16 Septenmber 2003 - 1 $EM CONDUCTOR SUBSTRATE HAVI NG | NCREASED FACTURE
STRENGTH AND METHOD OF FORM NG THE SAMVE 5 FI ELD OF THE | NVENTI ON 10 The
present invention relates to increasing the fracture strength of

sem conductor substrates used in inkjet printheads aredstpeerbeke20@nd nore
generally, to increasing the fracture strength of sem conductor
substrates, regardless of intended purpose, that are 15 drilled or

ot herwi se machined to forma hole or other feature therethrough or

t herein. BACKGROUND OF THE | NVENTI ON Various inkjet printing arrangenents
are known in 20 the art and include both thermally actuated printheads
and nechani cally actuated printheads. Thermal act uat ed printheads tend to
use resistive elenments or the like to achieve ink expulsion, while
mechani cally actuated printheads tend to use piezoel ectric transducers or
the 25 like. A rsEMISONRUETOR SUBFIRAME HAKING INCREAREBRFMAYRE plurality of
thin filmresistors pgeyidad: ARDAMETESD QOINGURIMONG StHEsshREe. A nozzle plate
and barrier |ayer are provided on the substrate and define the firing 30
chanbers about each of the resistors. Propagation of a current or a "fire
signal" through a resistor causes ink 1in the corresponding firing chanber
to be heated and expelled through the appropriate nozzle. 16 Septenber
2003 - 2 Ink is typically delivered to the firing chanber

FIELD OF THE INVENTION

10 The present invention relates to increasing the

fracture strength of semiconductor substrates used in
inkjet printheads and the like, and more generally, to
increasing the fracture strength of semiconductor
substrates, regardless of intended purpose, that are
15 drilled or otherwise machined to form a hole or other

feature therethrough or therein.

BACKGROUND OF THE INVENTION

Various inkjet printing arrangements are known in
20 the art and include both thermally actuated printheads
and mechanically actuated printheads. Thermal actuated
printheads tend to use resistive elements or the like to
achieve 1ink expulsion, while mechanically actuated
printheads tend to use piezoelectric transducers or the

25 like.

A representative thermal inkjet printhead has a
plurality of thin film resistors provided on a
semiconductor substrate. A nozzle plate and barrier layer
are provided on the substrate and define the firing

30 chambers about each of the resistors. Propagation of a
current or a “fire signal” through a resistor causes ink
in the corresponding firing chamber to be heated and

expelled through the appropriate nozzle.



through a feed slot that is machined in the sem conductor substrate. The
substrate usually has a rectangul ar shape, wth the slot disposed

| ongitudinally therein. Resistors 5 are typically arranged in rows | ocated
on both sides of the slot and are preferably spaced @nsappmdéinedoal y equal
di stances fromthe slot so that the ink channel length at each resistor is
approximately equal. The width of the print swath achi eved by one pass of
a printhead is 10 approximately equal to the length of the resistor rows,
which in turn is approximately equal to ghe length of the slot. Feed slots
are typically formed by sand drilling (also known as "sand slotting").
Thils g}et h?d i's pl’gfl(ﬁlkl’% i§pb@£ﬁl&86déli*}ﬁréﬂ rei dher ef iatinge! ghasioeg! ev\ﬁnfl
scal abl e (many_substrates nma cesse t.an r ile
sand sl otting BFF5ds tﬁ%g% %B%ér it lﬁeﬂ%?ﬁ%%? §I8¥% ?ﬁhéﬁé%ofso

di sadvant ageousulistrhat Thé¢ swhesste @suatlﬁtm&sia1reheaseuiaKNKhﬁpEor
substrate 20 t ni f,i_cang.| u tra ct Lengt h,
resulting in §?§%|?¥%§ﬁ?°% %ﬁ§¥P%88 g§%5?§xﬁg§§é& gﬁgféiﬁ' kg%%%ﬁ%iwe
strength also 4qemttx§n§a6ém arsangedgih HAYThlesrtad Pradpdhsdifesnpict s

print swath h%wtsloandnevgfal;Lr@ﬁdr&blspepdceiEarASap@Qmeamw &m&uerrs are

devel oped, per fornmanc ar,ane ter r|nt spe d.

achi eving hi ghcg}r/ tﬁﬁcﬁts éf)%rgdﬁi‘ég |’T8r 5%@% dfﬁafﬁ‘gt%en% A 8¢ swat h
of a print headeac(merq:rdlﬂmrl ails n&pmmxmtrateitynceqasl ngThe i widswabh \Mhdt histo
i ncrease the I ﬁwaé@ tar&%lgggf‘ltr e.gnd g%uce gd sl hBFﬁ‘é sbue to

mcro cracks an structura ects i'n dur| g san slottlng
however , sUbst%RHﬁ??laﬁée%énG@V%H toothe agpreth L bed uFeiettogx tiéMed.

which in turn is approximately equal to the length of the
slot.

Feed slots are typically formed by sand drilling
{also known as “sand slotting”). This method is preferred

15 because it 1is a rapid, relatively simple and scalable
(many substrates may be processed simultaneously)
process. While sand slotting affords these apparent
benefits, sand slotting is also disadvantageous in that
it causes micro cracks in the semiconductor substrate

20 that significantly reduce the substrates fracture
strength, resulting in significant vyield loss due to
cracked die. Low fracture strength also limits substrate
length which in turn adversely impacts print swath height
and overall print speed.

25 As new printer systems are developed, a key
performance parameter 1is print speed. One way of
achieving higher print speed is to increase the width of
the print swath of a printhead. One potential manner of
increasing print swath width is to increase the length of

30 the substrate and the feed slot therein. Due to micro
cracks and other structural defects induced during sand
slotting, however, substrates are rendered too fragile to

be further extended.



16 Septenber 2003 - 3 ‘A need thus exists for a machi ned sem conduct or
substrate that has increased fracture strength to better wthstand the

t hermal and nechani cal stresses induced in ink jet printhead manufacture
and use. A need also exists 5 for a printhead sem condustprendabszaoat e t hat
has increased fracture strength and can therefore be elongated to achieve
| onger print swath width. A need further exists for a machined

sem conductor substrate for any intended purpose that has increased
fracture 10 strength. SUMVARY OF THE FNWENTI ON One aspect of the present
invention is a sem conductor substrate and nethod of making the sanme is
havi ng i nproved frActngesl sthengtehkishssefrmconadustainedbstemitcenidyciathi ned to
define a featuyr [ T i f 5 Bz kK in the
substrate that OB IHE Tr S e et r o the Bbmtrat o the

seni conduct or wibstend eths phrermeds @t Fechapiealpotiienses23ngpcefelBubstrat e
proxi mate the jyxCkKEr CHACKEL A mBRGOYELudd@nldr askUre sddenish ekitbe

sem conductor subsStrate. It&ﬁone pref.er:thsd 1grrbodi rTEnt t;the gﬁ)rgi o] aSsOf t he
seni conductor fbst at B PrO¥aTat £ FHEORCEFE2Er afRRS S 1 ehVed £0°i nerease
the radi us of icutreatede dhapoute onstr@igtdf tdmd creak ushegeboret chéng
process. BRI EE T . 9. i neLsSpect | vi ew of
an ink jet prier%'ltgg§g&§g ilt%]\laa(?g%-rgggn?e%%_ i yﬁrﬁggpr%?gﬁt qfl%gﬁt?gnbgig:ciig. 21is
a perspecti ve firshesf evhet erfisgdienBachired senigenfBeter | fPsEZALtRi 898 in
accordance W tiht he JHeR@At JurpeBLi Okhat has increased fracture

16 strength.

SUMMARY OF THE INVENTION

One aspect of the present invention is a

semiconductor substrate and method of making the same

15 having improved fracture strength. A semiconductor

substrate is machined to define a feature therein. The

machining process forms a micro-crack in the substrate

that reduces the fracture strength of the substrate. The

semiconductor substrate is processed to remove portions

20 of the substrate proximate the micro-cracks to improve
the fracture strength of the semiconductor substrate.

In one preferred embodiment, the portions of the

semiconductor substrate proximate the micro-cracks are

removed to increase the radius of curvature of portions

25 of the crack using an etching process.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an ink jet printer

30 in accordance with the present invention.
Fig. 2 is a perspective view of one embodiment of an
ink jet print cartridge in accordance with the present

invention.



16 Septenmber 2003 - 4 Fig. 3 is a cross-sectional view of the printhead of
Fig. 2 having a sem conductor substrate processed in accordance wth the
present invention. Fig. 4 is a perspective, cut-away view of one end of 5
the ink feed slot in a sem conductor substrate in acsosdptedew 2403t he
present invention. Fig. 5is a plan view of one end of the ink feed sl ot
formed by sand slotting in a typical printhead substrate illustrating a

m cro-crack. 10 Figs. 6A and 6B is a greatly enlarged representation of
the mcro-crack of Fig. 5 shown before,- Fi-g. 6A, and after, Fig. 6b,
perform ng the nmethod of the present invention. DETAI LED DESCRI PTI ON 15
Referring to Fig. Figa peispectioss-seehigialarviiewk ofj ehepprimntdreadnof

accor dance wi U 4 he,Presant, | 0VeRki8hnlisetSiOWlns FrA U ChrdBepred euabl y
i ncludes a housihg 12 avirng an openable cover 14" and printer status

i ndi cator | i giteprienca piinttheagredentuds@dtiAnaore detail below) 20 is
preferably |ocatedpygdef £OVerpdpeftPliNtcy®dihdy LRRNLSPUHtedd b©) unit
18 provides suitable print madﬁa to the print head&s . The print nmedia I/0O
unit pref erabl ¥ i ddkudéeepapthot ngtt AndS TRV 8%5, Sbﬂ?‘g‘@s‘fe and
appropri at e sensmirsiaand vitnper presehanismentiohc. 25 Printer 10 al so

| ncludes a pover sygplys a1 1K SHPRYYew 808 6901E041 6F LRI qrknGecgnown)
anongst other relate conmponents. The power supply pre erablny provi des
regul at ed DC atlfppiepreat Yv&%%esﬂévgmg_ TRe 2 nkKy®dsplly peiptheador med

integrally w tdubs3QaRei 0f Nead-atAngr af RIsRA csaparatel y. The ink supply may
be 10 Figs. 6A and 6B is a greatly enlarged representation
of the micro-crack of Fig. 5 shown before, Fig. 6A, and
after, Fig. 6b, performing the method of the present
invention.
DETAILED DESCRIPTION

15 Referring to Fig. 1, a perspective view of an ink

jet printer in accordance with the present invention is

shown. Printer 10 preferably includes a housing 12

having an openable cover 14 and printer status indicator

lights 16. A printhead (discussed in more detail below)

20 is preferably located under cover 14. A print media

input/output (I/0) unit 18 provides suitable print media

to the printhead(s). The print media I/0 unit preferably

includes paper input and output trays, guides, and

appropriate sensors and transport mechanisms, etc.

25 Printer 10 also includes a power supply, an ink supply

and controller logic (not shown), amongst other related

components. The power supply preferably provides
reqgulated DC at appropriate voltage levels.

The ink supply may be formed integrally with

30 printhead 10 or formed separately. The ink supply may be

separately replaceable from the printhead or replaceable

with the printhead. Ink level detection 1logic (not

shown) 1is preferably provided with the ink supply to



separately replaceable fromthe printhead or replaceable wth the
printhead. Ink |evel detection logic (not shown) is preferably provided
with the ink supply to 16 Septenber 2003 - 5 indicate an ink volune |evel.
Sui tabl e ink supply arrangenents are known in the arie SEptexber 2d3
preferably receives print data froma host machi ne which may be a
conputer, facsimle machine, 5 Internet termnal, canera, plotter or other
device that is capable of propagating print data to printer 10. The
printhead is preferably provided on a noweable carriage (also |ocated
under cover 14) that may nove transversely along guide rods as is known.
It should be 1Ondseogni zed, inGweveluméhatetdle prSuitbbae cowkd Hepply

stationary and?riégﬂé%g%qgl refﬁﬁéaﬁj S ﬂ%d§4@s a sheet (or section of a

sheet) of pri such as paper. erring to Fig. 2, one enbodi nent
of an ink jet priRrioderr |3dbeprﬁf%mi?9fydaﬁ%%ewetsh Rh@r @3kt trAVertion 15

i's shown. Prinhogariddiige Zz(ﬁl'cﬂch\b!?eﬁeaah@éﬁpﬂgaﬁl falatimh $e CRAEH THE,Ed tO
provi de a prlnthead regi on 22 _and reservolr ion 26. In the enbodi nent

of Fig. 2, prihetengl r‘i%}'@‘@nﬁéné?a&efﬁ eb%'ierpr? Ok r i havidty t hree

ink feed sl otslawlapamreespogﬁld);stggafﬂn@y@roﬁtruwa 9, p2dnpeefi@r.ably for cyan,

magent a and ye||OML The re 0 n_the GASe of a.5£g5¥é print
ch

. Lygi feg ZP I rovide .
cartridge 20, prefera EPtdés B |n iVEatal FPRK YESertoi ¥ s"For
di fferent col orapfiagek. (alscsh@utdtma medegnlcp@drt hat) phatnt medr tndvgge 20

may al ternativelynhe Ganfi qubed §REa25-488 M ths apndaf f -AXi Sodik wuppl y

that is ph¥3|call detached fromthe prlnthead and in fluid EOHW%?IC&IIOH
t herewi t h. recognized, however, th the printhead cou

stationary and, for example, formed as wide as a sheet
(or section of a sheet) of print media, such as paper.
Referring to Fig. 2, one embodiment of an ink jet
print cartridge in accordance with the present invention
15 1is shown. Print cartridge 20 includes a housing 21 that
is configured to provide a printhead region 22 and a
reservoir region 26. In the embodiment of Fig. 2, print
cartridge 20 is a tri-color print cartridge having three
ink feed slots and corresponding arrays of nozzles,
20 preferably for cyan, magenta and yellow. The reservoir
region 26 in the case of a color print cartridge 20,
preferably includes individual ink reservoirs for each
different color of ink. It should be:  recognized that
print cartridge 20 may alternatively be configured for
25 use with an “off-axis” ink supply that 1is physically
detached from the printhead and in fluid communication
therewith.
Each printhead 40 preferably includes a substrate 50
on which one or more ink feed slots 60 is machined (see
30 Figs. 3-5). Ink is delivered (from an on-axis or off-axis
source) through the feed slot 60 to 1ink expulsion
elements 52 formed proximate the slot. The ink expulsion

elements {e.g., resistor, piezo-electric transducer,



Each printhead 40 preferably includes a substrate 50 on which one or nore
ink feed slots 60 is machined (see 30 Figs. 3-5). Ink is delivered (from
an on-axis or off-axis source) through the feed slot 60 to ink expul sion

el enments 52 formed proximate the slot. The ink expul sicoBepwimdren2®3(e. g.,
resistor, piezo-electric transducer, 16 Septenber 2003 - 6 etc.) are
preferably provided in two rows, and are | ocated on opposite sides of the
feed slot (see Figs. 3 and 4). Nozzles 44, are aligned with the
correspondi ng ink expulsion elements 52¢and are formed in a nozzle 5 plate
46. A plurality of electrical interconnects 28 are coupled to the

?ﬁ?i Eghﬁeggsbézl%&qndgggi VS B 1 by n%_sovj(dafat showyo Thesel erid i @ak

_ engage a corresponding. electrical_,ntercan ichis
located in thkqsteERt &P CRPPFAG® gﬁ?%%ugge?eab%?/eecf,sjtoﬁer(esl‘o%% gﬁ%ww%g 10
pri tnt _e(r]I 10t to &&l eoti vebyz ot 40l the eléonednwith | hke dedpeANHRIa
cartridge traverses acyoss t | di f i t o FRQ. 12
cross- sect i onat™¥i %W‘f(‘) S]tq?fe %??rﬁ({mﬂegadggolag? I%lllgpe ?ﬁé&ﬂﬁ%& nf;h abge;rgioz(?onduct or
substrate 9Proglessed6i.nAaptvrabiice of t?]let%lﬁﬁgsém;e?wtén i’s 5s shown.

Ink enters Cha&?{ﬁﬁe@@ {4 oppa !é%§§f¥9i:é wot IHyn dagivetide ariaef ddthesondui t
froman off-axis source as discussed. ab

. ove. Conponents 64 r ent
portions of hoWRS ngholof BRE ntelE&FHFﬂJgel%e’(ﬁﬁmbﬁ&as s%? t ggﬁge&éc%ndui t)
”Jﬁt are gg ef ?&%&!e}éﬁoﬂﬁﬁﬁ@l éDestiistanatiatsocdyne2® whéchals yleeatadl oy uct ur al
adhesi ve : i n chanber. 62 I f S t bFil

chamber 54 for M Pad) §creﬁtarfﬁﬁgéxgéé?ss%&ggnsc%ggr?gggg'SE?EEon aﬁidpgéls@g%
propagat e i r epointéni vEO skgnaled eEtonely ncertotheths 28°GF0%i §hall™ aces 58

to the ink droplets as a cartridge traverses across the print media.
Referring to Fig. 3, a cross-sectional view of the
printhead 40 of Fig. 2 having a semiconductor substrate
processed in accordance with the present invention is
15 shown. Ink enters chamber 62 from a reservoir within
region 26 or a feed conduit from an off-axis source as
discussed above. Components 64 represent portions of
housing 21 of print cartridge 20 (or of a suitable
conduit) that are preferably joined to substrate 50 by
20 thermally cured structural adhesive 66. Ink in chamber 62
flows through feed slot 60 to firing chamber 54 formed
adjacent ink expulsion elements 52.
Contact pads 56 propagate fire or drive signals from
interconnects 28 via signal traces 58 to the ink
25 expulsion elements 52. In a preferred embodiment, the ink
expulsion elements are thin film resistors of a type
known in the art, though it should be recognized that the
ink expulsion elements may alternatively be piezo-
electric transducers, etc.
30 The substrate 50 is preferably formed of a
semiconductor material such as silicon. Barrier layer 42
is formed on the substrate in such a manner as to define

firing chambers 54 (see Fig. 4), and a nozzle plate 46 is



25 expul sion elenents 52. In a preferred enbodi nent, the ink expul sion
elenments are thin filmresistors of a type known in the art, though it
shoul d be recogni zed that the ink expulsion elenents may alternatively be
pi ezo- electric transducers, etc. 30 The substrate 5Qs6i Sseprezber adyiog f or ned
of a sem conductor material such as silicon. Barrier |layer 42 is forned
on the substrate in such a manner as to define firing chanbers 54 (see
Fig. 4), and a nozzle plate 46 is 16 Septenber 2003 - 7 nounted on the
barrier layer such that nozzles 44 and- iheir associated ink expul sion
resistors 52 are appropriately aligned. Referring to Fig. 4, a
perspective, GHmRWAY of eyl babriie Bagbrofsidie tide feezkzlsdotdB0andat is
fornmed using a_  machining technique such as .sand dri.l.i i sesho Thi s
figure depicts-hé det$fiqda th hg“}e’hkf 8@%}18%5118%‘ 60r,esf]'|srt|°%§ ¢ errbﬁg‘% 54,

resistors 52, dropetaséYycilirgned?2, and orifice plate 46. 10 The formation

of the feed slot 6Q.i EHg§t tf8 204, has, begn dese! | bed dwnhyTeigw of
publ i cations inclugFEgr ) .t&ggﬁgSNb' 4,%80,859 to hnsonyngntitled

. . J
"Ther mal | rikj etne mErichtoHdd® NEthdPesk Q%Qﬁuﬁgcﬁﬁﬁé"légﬁoéggggﬂéﬂn?oathe

present assi gneshiRdhgngethei §lotsued f2@r ahdoar proioessis howhe Mbigl e of
the slotting tool

i s brought into close .proxi.m i bagk;pf the
substrate 50 ahdfHiegRePhrEYsiis Ae5Padr et Ecahret ilﬁgéeé\iéﬁ%r@ﬁeiuésérate 50.
Due to the racttomenat use ofesheteaby aSPve anriikE nesitvetusabsi4 at 8n80, the
size and shapgng#igge sket £O is 20 difficult to control. In addition, the

poi nt at which the sfot 60 "breaks through" the front of  the subgBrate 50
10 The formation of the feéd slot 60 1in substrate

has been described in many publications including U.S.
Pat. No. 4,680,859 to Johnson, entitled “Thermal Inkjet
Print Head Method of Manufacture” and assigned to the
present assignee. During the slot 60 formation process,
15 the nozzle of the slotting tool is brought into close
proximity with the back of the substrate 50 and high
pressure abrasive particles strike the substrate 50. Due
to the random nature of the abrasive striking the
substrate 50, the size and shape of the slot 60 1is
20 difficult to control. In addition, the point at which the
slot 60 “breaks through” the front of the substrate 50
also varies and depending upon this location micro-cracks
can be formed in the substrate 50. Tests have shown that
if the slot 60 breaks through the center of the substrate
25 50 that stress cracks form at the ends of the ink feed
slot 60. These micro-cracks act as fracture initiation
sites and can cause the die to fracture when it is placed
under the mechanical and thermal stress such as during
the manufacturing process.
30 Fig. 5 depicts a plan view of a representative
printhead substrate 50 with a typical mirco-crack 74 that
has formed in the silicon substrate as a result of the

slot 60 formation process. As can be seen, micro-crack 74



al so varies and dependi ng upon this |ocation mcro-cracks can be forned in
the substrate 50. Tests have shown that if the slot 60 breaks through the
center of the substrate 25 50 that stress cracks format the ends of the
ink feed slot 60. These mcro-cracks act as fractureasi Béptieabenn2003i t es and
can cause the die to fracture when it is placed under the nechanical and
thermal stress such as during the manufacturing process. 30 Fig. 5 depicts
a plan view of a representative printhead substrate 50 with a typi cal
mrco-crack 74 that has formed in the-sgl-icon substrate as a result of the
slot 60 formation process. As can be seen, mcro-crack 74 16 Septenber 2003
- 8 and simlald giadkarf etacks &ormenslt odn t éred erbf)nqm egldngadieds|feed60 and

tend to followthe rystalll n ar i ra to an
axi s of el ongastlltk)E 3319 ﬁﬁ ‘? s| o(?ﬂ%g' ,&gg gélgugg 1rJl'l[;?llt%e gl hn
stressed 5 e|tﬁuundhheeaathqtoaremmﬁnﬁﬁhaélty aphexts aek GIPHQ§£GPPyOf

i ncreases untify s 84 501 5L 2BHUT RS- ACS bR rapubSbT Ake Al dsselir act ured
the el ectrical traces acti1ve conponents on the substrate ZO are

broken resul t¢ifdeirn gharmehéyd o0 meghapieallyy THBR e CRaskbdén 28agreéHt deal
of effort spentnceaseBki rgttihe &hﬂkttagepreoe5$rﬁat3réepea0abée ahd

pontro!lablﬁowﬂg)tEgFELkglnatlﬁg th%%% q}crolgk ggga quaé&gth Egdpresent

i nvention WEES RS g solution to t
fracture problarhive5 Acoppdengsy, oho th@rov@bﬁﬁnﬁﬁ@uréostﬂéﬁgtHﬂ0§ﬁﬁstrate

50 is prefer abxlé'suqttgﬁﬁdmﬁfﬁﬂmﬂﬁ%@ RbNgaiQfeenove portions of the
sem conduct or materia ere e mcro- cracks_ are forned. ThIS et chi ng
process ch#hges t h@here has been a great deal of effort spent on

making the slotting process more repeatable and
controllable, and in eliminating these micro-cracks 74.
Up to the present invention, however, there has not been
a complete solution to the die fracture problem.

15 Accordingly, to improve fracture strength, substrate
50 1is preferably etched after machining to remove
portions of the semiconductor material where the micro-
cracks are formed. This etching process changes the
nature of the semiconductor material such that the line

20 of the micro-crack is modified. One modification to the
mirco-crack performed by the etch process is to alter the
terminus of the end point of the crack.

' Referring to Figs. 6A and 6B, there is shown a
greatly enlarged representation of the micro-crack 74

25 shown in Fig. 5. Fig. 6A is a representative of the
micro-crack 74 before processing using the etching
process of the present invention. The micro-crack 74 has
a terminus 75 which tends to be a point in the substrate
50 where mechanical stress applied to the substrate 50

30 becomes focused or concentrated. In contrast, Fig. 6B is
a representation of the micro-crack 74 of Fig. 6A after
processing using the etching process of the present

invention. The terminus 76 of the micro-crack 74 is



nature of the sem conductor material such that the line 20 of the
mcro-crack is nodified. One nodification to the mrco-crack performnmed by
the etch process is to alter the term nus of the end point of the crack.
Referring to Figs. 6A and 6B, there is shown a greatlsyseptembged003
representation of the mcro-crack 74 25 shown in Fig. 5. Fig. 6Ais a
representative of the mcro-crack 74 before processing using the etching
process of the present invention. The micro-crack 74 has a termnus 75
which tends to be a point in the substrage. 50 where nechani cal stress
applied to the substrate 50 30 becones focused or concentrated. In

contrast, Fig. 8B di%q ®dy eReeeeBhabrofes dNdaieChA- Chotkaskll afadiug. 6A
after processing using the etching process of the present, .i.nvention. The

termnus 76 of Of heCURVATHFBr ack T2 | ©HESSepPRMBRATI3663"- S80I £P&d by t he
etch process tgubMatan sonGikeasedoradbnsl tf 1WWUr4al us eof Theretness .

concentration within the substrate 50 is pro ional to_ 1/ a(gtg of
curvature). ThUE | WRTEERg (S r240% o foc%‘?r\%ithrgg Il‘jlss?ﬁa tt&é etcﬁ 5

process of $hepprasent of nvem | (resedbcetnvandignr eseducesncele r &4r68Sand t he

l'i kelihood of furtdhen ,¢k8RKLAG- cHdEL11@NGRLBE F oaReBeef cEACk LS ane
invention not only 1increases the radius of curvature at the term.nus 76,

but al so throfiEHHRY t REOFREFO- BF ackPd 4. PHERENEt cAPKE iVt ed¥t10 %Yt he
present inventimfrdaanrds the radiwasef tdueverite cal theadeusimus refdi dputof

e o P SERE Ef Ve g o iy s

concentration In ubstrate 50 printhead 40 in which
the substrate ofi5the préséntedinveniriohettgbtly fadéngsedss | Bys. CHbisehead

radius or radius of curvature of the micro-cracks 74 and
this in turn reduces the stress concentration in the
substrate 50.
Substrate 50 and printhead 40 in which the substrate
15 is utilized is preferably made as follows. Printhead
circuitry for a plurality of printhead substrates 1is
formed on a wafer. Standard thin film techniques are
preferably utilized to form the printhead substrate
conductive patterns. Following this fabrication, the
20 wafer is cleaned and prepared for barrier layer mounting.
The barrier layer is typically formed by a polymer
lamination process.
After barrier layer 42 formation, the ink feed slot
is sand drilled as described above for each of the
25 plurality of printhead substrate 50 on the wafer. This
sand drill process tends to form small cracks 74 that
tend to reduce the fracture strength of the substrate 50.
The preferred etch process 1is then performed to
improve the fracture strength of the substrate 50. This
30 process is performed by rinsing the wafer preferably in a
BOE bath for 3.5 minutes at 20.9°C to remove naturally
grown SiO: (72 of Fig. 4). After a deionized water rinse,

the wafer is etched in 5% wt. TMAH for 7 minutes at



circuitry for a plurality of printhead substrates is

Standard thin filmtechniques are preferably utilized to formthe
printhead substrate conductive patterns. Following this fabrication, th
20 wafer is cleaned and prepared for barrier layer nognseppmbefhdoBarri er
| ayer is typically forned by a polynmer |am nation process. After barrier
| ayer 42 formation, the ink feed slot is sand drilled as described above

for each of the

formed on a wafer.

_ 25 plurality of printhead substrate 50 on the wafer. Th
sand drill process tends to formsnall-agpacks 74 that
fracture strength of the substrate 50.

performed to igf)jprgegg Eﬂgsfé@@{ uigahﬁilrle,m@ahbgf ahbeheatibdd ircatieeBOwaTér s
process is performe y rinsing.the fer . preferabl yd.n_a b
m nutes at 20.9ES€o 2PEndPE HﬁPaFéngg?gF%%§?¥§%3} %7§f3?eFPé§ 4 .%i ter a
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is

tend to reduce the
The preferred etch process is then

3.5

dei oni zed wat eff Figse, 2-3 heonvather basr e hiedydam 48%mater IVAH Ther WZERT nut es at

16 Sept enber

water rinse and

e nountin

2-3) on the bantiserateyer 582 weatriedch TiREhMBLEr 1PSTeIRAT sitfGGdFRd to
produce a pluralddhyeAf Rrisitheadreustibeivaiesidikrichaheeach2@xnapi be
i ncreased fracture  strength.

Aflex circuit having i 8 b
connected to eﬁﬁﬂ??§ﬁﬁgtF8t§aF8 5Pga€E%F%1Eﬁi?ﬁ?§§§ géh _§¥§§§§%§r§§b$henay ©
printhead heachssmenplyThs ghierthabtabhed assemife psi hReraRfE tRsBSHANgOor
structure 64 wih p&% { %;egg' 'ﬂéujs‘r%}gg%%d adhesihye 66 Lataompl @iamalbe

portion" of the
di scussed dboveurgd jaghesive 66 to completes the
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printhead assembly process.

By processing substrate 50 as discussed above or in
a related manner, a printhead 40 is produced that has
increased fracture strength. The increased fracture
strength in turn results in less substrate cracking
during manufacture thereby increasing production yield
and product 1life. In addition, increased fracture
strength allows larger printheads 40 having longer ink
feed slots 60 allowing larger print swaths to be printed.
The ability to print larger print swaths enables greater
printing speed and greater through put for the printing
system 10.

In an alternate embodiment, the etch is performed
after the wafer is singulated with a diamond saw. The
edges of the die are typically chipped and cracked due to
the shear loads induced by the cutting of the rotary
blade. These chipped areas typically include cracks which
under thermal and mechanical loads can propagate into the
die. Performing an etch on these die has been show to
remove these local cracks resulting in a more fracture
resistant and manufacturable substrate.

Another benefit related to the use of TMAH and like

substances is that TMAH is an anisotropic etch (i.e.,

"dry

2003 - 10_.84..9C_.Thi s ks o alil puad by oangiherndesoni zed
i YHE R ulagegf Eonﬁloﬁt}ﬁal alo%igfi ce p atoescﬁ(46 of Figs.

Yy process. By\proceSS|ngn§ug§t%gge 50 as



a related manner, a printhead 40 is produced that has increased fracture
strength. The increased fracture 15 strength in turn results in |ess
substrate cracking during nmanufacture thereby increasing production yield
and product life. In addition, increased fracture stl6ebeptemabt 3Q93| ar ger
printheads 40 having longer ink feed slots 60 allow ng |arger print swaths
to be printed. 20 The ability to print larger print swaths enabl es greater
printing speed and greater through put for the printing system 10. In an
alternate enbodi nent, the etch is perforimed after the wafer is singul ated
with a dianond saw. The 25 edges of the die are typically chipped and
cracked due tcettdiessheate |radsilynducetrtpihhergatal hiheofortiemtaatiany bl ade.
These chi pped areas. tynpi Ly | u Kk i.C u r nd
mechani cal | oa sa%caﬁnproé:%‘%%g e aP’n ogfh(eéruégi é:.ew%ég_r P%CF mgggﬁa%tagﬁa%% t hese
di e has been s$mpedo BTeserpydnt Hdse Nopegr Yt akkider esidiicPRg Mageaiabr e
fracture resisd ant,;andnaRQutaridiablaceebst %?é\ﬁideén%_t hay benebkiiyel ated
to the use of TMAH and like substances is that TMAH is an ani sotropic etch
(i.e., 16 Septdshsepingpg whetheropcdde Bt £eeBpPEFYedn certain crystalline
orientations thanwifhotbspsdt atyl #ixernabivesndsort orMray, mipy shoulal be shaped
recesses in the nonocrystallipe silicon material , 50. Thj har a ristic
pattern provi d’éesc"gn\héf?go%g%gsﬁ N &qefn ' nlalrllao %tﬂeen}m)ae%di%é%hagégeen
etched. Wth respebert oimilarhatictesgf crenfiigall, echantoul d be recogni zed
that S material nﬁ)itﬁl:ﬁ&th bgrLppmyers Wit Br&Rir miher $o¥ IRkbyaacting

chem cal echants. Although etching is a_preferred manner for reganl
10 of crack containing material, other techniques also fa

within the spirit and scope of the present invention
including re-heating or re-melting techniques and laser

annealing.

15



10 of crack containing material, other techniques also fall wthin the
spirit and scope of the present invention including re-heating or
re-melting techniques and | aser annealing. 15 16 Septenber 2003 -

Foreign C ains and Abstract 1. A nethod of processing cqond é
substrate, conprising the steps of: machining a sent&g g %ﬁ% % ?rate
(50) to define a feature (60) therein, the machining process formng
cracks (74) that reduce the fracture §trength of the substrate (50); and
removi ng portions of said senlconductor substrate éS proxi mate said
cracks (74) wherein the ra is increased (76) so as
to inprove the fracture strength of the substrate (50). 2. The nethod of
Claim 1, wherein said renoving step conprises the step of etching sai d

sem conduct or substrate groxinate,said feature 2% bg% thod of
Claim 2, wheretn safd “eettgll‘?dng t SFO°FREIIHed t RETETRIISHO8t TG TG
squtlon containing TMAH or _KOH. 4. The nethod of Caim1l, wherein sald
renDV|ndx§F§ﬁ81Pﬂc &ERE PEast one step of the group of steps including:

etching; re-neltinhg and | aser, ane n aid senico t or te_ (50
16 Sep?enber 2@®%h£k¥E? 8. %ﬁ%l?ﬁﬂ4iﬁé°gfsf#?ﬁ€%§§e wzgggln 5235&£P%hlné s%ep

feature (60) therein, the machining process forming cracks (74)
that reduce the fracture strength of the substrate (50); and
removing portions of said semiconductor substrate (50)
proximate said cracks (74) wherein the radius of said cracks (75)
is increased (76) so as to improve the fracture strength of the

substrate (50).

2. The method of Claim 1, wherein said removing step
comprises the step of etching said semiconductor substrate (50)

proximate said feature (60).

3. The method of Claim 2, wherein said etching step
includes the step of etching with a solution containing TMAH or

KOH.

4. The method of Claim 1, wherein said removing step
includes at least one step of the group of steps including:

etching;

re-melting and

laser anealing

said semiconductor substrate (50).



i ncludes the step of etching with said TMAH solution for approximtely
2-20 mnutes. 6. The nmethod of Claim1l, further conprising the steps of:
nounting a barrier layer (42) on said substrate; and attaching a nozzle
plate (46) on said barrier |ayer (42). 7. A sem conductor substrat %50)
including electronic circuitry (52, 56, 58) and havinéGasﬂﬁﬁﬂﬁﬁﬁdzgg ture
(60) fornmed therein, said sem conductor substrate (50) being fornmed by the
fol l owi ng process: providing a senm cofductor substrate (50) having
electronic circuitry forned therein; machining said substrate (50) to form
sai d machi ned feature therein, the machi ne process form ng cracks (74)

that reduce the fracture stren%th of the substrate; and renpving portions
of said seni cohduct Bre smsEheat ©I( 56321 dxi HtFedRi P AcRECR  FhtPein
the radius of said cracks (75 is increased (76). so as to jnprove_the
fractur ensivgagt hthe tHeEP s Wist €4CBIRG0)WIt  PRAT) nT¥RE | FPIOY 16 ai APY,
further conprising a barrier |layer (42) disposed between an orifice |ayer
(46) anPRAFE*1BRRF Ot B eubst rat e (50).

6. The method of Claim 1, further comprising the steps
of:
mounting a barrier layer (42) on said substrate; and

attaching a nozzle plate (46) on said barrier layer (42).

7. A semiconductor substrate (50) including electronic
circuitry (52, 56, 58) and having a machined feature (60) formed
therein, said semiconductor substrate (50) being
formed by the following process:

providing a semiconductor substrate (50) having electronic
circuitry formed therein;

machining said substrate (50) to form said machined feature
therein, the machine process forming cracks (74) that reduce the
fracture strength of the substrate; and

removing portions of said semiconductor substrate (50)
proximate said cracks (74) wherein the radius of said cracks (75)
is increased (76) so as to improve the fracture strength of the

substrate (50).

8. The invention of Claim 7, further comprising a barrier
layer (42) disposed Dbetween an orifice layer (46) and the

semiconductor substrate (50).



