200310528-2 1 METHOD FOR FABRI CATI NG A FLU D EJECTI ON
DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ONS

[0001] This application clains the benefit of U S
Provi sional Application No. 60/590,412, filed on July
22, 2004. BACKGROUND [0001] Sone fluid ejection

devi ces, such as ink jet printheads, are fabricated
using a sacrificial naterial that is later renoved.

The fluid ejection circuitry is fabricated on a die
using thin filmtechniques. A barrier |ayer is 200310528-2
di sposed over the thin fil m stack. Fluidic structures
defined within the barrier [ayer are filled wth a
sacrificial filler material which is |ater renoved
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the barrier layer. The ability to renove sacrificial
material through the orifices in a given tinme and at a

gi ven cogRASS-REFHRENOE TORELHNTED APPLIGATIONS € -and
width of the fluidics. At the sane tine, it is desired

by designers of ink jet printheads to decrease nozzle

' to i : : | ot iLity to
o1 o EHEPPBIceB T EinE ho ppIAENE LG, BRI |V,
Applicgadinn WNo. 5060412, filedi ard JulmP2r2G04.t hr ough t he
orifices during device fabrication. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0002] Features of the invention will
readily be appreci at e BAYKGRQIIND skilled in the art
fromthe follow ng detail ed description of exenplary
enbodi nents thereof, as illustrated in the
ponoaBames fgd efeatibndsyices sughcs: ink [ @BidihebHS arke falsricated

AR AR I G T A W
fabrichiednCa 8felushigthasileeetmaguéd) A barrier layer is disposed over
the‘ thin film stack. Fluidic structures defined within the barrier Iayér are filled
" with a sacrificial filler material which is later removed through orifices in an
orifice layer disposed over the barrier layer. The ability to remove sacrificial
material through the orifices in a given time and at a given cost is limited by the
size of the nozzle and width of the fluidics. At the same time, it is desired by
designers of ink jet printheads to decrease nozzle size to increase resolution.
However, the ability to fabricate smaller orifices is limited by the ability to

remove the sacrificial material through the orifices during device fabrication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Features of the invention will readily be appreciated by persons skilled in
the art from the following detailed description of exemplary embodiments

thereof, as illustrated in the accompanying drawings, in which:

-[0003] FIG. 1 is a cross-sectional view of an exemplary embodiment of a
| partially completed fluid ejection device with filler in fluidic structures defined in

a barrier layer.



a barrier layer. 200310528-2 2 [0004] FIGS. 2A-2E
illustrate an exenplary enbodi nent of a fluid ejection
devi ce at exenplary stages of an exenplary enbodi nent
of a method of fabricating a fluid ejection device.
[0005] FIGS. 3A-3D illustrate an exenpl ary enbodi nent
of a fluid ejection device at exenplary stages of
anot her exenpl ary enbodi ment of a nethod of
fabricating a fluid ejection device. -[0006] FIG 4 is
a cross-sectional view of an exenplary enbodi @%31@528§
fluid ejection device with a throughway in the
substrate. [0007] FIG 4A i% a cross-sectional view of
an exenpl ary enbodi nent of a fluid ejection device :
31 AGNTARE itdifte |aﬁ‘1y &erﬁ’;ﬁla@@m%&ﬂﬁﬁérﬁ f Y flliiBSejection
substrate. 0008] FI G cross-sectional view
defvicgnak gserpp@ry staaﬁ@@dmfr@mxampéarv lambkpdiapet ef anmethpidcef
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of an exenplary embodi ment of a fluid ejection device
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I's a Cross-sectional” vi‘ew of an exe
davinech treeet pidry stadesiad anewjhecexemplaavembodmtdmt af a method of

bstrat 0011] FIG 5 i
#@F%%%{%Q@c%ﬂ'gﬁéﬁc 6?§%V'§f’rgneexgerrpl a]ry enbodi Imsenf1 of a

fluid ejection device without filler in the fluidic
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&éctionf davick with adhioaghway ircihevdubbtratet r ench etched in
the backside. [0013] FIG 7 is a cross-sectional view
of- an exenpl ary enbodi nent of a fluid

[0007] FIG. 4Ais a cross-sectional view of an exemplary embodiment of a fluid

gjection device with a thermal oxide layer on the backside of the substrate.

[0008] FIG. 4B is a cross-sectional view of an exemplary embodiment of a fluid

gjection device with a thermal oxide mask on the backside of the substrate.

- [0009] FIG. 4C is a cross-sectional view of an exemplary embodiment of a fluid
ejection device with a partial throughway in the substrate.

[0010] FIG. 4D is a cross-sectional view of an exemplary embodiment of a fluid

’ejection device with a throughway in the substrate.

[0011] FIG. 5 is a cross-sectional view of an exemplary embodiment of a fluid

ejection device without filler in the fluidic structures defined in the barrier layer.

[0012] FIG.6is a cross-séctional view of an exemplary embodiment of a fluid
ejection device with a trench etched in the backside.

[0013] FIG. 7 is a cross-sectional view of an exemplary embodiment of a fluid

ejection device with filler in fluidic structures defined in a barrier layer.



ejection device with filler in fluidic structures
defined in a barrier layer. 200310528-2 3 [0014] FIG
8 is a cross-sectional view of an exenplary enbodi nment
of a fluid ejection device with a trench etched in
the backside. [0015] FIG 9 is a functional block flow
di agram of an exenplary process for fabricating a
fluid ejection device. [0016] FIGS. 9A-9C are ]
functional block flow diagrans of exenplary processes
for fabricating a fluid ejection device. DETAl bE310528-2
DESCRI PTI ON OF THE DRAW NGS [0017] In the follow ng
detail ed description and i P the several fi gures of the
drawing, like elenments are identified with |ike

[061 8] RICE® i8 drBp6SY-SectibAAMw bf &n etetblay Endbemnei of a fluid
exenpl ary enbodi ment of a fluid ejection device 1 at
eiactignfdeviashwith attregeh efchegdip thebadksideThe f1 uid ej ection
device 1 is fabricated on a substrate 2, for exanple
a silicon die, Athin filmstack 3 has been fabricated

[9818heIG. Spissufungienap blagk flomediagiasm phpe exemplany process for
AEAERIAY ST AR Abyickhe thin film stack 3

conpri Ses, for exanple, heater elenents, e.g.
resistors, transistors, |logic functions and
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ver the t m st ac In an exenplary
fonfabdicating a fluidgjectionrdayiast i ve primer layer 41 is
~di sposed on the substrate 2 and over the thin film
stack 3 prior to disposing the barrier layer-4. In an
exenpl ary QEB&M%EESQWBT%?N@TH@@RAMH%i ses a

| ayer of SU8 about. 4 umthick. In an exenplary

enbodi nent, the primer layer is cured for about 30
joionT} esthatfolldidnd etptailed dasicapticn bed dr the séwgralsiguges béthe
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[0018] FIG. 1 illustrates an exemplary embodiment of a fluid ejection device 1
at an unfinished stage of fabrication. The fluid ejection device 1 is fabricated on
a substrate 2, for example a silicon die. A thin film stack 3 has been f_ébricated
on the top surface 21 of the substrate 2. In an exemplary embodiment, the thin
film stack 3 comprises, for example, heater elements, e.g. resistors, transistors,
logic functions and eleétrical connections. A barrier layer 4is disposed over the
thin film stack 3. In an exemplary embodiment, a photo-resistive primer layer
41 is disposed on the substrate 2 and over the thin film stack 3 prior fo
disposing the barrier layer 4. In an exemplary embodiment, the primer layer
comprises a layer of SU8 about 4 um thick. In an exemplary embodiment, the
primer layer is cured for about 30 minutes at 170 degrees Celsius before
disposing the barrier layer 4 over the primer layer. Edges 31 of the thin film
stack 3 define a fluid feed hole 42 which is not covered by the thin film stack 3.

[0019] In an exemplary embodiment, the barrier layer 4 comprises
photoresistive material 45, for example SU8. In an exemplary embodiment, the



stack 3 define a fluid feed hole 42 which is not
covered by the thin filmstack 3. [0019] In an

exenpl ary enbodi nent, the barrier |ayer 4 conprises
photoresistive material 45, for exanple SU3. In an
exenpl ary enbodi nent, the 200310528-2 4 barrier |ayer
4 can be between about 8 umto 30 umthick, in

exenpl ary enbodi ments. The barrier |ayer defines
interior fluidic spaces 43 which correspond to
interior voids and cavities through which flui dygapspso
pass in a fluid ejection device in a later or
finished stage of fabrication. In an exenplary

enbodi nent, the fluidic spaces 43 are defined, in

Hfibr [dyBr UnGarP bk NFitwbal &iboufl® uRNRVSO iuf higk, - eXdPRSly
I'n the“exenpl ary unfinished device stage of FIG 1,
grkodimentsi. ¢ Thgabarsien dayesr defines| iateripr tfhidic fsperces 4pqwhich
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o ialle. irom the  Shipl ey Conpany. In an exenpl ary
enbodi nent, the fluidic spaces conprise a void or

voids 43a in the prinmer layer 41, a firing chanber 43b
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43a are sized and spaced to permt fluidt
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spaces 43 in the barrier Tayer 4 and to prevent

heant remeved; Auidnaay Ing@ss- fincmn paeBPiagy embodigrenthBephliend®
el ProRTHRL D SXmBRTSPRERY Pl 1D 0B, fom the
SiiplelyCanzarat ein arf exdmpleni émibedimeht, thenfluidicepeangs canyprise
ae%%d(i)rrr%llﬁs 43a in the primer layer 41, a firing chamber 43b and fluid
channels 43c. In an exemplary embodiment, the voids 43a are sized and
spaced to permit fluid to pass from a throughway 24 in the substrate 2 (FIG. 6),
through the primer Iéyer 41 and into the fluidic spaces 43 in the barrier layer 4
and to prevent partibles in the fluid from passing through the primer layer 41.
The voids 43a can be sized, in one exemplary embodiment, at about 50% to
70% of the size of the diameter of the orifices 51. In an exemplary embodiment,
~the firing chambers 43b are as small as 9 um wide. In an exemplary
embodiment, the fluid channels 43¢ are as long as 60 um and less than 10 um

wide, for example 6 um wide.

[0021] In the exemplary embodiment shown in FIG. 1, the plurality of voids 43a
were defined in the photo-resistive primer layer 41 by selective exposure
through a mask to radiation, which may be, for example, 365 nm I-line radiation
obtained by filtering 'Iight from a mercury arc lamp. In an exemplary

embodiment, the exposed primer layer 41 was developed with a solvent, for



the firing chanbers 43b are as small as 9 umw de. In
an exenplary enbodi nent, the fluid channels 43c are
as long as 60 umand |l ess than 10 um w de, for
exanple 6 umw de. [0021] In the exenplary enbodi nent
shown in FIG 1, the plurality of voids 43a were
defined in the photo-resistive priner |ayer 41 by

sel ective exposure through a mask to radiation, which
may be, for exanple, 365 nml-line radiation obtained
by filtering light froma nercury arc lanmp. |n,8§s1p5282
exenpl ary enbodi nent, the exposed prinmer |ayer 41 was
devel oped with a sol vent, for 200310528-2 5 exanpl e
ethyl |actate, before the barri er | ayer and/or the
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In the exerr&yary enbodi nent of " FIG 1, a "top hat"
y

oiar theprimal/eyesdhas  been di sposed or defined over the
barrier layer 4. In an exenplary, enbodinent, the
orifice layer 5 1is spun on top of the barrier |ayer_ 4

[022} Indhe cxsrapigrueybedimsat it 1. 2 fiep bat or edfiqedgysr Shas
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y exposing the surtace of the barr
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r|f|c been evel oped in a sol vent 6,
epth 4 'P% ?" FeA¥SIivbsed nmaterial to create the

orlflces 51. In an exenplary enbodinent the solvent 6

5PeThe skBRb B ek BoARsT AL 3 Ve SRR b aver
5 HEE ibekR Mxpbsed i pdRatidnetheduigh §ﬂ$as’ﬁ]toVUéﬂhelﬂrlfb§s§TEW Mthe
cz;lrln‘"I ceg f51thg(\e/e been developed in a solvent 6, thereby removing unexposed
material to create the orifices 51. In an exemplary embodiment, the solvent G is
ethyl lactate. In an exemplary embodiment, the orifice layer 5 is developed for
~a period of time sufficient to create the orifices 51 without removing all of the
filler from the fluidic structures. The orifice layer can be developed, for
example, for a period of time sufficient to create the orifices 51 without
removing any or without removing a significant amount of filler 44. In an
exemplary embodiment, the orifice layer 5 is developed in the solvent 6 for a
period of up to about 80 seconds. In an exemplary embodiment, the orifices 51

are less than 10 um, for example as small as at least 6 um.

[0024] 'In an alternate embodiment, the orifice layer 5 is developed after a
formation. -of throughway 22 (Fig. 5). However, in some embodiments,
formation of throughway 22 can generate temperatures in the orifice layer 5
~ sufficient to cause unexposed photo-resist in those portions of the orifice layer 5
in which the orifices 51 are defined to cross link. Such cross-linked material
may become difficult to remove during a subsequent develop. In those

embodiments, the orifice layer 5 may be developed prior to etching. In the



filler fromthe fluidic structures. The orifice |ayer
can be devel oped, for exanple, for a period of tine
sufficient to create the orifices 51 without renoving
any or without renmoving a significant amount of filler
44. In an exenplary enbodinent, the orifice layer 5
is developed in the solvent 6 for a period of up to
about 90 seconds. In an exenplary enbodi nent, the
orifices 51 are less than 10 um for exanple as snal
as at least 6 um [0024] In an alternate enbodijgBifosrs2
the orifice layer 5 is developed after a formation.

of throughway 22 (Fig. 5). fowever, in sone

enbodi nents, formation of throughmay 22 can generate
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di sposed over primer 41, thin film and
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_gginp aickemipal/mechhoicel ppllsfpmﬂaelqne toremeveanpexcestller from
tfhle%g .E)Fthg%%‘r:r?& IaAS/%r Qﬁ‘é{ fo E)rggfae a suitable surface on which to dispose
an orifice layer 5. In FIG. 2E, an orifice layer has been disposed over the
barrier layer and filler, selectively exposed to define orifices and developed to

create the orifices 51.

[0026] In an alternate embodiment, the fluidic épaces 43 and orifices 51 may be
defined; for example, by the method illustrated in FIGS. 3A-3D. In FIG. 3A, a
“bump” layer of filler 44 has been disposed over the substrate 2, thin film stack
3 and primer 41. In FIG. 3B, the filler 44 has been selectively exposed and
developed, leaving filler 44 in shapes which deﬁne the fluidic spaces 43. In
FIG. 3C, a barrier layer 4 of photo-resistive material 45 has been disposed over
and around the filler 44, defining the barrier Iayer 4 and orifice layer 5. In FIG.
3C, the orifice Iayer has been selebtively exposed and developed, leaving
orifices 51. The fluidic spaces 43 may be defined and filled in any other

appropriate manner.



filled with the filler 44, for exanple using a coat

and spin technique. In FIG 2D, the surface of the
filler 44 and barrier |layer 4 have been planari zed,

for exanple using a chem cal/nmechanical polish

techni que, to renove any excess fillerfrom the top of
the barrier layer and to provide a suitable surf

which to dispose an orifice layer 5. In FI'G ZEE&ﬁﬁ&ﬁaz
orifice layer has been di sposed over the barrier

| ayer and filler, selectively exposed to define
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backside etch (FIG. 6).-

[0028] In an exemplary embodiment, the throughway 22 shown in FIG.
4is formed using a reactive ion etch. In an aliernate embodiment, shown
in FIGS. 4A-4D, a pariial throughway 22" is first be formed using a sand
drill or laser etch. In FIG. 4A, the backside of ihe substrate may have a
thermal oxide layer to be used as a mask for a subsequent wet etch. In
FIG. 4B, a laser or sand drill has etched through the thermal oxide layer
to define a 500 um wide throughway opening. The etch can extent into
the backside of the substrate, as shown. In FIG. 4C, a narrower width
laser or sand drill has eiched a partial throughway 22’ through about 80-85%
of the thickness of the substrate. In an exemplary embodiment, the width of the
throughway 22’ is in a range of about 70-100 um wide. The remaining
15-20% of the thickness of the substrate 2 can then be etched through by
reactive ion efching to form the throughway shown in FIG. 4D. The
throughway is



mask 25 conprises a |ayer of photo-resist, for _exanple
a layer of SPR 220. The |ayer of photoresist can be
within a range of about 13 umto 15 umthick. The
t hroughway 22 extends fromthe backside 23 of the
substrate 2 to the top side 21 of the substrate. In
an exenpl ary enbodi nent, the etch extends up to and/or
a short distance into the prinmer |ayer 41 and/or the
filler 44 without extending all of the way through
the primer layer 41. In an exenplary enbodi mentygatfagag.n
t hroughway 22 is about 80-85 um w de, which is%ess
than the width of the fluid® fill hole 42, which nay
be about 130-140 um In an exenplary enbodi nment,
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th of the flurd™fill hole 42 allows for sequent
emreplary@nbndlﬁ@r\tmu ch occurs during a subsequent
backside etch (FIG 6). [0028] In an exenplary

enbodi nent, the throughway 22 shown in FIG 4
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i roughvvay 22" is in a range of about 70-100 um
wi de. The remai ning 15-20% of the thickness of the
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ing to formt oughway shown 1 n
FhElIG. 5 after an addltlona] back5|de etch has been performed. In an

exemplary embodlment, the additional backside etch comprises a wet etch.
The wet etch is performed using an etchant, for example, TMAH. In an
exemplary embodiment, the wet etch results in an expanded throughway 24 to
a width 26 at the backside 23 of the substrate 2 which is wider than the width
26 at the top side 21 of the substrate. In an exemplary embodiment, the
expanded th'roughway 24 is about 130-140 um wide at the topside 21 of the
substrate and about 500 um at the backside 23 of the substrate 2. The size of
the expanded throughway 2 at the backside of the substrate is defined by a
mask 25’, In an exemplary embodiment, the mask 25’ and thé wet etch time
are arranged and selected o reduce or prevent undercutting the thin film stack
3. .The mask 25’ comprises, in one exemplary embodiment, a layer of thermally
grown oxide on the backside of the substrate is about 1.0 um -1.3 um thick.

[0031] In an exemplary embodiment in which SPR220 is usedras the filler and
in which a TMAH wet backside etch is performed, the wet etch is performed



(
t hroughway i s 200310528-2 8 subsequently etched using
a wet etch to forman expanded t hroughway, in an
exenpl ary enbodi nent. [0029] FIG 5 illustrates the
exenpl ary enbodi nent of FIGS. 1 and 4 after the
filler has been renmoved. The filler can be renoved,
- for exanple, applying a solvent 6 via throughway 22.
I n exenplary enbodi ments, the solvent 6 conprises
ethyl lactate, n-nethyl pyrrolidone (NWP) or other
suitabl e solvent. The solvent 6, with the di ssghyRéss
filler material, is renoved fromthe fluidic spaces
43 through the throughway 22 and/or the orifices 51.
The solvent 6 can be applied by placing the die 2 in
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SRS 8N War%léod’ftthéﬂgldl{m‘ I’fﬁle he PW&HSIB@% 2 Bﬁmbl“ %yer

substrate 2. The size of he expanded throu

way
perenitsaliid passing thrh@gfst!r@sthrcmgévway 22eandnide foyd ed hole 2 to

pass into the fluidic spaces 43. In an exemplary embddiment, the width of the
throughway 22 can be about 80-85 um wide. In the exemplary embodiment of
F-IG. 7, the barrier layer 4 comprises posts 45. The posts are defined in the
barrier layer and the fluidic spaces between the posts 45 are filled with filler.
FIG. 8 illustrates the exemplary embodiment of FIG. 7 after the filler has been
removed and after a subsequent backside wet etch has been performed. The
posts 45 are suspended from the orifice layer 5. In an exemplary embodiment,
the posts are sized and spaced to prevent particles in the fluid from passing
through the posts and into the fluid channels 43b and into the firing chambers
43c. In an exemplary embodiment, the width of the expanded throughway 24 at

the surface of the substrate after the wet etch is about 130-140 um wide.

[0033] FIG. 9 illustrates a functional block flow diagram of an exemplary
embodiment of a process for fabricating a fluid ejection device. A thin film stack
is fabricated 100 on a subsirate. The thin film stack defines a fluid feed hole. A
primer layer with a void in the region of the fluid feed hole is disposed over the
substrate and thin film stack 110 and exposed and developed. A barrierlayer
defining fluidic spaces filled with filler is disposed over the primer layer, the thin
film and the substrate 120. An orifice layer with orifices defined in the orifice



mask 25'. In an exenplary enbodi nent, the mask 25" and
the wet etch tine are arranged and sel ected to reduce
or prevent undercutting the thin filmstack 3. The
mask 25' conprises, in one exenplary enbodi nent, a

| ayer of thermally grown oxide on the backside of the
substrate is about 1.0 um-1.3 umthick. [0031] In an
exenpl ary enbodi nent in which SPR220 is used as the
filler and in which a TMAH wet backside etch is
performed, the wet etch is performed 200310528-039525-2
after renoving the filler. Qtherw se, the SPR220
filler could dissolve in tH8 wet etch bath and

contam nate the TMAH, thereby degradi ng or possibly

Bl/ePRI dihostl OVERbr E&THRARSVRE BRSbarkier RiyeRh 8ET &R exem{)Iary
enbodi nent, using a filler and corrésponding wet e

embpdintent.fae odficerdayeris develoned yéth asvaiti lﬂ%\\ﬂn@)vmds defining
' QI{I i seipglggzt?ﬁiﬁ%é‘lab% : iffl?u'ﬁ b%%kélﬁgté\f&g \ﬁﬁkﬁf.nte!%e e%p[ary

ustrates an exenp
embodimanttis @f drynetanf cneatdsea tpnqugh'hva;xdrorrl thd\bahksmi@ lohdtye

Siosthle RIRrREE 17 shstgth FiF T ) B R Rpg B bR et he

baskelde Beht e srisebat eeattivefion ha@ch sghstliaf ¢ Bemavéohenth a
area of the fluid fill hole 42. A void 43a in

SVt 60 ean X REHIFD SO TIoR a8 SRS PRASHHGEtaRdor example
Sy %%"Wéfngzilv@!w exp&ndd tHeC{hfcﬁJ%ﬂv@P g?ttszsl%b‘%ga@% into

the fluidic spaces 43. |In an exenp I ment, the
wi dth of the throughway 22 can be about 80-85 um

joda] Fle toke ificsharisarsy fandtRAbMERw Hiagehs of 7 ant BRemplary

A=
arrier layer 4 conprises posts 45. T% posts are
aabpdisient af diprosingineibarrigragyar dgfiging H@dfq apaae%f lieg vithdiller

i‘i{?c? WREL - ph ﬁ)t BsfsPi a&;;éée'd' aﬁgl ol drhthfe' Qd't_asgateﬁaeﬁ%é?thm

ustrates t e exenp enmbodi nent
filreand IprisrerHayerbebre layenotd hotoamksist i selacﬁ,\wkbss egesed and

gg&e‘féﬂedaetovgaetfng %H cpgastek?lﬁecpc Qﬁéce%rlme bartF’ &r layer at 122. The |

fluidic spaces are filled with filler at 123 and the barrier layer and filler are

planarized at 124. In an alternate embodiment of disposing the barrier layer
defining fluidic spaces filled with filler 120, i"ustrated in FIG. 9B, a layer of
photo-resist is disposed at 125. The layer of photo-resist is exposed and
developed to define a “bump” layer at 126, the bump layer defining the shapes
of the fluidic spaces to be formed. A layer of photo-resist is disposed over and
around the bump layer at 127, the layer of photo-resist defining the structural

portions of the barrier layer and the orifice layer.

[0035] FIG. 9C illustrates an alternate, exemplary embodiment of the backside
etch 150 of FIG. 9. In an exemplary embodiment, the throughway through the
substrate is partially etched at 151, using a sand drill or laser. The throughway
is etched through the remainder of the substrate using a reactive ion etch at
152.



posts 45 are suspended fromthe orifice layer 5. In an
exenpl ary enbodi nent, the posts are sized and spaced
to prevent particles in the fluid from passing

t hrough the posts and into the fluid channels 43b and
into the firing chanbers 43c. In an exenplary

enbodi nment, the width of the expanded throughway 24 at
the surface of the substrate after the wet etch is
about 130-140 umwide. [0033] FIG 9 illustrates a
functional block flow diagram of an exenplary sp4310528-2
enbodi ment of a process for fabricating a fluid

ej ection device. A thin filllhstack is fabricated 100
on a substrate. The thin filmstack defines a fluid

fﬁb@@!} hﬁ'l@ und\arsEHdd"ﬁ%t kY 8hoVi-HEs RibkQichnbdHithBRts! £8i ABrely
of t ed hole 1s disposed over the substrate

dustrative @f muemssnbaﬂpemtf 0 esrhedisgyis whichndayiepeasepterinciples
B et ool A8 Biihbfoda iy Phbhedettifhen i
hedamiaoe: mltietmbsirinauﬁs]ﬁsi)thoéa skiflefliirc thd ary svithodt departing

fi defi f 200310528-2 10
ﬁr%&hégaﬁﬁga% 3?mt?fh5$mﬁgémkﬁgr the barrier Iaye?yer

130. In an exenplary enbodinent, the orifice layer is
devel oped with a sol vent, Ieaving voi ds defini ng
orifices in the orifice layer 140. A backsi de etch,
which in an exenplary enbodinent is a dry etch
creates a throughway fromthe backside of the
substrate to the topside of the substrate 150. In an
exenpl ary enbodi nent, the backside etch conprises a
reactive ion etch. The filler is renoved with a
'solvent 160. In an exenplary enbodi nent, a further
backsi de etch, for exanple a wet etch using TMAH,
expands the throughway in the substrate 170: [0034]
FIG 9A illustrates a functional flow diagram of an
exenpl ary enbodi nent of disposing the barrier |ayer
defining fluidic spaces filled with filler



120. A layer of photo-resist is disposed at 121 on the

substrate over the thin filmand priner |ayer. The

| ayer of photo-resist is selectively exposed and

devel oped to define and create fluidic spaces in the

barrier layer at 122. The fluidic spaces are filled

with filler at 123 and the barrier layer and filler
~are planarized at 124. In an alternate enbodi nent of

di sposing the barrier layer defining fluidic spaces200310528-2

filled with filler 120, illugtrated in FIG 9B, a

| ayer of photo-resist is disposed at 125. The | ayer

of photo-resist is exposed@ydmglevel oped to define a

"bunp" layer at 126, the bunp |ayer defining the _

ARE®imed id he fluidic spaces to be forned. A layer of
photo-resist is disposed over and around the bunp
| ayer at 127, the | ayer of photo-resist defining the

AP B i

an
alternate, exenplary enbodi nent of the backside. etch .
50 TPVt TIPS G S b URERE: Dpthartior eyer dofining
t.hroughway t hrough the bstrate is partially etched
-ﬂlafhcfsaqe%&%@ ﬁ&u‘ﬂd@ SRAfiS% DR ﬁﬁe with §§@as. The t hr oughway
is etched through the remai nder of the substrate using
a r deoninga trepghsayriom a badkside pbthg sabstrgtey 11 [0036] It
i's understood that the above-descri bed enbodi nents are
mer gbspovipg thedilleavia the thfouglweaypes iths! fidip sprcts. c
enbodi nents which may represent principles of the
present invention. O her arrangenents may readily be
devised in accordance with these principles by those
2.ski I'Thednétiod dfeClaint 1 wihidnein said ppaviding the Harrtanidyeecaomises providing
and spirit o f the invention. 200310528-2 ‘
a layer of photoresist, exposing the layer of photoresist to define the fluidic spaces,

developing the layer of photoresist to create voids corresponding to the fluidic spaces and

filling the voids with the filler.

3. The method of Claim 1, wherein said providing the barrier layer comprises disposing
a layer of filler on the substrate, exposing the layer of filler to define the fluidic spaces,
developing the layer of filler to leave filler corresponding to the fluidic spaces, and disposing

a layer of photo-resist over the filler.

4. The method of Claim 1, wherein said forming the throughway comprises performing
a dry etch.
5. - The method of Claim 1, wherein said forming the throughway comprises reactive ion

adﬁng



12 CLAIM5 What is clained is: 1. A nmethod of
fabricating a fluid ejection device, conprising:
providing a barrier |ayer on a top surface of a
substrate, the barrier |ayer defining fluidic spaces,
the fluidic spaces being filled wwth filler; formng a
t hroughway from a backsi de of the substrate; renoving
the filler via the throughway fromthe fluidic spaces.
2. The nmethod of Claim1l, wherein said providing thegss10528-2
barrier |ayer conprises proviidding a |ayer of
phot oresi st, exposing the |ayer of photoresist to
6. def Theemethed bf Glagind , seraprising fivkepatially eighing e thyomghwéy by one of
photoresi st to create voids corresponding to the
eitier iniseli etchiipparasndhdril] etthihp,iang theheeactivelmnwidhing he filler.
3. The nethod of Caim1l, wherein said providing the
barrier |ayer conprises disposing a layer of filler
on the substrate, exposing the layer of filler to
7. def Tmanthed bt @bl 6, WIRAGE Said HiFeYAHAR Ashidd@e HRYEMwAY comprises
filler to leave filler corresponding to the fluidicC
e R L CUL

m 1, erel

ook ALY QLI AR SR T odibizs sching
r B8 ALY AR SRR o " aim 1, “compri si ng

first partially etching the throughway by one of

either |aser etching or sand drill etching, and then

reggtive iqn hi pg., - ‘ :
8. he method of %tla?un {],gwherein said removing the filler comprises removing the

filler using a solvent.
0. The method of Claim 8, wherein the solvent comprises ethyl lactate.

10.  The method of Claim 1, wherein said providing a barrier layer on a top surface of a

substrate comprises providing a barrier layer having posts within the fluidic spaces.

11. The method of Claim 1, further comprising providing a priiner layer between the

substrate and the barrier layer.

12, The method of Claim 11, wherein said providing a primer layer comprises providing

a primer layer with voids through the primer layer.



7. The method of Claim6, wherein said first partially
etching the throughway conprises first partially
etching through the substrate to a distance in the
range of about 80 to 85 percent of the thickness of
the substrate and said reactive ion etching conprises
etching through the renmining thickness of the
substrate. 8. The nmethod of Claim1l, wherein said
removing the filler conprises renoving the filler 2003105282
using a solvent. 9. The nethmd of Claim8, wherein the
13.sol Vieninethodpf Chén 121 wiydreih dod fids hata dibheteref kedthed 10 um.
Claim1, wherein said providing a barrier layer on a
top surface of a substrate conprises providing a
barrier |ayer having posts within the fluidic spaces.
14, 11. THO@eMBE BPC1aRh lgvﬁérgﬂnjsaidiﬁx'&ﬁiﬁlﬁ% tHeWAR dr $dyaBcomprises providing
providing a prinmer |ayer between the substrate and
a I%Ja%? 8‘?g%fo?%sigta&g;opsrirl]%glre-lipgemﬂh%.jofégisgoaﬁéﬁl‘ge]‘t e"fﬂﬁ&@:‘ s?)aces,

_ rovi ding i yer ‘conprises providing
o ¥ o SR oA ORI Bl o,

it he voi.ds haye di ameter of less than 10 urn. 14. The
ﬁHW§$m%ﬁ“i%“{§' eﬁﬁf? wherein said providing the barrier

| ayer conprises providing a |layer of photoresist,
exposi ng the | ayer of photoresist to define the
fluidic spaces, . developing the |ayer of photoresist
15.t o ‘Bhesmetbod of dlair dy W@%ﬁ@%@mﬂ@ng Fhe brrrigr daver eqpaprisss disposing
and filling the voids with the filler. 15. The nethod
a layker of Gllen an thatsebsiiate, saposipg thei layergftiiker badefin the dipedic spaces,
_ conprises disposing a layer of filler on the
devsloipstarthe kyerm{fidlsi todedvidillengagrespdndirig tb ére flwndid epdcas andhdisposing
fluidic spaces, developing the layer of filler to
a ldyeranfgphbiol-desist avor thedijandi ng to the fl ui di ¢ spaces, and
di sposing a layer of photo-resist over the filler.

16.  The method of Claim 1, further comprising providing at least one orifice in an orifice
layer formed on the barrier layer by developing the orifice layer prior to etching the

throughway.

17. A method of fébricaﬁng a fluid ejection device, comprising:
prpviding a barrier layer on a top surface of a sub:.;trate,ﬁthe barrier layer defining
fluidic spaces, the fluidic spaces being filled with filler, the filler being soluble in a solvent;
providing an orifice layer comprisigg at least one orifice o{rer the barrier layer;
at least partially forming a throughway from a backside of the substrate;

after forming the throughway, removing the filler through the throughway.



16. The nmethod of Claim1, further conprising

providing at |least one orifice in an orifice |ayer

formed on the barrier |ayer by devel oping the orifice

| ayer prior to etching the throughway. 17. A nethod

of fabricating a fluid ejection device, conprising:

providing a barrier |layer on a top surface of a

substrate, the barrier |ayer defining fluidic spaces,

the fluidic spaces being filled with filler, the 200310528-2

filler being soluble in a soligent; providing an

orifice layer conprising at |east one.orifice over the
18bar rThermethpdrof Glainh ebk twheaeinisald provading hlge barrier dajgphwamprises

froma backside of the substrate; after formng the
providngyhlagyr off mhodaresist, He@nihg lahé detdlopinglvoidseorresponding to fluidic

t hroughway. 200310528-2 15 18. The nethod of O aim
stridturestie the ilayes adifilling tHediofly vithefillear ri er | ayer conpri ses

providing a | ayer of photoresist, defining and

devel opi ng voi ds corresponding to fluidic structures

in the layer and filling the voids with filler. 19.
19The TR Aedhodf o fE R 157 wH’é‘P&hes’a{H ﬁﬂiv‘i’dﬁ%cﬁib @hﬁ@ertlﬁﬁer comprises
barrier |ayer conprlses di sposinhg f er on

P Ry e R A PR R e B 7 s

partially form ng the throughway conprises reactive
i on etching and one of either |aser etching or sand

dr|I 21. Th neth d of ai.m 17

25 e 17 el E S By pgmorises

et ching the throug .of ei er etching
regftive RcPteling 4n ? ) ert g‘?réé'é‘r&‘%]ée a]Ea‘Hg et chi ng.

22. The nethod of Caim 21, wherein said first

partially etching the throughway conprises etching

through the substrate to a distance in the range of
2laboukhegoethed @6 Ghaipe Ehiwlsrein saed fasming thestherughmway comprises first

substrate and said reactive ion etching conprises
pagtiatllyietapingthe thybughmay by one of either laser etching or sand drill etching and then

reactive ion etching,

22.  The method of Claim 21, wherein said first partially etching the throughway
comprises etching through the substrate to a distance in the range of about 80 to 85 percent of
the thickness of the substrate and said reactive ion etching comprises etching through the

remaining thickness of the substrate.

23.  The method of Claim 17, wherein removing the filler through the throughway

comprises proﬁding a solvent into the throughway.



remai ni ng thickness of the substrate. 23. The net hod
of Claim17, wherein renoving the filler through the
t hroughway conprises providing a solvent into the
t hroughway. 200310528-2 16 24. The nmethod of C aim
17, further conprising developing the orifice |ayer
prior to formng the throughway. 25. The nethod of
Cl aim 24, wherein said developing the orifice |ayer
conprises using a solvent for a period of tine 200310528-2
sufficient to create the at leeast one orifice w thout
removing all of the filler fromthe barrier |ayer.
24.26. The metheddiéHaim b.iforthemgpmprising developing tha odéiee tayer prior to
conprising: providing a |ayer of photoresist on a top
formingthe thrafghwagubst rat e; sel ecti vely exposing the |ayer -
of photoresist to define fluidic space portions in the
| ayer of photoresist; devel oping the | ayer of
photoresist to renove the fluidic space portions,
25.t heTebmethed 0ACIale 28] Whealéie sa&B deedopihg theiofificé B§erf dodipdis& using a
spaces with filler; formng a throughway from a

sola k&laqﬁn@d otttife sﬁﬂﬂé&ﬁt% €re£t@ tHeh@ 12 @Rns Hﬁﬁ@&ﬁﬂﬂfut Eéﬂﬁmng all of

- substrate; renoving the filler fromthe backsid

t ugh the throughway; and etchlng t he
thetfﬂl%r ﬁ'Hlﬁ B’érﬁeﬁl e?

roughwa terrenoving the filler. 27. The nethod
of C a|n126 wherein said form ng the throughway
conprises performng a dry etch. 200310528-2

26. A method of fabricating a fluid ejection device, comprising:

providing a layer of photoresist on a top surface of a substrate;

selectively exposing the layer of photoresist to define fluidic space portions in the
layer of photorésist;

developing the layer of photoresist to remove the fluidic space portions, thereby
creating fluidic spaces;

filling the fluidic spaces with filler;

forming a throughway from a backside of the substrate to the top surface of the
substrate;

removing the filler from the backside of the substrate through the throughway; and

etching the throughway after removing the filler.

27.  The method of Claim 26, wherein said forming the throughway comprises performing

adry etch.



17 28. The nethod of Claim 26, wherein said formng
the throughway conprises reactive 1ion etching. 29.
The nethod of C aim 26, wherein said formng the
t hroughway conpri ses one of, either .-|laser etching or
sand drill etching. 30. The nethod of C ai m 26,
wherein form ng the throughway conprises first
partially etching through the substrate to a di stance
in the range of about 80 to 85 percent of the 200310528-2
t hi ckness of the substrate and said etching the
t hr oughway conprises etching through the renmaining
28& hi cKieanethed of Glairs s wheieis sagll formingethe duoughway comprises reactive
fabricating a fluid ejection device, conprising:
ioietchiogi ng a | ayer of filler on a top surface of
substrate; exposing the layer of filler to define
fluidic space portions; devel oping the |ayer of
filler, wherein said devel oping the | ayer conprises
29 enUMtiengethpd bt Cldis 26, wihaeeih 8yid foiinkithd @fouphivall co@pFieés one of
correspond to the fluidic space portions and not
cith8NaYr BhinB®r bdndl dlicet@R@ce portions; providing a layer
of photoresist around the fluidic space portions;
providing a fluidic path through the substrate froma
backsi de of the substrate to the top surface of the

b . i fill &y .

30K PBECLSTE, BA D e LEATANS g pcs
I t. .200310528- 8.32. .T th f 1 m-31

cifad SFhogk e SBRER G BT FEen oL o Fodh B Bercent of the

thﬁ:%r'lef:s(s), ro?‘t}{]egsub gtra%{a X.m? ga(ig etching the throughway comprises etching through the

remaining thickness of the substrate.

31. A method of fabricating a fluid ejection device, comprising:

disposing a layer of ﬁller on a top surface of substrate;

exposing the layer of filler to define fluidic space portions;

developing the layer of filler, whereiﬁ said developing the layer comprises removing
portions of the layer of filler which do not correspond to the ﬂuidic space portions and not
removing the fluidic space portions; |

providing a layer of photoresist around the fluidic space portions;

providing a fluidic path through the substrate from a backside of the substrate to the
top surface of the substrate; and

removing the filler from the backside of the substrate through the fluidic path using a

solvent,



33. The nethod of Caim 31, wherein said formng the
fluidic path conprises reactive ion etching. 34. The
nmet hod of Claim 31, wherein said formng the fluidic
path conprises reactive ion etching and one of either
| aser etching or sand drill etching. 35. The nethod of
Claim 31, wherein providing the fluidic path conprises
first partially etching the fluidic path by one of
either laser etching or sand drill etching and then 2003105282
reactive ion etching. 36. Tie nethod of C aim 35,
wherein said first partially etching the fluidic path
32. confre method of Clainp At twheekdiy sad &vining thi floidipattheomprises performing
substrate to a distance in the range of about 80 to
ad®®tgher cent of the thickness of the substrate and said
reactive ion etching conprises etching through the
remai ni ng thickness of the substrate.

33."  The method of Claim 31, wherein said forming the fluidic path comprises reactive ion

etching,

34.  The method of Claim 31, wherein said forming the fluidic path comprises reactive ion

etching and one of either laser etching or sand drill etching.

35.  Themethod of Claim 31, wherein providing the fluidic path comprises first partially
etching the fluidic path by one of either laser etching or sand drill etching and then reactive

ion etching.

36. ~ The method of Claim 35, wherein said first partially etching the fluidic path
comprises first partially etching through the substrate to a distance in the range of about 80 to
85 percent of the thickness of the substrate and said reactive ion etching comprises etching

through the remaining thickness of the substrate.



