200400194-1 FLU D EJECTI ON DEVI CE AND METHODS OF FORM NG SAME BACKGROUND
[ 0001] Dwepian- demand fl ui d-ejection devices can be utilized in many

di verse applications such as printing and delivery of nedicines. Another
application can include dispensing liquid materials for bio-assays. Stil
anot her application can conprise printing electronic devices with the
fluid-ejection device. Drop-on-demand fl uid-ejection devices can conprise
multiple fluid drop generators. Individual fluid drop generators can be
sel ectivel y EbhIDeEIedTIONRESHCH AND MBPEHQIBSKF & NG BAMEr om [ 0002]
An inportant criterion for the operation of drop-on-demand fl ui dejection
devices is printing speed. As such, it is often desired to increase
printing speed of a drop-on demand fl ui d-ejection device. [0003] The

di versity of applications for which drop-on-demand fl ui dejection devices
can be enpl oyed encourages designs which may be adaptable to various
configurations and which nay have a relatively | ow manufacturing cost. 1

BACKGROUND

[0001] Drop-on-demand fluid-ejection devices can be utilized in many
diverse applications such as printing and delivery of medicines. Another
application can include dispensing liquid materials for bio-assays. Still another
application can comprise printing electronic devices with the fluid-ejection device.
Drop-on-demand fluid-ejection devices can comprise multiple fluid drop
generators. Individual fluid drop generators can be selectively controlled to cause
fluid drops to be ejected therefrom.

[0002] An important criterion for the operation of drop-on-demand fluid-
ejection devices is printing speed. As such, it is often desired to increase printing
speed of a drop-on demand fluid-ejection device.

[0003] The diversity of applications for which drop-on-demand fluid-
ejection devices can be employed encourages designs which may be adaptable to

various configurations and which may have a relatively low manufacturing cost.



200400194-1 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The sane conponents
are usedotsbmmughout the drawi ngs to reference |ike features and conponents
wher ever feasible. Al phabetic suffixes are utilized to designate different
enbodi ments. [0005] Fig. 1 illustrates a diagrammtic representation of an
exenplary fluid-ejection device in accordance wth one enbodi nent. [0006]
Fig. 2 illustrates across-sectional diagrammtic representation of another
exenplary fluid-ejection device in accordance with one enbodi nent. [0007]
Figs. 2a-2c illustrat BREEFgDES¢REATHDYe@F VIlEl DRAAWVRYGSI on of the

enbodi nent of the fluid-ejection device as indicated in Fig. 2. [0008] Fig.

3 il1ust @Ee’% Zr Si ?ﬁ% ?%ﬁigtcioﬁlﬂo%@ﬁﬁsﬁﬁtlﬁéél %oﬁ%h&?trtﬁé SR s B abferamic@w of

anot her & _ jection device in accordance with one enbodi ment.
bl R AE R T R N
fluid-ejection device as indicated in Fig. 3.
designate different embodiments.
[0005] Fig. 1 illustrates a diagrammatic representation of an exemplary
fluid-ejection device in accordance with one embodiment.
[0006] Fig. 2 illustrates a cross-sectional diagrammatic representation of
another exemplary fluid-ejection device in accordance with one embodiment.
[0007] Figs. 2a-2c illustrate slightly enlarged view of a portion of the
embodiment of the fluid-ejection device as indicated in Fig. 2.
[0008] Fig. 3 illustrates a diagrammatic representation of a cross-sectional
view of another exemplary fluid-ejection device in accordance with one
embodiment.
[0009] Figs. 3a-3b illustrate diagrammatic representations of cross-sectional
views of a portion of an embodiment of the exemplary fluid-ejection device as
indicated in Fig. 3.
[00010] Figs. 3c-3d illustrate diagrammatic representations of cross-sectional
views of a portion of an exemplary electron beam shape as indicated in Fig. 3b.

[00011] Figs. 4a-4b illustrate diagrammatic representations of cross-sectional

views of exemplary fluid-ejection devices in accordance with one embodiment.



[00010] Figs. 3c-3d illustrate diagrammtic representations of

Cross- sevwupoomal views of a portion of an exenplary el ectron beam shape as
indicated in Fig. 3b. [00011] Figs. 4a-4b illustrate diagrammtic
representati ons of cross-sectional views of exenplary fluid-ejection
devices in accordance with one enbodi ment. 2 200400194-1 [00012] Fig. 5

illustrates a diagrammatic representation of across-sectional

view of a

portion of another exenplary fluid-ejection device in accordance with one
enbodi mef012]00013Figrigdlussatesc diagrammatic specseR@tioNply 2 foresseesfiandli on
process froman exenplary fluid-ejection device in accordance with one

embodi mepy, BP%%ioﬁi&fanoiﬁeﬁéxé@lﬁ?} TR cficBh alsvidd f heqrdeem aithons of

cross-sectional " view o
device in accordance with one enbodi nent.

a portion of” anot her exenplary fluid-ejection

one embodiment.

[00013] Figs. 5a-5d illustrate one exemplary fluid ejection process from an
exemplary fluid-ejection device in accordance with one embodiment.

[00014] Figs. Se-5f illustrate diagrammatic representations of cross-sectional
view of a portion of another exemplary fluid-ejection device in accordance with
one embodiment.

[00015] Figs. 5g-5k illustrate diagrammatic representations of cross-sectional
view of a portion of another exemplary fluid-ejection device in accordance with
one embodiment.

[00016] Figs. 6a-6r illustrate diagrammatic representations of process steps
for forming a portion of an exemplary fluid-ejection device in accordance with one
embodiment.

[00017] Figs. 7, 8, and 9a-9b illustrate exemplary fluid ejection devices in

accordance with one embodiment.

DETAILED DESCRIPTION
[00018] Exemplary fluid-ejection devices are described below. In some
embodiments the fluid-ejection devices generally comprise an electron beam
generation assembly (generation assembly) interfaced with a fluid assembly. The

fluid assembly can contain an array of fluid drop generators. In some
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[ 00015] Figs. 5g-5k illustrate diagrammatic representations of

Cr 0SS- sentjoonal

view of a portion of another exenplary fluid-ejection

device in accordance with one enbodinment. [00016] Figs. 6a-6r illustrate

di agrammati c representati ons of process steps

for formng a portion of an

exenplary fluid-ejection device in accordance with one enbodi nent. [00017]

Fi gs.

accordance with one enbodi nent.

7, 8, and 9a-~~b illustrate exenplary fluid ejection devices in
DETAI LED DESCRI PTI ON [ 00018] Exenpl ary

f1ui d- ej @abodimateyi mdsvidnal dhsdr dbgd grmicoaors! rasorempeisbodi mearadluidie

fluid-ejection devices generally conprise an el ectron beam generation

assenbl yc}{agmgg%nérﬂﬂergsér? H@%)at&%&?%z{l%ﬁﬁ@ ofit LR ndork | FHa@ss&itinits, e

assenbly can c

ain ah arr o) rop generators. In sone 3

generation assembly can supply electrical charges to effect individual
displacement units enabling on-demand fluid drop ejection from the various fluid
drop generators.

[00019] The embodiments described below pertain to methods and systems
for forming fluid-ejection devices. The various components described below may
not be illustrated to scale. Rather, the included figures are intended as
diagrammatic representations to illustrate to the reader various inventive principles
that are described herein.

[00020] Fig. 1 illustrates a diagrammatic representation of an exemplary
fluid-ejection device 100. In this particular embodiment fluid-ejection device 100
comprises a generation assembly 102 and a fluid assembly 104. Fluid assembly
104 can comprise a plurality of fluid drop generators 106. Generation assembly
102 can generate, during a predetermined time period, at least one electron beam
for selectively controlling fluid ejection from individual fluid drop generators 106.
[00021] Fig. 2 illustrates a cross-sectional diagrammatic representation of
another exemplary fluid-ejection device 100a having generation assembly 102a
and fluid assembly 104a. Fig. 2a illustrates a slightly enlarged view of a portion of
fluid-ejection device 100a as indicated in Fig. 2.

[00022] In some embodiments generation assembly 102a comprises one or
more electron beam source(s) or electron guns 202. Other embodiments can
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200400194-1 enbodi nents individual fluid drop generators can conprise a

m cr of | uiodpocs-1chanber (chanber), an associ ated. nozzle and one or nore

di spl acenent units. The generation assenbly can supply el ectrical charges
to effect individual displacenent units enabling on-demand fluid drop
ejection fromthe various fluid drop generators. [00019] The enbodi nents
descri bed bel ow pertain to nethods and systens for formng fluid-ejection

devi ces. The vari ous co[rtponents descri bed below may not be illustrated to
scal e. Remphry onher inmuedtdd enigarse svhaele in ene @mda@enanwr%ﬁépwe 0
representations to illustrate to the reader various inventive principles
that are,deschd BEf 1BRESHA i l[eﬁgé)gf&trfd Gelds drbhtdatyyatmall aifieasioasma@tputl
represent atron of an exerrp?ary d-ej ection device 100. I n th| S

parti cul ar enbodi nent fluid-e t|o evi ce 100 eratlon
assenbl yelegons, 0&“ 115 §PHASS s e%?"ij‘ ﬁﬁ%lmﬁﬁﬁsocaas%m?r@he& eéa? i se a
plurality of fluid drop generators 106. Ceneration assenbly 102 can
gener at esoutues. nin thipreatetdimenngendratien pesenddly 142al s compeises actaconmbeam
for selectively controlling fluid ejection fromindividual fluid drop

gener at of 5, 150 C?Jilgl é]oertHerv%s akéb%ﬁt tl@@fe%ﬁ%nsﬁﬁf popal Adbagramgmaei
ano ev

representation o her exe ejectlon I ce 100a having
generation assenmbly 102a and f|UId assenbly 104a, 2a i|lustrates a

sl i ght | ychpdinge \Acswnbiubg %ﬁﬂ@@rbhed#eﬁnﬁduafdleéftel@m Tredisubsaas L 19s
indicated in Fig. 2. [00022] In sone enbodi nents generation assenbly 102a

conpri seshidlealo ddfifes pRirtiohs of fhednksanblge(®)a a9 will det deserippdsn268re Ot her
enbodi nents can 4
detail below. In this particular embodiment, electron gun 202 and vacuum tube
204 can comprise a cathode ray tube.
[00023] In this embodiment two electrically conductive paths 212a, 212b
extend through substrate 210 between a first end 214a, 214b proximate vacuum
tube 204 and a second end 216a, 216b proximate fluid drop generators 106a, 106b
respectively. An individual conductive path such as conductive path 212b can
receive electrical energy generated by electron gun 202 and deliver at least some
of the energy proximate to fluid drop generator 106b. Fluid passageway 220
delivers fluid to chambers 222a, 222b for subsequent ejection. In this particular
embodiment, electron gun 202, vacuum tube 204, substrate 210 and conductive
paths 212a, 212b can comprise a cathode ray tube pin tube.
[00024] As can be appreciated from Fig. 2a, a displacement unit or structure
indicated generally at 226b can displace fluid from chamber 222b resulting in fluid
ejection from nozzle 228b. In this particular embodiment displacement unit 226b

can comprise a displaceable assembly 230b positioned in proximity to a generally
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200400194-1 enploy one or nore field emtters, which in one enbodi ment may
be a soureensf el ectrons that relies on intense electric fields created by
smal |l dinensions to pull electrons fromits surface. Some enbodi nents can
utilize other types of electron sources. In this enbodi nent generation
assenbly 102a al so conprises a vacuum tube 204 containing or otherw se
associated with electron gun 202. Also in this enbodi nent vacuum tube 204

can be defined, at least in Birgt, by a substrate 210 which al so defines
por t i onsfiatd faksantbly<232b| Displerament whit|226b wesdisplses fiuid fyeeghehysicabel ow.
In this particular enbodi ment, el ectron gun 202 and. vacuum tube 204 can

compr | SenfbveRldiP8F oh&br I of i WeHonkAt B{Ititsswﬁiﬂlpﬁﬁﬁ@ﬁtmémrﬁéaﬂ(‘ehéf@?' ly

conductive p extend 't hrou substrat’e 210 between a rst
end 214a, 214b proxi mate vacuum tube 204 anc{ a.secon eﬂd .216a, 216b
proxi mat & fheuflaiddr 45 wiehbe desirdbedopamonpdetapdaglew: sueh Physgal Ry gk

conductive path such as conductive path 212b can receive el ectrical energy

gener at edabyecelchfdvie@inatn &0Bodinterdalih \displadeabrasdsembite 280bt Harteey gy
proximate to fluid drop generator 106b. Fluid passageway 220 delivers fluid

to chanbers 222a. ..222h f ' j ' [.L4

embodi meRtTCE néchrlgl ngsﬂr??é%%c%?l@geg%g%b%g%%ggn sc hgi t rlae'?a ép gfgﬁgﬁgﬁ%aglr?’ducti ve
paths 212a, 212b can conprise a cathode ray tube gi)n t ube. [00024] As can
be appr edetormable wentirgne anwilhbaideprrsesniniborgatal elof¥.uct ur e indicated
generally at 226b can displace fluid fromchanber 222b resulting in fluid
e ecti ondgpes) NoZzlpgy228m ¢ tiMstiats fdidr! &ﬂét%éd%@@ﬂidﬁMiddir@@g’ﬁhemm uni t

226b can conpri se a displ aceabl e assenbly 230b positioned in proximty to a

general | ){Ogb iﬁt?sgcfacggcil ?rf' _F}g. 2a. Figs. 2b-2c illustrate how one particular embodiment
can eject fluid drops from fluid drop generator 106b. As illustrated in Fig. 2b
displacement unit’s displaceable assembly 230b is in a first position or state
indicated generally as s;. In this particular embodiment first state s; is a generally
planar configuration which lies generally parallel to the xy-plane indicated in the
drawing. Other embodiments can have other geometric configurations. One such
example is provided below in relation to Fig. 7.
[00026] Fig. 2c illustrates displaceable assembly 230b where at least a
portion is displaced from the first state or disposition s; (shown Fig. 2b) toward
fixed assembly 232b to a second state or disposition s,. A reference line / is added
for purposes of explanation to illustrate z-direction displacement relative to the xy-
plane. The magnitude of displacement relative to reference line / is for purposes of
illustration and may not be accurately portrayed in Fig. 2c.
[00027] During operation generation assembly 102a can effect fluid ejection
from the various fluid drop generators 106a, 106b. In this particular embodiment
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fixed assenbly 232b. Displacenent unit 226b can di splace fluid through
physi cal 2omevement of one or nore of its conponent parts which inparts
mechani cal energy to the fluid: As will be described in nore detail bel ow,
such physi cal novenent can be achieved in this enbodi nent via displaceable
assenbly 230b. Further, in some enbodi nents, displaceable assenbly 230b can
conprise an electrostatically defornmable nenbrane as will be described in
nore detail below [00025] Figs. 2b-2c illustrate further enlargq$§%iems of
fluid drgeneyater ammb:l_gal@z'a|etf‘?®§tSrféméom¢¢thn by addresgingpartpgloctlpid dropr at e
how one particul ar enbodi nent can eject fluid drops fromfluid drop

gener at of o} @Blrs fScAlseURLiNAb M diboibll dherdiofl 8 BIRIBUIdiNDEAcigydoThhaceabl o

assenbl y s I1n a first position or state indicated generally as sl. In
this particul ar enbodinent first state sl..is a generall | anar,

conf i gur thei A ecIen i ler et el hagimupg With ﬁflkfi &H’é’ Wpﬁﬁﬂé%ﬁpﬁc@ﬁ@d in
the draw ng. O her enbodi nents can have ot her geonetric configurations. One
such exaagsemblg 2p0b\ih dee fiost] stateisn as élladtiaved iroFig. @b, Elechoddxen Ficgn bec
illustrates displaceable assenbly 230b where at |east a portion is

di spl acegte%;ay@otztgggt ![i% c°ifre§t%&ta?86’t§d&iti§/@g§r§itﬁ’-§ MstSdnd SNWTHE Blec#Bh beger d

fi xed asse a second state disposition s2. Areference line |

i s added for purposes of explanation to illystrate z-direction displacenment
rel at i veCib Profhicgydhnaheegative i gengcten %ﬁF%@@Wg 216b avhigh i ghis

reference line | is for purposes of illustration and nmay not be accurately

por t r ay egaritiRufdrdemB6dini @R 0id 7dleEiich g copptedt t@ixgdnassatribdy 28@benthh ythis02a can
effect fluid ejection fromthe various fluid drop generators 106a, 106b. In

this par %)51%%'11 ir Smbo 1Imn§1?tdigplagga%fg %%sgeér"ﬁgly 230b can have a relative positive

charge and can be displaced toward fixed assembly 232b to the second state s, as
illustrated in Fig. 2c. Directing electron beam e away from first end 214b causes
the negative charge associated with fixed assembly 232b to dissipate and thus
diminish the electrostatic attraction with displaceable assembly 230b. The
displaceable assembly subsequently returns to its first state s, and can create
mechanical energy on fluid within chamber 222b sufficient to eject a fluidic drop
from nozzle 228b.

[00028] Figs. 3-3e illustrate another exemplary fluid-ejection device 100b
comprising generation assembly 102b and fluid assembly 104b. Fig. 3 illustrates a
high level cross-sectional view taken generally along the yz-plane. Fig. 3a
illustrates a cross-sectional view of a portion of fluid-ejection device 100b as
indicated in Fig. 3. Fig. 3b illustrates a portion of fluid-ejection device 100b as
indicated in Fig. 3. Figs. 3c¢-3d illustrate cross-sectional representations of an

exemplary electron beam configuration as indicated in Fig. 3b.
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generation assenbly 102a effects fluid ejection by addressing particul ar
fluid dropogenerators to cause fluid to be ejected therefromand by
providing energy to drive the fluid ejection. For exanple, beginning with
fluid drop generator's displaceable assenbly 230b in the first state sl as
illustrated in Fig. 2b, electron beame can be steered so that it is
directed at conductive path's first end 214b. The el ectron beam can produce
a net negative charge in conductor's second end 216b which in this

parti cul gooespodi ndst chs beeappiccaittd frouplEgst B-Baxead dkisespibpdmBert | n
this particular enbodi nent di spl aceabl e assenbly 230b can have a relative
positive ' ' Wiy dc@uinhe
second sggggéggngggpﬁﬁgé??gsggq?ﬁpﬁgaﬁg%gpﬂ%?gggg#ﬁgﬁg?%gtron beam e away
fromfirst end 214b causes the neaative char%e as ocgfted ith fixed
assenbl ytug2l4ty HilexrqragensAB2b-Rlde ¢aRihe eontigiaed te chrest elgcironpeamst i on
w th di spl aceabl e assenbly 230b. The di spl aceabl e assenbly subsequently

returns i@vardSsubsfréfe B0 €iasd bedifl defliectior ai@ngee iflectibn eneshgyisan 302ui d
wi t hin chanber 222b sufficient to eject a fluidic drop from nozzle 228b.

compr i &1 W sk ek SRR IEERStod TRl 20 P PhBflproR, £30hES 1000

illustrates a high | evel cross-sectional view taken g{eneral,l y ghong t he
yz- pl aneOtigrgsuighl pmbedinaenss naay akkerngieely aiaaddyiiengllys cempuss deHedion
fluid-ejection device 100b as indicated in Fig. 3. Fig. 3billustrates a

portion ?Iatéé dhfdn@ 6fHckon DeNédRnl BRRhasishnd02 addathiett dts Bundhogality3c- 3d
illustrate cross-Sectional representations of an exenplary el ectron beam

fi ti i ndi d.in Fig.,3b., 7 0400194- 00029] .-As b
appr col alBauFh Rrepaheshaiery MBE Bt HnNd de s O sE R 162
has four electron guns 202b-e positioned within vacuum tube 204b. El ectron

guns 202blcz0Bstatiadecbecttamfi gured to direct el ectron beans toward substrate
210b via a beam defl ection neans or deflection nechanism302. 1In this

parti cul ggoeagpP0d! m?mhigeefnhtf‘&ﬁhﬁﬂt SEsdiAR 21084n %ﬁn@oﬂmfeiaﬁeinapafﬁka??in Q her

sui t abl e enbodi nents may alternatively or additionally conprise deflection

pl at es anong ot hers. ecti.on hani sm.302 c achieve its nctj,onal ity
Phr ough OBFPRHS Bl e CPHEPTH HEVTHSR MIB P HE e dad g aseebiinbMr e
and/or electrostatic deflection. [00030] In this enbodi nent substrate 210b

can defi pean dhterRRs306NwWhadH ca@ aflow gederstood asdemiblpl E02b 80be deapled tned
between pin plate 304 and fluid assenbly 104b is an interface 306 which

can all O\ﬁugggsesre%tbil}gqogg:serrbly 102b to be coupled to fluid assenbly 104b.

[00031) Function of the fluid assembly’s fluid drop generators 106¢c-1061 can
be effected by a first signal generating means and a second signal generating
means. In this embodiment the first signal generating means can comprise a
voltage source 308 which is electrically coupled to individual fluid drop
generators. Also in this embodiment the second signal generating means can
comprise generation assembly 102b. Examples of these two signal generating
means will be described in more detail below in relation to Figs. 5-5k. Other
embodiments may utilize other first and second signal generating means. Still

other embodiments may utilize a single signal generating means to control an
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[ 00031] Function of the fluid assenbly's fluid drop generators 106c- 1061
can be wbspeetied by a first signal generating neans and a second signal
generating neans. In this enbodinment the first signal generating nmeans can
conprise a voltage source 308 which is electrically coupled to individua
fluid drop generators. Also in this enbodi nrent the second signal
generating neans can conprise generation assenbly 102b. Exanpl es of these
two signal generatin means will be described in nore detail belowin

rel at i onindvidugk{lusl diop genheator. éhe dueeerampigys provifed abeyrem ralatign tong
second signal generating neans. Still other enbodinments may utilize a
singl e sigpRab_generating neans to control an 8 200400194-1 i ndividual
fluid drop generator. One such exanple is provided above in relation to

Figs. 2-2c. [00032] In thi nbodi ment generation enb 102b and fluid
assenbl y[@@ih can Lhéﬂlscﬁﬁg? %@nﬁtﬁflﬁ?é@tw@nﬁ%mb&c@iﬁnmfi é]"\l&fsé%m | | ow
manuf acturing and/ or cost advantages. Further, such nodularity can, in sone

enbodi menosb cah kavh edmpeise hirlufldruirdtsasSigtibhydalarity eay allewambmnfaatsagbl y to
be replaced as an alternative to replacing the entire fluid-ejection

acsent y ok Hh By BB < R ol Ao P Ea 7 SOHE EnRERGYS "

t her ebet ween. The flui d-ejection device can be disassenbled to allow
r epl acenehewotithenghefludrassemblyher g gengrntian fssemblyytor boepkrred @s &senbl vy,
11)4b and interface 306. [00033] As can be appreciated fromFig. 3a, in

this parhhémbaie eebeehlaEiAE tHte chety fﬁli@ﬁécﬁibng'desic_%OZ_tF&O%Qa@pE @ohented to
generally conprise four corners of a rectangle as indicated generally at

310. O her_,enbodi nents that (e} tiple el ectron.qun y i hi.z€ ot her
conf i gur STPGHENCT “Gab 1S Vaﬁggnﬁf%/%m% th%BFlfaa%é’Pegﬁe&ﬁﬁﬁuﬁgE@aﬁ (%eh{uﬁe
positioned in a generally linear fashion relative to one another. The
posi ti onassgnddy 1Gbawitnthe ietesface qrosifimsd2tircbromeenmr eThe | Juidunedtion ned,
in that, any electron beam generated by the electron guns is to be able to
be di rectggict @aRbe AsALEMBR4I to allow replacement of one or more of the generation
assembly 102b, fluid assembly, 104b and interface 306.
[00033] As can be appreciated from Fig. 3a, in this particular embodiment
the four electron guns 202b-202¢ are oriented to generally comprise four corners
of a rectangle as indicated generally at 310. Other embodiments that employ
multiple electron guns may utilize other configurations. In one such example
multiple electron guns can be positioned in a generally linear fashion relative to
one another. The positioning and location of electron guns 202b-202¢ are only
constrained, in that, any electron beam generated by the electron guns is to be able
to be directed to pin plate 304.
[00034] Multiple electrically conductive paths 212¢-2121 (not all of which are
specifically designated) extend between pin plate 304 and individual fluid drop

generators 106¢-1061.  In this embodiment at least a portion of electrically

9



[00034] Multiple electrically conductive paths 212c-2121 (not all of which
are speciofabocal | y desi gnated) extend between pin plate 304 and individual
fluid drop generators 106c-1061. In this enbodi ment at |east a portion of
electrically 9 200400194-1 conductive paths 212c-2121 can conprise
conductors or pins 330c-3301 (not all of which are specifically designated)
extendi ng through pin plate 304. In this enbodi nent conductors 330c-3301
are positioned in generally electrically insulative or dielectric substrate
mat er i al c@idiotiwhipathsc2iR el E2t gancedrhyrisesetratustars or pigku 3B 0cdAuas el afr om one
anot her. Exanples of pin plate construction are provided bel ow. [00035] In
this parfie i t 44 A e l¥ate OBM.| apd thRt eri al ,
e.g. a r%}@g&eﬂr %%%1%?? ?ﬁcgﬁ? hg%ﬁéﬁi% e%é%%?}jr%grsréﬁrtoﬁ;gg gf)ﬂatpgd with a materi al

making it generally electrically_conductive along.the z-axis and.generally
el ectri camlgvydim@m &Pﬁd@Cté?F%n@Q%@QJarﬁﬂeypﬁilé@.ne‘[ﬁ]nﬂ‘ér goRga -‘OGeﬁe&ﬂ—‘%@%ri se a

portion of the multiple electrically conductive paths 212c-2121 and can

al | ow el gtrdtsal oendieR¥trico stibsvaté r @atdriadi ¥1Ghuathichncarc tebectri8dDe 1880t of pi n
pl ate 304 into individual conductors or pins 336¢-3361 (not all of which

are specifij.cally designat | ¥ 1. 0g4vd ' t
To6c: Toond Enal sOETAIE B0kl hndHBE' xRt i Bin Rt S o AR U <
assenbly 104b. %00036] In this particular enbodi nent fluid assenbly 104b

has an aprewdedt belew.f1 ui d drop generators 106c- 1061 general |y arranged
along the y-axis. The skilled artisan should recogni ze that other

enbodi mepgep3spY hawe this pdfreasaroémbbdinsandsteeface 306ds ar gxmegdhecamplisnt n an
array. Simlarly this cross-sectional view can represent one of many which

one. enbodlongiAL £dn arapheh B iialnted 15 erapmindmEREl BT EahERRCY 7,

the x-axis with each array having 100 or nore fluid 10
making it generally electrically conductive along the z-axis and generally
electrically insulative along the x and y-axes. Interface 306 can comprise a portion
of the multiple electrically conductive paths 212¢-2121 and can allow electrical
energy to flow from individual conductors 330c-3301 of pin plate 304 into
individual conductors or pins 336¢-3361 (not all of which are specifically
designated) that supply individual fluid drop generators 106¢-106l. Conductors
336¢-3361 can be formed in a substrate 340 of fluid assembly 104b.
[00036] In this particular embodiment fluid assembly 104b has an array of
ten fluid drop generators 106¢-1061 generally arranged along the y-axis. The
skilled artisan should recognize that other embodiments may have hundreds or
thousands of fluid drop generators in an array. Similarly this cross-sectional view
can represent one of many which can be taken along the x-axis to intercept

different arrays. For example one embodiment can have 100 or more arrays

arranged generally parallel to the x-axis with each array having 100 or more fluid
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200400194-1 drop generators arranged generally parallel to the y-axis. Sone
enbodi nents®1xAmy al so utilize a staggered or offset configuration of fluid
drop generators relative to one or nore axes. Such a staggered
configuration may aid in achieving a desired fluid drop density in sone
enbodi nents. [00037] Fig. 3b illustrates a portion of fluid-ejection device
100b as indicated in Fig. 3 inalittle nore detail. Fig. 3b illustrates
conponents of individual electron guns utilized in this enbodi nent.

Speci f i catdpygdfiegatofbariran gest geaees | ycparpbeletot the ofaxds.e Somenerghadipoys may t hi s
enbodi nent each of the electron guns has a simlar configuration though

such nee%lgg Qﬁ%ﬁg raII (Eﬁ%%%éﬁ'or%f?&tt rcgﬁﬁgh'ﬂtti%g?& ﬁ&’i@[pdﬂog%en%raﬁ@ﬁt RlatdR0o a

cat hode an anode 35 and a focus whi ch can be
positioned in a high val tgge regi on 36g of generatipn assenbly EJiOZb. Heat er
350 can SUQPF JIAREXSY SHChACHRSSsd OREREHOn Mpy @ibHt ASHIFYNg A eIl ¢ ons.

Gid 354, anode 356, and focus 358 can shape and focus the electrons into a

desired guRtdropridaenmie samewaibodisentsangi ng the nunmber of el ectrons
conprising electron beame. The voltages utilized in this enbodi mrent can be

can be dNWSH 'n' SBRE RNk Eshaefo of B SERIENFtleR (B TGk, on =00

can be d in so range o ts to 20,000
volts. Other val ues maybe uti]lized in sonme enbodi nents. The fski || ad artisan

shoul d r &t ddei 3einosHattlecemose [dstriurFigorbi JlnskeiesncomayngEs (ffi mdeadudli th t he

enbodi ments described herein. [00038] In this particular enbodi nent

el ect roncleabhegifis amilidedd if r g alresédinrengun SPe2ificatiyalFligl 3bo ilfustratesaxi s.
Simlarly, pin %309 extends generally parallel to the z-axis. |In other

enmbodi rreggr%pggecn sCocfnquc%}o% Euﬁbzﬁx iR mBBE St Theh of the electron guns

has a similar configuration though such need not be the case. Electron gun 202b
comprises a heater 350, a cathode 352, a grid 354, an anode 356, and a focus 358
which can be positioned in a high voltage region 360 of generation assembly 102b.
Heater 350 can supply energy to excite cathode 352 sufficiently to emit electrons.
Grid 354, anode 356, and focus 358 can shape and focus the electrons into a
desired electron beam e as well as changing the number of electrons comprising
electron beam e. The voltages utilized in this embodiment can be consistent with
those known in the art. For example high voltage region 360 can be driven In
some embodiments in a range of 5,000 volts to 20,000 volts. Other values may be
utilized in some embodiments. The skilled artisan should recognize other electron
gun configurations may be utilized with the embodiments described herein.

[00038] In this particular embodiment electron beam ¢ is emitted from
electron gun 202b parallel to the z-axis. Similarly, pin 330g extends generally

parallel to the z-axis. In other embodiments such conductors may extend at obtuse

11



200400194-1 angles relative to the electron beam Figs. 4a-4b illustrate
enbodi mrents®'where the conductors extend orthogonally to the axis of

el ectron em ssion. The skilled artisan should recognize other electron gun
configurations. [00039] Exanpl es of exenplary el ectron beam shapes are
illustrated in Figs. 3c-3d. Various exenplary enbodi nents can utilize

el ectron beans having various cross-sectional dinensions and/ or shapes.
Fig. 3c illustrates a generally circular sh_a]pe, while Fig. 3d. illystrates
a gener adnglestdlatptd watheshegieon @amer Fissedptdlr lustpigraabedimontc Wheee Béner al | y
rectangul ar and square shapes anong others. Beam size and shape can be

adj ust edy o RRAGs A& foRloBbRallY QooMReAdk | of eRicRohdeémivsidh. t MEhe skilled
cross-sectional shape and area of the pin plate's conductors 330c-3301.

[00040] In this rticular rrbo]gi ment defl ection nmechani sm 302 is

posi t i onditisHR ehe tréc%gm%ﬁ/\i)@‘ﬂ? ﬁ@o?éb‘fl&ﬁnggﬂrag]lonﬁ ui d- ej ection device
100b. Deflection nmechanism 302 can steer electron bean(s) e in the x and
y-direct jopo39so tRrimples dfesmngplay electeon bdamtshdped aredillusgatedsndfigi n

pl ate 304. Beamcurrent, as effected by the electron gun, can vary the

energy iaparnt an indi vj pi : ' gﬁ.ﬁg/ﬂ SYmt i mes
referred gdag}ga,r;&asxeixse rrﬁ%c)i%%}l %ﬂ?%%x% ,X\Ssc%yﬁﬁh%éed%gﬁg%ysegrg [ n1 ‘r’e det ai |
bel ow, such energy_ variation may be utilized i ﬂ sone enbodi ﬁEnt'%;éx:lo ef f ect
a size otroas-peqiictialidimensyiens eadfor shepgs. i Fig-aubistpfes 3 sarerglly g alt or
106g associated with pin 330g. The skilled artisan should recogni ze t hat
ot her enflpgieneitiife Fay. 8diiliuvsgadeld eehéallyptliipesal sisapead Otheorexiemplary
conbi nation with deflection nmechanism 302. 12 200400194-1

shapes can include generally rectangular and square shapes among others. Beam

size and shape can be adjusted, among other factors, to generally coincide with the

cross-sectional shape and area of the pin plate’s conductors 330c-330L

[00040] In this particular embodiment deflection mechanism 302 is

positioned proximate a low voltage region 362 of fluid-ejection device 100b.

Deflection mechanism 302 can steer electron beam(s) e in the x and y-directions so

that the beam e is directed at desired regions of pin plate 304. Beam current, as

effected by the electron gun, can vary the energy imparted to an individual pin,

such as 330g, in what is sometimes referred to as “z-axis modulation”. As will be

discussed in more detail below, such energy variation may be utilized in some

embodiments to effect a size of a fluid drop ejected from an individual fluid drop

generator 106g associated with pin 330g. The skilled artisan should recognize that

other embodiments may utilize deflection plates instead of or in combination with

deflection mechanism 302.
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[ 00041] In operation, an electron beamfrom el ectron guns 202b-202e can be
st epped omoeecanned across the surface of pin plate 304 at high rates
thereby maintaining fluid drop generators in a distended position. If the
el ectron beam skips over a pin plate position during a scan or step
operation, then that fluid ejection elenent is actuated to eject ink. Oher
operation scenarios relating to the interaction of the fluid ejection

el enents and the el ectron beans are descri bed above and bel ow. [00042]

Fi gs. 4ap00b4i]l | ust pbgeration t droelattrex bepnairgmfdledtioregens 262b-d89¢ can be
configurations. In the enbodi nent represented in Fig. 4a, fluid-ejection

devi ce 1&%%%6 w%ﬂé;cgﬁgedg’%w fhlé%&%co?%ﬂ@afesisoa & Big0kses! Betebon gun

202e, tho uns al so can be utl ed. Electron gun 202e is

configured to generate one or nore el ectron beans e ich can be,directed
by def| empindpingag hlatd sKHoBEEACTAHNE 18 %@hﬁ%&‘re@r BosieY.- \Qfg&ﬁe ‘{I?‘fgm Ben

conductors 3301-330n can conprise at |least a portion of electrically
conduct i ygpPalves a2piil pRiepositimediiinglay seat endiapy opetationn ther thah fluide 204c
and individual fluid generators 1061-106n. [00043] Fig. 4b illustrates

ambodi moRECEOm AR AL S5ut e e AR, PReORRE eeb i SR M o

di stances. In this particular configuration conductors protrude farther

i nto t heinteraction tafbdeviluid ejectiemsilements sinshhe elestror| keamoargdasoedl. Such
a configuration can aid in directing electron beame at a desired pin. 13
20040019%svd R08dbwAs can be appreciated fromFig. 4a, electron beame can
be emtted fromelectron gun 202e generally along the z-axis. Deflection

i v ulotanauct Biss. ota. abreS ipR) “SEMlal AR el

cross-sectional view electron beame can alternatively or additionally be
st eered ebofgnratiens- dxithe ehleodintenedepresended e diigs éat flngl-ejeetion slevis€am e in
Fig. 4a are intended to illustrate that the electron beame can be steered

Lo any offolcohfiftEONUELAT SubARL {fidsingda Chdle SlBdiot NeurPhagt  on

beamis being st'eered t ree conductors 1061-106n sinmultaneously. In

this particular emhodi nent. conductor.s. 3301-330n gene I extend .paral | el
to the ythpugh TRIP S oIS D 3Ph iu%lﬁéﬁ‘i?'t t]FeIHC'F?]?J%u@i é@er Xsh CSBﬁg%Qet%
generally orthogonally to the y-axis. Fig. 3 above illustrates one exanple

where t ben@hRcbnonsr aicreesletired lganesr al Wwhigharcah! ¢ diectad dyi deBedsiop whi ch
the conductors extend. The skilled artisan should recogni ze that other

configurat! pns TBY0RE towiid! Al ctrd B3bN§3 GO R4TRaT HRECEbREFMETRINN-

can comprise at least a portion of electrically conductive paths 2121-212n
respectively extending between vacuum tube 204c and individual fluid generators
1061-106n.

[00043] Fig. 4b illustrates still another exemplary fluid ejection device 100c;.
In this particular embodiment conductors 3301,-330n; extend into vacuum tube
204c, non-uniform distances. In this particular configuration conductors protrude
farther into the vacuum tube with increasing distance from electron gun 202c;.

Such a configuration can aid in directing electron beam e at a desired pin.
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[00045] Figs. 5-5a illustrate cross-sectional representations of a portion
of anothesivexenpl ary fl uid-ejection device 100d. As indicated in Fig. 5,
Fig. ba illustrates a portion of the fluid ejection device in alittle
nore detail. In this enbodinment pin plate 304d conprises a portion of a
vacuum tube (not shown). Pin plate 304d conprises conductors 330p, 330q
and electrically insulative substrate 210d. Conductors 330p, 330g extend
between a first surface 502 of substrate 210d and a second substrate
surface [H0644]l ndi vAdwah tecappretioted fiomeFig. 4aceleetapn hepmi @ fam boemitted
extendi ng between a first termnal portion 512p, 512q 14 200400194-1

posi tion L ARt G | | S e PRITTECHiBh e anah 13028 514p,
514q poglgﬁ)éfr%égggr Ni %g?‘gegggé%ﬁg%sl%é%é;QSa%h? I'n tﬁihg parti cul ar

enbodi mrent the termnal portion y be enl ar.ged to, have greate urface
area in eanebsyd pr stesr elesten beasn st plgnedhs d/na@gﬁo‘gﬂdowd\é‘é’gl%@fC%‘F‘ﬁlﬁ’i?ﬁgnt

anong various conponents anong other attributes. Wen viewed generally
al ong theo@=-p0rs Birh#hrly ethoughlinot pinstraiod if 188, crodPspatimmabeiesh glestroand/ or
sized to generally coincide with the shape of the el ectron beam as

di scussed above_ in.rel ati L - g tizgnt
fluid as %ar%leyc%lhgg?&lgﬁ %@261{18%&31%%%@3 ggﬁﬂ$e§%$g@&%e%}\{/iéﬁa%ﬁ$r g!tﬁt?g?é@gecond
surfaces 522, 524. |ndividual conductors or condg\;:éeg{]s ) 36{), g 6qhof fluid
assenbl ylinex deprasentingceleeiran bhsem eom Eapta smoit i h@ust ¢ ﬁ@‘ht c
substrate 340d and between a first termnal portion 532p, 532q positioned

pr oxi mat glekirbfbedt & 841 bS 3R eddtitorarBeemndf tter condaktaps rathenthpasbtindiceld
proxi mate second surface 524. As noted above sonme enbodi ments may enl arge

the term.nal , portions.along the xy- e.fo i of nit

pur pos egha? 06’84?;69“@“'[ f‘i’.eémeﬁ%o'&?lﬂ% n§t@l;1%§ i F[l(fél £eu ?‘:htigé; rggoﬁtgr‘%ne?é ZIZ%(g 1{0;3&1
configured to supply fluid to both chanbers 222p, 222q. Fluid channel 220d
can refi kimdtenebesly.  P22bis patigulas eebodigent |C@n§u@pésc§ggl—§%¢]%lg§:ﬁe Y71 es
228p, 228q respectively which are formed in orifice layer or orifice array

540. @ hs%tegg‘@t%géeﬂéﬁf 16 S EARXNIR QbhEn bEHARIY chiflfibd GiiAklceionganstone d be

recogni ze skilled artisan. D splacenent units 226p, 226q can be

positi Onggn§;ﬁ§lort toegoggl?}r/ﬂ%g "the gz-zazygs’,. 12%%?(13 above illustrates one example where

the electrons are emitted generally parallel to an axis along which the conductors
extend. The skilled artisan should recognize that other configurations may be
utilized with the embodiments described herein.

[00045] Figs. 5-5a illustrate cross-sectional representations of a portion of
another exemplary fluid-ejection device 100d. As indicated in Fig. 5, Fig. 5a
illustrates a portion of the fluid ejection device in a little more detail. In this
embodiment pin plate 304d comprises a portion of a vacuum tube (not shown).
Pin plate 304d comprises conductors 330p, 330q and electrically insulative
substrate 210d. Conductors 330p, 330q extend between a first surface 502 of
substrate 210d and a second substrate surface 504. Individual conductors have a
central portion 510p, 510q extending between a first terminal portion 512p, 512q

14



[00048] Interface 306d can provide electrical coupling of the pin plate's
i ndi vi duakoooonduct ors 330p, 33Cq to individual conductors 336p, 336q of
fluid 15 200400194-1 assenbly 104d. Individual pin plate conductors 330p,
330qg, fluid assenbly conductors 336p, 336q, and an associ ated portion of
interface 306d can conprise portions of electrically conductive paths. For
exanpl e pin plate conductor 330qg, interface 306d, and fluid assenbly
conductor 336q conprise at |east a portion of electrically conductive paths
i ndi cat eshsienresdaptoximntefity . suifaes S0patrtdsa secqut tavaysalvpartioned Idivs dddded i n
nore detail below [00049] Voltage source 308p can be electrically
connected to t I I 226, thi b r

embodi ne Sl@%rfqtagggé’glgta?%?gg%dp%ﬂgﬁg%nneét e%lz?lg > dﬁg dgg}cg]ggngﬁ?é%lﬁﬁtﬁgggq Vi a
conductive paths 212q. Specifically, in this partjcular enbﬁdin%gt vol t age
source 3@suina prtonrmanlhey eplorgrst te dave Lredat §BEaFe a1 4he SXRART 548q
which is connected to electrically conductive path 212q. Electrically

conduct i ggcHoat RoRfiglratidnetactdliosal dayiee odlifgnhat hmodps phroemenmponents2264.
Though not specifically shown voltage source 308p can be simlarly

electrically copnected to di;spl ace t ' o S

parti cul %Woégrtfgﬁ?rnﬁ {1&1@&- st'otd glfg\%{a g%?a&l{,lj Za‘f%&lkl??gﬁag( > oﬂr%Sttsu né;[n}egt e 340d
proxi mate interface 306d. O her suitable enbodi nents_can posjtion the

r esi st or porionetHep, 15dqt canbe whaped and(sirdsiesd @ igsnernlyi e@incisr Watkalhsl e, t he
resistors could be formed on the surface of substrate 340d proxinmate

di spl aceglpl. d#Mhi 81c2&BR beanrtss AscRBe® by inSéldtdaaoFags. 3303d.of pin plate
304d. Sti ot her enbodi nents may utilize other configurations. For exanple

For med wUORY subsit e cahsdimaRt QPG arp STl sogd et dnfy T g
resi stors 548p, 548q other exenplary
between first and second surfaces 522, 524. Individual conductors or conductors
336p, 336q of fluid assembly 104d have a central portion 530p, 530q extending
through substrate 340d and between a first terminal portion 532p, 532q positioned
proximate first surface 522 and a second terminal portion positioned proximate
second surface 524. As noted above some embodiments may enlarge the terminal
portions along the xy-plane for alignment and/or other purposes.
[00047] In this embodiment a single fluid channel 220d is configured to
supply fluid to both chambers 222p, 222q. Fluid channel 220d can refill chambers
222p, 222q to replace fluid ejected through nozzles 228p, 228q respectively which
are formed in orifice layer or orifice array 540. Other embodiments can have other
supply configurations as should be recognized by the skilled artisan. Displacement
units 226p, 226q can be positioned proximate chambers 222p, 222q.
[00048] Interface 306d can provide electrical coupling of the pin plate’s

individual conductors 330p, 330q to individual conductors 336p, 336q of fluid
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16 200400194-1 enbodi nents can utilize various other passive or active
(l'i near orpsnsn-linear) conponents. The skilled artisan should recognize
such configurations. [00051] As can be appreciated fromFig. a,

di spl acenent unit 226q, in this enbodinent, can conprise displ aceable
assenbly 230q and fixed assenbly 232q. Further, in this enbodi nent

di spl aceabl e assenbly 230q is connected to an electrical ground indicated

general |y at 552. A dielectric region 554q can separate djsplaceable
assenbl yageothlanti04d. xethdagisoabipin 282ig. cordudiors pabPp.i ddPar ﬂuéit%?é@ﬁ]élf}’[

dielectric region 554q can conprise air or other gases. Alternatively or

addi tion m i i B8 kol ddiapl @shpiise | ayer
bet ween g%)]g%lf&acea ﬁwggggehgﬁ agg%aédg%%afi xegﬁggggﬁ%fageg?gq. For el>6<<':mpl e,

the additional dielectric |ayer may. be positioned.on. either, or h of the
0pposi ngPogtﬁnrsa‘bfe%le%tﬂcéhpﬂo&gﬁ%‘ff’ep SerffifyLx8: eé’i‘\‘%lpif?tﬁé:(ﬁ’ngg%tgﬁ‘g%qQSZq.
One such exanple is described belowin relation to Fig. Sc. The skilled
artisan sitetfhee 306¢,0anl flaidtivembdprbnductat B80g dongiriseeat loastuet poitwadofai t h
t he enbodi nents described herein. [00052] Figs. 5a-5c, in conbination with

Fig. 5, i gpgh?r- : I 85149 28" 8 phiRBrashties | ary
fluid-ej gLe![CIH‘Zéna'ilgéé\?)ln?gcfigg ) ﬁﬂqltﬁ%lféa%gn g T rfag(r?t i sp acgabl e ssen%j{g; 2309
can conprise a material such as a  menbrane that can be effected by a

rel ati ve wildeghisaussed srimere detgilgle. the material is exposed. As

illustrated in Fig a no substantial charge differential exists between
di spl acegijoaopssenmygltagdOcGoant f3o&s ampenbl ¥lestrdally 7 connected to the

displacement units 226p, 226q. In this particular embodiment voltage source 308p
is connected to displacement unit 226q via conductive paths 212q. Specifically, in
this particular embodiment voltage source 308q is electrically connected via
conductor 546q to resistor 548q which is connected to electrically conductive path
212q. Electrically conductive path 212q is electrically connected to displacement
unit 226q. Though not specifically shown voltage source 308p can be similarly
electrically connected to displacement unit 226p.

[00050] In this particular embodiment resistors 548p, 548q are positioned on
substrate 340d proximate interface 306d. Other suitable embodiments can position
the resistors at other locations on the fluid-ejection device. For example, the
resistors could be formed on the surface of substrate 340d proximate displacement
units 226p, 226q or on either surface 502, 504 of pin plate 304d. Still other
embodiments may utilize other configurations. For example in some embodiments
conductors 546q and/or resistors 548p, 548q can be formed within substrate 340d.

Alternatively or additionally to utilizing resistors 548p, 548q other exemplary

16



200400194-1 [00053] Referring now to Fig. 5b, in conbination wth Figs.
5-5a, acwip@aviion of voltage source 544 sends a first signal to

di spl acenent unit 226q. This first signal can cause a relatively positive
charge along electrically conductive path 212g and fixed unit 232q
relative to a generally negative charge of displaceable assenbly 230q.

D spl aceabl e assenbly 230q can be attracted to and distend into dielectric
regi on 554q toward fixed assenbly 232g. As displaceabl e assenbly. ZEBq

di st ends¢mbbdimentarcane utilizgnvarious etherripessivexy #toia (ingad ehagAdineadod.
[00054] Fig. 5c illustrates ~malternative configuration where an

addi ti onghmpBhektgC tih GkileArtibsn BRM1E r@RdidetuehROBAguRRIongen di spl aceabl e
assenbl y 238q and fixed assenbly 232q on either of both of the opposing

surfaces thereof. In this artjcul ar enbodi mept .t he addi t.j | dielectric
| ayer, i Hf08kk ed gérierR lpg,aﬁpreg@@ﬁ;(i ?ré’m Ebb%i 3 A f‘}nﬁeegfé%s@rﬁ}sy 232q.
Such a configuration can all ow di spl aceable assenbly 230 to distend

acr oss dembedimént, cagicompsisd glisplacqablesassambyy 230q and fixed afserdly 232enmbl y' s
dielectric layer 558 wi thout shorting. Such a configuration nmay allow sone

enbodi Mgl 5LL0 ACHASY EnBBEMTY H&@{ﬁc@m@f ?és%%l?%ﬂ?%oﬂ&@%ctd vy 1 uid

drop generators conprising an exe ary urd e n device. Such

uniformty may_ be atiributable, | e in part, to.allaow ng displ aceable
assenbl y cEgtifal gremng e gerarglly gt Sﬁésfcgnef%%fp iRaieh S54aiHe SPPat
assenbly. Such a configuration can provide repeatability as it relates to
a given dispicaekleentsentsiiyt 230¢/ and béixeeensseuitity 0032qli s plnachive narticuilars.

[ 00055] Reference nowto Fig. 5d in conbination with Fig. 5 where an

el ectron bg)%?gfagﬁ)tt iR RN recg?gn %9&’8 chft %Oﬁlp?‘%%%ri'ldots Bﬂf&?lgami. C.th%ﬁﬁti@@ly

conveyede

or additionally some embodiments may interpose an additional dielectric layer
between displaceable assembly 230q and fixed assembly 232q. For example, the
additional dielectric layer may be positioned on either or both of the opposing
surfaces of displaceable assembly 230q and fixed assembly 232q. One such
example is described below in relation to Fig. 5c. The skilled artisan should
recognize other configurations that may be utilized with the embodiments
described herein.

[00052] Figs. 5a-5¢c, in combination with Fig. 5, illustrate an exemplary fluid
ejection process from an exemplary fluid-ejection device 100d. In this
embodiment displaceable assembly 230q can comprise a material such as a
membrane that can be effected by a relative charge environment to which the
material is exposed. As illustrated in Fig 5a no substantial charge differential

exists between displaceable assembly 230q and fixed assembly 232q.
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200400194-1 di spl acenent unit 226q. In this particular enbodi nent the

el ect ronobpeamican be directed at termnal portion 512g to inpart a

rel atively negative charge along electrically conductive path 212 and
ultimately fixed assenbly 232q. As such, the attractive forces which

di stended di spl aceabl e assenbly 230q toward fixed assenbly 232q are
reduced by the second signal and di spl aceabl e assenbly 230q returns to its
original state and as such can %rovide a mechanismfor ejecting fluid from
nozzl e 2E®E53] n t hRefgrainginay & Figisttane sombieatian with Gigspb-aceasiwtipdsenbl y
230q can inpart nechanical energy on fluid contained in chanber 222q.
Though Bptvoﬁegelsﬁ?&e' $4 shRWNa firdt SigARI RITERGIIRAnt gt 6P| AtRAlEret
assenbly may scillate past the xy-plane generally before comng to rest
as illustrated in Fig. Sc.. Wen the e] ectrqon beami.s no | onger actjng upon
conduct i $i8NphEMN ZaREE tahéeci@té‘feéi’iﬁ%ltl‘@nﬁ 'ﬁgecgﬂf‘g gﬁi?cé’ﬂ%l COPPYSTYE PR i n

Fig. 5b can be re-established and the displaceable assenbly can return to
t he posi 212 ahlll fissdd ahie 232 felgiveSto argeberallyORstabilve Feargaiop aigdaashble

expl anati on di spl aceabl e assenbly 230q is illustrated in a fully displaced

condi ti C)gsns' Hlb'ﬂ/ 930g¢ {%ﬁlefcggblg'agg%lﬁﬁgfgi@%gﬁ %@bc{tﬁf?«:;t@& Y5 glﬁdtcﬂst%nd geReral l'y

pl anar ¢ rguration ilTustrate when eftected by an el ectron
beam vi a conductive path 212qg. Qt her enbodi ments nmay result in the

di spl acedisiectriggegionl y54pdawars fikedgrssambbr 2adde Aat dispiegeahle 358ambiYons by
controlling the electrical charge inparted upon the path by an el ectron

beam Fop3exansRisafluidetACchd @ravieaid eBambet 2 ofifigidcdianaelp22(d. 212q
sufficiently to cause the displaceable assenbly to have a decreased

attracti fixed. assembl 329 _such hat t vVes it
positionﬂﬂwggknedigﬁé ﬁbﬁgﬁ%glm%gﬁﬁi§gﬁﬁéﬁ %ﬁl éga&ﬁga%%qubg%gg§ﬂ%;l and
5d. As such a relatively snmall fluid drop may _be ejected from nozzle 228q
when congeeleairie dayerds qsitionsdpngarpesed betvieen isisplaccantmasssmblye38nsiidaceabl e
assenbly fromthe position illustrated in Fig. Sc to that illustrated in

Fig. Sd. fiRdghss@hBlyI23 2qohaditen otasbth WTPthe SEppdRingX aiffdces AheofXiIf this
nodul ati on as described above in relation to Fig. 3b for producing

controll %grlt%lchaarrelmal?cl) 1rrIe|n%] Itﬁje a(ljc{cﬁgor?zilzcﬁélectric layer, indicated generally at 560, is

positioned over fixed assembly 232q. Such a configuration can allow displaceable
assembly 230q to distend across dielectric region 554q and physically contact the
fixed assembly’s dielectric layer 558 without shorting. Such a configuration may
allow some embodiments to achieve more uniform drop sizes among the
respective fluid drop generators comprising an exemplary fluid ejection device.
Such uniformity may be attributable, at least in part, to allowing displaceable
assembly 230q to distend until it is physically blocked by the fixed assembly.
Such a configuration can provide repeatability as it relates to a given displacement
unit and/or between numerous displacement units.

[00055] Reference now to Fig. 5d in combination with Fig. 5 where an

electron beam (not shown) can comprise a second signal which can be conveyed to
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[ 00057] Figs. Se-Sf illustrate displacenment unit 226r havi ng anot her

exenpl aryosgonfii guration. In this enbodi nent di spl aceabl e assenbly 230r
conprises a generally rigid material 560 whi ch extends between two
conpliant structures 562, 564. In this particular enbodinent rigid
material 560 can be noved relative to fixed assenbly 232r utilizing

rel ati ve charge as descri bed above to inpart nechanical energy on fluid
contai ned in chanmber 222r. [00058] Figs. 5-Sf illustrate enbodi ments having
a si ngl edidgpkpbmecehenit A26iqt [mtue paricdangmhodingns the electogsbeagy cap be
illustrate another exenplary configuration that may anong other attributes

pr oduce gﬂg&é@ld@&hﬁﬁ@rﬁ&ﬂbﬁ $114y % dnfares bzl%lati-r?@%' néig@iBe idhbtsd BRingd i N

Figs. Sg-Sk sire simlar to those illustrated i gs. Sa-Sf and represent

ti f. fluid-ejection deyi 0Qe. [Q0059], As il ted in Fig. Sg,
" i s el rondhel e SpUer oh aadi i g Bt &SFmAY 320 o8 suRben: 1y

control | abl e conductive paths associated with an individual chanmber. In

this par fHec hitrictiestfotevewhidhhdeerided epiepdectbly assanblyolBay!tewaohdinedi ve
pat hs 21.2s-212u are coupled to fixed assenblies 232s232u respectively. In

0 <l hoedrEik 2ang 9 2aaleetcn Y EhalliFeRl SRy pbibl 20053 O

di stinctly divided conponents. One, two or all three of the fixed_ .
assenbl | euRBAe dBorigianl $atesuidoas such| GANCPIAVHER BiEChANISMe T <oertmgatiido
effect portions of displaceable assenbly 230s associated with the various

di spl acef@pi nbfik 228469426k particular instance movement of displaceable assembly
230q can impart mechanical energy on fluid contained in chamber 222q. Though
not specifically shown, in some embodiments the displaceable assembly may
oscillate past the xy-plane generally before coming to rest as illustrated in Fig. 5c.
When the electron beam is no longer acting upon conductive path 212q the relative
charge configurations illustrated in Fig. 5b can be re-established and the
displaceable assembly can return to the position illustrated in Fig. 5b or Sc.

[00056] For purposes of explanation displaceable assembly 230q is illustrated
in a fully displaced condition in Fig. Sc and the displaceable assembly returns to a
generally planar configuration illustrated in Fig. 5d when effected by an electron
beam via conductive path 212q. Other embodiments may result in the displaceable
assembly 230q assuming one or more intermediate positions by controlling the
electrical charge imparted upon the path by an electron beam. For example an
electron beam can act upon conductive path 212q sufficiently to cause the
displaceable assembly to have a decreased attraction to fixed assembly 232q such

that the assembly moves to a position intermediate to those represented in Figs. 5S¢
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[00060] Fig. Sh illustrates each of the three fixed assenblies 232s-232u
havi ng aomedi@tii vel y positive charge and negatively charged di spl aceabl e
assenbly 230s being displaced toward the fixed assenblies for each of the
di spl acenent units 226s-226u. [00061] Fig. Si illustrates an exanpl e where
an el ectron beam has changed conductive path 212s and fi xed assenbly 232s
froma generally positive charge to a generally negative charge. As a
result, a portion of displaceable assenbly 230s conprising di spl acenent

uni t 22Easd Bds Aesuehsettlativalgpsmadhilui drp prwynbaateckast fops npazle 228q
anon-di spl aced configuration which can eject a fluid drop fromnozzle 228s.

[00062] Gipg! t9-a Plop b Prb@RE ROnCHRMReMRAT 6f e disptideablebeam
irrparted%@ge%é%ﬁrfgtﬁggaﬁﬁvel cﬁlgrge on fixed assgnbl i es 232ts,p¢232u. A

second portiogn of displaceable assepbly. 230s assogi at ed,wi {.h di,spl acenent
units ZZBQSF“TE’LB%Y%W%H%SW%“M%R%é& cé‘bﬁﬁtd ‘l‘%ﬁﬁ%lﬁ%%dcglwc ause a
fluid drop to be ejected fromnozzle 228s. In this instance the fluid drop
may be | ahigge vahiation ben tbmipdisdnapxdapts bbedxismodiktionrastdeséiiled dave[ 00063]
Fig. Sk shows still another possible exanple where an el ectron beaminparts
a genera I ¥ C I pat hs 212s212u
and assoH %tlﬁg&ﬁox% gﬁ??%ﬁ]fgiggﬁ%%gﬂfolﬂhgﬁn\é%aﬁﬁ/gﬁc glﬁ)geﬁ%‘eécr eases the 21
200400194-1 attractive forces _acting up?n di spl aceabl e assenbly 230s which
returns {#057hondi Epsacéa-donlnstrase. deplacemeng) ung fqz.@irdi’é?”fﬁg ALY rom
nozzl e 228s may be |larger than the fluid drops described in relation to

Fi gs. 5ielimpllipe skifigiadtiont i sian thshewisbdimengndizglastdblé agshmblex23qr ary
configurations. [00064] Figs. 5-S] are described in the context of an

el ectron beam inpartin a. negat.i v rge ' h : S
conduct i Y&BEEH léedlefzﬁ}yug]tgi‘(gg%ﬁc?ﬁl g@?d&%ﬁ%ﬁ{e@g@%&’t\éﬁ%&% ??@gﬁg?t?i san
shoul d recogni ze that other enbodi nents may be constructed to inpart a
posi ti vestrhetnges 562,t he4 cohdukisi partipalah snabeiliment aigifl gueterial OO can Pe
assenbly accordingly. For exanple, a material, such as Magnesi um oxi de

(MO capRedReRkivEDTHked dsBiMbiNEI MARU LIRS Wat fo Bhagerasidesslibdeabaveal
portion 512g such that an el ectron beam stri king the material produces a

secondary .electron em ssion resul.ting in net posi,tive charge which is
i rrparted)[/%ﬂrﬁl’ﬁg}‘t W?érﬁa%‘&? ¢n@é%}aﬁpzﬁ€1ti§9g@&}? C‘i"ﬁaﬁ’gﬁlz%gr'rraxi n ze secondary
em ssion. As such, exenplary fluid-ejection devices can be configured
whi ch ut [00058] t he Eigctkdhilhsante embodimaerits diavingr a aingdé displaleyngndsingti ve
charge or a relatively negative charge on the paths to effect the

di spl acegﬁsgcialrfrgc% Lith #hﬁr&?@x{)éﬁ%sﬁ?—?&?ﬂqkﬁé@%b{%rtegeﬁ%ﬁaﬂw ratRin0Vi ded

above, o errals to optimze se ry emssions can
conprise netals such as al uginumtantalum nickel, iron,..c er, rom um
zinc, si thadmayygmgng oiler tté{g“ﬁ‘iﬁﬁré? ﬁ%}c%@tﬁ@?@iy ®AHa 1ent§~f19rqc%§1? S@&ncﬂwcl ude
netal alloys such as alloys of the netal |isted above. O her materials can
incl ude wadvad illBxiatRiSiS RS, 8g-5K b sixiitie, totthoseailiuytraxiddi, Figsd Stitfaaridum

oxi de, anong others. Still other materials can include ceramc nmaterials

such as %lepl{rggerﬁ?’a pcoe ié)f’i‘ of %fuli&-%Joe%tig% idgsfce 100e.
[00059] As illustrated in Fig. 5g, in this embodiment fluid-ejection device
100¢ has multiple independently controllable conductive paths associated with an
individual chamber. In this particular embodiment three independently
controllable conductive paths 212s-212u are coupled to fixed assemblies 232s-
232u respectively. In this particular embodiment the three displacement units

share a common displaceable assembly 230s. Other embodiments may have
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22 200400194-1 and silicon alloys such as silicon nitride and tungsten
silicon neakde anong ot hers, and conbi nati ons of the above listed types of
materials. The skilled artisan should recogni ze exenplary fl uid-ejection
devices which utilize each of these configurations. [00065] The use of

el ectron beam sources to actuate fluid ejection allows several advantages
over known approaches. For exanple, electron beam sources can scan beans
over the sqrface.qfdflate 304 at rates approaching the gigahertz range.

Thi s nmaydatihothy Hivided epeponentss 4nss tyemr allibres el Jmegg%ﬁwglékﬁs dpéEds.

[ 00066] Figs. 6a-6r illustrate process steps for formng a portion of an

exenpl ar y33| Wi 8EesdleQivdievilRe&d My an ERctbat bédthusd reffeed partibhg.of5. The
skilled artisan shoul d recogni ze ot her suitable processes. [00067]

R
nonel ectrically conductive materials such as, but not limted to, ceramcs
such as 226u.cate glass, quartz, and netal oxides, and plastics such as poly
vinyl chloride and poly styrene.
[00060] Fig. 5h illustrates each of the three fixed assemblies 232s-232u
having a relatively positive charge and negatively charged displaceable assembly
230s being displaced toward the fixed assemblies for each of the displacement
units 226s-226u.
[00061] Fig. 5i illustrates an example where an electron beam has changed
conductive path 212s and fixed assembly 232s from a generally positive charge to
a generally negative charge. As a result, a portion of displaceable assembly 230s
comprising displacement unit 226s has decreased attraction to the path and returns
to a non-displaced configuration which can eject a fluid drop from nozzle 228s.
[00062] Similarly, Fig. 5j illustrates an example where an electron beam
imparted a generally negative charge on fixed assemblies 232t, 232u. A second
portion of displaceable assemblv 230s associated with displacement units 226t,
226u returns to a non-displaced configuration which can cause a fluid drop to be
ejected from nozzle 228s. In this instance the fluid drop may be larger than the
fluid drop described in relation to Fig. 51.
[00063] Fig. Sk shows still another possible example where an electron beam
imparts a generally negative charge on each of the three conductive paths 212s-

212u and associated fixed units 232s-232u. The negative charge decreases the

21



[ 00068] In sone formation processes substrate 340d can conprise nultiple

| ayers. Fewiexanple a first |ayer 602a can be forned foll owed by a second

| ayer 602b and then third | ayer 602c. In one particular formation process
hol es corresponding to central portion 530p, 530q of conductors 336p, 336q
respectively are fornmed in first layer 602a conprised of green or unfired
al um na. The holes can be filled wth a conductive material such as nickel,
copper, gold, silver, 23 200400194-1 tungsten, carbon_ silicon and/or other
conduct i ateractive éorices anting tipon displacdable agpenddyizi3Natwlich rehsped? 2 19-some
enbodi ments the conductive material can conprise | oosely associ ated

par L1 cl e3isSHER BRIt Wikl hNUDBRRUGRLY ERNREAITEISS they dcsol | d

componen erring again to Fig. where patterned second | ayer
602b conprising green. alumna is sitiooned over first layer..602a. An area
conpri si 1gEer| thma%%%##@ﬁr%zo@espeb%m selatien o fﬁ%-éﬂ'ﬁorﬁ’%ﬁﬂ}lf"g?&sﬂl fill
materials 604 such as tungsten or other material. Holes corresponding to

conduct ostsuld esdogalzepoilt othor 538pplabBOepftgnatend.orned and filled as
descri bed above in relation to first layer 602a. Patterned third | ayer 602c

Fol o5 colPRBonai nbitbnS b aray edanfe LhEREDT AN Eloch Rl MEARE? ) rec

and filled as described above. The substrate then can be fired or heated
whi ch cam nhgatifencharge smpeanductverpathsi sach as sopduetiee prth Hedaediugratedi 1 g or
heating may al so serve to bond the various |ayers such as 602a-602c to one

anot her . p{080AQbwEesimatkined kitean sh3dRt 2338niad thdiItheb@Abodintems nfayxed
assenbl i es 232p, 2329 can be forned on first and second surfaces 522, 524

R PN T R

sem conducting material. Term nal portions 532p-532q and 534p-534qg and/ or
fixed astenfuikssesdpy agpedingly. bd droexasaplbeomatasial afeddt af MiagaesdéPendi ng
on the techni ques enployed. In one particular process term nal portions
532p- 53285 RRAMSAN-car 4k HoXidnds SElini @2 vacuum tube and over first terminal
portion 512q such that an electron beam striking the material produces a secondary
electron emission resulting in a net positive charge which is imparted along the
path. Beam energy can be chosen to maximize secondary emission. As such,
exemplary fluid-ejection devices can be configured which utilize the electron beam
to impart either a relatively positive charge or a relatively negative charge on the
paths to effect the displacement units. Alternatively or additionally to the example
provided above, other materials may be utilized to optimize secondary emissions
can comprise metals such as aluminum tantalum, nickel, iron, copper, chromium,
zinc, silver, gold, and platinum among others. Other material can include metal
alloys such as alloys of the metal listed above. Other materials can include metal

oxides such as zinc oxide, tantalum oxide, and titanium oxide, among others. Still

other materials can include ceramic materials such as alumina, ceria, silicon oxide,
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24 200400194-1 232p, 2329 can be photolithographically patterned utilizing
known pragesses after firing. [00071] Referring to Fig. 6b, resistors 548p,
548q are patterned over substrate's first surface 522 in electrical contact
with termnal portion 532p, 532q respectively utilizing known processes.
Resi stor materials can include, but are not linmted to, tungsten silicon
nitride, doped or poly-silicon, tantalumnetal and nitrides of silicon,
titani um and/ or boron. [00072] Referring to Fig. 6c, conductors 546p, 546q
are pat tardsticow etlogubstir at @lisor nrtsile 90 frangstap silican sisideraraang edgfact wit h
resistors 548p, 548g. Known techniques such as a standard photolithography
pr ocesses, ealinBifalbhd b Ak idkafdd Bpesepdhatons. THRORTNG Rekershaddto Fi g
fid where an electrically 1solative~“or insulative material 610 is patterned
over substrate's first surface 522 |eaving term.nal .portions 532 532q
exposed. reEPgRize | €xpmplarys uilwdrgectian efFHrss c&’rlill‘?}hc}lﬂﬁ%e st of n%ﬁs{ade or
silicon carbide anong ot hers.

configurations.

[00065] The use of electron beam sources to actuate fluid ejection allows
several advantages over known approaches. For example, electron beam sources
can scan beams over the surface of plate 304 at rates approaching the gigahertz
range. This may allow fluid ejection rates near the electron beam scan speeds.
[00066] Figs. 6a-6r illustrate process steps for forming a portion of an
exemplary fluid-ejection device similar to that illustrated in Fig. 5. The skilled
artisan should recognize other suitable processes.

[00067] Referring initially to Fig. 6a, a fluid channel 220d and conductors
336p, 336q are formed in substrate 340d. Substrate 340d can comprise any non-
electrically conductive materials such as, but not limited to, ceramics such as
silicate glass, quartz, and metal oxides, and plastics such as poly vinyl chloride and
poly styrene.

[00068] In some formation processes substrate 340d can comprise multiple
layers. For example a first layer 602a can be formed followed by a second layer
602b and then third layer 602c. In one particular formation process holes
corresponding to central portion 530p, 530q of conductors 336p, 336q respectively
are formed in first layer 602a comprised of green or unfired alumina. The holes
can be filled with a conductive material such as nickel, copper, gold, silver,
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[00074] Referring to Fig. 6e where an electrically insulative or dielectric
mat er i al208®B4-such as silicon dioxide is patterned over substrate's second
surface 524 | eaving fixed assenblies 232p, 232q exposed. Electrically
insulative material 612 can be planarized to act as a spacer to naintain a
desired distance between fixed assenblies 232p, 232 and a subsequent
conponent as will becone evident below 25 200400194-1 [00075] Referring
to Fig. 6f where another portion of an exenplary fluid ejection device is
forned fiongstahseapbentsilheweabdipr withér eanduptive ioprsemitagadpelivel matergly orge.

Di spl aceabl e assenbly 230p, 230q is positioned over at |east a portion of a
sact i f 1 CUhninalibheihchddt, Th3ohfl mBE@ARYSS RS oIREAC AR 35A R0Ripisks
fornmed over a surface bl OP carrier 614 and then patterned to form

i ndi vidual units such as djsplaceabl e assemjl.ies 230p, 2%?q&@LQ€076

Ref er r i ngoselyrsgocipteq RaEEles Sugh diset PPEeHWIdels as subseapgntiy, Ensarye

mat eri al 620 such as silicon dioxide is positioned over portions of

di spl acenlipd & sahgdedhipoasn®30p, 230g. [00077] Referring to Fig. 6h where
sacrificial carrier 614 is positioned over substrate's second surface 524.

I n one pahhi&ul ar I t H: terd i hi phnst
dieIectrﬁ@bﬁgteriaﬁéggﬁﬁ%n%&ﬁﬁg&hgh'oﬁghsgh%gﬁ&géxgéﬁgggg&%ga %hgp?Pons
sufficient to bond the two dielectric |ayers. For_ purposes of illustration,
Fi g. 6h ewnpesing gieen pingiapiin pasitiened ospeirstileyarilen; AN G2 $OHRIBNG| ectri ¢
mat eri al 620, however, one honbgenous material may be produced as a result

of the bapRi MhrREP2268 is filled with one or more sacrificial fill materials 604 such as

tungsten or other material. Holes corresponding to conductors’ central portion
530p, 530q can be formed and filled as described above in relation to first layer
602a. Patterned third layer 602c comprising green alumina can then be positioned
over second layer 602b. Holes corresponding to conductors’ central portion 530p,
530q can be formed and filled as described above. The substrate then can be fired
or heated which can harden the substrate material and/or the pin material. Firing
or heating may also serve to bond the various layers such as 602a-602c to one
another.

[00070] Terminal portions 532p-532q and 534p-534q and or fixed assemblies
232p, 232q can be formed on first and second surfaces 522, 524 respectively.
Terminal portions 532p-532q and 534p-534q, and/or fixed assemblies 232p, 232q
can comprise any suitable conducting or semiconducting material. Terminal
portions 532p-532q and 534p-534q and/or fixed assemblies 232p, 232q can be
formed before or after firing depending on the techniques employed. In one

particular process terminal portions 532p-532q and 534p-534q fixed assemblies
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[ 00078] O her enbodinents may utilize other processes to formthe

di spl aceahbes.assenbl i es over the substrate. In one such exanple a

di spl aceabl e assenbly may be | am nated over substrate 340d with or w thout
the aid of a sacrificial carrier. [00079] Referring to Fig. 6i, sacrificial
carrier 614 and sacrificial fill material 604 are renoved utilizing known
processes. 26 200400194-1 [00080] Referring to Fig. 6] nozzles are formnmed
inorifice layer 540. Oifice |ayer 540 can be positioned on a nandrel 630
during fI32p0B2q cah eopnitekthdgsphicatlyseptteondd kizingfaovauprasgpsesaftesr med
fromany suitable material utilizing known formation techniques. In this
partlcuk@ﬁ%gnbodinent orifice layer 540 conprises a netal such as nickel.
Q her enbodfnents nmay utilize other netals or other material such as

polymers. In some embodi ments a sacrificial terjgl 632 tenporally can be
posi ti onl@A071 t he Refierangc® al:rléasﬁbduquﬁéorﬁrégge’sigr‘}gﬂ P%d%aﬂer‘z%‘é* % ng to
Fig. 6k, a chanber |ayer 640 is patterned over orifice layer 540 to form

chanber s 2228’ 2824 -suhasBen ihatediribACdiattooinip tératinalnyortioni 132, 632yt eri al
such as various polymers. A sacrificial material 642 which may be the sane

IR 5 SREI M LR, RSBty Rshgitesa i o
limited to, tungsten silicon nitride, doped or poly-silicon, tantalum metal and
nitrides of silicon, titanium and/or boron.

[00072] Referring to Fig. 6¢c, conductors 546p, 546q are patterned over
substrate’s first surface 522 in electrical contact with resistors 548p, 548q. Known
techniques such as a standard photolithography processes can be utilized to form
the conductors.

[00073] Referring to Fig. 6d where an electrically isolative or insulative
material 610 is patterned over substrate’s first surface 522 leaving terminal
portions 532p, 532q exposed. Electrically insulative materials can include silicon
nitride or silicon carbide among others.

[00074] Referring to Fig. Ge where an electrically insulative or dielectric
material 612 such as silicon dioxide is patterned over substrate’s second surface
524 leaving fixed assemblies 232p, 232q exposed. Electrically insulative material
612 can be planarized to act as a spacer to maintain a desired distance between
fixed assemblies 232p, 232q and a subsequent component as will become evident

below.
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[00082] Referring to Fig. 61, a bond |ayer 650 is patterned over chanber

| ayer @4@outilizing known techniques. [00083] Referring to Fig. 6m where
sacrificial materials 632, 642 (illustrated in Figs. 6j, 6k) can be
renoved utilizing known techniques fromnozzles 228p, 228q and chanber
222p, 222q respectively. [00084] Referring to Fig. 6n where nmandrel 630
(illustrated in Fig, 6j) can be renoved fromorifice plate 550. Such

renoval can occur before or after osi tioning chanber |ayer 640 \zgr
subst r at[@0878d as Refensng do ddgi réfnwgﬂeamot{l@opeapm@? ey P)FFan]@rﬁitg“.l 60
where orifice |layer 540 can be respectively positioned over displaceable

assenbl i g5.73PReviedq8 foHAd FHRbutieqsertanssmbBOwath thaQfttiea Ihujtrated in

Fig. 6e. Displaceable assembly 230p, 230q is positioned over at least a portion of
a sacrificial carrier 614. In this process the displaceable assembly is formed over a
surface 616 of carrier 614 and then patterned to form individual units such as
displaceable assemblies 230p, 230q.

[00076] Referring to Fig. 6g where a dielectric or electrically insulative
material 620 such as silicon dioxide is positioned over portions of displaceable
assemblies 230p, 230q.

[00077] Referring to Fig. 6h where sacrificial carrier 614 is positioned over
substrate’s second surface 524. In one particular process dielectric material 612 is
positioned against dielectric material 620 and the components can be exposed to
conditions sufficient to bond the two dielectric layers. For purposes of illustration,
Fig. 6h contains a line delineating dielectric material 612 from dielectric material
620, however, one homogenous material may be produced as a result of the
bonding process.

[00078] Other embodiments may utilize other processes to form the
displaceable assemblies over the substrate. In one such example a displaceable
assembly may be laminated over substrate 340d with or without the aid of a
sacrificial carrier.

[00079] Referring to Fig. 6i, sacrificial carrier 614 and sacrificial fill material

604 are removed utilizing known processes.
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bonds to portions of the displaceable assenblies to create a functional
flud assemly 104d. [00086] Referring to Fig. 6p, central portions 510p,
5109 of conductors 330p, 330g can be forned in substrate 210d in a manner
simlar to that described in relation to Fig, 6a. [00087] Referring to
Fig. 6g where termnal portions 512p, 5129 and 514p, 514q are forned in a
manner simlar to that described above in relation to Fig. 6a. At |east at
this point in the processing, in some enbodi ments pin plate 304d npy be

i ncor por @0880jas a Referiing toffig ararahstarpdormed ik aofige fayie40. [ Qodss)
Referring nowto Fig. 6r, pin plate 304d is positioned prOX|nate fluid

assenbl y, &Qﬂgﬁgnohﬁ Béﬁﬁ&ﬁﬁaﬁ@d 3R GdmaRlRY RBOELriME fSHaRIMRest ndzr1éhR28p,

particul a Iment interface 306d conprises a deformable nateri aI whi ch

can serve to ObVI te apny irr Iarl es betwe s.se ond surface
504 and £RA.qOTHsdam 20 £a1 B Temmadsirarsan Saiamb pe G i Ging
interface material can conprise anl sotropically conductive poI yrrer. One

such exafmhatioancsaiipiésseln thay patichilabersboeiihendeufica layes iSHD congprisgbber
matrix. Qther deformable interface material can conprise other conductive

pol yneri ¢ iRt &f ah§ ULl 2oEt %B’Mcﬁﬁlenﬁnhﬁgdﬁghk@ StHOD ke tfRdoF R IR

particl es enbe i N epoxy resin, anon materl als. [00089] O her
enbodi nment s nay utilize other interface erials such

sol der b1 asiobe ap RQlYMSHed Bn Some %mgaaltnﬁe@%t% sgeritl @thﬂ%ﬂeﬂa%?’?p i ons
514p, 5149 and/or 532p, 532q. The pin plate 304d and the fluid assenbly 28
20040019¢mniporally can be positioned in the patterned areas during processing.

[00081] Referring to Fig. 6k, a chamber layer 640 is patterned over orifice
layer 540 to form chambers 222p, 222q. Chamber layer 640 can comprise any
suitable material such as various polymers. A sacrificial material 642 which may
be the same material as sacrificial material 632 described above in reference to
Fig. 6j can be positioned to temporally fill chambers 222p, 222q.

[00082] Referring to Fig. 61, a bond layer 650 is patterned over chamber layer
640 utilizing known techniques.

[00083] Referring to Fig. 6m where sacrificial materials 632, 642 (illustrated
in Figs. 6j, 6k) can be removed utilizing known techniques from nozzles 228p,
228q and chamber 222p, 222q respectively.

[00084] Referring to Fig. 6n where mandrel 630 (illustrated in Fig, 6]) can be
removed from orifice plate 550. Such removal can occur before or after
positioning chamber layer 640 over substrate 340d as illustrated in Fig. 60.

[00085] Referring to Fig. 60 where orifice layer 540 can be respectively
positioned over displaceable assemblies 230p, 230q such that bond layer 650
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104d can then be positioned proxi mate one another with the solder pads in a
nol t en shatesuntil the solder resolidifies and can aid in maintaining the
orientation and el ectrical connections therebetween. It should be noted
that interface 306 is not needed and the conductors may run directly from
the pin plate to ends 216 proxi mate di spl aceabl e assenbly 226. [00090]
Figs. 6a-6r illustrate process steps for formng an exenplary print head
havi ng conductive paths 512r, 512s which extend generally orthogopally to
subst r at kosdsf io groriang adetB2disptaceablecatssaiblisatt® eratea, dungtimal fluid
configurations. For exanple, the conductive paths may have portions which
are run Q%EﬁﬂﬂfﬁOQ@ the first surface of the fluid assenbly's substrate.

y or

Al ternative additionally, still other enbodinents may have portions
whi ch run obl i quel o the first surface. .Suc ortion OCCUl ,hA - the pin
pl at e suld9PBelt e anéﬁ%ﬁ‘rmﬂﬁéof 181 P @F%té?ingﬁ%gyﬁ%tstel.ongg%@gﬁ%@(g%’e is

described belowin relation to Fig. 6s. [00091] Fig. 6s illustrates an

al ter nat 3y@y eER®H faRtediesebgend 2004 iaf a trhanmeo nsimetai ve that Hesdsibed, in512x
are generally parallel to first surface 522v while other different portions
are oriented rally orthogonally to the first surface. In this

parti cul até%ﬂﬁn@@r g?'i on, conductor portions 690v, 690x and 692v, 692x are

oriented generally parallel to first surface 522y Wh%]L,&)c r&iduct(gr5 %gvrti ons
694v, 6OMPO8TA 696RefmoBg tarligoPRekhes tGERERLPOIHINS ARG LA first
surface. The parallel portions can be fornmed utilizing the techniques

descri begabanefordantmasbsiindlae so aigt deseritetl atroveayenetatidhotot Fignéa.690v,
690x, 692v, and 692x can be forned on a top surface of a first |ayer before

posi tioniing a secaond l.ayer . thereon. 2 4 = 1POlatd 9 ext end
bet ween ﬁﬁge‘ﬁélaﬁlﬂf@rg atdmi the (RISS3 1N Zn %&%t%&%ﬁpﬁggﬁgﬂpﬂﬁ or%dnte
conductor portions as described above. The skilled artisan shoul d recognize
ot her exbaphcorporatedt asgupartioonef a Fayuuax tirhsi 18 2 lgiavat mawBsti nent s may enpl oy
conductive paths having portions which are oblique relative to the first
surface. [0008s] Referring now to Fig. 6r, pin plate 304d is positioned proximate fluid

assembly 104d with interface 306d interposed therebetween. In this particular

embodiment interface 306d comprises a deformable material which can serve to

obviate any irregularities between pin plate’s second surface 504 and fluid

assemblies first surface 522. Example of deformable interface material can

comprise anisotropically conductive polymer. One such example can comprise

carbon fibers embedded in a silicone rubber matrix. Other deformable interface

material can comprise other conductive polymeric materials such as metal wire

embedded in rubber and metal particles embedded in epoxy resin, among other

materials.

[00089] Other embodiments may utilize other interface materials. In one

such example solder bumps can be positioned on one or both sets of terminal

portions 514p, 514q and/or 532p. 532q. The pin plate 304d and the fluid assembly
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[00092] The enbodinent illustrated in Fig. 6s can allow flexibility in the
desi gn l2ep@ut-1 of t he vari ous conmponents conprising an exenpl ary
fluid-ejection device. For exanple, such a configuration can allow greater
conductor density in the fluid assenbly or the pin plate as desired.
Further, such a configuration can allow an evenly spaced array of
conductors extending into the vacuumtube while allowng fluid drop

generators to be arranged along fluid channels. Still_ ot h?c!;e configurations
shoul d bE)4dcagrther dbehpositiened imrpyianaie tnsaanothonygth the golder; padssty &t es
anot her exenplary fluid ejection device 100y. In this particul ar enbodi nent

fixed assglibhiseie 23RV the2®AdeOfessliGiflcd aAARA it SnARGINing2Be otiantabienf or med
into or over vacuumtube 204y. Vacuum tube 204y is configured to allow

el ectron beame to act directly,upon displac nt_ uni A 267 :.In this
particul @K & H&aﬁ@ﬁfln?%}é)nﬁiti@%{’bﬁg’%@‘i’bl ﬁesglogmf? Jﬁpl{%%ﬁliast %éggagés%nlst he
vacuum tube sufficient to allow el ectron beame to act directly upon

di spl acep@niecddeiitaid fliexeshdss@shhie suf 3lisectig3ftom ther pinf platel tasadsizllpes

232y, 232z are forned from conductive nmaterials and directing el ectron beam
e at an jndividu ' an i nduce a charge thereon. Several
exanpl esprgglr%% (g%)plfaé%%i%g%gﬁmﬁlgagh a configuration can be utilized to
effect fluid drop ejection are described above. .The skilled aEti san tshoul d
recogni zZHWORRMy ot hElEseRarhs| KiustralsnpiogessasteBhdor [oEnes) 2kic§eMB1qTY | RILY at es
still another exenplary fluid-ejection device 100aa conprising fluid

assenbl yhdQ¥paviaptondnetiag paths a5i9e/H13s dbdnextend taensradiybodhogomallyewer at i on
assenbly 102aa conprises two individual vacuum tubes 204aa, 204bb,

mechan sotPsg0Bae T3 FOBR Tt ke erPRRIERS S e ofer SRUREE S cuum

t ubes and associ ated el ectron guns are configured to operate on a @@rti on
of the fFar dxamplentiecommuctizg pafisanay haveiRPTians whighare fen 8@’?@181 Y
el ectron guns 202aa- 202cc are configured to operate on portion 802 of fluid

assenbl yf1Q4q@facd i 1eHiigWsaéhbly’§ khibsidtat edtériativedy & additiahdlbwy stillsi ngl e
vacuum tube configuration to be nanufactured in |large quantities and

i at it ' [ f fluid | i ,
e L e e S T T G
9

array of the vacuumtubes illustrated in Fig. 8 with an appropriately sized
fluid asSedbl yortionf oray attwi dej et pon pletei sebstfate andéorr dap SHlyid-eI¢BBTO5]
Figs. 9a-9b illustrate additional exenplary fluid-ejection devices 100gg,

100jj - %uﬁét}ak@tggéggcﬁ exa'ﬁ'hgle 19 .deBERIELdI6W iATsRABh Yo F92a%. can conprise a

single vacuumtu 49g associated with two or nore groups of electron
o mor o M8 on g, 63 NIRRT AREORLYS SRUGMRER ~ ek PoT IS Col Bupe. of
el ectron guns can conprise three electron guns. For exanple, group 902gg
conpri sesoedwtivieqaths 512v, 512x are generally parallel to first surface 522v while other
different portions are oriented generally orthogonally to the first surface. In this
particular configuration, conductor portions 690v, 690x and 692v, 692x are
oriented generally parallel to first surface 522v while conductor portions 694v,
694x and 696v, 696x are oriented generally orthogonally to the first surface. The
parallel portions can be formed utilizing the techniques described above where the

substrates are formed in layers. Portions 690v, 690x, 692v, and 692x can be

formed on a top surface of a first layer before positioning a second layer thereon.
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31 200400194-1 guns 202gg-202ii. Individual groups of electron guns can be
conf i guredootd! operate on a portion of the fluid assenbly. For exanple group
902gg can be configured to operate on portion 802gg. As illustrated in Fig.
9a, fluid assenbly 104gg can conprise a single assenbly of fluid drop
generators. However, such need not be the case. As illustrated in Fig. 9b
fluid assenbly 104jj can conprise subassenblies of fluid drop generators
associated to act as a single functional assenbly. In thif partj cul ar
i nst anceThewpationassanbiitend daaween 2ther dolgs| dermed e thpelaygrs afj%e lies
can be associated utilizing various suitable techniques. In this particular

I nst ance, b ARTSdRidied 26RduddL peafbnlarsedonbed atovat Tieaskilled apiah, by
bei ng bonded" to interface 306jj. The skilled artisan should recognize still

ot her exenplary conf.igurations. 0096 e _described e | ent late to
f1uid-ej §E’t‘-‘i1€n TERAENEs . OHIFE felxﬁ]‘%’??gjyec‘]ﬂ“l%u Be caﬁo%ggg%g%’ a??ﬂ(lie ectron

beam generation assenbly for effecting fluid ejection fromindividual fluid
drop genembbdinsents map by tdvadectioz ipathst bavihg pirgons ovhisbaare cali®iguse a
di spl acenent unit to inpart nmechanical energy on fluid contained in the

fluid dr r i.cient to cause a fluid drop to be ejected from an
Iceégat%nt% tﬁE ?{r&%%lgflaicg

associ at hozzle. 1t shoul d be noted that while the application
Such dosHORRI on aBe rarbodieabrrard dny Tends epce b r At bty S
conponents described. Such x, y, and z-axes are nerely described to
facilitafiesigm laysiera thediatpusfcongorieatatomaprising poskemplary filuidepesntiont s
relative to one another in certain situations. 32
device. For example, such a configuration can allow greater conductor density in
the fluid assembly or the pin plate as desired. Further, such a configuration can
allow an evenly spaced array of conductors extending into the vacuum tube while
allowing fluid drop generators to be arranged along fluid channels. Still other
configurations should be recognized by the skilled artisan.
[00093] Fig. 7 illustrates another exemplary fluid ejection device 100y. In
this particular embodiment fixed assemblies 232y, 232z of displacement units
226y, 226z can be formed into or over vacuum tube 204y. Vacuum tube 204y is
configured to allow electron beam e to act directly upon displacement units 226y,
226z. In this particular embodiment the fixed assemblies overlay holes or gaps in
the vacuum tube sufficient to allow electron beam e to act directly upon
displacement units’ fixed assemblies 232y, 232z. Here fixed assemblies 232y,

232z are formed from conductive materials and directing electron beam e at an

individual fixed assembly can induce a charge thereon. Several examples of how
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200400194-1 [00098] Although several enbodinents are illustrated and
descri bed+abeve, many ot her enbodi ments should al so be recogni zed by the
skilled artisan. For exanple, front' or "face' shooter fluid assenblies
are described above. The skilled artisan should recognize that many other
enbodi ments can be configured utilizing “side' or "edge' shooter
configurations. This provides just one exanple that although specific
structural features and nethodologlcal steps are descriped, it is._t

under st ongtht hatonfigerationepan \be eidhicashte ctise Pﬂé‘éid idiOp Hac il Atfe desaribe ar e
not necessarily limted to the specific features or steps descri bed.

e A AT Mo sten: U omaas Sqter

s [00094] Fig. 8 illustrates still another exemplary fluid-ejection device 100aa
comprising fluid assembly 104aa and generation assembly 102aa. In this
embodiment generation assembly 102aa comprises two individual vacuum tubes
204aa, 204bb, associated electron guns 202aa-202cc and 202dd-202ff, and
deflection mechanisms 302aa, 302bb. In this particular embodiment individual
vacuum tubes and associated electron guns are configured to operate on a portion
of the fluid assembly. For example, vacuum tube 204aa and associated electron
guns 202aa-202cc are configured to operate on portion 802 of fluid assembly
104aa. The configuration illustrated in Fig. 8 can allow a single vacuum tube
configuration to be manufactured in large quantities and associated with various
sizes of fluid assemblies. For example, one embodiment may associate a
generation assembly comprising a three by three array of the vacuum tubes
illustrated in Fig. 8 with an appropriately sized fluid assembly to form a fluid-
ejection device of a desired size.
[00095] Figs. 9a-9b illustrate additional exemplary fluid-ejection devices
100gg, 100jj. As illustrated in Fig. 9, generation assembly 102gg can comprise a
single vacuum tube 204gg associated with two or more groups of electron guns.
Each group of electron guns 902gg, 902hh and 902ii can comprise one or more

clectron guns. In this particular embodiment, individual groups of electron guns

can comprise three electron guns. For example, group 902gg comprises electron
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1. Afluid-ejection device (100) conprising: at |east one nozzle (228)

oper at i vel§loassoci ated with at | east one displacenent unit (226) configured
to inpart nechanical energy on fluid associated with the nozzle (228) to
cause a fluid drop to be ejected fromthe nozzle (228); and, a cathode ray
tube configured to supply energy to selectively effect the displacenent
unit (226) to control ejection of the fluid drop. 2. The fluid-ejection

(100) device of claim1, wherein the at |east one displacement unit (226)
conpr i sesurs 202ged2 @it ehsliyidualgnouan af glegiropigaes gan eﬁ@%%ﬁfpwatﬁnd
wherein the di splaceabl e assenbly (230) is configured to nove relative to

the fixeg,g ¥f (23fNid semBBY. t Féhéxamsibanbemb0aeay boronfigutedqui d. 3.
The f1l ui -ej%g)ctli on devi cle (100) IES(r)f claim1l, %mmhﬂe:l?ei%g?he at Ieagt one
di spl acenent unit (226)

displacéﬂﬁﬁﬁwuﬂ?ﬂ§’19@é%ﬁ%gggéégﬁggga%bﬁafﬁggg%ﬁ?ﬁgg?%%éygggabggéqghe
comprise a single assembly of fluid drop generators. However, such need not be
the case. As illustrated in Fig. 9b fluid assembly 104jj can comprise sub-
assemblies of fluid drop generators associated to act as a single functional
assembly. In this particular instance two sub-assemblies 910, 912 are illustrated.
The sub-assemblies can be associated utilizing various suitable techniques. In this
particular instance sub-assemblies 910, 912 can be associated, at least in part, by
being bonded to interface 306jj. The skilled artisan should recognize still other
exemplary configurations.
[00096] The described embodiments relate to fluid-ejection devices. The
fluid-ejection device can comprise an electron beam generation assembly for
effecting fluid ejection from individual fluid drop generators. In some of the
embodiments the electron beam can cause a displacement unit to impart
mechanical energy on fluid contained in the fluid drop generator sufficient to cause
a fluid drop to be ejected from an associated nozzle.
[00097] It should be noted that while the application explains certain views of
the figures in terms of the x, y, and z-axes, such description are not indicative of
any specific geometery of the components described. Such x, y, and z-axes are
merely described to facilitate an understanding of the location and position of

components relative to one another in certain situations.
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200400194-1 4. The fluid-ejection device (100) of claim1l1, wherein the at

| east onwosppezzl e (228) conprises a nunber of nozzles (228), and wherein the
at | east one displacenent unit (226) consists of a nunber of displacenent
units (226) which equals a nunber of nozzles (228). 5. Afluid-ejection
device (100) conprising: a plurality of fluid drop generators (106),

i ndividual fluid drop generators (106) conprising a displaceable assenbly
(230) for ejecting fluid; and, an el ectron beam generation ass nBIy (102)
confi gur B9098] del | Héthouglseveshlembodimants pre | nstfaed gnd Sﬂlgﬁila P¥%i d drop
generators (106) to cause fluid to be ejected therefrom 6. The

fluid-ej ﬁﬁhk%h@@\éhﬁ%di&&% DHourd 2ist Bo revpneied beheiskillcdceakhe aExenbly

(230) is configured to have anon-di spl aced condition and a di spl aced

condi tion and wherei,n del.ivering energy fromthe electr.on.b gerRgr.ation
assenbl yeYarple, p?réPii‘F B e fa%5e %Pg}ﬂraﬁ‘é@bﬁ%seﬁgéléﬁbﬁrﬁ %2936@ ega%og)e@g "t ﬁgle
di spl aceabl e assenbly (230) to assune the displaced conditjon. 35
skilled artisan should recognize that many other embodiments can be configured
utilizing ‘side’ or ‘edge’ shooter configurations. This provides just one example
that although specific structural features and methodological steps are described, it
is to be understood that the inventive concepts defined in the appended claims are
not necessarily limited to the specific features or steps described. Rather, the

specific features and steps are disclosed as forms of implementation of the

inventive concepts.
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200400194-1 7. The fluid-ejection device (100) of claim®6, wherein the

di spl aceables+assenbly (230) is configured such that ceasing to deliver
energy fromthe el ectron beam generation assenbly (102) proximte the

di spl aceabl e assenbly (230) causes the displaceable assenbly (230) to
assune the non-displaced condition which inmparts mechani cal energy upon
fluid proximate the di spl aceabl e assenbly (230). 8. Afluid-ejection device
(100) conprising: a fluid assenbly (104) conprising at |east one

di spl acenent unit (226) and an associ ated nozzle (228) through which fluid
can be selectively ejected; and, at |east one el ectron beam generation
assenbl y jgured to nodul ate and steer an el ectron beamto
energizé“?%@%%ﬂgﬁgéd i spl acenent units (226) sufficient to cause a fluid
drop to be ejected fromthe associated nozzle (228). 9. The fluid-ejection
device (100) of claim8, wherein the el ectron beam generati on assenbly
conprises a deflection nechanism (302) configured to steer the el ectron
beam 1. A fluid-ejection device (100) comprising:

at least one nozzle (228) operatively associated with at least one
displacement unit (226) configured to impart mechanical energy on fluid
associated with the nozzle (228) to cause a fluid drop to be ejected from the nozzle
(228); and,

a cathode ray tube configured to supply energy to selectively effect the

displacement unit (226) to control ejection of the fluid drop.

2.  The fluid-ejection (100) device of claim 1, wherein the at least one
displacement unit (226) comprises a fixed assembly (232) and a displaceable
assembly (230) and wherein the displaceable assembly (230) is configured to
move relative to the fixed assembly (232) to impart the mechanical energy on the

liqud.

3. The fluid-ejection device (100) of claim 1, wherein the at least one
displacement unit (226) comprises multiple independently controllable

displacement units (226) associated with the nozzle (228).
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10. The fluid-ejection device (100) of claim8, wherein the electron beam
gener at i owoagsenbly (102) is configured to control the current of the
el ectron beam as a neans to nodul ate the el ectron beam 36

4.  The fluid-ejection device (100) of claim 1, wherein the at least one nozzle
(228) comprises a number of nozzles (228), and wherein the at least one
displacement unit (226) consists of a number of displacement units (226) which

equals a number of nozzles (228).

5. A fluid-ejection device (100) comprising:

a plurality of fluid drop generators (106), individual fluid drop generators
(106) comprising a displaceable assembly (230) for ejecting fluid; and,

an electron beam generation assembly (102) configured to deliver electrical
current proximate to individual fluid drop generators (106) to cause fluid to be

ejected therefrom.

6. The fluid-ejection device (100) of claim 5, wherein the displaceable
assembly (230) is configured to have a non-displaced condition and a displaced
condition and wherein delivering energy from the electron beam generation
assembly (102) proximate the displaceable assembly (230) causes the displaceable

assembly (230) to assume the displaced condition.
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200400194-1

7.  The fluid-ejection device (100) of claim 6, wherein the displaceable
assembly (230) is configured such that ceasing to deliver energy from the electron
beam generation assembly (102) proximate the displaceable assembly (230) causes
the displaceable assembly (230) to assume the non-displaced condition which

imparts mechanical energy upon fluid proximate the displaceable assembly (230).

8. A fluid-ejection device (100) comprising:

a fluid assembly (104) comprising at least one displacement unit (226) and
an associated nozzle (228) through which fluid can be selectively ejected; and,

at least one electron beam generation assembly (102) configured to
modulate and steer an electron beam to energize individual displacement units
(226) sufficient to cause a fluid drop to be ejected from the associated nozzle

(228).

9.  The fluid-ejection device (100) of claim 8, wherein the electron beam
generation assembly comprises a deflection mechanism (302) configured to steer

the electron beam.

10.  The fluid-ejection device (100) of claim 8, wherein the electron beam
generation assembly (102) is configured to control the current of the electron beam

as a means to modulate the electron beam.
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