hén X6 cc?é‘t =5n 9 ér%gless are per orned, 'The. abr asive

drilling 30s0epedsspdenpfitiie tsborhisre useadl teecrrRBER tBE FRIRRING
and define the slot shape and position.

FIG. 3A illustrates in top plan view the top of the

15 substrate 102 after the thin film fabrication step on the

substrate. FIG. 3B shows in cross-section the substrate

102 after the TMAH etch process has been performed, and

after the barrier layer 112 has been applied. The

structure illustrated in FIG. 3A is similar to that shown

20 in FIG. 1A, but the field oxide layer 104 in the location

of the feed slot is also removed to near the edges, leaving

border region 104C of the field oxide layer, so that the

silicon substrate-surface is also exposed at area 156. The

TMAH trench etch process is then performed, to define an

25 etch trench 152 which follows the outline of dashed line

120 (FIG. 3A).
After the TMAH etch process has been performed, and

the trenches 152 formed, the remaining steps in the
fabrication process are performed. The abrasive drilling
30 occurs along drill slot 154, and the removal of material

inside the drill slot provides the ink fill slot. This

embodiment can provide a narrower fill slot than the first

two embodiments in some applications.



inside the drill slot provides the ink fill slot. This enbodi ment can
provide a narrower fill slot than the first two enbodinents in sone
applications. 14 2 June 2005 Center-Trench- Miultiple Slot Enbodi nent (FIGS.
4A-4B) This enbodinent is simlar to the center trench enbodi nent
described with respect to FIGS. 3A-SB,1?ut mul tiple smakl Jugieo®d Oar e

enpl oyed so that additional silicon is Feft in 5 the center of the
printhead die to increase die strength. FIG 4Aillustrates in top plan
view the top of the substrate 102 after the thin filmfabrication step on
the substrate. FIG 4B is a 53 hopnatk i e Uhergdr iqptBgad
structure 170 af4SEH-S4x i 5T OCE 5 0 perforned to _create a
break trenct, g draiddmdrite isbaimidar h9erhd iQentenrengh eMdIPRREt ure

illustrated in FlI 4A.1s_sim].ar t 5haw) ighdlfaltdplewistalihe field
oxi de Iayerdﬁwlikf?% HE- S5 e ?Slpoenc%ftcg F\l?elt eedz_%slgot removed tg’ ngg{rﬂ.the
edges, | eavéngrdosrteremplpyed 184Ctbatt RAdLFEPRaL 55 LEAED dFet®badRed Iines
172A- 172D i ndi cat e the ' ; | et el +f itrdrardadd idilee stenbehd sl ots.
The TRAH t refeFe™t%h g%ggggFgﬂﬁﬁ%%Fﬁgf?ornéd, to define one ﬁ%gg trench
in the region 178G Af4%erilhest TANNS ctRhCeP RLaB WASWHEBR 58P 8FmEd® and 20

the trench 174 forned, i NchiSt &S FaiE cdtalvn caledpobnprbeess are
per f or med. ﬂ*ﬁ%sra%artaesidlvoezt (kjbfflt{ |nt{gocclurs along a dril] sl.ot fog_

g . h sl ot
| ocati on 17@bdtAade. i ncF 1@l ngBdri®| &| 6Fo9F6¥eFotO%% ot nggét?on%§%20, and
t he remmw%rfﬁtﬂggfré@iuéQQfgelbbeggtbklcﬁaﬁrmmuoatdhsptheeas RabBtiple

slots. Thus, a nozzle with a pluralit f_s]l,ot f LPgkgesource
woul @0be preeer ecBeFECHTER| theCTER ?réd ra?éfkergrfatr}gg sglrﬁglg%gfgro%eig st ep.

In an exenpbafyieenbadirent, ishepshied. r fheanfuraruspehl HiE @

appr oxi mat ey, 200, LIRS 14deobynd Ul 1N PILONGA, Wil bh Ahel FABL or ons
spaci ng bet @n € nozzlhe openlngs. ) 4t

oxide layer 104 in the location of the feed slot removed to

near the edges, leaving border region 104C of the field

15 oxide layer. Dashed lines 172A-172D indicate the desired

perimeters of the multiple ink feed slots. The TMAH trench

etch process is then performed, to define one etch trench
in.the region 178. |

After the. TMAH etch process has been performed, and

20 the trench 174 formed, the remaining steps in the

fabrication process are performed. The abrasive drilling

occurs along a drill slot for each slot location 172A-172D,

including drill slot 176C for slot location 172C, and the

removal of material inside the drill slots provides the

25 multiple slots. Thus, a nozzle with a plurality of slots

fed from a single source would be produced to drill the

desired pattern in a single process step. In an exemplary

embodiment, the small rectangular openings are
approximately 200 microns wide by 1500 microns long, with
30 1500 microns spacing between the nozzle openings.

Therefore the nozzle produces a series of smaller slots.

Island Trench Multi-Slot Embodiment (FIGS. SA-5C). In
this design, Islands are left between the ink feed slots to
35 help support the barrier, give additional die strength and




Therefore the nozzle produces a series of smaller slots. Island Trench

Mul ti-Slot Enbodinent (FIGS. 5A-5C). In this design, Islands are |eft
between the ink feed slots to 35 help support the barrier, give additional
die strength and 15 2 June 2005 pronote the renoval of air bubbles. The
wedge shape of the island to slot ed forces the air Bulbdbines208wards the
ink feed slots as they grow. FIG 5ATTlustrates in top plan view the top
of the 5 substrate 102 after the thin filmfabrication step on the
substrate. FIG 513 is a cross-sectional view of the printhead structure

190 after the TNAHﬁEtteC%g%%fS?f has. @gﬂe@qrff?gﬁ‘%‘%ﬁqﬁéﬁ Break

trench and BHI®% rrier Tayer i's app structure
i |1 ust r at edidlantD tBl Glo8Aeidgesfartes the thiar WHUWES FomagdsskPeeiBEpt ¢ hat

pyr am d- shaped, i sl ands .1 - 10403 of ,the field oxide layer 104 are left
in the fee esﬁdotsagr%%a.gsng‘gé ésl ands will nmask the underH;i ngfa[ig%s of the
Re8%1 -

silicon substratFaGh.r i tiHd ushvatest dfl PR rRkaR sVIigHshRg 172D

i ndi cate they 15 desiied 18R $heh EhemMeabirilcatiiok beeg shotbe The
TMAH Trench etch process Is then perforned, to .define a.g@t&ﬁ{nggeetch
trench 192 subattrateegi orF 158, SBAfk%r at r@r%}?%{f&ﬁf&pocgé has béen

performed, anddfaad rénaleddz f psoredfcéhe thendiMAH getstlepprocesmehagd
fabrication process_are perforned. \Wen.the, ba FLRL I r | ghappl i ed,
the barri et | PABGRFTERe toy rER kS hdp &t s3s| EReich 0BT 1%1?4% as
i ndi cat ed ivadi6r 38yeFhelabisasiprd iedr.i | Thagstoekwraliddyserater 18| ot for
25 T80 arfi e cHbva B i br | PR 1L FRSE M2 e rReER B e The
nul tipl e sipyramithehiapesndsipaae ht QY gl 48 ng? ’e?f é?‘t‘\ﬂ?m SR the FOX
(hardmask) {fyvelrd 0] Pftt eaNthel Fadd igl dthearesint er Théset hislandsf wédlsl ot
area. This photonask 1's designed to Jq
mask the underlying areas of the silicon substrate from the
TMAH etching process. Dashed lines 172A-172D indicate the
15 desired perimeters of the multiple ink feed slots.
The TMAH trench etch process is then performed, to
define a patterned etch trench 192 in the region 178.
After the TMAH etch process has been performed, and
the trench 192 formed, the remaining steps in the
20 fabrication process are performed. When the barrier layer
112 is applied, the barrier will cover the pyramid-shaped
ijslands 104D1-104D3, as indicated in FIG. 5C. The abrasive
drillihg occurs along a drill slot for each slot location
172A-172D, including drill slot 176C for slot location
25 172C, and the removal of material inside the drill slots
provides the multiple slots.
The island trench design uses different artwork on the
FOX (hardmask) level to pattern islands in the center of
the ink feed slot area. This photomask is designed to
30 leave pyramid shaped islands in the center of the ink feed
slot area, as shown in FIG. 5A. As 1in the foregoing
embodiments, the barrier layer is then laminated and
patterned, and in this case the barrier layer material is
left covering the top of the pyramid-shaped islands to help
35 support the orifice plate that is applied at a later time.



30 |l eave pyram d shaped islands in the center of the ink feed slot area,
as showmn in FIG SA As in the foregoing enbodinents, the barrier |ayer is
then | am nated and patterned, and in this case the barrier layer materi al
is left covering the too of the pyram d-shaped islands to help 35 support
the orifice plate that is applied at a;kater tine. 16 22)JdN&€2669>The dri |
process is perfornmed as in the enbodi nent of FIGS. 4A-4B, in that a nunber
of small through slots are created between the islands as shown in FIG
5B. The through sl ots in cross-section have a shallow trench at the 5
center of t [ cones r gaclkas the
Cross-secti % 295 e%% p g?g?ﬁ%§cg ]QP tﬁ%l?@?Sﬁ%@%lcally depi ct
a further eﬁﬁmmjrmﬁﬁ&Bmhenethatrén@ﬁ@begepﬁlﬁ@aéé Ehrgusto F1R6ShAS are not

connected a 0 Fl 6 ggag;lh@,matirg Fep . visay of The
substrate 2 f)é r}retcgrggﬁ%ra?cé:ﬁeonfss%in&s the sili con %lﬂl%st rate

with the t®rdughmsilofer é%ﬁﬁ@sﬁééﬁcgh@j’ é’@t"@dat 8*‘?51%““\%?—?%?& g process,
to form si d@eﬁi&n%‘@StRQGAslaﬂaBtaad beponas aléepert amit wédelreas248A, 228B.

The drill slot is |nd|cated %/ dlln%Zﬁ substrate within line
222 is to baPP¥ $ie §§’1 &5 RBCRP i ng process conduct ed
along drill slot 232 (FIG GB) to formthe feed slot. In an exenplary

enbodi nent, the gi.de ;ren;ﬁes are 4Q, Hepiers | ong,
and the top and F?%S 16 mer ongyﬂg“%&goq/m crons high.
The separ at acfumdhert I&mbsdde\enrtenwhesel@mrﬁnd:@etsosémfépaeas|%hlf§6(§ Pcr ons;

the .gseparaflpn giat *}?ox{]oeoaaécéeat %rﬂtizeéwba&neegwdemo gutssde, is
8480 'm crons. The tren

embodi nent. . ARSFRAERG Ife |59@?V§’é§| E)ﬁrgfe tng ‘i%%’l":ﬁOf"E%Eg( E?gr O%z)fe prt)c: Ze
separati on gghiiddt ioh hetewen, thee siafrdr ehehesiliz2@A-206R rate MiEh op and
bot tom t rencggsthzl%%lm qayers have been subjected to the TMAH etching
process, to form side trenches 226A, 226B and top and
15 bottom trenches 228A, 228B. The drill slot is indicated by
dashed line 222. All substrate within line 222 is to be
removed during the abrasive machining process conducted
along drill slot 232 (FIG. 6B) to form the feed slot. In
an exemplary embodiment, the side trenches are 80 microns
20 wide by 8300 microns long, and the top and bottom trenches
are 160 microns wide by 80 microns high. The separation of
the side trenches, outside to outside, is 260 microns; the
separation of the. top and bottom trenches, outside to
outside, is 8480 microns. The trenches have a target depth
25 of S8 microns for this embodiment.

Field oxide layer regioms 104A and 104E1-E4 (FIG. 6A)
provide separation definition between the side trenches
226A-226B and the top and bottom trenches 228A-228B.

The embodiment of FIG. 6A provides several advantages.

30 Barrier thinning differences between the slot center and
ends should be reduced, since the trench at the ends of the
slot would not etch as deeply or as wide as 1in the
embodiment of FIG. 1A. Protection from die chipping 1is
still in place on all sides of the die. A possible



The enbodi nent of FIG 6A provides several advantages. 30 Barrier thinning
di fferences between the slot center and ends should be reduced, since the
trench at the ends of the slot would not etch as deeply or as wide as in
the enbodinment of FIG 1A Protection fromdie chipping is still in place
on all sides of the die. A possible 17,2 June 2005 di sadvdrngg@lios t hat the
I ncreased nunber of sharply etched corhers may |ead to reduced die
strength. Side Trench Design. FIGS. 7A-7B illustrate a further 5

enbodi ment of a break trench process, simlar to the enbodi mrent of FIGS.

6A- 6B, except that the top and hott.om_chip stop _bha ) qFI G 7A
is a di agré&ﬁq"@“ttéﬁe yPehPRF YR BWHSAES enﬂfgegféferéﬁ At :pctgit?gﬁdstep 2,
i.e. afterodhery Inia&oueaubtbr akdusktihdibesthengthm | ayers have 10 been

MA

subjected to the T etching process, to formside trenches 246A, 246B.
As in FIG 6A, the nomnal drill slot 1is indicated by dashed Iine 222, and

in an exenpl ary gia@ebasicrment Debiignf eaFIES. cah- TRVl Tust wtite andWrRBLTsi ze as

i ndi cated abqve for the_exenmplary e | Jlesy i bgdmipateady ding FI G

6A. For thee“gi?&lf‘\e e »Qﬁo,ag%r%a%,{heggt%g%myﬁ B@? %%&batrns S46A. 246B are
enpl oyed, awmberismespLatFdEs -bEAFOGR /| &YELPred FtGPIGPdTRth?ﬂus, et ch
trenches are provid t t ' _ofpie #l ofs & eP.adtimmiag iet top
trenches afguﬁfg F@egggg ?Eg ?ggtgﬁg bot t om of t%e slot. 20 Ln one

exenpl ary enizodiafertthe t sebstoete r 24 hatternfpayacariandeéheBr 280 nferons and

a length of, 8430 HLrONS cdd suldi¥iRle @Xempltdey teithddilreliayetrsehavenches
are left sonewhat short of the end of thﬁ.glot Lo ngvk?efg%rggagd die
streh@th, HREMARPILIELTP of %1516“% BFoNE"9 TRESB 2 ubstr ate mat er i al
within |inemtitHes tashe peaBvedsium FFG-t BB, sthe aeprinakisirddily818Echi ni ng
process conducyed;alond uffi bhohkat PAfk (Eb8, “a kh isnundemplacg that
the above- descit'bed® erbodi’ent s . .
embodiment this feature can have the same nominal size as
indicated above for the exemplary embodiment described
15 regarding FIG. 6A. For the substrate 240, only the side
chip stop bars 246A, 246B are employed, and are separated
by FOX layer region 104F (FIG. 7aA) . Thus, etch trenches
are provided at both sides of the slot area, but no etch
trenches are provided at the top and bottom of the slot.
20 In one exemplary embodiment, the side trenches can have a
width of 80 microns and a length of 8430 microns. In
another exemplary embodiment, the trenches are left
somewhat short of the end of the slot to provide increased

die strength, and have a length of 8100 microns. The
25 substrate material within line 222 is to be removed during

the subsequent abrasive machining process conducted along
drill slot 250 (FIG. 7B).
It is understood that the above-described embodiments
are merely illustrative of the possible specific
30 embodiments which may represent principles of the present
invention. Other arrangements may readily be_devised in
accordance with these principles by those skilled in the
art without departing from the scope and spirit of the

invention.



are nerely illustrative of the possible specific 30 enbodinments which may
represent principles of the present invention. Oher arrangenents nmay
readily be devised in accordance with these principles by those skilled in
the art without departing fromthe scope and spirit of Bhéun¢ A%t ion. 2
June 2005 18 CLAIMS What is clained iy 1. A nethod of fabricating an

i nkj et printhead (100), conprising: providing a printhead substrate (102);
fabricating a thinfilmstructure (1€M3IM9n the substrate; fornming a break
trench structuge dn.a-syiface.egion of the substrate in which a feed sl ot
(120) is to betormed; applying a barrier layer to the thinfilmstructure
after formng the break trench structure and before abrasively machining
t he substrat e; 1 subsgaquemdy sabrasiniebyimmcii ninkg ethersubBéadt €1atr,ough the
break trench structure to formthe feed slot. 2. A nethod according to
Claimi1, W&%ii"Phe step of fabricating the thin filmstructure includes
fabricating therotikiinbi knpstrrabetdr sulogtratei (882)sur f ace of the substrate,

and  the step ol,foLiipg 2 tnﬁ{ﬁgﬁlwmtﬁﬁequeann@hed%sftqra%ng the

break trench structure irst surface of the substrate OrfA nmet hod
according to Cledmhng awhsieskn CERBCRt BFF BT UrEhbrEs Py Py TABThF TR t

substr at echdcdypdesacabrasindehya dfddd isnget hﬁzc@ubst catiee ffrcﬂmea second surface
of the substrate to the break trench strutug‘:ﬁ rmedtln €.
surface. 4. A #Rh0d%écErArhY t YTy o é@Sdl bmg | rv\/ﬁelrlel n t-tehe step of
form ng acbreak tteachbdakuctueech nelterdesust claindg befre:et r ebchsthglivng an
etch process.. . )
machining the substrate;
subsequently abrasively machining the substrate through

the break trench structure to form the feed slot.

2. A method according to Claim 1, wherein the step of
fabricating the thin film structure includes fabricating the
thinfilm structure on a first surface of the substrate, and
the step of forming a break trench structure includes forming
the break trench structure in the first surface of the

substrate.

3. A method according to Claim 2, wherein the step of
abrasively machining the substrate includes:

abrasively drilling the substrate from a second surface
of the substrate to the break trench structure formed in the

first surface.

4. A method according to any preceding claim, wherein
the step of forming a break trench structure includes etching

the trench during an etch process.

5. A method according to any preceding claim, wherein
the feed slot has a periphery, and the step of forming the
break trench structure includes:

forming a peripheral break trench (134) around the

perimeter of the feed slot.



5. A nmethod according to any preceding claim wherein the feed slot has a
periphery, and the step of formng the break trench structure includes:
form ng a peripheral break trench (134) around the perineter of the feed
slot. 2 June 2005 19 6. A nethod according to Caimb5 whéréraetHd3st ep of
formng the break trench structure further includes formng a guide trench
(132) within the periphery. 7. A method according to any of Clains 1-4
wherein the step of formng the breal trench structure includes formng a
broad trench (152) over the region of the feed slot. 8. A nethod according

to any of Clainms 1-4 wherein the _ ink sl i ncludes _a plurality of. spaced
smal | “slots (ﬁ?ZA—ﬁ?‘?fﬁ}k}OGarﬁfotoﬁéUE?eﬁoof%?brp i n@g?]ﬁ%l rtgléek Fi@nH
st ruct ur esbhgindgdes el BFaEhRgt feptirdriveyuné Sumilert riendhdss fdiming @ne each

for the spaced snul | ot.s. .9, . A et hod. ding to Caim8 wherein the
step of ‘b]rcgesit\}fgpflhrrglcozl)niwﬁghf%etq%ul?g?% t%%{'esul ts in a plurality of
smal | substrate islands (104D1-104D3) renmining in areas separating the

smal | slots. 10. A gethagaceerding td any of Elaiws 1l-4whehereithd he step
of formng a break trench structure includes form r}%éuggco nected chip stop

trenches £93BT dBEirgpbhe Br¢rl i Pie SHFUTHE G o Tned 1e8d °sl ot . 11.
A net hod pesof diregceho (A Bi v, tndaefeeiibnsat theuieeanseited chi p st op
trenches include left side and right side trenches (226A, 226B) bordering
el ongat ed si de edges of the periphery, and top and bottom trenches (246A,
246B) borderiag top wexhdbticonrédyesofanyhef petajterly 4 vheralpeitifod

accordi ng. im 1 ei n, sai@g,4neonnget ed ghip Stepirenches include
| ef t sidellté}gdc%?%m PctiREel b Do FSAG 2a68) B

| ordering el ongg%gf si de
edges of (tTRAPERPpher§ndanthswneitePn /6 t FeRelss UdedeP 8 ah t om

structure includes forming a plurality of small trenches

(174), one each for the spaced small slots.

9. A method according to Claim 8 wherein the step of
abrasively machining the substrate results in a plurality of
small substrate islands (104D1-104D3) remaining in areas

separating the small slots.

10. A method according to any of Claims 1-4, wherein the
step of forming a Dbreak trench structure includes forming
unconnected chip stop trenches (226A, 226B) about a periphery
of the to-be-formed feed slot.

11. A method according to Claim 10, wherein said
unconnected chip stop trenches include left side and right
side trenches (226A, 226B) bordering elongated side edges of
the periphery, and top and bottom trenches (246A, 246B)
bordering top and bottom edges of the periphery.

12. A method according to Claim 10, wherein said
unconnected chip stop trenches include left side and right
side trenches (246A, 246B) bordering elongated side edges of
the periphery, and wherein no trenches border top and bottom

edges of the periphery.



edges of the periphery. 2 June 2005 20 13. A nethod according to Caiml,

wherein the feed slot has a periphery, and the step of form ng the break

trench structure includes form ng a peripheral break trench (134) around
the perinmeter of the feed slot; and subsequently abrasivél yupacHi%i ng t he

substrate through the break trench sfgucture to formthe feed slot. 14. A
nmet hod according to Caim 13 wherein the step of formng the break trench
structure further includes formng a guide trench (132) within the

periphery. 15.;A nef hQd 1 2eCardbdido 6l @idnnl,1 Wakesdin tdhe step @fot form ng
a break trench structure includes form ng u connect%f% chi SELQ threnches
(226A, 2268 abdRTIRDBEYi pRBAYERT FREP €6- BT 0P Red Feed ot “TTE" A net hod

accor di nggt e Ghuglem k- wWaekei forsding aneertpoéed cbhirpalsttoprichenthels i ncl ude

|l eft side and right sjide trenches (246 246B). bordering el ongated side
edges of a’f‘?ﬁé’%é?‘?pﬂ%?weetfﬁdOghg?eeif(r?egioétl?te’nc n)éis border top and bottom

edges of the psubgherepncll?abpasetdiod wetdndhag the CGURPFATIE® wheF@1 sai d
eak! g?eﬁél’?%@%ét&gg% £228B)n&ataghaysr a nomi nal

left and i q%t

| ongi t udi na i mensi on of 8300 mcrons. 18. A nethod according to any one
of Clainms 16-17, wherein said left and right side trenches (226A, 226B)
each have a nopi nal hétes@ladicrBNSd Ofo 0f 180 MsCrdwrseidIthd emetrhart
according to any one of Clains 16-18, whe eit sai.d Ileétsaggrng t, side
trenches £296RY IPEBPTRAY e T TEh e tiNVE DUt BF Btides Which- ar e separated by a
nom nal gepdds atrdeaphdi nENSWaRhoh 260 peircploersy. 2 June 2005 20a 20. A net hod
according to Claim 15, wherein said unconnected chip stop trenches include

| eft side and right .
15. A method according to Claim 1, wherein the step of

forming a break trench structure includes forming unconnected
chip stop trenches (226A, 226B) about a periphery of the

to-be-formed feed slot.

16. A method according to Claim 15 wherein said
unconnected chip stop trenches include left side and right
side trenches (2467, 246B) bordering elongated side edges of
the periphery, and wherein no trenches border top and bottom

edges of the periphery.

17. A method according to Claim 16 wherein said left and
right side trenches (226A, 226B) each have a nominal

longitudinal dimension of 8300 microns.

18. A method according to any one of Claims 16-17,
wherein said left and right side trenches (226A, 226B) each

have a nominal lateral dimension of 80 micromns.

19. A method according to any one of Claims 16-18,
wherein said left and right side trenches (226A, 226B) have
respective outer edges which are separated by a nominal

separation dimension of 260 microns.



side trenches (226A, 226B) bordering el ongated side edges of the

peri phery, and top and bottomtrenches (246A, 246B) bordering top and

bott om edges of the periphery. 21. A nmethod according to C aim 20, wherein
said left side and right side trenches (226A, 226B) areZ2génes 90y

parallel to each other, and wherein sgid top and bottom trenches (246A,
246B) are generally parallel to each other and transverse to said |eft and
right side trenches. 22. A nethod according to any one of Cains 20-21,

wherein said | gft and ydughl shdeotd@erches (2264w 226B) whaebin hasdda nomi nal
| ongi t udi nal di nmension of 8300 m crons, and  said_top.and battom.trenches
(246A, 246BICTREFESE FORPNEFOP | GAGRERR néPCJe%&eenhe%t‘r fégema ons 953 A

met hod acepidi pgerdc®eany 2088, ob26bpi per20-i23, elwhgreed sade ddgfes arfd ri ght

side trenches (226A, 226B) .each have nom nal__| at eral, . di.pens) of 80
mcrons, i SEFAPEGR ar?&dbof?%mafﬁdengﬂ%tsor‘t 2363?%%8)(2%352 aé%c?)gr%i nal

| at eral emdeRiringf 80 aricc bonsom 24igeA wét tlod pecdphding to any one of Cains
20-23, wherein said left and right side trenches (226A, 226B) have
respective outer edges which are separated by a nonmi nal G separation

di mensi on of 28D mi&r BARORMFSHEL BN teaiCd 2t Bp2and P BbEtbnftr%entHds have

respectivg; @ut engedgesnhi G akeensienar atedaby 204mm ralk sgpacsdlilon

di stance of 8480 microns. 25. A nethod according.to Eﬁg ong 011; tCElkoai s
15-24, fRRtdeelcoRdrissicy: OtsTor B saErEt8p B of B ng"8 breakt rench
struct ur egredded Ngs8n) ayass)pakrbeyBnOh1Sy Gathl 541 sur feack ofhé¢hearsubstrate
2 June 2005 20b of a material_ i rvi ous t al hing to provide

separ at i oh* 2'BeREEN T r]i(‘?stﬁnag;gfer&gglgli %lés) oﬁ:egrcg%%hes. 26. The method of
any one of Clains 13-25 wherein the step of abrasively machining the

substrate inclydes abrasiygly, deiktifg bheysubsteate feam seeond surface
wherein said left and right side trenches (226A, 226B) each
have a nominal longitudinal dimension of 8300 microns, and
said top and bottom trenches (2464, 246B) have a nominal

longitudinal extent of 160 microns.

23. A method according to any one of Claims 20-22,
wherein said left and right side trenches (226A, 226B) each
have a nominal lateral dimension of 80 microns, and said top
and bottom trenches (246A, 246B) have a nominal lateral extent

of 80 microns.

24. A method according to any one of Claims 20-23,
wherein said left and right side trenches (226A, 226RB) have
respective outer edges which are separated by a nominal
separation dimension of 260 microns, and wherein said top and
bottom trenches have respective outer edges which are

separated by a nominal separation distance of 8480 microns.

25. A method according to any one of Claims 15-24,
further comprising:
prior to said step of forming a break trench structure,

forming a layer pattern on said first surface of the substrate



of the substrate to the break trench structure forned in the first
surface. 27. The method of any one of Cains 13-26 wherein the step of
formng a break trench structure includes etching the trench during an
etch process. 28. A nethod according to any preceding clai g @OoCher
conprising: attaching an orifice plagﬁbstructure to the barrier layer. 29.
A method according to any preceding claim wherein: the step of providing
a printhead substrate includes providing a silicon substrate, and the step

of formng a QkﬁéglairfﬁEﬂ%v%B&ECE&rééﬂd“ét@ﬂ@ﬁge@&ﬂpﬂuylahesspéfaﬂﬂ@nsubstrate

with a TNAH (Tetra_ Methyl Ammoni um Hydr oxi de etch process.
between said unconnected chip stop tren

26. The method of any one of Claims 13-25 wherein the
step of abrasively machining the substrate includes
abrasively drilling the substrate from a second surface

of the substrate to the break trench structure formed in the

first surface.

27. The method of any one of Claims 13-26 wherein the
step of forming a break trench structure includes etching the

trench during an etch process.

28. A method according to any preceding claim, further
comprising:
attaching an orifice plate structure to the barrier

layer.

29. A method according to any preceding claim, wherein:

the step of providing a printhead substrate includes
providing a silicon substrate, and the step of forming a break
trench structure includes etching the silicon substrate with a

TMAH (Tetra Methyl Ammonium Hydroxide) etch process.



