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FLUID BIECTION DIES

-‘z&\{.eK F’}Qiji\gg

(0081} A& Huid sjection die in 8 Buld cartndgs o print bay may indude
plurality of uld sieclion slements on 8 awrfacs of a silivon sulstrate. By
activating the fluid sjection elemants, Suids may be printad on substrates, The
fluid ajection die may include redstive slements used o cause fluld to be
gjanied fram the fuid ejection die

BRIEF DESCRIPTION OF THE DRAWINGS

[oaaa} The sccompanying drawings Husirate various sxamplaes of the
principles described hereln ard are a part of the specification, The Hustrated
gxamples are given mersly for ilfustration, and do not limit the scops of the
clairms,

[T Y Fig. 1A s a block r%sagmm of a thid fHow structure, according o
ane axample of the principles desoribed harain,

{0004} Fig. 18 is an alpvation cross-sectional dhagram of a Huld fow
struchure, according o another axample of the ,m‘in«:ips‘&s described hersin
{GHO8] Fig. 2 Is an gavalion wross-sectional diagram of a Tuid flow
struchure, af:mrdiﬂg‘: to another exampde of the principles desaribed hevain,
§G008} Fig. 3 is an slevation crogs-sectional dlagram of 5 fua flow
structire, according to still ancther exampde of the principles deswibed harain,
{007 Fig. 4 s an elovation goss-sectional diagram of a fulg flow
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structure, aocording fo yel ancther axampde of the princdples desaribed herain,
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faoos} Fiy 8 i a blook diagram of @ fluld carfridgs incliding & fuid flow
strusture, seconding 1 one example of the principles desonbed herain,
fooo8y Fig. & is a bock diagram of a fluld cartridge including & fluid flow

stiucturs, acotrding fo another example of the principles desuribed hargln,
fQ016] Fig. 7 s a blogk diagram of a printing device including & numbsr of

fuidd Sow structures Iy a substrata wide print bar, sccording to one gxampls of

the principles desoribed hasin,
0011 Fig. 8 is a hlock diagram of & privt bar including & number of fluid

flow struchures, acoording 1o one sxampe of the principles dasaribad hevam,

L R Figs. 8A through BE depict » mathod of manufacturing ¢ fuld flow
structure, according to ane axample of the pinciples desoribed hetein

o0y} Throughowt the drawings, identical referance numbers designate

sinilar, but not necessadily identical, elements. The Sgures are not necessantly

o soale, and the size of some parls may be exaggerstad to mors clewly

Mustrate the sxample shown, Moveover, the drawings provide sxamples andfor
Frpdementations sonsistent with the description; howsver, the desoription i not

firmited to the sxamples andfor inplementations providied in the drawings,

DETALED DESCRIPTEMN

{0014} As marntionad above, the fluld ejection dis may inclurde resistive

aluaments used o cause Huid fo be &jacﬁadﬁ from the fluid ajection dis. o some

aexamples, the fuid rsy include partidles suspended in the fluid that may tend o
move out of suspensdon and colies! in certain aress within the Tud ejsction dis

as sediment, by ons example, this sscimentation of parlicles may be onrranted
by including & number of fuld reciroulation pumps o the fuid giection dis, In
one example, the fuild recirculation pumps may be pump devices uged
reduce or elininate, for exanple, pigment sadtling withinn an ink by recirctiiating
the ink through the finng chambers of the Huld glection die gnd g number of by«
pass fuidic paths,
{0015} Howsver, addition of the fuld recireidation pumps along with the

Huid sfection resistors may cause an undesirable amount of waste heat o

fa%
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securulate within the Suld, the Suitd ejectin dis, and other partions of the

g

overal Suld eiention devices This inorease in wasle haal Mmay cause themal
defects in the slection of the fluld from the fhdd ejection die.
{018} Examples described hersin provids a fhid glection device. The
fluid slection device rmay include g fluld ejection die embedded in » moldable
material, & number of fuld recircolation pumps within the fuld glection dig o
reciveulate fuld within a number of Bring chambers of the fluld ejection dig, and
a number of cocling shannels defined in the moldable materisl thermally
soupled to the Suld sjection dis. The fuld reciroulated by the fuld ranirculation
pumns within the firing chambers of the fluid ajection dis may be present within
the cooling channals, In another examples, the cocling channels convey 8
enoling Suid, he cooling fuid o fransfer heat from the Suld gjsction dis
{87} in one sxwampls, an amount of moldalls materal may be includad
behessn the Huld sjection die and the cooling chamnnals, o another sxampis, al
feast 3 portion of the fuld sjection die may te eposed to the at lsast ane of the
cooling channels, The Huid sjection device may further include a number of
heat sxchangers hermally coupled betweer the fluld gleclion die and the
conling channels,
[a018) Examples described hereln alao provide a fluld cartridge. The fluld
cartridge may includs a fudd reservoir. The Suid cartridgs may slso include 8
fluld gjection devica, The fluld election device may include a fhud gjection dis
smbedded iy 3 moldable matenal, 8 number of fuid recireuation pumps within
the Huld giaction dis to reclroulate fuld withing a number of finng chambers of the
Suid ejection die, and a numiber of coohng channels delined in the moldsble
erial thermally coupled fo the fluld sjecion die. The fluid rartridge may alsa
nchude @ controfler o contred gjsction of the fluld from the fuld sjection dis, and
contrnt the Suid recircudation pumes.
e The fuld cartridge may further include g recirculation resenvolr for
recirouiating a cosling fhad through the cooling chanpels. In this sxample, the
controfier controls the recirculation reservolr. In one example, the reciroulation
reservolr may include & hesat «szxr:i*;ange devics to transfer heat from the cooling
Huld, The cooling fluld may bes same as the fuld recirodlated within the firihg
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chamnbers of the flud election dis. In another sxample, the cooling Buld may e
different thay the Suid recircidated within the firing chambers of the fluid sjection

e,
10030} Exarpdes desoribed hevedn glse provide a Surd flow shucture, The
fluis! Sow structure may inglade ) die shvar compression malded into 8 moiding,

a fluidd foad hole extending through the die siver from a first exterior sifacs o g
& 3

second sxiarior surface, a fuld channal Huidically coupled to the first extedar

surface, and a nunber of seoling channels defined in the mnldable material
themmally eoupled o the die sliver. &n amount of moldabls material may be

included batwesn the die sliver and the cooling channads, In anather exampls,
gt zast a porfion of the die sliver roay be axposed 1o the at lsast ohe of the
couling channels. Further, It ong example, the conling channals convey a
conling fluid, In this exampls, the cooling fuid 10 fransfer haat from the fuid
Sigction dis,
fo621} Ag used in the present specification and iy the sppended claims,
the term "a number of o similar language ls meant fo be undersiood broadly as
any posithve number comprising 1 1 infinily; zero not bsing a numbsy, but the
absence of & number,
jetedny in the following descoription, for pumaoses of explanation, numsrous
spacific detalls are set forth In aeder {0 wovide g thorough unde stamc%ing of (e
oresent systems and methads. Ll be apparent, however, 10 one skillad In the
art that the presant appavatits, systams, and methads may be practiced without
thase specilis details, Reference in the spacfication 1o "sn sxampls™ or similar
ianguags means that a parﬁmmr ‘fﬁa’mre, siructure, or charactaristic described
I connaction with that example s inclded as described, but may or may not be
ncluded i ofhar sxamples,
N3y Turning now o tha figures, Fig. 1418 g block disgram of a fluid
fow shructure (100Y, aoconding to ong example of the principles described
haerain, The fuld fow structurs (T may incluade a Tuid sjection dis smbedded
i g maldable material (1023, A number of fiuld actuators {281, 203} may be
included within the fuld gaction dig (101, I one sxample, the fluld gisclion dis
{101 may comprise & number of Buld acluators (304, 2028 Examples of fluid

4
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actuators {201, 202} Includes thermabrssistor-based fuid actuators,
pisrsalactic-mambrana-based fuld actuators, other types of fuld actuators, or

combinations theranl, In one examples, 3 Tud astuator {,ﬁui 2028 may he
disposad in an slecton chamber of 8 nozzie such that fuld may be gjected
traugh @ nogzle orffice of the nozzle responsive fo actuation of the fuld
actuator (201, 203%  In such examples, & fuid sctuator (201, 203) dispossd in
an gjeolion chamber ray be reforred o as a fuid giector,

faa24] in some examples, & fuid actuator {201, 203} may be :?Eagmsats i

,".,

z Huldic channsl, o these examplas, actuation of the fuld actuator (201, 208
*}way cause displacement of Ruid in the chamnnel fe., & fluid fow). In examples
nowhich a fluid actuator (201, 303} is disposed in a fuidic channel, the fuid
achuators (201, 202} may be refered to as Suid pumps, In sorse sxamples, 8

<

fluid actuatar (201, 2302) may be disposad in o fuld channel coupled to an
giection chambaer and through which Suld may recirculate,

{0028} The fluid giection device may‘ aiso inchide a number of coding
channels defined in the moldable materiall The fluld channels may be thermally
soupled fo the fuld sjection e

{00283 Fig. 18 is an slevation cross-sectionat diagram of g fuid flow
structurs {100}, according to ancther axample of the principles describad haralin,
A Huidd flow structure (100} ncluding thoss depicted fiweughout the figures may
he @y structure through which fluid flows. I one sxample, the fuid flow
structuras (100, 200, 200, 400, collectively referred to herain as 100) in, for
axampie, Figs. 1 fhrough 4 may include 8 number of Suld ejsction dias (101}
The fluld gection diss {101) may be used in, for example, printing 3 fluids onfo &
substrate, Further, in one example, the fuld Sow shuctures (10

fluid sjection dies (101} including, Tor exanple, a number of i firing
chambers, a number of resistors for heating and firing the fuld fromthe firing

chatmbers, & number of fluld fesd holes, 8 number of Huld passageways, and

ﬂ‘P

other elemaents that assist in the giection of fuid fom the fluid fow strunlures
{100, 300, 300, 400). I still ancther axample, the fuld flow structures {100,

2043, 300, 400y may induds Suld gjsction diss (101} that are thermal fluid-jat

531
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dies, plezosiechic Suid-lat dies, other types of fluld-et dies, or combinations
thaeaof,

{0627} i one example, the §iid ffow structure (100, 204, 300, 400}
inchudes a number of dliver die (101 sonypression molded info a moldabls
material 1102). A shvardis (101) inchudes & thin sificon, glass, or other substrale
having @ thickness on the order of gppwesimately 850 micrometars {m} or less;

5

aned & ratio of length fo width (LAN) of st least thrse, Ih one sxample, the fud

3

flow structure (100} may nclude at least one fuld ejsction dis (107)
comprassion molded info & monolithic body of plastic, epoxy mold compound
(EMOY, or other mokdable maledal (102 For e>amp§ @ print barincluding the
fluid flow structure {100, 200, 300, 400} may ihcluds multiple fuid ejaction dies
(101 molkded into an elongated, singular molded body, The molding of the fuld

election diss {101} within the moldable malarial (102} snables the use of simalley

o

5

digs by offfoading the fuld delivery channeds such as fuid feed holes and fiule
delivery slots from the fuid sjection die (101) to the molded body {102} of the
fluid flow structure (100, 200, 300, 400%. In this manmmsr, the molded body {102}
affectively grows the size of each fuid siection dis {101}, witich, i tum,

raproves fan-out of the Buld gfection die (181} for making sxtermal Huid

sanneclions and for stlaching the fuid sjsction diss US‘?} o other struclires:
foG28] The fluid glection device (100} of Fig. 1 may inclnde at least oneg

fluid ejection die {101} such as, forexample, a siiver dis smbedded ing
maoldable matetial (1025 A numbser of fuid feed holas (104 may be definag
within and axtending through the fuid glection dis (101} from s fral sxterder
surface {108} o & second exterior surface (17} in arder to allow the fudd to be
brought frorn the back side of the fuid ofsction dis {101} to be ejected fromthe
front side. Thus, a fluld channel (108} & defined iy the Huld glaction dis (101}
and Juidically couplad between the first exderior surface {106} and the ssoond
exteror surfacs (107}
{o028} A rmbsar of cookng channels {108} may be defined within the
woldable matenal (1033, The pooling channeds {108) may be thevmally coupled
to the Suid eisclion dis (101) in order o draw haat from the Suid sjection dis
{101). The moldable materlad {102) such ag an EMG may have a therma

8
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conductivity (Le., rate al which heat passes through & matedal) of approximately

9]
s
3
€3
z

alls per square meter of swrface ares for o lsmperature gradient ol one

&
¥

kedvin for svery meter hickness (MK Furdber, in an example where the

moldable matedal (102) has a fller material such as sluninum oxide (AGs), i
therrat cm‘;dmﬁviiy may b approximstely B WhnKl In contrast, copper {Cu)
and gobd {AU) have g tharmal conductivity of approximately S0 WimK and 310
Wrak, respactively. Furdher, sificon (31) of which the flud egechian diss {101)
may ba made of have a thermal conductivity of appraxdimately 148 WimK. In
ong example, in order to make the ransfer of waste from the fuld glaction dia
101 more effective, at least one swifacs of the fluld ajection die may be
axposad to ths cooling channsls {108}
{8038} iy one sxample, the cooling channed 2038 may transpon a couling
fluid therein to assist In drawing the heat away from the Suid sjection die {101
i one sxanle, the cooling fuid may be ar passing through the cosling

&

channsly {1{ 5‘; Iy another sxamyde, the fuld introduced {o the fluld elsclion dis
{101 via the fluid channel (108} and eectad by the fud firing chambers (304
and sssoviated firing resistors (201) of the Tuid ejection die {101} s presant
within the cooling charnals (105) and is used a8 a heal fransfer medium,

fa03t] i1 still another example, & cooling Hust other than air or the elected
fluld may be used as the haat ransfer maditm within the cooling channely
{105 I this example, & coolart may be provided which flaws through the
couling channeals (105} and arund the heat exchangers (105} to pravert the
fidd ofsction dis (101} Bom overheating, The coolant transfers the haat
pradunad by the resistars within the fluid ej&ctim gie (101 fo other portions of
the fuld fow structure (200) oy exderior 1o the fluid Bow strustre i order o
asipate the heat, In this example, the coolant may keep its phase and ramain
as a liguid or gas, ormay undergo 2 phigse fransition, with the lstent heat
adding o the codling sfficilency, When 3 phase transition within the coolant
takes place, the covlant may b used {0 achisve balow-ambient temperatures
as a refrigerant.

O3 Fig. 2 is an elevation cross-sectional diagrany of a Suid flow
structure (200}, accorting o ancther sxampie of the principles dascribed harain,

?.
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Those elemants similarly mumbered in Fig, 2 relative to Fig. 1 are describad
above in connection with Fig, 1 and other portions hersin. Fig. 2 includes
cocting channels {1 05} that are thermally coupled to the fluid gjection die (101}
bul ave not physically coupded fo the Huld election dig {101} In this exampsle, an
iterposing portion {201} of moldable matertal {102} may be included. The
intsrposing porfion 201 of the maldable material (1023 may be thinencugh o
aliow for waste heat within the uid giection die (181 o be effe{t fvely dissipated
to the cooling chanmels (108}, hut thick encugh to ansure that any fluid traveling
within the cooling channels (201) does not coms Infe divect contact with the fluid
sfaction die (1011 i this manner, the fuld giection die (101} is not adversely

sffacied hy, for axample, 8 coolant that is present within the sonling chamels

{108},
o033 Fig. 3 is an slevation gross-sactionsl diagram of a fluid flow

strusture (300, ascerding o s another sxample of the principles described
herain, Those alemants similarly numbered in Fig. 3 relalive to Figs. 1 and 2
";t

ave desorbed above i ponnection with Figs. 1 and 2 and other portions hargln,

A number of fluld firing chambers (304} and associated firing resistors {sm} are
depictad within the fluid ejection die (101} of Fig. 3. The example fula Sow
structure {300} of Fig. 3 further includes @ number of fuid recirculabon pumps
{303} as described herein, The fuld reciroidation pumps {303) may be looated
within & fluld passageway within the fuld gjection dis 1),
18034} Ax described above, the fuld ajected by the Tuid sjsction dis (101
ey include particles suspanded in the fuid that may tend to move sut ol
suspansion and coflect iy ceriain araas within the fuld sjection dis (101 as
sediment. In ane axample, this sedimsrdation of particles may be narrectad by
Fchuding a nuraber of Suld recirculation purmps (302} o the flud gjection die
{101). Inone example, the fuld reciroulation pumps may be micro-resising that
oreate hubbles within the Suid geclion dis (101) thatl forcs he glaciable fuld
Srough the fring chambers and by-pass Suldic paths of the fhid ejection die

{101}, In another example, the fuid reciroutation pumps (302} may be

’523

sezoelectrically activated membranas that changs the shaps of a piszosleciric

ratevial when an slechic Seld is applied, and foroe the gjectabls fluld through

&

&
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the fing chambers and by-pass fuidic paths of the fiuid sjection die (101},
Actuation of the fluid recircudation pumps {302 and the fiving chamber ragistors
{301) incraases the amount of waste heat generagted within the fhdd ejection die
{10 Thus, addition of the fuld redirculation pumps {302} along with the fluld
afectinon resistors {301} may cause an undesirable amount of waste heat o
accumulate within the Suld, the fluid gjaction die (101}, and othey portions of the
overall fluid sjection device {104, 200, 300, 400}, This Invrease in washe haal

44

may cause thernal defedts i the eiection of the fud from the Rud ejection

Qi

{1011 Thus, the cooling channsls (108) may be userd to rangfer the waste heat
from the fuld a}emﬁieﬁ die {101} a5 described herain, The example of Flg. 3 may
nciude the

{0038] Fig. 4 s an glevalion cross-sactional dingram of a fud flow
siructure (400), sccording to vat another sxampls of the principles described
harein, Those slements simifarly numbersed in Fig. 4 relative fo Figs. 1 through
3 are desoribed above in cormection with Figs. 1 through 3 and other portions
herain, The sxample of Fig. 4 includes a nozzle piate (401} through which the
fudd slection die (101) gjeots the fuid, Thenozzle p g:i ale (401) may nclude g

o (

rumbet of nozsles (402} defined In the nozele plate (401}, Any nurmbee of
nnzzias [408) may be included within the nozzle plate (401}, and, none
axample, sad firing chamber (304} includes a norasponding nozsle (402}
dedined iy the noxzie plate (104,
[03s] The e:xam;.\.ie: of Fig. 4 further includes 8 number of haat
sxchangers (401}, The heat exchangers B0} may b any passive heat
sxchange device that transfers heat generated by the fluid sjection die (101} fo
& fuid meditam such ag air of a ligudd coolerd within the cooling charmels {108
The heat exchangers @81} may be & wive such as 3 copper wire, a band ribhon,
a hast pipe, @ lead frame, other ypes of haal exchangers, or coniinations
tharaof. The heat exchangers 401 may be thermally coupled to the first
eochrior surface {108) of the fluld ejection die (101}, the second exderior aurface
{1073 of the fuld sjection die (101}, other surfaces of the fluid gisction die, or
pombinations thereof. Iy this manner, the heal sxchangers 401} ars abdleto

drawe heat generated by, for example, a nunier of the resistors (301) used for
g
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heating and firing the fluid from the Bning chembers angd inoluded within the Huld
ajection die (101}, the number of the fluid recirculation pumps (302) within the
fiuid slection die (101}, and combinations therent,

{0037} The cooling channels (108} may be thermally coupled to the heat
gxchangsrs 401} it order to draw heat from the fluld gjection die {101) via the
hest svchangers (401}, I order to make the heat exchangers {(401) embedded
i1 the rooldable materiat {102} more sifective iy dissipating heal, sl least s

portion of the heat eoichangars (401) may be axposed to the sooling channels

{18},
fo038] Fig. §is a block dingram of a Huid cartridge (800) including 8 fluid

flow structure (100, 200, 300, 400, collectively reforred to harsin as 10Q},
actording 1o one example of the pinciples desaribad haraln, The Juid fow
shructure (100} depicted iy Fig. § may be any of those fuid flow stuctures

desoribed in Figs. 1 through ¢ and throughout the remainder of this disoloswy

ﬁ'i

o combinations theesaf, The Buid cartridge (500} may inchude & fluid regenoir
{502}, & fluld Bow structure (100}, and a carttidgs controller (801). The fiuid
reservalr {502} may inslude the Suid used by the Suid Sow structure (100} as an
gaction fuid during, for example, a printing process. The fluld may be any Huld
ihat may be sjected by the Huld fow stiucturs (100} and iis associated fluid

sjection dies {101}, Iy one sxample, the fluid may be an nk, a water-based

ultraviolet (V) ink, pharmacsutios! flulds, and 30 inting matanals, among
ather flulds,
{30383 The sartridge controfier {501) represents the programming,

processor(s), and associated mamaoniss, along with other slectronic clrcultry and

E : =

somponents that control the operative slerenis of the fud carlndge (800}

including, for example, the resistors (301, 302}, The cartridgs controlier (501}

g
may controf the amaunt and ﬁmm\ of fiuld provided 1o the fluid flow stracture
{100} by ths fluid resenvadr (502}

<

faany Fig, 8 is a block diagram of & fluld cardridge (800} includh nj; & Huid

X

;‘,

flow shucturs 100}, according b another exampls of the principles described

"i'l

hetgin, Those slements similarly numbered in Fig. Bredalive to Fig. 8 8
describad shove in connaction with Fig. § and other portions hersin, The fluid
it
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sartridge (00} may further Include a redroulation reservolr (801}, The
ranirouiniion resenvolr (801 reciroulates a cooling fud through the cooling
channels {108) within ihe fiud flow strucfure (1001 It one sxample, the
cartridige controfler (801} may covtral the reclraudation reservolr (8411

{60411 Further, in one exargds, the reciroulation reservalr (8013 may
include & heat exchangs device (802 to transfer heat from the coaling fuid
within the recirculation reservoly (8013, Tha heat exchangs devies (BU2) may be
any passive heat sxchangar that transfers the haat within the ;:ﬁa:kiing fluid of the
G2y

sates the heat into ambisnt alr suvounding the recircidation reservolr {831}

reciroutation resencir (801), In one example, the heat exchangs dev

.«/-a.

diasi

vy,

e In ong example, the cooling fluld may be the same as the fluid
resirouintad within the Sring chambers (304} of the fluid slection die (101 In
this examphs, the flldd reservalr (502} and the reciroiiation ressyvalr (501} may
b Rudcically such that the Tdd withln the Tuid reservolr (802} i3 cooled as Ris
infroducsd into the recireulation reservniy (801). Further, in this sxample, the
roniroulation resarvol (801) may pump the fiid within the fluld reservolr {(§G2)
info e cooling channels (105,
[OO43Y in anather sxamply, the cooling fuld may be different than the fuld
recircutated within the Siing chambers (304} of the fluid ejsction dis (1011 In
this eample, the fiuld resanvolr (503} and the recirculation reservoir (801 may
s Auidically Solated fom one ancther such that the Huid within the fuld
regervolr (BORY is introduced to the fuld sjection dia (101} via the fluld channs
{108}, and the couling fuld within the reciroulation resarvalr (801) s infroduced
o the cooling chamnsls (108} vis differsnt channels, &3 desoribed herain, the
sooling fluld or coolant may be any fuld that transfers the heat produced by the
rasistors {301, 302) within the fuld fe;wimn e {101} to othor poctions of the
fluld flow structure (100} or exterior to the Hudd Bow strunture in order to
disainate the heat, inthis example, the coolant may keep its phase and remain
a5 » lquid or gas, of may underge a phass iransition, with the latent heat
adding o the conling efficiency. When a phass transition within the conlant
takas place, the coclant may be ussd to achieve helow-ambient temperatires

g arefigerant,

e
land
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f0044] Fig. 7 s a block dlagram of & printing device (700} inchuding 8
rurnber of fiuld fow structures {100} In & substrate wide prén‘t sar {704),
seovding (o one sxanpde of the principdes described harein, The printing

devics {700) may include a print har (TD4) spaming the width of a print

substrate (FO8), a numbsr of Sow regulators {703} associated with the print bay

o

704}, a substrate fransport mschanisn (FO7), peinting fuld supplies {

g
$
T

Y gy
3} sush

as & fuld reservelr (502), and g contraller (7011 The controller (YO1) represents
the ;:ss‘agrasm’s-mg, procassor(s), and assuchated memories, along with other
sleotronie olroufry and components that control the apsrative slemsants of the
printing devics (F00), The wint bar (04} may include an arrangement of fitid
giaction dies (1 i:}’i) for dispensing Suid onte 3 shest or sontinuous web of pager
or othar print substrate (708), Each fuid ejection die {101) recsives fluid

through a Sow path that extend from the fluid saspgiis:s {F0F) into and through

%

=k
v;§

the flow regulators {703}, and through a number of fransfer molded fludd
channels {108} defined in the print bar (704},

{G048] Fig. 8 s 2 block diagram of & print bar (704} including a nomber of
fluid flow structurss {100), scoording 10 ans evaraple of the principles desonbsy

herein, Further, Fig. 81s 3 perspective view of & print bar (704 induding &

A

number of fiuid How strugtures ¢

{0, according fo ohe example of the principles
described herain, Thus, Figs. 8 and § Hustrate the print bar (T04) implementing

one exanps of the transfer moldad fuld flow structuras (100} as & printhead

m

fructure suitable for uss in the privder P00 of Fig\ 7. ?ﬁef@rring it the plan view
of Fig. &, the fluid sfection dies {101} are smbadded in an elongated, monulithic
molding {102} and a;‘ranga& end o and e numberof rows (800, Ths fluid
alection dies (101) are arranged in & staggered configuration in which the flud
sfection diss {101} n sach row {800} sverlap another fivid glection e (11} n
that same row (800}, bt this srvangemesy, each row (830} of fuld gaclion dias
{1071) receives fuld from 3 different transfer molded fuid charmet (108} &
Hustrated with dashed Bnes in Fig. 8. Although four fuld charmals 'i{}%}f Saing
four rows {8 of stagygersd fiuid sjsction digs (101} s shown fw us in, fur
sxamples, printing four differert colors such as oyan, magenta, yellow, and biaek,

=
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other suitable configurations arm possitle. Fig, § depcls a parspactive sactior
visw of the print bay (FO4) taken along ne 58I Fig. &
048] The cooling ohannels {1085) are depicled in Fig. 8. I the exampla,
of Fig. 8, the cooling channels {108) indlude a continuous, serpentine-shaped
channel with an inlet {(801) and an outlet {802} Tor the Huid o enter and exif the
prind bar (704}, Howsver, any numbey of ie*;s3§uis:£ua§ cooling channets {108} and
indets {801) and pullsts (B02) may be included within the print bar {704),
Further, the cooling channals {108} may be sranged within the print har (F04) In
any manner. Further, in one axampe, the nlels (301) and the oullets (802} of
the cooling channsls {108) may be coupled {0 the reciroulation resarvol (801}
as described hereii

d flow

fo04aT] Figs, 84 through SE depict 3 method of manufacturing a flul

structiure {100}, acooding fo one sxample of the principles desaribed harain,
Those alsments similardy numberad in Figs. 88 through BE relative to Figs. 1
Hrough § are desoribed above in cormection with Figs, 1 thvough 8 and othery
portions herein, The method may include adhering s therma! relsasse tape (01
or other adhesive 1 @ carder (300} as depicted in Figs, 8A. InFig. 88, a
pregrocessed fuild sjection dis (101} is {,auuiagi to the thermal release tape
{8011 In Fig. 8C, ths entirety of the Huid fow stracture (100) az depicted in Fig.
8 may be compression ovarmobded with the moldabls materal (102}
{3048} i1 Fig. 8D, the fudd channel (108) and a number of covling
channsts (108) are forrosd in the moldabie material (1023, Ths fluld channet
(108) and cocling channels (105) may be formed through a sulling procsss
laser ablation processes, or other materisl ramoval processses. At Fig. QE: e
thermal release lape (801) and parier (SO0} are removed sxposing the noadle
oiate (301) and the coplanar surface of the moidatle material (102),
F0048% Aspects of the pressat system and method ave described herain
with reference to fowchart Husirations andfor block dlagrams of methody,
apparalus {systema} and computer program products according to examplas of
fhe principlss desoribed hergine Each block of the fowchar! Mustrations and

.

block dlagrams, and combinations of blocks i the fowchart lHustrations and
block diagrams, may ba implementad by compuder usable program cods, The

13
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winster usable program code may be provided to & provsssor of g gevsral
purpose somputer, speckal purpose computer, of ather programmalie dals
mocessing apparatus to produce a maching, such that the computer usable
nragrant code, when axeouded g, for example, the printer controfier (FO1) of

tha printing device (FOO}, the cartridgs controler (801} of the fluld cartridgs (S04,

S00), ar other prograromable data processing apparatus, or combingtions

b

¥

thereof implemant the funclions or acts spacified in the flowchad andior Mock
diagram hlock or blocks. In one sxampls, $is computar usalds rogram oode
may be embodied within a compuater raadable storage mediury, the computer
readable storags madium baing part of the computey program product. inone
axample, e computter readable storage madium i 8 non-iransifory computer
raadable madivm,
[oass The specification and figures desonbe a fluld sigction device, The
fluld glantion device may inchude a fuld ejection die embedded i a maldable
roatarial a number of fluld actuaiors within the fuid sjgction dis {o rediroulate
fludd within @ rumber of firing chambers of the Suid slection die; and & number of
couling channels defined in the mokdable matenal thermally coupled to the fluid
giectian dis, The fuld recirculated by the Buld recircudation pumps withinthe
firing chambers of the fuld ejection die may be present within the cooling
channagls, In another example, the cooling channsls convey a coaling fluld, the
caoling Suld to trangfer heat fom the fudd sjection die. This fuld sjection device
raduoes or aliminates pigment settfing and decap when printing Mgh solid
ss}eésf;* bl fludde such as inks which may otherwise pravent pm sar prnting at
start up. Reoiroulation of the Suid within the fuid gjlection die solves the pigme
settling and decap ssuss, and the oooling channals and heat axchangers
raduce or eliminate tharrma! defects during pinting caused by waste heat
gensrated by the Suld regiraiiation pumps,
{&G&’i} The preceding desoription has been presented 1o Hustrate and
dascribe sxamples of the winciples desoribed, This desoriplion 18 not intended
for be exhaustive or fo finit these principles to any precise form disclosed. Many

madifications and variations are possible in light of the above teaching,

14
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CLAME

WHAT I8 CLAIMED IR

X

fSuid giaction device comprising:

a fuld glsction dig embedded in g moldabls materiall

a numbar of fuld actustors within the Tuld ejsclion dis! and

a number of cooling channsls defined in the moldabls matetial thermally

coupled o the fuld sjection dis.

. The fiuid gjaction device of claim 1, wherein the fiuid acluators compriss
number of fiuld recireudation pumps within the fuld ejection die o melrculate

Huid within a numbee of firing chambaers of the fuld sjection die, and wheren the
fluid recirouiated by the Nuld redirctlation pumps within the fining chambers of
the fluid giection die s present within the cooling channels,

3. The fuid sisction device of alaim 1, whereln the cooling channeds convey
& cooling Suld, the cooling Buld {o ransfer heatl from the Thdd sjsction dis

4, The fluid slection device of olaim 1, further comprising an amount of

@

moldakds material batween the fuld sjection die and the coaling channe

3, The fluid ajection device of claim 1, wherein af least a portion of the fuld

siaction die is sxposad to the at loast one of the cooling channels.

8. The fluld sjection device of olaim 1, further comprisi ﬁ@ & number of haat

sxohangers thermally couplad betwesn the fuld ejection dis and the cealing

channels.
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‘g

i A privd bar comprising
a fuid slection devics cormprising:
a plurality of Suld gjection dies embedded in a moldable matedial;
a nunher of fluld recirotdation pumps within the fiuid sjection dies
to reciroulate fluld within a number of firlng chambers of the fuid sjecton
dies; and
a number of cooling channels defined in the moldable matarial
thermally coupled o the fuld sjection diss.

o

The Huid nartidge of claim 7, firther comprising

aoontrolier to
controd gisclion of the Sud frorm the Tuid gjection dig! and
gantrol the fuld recireuiation pumps; and
a veciradation reservolr for recircuiating a cooling fluid through the
aooling channals, wherein the condrolisr controls the reciroulation

FESEIVOIT,

g, The flid cardridge of olaim & wherain the recircuiation resarvelr

somprises a heat echange device to franefer heal o the cooling Huld,

10, The fluld cartridge of clalm §, wharsin the cooling fluid i the same as the
fluld recirculated within the firing chambers of the Huid glection dis,

1. The fuld sartridge of claim 8, wheradn the cooling Buid is diffsrent than
the fuid reciroulstad within the fidng chambers of the Huid sjeclion dis,

i
£
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12, Adfluid flow shristurs, compising:

§ dis shiver conywesasion molded into a molding,

a fluid fand hole extengding thraugh the die sliver from a first axterior
surface o & second sxtenior surface,

3 fluid channe! fuidically coupled to the first exderior swrface; and

g humber of cooling channals defingd i the mokdable material thermally

soupled 1o the die sliver,

13, The fiuld ow structura of olalim 12, Turther comywising & amount of

moldable material betwean the die sliver and the cooling channals.

14, The fluid Sow structure of daim 13, wharsin af least a podtion of the dis

gliver s sxposed 1o the at lsast ons of the coaling channels

18, The fluid sjection device of olaim 12, wharein the cooling channeds

sorvey a couling Suld, the cooling fudd o transfer heal fram the Huid §§§3xﬂdn
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