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FLUID LEVEL SENSOR

BACKGROUNE

00011 Fluld ejecton systems and devices may eled fluid. In some

gxamples, such as prinding devices, Tuld may bs sjected onfo media v order to

farmn an image of @ structurs on the meadia, The fuld may be stored ina
aservolr or gther valume frony which 3 system o device may draw the fluid.

With use, the loved or amount of Suld within the resarvolr may be depleted.

BRIEF DESCRIPTION OF THE DRAWINGS

002} The accompanying drawings Hlustrate various E@mnm of the
orincples described harain and are 3 part of the spacification. The Hustrated
avampdes are given merely for Mustration, and do not Himit the scape of the

{00031 Flg. 1A Js & cut sweay view of a Tuld resenvol, ascording 1o one
exampie of the minciples desortbad hereln

{00041 Fig. 18 & o cut away view of & flidd reservolr, according to another
gxamnie of the princinies desaribad heran,

{aG0s] ¥

resarvelr, accornd mg {0 one example of the principles desuribed hereln

[0008] Fig. @ is a diagram of the fuld ressrvolr of Figs, 1A and 1B during

o

a Suid analysis process, acoarding fo one example of the principles dasaribad

Fig. 2 i a diagram of the electrical components of the fluld

hersin.
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(0007} Fig. 4 is 4 diagram of the fluid reservalr of Figs. 148 and 18 duwring
& Huid analysis process, geoording o ang exlample of the principles described

harain,

{ana8] Fig, 8 is & black diagram of 3 fuid analysis syslern including the

flund rasarvolr of Figs. 1A and 18, sccording to one sxampls of the principles

degcribad harein.

{0008} Flg. & is & flowehar! depicting » msthod of detedting a level of fuid
within a fluid ressrvolr, acoording 1o ong example of the prinsiples desovibed
harain.

jo0ig) Fig. 7 is a flowohart depicting & method of forming a fiuid level

zengar, scoording to ong exampia of the principles descdbed hergin,
Nt Theoughout the drawings, wlentical reference numbers designale

similar, bul not necessarily identical, slemants.

DETAILED DESCRIPTION

{00121 As mantionad asbove, over time, the lavel or amount of fluid within
the reservol is may be depleted as the system or device siedds the fluil A

rumber of devices may be ased to sense and determine the fevel or amount of
fuid within the ressrvolr of fuld, In sothe sxamples, the devices usad 1o sense
and defarning the amount of fuld within the reservol may be complex, and
expensive o manufaciure,

00431 Exarmplas desoribad berein provide § mathod of forming a fluld
fovel sensar, The method ngy include formiing 8 numbey of metal traces alony
A wall of & uld ressrvoir, and forming a rurnber of fuse olroults along a length of
e metal races. Byone example, formiing thefuse chotlls oy nicdude, for
gach of the fuse oirous, forming a fuse along a length of @ respechive melsl
frace, and forming @ number of parasitic reslstive slemsnts v parallel to the
fuse. The parasitic resistive slements reduce curent fiow througl the fuse in
the presance of & fuld contained within the Buld ressreein., In o sxample, the
sarasitic rasistive slements increase the current flow through the fuse when the

parastic resistive olomerts aranot in the pressence of the fludd, and the Rise
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frips in responss o the inoreass i ourrant flow, F{};‘mimgj the number of meta
fraves along the weall ofthe Suld reservolr may include forming the number of
mstal traces using leser divect structuring 4LDG). Alosation of the numtier of
fuse ciroults within the fludd reservolr define a corresponding numberof levels of
fluid within the fluid reservoir, & width within the fuses, ) width of the meial
fraces, @ thickness of the metal races, a design of the parasitic resislive
sdamants within the fuse ciroudls, or combiviations tharaof may defing o breaking
capanity of the fuse gircuil

R4l Examplas describad harain also provide a Tuid reservelr, Thefld
reservolr may inchide a number of metal trgces along a3 wall of the fuld
rasarvoir, and a number of fuse circuits slong # length of the metal races, Bach
of the fuse ciroulls may include afuse along a length of ares ve metal frace,
and & number of parasiic rasistive slements in parsliel {o the fuse. The
pavasitio resistive slements may reduce current Row through the fuse in the
prasance of 3 Huid contained within the fluld reservolr. The number of mstal
traces along the wall of the fluld resenail may be formed uaing laser divect
structuring {LUB). Further, the parasiin resistive slerments inorease the current
flow through the fuse when the parasitic resistive elements are notin the

prasence of the flud, and the fuse

A

dps i response o the increass in clrrant
flow. The number of fuse giroulls within the fluid reservoir defing o
potrasponding number of levels of fuld within the uid reservalr,. Further, a
widithy within the fuses, awidth of the metal races, & thickness of the metal
traces, A dasign of the parasitic rasistive slements within the Tuse oirculls, or
combinations thereof defing o bresking capacity of the fuse clrotlt. In rasponss
to the fuse tipoing b responss o the increase i current Row, the fuld reserval
sends a signal 10 g programmable memory device to penmanently change data

redating o the fuse.

fe)

o015} Examplag describad hevelny further provide & fuid cartiidges,. The
fluld partridge may include & fuld reservolr including walls defirung an intsniar

chamber, The fluid reservolr may sinre fluid in the Infedor chamber. A number
of fuse ofroulls may be forrmed along g length of al lsast ans wall of the fluid

reservolr suich that g respestive fosition of sach respective fuse ciroull of the

by
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number of fuse oircuils corresponds o a fluid leved of the fluid ressrvolr. Each
respactive fuse oircult to change state whan the fuld levelof the fuld resetvolr
crosses the respective position of the respective fuse creult, The fuld cartridge
sy further inclide a fuid siection dis Suldly coupded to the fluld eeenisly. The
fluid sjection dis includes nozzies to afect fitdd sonvayed from the fuld resssvoir,
The Tuld ejection dis may furthsr inddude g programmable memoy devie
etactrically coupled to the number of fuse oircuis. The rograramable mamary
devica may parmanently changs data stored thereon responsive to a changs in
state of sach respective fuse oiroud, Each fuse clroull may incdude a fuse and 8
number af parasitic resistive slemeants iy paralfed 1o the fuse. The parasitic

resistive elements reduos current How through the fuse in the presence of g fluld

[

sntained within the fluld ressevoir. Each respeciive fuse ciroult does not
change s sisle whan the Huid level of the fluld reservolr soes not oroas the
respactive pasition of the respective fuss aireut. Furthsr, the number of
parasitic resistive slements i parallel fo ths fuse iIncreass current flow thraugh
the fuse to g poind of fripping whery o feast one parasitic slement iz notin the
presence of a fiuid contained within the fuld reservolr, Each respective fusse
oiroult changas e state wheny the Huid level of the fluid ressrvoir orosses the
respactive posifion of the respechive fuss creuit. In responss to the fuse tipping
i responss o the inoreasa n current flow, a signal s sant o 3 programmable
ey devics to the programmable memory device to permenantly changs
data redating 1o the respective fuse circuil,

JO018] Ax used in the present spacification and inthe appended daims,
the farm “a numbsy of or similar languags is meant o be undersivod bmad?y as
any positive number cormprising 1 o nfinity, rero not being o aumber, Dut the
absence of & number.

FO8T 1 the following descriplion, for purposes of explanation, aumerous
spacific delals are sef forth in order to provide a thorough undarsianding of the
prasent systems and methads: Bwill be apparemt, howsver, o one skilled in ths
art that the present apparatus, systems, and methods may be prachioan withowt
these specific detalls, Referencs it ihe ;:»e,d cation 1o "an sxampie” o similar

language maans that s patlicular feature, strudture, or characteristic describad
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in conmention with that example is included as described, bt may not be
includsd i other examples,
o018} Turning now o the figures, Fig. 1A s a st gway view of a flul

reservolr {100}, according 10 one axample of the principles described hargin,

1

yrthar, Fig. 18 is a ol sway view of 3 fluld reservoir {100}, acconding

another axay pﬁe { the principles described harely. The fluid zewmmﬁ\{}}
may be any vassel that may serve o corfain @ fiddd, In one example, the fluld

resarvolr {1001 may be hermelically ssaled with the Huid, Further, in ons
example, the fluld reservalr {100 may serve to sontain g fudd. In ane example
the Buld may be 2 printable Thuld such as, for exampls, Inks, dyss, & §ic;u§‘i§ foner,
7 hinding agen, @ wt#r:b‘m matenial, a thermoplastic materigl, a binlogivat fuid,
& chamical, other dispensable fuids, o combinations thereaf, Fuather, §ﬂ gng
example the fuld reservolr {100 may be fllidically coupled o a printhead, In

iz sxampi& the pnnihead may inchude & niimber of fluid sjection dies Buldically

E{}Mﬁ} The fluid FﬁS@?‘J‘Gi? ﬁi} 3 may have any size, dimengion and
infernial volume fo allow for the fuld reservolr 1o serve as &t lsast a portion of an
ink delivery system. Iy one example, the Tuld reservolr (100 may be uidically
coupled i@ number of printheads whars the printheads are controlied o print
the fluld on 8 substrate. B anothar svample, the fluid raservolr (100) may be
integrated with a fuid slection e (1530} as depivted i Fig. 18, in this 8x m;,e
the fuid rasanoir (100 may be fluidically couplad to the fluld gfechion dis (150
The fluid siection die {158) may Include, for sxampds, a silicon subsirate, 3
number of slofs fluldicelly couplad to a nurmber of g finng chambers, a
srder of nogrles and other elerments of g fluid ejuction dis to allow
containad within the fluid reservoir {1001 o be epcied ordo a targel substrate.
0201 The fuld reservolr {1001 may includs g housing {101 The
housing may include any oumber of walls (110} fo sarve to contain the Huid, and
defing an interior chamber of the housing (107}, B Fgs T8 and 18, the it
away view of & fhud resarvolr (100} depiots sevarahwalls {110} with a top and
sicle wall (110 rernoved to allow for the viewing of the Interior of the housing
{101} An aperture (103) may be defined within allsast ong wall {110 of the
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flutd resarvelr (100 to allow for the fuid contained In the fud rasenveir (100} o
flow to other portions of the Suld delivery system. A port {104) may also be
formad o at jeast one of the walls (110} and fluidically couplad to the aparture
{103} to serve as a guids or duat for the Tuid lsaving the fuid reseneaie (100),
a1 The fuid reservolr (100} may further Include a number of alectricsl

<

camponents or fraces (102-1, 102-2, collectively referrad to hereiny as 102} that

are used to deteot the presence of fluld within the fuid reservalr {1, delaat

the level of Suid within the Huld reservalr {100}, or g combination thersof. Inone
example, the slechicad on“por\.t {1021, 102-2) may be formead on an infedor

of the fuld reservolr {100} by depositing slectrically conductive material on at
fsast one wall (111G ol the hausinw\ 0L In another example, the slectneal

0

cornponants (102-1, 1033 may be formed on an inferior of the fluid reservolr
{100} as 2 motded interconnset device (MDY An MDD i an injeclion-moldad
thermopiastic part with integrated slactronic circult traces formed thereon. MID
uaes high wmperature thermopdastics and strustured mstallization fo form tha
Huid resarvolr (1001

HEG i oneeample, the &

{Tf

soirical components {102-1, 102-2) nfthe

ped
o
[o R
,..z
'15
,:.;
o
e
e
oy
52
s
=
53
s
or
Cf.“'
i
g
)
ot
=
%
5
Ly
s

1sing o laser divact strusturing (LDS)
mocass that uses 8 the:s‘mapisﬁ&?ie material, doped with a nonrconduative,
radaliic, Inorganic compound activated by a lassr Inthis example, the housing

{1G01) may be formed through injection molding., The laser may than wiilethe

course of the actrical companems (102-1, 102.2) on the plastic. Whaere the
housing (1) i exposed to the slectromagnetic radistion provided by laser, the

tve forns 2 micrerough frack. The mstal particles of this track form

the nuclel for the subsequent metaliizaion. The iaser-sxposad housing (101 s

placad In an electroless copper bath, snd the various conductor path layers of

the electrical components (1031, 102.2) arise those portions of the housing

{1 Q“ exposad o the slechomagnstic radistion of the laser. Any number of
coassively layer of metals such as copper, ninked and golid may be deposiied

off tha»g wtions of the housing (101} exposed to the elsctromagnetic radiation of

the faser, LD

pracesses slow for the predise, computer-aided formation of the

3
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slectrical components {102-1, 102-2) an the interior of the housing (101 of the
fiuid resarvolr {10

{0023} fry another exampda, the electrical companents (1031, 102-2} of
the fuld reservair {1001 may be formad using a deposition provess where g
conductive material is depoesited on the infenior surfaces
this example, the conductive matarial may be deposited using, for axample, a
thraa-dimensions (3D} printing device

[00241 Figs, 1A and {8 deplots two rows of elecirical components (1031,
103-3) formadt on the interior of the housing (101} of the fluld reservolr (1008},
However, any numbar or pumber of sets of electrical companents (1021, 102-2)
may be formed of the housing (1015 In one sxamgis, the two sels of elsctrical
componants {(102-1, 102-2) sarvs a8 rediundant slements with regpeci 1o ohe
another. I another example, @ single set of slectical componants (102-1, 10&
2y ave formed o the housing, Further, in ons example, the sat of electreal
sompoenants (102-1, 102-23) are couplad (o processing crouilry of an elecironic
davine suych as, for axampie, & printing devive. In this sxample, the set of
aleckrical componants (1021, 102-2) act as sensors for the slectiical device in
detsrmining the level of Suld within the flld resanvalr {100}

{p0asy Fig, 2 5 & diggrany of the eleciicsl componernts (102-1, 1022} of
the Juid resarvolr (100}, according To one example of the prindiples desoribed
hareln. The electrical components {102) of the fluist reservolr (100} may includs
a number of fuses (011, 2013, 3013, collectively refered 1o hereln as 201
Tha fuses 201 are arraﬂgad along @ length of the fuld reservolr {100}, Inone

axamgds, the fusss (201 form an arvay disposed slong a gravitationally onented

»‘1

side of the Suid reservoir (100} withy arrow {(250) indicaling the direction of the
forne of gravity. I this manper, the fluid ﬁr«pma«\: within the fuld reservolr (1D
is drawn 1o the bottom (281) of the fluld reservoly {1001, and the lnval of the fluid
within the fuld reservatr (100} may be delacied. hona exampi&, the fuses
{201} may be parasitic resistive alements that, when tripped, indicate the level of
the fluid af disorete lovels sinoe the fuses (201} are located af disorete lovels

within the fuld resenvoir {100}, Thus, the level within the fluid reservolr (100} at
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‘.

witich the fuses {201} are located define a comresponding level of ful
fuges (301} are fripped.

{6028} Fig. 2 depiols thyes fuses (2011, 2082, 207-31 in an army of
fimas (201) as indicated by the separate dashad boxes. Howsver, any number
of fuses (201} may be ncluded in the fluld reservoir (100}, For example, the
fluid regarvelr (100} mray include bedwiesr ong and thougands of fuges (201). In
ancther exanygde, the fiuld reservolr {100} may include twealve of fusses (301
Tha nuiber of fuses (201) in the aray of fuses 301) defing the granularity and
oracision of a resdiing fluld leved measuremant provided by the fuses (201}
{6027} Each fuss {201} rmay be any type of low resistance resistor that
acts as a sactiiicial device to provide overcurrent prolection of 2 load or source
sirouil. Sach fuss 201 may include s matal wirg or sirip that mslts when tos
woh current fows through i lerupling the ooyt that Econnects. The fuses
{201} interrupt an excessive current, and the Tuld reservel (100) and the
ekactronic devics the fuld reservoelr {100} is coupded to inferprats this interruption
of current az an indication of @ level of fluid withiny the fluld reseivalr (TO0),
ey Each fuse {201} in the Huld reserveir {100 may include a numbser
of races (202-1, 2088, 202-3, 2034, 028, 202-8, collectivaly referad to
haradn as 203). The fraces £202) may include fived traces (3081, 2043, 202:8)

Cand of the fuses (201} 1o a dala processing davics, and

fo the dals processing device, In one exampls, the second fraces (302-2, 203

4, 2L2-8Y may be combined into one relum path such that the ssoond traces

1‘2

{J0-F, 2024, 2038} have a commaoan tracs design. The dala processing
device may be any device capable of dededting the pverloading of the fuses

{201} and usas that detectsd svant to daterming & lavel of Suid within the flud

{ﬁ{};z&é} Each of the fuss

{203~1, 30382, 2035-3, 3024, 2035, 203.4, GG??&EK‘iV&?f

fﬁ

=
g
C:/
pacy

201} may also include & numbse of electrodes
refarred {0 havain as 203

that axiend from the races (202}, In one example, sach fuse (201 include six

s

¥

slecirodes (203). A Trst paiv of slectrodes (2031, 203-2) and & second palr of

o

elactrodes {203-5, 203-6} form parasitic resistors that alfow for current {o flow
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hrough it sasociated fuse {‘2{3‘?'} i the presance of the flind contlained within

ot prasa,
{0030 A flament {3041, 204-2, 304-3, collectively referrsd to hersin as
2041 may be slecirically coupled belweern a third pair of slegtrades (303-3, 203~
45 The flament (204} may be any malenal that acts as the breakdown portion
of the fuse (2071 The filament (304} may have any width, thickness, or
dimension, and may be made of any maledal that allows the filarsent (304) to
breakdown when g threshold of clirent flows through i In one example, the
filamant may be a thin melal tracs thal is thinner than the elecirodes (203 and
the traces (202, Further, in-ong example, the fllamsnt may be made ofmetals
sehoas alurninum, copper, nickel, tantalum, gold, or mstal slfoys.
a3 Further, the Hlament (204} may be laid oul within the fuses 201 in
any pattem or arrangemsnt that allows for the flament (204} o braaksdown
whern 2 threshold of current flows through 1 In one exampls, the flament 204}
may be lad ol in 8 serpantineg pattant {o provide g threshold svsl of resistancs

g

at the fllament (204} as depicted In Fige 20 31 ons axampls, the alechodes (203}

and the Slament (204) may be slechically coupled in parallel o ang anuther.
16032 N one example, the slectrodes (303) and the flament (204) oay

§

be made of the same material. In this exampls, the electrodes (203} may have
a relatively wider width than the fament {204} ag daproted inthe figures in ordsy
to allow the elechrodes (203 }% oary higher currents than the Blament 204
This is bacause 3 maxdimurn surant densily is equivalent for the same material,
but not sguivalent for larger widths of the same material, I another example,
the electrodes (203} and the filament {Qi}e:?} mray be wade of different material
The materials and widths of the electrodes {203} and the Hamert {204} may b
adjustad to provide for a madmum current densily,

§0033] i and when ©o high of a currerd Sows through the filament (2043,
the flarment {304 rizes o a8 highser smpersture ar electron migration raises and

1

aithar directly melts or malts a solderad pint within the fuse 20T This mislting

of the flament (204} o a connaction therelo opens the oo, and may be

refered 10 88 @ Wipping of the fuss (301) or a breakdown of the fuse 201 The

\
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$.

flament (204) may be made of, for example, any metal such as zing, coppey,
siheer, and aluminum, ormetal sloys to provide stable and predivtable
hraakdows characteristics of the flament (304), The fuse may maintain s
threshold rafed current indefinilely, and mall quickly upan exposure to 2 sl
excess inthat threshold, Further, n one exampls the Slamant (204) may be
manufactured fo not be damagad by minor harmiess surges of current, and not

oxidize or change s behavior afler sxdendad longths of semvice

[0G34) Thae function of the fuses 201} as indivators of 8 level of fluid
within the fluld resendoir (100 will now be described i connection with Figs. 3
and 4, Fig. 3 s 2 diagram of the Suid resanvolr (100} of Figs. 1A and 18 duing

o fluld analysis process, aocording to ons axanyds of the pringiples described

~

harain, Fig. 48 3 disgram of the fuid resarvolr (100) of Figs. 14 and 18 during

a fuid analysls provess, acconding o one example of the principles described

AN

harein, The oirvauil depicted in Figs. 3 and 4 includs o single fuse 201,

x)

Howsver, sach fuse (204} included within the fiuid ressreair {100} is slecincally

soupled to the varlous slements described harain,

{0035} A pulse current stupply (301) elscicatly coupdad to ground (302} s

alao slectrioally soupled 1o & first race (302) of the fuse 201 T%. @ pubse

surrent supply (301) provides a current to How through the fuss (301). Further,

a second race (203} of the fuse (301} is slectrically coupled to ground {302).

Thae voltage and current provided by the pulse current supply {301} may be
characterzed for tha design of the fuses (301) so that the tripping or bre

threshold s realized belween g wat and dry siate wherea the fiuid is and s nod

prosant, vespectively,

{0038] Az depicted in Fig. 3,

F o

{100 and ocovers the fuse (2013 The fuse (301) may be bocaled anywhers

w2
£
o
]
&
.
'E)

{303) is present iy the fuld reservolr

atong a height of the fuld resenvolr (108) as padt of the electrical components
{1021, 1082} depicted i Figs, 1A and 1B, In this sfate, the fuse (301}
oparates without fipping or braaking down dus 1o the ndusion of the first and
second pairs of electrodes (303-1, 200-2, 203-8, 200-8}. Further, the presencs
of the fuid {3Q3) also provides for rapld heat transter from the fuse 301 as

pompared to, for exarple, alr. Thus, the thermal conductivily provided by the

10
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fluid {303} itself aleso preverds the fuse 201} from tnpping of i}f‘ea%:iﬁg dosr.
These slectrodes (2031, 2082, 203-5, 2053-8) have a resistance (Re) and are
abie fo raduce the fow of currerd through the flament (30 }by aflowing the
purrant to fiow through the first and second palrs of eleclrodes (2031, 203-2,
2038, 203-8) and the fluid {303) as indicated by arrows (305). The distancs

=k

bedwean the ends of the frat and second pairs of slectrades (3031, 203-2, 20%-

5

st and sesond g’as.»iz's of pischrodes 2031, 303-2, 203~

¥

Ay
e

5, 2038} tha sive of the §
5, 2008}, the size of the filament (304, the matenials frorn which the first and
sacond palrs of elecirodes (2031, 303-2, 205-8, .2{33“8} ard the flament 204
gtiy of the fament {204}, the lavout of the flarment (3064}, the
resistancs {Riuss) of the flament (204}, other resistive paramsters of tha fuse
{201}, and combinations thereo! may be adiusted o allow for the fuse (2011
function and not trip o breakdown whan exposed o the fuld (303} and alfow for
g margin of operation.
[O037} In Fig, 4, the lovel of the fuid {303) within the Huid reservolr (100}

has dropped due to the elecironic device such as, for exanmple, a printing device

AT

having consumad the fuid (3031 In this example, the fluld {303) has dropped
bedow the fuse (201}, and the firat and second pairs of slectrades (3081, 2032,
2055, 203-6) and filamant {204} are no longsr i contachwth the fluid 303 bt
are syposod B, of example, air. Because axposurs tothe aiv does not allow for
currant o fow through the parasitic resistors farraed by the first and ssoond
paies of slectrodes (2031, 20382, 203-5, 20488} and Decauss ot doas not
thermally conduct heat as well gs the fiuid (303}, more current is farced through
the floment (204) n thisstate, the Nlament (204 is noped of breaks down
stich that the oiroult s vokan,

{H0383 The processing clicuftry of the aledtrenic device slectrivally and
alsctroninally coupled to the fluid reservolr {T100) may be programmasd o identify
when the filament 204) hreaks down and the fuse (201}, and process the
iripping of the fuse (201} at that invel of the fhad reservair {100) as indicative of
the Huid (303} having been deplated past that lpvel of the fluld reservolr (100
I this manner, the iewel of fuid (303} within the Suid resepvoir (100} may be
detervingd.

11
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FO035] The fuses (201} within the fudd reservalr {100} ars, in this manner,
create @ dwo-siate memory. This two-stale mamory may holude ¢ number of
furtctioning fuses (R01) that have oot broken down of beean tippad. This stale
may be entified as 3 programming "0 that dicates a ow resistance siate

within the fuses {

(201 and 2 level of Ruld (303) within the fluid reservolr (100}
that iz al least ag high as ths highast funclioning fuse {301}, Also, this two-stats
mRENOY may include a numbser of nopsdfunctioning, tpped fuses (201} that have

~

broken down, This state roay be identifiad as & programming "1 that indicates

oy

& high resistance state within the fuses (201) and a lavel of fud (303} within the
Huid ressrvolr (100) that is af leagt as low as the lowest non-dunctioning fuse
{201}, In s example, sach fuse (301) may be viewed as g mamary bitwhsre
tha indication of 2 07 or "1 is stored in a slorage devices of the alectroniv davies
o which the fluld resarvolr (160] s communicalively coupled. Frogramming of
ganit bit, it s example, may ooour whan the fuse Q01 movesroma W o a
"7 or viza versa, nane e:xamp?&, any s 1o be progranimed without the ink
tevel guard may be pgranwmed at a dry Tuid reservalr (100} stage before fiuid

{303} has been nbrodunsd inte the fluid reservolr (1004

{0040 it some examples, the level of the fluld (303) may tse o an

fovel is below the firsl pair of elecirodes (203~

&5

intermediany level wheve the fiul

N

1, 2032 andiorthe filamant (204}, but atove the sacond pair of slechrodes

“) \

Z‘a.,

{2058, 2038}, In thisy sluation, the second paivof elsctrodes (203-5, 2058}
ray conthue o allow forcuerent in How through the fuse (201} without tnpping
the Hlamant (204} by reducing the fow of surrent through the flament 304
below a threshold by allewing the current tn also How fhwough the secand palr of
slectrodes (2035, 200-8) and the flidd (3031 By this manner, the seoond palrof

glecirodes (2038, 203-€) may serve az x Suid

o]
%]
&
3.
%
&

3%,

¥
=
~'~

b
=
el
4
i
haaad
1621
L¢3

O bia)
w
]
S
o

o

31 drops fiast the fuse 201 including the

;

ramaing Linctional untl the fuig (303

second pair of slechodes (2055, 305-8)
o044} i1 one axample, the fuses @0 may b anwv fuss that acls as &
sacnificial device that is Wreversibly tipped when a current lnad exceading 8

threshaold i3 apphiad to ths fuse. Iy ancther example, the fuses 301 may be

selresatting fuses that use a thermoplastic conductive elarment that may be

12
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rederrad

that impedes the circull during an overcurrant conditien by a’sm FEAS:
resistancs, hut, whan curtent is retnoved, the device will ¢
resistance state. In this sxample, the

hifg "1 may be differentiated by allswing process

as & pot ymerie posiive b

PCT/US2017/019104

temperature coefficient {or PRTE) homistor

i

} ffg:“‘,\' K;
ool and ravernt to low

pragranwned bits "8 ;

=

and aneprogrammad

ng cifcuitry of an sdectronin

devica to read the array of fuses (2011 and the girouit 3s a whols 1o delerning

-

e lavel of fud (303) within the fuld reservoir {100}

lastohe of @

be bnplemeanted within

2 fuses (2071) is o selfrassiting

continiious K supply system whe

bt ang-axample, where gt
fusa, the fuid ressrvar {100y may

re & level of fhid

{3073 within the Buld reservalr (100} s maintainad &l a constant leved. In this

Y]

example, the fuses {201} may sens 8 remindeay

that the fSul
SORInUNGS

{0042}

by

iy st ang

saorifinial fuses and seifressiiing fuses,

fuses {201} may ba se
whar fripped, to indicsts 1o
beforg, while the remaining s
{100 o ke
{18305,

Y

resenvolr (100} and whethey the fluid resernvair (10

{00431

fhe fluid reservalr (100

ovel has dewregsed, indicating an

K supply system.

in the array of fuses {EG’?} may be an rsversible fuse and thar

~raseiting fuses. The ey

I this manner, 3 User may e mads awars ofthe aga o

Fig, 8 isa Mook disgrany of 3 Buld analysts system (500

5 10 8 user or an overall systam

nanticipated falwre of the

s

ther example, the fuses may be a3 combinalion of a

i this axwsimples 8 sl top fuse (J01)
ramainder of the

varsible fuse may be ussdie,

a user that the fluid reservolr {100} has been used

~raaeiting fuses may slfow for the fluid resenolr

18
continued o be used o indicate a level of thuid {303 } n the ressrvair

e fludd

} may have been praviously

¥ nolading

of Figs, 1A and 18, according 1o one axanpia of the

priveiptes desaribad hersin,. As mantioned hersin, the Suld reservelr {108} may

e embodied n a Suid sjecton devics (802), which may also be reforred o as a

fluld cartridge. Ths

{5015 Inone sxampie,

& printing pen, o fluid supply canridgs that supplies fhid such as,

Auld cartridge (802

the Haid

{7

} ey e coupdad to an slectronin device

cartrige (502} may be aninkjst p‘;‘if t cantridge,

¢ axargds,

ik, to a number of printheads, or ancther companent associsted with 5 printing

13
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davice. I this exampls, the slscironic davies (801} may be a printing devie

that contrals & number of printheads dunng a prinfing rocess:

{G&M} Ag depicted i Fig. &, the fuld carlidge (503} may include the fuid
resarvelr (100} and & numnber of bond pads (503} noupled fo, for srample, the

fuses (201}, in order to slectrically couple a processing devios (808} o the Hud
reservolr (1001 In one example, the processing device (508} raay be lnoated off
the fluid cartridgs em}R;‘ and may be located, Tor example, oy an intagrated
olroult of the slecironis device G071} The fluid reservalr {100} confains the fluid
{303) used o form the oufeoms of, for axampls, s printiob. b one exanpe, the
provessing device (508} may ba jocaled iy the elecironic device (M}, and may
b used to instruct the fuld reserveir (100) to determing the lovel of Suld (3033
within the fluidd reservclr (100G In another sxample, the processing devine (508}
may be focated an the fuid cardndgs (802, and may be used fo relay data
mravessad by the processing device (508} i¢ the elecironic device (501

{0045] Tha alacironic devics (501 may also include a dats slorage
davice (508 The data stovags device (508} may siove data such as executable
program code thal is axenited by the processing devics (808}, and may
spacifically store compuder code representing a numbey of aggsiicaiim,ﬁ thal the

nranassor (101) exacutes to implemant at leagt the funclionality desoribed

hareln, For example, data representing the sensed level of fluid (303) within the
fuid reservar {100} may be stored in the dals sforage devics (808}, The data

storage devies (808} may nclude vadious types of memory modules, including
velatite and nonvolatile maemory, For axample, the data slorage device (50 of
the present example may inclde Random Accass Memory (RAM). Read Only
Memory (ROM), and Hargd Disk Dirive (HDU) mamary,. Many other typss of
mamary may siso be utiized, and the present sg&c?ﬁcaﬁ::m ontemplaies the
use of many varying typs{s) of memary iy the dals slorage devdics (208} as may
st & particular application of the principles desoribed herein. The dala storage
desvice (308} may comgrise a computer readable medium, @ compuisy raadable
storage masdium, or @ narlransiiory computer readabds medium, among others,
For sxams, the data storags device (708) may be, but net imitad to, an

slxcironic, magnelic, optical, elsctromagnetic, ifrared, or semiconductor

14
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sysisnt, spparatus, of devics, of any sultable combination of the foregoing.
Maore specific examplas of the computer readable sforags medium may includs,
for gxample, the following: an slectrical comsclion having & number of wires, a
partable computar disketie, a hard dizk, 8 random-acoass mamory (RAMY, a8
read-oniy memory (ROAM), an evasable prograimmable read-only mamaory
{EFROM or Flash memory} 3 portable compacd dize raad-only memory {C0-
RO, an optical storags devicg, s magnetic storage devics, of any suitabls
combiviation of the foreghing. In the contexd of this document, a compudar
readable storgge mediuny may beany tangible madium that can contaln,or
store computer usable program code for use by or iy connection with an
mstruction execution sysiom, anparaius, or devige. I anpther example, a

cornpuler readable storage medium may be any noretransitory medium that can

contain, of slore a program for use by or in connsction with an instriction

exaoution system, apparatug, or device,
{0048) The fluid gjection die (150} may covaspond 10 & printhasd, none

exarnple, the fuid cartridgs (502) may nclude a plurality of fluid ejection diss.
Further, in one example, the Suid cortridge (803} may include at lsast one fluid
siection die Ruidicaly coupieﬁ to the fuid carlidge (50} such that fhuid stored In
the fuld resevvalr (100} of the fuid cartridgs (802 may be ajsciad by the atleast
R ff\;c%e«}eu-\ ridie {150}, Each fluid ejection die (150} may include &
programmable memory device (811} Further, aach fluld slection dis {150y may
fnclude a number of nozzies (B16-1, 510-2, . .. $10-n, oollectively referred {o
harein o 510} through which the fuid (303) may be dispensed. In this manner,
the nozzlss {510 are fluldically coupled to the fuid resesvoly (100} in order
dispanse fluid (303} from the Tuid reservolr {100}

{0047 Fig. 8 is a Howchart depicting & mathod of detecting a fpvel of fiuid

{303} within & fuid reservolr (100}, according 1o one axample of the principiss

peog
2
L)
s %
i17]

described herein, The meathod of Fig, § may begin by detenting {blea
axistence of o fuid reysrvoir {100} within, for sxampls, the slscironic davice
{5071 of Fig. 5. For example, the coupling of a duld reservoir (100) to the
elgctronic devics (501} may cocowr whan the alsotronic device (B01) has

conswnead fuld (3033 front a previous Tuld reservolr {1007 and g new fuld

15



WO 2018/156135 PCT/US2017/019104

reseneit (100) s souplad tn s electronic davics (801, Datection

reservalr (T00) may serve 28 a prompt o the slectranic device (801} to parfarm
n analysis of the Suid (303} within the fhad reservolr (100}, In other exampies,

the fuid (300} within the fuld reservolr {(100) may be analyzed at any point

during the e of the fluid ressrvair (108}

fO048] A determination (black 802} as to whether the fluid (303) within the

Huld reservolr (100} is 1o be analyzed e made, Hihe fluid 303 s natto be

anahezed {(hlock 802, determination NG}, the meathod of Fig. € may tarninata
Howeaver, ¥ the thad (303) is to be analyzad {blook 804, defermination YES), &

~%

303} may be delected (Block 603}, In one sxample, the
level of fluld (303} within the fiuid reservair (100

procesaing device (5083,

(;)

laval oramount of fluld §
1 may s detedied with the
§00453 The level ar amount of Suld (303 within the fuld ressrvolr (100}
may e reported dlock 8041 Iy one example, the level or amout of uid (303}
within the fludd reservnlr (100 may be reportad {blogk 804} o the processing
dewice (RO} of the slectronie devive {'5'%3‘3} inavder o process the data
desuriting the leved or amount of fluid (303} or display information {o & user
regarding the level oramount of Suld (303}, Further, i one exarypla, the lavel
o amaunt of fluld (303} within the Suid resarvair {100} may be detected stany
time and at any Treg u&my,.
{080] Fig, 7 is & flowchart d

sansar, according to one sxample of the princlples deseribed herein. Ths

by

woting & mathod of forming 2 fuid leval
method of Fig, 7 may begin by forming blook 701} 8 number of mostal tracss
{102) along awall (110} of & Suid rasenale (100). Forming {block 701} the
number of matal reces along the wall {110} of the fluid rasenvolr (100} may

include forming the numbey of metal traces (102} using laser direct shucturing

(.08,
{00581} Tha method may further includs foraing Sdock 702) a numbey of

fuse ciroulls (201 along a length of the metal traces {102). Farming the fusg
cirenits (201) may inchude for sach of the fuse olretits, formaing (block 703 3

fuse (201) along a length of @ respeclive metal trace (102}, and forming (block

TO4) @ number of parasitic resistive slemants (303} In parallel to the fuse 301)

)
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In one exampls, the parasitio registive elemants may reduce currsnt flow
through the fuse 201} In the presenne of a fluid (303} contalned within the fluid

&

rasanveir {1 {}{}}\ A% described ab(w& the parasétia rasistive slements (203}

slamants {‘E{t};%} are not inthe presence of t% e ﬂu i ~3f‘°} and the fuse (2014) rips
in respanse 1o the increass in current fiew, The location of the number of fuse
airouits {301) within the Huld reservolr {100} define a correspanding number of
leveds of fluid {303} within the fiudd resereair (100). Purther, as desonibed hersin,
& width within the fuses 301}, & width of the matal races {102, a thicknass of
the metal ranes (102}, 2 design of the parasitic resistive elements {303 within
fha fuse cirouits {2&’%}, or combinations thereof may define a braaking capachy
of the fuse oiroult (201},
{0082 Aspacts of the prasent systan and msthod are described harain
with refersnce to lowehart Hustrations andior block diagrams of methods,
apparatus (systems) and computar program products acoording o axamplas of
the winciples desonbed hereln, Each bock of the flowshat ilustralions and
binck disgrarss, and combinations of blocks in the Sowchart Hlustrations and
block diagrams, may he inplemented by compaster usable program oode. The
compiist usable pragram cods may b provided o a processor of a general
SR LTS C*Dﬁfizt\'{i?i&!} sgeeém purpose computer, or ather prograntnabde dats
DroCSssing Apparalts o produss a maching, such that the computar usatls
program code, when executed vig, for example, the processing device {508} of

the slectronic device (801 or other programmable dala procsssing apparsius,

g

irnpdement the functions or aots specified iy the fowehsrt and/or block disgram
block or blocks. In ona sxample, the computsy usable program code may be
smbodied within a computer readable storage madin the computer readable
storage madium baing part of the computer program product. in one axample,
the ceenputer readable storage medivm i@ non-transiory sonputer readable
madi,

fa083] The specification and figures desoribe a Juld reservclr may include
a number of melal traces slong @ wall of the Muid reservalr, and a numher of

fuse clrculis glong @ length of the malal raves. Bach of the fuse circuils may
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includs & fuse along 3 lengthoof a respective mstal racs, and a number of
parasitic rasistive alements i paratlel 1o the fuse. The parasitic reaistive
slements reducs current Sow through the fuse in the presence of a fiuid
conteinad within the fhad resenain,
{0054} The fiuid level sensor and fuid reservailr describad havein raduces
sifican complavity that may axdst iy more complicated systenis and devices, and
decreases the cost of the Huld resecvolr and any associated prirdhead in which
the fiuld resarvolr is ncorporated, Further, the Suld level sensor and figdd
reservolr desoribed herein reducss costs assoniated with the inchusion of
wemory devices on or off the reservalr by using o tvo-state mamory inthe
syavvolr, Further, the abilily to provide & ane-fime-programmable ink fevel

sensar provides for a mora reliable fuid measwrement diging a elime of the

rogserveln
[O08E] The precsding description has beey prosented 1o Busirate and

describe examples of the principles described, This descrigtion is not intended
fo be exhaustive or {o liroit thess principles o any edise form disclosed, Many

maodifications and variations are possible in light of the ahove teaching.

18



WO 2018/156135 PCT/US2017/019104

CLAIMEG
WHAT IS CLAIMEDIS;
A mathod of forming & Tluid level sensor comprising:

forming a number of metal taces along a wall of a Huld resarvoly;
farming a number of fuse sirouis along a length of tha metal traces,
wherain farming the fuse creuits comprises, for each of the fuse circults:

forming a fuse slong a engiif: of o respeciive metal trace; and
ar

forming a rnrdar of pavasitic resistive slements i pargliel to the

2. The method of cainy 1, whetein
the parasitic recistive alements increase the current flow through the fuse
when the parasiiic resislive elemerts sva not in the presence of the fuid, and

the fuse frips in responss to the increase i ourrent fow,

3 The mathod of dam 1, wharein forming the number of matal races alung
the wall of the fuld reservolr compiises forming the numberof metsl traces

using laser direct strucluting {Li‘.}S}

4, The mathad of daimt 1, whereain a location of the number of fuse oiroults
within the futd reservolr define 8 corresponding number of lovels of fuld within

the fhrd rasarvolr.

5 The method of claim 1, wherein g width within the fuses, a width of the
metal traces, a thickness of the o fraces, a design of the parasiiic resistiva

elamentts within the fuse cirguils, or combingtions theveaf define a rasking

capaoity of the fuse arault,
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&, A Huld regervalr compising:
a numnber of metal traces along a wall of the fuid reserwir
a number of fuse olroults along 2 length of the melal iraces, wherelnt each
of the fuse oircutls comprises:

g fuzs along 2 kehgth of @ respective metal trace; and

a nurber of parasitic resistive alements in paraliel {o the fuse, the
parasitic rasistive slements reducing curant flow through the fuss inthe
srasence of & foid confainsd within the Suid raservoir

7. The fluid reservair of claim 8, whearain the number of metal racas along

the wall of the Buld reservoir are formed using lassr divedt structuring (DS

8. The Suild resenvoit of dlalm €, wherein:
the 'paraséti asiative slements increase the cuwrrent flow through the fuse
when the parasitic resistive elements arg notin the presence of the fluld, and

the fuse frips in response fo the increase i curvant Sow.

g, The fudd mearvolr of daim §, whersin a location of the numbesr of fuse
shrouits within the Juld raservolr define g corresponding number of levels of fluld

within the fluisd regarvoir,

13, The fudd reservalr of daim 8, wherein g widih within the fuses, awidth of
the mstal fraces, & thicknass of the metal traces, & design of the parasitic
resigtive slemants withindthe fuss grculls, or combingtians thersof define a

braaking capacily of the fuse cirouit,

. The fuld reservair of olaim 8, wherain, in responss {o the fuse tipping In

response o the increass in current flow, the uld reserveir send

i)
@5
3
2,
e}
i
Pt
(o]
23

progranvwnable memary device o permanently change dats relating o the fuss.
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12, Afluid cartidge sompnsing:

2 fuid reservolr coniwising walls defining an infevior chamber, the fluid
ressrvoly o stors fuid i the intetior chambey

a mumber of fuze circuits formed along a length of at l=ast one wall ot the
flild raservolr suich that a respective position of sach respective use drouit of
the number of fuse cirouifs coresponids to g Huid lovel of the fluld reservoir,
zach respective fuse clroult o change state when the fluid level of the fluid
rasaivell crosses tha respective position of the respective fuse cirout; and

a Huld sjecton die Suidly couplad 1o the fluid resenvalr, the fllid ejection

die comprising nozzies {o sfect fiuid conveyad from the fluid raservel, the fiuid

se

alection dis further samptising s programmalde memory device electrically
soupled to the number of fuse oirawils, the progrannable memory device to
parmanently changs data stored thavaon responsive 10 & changs in siate of

gach respeciive fuse cirouit,

i

Lo

The fluidd cartridge of daim 12, wherain:
aach fuse oroull comprises:

a fuse; and

& number of parasitic registive slements in pavallel to the fuss, the

parastic resisiive elements redusing currentt floaw through the fuse inthe

prasance of a fuld containad within the fuld resérvolr, and
each raspective fuse circuit doss not changs Hs stale when the fuid levsl
of fhe Tudd resenvoir doss not cross the reepective position of the ;‘especﬁwei—:

fuse clroul,
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14, The fd carbidge of claim 12, wheralry
sacd fuss circuft comprises:
3 fuse; and
a number of parasitic resistive slements in paraliel {o the fuse, the
parasitie resistive alements Inoresaing current flow tirough the fuse fo g
st of tripping when at least one parasitic element is not in the
prasence of a Tuld contained within the fuld reservolr, and

each respentive fuse oircult changes ie slate when the fluld level of the

fluid reservall crosses the respactive position of the respentive fuse cireuit,

18, The fluid cartridyge of clatm 14, wharein, I responge o the fuse pping I
response fo the increase in current flow, a signal iz sant o 3 programmable
raemory davics io ths programmstila memory devios o permanently change

data relating to the raspective fuse circuit,

by
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