200209343 | FLU D EJECTOR APPARATUS AND METHODS BACKGROUND Description of
the Art [0001] Over the past decade, substantial devel opnents have been
made in the mcro-manipulation of fluids in fields such as electronic
printing teghosakogy using inkjet printers. Currently there is a w de
variety of highly-efficient inkjet printing systems in use, which are
capabl e of dispensing ink in a rapid and accurate manner onto paper sheets
or other relatively flat nmedia such as envel opes or |abels. [0002]
Typically, an inkjet printing systemutilizes a platen to which a paper
sheet or other relatively flat and flexible mediumis transported by
friction utilizing various notors, gears, wheels, shafts and nounts. This
medi um transport nmechanism typically, provides the novenent enabling the
mediumto be acquired froma tray and then advanced through a print zone by
pushing, pulling, or carrying the nmedium The print zone typically |ocates
the nmediumrelative to the printhead. A nearly flat print zone is,
typically, utilized because the two-dinensional extent of typical nozzle

| ayouts would result in varying firing distances if the nmedium or nedi um

support has to nuch ﬁ_‘UIMGEJErc%‘O#ﬁWA{RAﬁQ?sl&NUjMEQ‘%@SW more print

cartridges, having one or nore ej ector heads, i1s, typically,
supported by a slide bar, or simlar nechanismwthin the system and
physically propelled along the shing Gﬁ§5 allow the carriage to be
transl ationally reciprocated or scann %ack and forth across the medium
Wien a swath of ink dots has bd&msciptionl afthalArtt he nediumis noved an

appropriate dis t he i f on for the
next swat h. 200%@8@33% %%%TSt[ﬁﬁgé%%]sﬁF%Et'¥§e§%lob'ﬂgrétgfn%%cg’%%il'ect ors and
fluid di spensdeia the yaéremmanipulatibreeffiusds idifielisaueh depittronicgiintingrat er i al  ont o
the surface of nedia

technology using inkjet printers. Currently there is a wide variety of

highly-efficient inkjet printing systems in use, which are capable of dispensing

ink in a rapid and accurate manner onto paper sheets or other relatively flat

media such as envelopes or labels.

[0002] Typically, an inkjet printing system utilizes a platen to which a
paper sheet or other relatively flat and flexible medium is transported by
friction utilizing various motors, gears, wheels, shafts and mounts. This
medium transport mechanism, typically, provides the movement enabling the
medium to be acquired from a tray and then advanced through a print zone by
pushing, pulling, or carrying the medium. The print zone typically locates the
medium relative to the printhead. A nearly flat print zone is, typically, utilized
because the two-dimensional extent of typical nozzle layouts would result in
varying firing distances if the medium or medium support has to much
curvature. A carriage holding one or more print cartridges, having one or
more fluid ejector heads, is, typically, supported by a slide bar, or similar
mechanism within the system, and physically propelled along the slide bar to
allow the carriage to be translationally reciprocated or scanned back and forth
across the medium. When a swath of ink dots has been completed, the
medium is moved an appropriate distance along the medium sheet axis, in

preparation for the next swath.



of various shapes and flexibility, in specified |ocations, would open up a
wide variety of applications that are currently inpractical. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0004] Fig. 1 a is a perspective view of a
fluid e ectopsizobeedd according to an enbodi nent of the present invention;
[0005] Fig. 1 b is a perspective view,of a fluid ejector head according to
an al ternate enbodi nent of the present invention; [0006] Fig. 2a is an

i sometric cross-sectional view of a fluid ejector body according to an

al ternate enbodi nrent of the present invention; [0007] Fig. 2b is a

perspective vi eyooys]a m@rébnw telutilizeefdid ujtedtoes &ed Mid dhs@élvismbovm in Fig. 2a
according to an enbodi nent of the prese

3
cr oss- sect SYaRMSy tediseense disqiete d&péﬁ'f%‘?&o@é??\'{'g 9’393"?1@‘["%5‘961‘1{ (ﬁ%r na!tz :

enbodi ment plafdl® sHapESAhd fIBXiBINY, CPec[fiQQQ&iatlﬁhQ wohild 6péh Gp asfdeect i onal
view of a fluid ejector body accor to an alternate enbodi nent of the

present i nwaretys applimtions ma@arescursenélwﬂar%tl%ct i onal view of a fluid

ej ector body according to an alternate embodi nent of the present
invention; [0011] Fig. 6a is a perspective view of a fluid ejection
cartridge according to BRIEFJISGBITION OQhdHE BRANYINGS ention; [0012] Fig.
6b is a per spectigga Vi to an
enbodi ment of t e eng ‘fylc'ﬁv n%r%e%tg%ggw |§¥J§Ef|%ghg %gév&glﬁggram of a
met hod of rtaanfeanmqsﬁlmafgqitmé priegentdp\arntion; head according to an enbodi nent of

the present invi&fdﬁn %Oﬂ)]fsl] C;girr%eﬁgv% gleglnéfgﬂ@’%%bj‘%efo?%?é gcd?ﬁltngOd of using

a fluid dispensing sys em ac sent
i nvent i on; to[aQGiteinate gmb@dim@tafmerpsemmt inventiorew of an arti cI e made using

o0 D0 TN e B SR B s Bl il iR e
200209343 Dody according to an alternate embodiment of the present |nvent|on,
[0007] Fig. 2b is a perspective view of a portion of the fluid ejector
body shown in Fig. 2a according to an embodiment of the present invention;
[0008] Fig. 3 is a cross-sectional view of a fluid ejector body
according to an alternate embodiment of the present invention;

[0009] Fig. 4 is a cross-sectional view of a fluid ejector body
according to an alternate embodiment of the present invention;

[0010] Fig. 5is a cross-sectional view of a fluid ejector body
according to an alternate embodiment of the present invention;

[0011] Fig. 6a is a perspective view of a fluid ejection cartridge
according to an embodiment of the present invention;

[0012] Fig. 6b is a perspective view of a fluid dispensing system
according to an embodiment of the present invention;

[0013] Fig. 7 is a flow diagram of a method of manufacturing a fluid
ejector head according to an embodiment of the present invention;

[0014] Fig. 8 is a flow diagram of a method of using a fluid
dispensing system according to an embodiment of the present invention;

[0015] Fig. 9a is a perspective view of an article made using an
embodiment of the present invention;

[0016] Fig. 9b is a perspective view of an article made using an
embodiment of the present invention;



[0017] Fig. 9c is a perspective view of an article made using an

enbodi nent of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [0018] Referring to Fig. 1 a, an enbodi nent of the present

i nvention oJpsosdy@Wn in a perspective view. In this enbodinment, fluid

ej ector head 100 includes fluid ejector body 120 adapted to be inserted

i nto encl osi ng nedi um opening 108. Fruid ejector head 100 further includes
nozzl es 130 disposed on fluid ejector body 120 and fluidically coupled to
fluid channel 140. Fluid ejector actuator 150 is in fluid comrunication

with nozzles 13fpo##¢t iR@tdcas aPlersgectivalviewast firaridé Haldelusigarej ects a fluid
onto a predeterm ned | ocation ontg interior surface 110 of enclosing

medi um 106 enngingentaf the,presertdavestiopni s descri ption and the present

i nvention, the termenclosing nediummy be any solid or sem -solid

material object wwth a shape, having a substantially fixed form including
an inside, or intePESCRIBTION&F BB FERBED BRIMBOIHNMENIS, surface. The
term substantia [ ' S Mane) .the interior
surface of the ttjﬁes t neg?rfr@é%E@.g%aﬁgeﬁg?&lﬁ:‘%ﬁgﬁjﬁé t. gﬁ“’gﬁ%‘;n’& e, a bag
may change is Slagven thepperdpedtivervieMh elnttbis entbodireentpfiuid @jectdrdwad,10B8owever, the

exi stence of ,the dnterior, sur e.r L ns_whether .o I . In

addi tion, t'%céucgﬁfbfb?é\ﬁlfe?%r Pﬁ&f {Igtgadﬁgggﬁ]!toaﬁ%g\spﬁ%tfl%%gﬁagﬁng g’i?gi?ﬁgne openi ng
havi ng a cropeaingel@8i ¢ihid ejectar Head sl 00 Hanther lveclundiesi nozates dB0stisposed | onal ar ea
obt ai nabl e faqr.that, shape he,encgl osi ng medi h rectangul ar

paral | el epioﬂj[ﬁ’,'é ElﬁF‘ioﬁgP&(;lﬁéra (Pﬁ"r"g?ﬁﬁyd%‘ﬂ{pl%ftow@@gﬁﬁi{oap@g'd just to nane
a few si nplefedisraisiatorct 508 e fuiti kamnmmication withl iozelds 180r Activatioplaf, encl osi ng
medi um 106 npy be a vial, bottle, a capsule, a box, a. bag, or a tube to
name a 1 ewTuid sievietagtalor 159 elssiaa flyid 2B1S 2 PredsiarmiNesieCatoRs N nent's, as
shown i n Fiigteridr surfa@8ah 0f BACIBEIAG WiBdiie 108y | nclude a bottom surface such
as a vial or gelatin capsule. In addition fluid ejector head 100' nay al so

i ncl ude nozzles providing ejection of the fluid onto bottom interior
surface 109, asoe Og?égg%%weﬂhm@égcﬂbﬁmﬁme pkdént irvenlidif tkeipsul e as

showmn in Fig. 1 b. ] o ) ) )
térm enclosing medium may be any solid or semi-solid material object with a
shape, having a substantially fixed form, including an inside, or interior,
surface and an outer, or exterior, surface. The term substantially fixed form is
used to imply permanence of the interior surface of the object not of the shape
of the object. For example, a bag may change shape depending on whether it
is open or closed, however, the existence of the interior surface remains
whether open or closed. In addition, the substantially fixed form also includes
at least one opening having a cross-sectional area less than the maximum
cross-sectional area obtainable for that shape. The enclosing medium may
have rectangular parallelepiped, cylindrical, ellipsoidal, or spherical shapes
just to name a few simple geometric shapes that may be utilized. For
example, enclosing medium 106 may be a vial, a bottle, a capsule, a box, a
bag, or a tube to name a few articles that may be utilized. In alternate
embodiments, as shown in Fig. 1b, enclosing medium 106 may include a
bottom surface such as a vial or gelatin capsule. In addition fluid ejector head
100" may also include nozzles providing ejection of the fluid onto bottom
interior surface 109, as well as the side interior surface 110, of the capsule as
shown in Fig. 1b.



4 [0020] In this enbodinment fluid ejector body 120 includes nmultiple bores
or nozzles 130, the actual nunber shown in Figs. 1 a and 1 b is for
illustrative purposes only. The nunber of nozzles utilized depends on

vari ous papedmeiers such as the particular fluid or fluids to be di spensed,
the particular deposits to be generated, and the particular size of the
enclosing nedium wutilized. In this enbodi nent, either fluid ejector body
120 or enclosing nedium 106 or both are rotatable about the |ongitudinal
axis 112 of enclosing medium 106 providing the ability to dispense fluid

in a two-di mTens{eom] an t@y er®ddinkeht ADdSjédor ﬁdayfmﬂn@ﬁdéshmump@ osi ng
medi um Fluid ej ect or head 100 pI’OVI des cont rl-ﬁgs of fl u 03| ts by

di spensi ng borgs 1 npzdles i 3G; therastyal AHERRE Shovghing i 1Rqnge tb'isq encl osi ng
medi umin f‘illt&%ﬁ\?é)b f’rThé AQmbkr Mno&EléB'Lﬂlli& d‘éﬁeﬂ@sbh%rlblﬁ@ dr awi ngs

A
are not true scaﬁ"\g vari ous el enents have not been drawn to
scal e. Cer mrafnetemhmsthe wartisutas Suider Ayigisita be dispensed. dbe particwlabt her

d ensi ons deBodiy! Irbgtn@eﬁ@ggf&]&he BRRLEK sizt df fi @@gn&h@n\@gmgerstand! ng of

t he present Itron, al t e enbodi nents
i | lustrat ewtilim elnnhlarembmumnt; eithenduidi ejenteri hﬂd@(ﬂ%@\ﬂ@dﬂsmb various regions

having depthecigiiciod! i Lo ;BAMIE oG RN ARASHR! PRFofdiRlogiese 1 eal ons

are illustrations a three
di nensi onalmesdmmdtOBrmowdnAgdm dbllllgltg mspbmﬂmdam a heo-dinhénsicnabatray ee

di ! ted
actual deviotdhe RIS SRRl e 4loR o BB AC e ol RER HeB8IOBEL T atea by
various enipoovides¢entrol bf fiudd deposnsmrmkpénslhgtthé figid én distrletssamatintsns be a

limtation on,the. e or.a b|I| resent invention. Further
it is not iorﬁ‘tr}QﬁHe%dsq AN ?'?ﬁ!,p% trtoh%c?g{z)a@g%t i nventi on be
limted to the physical structures |IIustrated These structures are

i ncluded to dem)nstrate the utility and application of the resent

invention to plWdhtishou e petgd érr‘ﬂid'aﬁ’ AEAViRgs Fredwhiye 0 8¢41023] Fl ui d
ej ector bod%ﬁrtiaaﬂ,vahﬂué Blemeptdslle R beeh aravrf t6¢hR. Certain dimensions

have been exaggerated in relation to other dimensions in order to provide a
clearer illustration and understanding of the present invention.

[0022] In addition, although some of the embodiments illustrated
herein are shown in two dimensional views with various regions having depth
and width, it should be clearly understood that these regions are illustrations
of only a portion of a device that is actually a three dimensional structure.
Accordingly, these regions will have three dimensions, including length, width,
and depth, when fabricated on an actual device. Moreover, while the present
invention is illustrated by various embodiments, it is not intended that these
illustrations be a limitation on the scope or applicability of the present
invention. Further it is not intended that the embodiments of the present
invention be limited to the physical structures illustrated. These structures are
included to demonstrate the utility and application of the present invention to
presently preferred embodiments.



shaped structure having an outside dianeter |ess than the inside dianeter
of encl osi ng nedi um openi ng 108, such that fluid ejector body 120 is

i nsertable into enclosing nmedium opening 108, along |ongitudinal axis 112,
of encl osi ngo2ep®@di um 106. In this enbodinent, fluid ejector body 120 al so
includes a fluid ejector body longitudinal axis 111 that is aligned with

| ongi tudinal axis 112 of enclosing nedium 106. In alternate enbodi nents,
dependi ng on various paranmeters such as the shape of the enclosing medi um
and the fluid ejector body, the fluid ejector body |ongitudinal axis my
not be in ali gn[mm:a]vviHnlndb[&torlbmﬂgiﬂzodhmab embioginoéntf is@ tabalaosi ng nmedi um

capabl ¢ of ShEPFH MHGHE HEpines putfide RIS an aa e e SRrBIG L) coror

act uator 13BciBing bﬁecﬁem diRYinge1 08aB@N hafiuid bjéeﬁfrtbbagmoisfmgeme energy to
the fluid either |n fluid channel 140 or in close proximty to nozzles

130. For eigenelosivgipedidiapening 198 alaﬂaﬂ@gltgweﬂlea%s 114.iof eR@EsINg an
ai rbrush, %eoﬁuJﬁQ’b%OMTﬁﬁé‘éﬁlbﬁghéﬁ?tﬂﬁﬁfQéétopbod)hﬁid@% o IRflRBILRIg actuators

may be utilized to eject from nozzles 130. [0024] An exerrpl ary
enbodi nent efgcter quuulwwtpé@abaxmééhthaé issHiginad with lepgituddabaxis ¢12 of

Cross- sect 'eﬂel%%lnb LhiliA 069:1n %ﬁernbfé %mbédlﬁ@ﬁ@db md ortilshidisect or - head

200 includes f eJ ect or erein at [east ortion of the body
has a rect mgametera:$tw§s§betshepﬁ oﬂthe@nsl@smmedeum@mm d¢id efeqlerd ej ect or

body may ector body
220 al so %ﬁ?u@ema@d{eﬁb cf&qpoﬁ #ﬂgpég&dgggﬂbﬁhén%{éw{ﬁ&ﬁlén and out
of the crodengitadinal mciabfthemcloﬁingnﬂedwmcﬁmd bjedtor D20y 120 aubyputiize t o be
inserted into an .open n_encl um a i.s rot.atable wthin
e ol osiAhy RSl brBlasfE gt Sorebig Bhro o die aPRbBliEE o s b

def i ni ngbt ?&egemaﬂaxl shager fﬁgjm ejecton a‘ohlgtd”l 180Ny Bé2 ﬂ;eﬁeﬂteedaﬁa‘muml f 1 uid

ej ector bo uj 0 t XI ) no e ejection

o et 051 PnARina sutint Seerdy ta Beristoiag infdsd Bndriss 180 o Pedgse T orh o
enbodi ment ,preMdRy € RoAAds 180. Fdrexample, BoMpRRséd bl Agthatirs asrmcar&I e between 0
and 60 deg rees fromfluid bod normal 211' of fluid bod%&paa i tudi nal axis

211 as shO\Hlt! 1264 g aRAORIStY P(/%%W‘é'\wecf‘ﬁ"'ﬁ?'g?‘:t%qrs 19 tharmat ¢lodi ment s,
nozzl e ej eGlctuiord hdy Be3dtilized % &j8BEHe AliidaFort ABZAES#30.

[0024] An exemplary embodiment of a fluid ejector head is shown in
an isometric cross-sectional view in Fig. 2a. In this embodiment, fluid ejector
head 200 includes fluid ejector body 220 wherein at least a portion of the body
has a rectangular cross-section. In alternate embodiments, fluid ejector body
may have a parallelepiped structure. In addition, fluid ejector body 220 also
includes fluid body longitudinal axis 211 projecting in and out of the cross
sectional view. Fluid ejector body 220 is adapted to be inserted into an
opening of an enclosing medium and is rotatable within the enclosing
medium. In addition, nozzle 230 has an ejection axis 231 defining the general
direction in which drops are ejected from fluid ejector body 220. Fluid body
longitudinal axis 211 and nozzle ejection axis 231 form predetermined
ejection angle 218 (see Fig. 2b). In this embodiment, nozzle ejection axis 231
may be aligned at an angle between 0° and 60° degrees from fluid body
normal 211' of fluid body longitudinal axis 211 as shown in a perspective view
in Fig. 2b. In alternate embodiments, nozzle ejection axis 232 is aligned at an



6 angl e between 00 and 45, and nore preferably nozzle ejection axis 232 is
substantially perpendicular to fluid body |ongitudinal axis 211. In
addition, ejection angles 231" and 231" illustrate that the angle nay be
either in a@p03083tive or in a negative direction relative to fluid body
normal 211'. [0025] Fluid ejector head 200 further includes fluid ejector
actuator 250, chanber layer 266, fluid body housing 280, and nozzle |ayer
236. In this enbodinent, substrate 222 is a portion of a silicon wafer. In
alternate enbodinents, other materials may al so be utilized for substrate

22|2 such ﬁgghe bt on 9° gh@aseandahwdpnem:vky ntszzleoqbgticn ajds 230ist r at es,
silicon carbide, an m ar.seni CC n esent invention
is not int eﬁH‘H%"é"Pi‘J'yH@rg?Wq'ﬁ‘{l]l dotﬂH'dtrl}%’é’éo 8 La’g%\é? E}%‘ﬁf‘f% silicon

sem conductepctighlapgled! 231" 4y m"suus@rMbmetangfé ma;ﬂbé@ﬂuehﬁtasl ng 280 and
substrate 222 formflulid channel . Fluid inlet” channels 241 are forned

i N subst r atResitive or iy nggaivedtirectiar @iailvect,@ﬂwmb@gy petdd .| ui d channel 240
and fluid ejection chanber 272. [0026] Fluid energy generating el enent 252
i s disposed on substrate 222 and provides the ener i mpul se utilized to

ej ect fluid frof90R5 z|Fduid Bfectoxhead 2OPifuthprdnydes ffllldg‘ueiéc@féé'{uét‘)fact uat or 250
may be any e | A mO [ figl t fluid to
: o Hﬁé]%?&%%ég_z%fshﬁ%nﬂibgﬁﬁg%ég@ ésﬁ alnﬁ rFﬂElg%s‘;‘ér%e % iHie

eject it from nozz _ _ IJ ector actuator 250
i ncl udes f lamkbdimentggubairate 222 isp pertieneha SIBS@ waferc in altereateher mal resi stor.

| al ter nat g bR IEhS: waldiSls by Wefl o5 Rtk BF UGbAIhO o8] GRS such as

plezoelectr ros I'’c generators may
al so be ut iVarioasiglaBses, ekmmphm oxaje polginiidé substratess Isticemtanbidel, Bnéés a vol t age

pul se to geng rate a o esstve force an the fluid.r | ] in ejection

b 5 dr op G SreRnRR e Eingy. v Fgeerimigonintd MERed il o,

gener ating I?humﬁolth&éziemslﬁa)hrloatmitmdnlnsomreergid:beumtcmatmgls ilmtrafjl at er al
irection, from.nozzle 230. . The IS nd on vari ous

par anet er s %%‘FH“EQ" h%‘dé’é’w |h8H§'5$%§ gsHé?t 522 g‘ff@h@ﬂ h?’ﬂ%‘?part i cul ar

struct ure ad40cradibetlefohannal @4t e Mrﬁéﬁtllhléﬁbﬁmb azz%ndqiro\hhuﬂdudn:hannel 240,

to nane a few paraneters. 200209343 L
coupling between fluid channel 240 and fluid ejection chamber 272.

[0026] Fluid energy generating element 252 is disposed on substrate
222 and provides the energy impulse utilized to eject fluid from nozzle 230.
As described above, fluid ejector actuator 250 may be any element capable of
imparting sufficient energy to the fluid to eject it from nozzle 230. In this
embodiment, fluid ejector actuator 250 includes fluid energy generating
element 252, which is a thermal resistor. In alternate embodiments, other
fluid energy generating elements such as piezoelectric, flex-tensional,
acoustic, and electrostatic generators may also be utilized. For example, a
piezoelectric element utilizes a voltage pulse to generate a compressive force
on the fluid resulting in ejection of a drop of the fluid. In still other
embodiments, fluid energy generating element 252 may be located some
distance away, in a lateral direction, from nozzle 230. The particular distance
will depend on various parameters such as the particular fluid being
dispensed, the particular structure of chamber 272, and the structure and size

of fluid channel 240, to name a few parameters.



7 [0027] The thermal resistor is typically formed as a tantalum al um num
alloy utilizing conventional sem conductor processing equipnent. In

al ternate enbodi nents, other resistor alloys nay be utilized such as
tungst en sisppesysni tride, or polysilicon. The thermal resistor typically is
connected to electrical inputs by way_of netallization (not shown) on the
surface of substrate 222. Additionally, various |layers of protection from
chem cal and nmechani cal attack may be placed over the thernmal resistor, but
are not shown in Fig. 2 for clarity. Substrate 222 also includes, in this

elrﬁoodit rr;s*ntl act '[(ml eVFrféetﬁ?m;mesaft?ﬂegymaumméd@m'taattamml(not shown for
clarity) electrica coupled to, I d ener ener at.i ng el ement 252. In
al ternate é’#ﬂB‘HPMP§ Ut'B%"RQ;PO%\@nF &@m‘@é‘ggéﬂgﬂmﬁgs‘%ﬂ%g@ p%‘?"ﬂem)ry | ogi ¢
cells may Eih%Reﬂﬁ@té’émbb&ﬁféntsebfrié?l‘es‘i‘s?&aéll%@ eutmzéwg@czmaélon with the

one or nore transistors. In still other i ments, i's comonly
referred t dumgsterasﬂi@nmstﬂdedon miysﬂfqoul d heﬂ'a@mﬂl rm@r tym%l%lssubst rate 222

oy 1ol U bl (EbBEH RS ARASEILA e o (i holEY bRy | ™ 2 S0 be

utilized. VI Ces an | ui d ener gy
gener ating sarfaoent substrate Zznapmmtlmlly,anarlous layersofgretestianfromas t he

part ' cul ar Cﬁ?ﬁ{l(&?%ﬁ# ?rﬂac'hgnl Ia cic(ln’IH dne ﬁb@é:ot ﬁrlf'ﬁéaﬁe?rﬂgl |Je§ H)?erﬂlt and the

parti cul ar ng eJ ec o n cou aramsrer’s. [0028] In
t hi s enbodiarenbt shmvrememgw iorrplahtye Si.mstrawzazalsxsmctddes inlds mal resi stor
rapi dly heat

a in the fluid abgve | .hojlj ' o [
vapori zati cﬁﬁnsQﬂd'mﬁ'é pr eodeé’mﬁngﬁ?gf’g%BFﬁ]oE%{r%ﬁS%ﬁ}se “@gﬁ'g‘?%’g;%ubgrzl n? hat
hel udes 3g’%ﬁﬁﬁﬂa‘%&”b‘@”@%ﬂgg@“9’9{?25?*2‘2%?’;‘?33? J‘éﬁp‘z‘ﬁ' Wi ch my
be charact 89%? o] Y6 geces sh as fi SOf B . each
activation c@fI? ﬂj{’éﬁrﬁb ﬂ@nﬁ‘lrz%tjl éi&e?béﬂi@ﬁtelﬁ&an rceﬁribirfaﬁoh Withiike eheot i on of a
preci se quanti

essenti al fl d d th
t he nunber "8¢re tféyw»éorﬁhé" $tr"mtaere%mt?wms%tﬁewa?ﬁ 'ﬁ&é"g‘ﬂ'é%@/n?f‘?rgelda@tqrs\?gt ed o

controls tf@"dwab@fvewhuudcéqé&&r%bﬂ Whéfét%sfré@@ﬂ%é)} fckide flid €. N
activations results in essentially n fluid drops). Thus, fluid ejector

head 200 meSjegienganeraiomaidiqut acipre davicesanay also be utilized. The particular
combination of active devices and fluid energy generating elements will

depend on various parameters such as the particular application in which fluid
ejector head 200 is used, and the particular fluid being ejected to name a

couple of parameters.

[0028] In this embodiment, an energy impulse applied across the
thermal resistor rapidly heats a component in the fluid above its boiling point
causing vaporization of the fluid component resulting in an expanding bubble
that ejects fluid drop 214 as shown in Fig. 2a. Fluid drop 214 typically
includes droplet head 215, drop-tail 216 and satellite-drops 217, which may
be characterized as essentially a fluid drop. In this embodiment, each
activation of energy generating element 252 results in the ejection of a precise
quantity of fluid in the form of essentially a fluid drop; thus, the number of
times the fluid energy generating element is activated controls the number of
drops 214 ejected from nozzle 230 (i.e. n activations results in essentially n
fluid drops). Thus, fluid ejector head 200 may generate deposits of discrete
droplets of a fluid, including a solid material dissolved in one or more solvents



droplets of a fluid, including a solid material dissolved in one or nore
sol vents 200209343 8 or suspended or dispersed in the fluid, onto a

di screte predetermned |location on the interior surface of an encl osing
substrate [29§:48443The drop volume of fluid drop 214 may be optim zed by
various paraneters such as nozzle borg di aneter, nozzle |ayer thickness,
chanber di nensi ons, chanber |ayer thickness, energy generating el enent

di rensions, and the fluid surface tension to nane a few Thus, the drop
vol une can be optim zed for the particular fluid being ejected as well as

the parti &ilsaspereietior dispersedin Y filid,tdio 8 dchste PeedBtshmimedvotatidre uti i zed.

Fluid ejector head 200 described in this enbodi nent can reproducibly and
reliably &ndbe injedgrsurface pkan angjesiag substiateibout five femtoliters to about
10 nanoliters depending on the paraneters and structures of the fluid

ej ector head as described above. In alternate enbodi ments, fluid ejector
head 200 can ej §30229]dridhesdrop voluger ofiiigisl drop 214 eap besoptimized byers to about 1

m or ol el vl B SHeah s B S914EAG bbis AlhBlor SHRON IR RiiRUst 1 Pl e 11 Ui

ej ector hea to form po onal structures. For
exanpl e, twbafmber dlmnsuinercha‘lm&ammmss.eeﬂmmwanam elementk providing

the 2711 ¢ b dbaPeatd il AELERBRN L Harle 80 Wik MaSr0g" O 11 U1

ej ector hea set e/ ector heads nmay
di spense a vshmhamn be ophmizedlmeBe padicalar filidtbeingmjected as sveditastthe di spensed

I nk. A secand. exanpl mul ti Iests of. £ 1 ui j r heads to
eject mult ipp??'éc Eﬁ %85%%%‘?“1‘“ Wﬁ?ﬁ' t%8ﬂ°‘8§"9 B}ﬂ ofm WHlJ%e w"%ﬁgo?ﬁbﬁ?t hout the use
of a seal argjecddr =L 200t deseribad mrthnalemtmanémrdan ré;bmudclblycdnudeﬁatﬂyly fluid

mat eri al such as inks, adhesiyes, Fnt S, | ol ogi cal

reagents, &4eGhErors48 the Ange Oéffﬂfnaﬁt?ﬂ”ﬁgv% eg@e‘rtfs@&O@Poaﬁ 159) Erssol ids in
one or NDI QyepBhHIAGIGH- th& Hbidifdters'dishueiuRd ertnonad e?&Qoﬂ?éédaésso contain a

fluid that is a mxture of materials providing, nul | e functions and thus

vari ous corfAsSAERgLAROVEr dn pliersale embadimantgsflyd siestar *@Fdfnglcﬁ“&leé%t or heads

ej eCE' ng arhr?;’iﬁﬁnetﬂé' rdigel fRsth labSut BHeRitbibrsth 488Ut PAfIrbIREr. IARAJABAL her set
ejectin ust’ an ink
) 9 according to other embodiments, multiple fluid ejector heads 200 may be

ganged together to form polygonal structures. For example, two fluid ejector
heads 200 may be formed back to back providing the ability to dispense two
different fluids so that, one set of fluid ejector heads may dispense ink, and
another set of fluid ejector heads may dispense a sealant or protective
material to cover or coat the dispensed ink. A second example, utilizes
multiple sets of fluid ejector heads to eject multiple different fluids such as
color inks with or without the use of a sealant or protective material. The term
fluid includes any fluid material such as inks, adhesives, lubricants, chemical
or biological reagents, as well as fluids containing dissolved or dispersed
solids in one or more solvents. Further, fluid ejector head 200 may also
contain a fluid that is a mixture of materials providing multiple functions and
thus various combinations are possible, such as one set of fluid ejector heads
ejecting an ink and protective material mixed together, and another set
gjecting just an ink.



200209343 9 [0030] Chanber | ayer 266 is selectively disposed over the
surface of substrate 222. Sidewalls 268 define or formfluid ejection
chanber 272, around energy generating element 252, so that fluid, from
fluid chanreeb20843 via fluid inlet channels 241, may accunmulate in fluid

ej ection chanber 272 prior to activalion of energy generating el ement 252
and expul sion of fluid  through nozzle or orifice 230 when energy
generating elenent 252 is activated. Nozzle or orifice layer 236 is

di sposed over chanber |ayer 266 and includes one or nore bores or nozzles
230 through whi ¢0030] uiChdmbezjlayer 286 id seleaivelgrdmioseembeloﬂ"nmutface dependi ng on
t he partlcm

utilj for | ayer, 266 nozzl e | ayer
236, an adif¥8P %teéﬁ g‘fﬁ’(ﬁﬁ"sézﬁé '"?rﬁpfm'& ?Jsc '\cl’l]ai'&f gggadhere nozzl e
llayer 236 taogritpemagy bauaétnri’éiélerréﬁt:%ziIsaghattfmea%rﬁ flgaehasigredonent s,
chanber | ayer 266 and nozzl e | ayer 236 are fornmed as. a S|ngle i ntegrated

chanber no24a Buid injet,chapnralgigdd. qnay@pc%l@ate ip fgideie¢tion ghambepRé? oi nagi bl e
filmthat Lzbgbl' tozgawa{weﬂéﬁé@ggé\mmmémmm &nd &Qumichemmey | ayer 266 on

substrate 2 and then define and develop fluid ejection chanber 272. The
nozzl es forth@agameﬁgepbﬁgfq%%ﬁ%\uheraﬁn%rgmenwayng plement g524s ai ght line or a

stagger ed cRAlAGU! NokaB of BRRADS 235 & BRpBISA bR REmpEPRELS8E ARl 1 0 whi ch

fluid ejector head 200 is ggere configuration is
i || ustr at edn¢ludes gpe Qrtmor[edme_§ on\mzzleé aaw rougBavhigh,fluid issejeeted. BY net al ,

pol yner, gléﬁi’tﬁﬁaté’émlb%fﬁ?éné%gfebémlﬁg Bﬁttl’ﬁar h\ﬁﬁctﬁ?‘FMa@|E§GtItiﬁ?éd:forl n this

enbodi nent, nozz es of commercially
aval | abl e rohamiber ImeZGGmm@nozzlleslayem&J@e a!hpathlayedénm shown)may abl e from

material i S POERY A% el neddetavet 296 o b Bres 88 Aberdidicr ' ne marme
auﬁie!c :T(. ;ultﬁ aggltlghanllfaémhﬁdhnmﬂb,omm layet B66 and nbezlé tayer 22B6re s formed from

| d b th di
tantal um JPMELES 8 5ING% Bredrq ﬁggﬁ?fgﬁeerarl‘qzéreﬂgﬁ Ied}‘agﬂ)f%éﬁ%éhb | lrjlz)nzzl e layer
236 nmay be tysicaBista photpiedagitis ﬂlnsuuahum&es pnbmmbgwaphp@hu@hwﬁtme

napht hal at Pforgnpgh[\gmbeﬂgy)/(gr 26%ron subs?rgtre 2023 and then define and develop fluid
ejection chamber 272. The nozzles formed along longitudinal axis 211 may
be in a straight line or a staggered configuration depending on the particular
application, in which fluid ejector head 200 is utilized, a staggered
configuration is illustrated in Fig. 2b.

[0031] Nozzle layer 236 may be formed of metal, polymer, glass, or
other suitable material such as ceramic. In this embodiment, nozzle layer 236
is a polyimide film. Examples of commercially available nozzle layer materials
include a polyimide film available from E. |. DuPont de Nemours & Co. sold
under the name "Kapton", a polyimide material available from Ube Industries,
LTD (of Japan) sold under the name "Upilex." In an alternate embodiment,
the nozzle layer 236 is formed from a metal such as a nickel base enclosed
by a thin gold, palladium, tantalum, or rhodium layer. In other alternative
embodiments, nozzle layer 236 may be formed from polymers such as
polyester, polyethylene naphthalate (PEN), epoxy, or polycarbonate.



200209343 10 [0032] An alternate enbodinent of a fluid ejector head is
shown in a cross-sectional viewin Fig. 3. In this enbodinent, fluid

ej ector head 300 includes fluid ejector body 320, wherein at |east a
portion of JbmedRdy has a cylindrical cross-sectional shape, including
fluid body Iongitudinal axis 311 proj fctlng in and out of the cross
sectional view. In alternate enbodi nen fluid ejector body 320 nay have
a portion having a curvilinear shape. Fluid ejector head 300 further
includes fluid ejector actuator 350, second fluid ejector actuator 354,
and third fluid[e)32}t An altsrhate @mitiRiimetfasieit ejectbl head isegheandn abody 320.

Al t hough the f|UId_ ej ector ct a s ar ose un er t nozzles in
this enbodiGiesersectigng) ey gn{ﬁ‘(}bsrﬁm%dd 'ﬁteﬁ‘l"a @@Bano actuators nmay
be pOS'tlorrﬁnflu&éym.& afeefoaboey SHGRAReraina |ddsPap bhfénﬂﬂﬁé B&dy hae particul ar

di st ance depend ‘on various paraneters suc particular fluid
bei ng di spegyb@dflcat erespraectiopal shapet ingldingdiuist bctdvéoegiwm axisa#ld the

structure Sgr et Olfg‘*lg?é\dtcﬂﬁof !h‘é'% %@&ﬂ@ﬂ\ view? |ﬂ rr?até gmbe%?émé ers. Fluid

channel se is attac to su strate separates fluid
ej ector  hdluit @egtor hedy 320 may dare adestionthaying %é@MllaﬂamPes&M%d fluid

sect! on 324jedbithedddthufhe 3653 18 oiRRr obfheldissocatiapmepy . 11 ul d

channel 340 s fo annel separator portions 346' and
substrat e 3gjestorsanteatdr 3541 jatkd diiechiidl ejestip aictuatas3s8dlisppsed ondluishannel

| L [ | 344
Formed by Tosr RRied: AB0uSHRE A Bieder achifors bl difbosad (hoRPBRT, /0033,
Fluid Id nl ﬁtnazhbsgn;tzms émgoqnmn]E deaﬁ%matélemmntimbhusgthbémm?ﬁctbr 19: d dchanntel
340 chanber n or ne n Str N ui section
323, “Fiut o oS i e PoSicne Lo pidta RS by fion o APk ' bet veon
fluid channeespaticulandistadde wmcuepbaﬂbarvanaﬂsdpmme?e‘fﬁ sugispethe vely. Fluid

ener eneratln el ement 352 is S on subst 32 d d
The. eher gy RAIRHAI PN aizpersed) e baricines Srtirn oL PeEnaanererIRt “ener gy

gener ating tﬁé efiectufe &bsi2e df FEAURS shanflels! focnaies Bow parimeaters. Huili zed to
eject fluid fromnozzles 332 and 334 respectively. In this enbodi nent,
f1uid channel separator 346 is attached to substrate 322 and separates fluid ejector

head 300 into three sections: fluid section 323, second fluid section 324, and

third fluid section 325. In this embodiment, fluid channel 340 is formed by

fluid channel separator portions 346' and substrate 322; second fluid channel

342 is formed by fluid channel separator portions 346" and substrate 322; and

third fluid channel 344 is formed by fluid channel separator portions 346™ and

substrate 322.

[0033] Fluid inlet channels 341 provide fluidic coupling between fluid
channel 340 and chamber 372, and are formed in substrate 322 within fluid
section 323. Fluid inlet channels 343 and 345 provide fluidic coupling
between fluid channels 342 and 344 and chambers 374 and 376 respectively.
Fluid energy generating element 352 is disposed on substrate 322 and
provides the energy impulse utilized to eject fluid from nozzle 330. Fluid
energy generating elements 356 and 360 provide the energy impulses utilized
to eject fluid from nozzles 332 and 334 respectively. In this embodiment, fluid
energy generating elements 352, 356, and 360 are thermal resistors that
rapidly heat a component in the fluid above its boiling point causing



energy generating elements 352, 356, and 360 are thermal resistors that
rapidly heat a conponent in the fluid above its boiling point causing
200209343 11 vapori zation of the fluid conponent resulting in ejection of a
drop of theopdowssd. In alternate enbodi nents, other fluid energy generating
el ements such as piezoelectric, flex;tensional, acoustic, and

el ectrostatic generators may also be utilized. In this enbodinent, fluid
energy generating el enents 352, 356, and 360 eject the fluid in a
substantially radial direction onto the interior .surface of the enclosing

nmedi um ( notvapbxatipn of tHeFid Ebvapbeant k@awtrngaﬁﬁjecﬂondofsa)dﬂnnbfdheﬂwﬂubst rate 322
wherein sidewalls 368 define or _faorma porti ecti on chanber

372 in f1 uilgalterpate Ynbediments; gingfivid eggrgy Qe@PFﬁ 'agﬁdﬁff'?fﬁﬁ SH& 8cond fluid

ejection c %fectrfé“ei-fén%%ﬁl‘Qc&ﬁéﬁbdaﬁﬁﬁélbbt%ktéi%égerﬁi’éio&'rﬁ glsbs 368"" for
a portion of fluid jeCtIOI‘lC in thir I d on 325. Nozzl e

or orifi ce beajtiized 3w this emgpdimens dluis energy aamesating:glemestis3ah d56nc| udes one
or nore Dorfg 4 é}&ﬁ%ﬂ@ﬁlgd ﬁstugfigntnaﬁ\ %cﬁéﬁﬂ)&gﬁw&ﬁ{o%ﬁﬁewru' din the

three sections is'ejecte tern te e I ments, depending on the
particul ar swtfaee Dfaihe enciosinggdediom (netrsheb®). | ayer 366 and nozzle |ayer 336,
an adhesive |layer may also be wutilized to adhere nozzle |layer 336 to
chanber | ayer 366. According to additional enbodinments, chanber |ayer 366
and nozzl e | aye{0033) Lranieriaer 366 isdisposgdeovenyebstragd2? wherein egr at ed

chanber and a structure.is Q nl.y referre a chanber
A en or ik BenShe o Soriy @ PrigigRef A Sesign °§?f35e%§j7c?e§if@fds f1 ui d
ej ect or boct)ecﬁdiﬂ3xh|®afe&taﬁd368’tf@rmtd‘;ﬁdiﬂorsemdconsﬂundldjentlbatceambbodi ments nmay
utilize an ere fro a SI secti.qn of ect dependi ng on
Phe part | oA Saotriuly Sactn SparaRe sl Sttolp Badkh UBBR SoNEIT Dea!
For exanpl aajedtubmodambecsm mttmlaﬂ(ﬁa&eamn 325aweoz&|esom@ifee3@,@u366 ig0 eject a
single fluid |n additio ﬁﬂ Bhéid ch ers forned al ong | ongitudi nal
axis 311 Rosed Qv %’@F’r"ﬂ?eé yer 8R@ and {nellides one of ;are SRR T dRZ48F hel i cal
confi gur at izzg, Q@%'mtﬁﬂ)u HQVHP@Hﬂdl@IH the tﬁﬁ@'sbét%ﬁsqgeje'cfédV\'f'thh fluid
ej ector head 300 is utilize I n anot her exanple, fluid ejector

alternate embodiments, dependlng on the particular materials utilized for

chamber layer 366 and nozzle layer 336, an adhesive layer may also be

utilized to adhere nozzle layer 336 to chamber layer 366. According to

additional embodiments, chamber layer 366 and nozzle layer 336 are formed

as a single layer. Such an integrated chamber and nozzle layer structure is

commonly referred to as a chamber orifice or chamber nozzle layer.

[0035] Although Fig. 3 depicts fluid ejector body 320 separated into
three sections, alternate embodiments may utilize anywhere from a single
section to multiple sections depending on the particular application in which
fluid ejector head 300 is utilized. For example, fluid ejector body 320 may
have a single section to eject a single fluid. In addition, the fluid chambers
formed along longitudinal axis 311 may be in a straight line, staggered
configuration, or helical configuration depending on the particular application
in which fluid ejector head 300 is utilized. In another example, fluid ejector
body 320 includes six sections having straight, staggered, or helical
configurations, providing for any of the possible combinations of dispensing
multiple fluids.



body 320 includes six sections having straight, staggered, or helical
configurations, providing for any of the possible conbinations of
di spensing nultiple fluids. 200209343 12 [0036] In addition to having
vari ous numbgipg34«af sections each section nmay al so be independently
optim zed for performance. For exanpl the energy generating el enents of
each section nmay be optim zed for the particular fluid ejected by that
section. In addition, the dinmensions of the ejection chanbers and nozzl es
may al so be optimzed for the particular fluid ejected by that section.
Further, energy[GD38r ah abgitieh &Maing varioveinuniers ofsbctions each sextioh e
dlnen5|ons Wi thin a section may al so be varied g vi di n el ection of

C

di fferent dMHH3IEP ?éénQﬂpef‘ﬂ%ntB(aﬂPémF?Elﬂ far periymagrect ege* fP8i d ej ector
head 300. g@ déifng'é?&n&ﬁ’ts'afgacrf‘sé’di‘lomrﬁ%fﬁ@b wﬁiﬁ@@fﬁr'{ﬁé‘t of a fluid
hea ccor

ej ector to the present invention I's shown in a
cr oss- sect ipartigularifivig, ejeeted biithat saplion. ntaedditipnthe dimensiens ofdel 400 i ncl udes

fluid ejecty I

cross- sect i Ctlpﬂgﬁaﬁiggrsr% .zIe% .—ﬁé‘fé@&gg Oﬁﬁ %’ed?ﬁﬂiﬁé%ﬂt&b@ﬁr@}u&tl ng in and
out of the edﬂambxsﬁtat sestion. \ﬁl@kher Enafay %nétﬂt'@g elrments agavetlast her i ncl udes
fluid ejecty nd third
fluid eject grgmg)% 5a ﬁ?zzlég an o(&‘f'{hw%geal %gj{lg%?%{r;tbg?taﬁg? r 4én di sposed
on fluid ejejagtion ofdifferete droprsizesiofdhesame fluistarhet ejectad Fomsfluid ejgetosd to
substrate 422 g;@ﬂ separates fluid ejector head 400 into four sections:
first flui Q tion 440, second fluid section 424, third fluid section
425, and fourth fluid section 426. For exanple, four different fluids may

be utilized suc a ack k gnd t ree color not her exanpl e,
four different ?‘é@?ﬂ \)%eqeﬁﬁgﬁ?g%gf"lﬂ ?PE@&d'm‘?{ﬁgf F‘Iﬂf"dgefl?\%}? exarrplrrgs
various Corﬂébﬂfﬁcb@r@lﬁngB th@lpfé‘sehﬁnverftiownglghmm aasrobs\@e@hd‘ntaemem Ipi oacti ve

agents, an ingestible inpk a protectlve 0.C ei ther the
b oact | ve db8iarpagimentihui eisstar hedy 408 MadasTtciorter bRRCTARbatgent 1 ui ¢

channel 44Q rdcfanbgfa%ﬂs@)éré &&Bdkr%?@d%ﬂﬁctloﬁﬁléﬁéﬁé Qﬁcltﬁkﬁﬁé a9\yithdipal and
substrate 422; second fluid channel 442 is
axis 412 prolectlng in and out of the cross-sectlonal V|ew Fluid ejector head

400 further includes fluid ejector actuator 450, second fluid ejector actuator
454, and third fluid ejector actuator 458 and fourth fluid ejector actuator 460
disposed on fluid ejector body 420. Fluid channel separator 446 is attached
to substrate 422 and separates fluid ejector head 400 into four sections: first
fluid section 440, second fluid section 424, third fluid section 425, and fourth
fluid section 426. For example, four different fluids may be utilized such as a
black ink and three color inks. In another example, four different reactive
agents may be utilized. In still other examples, various combinations of
different fluids such as two different bioactive agents, an ingestible ink and a
protective material to cover either the bioactive agents or ink or both may be
utilized. In this embodiment, fluid channel 440, is formed by fluid channel
separator portions 446' and substrate 422; second fluid channel 442 is formed
by fluid channel separator portions 446" and substrate 422; third fluid channel
444 is formed by fluid channel separator portions 446™ and substrate 422,
and fourth fluid channel 448 is formed by fluid channel separator portions
446"" and substrate 422.



by fluid channel separator portions 446" and substrate 422; third fluid
channel 444 is formed by fluid channel separator portions 446"' and
substrate 422; and fourth fluid channel 448 is formed by fluid channel
separ at or pogdobsds 446"" and substrate 422. 200209343 13 [0038] Fluid
inl et channel's 441 provide fluidic coypling between fluid channel 440 and
fluid ejection chanber 472, and are fornmed in substrate 422 wthin fluid
section 423; fluid inlet channels 443 provide fluidic coupling between
fluid channel 442 and fluid ejection chanber 474; fluid inlet channels 445

provide fl uidi 050038[[” iMgd eétvehannéls uidd pedvadeflidié4éupling bdtween @jidct i on
chamber 476; and fluid jnlet channels 44 r ovi ge flcﬂ'i di g coupl..ng between
fluid chanrfdpnaelg4andsfiuid %le%tf%‘fhamp%ﬁggb%fd Fedomgq insu ﬁ%?tﬁfzgener ating
el enent s 43¢hirtHalid séetfon 47 AdiBInIBE ehahhERAASDrevIdés bR duplif?2 and provi de
the energy 1npulse utilized to eject fluid fromnozzles 430, 432, 434, and

436 respedetwesn fluidsharnat A48 and fHid giestiop ¢hamkeodl fdiyidinlet chamnelsher gy

gener at i ng 448! FoRAS ﬁuiﬂ%ouﬂﬁ’rﬁ% bétwaen Al haAndNaM4mdANid SjebiitiNt capabl e of
i mparting sufficient enerqulqio the fluid to eject it fromnozzles. [0039]
L3

Chanber or idhpEwer 47&randfi ichaaly44% Brovidefluidie ceupling beiRaei n si dewal | s
468 defi ne I%;n'i’i? ' b ' ] ratingl dewal | s 469
forma por t@(‘)dnéo mﬁéﬁe? feﬂglg i%I)er?m():ﬁg @?&%720 rFsllﬁgg\;\ﬁgfq’ysd]eﬁ(r)at#ngr m a portion
of fluid ejelements 46Ra#d597ad 46djarsi dispaset onspbstrate k22 apdrpreide of 1 ui d

ecti 4 e | .
bores. or nads Paerdy Pipusd Bk Belcc i fiAThoRich S Sop ML S 4387, O ™
t hr ough whirespddtively. iAs delseritiesldn pré&aeii] embadiments, fliid endrgyegeinetatingl ui d

| ect body 420 I nt ti | t [ ts,
i1 ze ovaleTiene Rcretaze. Rbantiiy B e b b EpB B fon i n
whi ch fl ui dsufjotetit enefygyad thEOlid $o ejettit frarachozHes. exanpl e, fluid ej ector body

420 may have five or six sections, or other nunber of sections, formng a
pent agonal or hexagonal, or polygonal shape respectively, providing for

any of the vari gog3g)osChdthisercifité Rk ATGisdisposed over substrate 422
wherein sidewalls 468 define or form a portion of fluid ejection chamber 472;
sidewalls 469 form a portion of fluid ejection chamber 474; sidewalls 470 form
a portion of fluid ejection chamber 473; and sidewalls 471 form a portion of
fluid ejection chamber 476. Chamber orifice layer 478 also includes one or
more bores or nozzles 430, 432, 434, and 436 respectively in each section
through which fluid is ejected.

[0040] Although Fig. 4 depicts fluid ejector body 420 separated into
four sections, alternate embodiments, may utilize even more sections
depending on the particular application in which fluid ejector head 400 is
utilized. For example, fluid ejector body 420 may have five or six sections, or
other number of sections, forming a pentagonal or hexagonal, or polygonal
shape respectively, providing for any of the various possible combinations of
dispensing multiple fluids, depending on the particular application in which
fluid ejector head 400 is utilized. As described above the fluid chambers and
nozzles formed along longitudinal axis 412 may be in a straight line, or
staggered configuration depending on the particular application in which fluid
ejector head 400 is utilized. In addition, as also described above, each



di spensing multiple fluids, depending on the particular application in
which fluid ejector head 400 is utilized. As described above the fluid
chanbers and nozzles forned along |longitudinal axis 412 may be in a
straight |iJnezoe843 staggered configuration depending on the particul ar
application in which fluid ejector hfﬁd 400 is utilized. In addition, as
al so descri bed above, each 200209343 14 section as well as chanbers,
nozzl es and energy generating elenents may al so be independently optim zed
for performance. [0041] Referring to Fig. 5 an alternate enbodi nent of a

fluid e] ectsectiohaadenbsichampers adizlesamnénargy generbtivgielementsinags- sect i onal
view. In this epbodinent, fluid ejector head 500 includes fluid ejector
body 520 hal§he Kdeperdently eptimizedd el?eff)%'@?%ﬁ-ng fluid body |ongitudinal

axi s 511 projecting in and out of the cross sectional view In addition,
fluid ejector head 500 includes a_conbination of different types of fluid
ej ect or act uat ol@041}i rRefering te i Scarraligrepte gmbedimeni of adiuist ejedfgd and 551

are of a Tide3l dritRCprelft iﬁ\%grﬁigﬂ?@%%ﬂg%ﬁ)gé‘-g%ﬁoﬁﬁﬁﬁéﬁr IPfpigiat ors 554 and
558 are of a second type. In this enbodinent, first and second fluid
ej ect or actemhastients fuid eiet® head S0P ivcledasdbiid ejector hadyl62@ havings2 and 553,

whi |l e thi f fluj o e]ec : th I
Fosi stor engbanonghtidbe; kb £ B Bhitilhial o s 3MoBoRdhSng 101 T i o
secti on 523ut ntthedeessisextibnal yievbclp axiditwohuid ejectas inead 580 indhiiiesand

[ l ectrj ¢t [: [ 5 ' i aph 563
Bt tached t STAFBRY Eforcti ot plisceiaril e, fTisL A BBy PP 23T
pul se appl iejectarcachsatorsi §50candbiizarel of atfirstdype, and dhickandbortb flusb3 results in

a physical displacement.of t | ezgel ectrigc trangduce nd di aphragm
Gener at | ng 8 AR A B LHERE o pbe I EE Bibaffioa el

;aj ecti onh cdmaingeenad Auid eﬁﬂct&?a%tuaaulasbrwdi551]§jre@te{zoale0fricararhsdm%eu§ t hedf luid
romeither___noz 5 r. 536 anber orifice |ayer 578 js di sposed over
substrates 535323"@1% g&%ge ﬁﬂ@%ﬂ%@%?ﬂ@ﬂ@@@ﬁ%@%@é ‘ﬂ‘éif% A8 form a
portion of thérmdl reidtecénergy Péﬁé‘f’ﬁﬁﬁ@eléﬁr@nmﬁr&i 560iRepédtivelyy. Chamber
orifice layer 578 also includes one or nore bores or nozzles 530 and 536

t hrough which fluid is
[0042] Fluid section 523 includes diaphragm 562 attached to

substrate 522 and piezoelectric transducer 552, and fluid section 526 includes
diaphragm 563 attached to substrate 523 and piezoelectric transducer 553. A
voltage pulse applied across either piezoelectric transducer 552 or 553 results
in a physical displacement of the piezoelectric transducer and the diaphragm
generating a compressive force on the fluid located in either fluid ejection
chambers 570 or 572 resulting in ejection of a drop of the fluid from either
nozzle 530 or 536. Chamber orifice layer 578 is disposed over substrates 522
and 523 wherein sidewalls 568 and 569 define or form a portion of fluid
ejection chambers 570 and 572 respectively. Chamber orifice layer 578 also
includes one or more bores or nozzles 530 and 536 through which fluid is
ejected. Fluid inlet channels 541 and 543 provide fluidic coupling between
fluid channels 540 and 542 and fluid ejection chambers 570 and 572, and are
formed between substrate 522 and chamber orifice layer 578 within fluid
sections 523 and 526.



ejected. Fluid inlet channels 541 and 543 provide fluidic coupling between
fluid channels 540 and 542 and fluid ejection chanbers 570 and 572, and are
formed between substrate 522 and chanber orifice layer 578 within fluid
sections 52Z@gozpesh3s26. 200209343 15 [0043] Third fluid section 524 and
fourth fluid section 525 are formed by substrate 521 and channel top plate
538 of fluid ejector body 520. In addition, substrate 521 and channel top
pl ate 538 form nozzles 532, and 534. These two sections formwhat are
commonly referred to as a "side shooter” configuration, as conpared to the
“roof shooter” ¢o0¥3]9uTHitd fluld sédtiont524tand fourth fiuid seé’tionl 5p5caredomadde

enbodi nents, substrate 521 and substrat 5@@ be té ted to forma
singl e subditsubstrates2iang haspelier plate 8388 iqgrqcrﬂj b° ﬁgn?% di sposed over
di fferent péUdﬁtIdﬂ”§ub§tr'&t@§2’1 éhd)ﬂharﬁiépﬁ)tpr;ﬁété @@Zfor%‘ﬁozﬂé%@ﬂanH@Mp' ate 538

may al so be integrated. Third fluid inl'et channel 545 prOV|des fluidic
coupl i ng bethaserwe iseetipns)foing whakaredonsnanly rrferred fajas a lside sBoater'i on charber

574. Fourt | Rt % bet ween
Pour t ot uogniguduan BedhlaneEto e ok SNOMER cbnfutorilaliadtin D2t 150

ener gy gendriat2.ny allegate embodnentsl ssbstrate $2diand sobstraia 523 aay be e521 and
provide th | I la| el r | es 532 and 536
respect [ velqyfeaf%gizﬁ %tﬁ%ﬁ%ﬁ S’P h%t?ég%hg\gﬁ%gﬁferélrit:ébgg aqyﬁsﬁﬁlﬁﬁ g. 5 shows
fluid sectelementsZispmsdd 526ér diﬁmiengpcp‘timmdhwﬂmon substratés2X andand f 1l uid
sections 5 525 haying t hermal re5| fqor | ui d,
alternate e%B Iﬂ‘q‘pnp%te ﬁéé/ ylall‘?oz% %%9 Btfe Mgﬁgkdl'ﬁ%{egééngﬁgs‘& generati ng
el enent s dgsovidésfluidie coppkng theenﬂﬂdlﬂrmwlsann&)w andthirdieidmal resi st or
"roof shooter and sid LN the s ejector head, or
conbi ni ng. HETBIREmBet 574 bout i ok enaan riavdes Wik Soulil™ Ul o
ej ector heatsétwaérefqulumtﬂu&i ammhb%Manomaﬁhiﬂem e}éc(;mrmanmu ﬁm Blhud/alrl Oufsl .
energy generating elenents t utilize I n ot exanpl e, ui
o1 ot ar o T eEBnIeEyS U BT RS 69 stsronss A SUBRGHES AR i ¢ 1 ul o
ej ector actptalige theleRétg HpRSE Lifilad ¥ bjebZAuidfrom nozzles 532 and 536

respectively.

[0044] Although the embodiment illustrated in Fig. 5 shows fluid
sections 523 and 526 having piezoelectric transducers and fluid sections 524
and 525 having thermal resistors for ejecting a fluid, alternate embodiments
may utilize any of combination of energy generating elements described in
previous embodiments. Combining thermal resistor "roof shooters” and side
shooters in the same fluid ejector head, or combining piezoelectric, and
ultrasonic transducers in the same fluid ejector head, are just a couple of
examples of combinations of various energy generating elements that may be
utilized. In another example, fluid ejector head 500 may contain one section
utilizing a compressed air fluid ejector actuator, a second section utilizing
piezoelectric fluid energy generating elements, and still third and fourth
sections utilizing thermal resistor energy generating elements.

[0045] Referring to Fig. 6a an exemplary embodiment of fluid ejection
cartridge 602 of the present invention is shown in a perspective view. In this
embodiment, fluid ejection cartridge 602 includes fluid ejector head 600



pi ezoel ectric fluid energy generating elenents, and still third and fourth
sections utilizing thermal resistor energy generating el enents. [0045]
Referring to Fig. 6a an exenplary enbodi ment of fluid ejection cartridge
602 of the pozes®t invention is shown in a perspective view In this

enbodi ment, fluid ejection cartridge 2 includes fluid ejector head 600
200209343 16 fluidically coupled to fluid reservoir 628. Fluid ejector body
620 is adapted to be inserted into an encl osi ng nedi um openi ng ( not

shown). Fluid ejector head 600 further includes nozzles 630 di sposed on
fluid ej ectiardidaigooRed enfluid réserebiceds. yFIuﬂLaPécﬂd' tioniyfazmlsladbptaddad) 640. Fluid

contained in fluid reservoir 628 |s sugorgqqégw a flld:t| to fluid
channel 64®¢ inserigddnto anendlesingimedive op howrys drlyid e’ 9I uid

conmuni cat 'r@adwobhumamﬁe@%zmstdsetdlé oﬁé@ohiﬂu@l @é&t@ﬂbédycmzo ainzzl es 630
when fluid ejector actuator is activated. In this énbodinent, fluid

ej ect or actfiigically ouplpd tefldd charng! 640.c 5luid eentaiged infuid resarvaifafact or 668
via elect r.% Sappliel %emte%mcs fidid Q;naﬁne‘i @awn)n adlditn&H fBfNgéQorcadi@stbreNt S,

utilizing, exanpl e, nPresse alr, flurd ejector actuator 650 may be
coupl ed, t@5Q i$ mﬁtud cer@mun @mwqtb@ezzte§63@§9tha!itﬂundn&iewtqsi.ffqrérent

Connectorsrwesgét RREGECEE hotubiof 1S 892887 1 1Y Sbodiriéh! gRigect or  head

600 can be any o |UId e] ector descri I'n previous
enbodi nent ajeqt@mw;atbmw iswleatrically coupjed td eeetrical@onnectonb@hdsed on fl uid

ShaCi ooy AR08 e (RBE Shdvih! I aitctRate diNATRELRTLMERGERF = o Te™
oo e $xam'°'€2{° e e B B e D el oment 664
s any. typd ookt 510,88 B ARl Fapectt: P i P oRERtR g

i nf or mat i orfittirigs adetonhQOFIL@d ejectohhibadrego ben belaay efithiedfiuid ejpetot i es or
paranmeters of the uid or fluid e ctor head 600 or both. In this
enmbodi nent h*ﬁ?&??ﬂtqegdngf%’ﬂ%ﬁeﬁ’%q@‘@ﬁ? $664 is a nenory chip nounted to
body 660 and el ectrically coupled through electrical traces 670 to

el ectrical connector 668. Wwen fluid ejection cartridge 602 is either

inserted i nto, 9048 |\nfeemation starage glementHodis disgossason fivid giestiaRt i on
cartridge 602 as shown in Fig. 6a. Information storage element 664 is
electrically coupled to electrical connector 668. In alternate embodiments
information storage element 664 may utilize a separate electrical connector
disposed on body 660. Information storage element 664 is any type of
memory device suitable for storing and outputting information, to a controller,
that may be related to properties or parameters of the fluid or fluid ejector
head 600 or both. In this embodiment, information storage element 664 is a
memory chip mounted to body 660 and electrically coupled through electrical
traces 670 to electrical connector 668. When fluid ejection cartridge 602 is
either inserted into, or utilized in, a fluid dispensing system information
storage element 664 is electrically coupled to a controller (not shown) that
communicates with information storage element 664 to use the information or
parameters stored therein.

[0047] Referring to Fig. 6b an exemplary embodiment of fluid
dispensing system 604 of the present invention is shown in a perspective
view. In this embodiment, fluid dispensing system 604 includes enclosing



storage elenment 664 is electrically coupled to a controller (not shown)
that conmmunicates with infornmation storage el enent 664 to use the
information or paraneters stored therein. [0047] Referring to Fig. 6b an
exenpl ary epgegiszent of fluid dispensing system 604 of the present

i nvention is shown in a perspective yew In this enbodinent, fluid

di spensi ng system 604 i ncl udes encl osi ng 200209343 17 nedlun1tray 684
having an n x marray of enclosing nedium hol ders 686 adapted to accept

i nsertion of enclosing nmediumparts 606. Fluid dispensing system 604

further inghedherd tey 684hdvirgy draly x@f afrhyibtlersglestig mﬂdmm holdd@@%OZ t hat
i nclude fluid ejector bodies 620 ada ted 0 be [}3?)% tF(j I nto encl osi ng
medi um opédPRtss G@Scenfd‘?seég&ﬂﬂleé‘coé eimparts plo FWd JISPeRsiNg 4y ng a 4 x

4 array ofgy Q@hﬂ@(‘icﬁf&tﬂBF ACRIdES aﬁ“ﬁ j a8 Qﬁré%f ¢! b}é@tn&ﬁ&ér&nog;@g 6@22ha_‘{ 2 array of
fluid EJECtOF dies wherein the tray is effectivel ded into four

sections of'nci‘i@e ﬂwqi gigctor b@ﬁ@StQ?Q adlamea téjbéd'ﬁiﬁ”eﬁd@ﬁoéﬁ‘c&swgl mediEMed in the

encl osi ng t Noizelate) 4 afrlg array of
fluid ej ec{qﬁghm arBt@?l ot Qxé;i'ﬁgla a§§‘s°crr%:‘3ﬁﬁaé36utﬂnzé%:t§apens| ngérg?(tacﬁejfsﬁGBB Fluid

ej ector actafifplgess W'O@é@npﬁogln%ﬁ?dlumrf@rféﬁé\ﬂﬁﬂyZCﬁitﬁyI@d'UtdcﬁJP‘Ftei d ejector
podi es 620 b idEindROIGPt &fecﬁ@%g dﬁt@@&gr@e‘é{l@né:&%&q{c# rs 690

activates f eJ ect or uat ors to eject a urd onto the
i nterior swanddbe fluid eaemmrdmdrs} arecinsmhepam the eg@Bsingmadidin pasts infelagh d

controller S P t at | ' not shown)
di sposed on%?’ﬁud dlntca{JR %Pdo&r@"ﬁ {h%gag g(%ggﬁteiéclftféﬁgggﬁ&g% @Eejgect or bodies
620 about raodrited tb dueplgnslmg‘lgrabkeil%al Féuid sjectoo actuatone B50 [SHHY. Ga)anspor t
mechani sm 692 is ei t her, di s en cket 68 ncl osi ng
redi am ¢ 1 ayreRSEBbLRaB Sl disciorbodies Bad dh g ESSolar PolEndh i nwhPcn
di spfanz I ng teatsflueiedirblies69d 'aclttivm@ ﬂu’t‘:r@jéstpﬂacttuatecﬁxaseﬂg 6@\9&) ejectmpfalr ably
coupled to ontro er 694 an r.OVI g |ng
roverent - ofiehORB e STaHEG R ofPretes B nEdiig, peE S06 TR GOCHEAHA opent ngs
608 to fl uignBbRGev0 iHBpéraslydaprd t¥alrbtatien hitehahismNHot ynquraw fluid
ej ector bodies 620 from encl osi ng medi um parts 606. Faor

disposed on fluid ejection cartridges 602 to rotate fluid ejector bodles 620

about a fluid body longitudinal axis (not shown).

[0048] Transport mechanism 692 is coupled to either dispensing
bracket 688 or enclosing medium tray 684 or both depending on the particular
application in which dispensing system 604 is utilized. Transport mechanism
692 is operably coupled to transport controller 694, and provides signals
controlling movement of enclosing medium tray 684 to align enclosing
medium openings 608 to fluid ejector bodies 620 as well as insert and
withdraw fluid ejector bodies 620 from enclosing medium parts 606. For
example, transport mechanism 692 may move enclosing medium tray 684 in
X and Y lateral directions while raising and lowering (i.e. movement in the Z
direction) dispensing bracket 688 to withdraw and insert fluid ejector bodies
620 into enclosing medium parts 606 as shown in Fig. 6b. In alternate
embodiments, other combinations of movements may be utilized and
controlled by transport mechanism 692 such as rotation of enclosing medium
tray 684 about a central axis to provide additional alignment motion. In this
embodiment, fluid controller 690 and transport controller 694 may utilize any



exanpl e, transport nechani sm 692 may nove enclosing nediumtray 684 in X
and Y lateral directions while raising and lowering (i.e. novenent in the Z
di rection) dispensing bracket 688 to withdraw and insert fluid ejector

bodi es 62Q@opz0bsu3encl osi ng nedi um parts 606 as shown in Fig. 6b. In
alternate enbodinents, other combinajd ons of novenents may be utilized and
controlled by transport nechani sm 692 such as rotation of enclosing nedium
tray 684 about a central axis to provide additional alignment notion. In
this enbodinent, fluid controller 690 and transport controller 694 may

utilize anyoribiilion48 apRicationspedificintegtatag pircultst(ASICspeci fi ¢ i nt egrat ed
circuits (ASICs), m croprocessorswa[;q%_ pr%gr mrabl e | ggic controllers to
control thé“'G'E%pFQﬁﬁsorftﬁﬁ‘@tHr%Q@"ma ¢ (P0lf cANER §it915°'§t@§¥@ﬁ%l9&'.s The _
particul ar rgeMioRs of il Hisb@ﬂsiﬁ@'s steMBUAN AR pdriiuiadvices ludilizedwilli cation in
which fluid dispensing system604 is wutilized. In addition, dispensing

syst em 604 deRgndgp itmaantigulanapniigatiomin which B4d dispaesina fystemd isos to | oad
encl osi ng QR4 IHaardEﬁioﬁp&s;?é"Hsﬂ\g gygfén%oma[wgiﬁuﬁapr@gaeaé aR86. Further,
604 may al so "I nc osin

di spensi ng system 604 ude enc ng lumrotator 685 to
rot at e enclepsiosiporreedium lpader $98de loagrenglegingrmedivmaeartsfaédatoum | ongi t udi nal

axis (see @ngtosﬂwg%éﬁlgm%q?aer% BYS. Fgftﬁé@disb%gsgﬁ;rcf‘éﬁ%rﬂ%oﬁ%%go of the

encl osi ng nmedi umaround the flurd ejector ther r tion of
encl osi ng riecliderencoesing G@dium rataton68®to rotaté lencldsing eeadium paddi6€6 620 or both
can be uti Id'

- dj | LWSer deposits
G aponsed GHEER ALeRIOahS hitood VENoRAFATA Bee Bl 14 4R 10T B! Bla 0P D004,
Opt i onal i nbpdteriarsuface ofBé emalpsing medium aeolinddthe flaidi ejectombddyne,
non- dest r ucd.j, v | assur.an est of t.h f.act d articles. The
bar s oul ar BREITATo G RRe s M b oot bR Bl pend on ¢ e
parti f:ul ar bajssi 628t ardoth oaené\ge otlizé'gst@gel_se;r_at.p %W@d—éim&{éibniasarﬁay ofi zed. Forf
exa e 1 nspection unit, utillzed to nitor the quantity o
matori ol e dnosfhsisenssd abiq Heiiteteriiace gERRCioTg MBAI a1 or sur f ace
of a gel atipartsg@gsul e. Anot her exanpl e woul d be nonitoring a reaction
product when

[0049] Optional inspection unit 696 may be utilized to provide in-line,
non-destructive quality assurance testing of the manufactured articles. The
particular function performed by inspection unit 696 will depend on the
particular application in which dispensing system 604 is utilized. For example
inspection unit 696 may be utilized to monitor the quantity of material
deposited when dispensing bioactive agent on the interior surface of a gelatin
capsule. Another example would be monitoring a reaction product when
dispensing various reactants on the interior surface of a vial or other suitable
container. For example near infrared or other optical techniques may be
utilized to perform a rapid in line assay of bioactive agent or agents on
enclosing medium parts 606. Further inspection unit 696 may also be utilized
to optically monitor the quality of characters generated on the interior surface
of a jar, vial or other suitable container.

[0050] Referring to Fig. 7 a flow diagram of a method of
manufacturing a fluid ejector head according to an embodiment of the present
invention is shown. Substrate creation process 780 includes making a



di spensing various reactants on the interior surface of a vial or other
suitable container. For exanple near infrared or other optical techniques
may be wutilized to performa rapid in |line assay of bioactive agent or
agents on 2eoobmsi ng nedi um parts 606. Further inspection unit 696 nmay al so
be utilized to optically nonitor theyuality of characters generated on
the interior surface of a jar, vial or other suitable container. [0050]
Referring to Fig. 7 a flow diagram of a nethod of manufacturing a fluid

ej ector head according to an enbodi nent of the present invention is shown.

Substrate csuasﬁéteradapt@actebe?r&férﬁedmhtu@aaapmkigrtgaa eeRBPYIA&dIad. subst rat e
adapt ed torﬁ;‘ I nserted |€ n _openi ng of .an 0S| ntg‘T F [n The
substrate Pstraiganay feom apy ceramis, gleaopr PRsEMateldt erj al  capabl e

of form ng chﬁsmawr&ﬁmahe PFcfpn’hté é.tétd/mtvmhm ih@%p@ﬁfh@'dl%é)f the el ongat ed
enclosing. T articular erial utilized for the substrate depends on

the parti celengaigshencieaingnThepaticwar material leﬂhaeféf%éh%sutﬁé@éﬁw Il be
utilized. %%Pﬁﬁ&@amrﬁe rﬁctﬂé“rtéﬁb‘ﬁc ﬁ:Y\'lﬁ%lcﬂ‘\rtﬁeﬂﬁﬁ'eﬁ@&bﬁwééﬁﬂl%@bﬁrat es

having the er mal em cal, "and mechani cal properties suitable for

seni conductttﬁhzeq@rﬁm@ggmﬁ?{? ifagve d%V'CQﬁaﬁ"‘ﬁd%'fgb'aé‘%%%su@lfa?ﬁsﬁwn@x| de,
pol yi m de ?h@ﬁ?ern%faghem%| 'aﬁ@?nébﬂ?ﬁkgﬁpdoﬁémeg db‘l’é"(o%éﬁﬁﬁoﬂ@u(gbp nane a

few, may be utilize wever rive" Is desirable then
subst r at es phecdssingl such as, war@aqglasselsealummum hxidie cpolyieide suhstratéscal

properties u S | | lals. Substrate
creation prﬁ?gggg% ah@%@g‘é@‘ %%?ﬂ?%gg g%é %[ﬁ&‘éﬁ%}{% pﬁizgﬁe desi red shape,
such as cyIHdeVlec,af a"dlmctammg;ijllsade3|rtable(1hhmsubstrdtgsgm\mg less stringemts dependi ng
on the partlc ect head will be

| ti
o e en? il <Bha 3Rt nidtnoficRroRering pin i SiBbesicad ifoud! | o
coln?/ent | on:;irllasmemaeMgLCSubstmtecmongrmus pa&nﬂ:lud@s{fmmng ]Erwtqﬁ | S]E f)r sd as
we as o (0] s required ra on O e ul
ej ect or heé&gsweq@ ﬁ@ f‘iﬁf@g 5?%‘9 SHfR a8 CY'F’QHQ%E%?@Q&‘?& WM™ | ogi ¢ devi ces
typically goBgofanRelictrés desdrfitg & thelpartiduldrapbRoatibh iPWhichehg atigt rate.  The

particul ar structure of the
ejector head will be utilized.

[0051] Optional active device forming process 782 utilizes
conventional semiconductor processing equipment to form transistors, as well
as other logic devices required for the operation of the fluid ejector head, on
the substrate. These transistors and other logic devices typically are formed
as a stack of thin film layers on the substrate. The particular structure of the
transistors is not relevant to the invention, however, various types of solid-
state electronic devices may be utilized, such as, metal oxide field effect
transistors (MOSFET), or bipolar junction transistors (BJT). As described
earlier other substrate materials may also be utilized. Accordingly the
substrate materials may also include any of the available semiconductor
materials and technologies, such as thin-film-transistor (TFT) technology
using polysilicon on glass substrates.

[0052] Fluid energy generating element creation process 784
depends on the particular transducer being utilized in the fluid ejector head to
create the fluid ejector actuator. Typically, for thermal resistor elements, a



transistors is not relevant to the invention, however, various types of
solid- state electronic devices may be utilized, such as, netal oxide field
effect transistors (MOSFET), or bipolar junction transistors (BJT). As
descri bed og@ipbdsgr ot her substrate materials nmay also be utilized.
Accordingly the substrate materials y al so include any of the avail able
sem conductor materials and technol ogi es, such as thin-filmtransistor
(TFT) technology using polysilicon on glass substrates. [0052] Fluid
energy generating el ement creation process 784 depends on the particul ar

transducer rbgétBgisybirheéd 88la itahtallm é|bmrmneawmmz.hg@dnmuoﬁaleate the fluid
ej ector actuator. Typically, for thermal resistor elenents, 00209343 20

resi stor | SeMigoneyctes pEQC?&ﬁBQPQWP@IeUhﬁH%?%tPPWW@PW'Q‘P%@V%% ti onal
sem conducgy, ﬁ’q feresisi aRd'e: 5‘I|t ﬁ%&f §)%’ierﬁ§ﬁﬂﬁiefhlﬁﬁ tigyst ens for

formng the reststor and etchln and ¥ﬁitensfor defining
t he | ocat ilenatian@nd ishaee gfthehiesmt@slayebrlnlaétymate ﬁ'ﬁba‘#'{f@" fesigpbodi ment s,

esi Stor ahibysuchiitdtuAgstbh SHiEbPhile, b Adlydlidonl gy aRb b@QJtMiéd i fon nay al so

be utilize ternative errbodl nts, enerators other
t han therrrmltherraéistr@tllw embodimentss figiddrep igeaeratars otner anrrtagtmc may al so be

utilized. Q%%H lsyct?éggfegggpﬁﬂbr@%% soﬁlé%?ﬁgls%'&%ﬁﬁm%d.' IhZdi9 conpr essed

air the fIdrd o) el e crea ormng one or nore
di aphr agns dtmerfdmhaﬂilmemmwsudwmtthose uhlllzhngtdmmpnesseldeair the fluiddgjéctoon, in those

enbodi ments_utilizin eVIces or ned e sub ate, some of the
active deviagg?t%[r"@?y g?§ i‘?ﬁ/ OrRINg e %rzﬂ‘?r?d@ %S{n fﬁ‘ﬁ‘ie fluid energy
genelr ating oehmmauohwtrﬁthembzzlcal |ntarca1®te? frﬂhaseierrnbo@mfeld nteutilizimgal | oKs Isuch
as al um num copper. s used in,int ed circuit technol ogy
Ot her interaé’ﬁ\‘ga% ice ‘JPT'Bﬁg Prghfmgtﬁﬁg\é sﬁ'?‘f"lq g@ﬁﬁ%@ 8%, or copper.

[ 0053] Charrméaliyawe&trrcaryadwla@rtecmﬂum‘f&ﬁerg@@madﬁmgreletrﬁawts pgrticul ar

mat erial chosen to formthe chanb é@’)’ﬁ or the chanber orifice |ayer

when an | nt%ﬂ%ﬁaéga%ﬁfi@?d frg%@'u%]ﬁﬂmh é”F’é?éP'q@“%é{I’ppq’he particul ar
material chQReR chiimorfiFBsdin Hitefrated Gictit Sechinblogys Othér ikfetddhinB& Ng

alloys may also be utilized such as gold, or copper.

[0053] Chamber layer forming process 786, depends on the
particular material chosen to form the chamber layer, or the chamber orifice
layer when an integrated chamber layer and nozzle layer is used. The
particular material chosen will depend on parameters such as the fluid being
ejected, the expected lifetime of the fluid ejector head, the dimensions of the
fluid ejection chamber and fluidic feed channels among others. Generally,
conventional photoresist and photolithography processing equipment or
conventional circuit board processing equipment is utilized. For example, the
processes used to form a photoimagable polyimide chamber layer would be
spin coating and soft baking. However, forming a chamber layer, from what is
generally referred to as a solder mask, would typically utilize either a coating
process or a lamination process to adhere the material to the substrate.
Other materials such as silicon oxide or silicon nitride may also be utilized as
a chamber layer, using deposition tools such as plasma enhanced chemical
vapor deposition or sputtering.



ej ected, the expected lifetinme of the fluid ejector head, the dinmensions of
the fluid ejection chanber and fluidic feed channel s anong ot hers.
General ly, conventional photoresist and photolithography processing

equi pnment @uo2o08smgventional circuit board processing equipnent is utilized.
For exanple, the processes used to fgrm a photoi magabl e pol yi m de chanber

| ayer woul d be spin coating and soft baki ng. However, form ng a chanber

| ayer, fromwhat is generally referred to as a sol der nask, would
typically utilize either a coating process or a |lamnation process to
adhere the mate[(jom]t(smé\ﬁalsd&fmttmtpeoce@gl‘reatypixtaﬂyimhzessuch as silicon oxide

or silicon nitride ma{l ?be ut|||z \qu | ayer, using

deposi ti on Phgiglithogranh é@mﬁl%{é??geﬁ}'ﬂﬂan H@% 4 re"sﬁ'b%r deposition or
sputtering., haﬁﬁ}ﬁQ?&ﬂ@pa@lnElQQ%%o@éldlﬁW haé%éérﬂfo%@@oﬁ&ﬁ@@&%tr@?@ typically
utilizes photolithogra t ool s Eatternln%hFor exanmpl e after either a

phot oi nagalﬂl‘%cwk}ﬁ""dﬂﬁ! V!ﬂ“'%b‘? geposeddhrongh a ayinghesiesired substrate,

the Chaﬂberchéa%erfe\éﬂ%é R n%emﬁédawn&%h takdPoUdR\d Bdleidye desired
chanmber features. The cha | 'ayer hen taken through a _devel op

process an@r@%swmtw@a"ymma@mntf ﬂﬂ'ahakgﬂ@c%ﬁéﬁéége ererOthelel op. O her
enbodi ment %nﬂHﬂYm?ﬁ S{’m \Ag)'?lsbztﬁihfe é?éb‘ihﬂiqt‘aﬁ%uﬁﬂdr‘n‘) #hat 8 c8hhor lfycommn' y

referred to as rocess I'S process, typica a | ost wax or
sacrifici alreﬂemedrto as atlmttwaxamoms& dnrthug grocess, dypicallyfadpstexam®n e, sol ubility,

et chi ng.  Megtyn i QEA8 T 136090 (RHoulhEF oPRRBIBPLGHIRy TBaNS, TS used

to formth dccanne ructures’as well as the
orifice or etdumg hedly photichgmical reaktjore or othenapproptiatesnears,, sduseddo t hese

structures for he Iost teri The | ost | is
renoved by f% [F%dﬂuéé)gc?% p%raqr] fﬁﬁﬁ?nﬁ 5%35\’/‘5”@33?%%’6%%?%@% § | eavi ng a
fluidi c chaober Typiédlly dpolymnmﬁéteMcib codtéd ogerftheseestructures éormedt ed

mat eri al sﬁ] or m ngyprocess 790 de %ends on the

. [0
particul ar [Wgaﬁlqséwaéﬁb@%rﬂ?' é-h Hshwaxmatgdal|isramoved by Qe & i cul ar

[fﬁt erial  oafiatiohldf tHEélﬁﬂé-rﬁéhtlbﬁéé'ﬁS&Bo‘éfs%ﬂ!éﬁhng% fludic Ehatheerbei ng ej ect ed,
e
fluidic channel and orifice formed in the coated material.

[0055] Nozzle or orifice forming process 790 depends on the
particular material chosen to form the nozzle layer. The particular material
chosen will depend on parameters such as the fluid being ejected, the
expected lifetime of the printhead, the dimensions of the bore, bore shape and
bore wall structure among others. Generally, laser ablation may be utilized,;
however, other techniques such as punching, chemical milling, or
micromolding may also be used. The method used to attach the nozzle layer
to the chamber layer also depends on the particular materials chosen for the
nozzle layer and chamber layer. Generally, the nozzle layer is attached or
affixed to the chamber layer using either an adhesive layer sandwiched
between the chamber layer and nozzle layer, or by laminating the nozzle layer
to the chamber layer with or without an adhesive layer.

[0056] As described above (see Figs. 4-5) some embodiments will
utilize an integrated chamber and nozzle layer structure referred to as a
chamber orifice or chamber nozzle layer. This layer will generally use some



expected lifetinme of the printhead, the dinmensions of the bore, bore shape
and bore wall structure anong others. Cenerally, |aser ablation may be
utilized; however, other techniques such as punching, chemcal mlling, or
m cr onol di ngozvesusal so be used. The nethod used to attach the nozzle |ayer
to the chanber | ayer also depends on %ge particular materials chosen for
the nozzle |layer and chanber |ayer. nerally, the nozzle layer is
attached or affixed to the chanber |ayer using either an adhesive |ayer
sandwi ched between the chanber | ayer and nozzle | ayer, or by |amnating

the nozzl edombmtnoh@ftr’rwprob@sﬁeeralrbamedesdnbbd dependitigporn trwpaﬂd:wari ve |ayer.
[0056] As described above (see sone enbodi ne s will utilize an

i nt egr at ed regtarialahosenyf %(yﬁln@grgﬁgﬂayﬁr Gk exampiesia opggmaedigent @ chanber

orifice or n I sonme
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t he nozzl es an d Wi thin T ayer&by such
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phot oi magi b epoxy can dI spose e an n using
convent i onaécmiimiaslthe bbgnhprhyyertammuzqieesnaym foaeti for examapleabyd nozzl es may

be forned, exa exp for th pi ng cycl e.
In still arﬁ@ﬁ@? eé( Fﬂg%f[oren}ﬁg d%@@@ gﬁféaﬁ'aﬁgl??'hoet roeérﬁbgé%gbﬁocess may
al so be ut ldslmdntbédl ém'é\mthdla lost wb&quﬂeefl nedyadidebe Ltlized talfuimmd ZIS Iayerh
structure. .J005 Fluid inlet or rocess 792 depends on the
particul ar "LF&P@Z%%F“W?? lﬁgﬂapg OF%\E '%){?5§FP§E@P For exanple to formthe
fluid inlet channels in a silicon substrate a dry etch may be used when
vertical or or re desire n sl opi ng

s dewatl s are " WG T et Shashe Cofnng ardces 28 BBSHAS HER: um hydroxi de
(TMAH) may daeucwarlmatéﬁa utilifecP@fltHel SubstrateMtFonakampre t@ffor\‘\@ﬂ\e&'nuih il etch may

al so be utilized
channels in a silicon substrate a dry etch may be used when vertical or

orthogonal sidewalls are desired. However, when sloping sidewalls are
desired a wet etch such as tetra methyl ammonium hydroxide (TMAH) may be
utilized. In addition, combinations of wet and dry etch may also be utilized
when more complex structures are utilized to form the fluid inlet channels.
Other processes such as laser ablation, reactive ion etching, ion milling
including focused ion beam patterning, may also be utilized to form the fluid
inlet channels depending on the particular substrate material utilized.
Micromolding, electroforming, punching, or chemical milling are also
examples of techniques that may be utilized depending on the particular
substrate material utilized.

[0058] Fluid channel forming process 794, typically, will utilize an
injection molding process to form the desired shape of the fluid channels
depending on the particular application in which the fluid ejector head will be
utilized. The injection molded fluid channel would then be mounted, using a
suitable adhesive, to either the substrate or a fluid body housing depending
on the particular structure being utilized.



when nore conplex structures are utilized to formthe fluid inlet channels.
O her processes such as | aser ablation, reactive ion etching, ion mlling

i ncludi ng focused ion beam patterning, nmay also be utilized to formthe
fluid inl eoboaobmsnel s depending on the particular substrate materi al
utilized. M cronolding, electroforniﬂ%, punching, or chemcal mlling are
al so exanples of techniques that nmay be utilized depending on the
particular substrate material utilized. [0058] Fluid channel form ng
process 794, typically, will utilize an injection nolding process to form
t he desired shape of the fluid channels depending on the particular

application in t uj d ctor dvm I]ized. The

i nj ection nol deﬁghq%?] @W&ﬁhﬁé‘i % °HB'"HIH§W‘E9§8 féh {yﬁ&agy V‘Q'Ei tabl e
adhesi ve, tygligl AMijedtibR nwam rp?do%seto@rﬁaltne dedifdsh L!ﬁ*tﬁb]ﬂtﬁi@lb@ﬂyil ng on the
particul ar struct ure bei ng I1ized. 200209343 23 [ 0059] Opti onal fluid

body housi H’QUFBBWHQ“%P%@%@‘? P@fﬁcu'?wﬁﬁlﬁﬂ"iﬂ inyyhieh thg:fiuiq ejgctenhead ect i on
mol di ng pr %@5@ uhﬁ&efdoﬂmsbhﬁ éi'ﬁ&ddrﬁeﬁt@%h% thgl‘asﬁow# if Fli@éjz'a am®os] ng

dependi ng on particular application in which fl'ui d ej ector head
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exenpl ary emizddnasmtfomfedaomm‘eimdniber layet fogmed bh thelsulbtrafeeasi ng systemto
di spense d fﬁe d(i\:p éms of material onto the interior surface of an
encl osi ng d;ia Fig, as a flow diagramin Fig. 8. Aligning enclosing
medi um process 810 is used to align the opening in the

[0060] An exemplary embodiment of a method for using a fluid
dispensing system to dispense discrete deposits of material onto the interior
surface of an enclosing medium is shown as a flow diagram in Fig. 8.
Aligning enclosing medium process 810 is used to align the opening in the
enclosing medium to the fluid ejector head so that the fluid ejector body may
be inserted into the enclosing medium. The enclosing medium is, typically, in
an enclosing medium tray or other holding device. The tray or other holding
device is under the control of a transport mechanism and the transport
controller. Any of the conventional techniques for aligning parts may be
utilized. For example, an electric or pneumatic motor or other actuator may
move the tray or other holding device in X and Y lateral directions to establish
proper alignment of the enclosing medium to the fluid ejector head. In
addition, typically a theta or rotational alignment about a Z-axis will also be
provided. Further, sensors located on the holding device, or an optical vision
system or combination thereof will, typically, be utilized to provide feed back
that the enclosing medium is properly aligned to the fluid ejector body. In
alternate embodiments, the transport controller may be linked to a fluid
ejection cartridge or fluid ejector head, mounted to a dispensing bracket,



enclosing nediumto the fluid ejector head so that the fluid ejector body
may be inserted into the enclosing nedium The enclosing nmediumis,
typically, in an enclosing nediumtray or other holding device. The tray
or ot her halpghoagss device is under the control of a transport nechani sm and
the transport controller. Any of the,gonventional techniques for aligning
parts may be utilized. For exanple, an electric or pneumatic notor or

ot her actuator may nove the tray or other holding device in X and Y

| ateral directions to establish proper alignnment of the enclosing nmedi um

to the fl Ulpﬂoﬁﬁlﬂgfmﬁvehwﬁof the ﬂu&ﬂéjeétbﬂliodytdrmdtlatﬁeyﬂm jeeton body and at i onal
al i gnnent about a axi s w ors | ocat ed

F
on the hol dh?l@o'ﬂt!\gl Q%"Ceotp peﬁ?P%ﬁthl'S%\lthev‘?&l‘Eﬁ'Pg Wg'tugh{ootpe@limﬁl Pf on t her eof
W ll, typigrlajy, be utilized to provide feed back that the enclosing
medi um i s properly aligned to the fluid ejector body. In alternate
enbodi nents, the transport controller may be linked to a fluid ejection

cartridge or fl ] ndé e 200209343
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utilized to 1 nse I'd ejector I nto e openln of the
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act uat or prigeeaRs opefing of thel drickthgtMedilect the fluid from at I east one
nozzl e di sposed on the fluid ejector body. Typically,
[0062] Activating fluid ejector actuator process 830 is utilized to eject

the fluid from at least one nozzle disposed on the fluid ejector body. Typically,

a drop-firing controller or fluid controller in the fluid dispensing system,

coupled to the fluid ejector head, activates the fluid ejector actuator, to eject

drops of the fluid. For those embodiments, utilizing a fluid energy generating

element, such as piezoelectric or thermal resistor elements, the drop firing

controller will, typically, activate a plurality of fluid energy generating elements

to eject essentially a drop of the fluid each time a fluid energy generating

element is activated. Typically the fluid energy generating elements can

reproducibly and reliably eject drops in the range of from about five femtoliters

to about 10 nanoliters. Such a drop size corresponds to deposits in the

picogram to microgram range depending on the ratio of the amount of the

desired material to be deposited to the amount of solvent in the fluid drop

ejected. However, depending on the particular application in which the fluid

dispensing system is utilized, the size of these fluid drops can be controlled, in

the range from about 5 femtoliters to about 1 microliter. Such a drop size

corresponds to deposits in the picogram to milligram range depending on the



a drop-firing controller or fluid controller in the fluid dispensing
system coupled to the fluid ejector head, activates the fluid ejector
actuator, to eject drops of the fluid. For those enbodinents, utilizing a
fluid ener @oomesdrati ng el enment, such as piezoelectric or thermal resistor
el ements, the drop firing controllergill, typically, activate a plurality
of fluid energy generating elenents to eject essentially a drop of the
fluid each time a fluid energy generating elenment is activated. Typically
the fluid energy generating elenments can reproducibly and reliably eject
drops in t hratioc efthe apdount ofthaltesired materfabtd ng démosited tothelmmdurt @f nanol i t er s.
Such a drop fi Z?. cRrresp nds. t% deposits in the picogramto m crogram
range deperf@V§gt Bine AHIA.APP §ieGed he anobunt of the desired material to be
deposited to the amobunt of solvent in the fluid drop ejected. However,
depending on the particular _ application_ in which the fluid dispensing
systemis utili QB3] HAsrensingfuid prosess B4 is wiliggrktodisPanse@pft rol | ed, in

the range fdoatRoRREYScatioh BItHE!djdREdItia dréRWN theMSGdObikRle ofeh a drop size
corresponds to deposits in thé picogramto ml|igramrange depending on the
200209343 =nclogingdnediurve ferpthetdisreterngentdenasiis nRepending eB e deposited to
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utilized.

longitudinal axis is utilized.

[0064] In addition, depending on the particular fluid ejector body
utilized dispensing fluid process 840 may also include an optional rotational
displacement process. The rotational displacement process is utilized, for
example, to create rows of the discrete deposits for those embodiments
utilizing fluid ejector heads having a single column of nozzles for a particular
fluid. By utilizing rotation, dispensing fluid process 840 may generate a two-
dimensional array forming an areal density of fluid deposits on the interior
surface of the enclosing medium. Three-dimensional arrays may also be
generated by dispensing fluid deposits on top of previously dispensed fluid
deposits. In addition, for those embodiments utilizing fluid ejector heads
having multiple columns of nozzles the rotational displacement may be
utilized to form rows of the discrete deposits having a smaller spacing
between deposits than obtained with the same fluid ejector head without
rotation. The rotational displacement may be accomplished by any of the
conventional techniques utilized for rotation such as electrical or pneumatic
motors, or piezoelectric motors to name just a couple of examples. The



[0064] In addition, depending on the particular fluid ejector body
utilized dispensing fluid process 840 may al so include an opti onal
rotational displacenent process. The rotational displacenent process is
utilized, faoozo9®anple, to create rows of the discrete deposits for those
enbodi ments utilizing fluid ejector heads having a single colum of
nozzles for a particular fluid. By utilizing rotation, dispensing fluid
process 840 may generate a two- dinmensional array f or i ng an areal density
of fluid deposits on the interior surface of the enclosing nedium
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discrete deposits having a smaller spacin bet ween deposits than obtai ned
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rotation and vertlcal isplacement various structures may be generated, from

simple two-dimensional arrays, or overlapping deposits forming a layer, to

more complex structures such as three-dimensional arrays.

[0066] Referring to Fig. 9a an article of manufacture made using a
fluid dispensing system according to an embodiment of the present invention
is shown in a perspective view. In this embodiment, enclosing medium 906 is
container 930 that has interior surface 910 upon which is printed various
alphanumeric characters 950 representing information in a human-perceptible
form and bar code 940 representing information in a machine under stood
form. Although the information depicted in Fig. 9a is what is commonly
referred to as a "consumer coupon" alternate embodiments, may include any
desirable consumer or manufacturing information. In addition the information
can be any symbol, icon, image, or text or combinations thereof, such as a
company logo or cartoon character. Other examples of various forms in which
the information may be presented are a one-dimensional bar code, a text
message, a code, or hologram.



rotation and vertical displacenent various structures may be generated,
from sinple two-dinensional arrays, or overl apping deposits formng a

| ayer, to nore conplex structures such as three-di nensional arrays. [0066]
Ref erring tao0Z6egn3 9a an article of manufacture nade using a fluid

di spensing system according to an enbgdi nent of the present invention is
shown in a perspective view. In this enbodi nent, encl osing nmedium 906 is
container 930 that has interior surface 910 upon which is printed various
al phanunmeric characters 950 representing information in a human-perceptible
form and bar co{@06730 Refenrlageuﬁgr.\@bianfanﬁc‘rabf mnnUfacmrerhaVihga rooréer st ood

form Although the information icted in 9a is . what is.comonly
referred td’ag blg S%@B?I S%B%B@ﬁg uélntgearhﬁ? gﬁﬂ B9 SESIE0 ageatding. - | ' de” any
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variabl e S*'Q%Qear%lénéfla%ﬂ &@nm%eﬂéé&%r@i&é &Ho‘tjsl%vﬁrBQHét' 4Hd depasii accor di ng
to an enbodi nent of thecqp1resent Invention I's shown in a perspective view.

In this erffdateriensurfased199ffgxiniecnaskagm83? in patiemouaing detmaiixo32 t hat has
interior 5%5rﬂ§ﬁat%@o%gé‘r MBAS! A§d?%dnﬁ%&%bové‘lnrf@r"lepsga !aﬁtu’ngge; to be

| egible fro e outsi various a anuneri ¢ chafacters
Al phanuner ialphamameciceharactse, caraengemee andefsiood cgdé suchiapesineoror dots (not

shown) thagwgrﬁmg'qﬁgr??;l&é???ézenmiﬁgh dﬁ'ﬁ%e[, urface 910 of flexible package 932

in patternsusin on or other neans. As described
above in for Fig. 9a an inmage, alphanunerlc characters, or a machi ne

00681 Ref er i ndUT i REreaRB o i o el At e. L aa Rl coRpler o ad ng &
fluid di speugd mspa;sﬁi@vsae:rﬁ@wbrdggtt@aa@nﬁmunﬁemmﬂthexﬁrewa iwentiont i nvention
is shown in a perspective view. In this embodiment, enclosing medium 906 is

gelatin capsule 934 that has interior surface 910 upon which is printed,
pattern 954 using dot matrix manipulation or other means to generate an
image, alphanumeric characters, or a machine understood code. In this
embodiment the pattern 954 utilizes discrete ink deposits (not shown) to
generate the alphanumeric characters "agh3" printed on the inside of
enclosing medium 906 in reverse letters to be legible from the outside. By
printing on the inside of enclosing medium 906, such characters or images
are not as easily rubbed off or washed off as for conventional packages
printed either on the outside surface or on labels subsequently applied to the
outer surface of the package.

[0069] What is Claimed is:



is shown in a perspective view. In this enbodi nent, enclosing nmedium 906 is
gel atin capsule 934 that has interior surface 910 upon which is printed,
pattern 954 using dot matrix mani pul ati on or other neans to generate an

i mge, al phratoo®si ¢ characters, or a nmachine understood code. In this
enmbodi ment the pattern 954 utilizes dP8crete ink deposits (not shown) to
generate the al phanuneric characters "agh3" printed on the inside of

encl osing nedium 906 in reverse letters to be legible fromthe outside. By
printing on the inside of enclosing nmedium 906, such characters or inmages
are not as easily rubbed off or washed off as for conventional packages
printed either on the outside surface or on | abels subsequently applied to
the outer surface of the package. [0069] What is Clained is: 200209343
What is Clainmed is: 28 1. Afluid ejector head (100, 100", 200, 300, 400,
500, 600), conprising: a fluid ejector body (120, 220, 320, 420, 520, 620)
adapted to be inserted into an opening (108, 108, 608) of an enclosing
medi um (106, 106", 906), said enclosing nmedium having an interior surface
(110, 910); at |east one nozzle (130, 230, 330, 430, 530, 630) disposed on
said fluid ejector body; a fluid ejector actuator (150, 250, 350, 450,
550, 650) in fluid comunication with said at | east one nozzle, wherein
activation of said fluid ejector actuator ejects a fluid through said at

| east one nozzl &VhatiwClaimed ésdet er mi ned | ocation on said interior surface of
said enclosing nedium 2. The fluid ejector head in accordance with claim
1, wherein said fluid ejector actuator further conprises a fluid energy
generating el emdnt AZGR ejé&ar h&b(1086000' 4800, 383,61004500, 6083) , wherein
activation of said fluid energy generating elenent ejects essentially a
drop (214) of s&PYPFP0Pd onto said interior surface of said encl osi ng

medi um wher ei n atfluid gjettorbody (120£220, 320, 420, 520, 620) adapted to be

inserted into an opening (108, 108', 608) of an enclosing medium (106, 106',
906), said enclosing medium having an interior surface (110, 910);

at least one nozzle (130, 230, 330, 430, 530, 630) disposed on said
fluid ejector body;

a fluid ejector actuator (150, 250, 350, 450, 550, 650) in fluid
communication with said at least one nozzle, wherein activation of said fluid
ejector actuator ejects a fluid through said at least one nozzle onto a
predetermined location on said interior surface of said enclosing medium.

2. The fluid ejector head in accordance with claim 1, wherein said
fluid ejector actuator further comprises a fluid energy generating element
(252, 352, 356, 360, 452, 456, 459, 463), wherein activation of said fluid
energy generating element ejects essentially a drop (214) of said fluid onto
said interior surface of said enclosing medium, wherein the volume of the
fluid, of essentially said drop, is in the range of from about 5 femtoliters to
about ten nanoliters.

3. The fluid ejector head in accordance with claim 2, wherein said
enclosing medium medium further comprises a side interior surface (110') and

a bottom interior surface (109) and essentially said drop of said fluid is ejected



fluid, of essentially said drop, is in the range of from about 5
fentoliters to about ten nanoliters. 3. The fluid ejector head in
accordance with claim2, wherein said enclosing nedi um nedi um further
conpri ses aoamdmslnterlor surface (110') and a bottominterior surface
(109) and essentially said drop of saf¥ fluid is ej ected 200209343 29 onto
said side interior surface of said enclosing nedium4. The fluid ejector
head in accordance with claim2, further conprising at |east one active
devi ce di sposed on said fluid ejector body electrically coupled to said

fluid ener gntgedie shlei ingriet surtaee .of Said Bnelotingimediymct or head in accordance
with claiml1, further conprising a second fluid ejector actuator wherein
said fluid ejector actuator is of a first type (550, 551) and said second

fluid ejector agtuatpie ﬂ@id‘éﬁec@or Head M Ecdardsndedhith clairB2, fuiherA fluid ej ection
cartridge conpri si rg | uid ejector head in accor dance with claim1; and

afluid re§@mptﬁ'§!n9( Jemast @@ﬁ]@@!%%‘@&'@oﬁpﬁpﬁ saighfiyid pigctor 8adY y coupl ed to
said fluidgi cﬂgcggagd to7$a|é\ﬂ;u|d alﬂWP@w ghem conprising: at |east

one fluid ej ectl on cartridge o control ler (690) operably
coupled to said fluid ej ect or actuator; and at |east one encl osing nmedi um
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6. A fluid ejection cartridge comprising:

a fluid ejector head in accordance with claim 1; and
a fluid reservoir (628) containing said fluid, and fluidically coupled to

said fluid ejector head.

7. A fluid dispensing system comprising:

at least one fluid ejection cartridge of claim 6;

a fluid controller (690) operably coupled to said fluid ejector actuator;
and

at least one enclosing medium holder (686) adapted to hold said
enclosing medium, wherein said fluid controller activates said fluid ejector

actuator to eject a fluid onto said interior surface of said enclosing medium.

8. The fluid dispensing system in accordance with claim 7, wherein
said at least one fluid ejection cartridge further comprises an i x j array of fluid
ejection cartridges, and said at least one enclosing medium holder further
comprises an enclosing medium tray (684) having an n x m array of enclosing
medium holders.

9. The fluid dispensing system in accordance with claim 7, wherein

said enclosing medium holder and said fluid controller dispense said fluid in a



9. The fluid dispensing systemin accordance with claim?7, wherein said
encl osi ng nmedi um hol der and said fluid controller dispense said fluid in a
200209343 30 two-di nmensional array onto said interior surface of said

encl osi ng meshosss 10. A net hod of manufacturing a fluid ejector head
conprising: creating a fluid ejector3body adapted to be inserted into an
openi ng of an encl osing nedium said nmedium having an interior surface;
formng at |least one orifice (790) on said fluid ejector body; creating a
fluid ejector actuator in fluid comunication with said at | east one

orifice, whet-eimensidnatatraponiofsatdinterfor sudace efctait ersobdsireg medigrect s a 1 ui d
onto a discrete location on said interior surface of said el ongated
encl osing nedium 11. The nethod in accordance with claim 10, wherein
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one active device (782) electrically coupled to said fluid ejector actuator.

12. The method in accordance with claim 10, wherein creating a
fluid ejector actuator further comprises creating at least one fluid energy
generating element (784).

13.  The method in accordance with claim 12, wherein creating at
least one fluid energy generating element further comprises creating at least
one fluid energy generating element of a first type and at least one fluid
energy generating element of a second type.

14. A method of using a fluid dispensing system, comprising:

inserting a fluid ejector body (820) into an opening of an enclosing
medium; and

activating a fluid ejector actuator (830) to eject a fluid

dispensing said fluid (840) at predetermined locations onto a least a

portion of an interior surface of said enclosing medium.

16. The method in accordance with the method of claim 14, wherein
activating a fluid ejector actuator further comprises activating an energy



31 generating elenent to eject essentially a drop of said fluid, wherein

di spensing said fluid further conprises dispensing said fluid in a two

di rensional array of discrete deposits on said interior surface of said
encl osi ng meecbopsms and essentially said drop having a volune in the range of
fromabout five fentoliters to about3bne nicroliters. 16. The nethod in
accordance with the nethod of claim 14, further conprising aligning said
enclosing nediumto said fluid ejector body. 17. The method in accordance
with the nethod of claim 14, further conprises rotating said enclosing
nedi um ar ogetlemting efdmérd tepject essehtially.a didp of baidifieid) adherein dispensiagice Wi t h
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di spensi ng sai d d further conprises dispensing said fluid in discrete
deposi t, wessentially spid drep having gyvebimmin therange qffrorhabeul i@ fr om about one

pi cogram t @e@kfitdrs R'SooutohE PYlERIRers.

16. The method in accordance with the method of claim 14, further

comprising aligning said enclosing medium to said fluid ejector body.

17. The method in accordance with the method of claim 14, further
comprises rotating said enclosing medium around said fluid ejector body.

18.  The method in accordance with the method of claim 14, further
comprises rotating said fluid ejector body around said enclosing medium.

19.  The method in accordance with the method of claim 14, wherein
said fluid includes a solid component, and wherein dispensing said fluid
further comprises dispensing said fluid in discrete deposit, wherein said solid
component weighs in the range from about one picogram to about one

microgram.



