wo 20197013768 A1 |00 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 January 2019 (17.01.2019)

(10) International Publication Number

WO 2019/013768 A1l

WIPO I PCT

(51) International Patent Classification:
B41J 2/175 (2006.01)

(21) International Application Number:
PCT/US2017/041533

(22) International Filing Date:
11 July 2017 (11.07.2017)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
W., Houston, Texas 77070 (US).

(72) Imventors: ANDERSON, Daryl E.; 1070 NE Circle Blvd.,
Corvallis, Oregon 97330 (US). MARTIN, Eric; 1070 NE
Circle Blvd., Corvallis, Oregon 97330 (US). GARDNER,
James Michael; 1070 NE Circle Blvd., Corvallis, Oregon

97330 (US).

Agent: MORRIS, Jordan et al.; HP Inc., 3390 E. Harmony
Road, Mail Stop 35, Fort Collins, Colorado 80528 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))

(54) Title: FLUID ACTUATOR EVALUATION INDEPENDENT OF ACTUATION STATE

(57) Abstract: In one example in accordance with the present disclosure, a fluidic die
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is described. The fluidic die includes an array of fluid actuators grouped into primi-
tives. The fluidic die also includes a fluid actuator controller to selectively activate
fluid actuators via activation data. The tluidic die also includes an array of actuator
evaluators, wherein each actuator evaluator of the fluidic die is coupled to a subset of
the array of fluid actuators. The actuator evaluators selectively evaluate an actuator
characteristic of a selected fluid actuator based on: an output of an actuator sensor
paired with the selected fluid actuator, the activation data, and an evaluation control
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FLUID ACTUATOR EVALUATION INDEPERDENT OF ACTUATION BTATE

BACKGROUND

B0 A fuidic dis s g component of a Huid sjection gystem that ncludss
nurkey of Buld electing nossles, The fiuidic die can alsn include ofher non-
giecling actuators such as micro-raciroulation puamps. Through these nozales
and pumps, fuld, such as ink and fusing agant among other flulds, is ejected or
poved, Over dms, thess noxyles and pumps can become clogged or othenwiss
operable. As 3 specific sxampde, ink in g printing device can, over thne,
havden and crust. This can block the nozzds and interrupt the operation of
subsaguant gjection svetds, Other examples of ssues asffecting these acluaiors
include Huid fusing on an ejecling slement, particle contamination, surface
puddling, and surface damage fo die structures. These and other svenarios

o

ray advarsely affact operations of the device inwhich the Suidie dis iy instalied.

BRIEF DESCRIFTION OF THE DRAWINGS

(00021 The acoompanying drawings Hustrate various examples of the
principles desoribed hereln and are pant of the speciicglion. The Hlustrated
sxamples ave given merely for Bustration, snd do not imit the scope of the
ciaims,

00031 Fig 1is a Mook diagram of a fuddic die for fhuid actuator svaluation
independant of actuation state, aucording 1o an example of the wrinciples

¥

deseribed hersin,
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o84} Fig. @ s a diagram of 3 fuldic die Tor fiuld actustor evalustion

independent of actustion stale, acCOKC ding to an exampls of the prim niples

desorihad herein.

{0051 Fig. 3 is a disgram of 1 Suidic die for fuid actuator evaluation

independent of actuatian state, secording 1o anather example o of the principlas

desoribed harsin,

[OO08]  Fig. 4s a didgram of & fuidic die for fuld actuator svalyation

independert of actuation stale, accarding © anather mmpif« of the principles

dusaribad hersir,

[0007]  Fig. Bisaflow chan of 2 method for fuld actuator svaluation

independent of actuation state. according o an example of the mwingiples
ascribed he

{&3@8} Theo g%\c:suth o drawings, dentical reference nurnters designate

sirnifar, but not necessarfly identic cal elements. The figures ars not neo seaaarnily

1o scale, and the size of some pars may be exaggerated 1o more olaarly

Wustrate the example shewn, Moraover, v the drawings provide oxamples andfor

implementations sonsisient wi ih the description; howsver, the desaription is hat

Bvitad to the examples andior mﬂpi stations provided in the drawings,
DETALED DESCRIPTION

v

10008] Fluidic dies, as usad hersin, may desorive a van arety of types of

i

intagrated devices with which small volumes of fluid may be pumpsd, miked,
analvzed, slected, ste. Buch fiw dic dies way include sjection dies, such as
printheads, additive manufactaring distributor somponerts, O Hgital firatio
components, and/nr oer Sl b devices with which voluises of fluld may be
setectivaly and controliably e}a&:&@d Other sxamples of fuidic dies include Hhyid
sensor devices, lab-on-a-chip devices, andior ather such devices in which fuids
may be analyzed andior mocessed.

mot) inw specific example, thess fluidic systems 8t found it any numbsy

of privting devices such as inkjet pr drters, multi-funciion printers (MFPs}, and

additve rmamdectuning spparatuses, The Ruidic systems it these devices are

it
N
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ysad for preg @iy rid rapicly, dispensing small quantities of fidd. For
axample, it an additive mamfa{:mrsng apparatus, the fluid sjection system
dispenses fusing agent. The fusing agent js deposited on a b i materisd
which fusing sgent facilitates the hardening of bulld material to form a thrae-
dimensional produst.
o011 Other fuld sjection systems dispense ink an a two-dimensdonal privg
madiven such as paper. Forexample, during mkgm prirting, Suid is diregted o a
fluld election die. Depending on the contentio be printed, the device inwhich
the fluid election systew i disposed deternines the fime and pasition &l which
the ink drops are to be relsasedisjected onto the int medium. in this way, the
fidd sfsclion die releases muiii;‘.}ie ik drops over a pradefined area to produce &
representation of the image content fo be printed. Bes ides paper, other forms
of privg madia may also be used.
[0012]  Accordingly, as has been described, e systems and mathods
deseribad hersin may be Implemeniad in two-dimensionat printing, fe
depusiting fuld on @ substrate, and in threa-dimansional printing, L&, depasiting
& fusing agent or other functional agent on @ material base to form a threes
dimensional printed praduct.
13} Reaiuming ip the fuid actuatoes, a fuid actuator may he disposed i1 R
wozzle, whers the nozsle includes a fluid chamber and a novzle mifice in
addition o the fuid actuator. The fluid actuator in this case may be referred o
ag an gector that, upon actuation, causes sjsction of & fiuid drop via the nozsle
crifice.
{0014} Fiuld actuators may also be pumps. For exampls, some die diss
include micrefitidic channeds. & microfluidic channel js a channet of suffict ferthy
amall size (8.4, of nanometer sized scals, micrometer s zad scale, millimetar
sizad soals, eti:.} to factiate a:c:rweyanca of smal volumes of fluid {e.g., plopliter
scale, nanoliter scale, microliter s nifliliter seale, efe). Fluldic attuators
may he d‘ispcsed within these channely which, vpon activalion, may generate
fiuld displacement in the micreliuidic channel,
Fo018} Examplas of fiuld actuators includs a plezoalectric membrans hased

ariuator a thermal resistor based acluator, an slectrestat o membrang schislern

3



WO 2019/013768 PCT/US2017/041533

a mecharoalfimpact driven membrans actustar 8 magneto-strictive drive
actuator, or other such alements that may cause a%i;»s;ﬁamn‘;&ni of fluid
responsiva to eledrioal actuation, A fuidic dis may nclude a plurality of fluid

antuators, which may be refarrad to as an aray of tuld sctuators,

[o018] The atray of fuld actustors may be formed irdo groues rafarad 0 as
eimitives” A primithes generally in wludes a gronp of fuld acluators that each

have » unigue actustion address. In same svamples, slectrical and fuidic
corstraims of 8 fuidic die may §mit which fuld actustors of each primitive may
e acuated concurrerdly for a given actuation event. The wedorg, prinnlives
faciitate addreselnyg and subssguent actuation ¢ flutd slector subssts that may
be conourrently actuated 1or 3 giveﬁ actuation avent

[OO171 A number of fluld sjectors sorresponding 1o @ respective primiive
may be referted 1o as ¥ size of the primitiva. To Mustrate by way of skample, ¥ a
fuidic dis has four primitives and each respective primitive has gight reapective
fiuid actuators {the differant fuld actuators having an addrass 810 7). the
primitive size is elght, In this example, sach fuld actuator within 8 primittes has
& unigus fm“primi’(iva address. Iy some axamples, elentrical snd fuidic
constraits lmit actuation to one Suld actustor per primitive, Accordingly, a lotal
of four fuld scluators {one from each prinntive) may be nonourrenily actiated
far a given actuation event. For example, for a first actuation sverd, the
respestive fuld actuator of each primitive having an addrass of O may be

v

aciuated,

<

Sor a second actuation evert, the raspective fuld actuator of each
primitive having an address of 1 may be actuated. In some sxamples, the
arimitive size may be fxed and in ather sramples the primitive size may vary,
for examnple after the sompletion of 3 set of actuation svents.
00181 While such fluid ajsction }aie*?‘s and dies undoubiedly have
advanced the Beld of pravise fiuid delivery, some conditions impact thefr
effactivensse. For example, the actuators on & dis ars subject to many cyoles
of heating, drive bubble formation, dive Iy ubble collapse, and fuid
raplenishment from a fluid reservalr,. Over 2, and depending on othey
aperating conditions, the actuaiors may hanome blocked or sthanwise defsctive,

e

As the provess of depositing fiid ona s surface i & precise operation, these

4
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blockages can have 8 delstenious effsct on print quality, T one of these fhud
sotuators fal, and s wntﬁmuaiﬁy operating following fallure, then L may cause
nefghboring actuators to fail

[018]  Accordingly, the present apen ~ificatinn is direced to & Huidic die that 1)
determines the state of 3 particular fiid actuator, 3} aliows for varying or fixed
orimitive size, and 3) avaluales a state of o fuld actuater mﬁep sichent of an
sckation state of the Ruld actimtor, Thatis, fo sctuale a fuid actuator, o setaf
siuld acluators, activation data is passedlo the fluid actugtor. The present
specification decouples the aval fation of & fluid m:tuaim from the sotivation of @
Huid sotuator.

100301 Specifically, the present & spaciffoation describes 2 fuidic die. The
fuidic die ihcludes an aray of fuld antyators groupsed jule pr imithves. A fluld
aciuater contrafier selectively activates a subset of the amay of fluid actuators.
The fuidic dis s includes an evaluation seisctar i,  via a selection signal,
select & fiuid actuator to be avalusted independent of an actuation stats for the
fid actuater. The fluidic die shse includes an array of actuator evaluaiors.
Each actuatnr evaluator ts groupsd with 8 subset of fuld aolustors. The
sofuator evaliators svaluate & siate of a seleoted fluid actustor based on 1) an
gutput of any actuator sensor pairad with the selected fiid actuator and :3} 8
selection sigral for tha sadected fuid actusier

ol Inannther example, & fuidic dis includes an amay of fluid actuators
grouped into rimitives, wheraln one Auld sctustor Fom sach primitive i

ackivated of » fime. The fluidis dis sl innludes an array of acluator sensoers 33

o

generate a signal indicative ¢ of 2 state of o fluid actuator. Bach actualor sensoy

T

is oupled o a respentive fluld actuator, The fuidic die also includes a fluid

¥

{&

soiuator contralier to selectively actuale a subsel © +f the array of Buld actusters.
The Ruitic die alsq includes an evaluation selector 1o, via a salaction signal,
select a fuid actuator to be evaluatsd independent of an actuation sigte for the
Huid actuator. On a fuidic de with variatie peimitive sive, the evaluation
selsctor includes an svaluation selection register fhat includes a respective
sednction bit for sach respective fluid sotuator to siwe evaluation selsction dats
that Indinatas a sef of Huld actuators to be avaluated. On a fuidc die witha

5
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fixed primifive size, the evaluation selector includas an svaluation sslaction
register that includes a respantive selection bt each primitive 1o store svaluation
safection dats that ndicates a seb of fuld scimlors o be svaluated. The fhudic
dig alao includes an array of aotustor eveluaiors. Each actuator evaluator is
grotped with a subsst of fuld actugtors from the array. The sctualer evaluators
avaluats a stale of a selecled fluid actuator based on 1) an output of an actuator
sensor pafrod with the selected fuld actuator and ) 2 selattion signal for the
selectad Huld actal

[00221 The present appdication sleo desoribes 2 method, According to

the method, an evaluation selscior {5 populated with data o indicate which

Huid actustors, indepsndent.of actuation siale, ars selectad forsvaluatinn. &
fluid actuator is ackivated based on activation data fo generate o sense

voltage that is measured al & corrssponding acluator sansar, Tha sange
voltage is compared against an expacted voltage when the actustor is

indicated to be evaluated Dy an oufpul of the svaluation salscior,

0231 In one example, using such a fuidic dis 1) allows for sctuator
svaluation creulity o be bwluded o as opposad o sending senssd
signals 1 actuator evaluation dreultry off dig; 2 noresses the efficiency of

Bandwidth tsage behween the devics and dig; 3} reduces computational

i'

avarhaad for the device in which the fluid sjection die s disposed, 4} provides
improved resolgtion Umes for madfunctioning sctuators; 5 allows for actualor
avalualion in one primitive while sllowing continued operation of actustors in
another primitive; and 8) places managsment of nozziss on the fluid glention die

copposad o on the winter iy which the fluld election die is nstalled, T

24
cjz

ceommmaodatas for variation in primitive size, and ) evaluates Suid actuators
indepandent of antuation state, However, it s contemplated that the devices
sudosad hevein may sddress other mafters and deficlencies in a number of
tachnical areas,
HI34] Az used in the presant specification and in the appended claimg, the
term "actuainr” refars 3 nozzie o ancther noneejecting actuator. For example, a

aczzie, which is an actustor, operates 1 giect fluld from the Huld sjection die. A
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recireudation pump, which is an example of a non-ajscting actuator, moves fuid
through the fluid slots, channels, and pathways within the fluid sjection g,
00251 Accordingly, as used in the presernt spacification and i the appardsd
slaime, the term “nozzle” refers {o an 1 individual componant of 3 fluld sjection dis
et dispensas fuld onlo @ surface, The nozzle ncludes at leastan: simetion
chamber, an sjector, snd & nozde orifice,
[o028]  Futther, as used inc the prosent spactfication and in the appendead
sleims, the term “fuidio die” refevsin 8 ¢ omponent of & fluid ajection sy’zi’em that
includes & numbar of fuld actuatovs, Groups of flidd actuators are categorized
as “primitives” of the fuldie die, the priviitive hawing a size refering o the
aumher of fuld aduators grouped together, in one example, a primitive size
may ba betwesn 8 and 18, Tha fuid slection die may be Hrgam fzord first indo BwQ
eolmns with 30150 primitives pey goltamn,
100271 St further, as used i the present gpeofication and in the apparided
claims, tha term "actuation svent” rafars to @ concurent actuation of fuld
sctuators of the fuidic die to thersby cause fuld displacemant.
10028] et further, as used iy the prasent specification and inthe appendead
claims, the term “activation data’ refers to data that targels & paticular fuid
sctuator or set of fuld sctuatars for actuation. For example, when primitive size
varies, sctivation data may includs per-actuator actuation data and mash data
In ancther axample, when primitive size fs fixed, acl vation data may includa
parprimitive actuation data a g an address for a target fliid sciator.
0881 Even further, 88 gsed In the present spacifivation and i the
appended claims, the term "3 number oft or sinsiar languags is meant 1o be
(rdarstacd broadly as any posities number inoluding 1 o infipily,
[0030]  Turning now o the figures, Fig. 1is a blook diagram of & fuidic &
£100) for fluid actuator evaluation independent of actuation stale, ac "rﬁifng {0
an example of the principlas described hersin, As deswribed above, the fuidin
e (100) s part of a fluld sjection system that houses componants for gjecting
S andior transparting fuid along various pathways. The flud that s alectad
and moved troughout the fluidic die (100} can be of various types inchuding ink,

binchenical agents, andior fusing sgents. The fluld s move st andior elacted via

£
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an array of fuld actuators (104). Any number of fluid actustors (104) may be
farmad on the Ruldic die (TG0

[8031]  The fhuid actuaturs (104) may be of varying types. Forexample, the
fluldic die (100} may molude an array of nozsles, wharein sach nozzls ncludes
g fiutd actuator {104) thal is an sfector. In this exvampie, a fluid sjector, when
activated, sfects & drop of fluld through 8 nozzle orifive of the nozzie.

{0032] Anptber type of fluld actustor (104) s & recireulation pump that moves
fluid batween anozzle channel and a fuid slof that feeds the nozzls channel

in this sxanyls, the fuidic de (100) includes an aray of mivrofluidic channals.

s

Each microtiuidic shavmel inclides a fluld actuator (104} that s a Suld purmp. I

this example, the wd pump, when activated, displaces Suld within the
microfluidic channal, While the prasent specination may makes reference o
particutar fypes of fuid actuators {104}, the fluidic dis (100} may inolude any
rrariher and type of fd acluators (104)
0033} The Sukd aslustors (184) are grouped info primitives. As desoribed
above, & primitivs refars Io 3 grouping of Huld actuators (104} where sach fluid
actuator (104} within the prinitive has g unigue address. For example, within g
first priraitive, the fisst fuid actuator (104} has an address of 0, a seoond fHuid
actumlor {104} has an address of 1, a third flild actuster (104) hag an address of
2. and a fowrth fluid acstuator {104} of the primitive hag an sdifress of 3. The
flusd actuators {104) that are groupsd 0o 2 second snd third primitive
respactivaly have similar addrassing, While specific refersncs s made to thise
primitives, a fluidic dis (100} may include any humber of primitivas having any
rrher of fluld actuators (104) disposed thersin, I some cases, & guantity of
Hutd gctuators (104) within the primitive that can be congurently fired may b
dasighated. For exampls,  may be designated that in a given primitive, one
fuid astugior {184} Is enablad &t a fims.
fO034]  The fluidic dis (100} also includes » fluid sctuator controller (1021 to
selectively antivate fuid actuators (3 G-ﬁ}. That ig, the fuid actuator controlier
{103} recaives ¥ fira signal, which is selaclively passed to select fluld actuators
{104} baged on activalion data. Put another way, the activation data gates a fire

signal fo pass 1o a desirad primdtive and Suld actuator (104},

8
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{00381 The activation dats may take many forms. For svample, the number
of fluld actuatorg {104} within g primitive may vary, #the nunher of fuid
gctuators (104} within a primitive is not fixed, La., it varias, then the activatio
data may include 1Y actustor data that inglicatey 2 st of flldd actuators {'1%34} el
astivate for a set of actyation svents and 2) rasi data that indicates faid
actustors {104} to activate for a particudaractivation svers,

\

00381 I the oase whers the number of fluld sctustors {104 within a
srimitive is Dxed, then the activation data may include g fipst sgmi that activates
the entire primifive, and an address that largats a particular fiuld actuator (104}
withiny the prioitive,

0371 The fuldic die (100} alve includes an suatuation sslactor { 106 1o, vis

a selection signal, select a fuld actuator (104} o be evaluated. 5 selaction
signal is independant of sn actuation siate for the Suld acluator g’i . Thatis,

e determination as towhether a particular fuld sctiator (184 s o brs
svatuatad is performed indspandently of actuation data

&

80381 The fuidic die (100} also includes an aray of actuste svaluators

=
m

108}, Each actustor evaluator (108} is s;csupi'ed o subsel of Tdd actuators

(104} of the array. The subsel of fuld actuators (1040 that ate cowpledtn g
partivutar actustor evaluator (108) may include any numbsy including one.
[BGE3F The acluaior ovaluators (108) svaluate o stale of any finld actuater
{104 within the subssd that pariaing to that acluator swaluator (108) and
generates &t culput ndicative of the fudd actuator (104 state. Note that the
privoitive grouping does not necessarily align with the group of fluid actualors
{104) that are coupled o an actustior svaliator (108)
[0040)  The svaluation of & Buld actuator {104} = based on varinus
conmonents. For example, the actustor svaluator (108) is avtivated v

svaluation contral signal. That is, when # s desired that an astualor analysis be
parformed o 2 particular 8uld sctuator (104) or setof Suid sctuaters (104}, an
evaluation control signal is passed, which indicates that an svalualinn of g
particuiar fuld actustor is desired.
0411 The scluator swaluation iz also based on the selection signal for the
selected Buid sctuator (104). For example, i a fuld sctuator (104) grouped with

3
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fhe actuator svaluator (108) Is indicated for avaluation via the salection signal,
then the actuator evaluator {108) evatuates that fluld aci suater (104} The
avaluation of a state of the fuld acluator (104} ix based o an oulput of an
acktor sensor that is palred with the selected fuld aotustor,

5043]  Note that the aclivation of an actustor avaluator {108} s independent
of any datg that activates a particular fuld actuator (104}, 1 That g, the actuslion
data that s passad to 2 fuld actuater {1 04) that causes the fluid actuator {104}
tn aject or move Huid troughout ihe fluidic tie (100} s distinet and independent
of the dignals that trigger the astuatey svaluation. Thatis, the subsst ofthe

array of fitdd wotuators that ars ta he activated ray differ from the fluld sctuators
that are salected for svaluation,

00431 Such a fluidio tle (100 &8 efficient in that it allows for selection of @
uid actuator (104) for evaluation mdependent of per-pfimitive or ;:afn"c tuatar
activation data. Such independent cantrel allows for actuator svaluation based
on realdims image date, thus avoiding alfocs sting dedicated time glicas for
sctuator evaluation. Thatis, actuation dala colleatsd during printing can be
gsed at a later point In time, Acsordingly, svaluation of 8 fuid actustor (104}
Hoes not rely on @ dedicated actuation avent, hut can hold, and store, actustion
date and use # iater, based on an svaluation control signal.

[aoad]  Fig. 2 is a diagram of a fuidic die (100} for fuld acluator evaluation

independant of acluation stale, acoel® ding to another exawple of the princides
descrdbad hereln, Specifically, Fig. 2 depicts the figd actuator sontrofier (102},

ane subset of fuld sctustors (Fig. 3, 104), and an svaluator selagior {106}

coupled to an actuator evaluator {108). While Fig. & depiuts two structioes, 8

primitive may Includs any nurnhier of structures. In Fig, 2, fuid fow throughowt

the Suidic din (100} is ndicated by the arows.

[G048]  As described atove, the fluid actugators (Fig. 1, 104} may take many

forms. For '*xan“pie e fiuidic die {100} may include a pluraiity of nozzies,
vhare sach nozzie includes an sjection chamier, & norzle onifice (210}, ang

T

fuid gotuator By, 1, 104) in the form of a fuid elector (213, As shown, aach

nozzie may be fluidly connected 1o 8 fuhd supedy (314) via 3 fuid Inpat (2 {218). In
addition. each nozzie may be fuldly connects 3 o the Suld supply (218} via 3

10
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miorefiuidic chanmel (218} In which a fluid actuagtor Fig. 1, 1M nthe fonoof a

flnd pump {280} Is disposed.

048] Inthis example, fuld s conveyved (o the glaction chamber of each
noszie vig the respective Huld input (2181, 216.3) Actuation of the Huid

sfeciore (2131, 3122 of sach noszle may displacs fuld in the glection

chamber in the form of a Juld drop gjented via the noeesle orifices (316-1, 210-2)

5.

Furtheraore, fluid may be circidated from the sjgction chamber back {o the fluid

supply {(214) via miiovofiuidic channels 21841, 2182} by operation of the fuid

pumps (30-1, 220-2) disposaa thetsin
[0047]  Accordingly, In such examples actugtion of the fluid actuators (Fig. 1,

gt

104} (o, Huid glactors {212} and Huid pumps (32301 i5 cariad out by the fulg
actuater conttrolier (102). b this sxanypds, the fuid sctusior contraller (102}
includes components in manags the acluation of the vartous Huld sclustors (Fig.
1, 104)

f0048] The Soidic gis (100} also includes an avaluator selsctor (1081 10
afiow evalustion of @ partioudar Suid aotuator (Fig. 1, 104}, Onoe a parboular
fuid actuator (Fig, 1, 104), Lo, fhud pump (220} or fluld glactor (312}, has basn
selectad via the evaluator selector (108}, a comresponding sensor (821, 222-2,
JE2-3, 223-4} nollects information regarding the slats, For example, in g dive
bubbde detection systen, the sonsors (8321, 222-2, 3333, 222-4) detect & V
valiage, and pass the corresponding voltage o the actuator svaluator (108} for

state defermination. That i, the actustor evaluator (108} can detsrmine a stale,
for example falling or operational, of sry fuid actuator (Fig. 1, 184) coupled
thareto, Note, that sy deplcted e Fige 2,0 some exanples, the actuator
sensors (223} are uniguely patred with a coresponding fluid actuator (Fig. 1,
104), e, fluid pump (220} andior fuld sfector {312) and that 1 single actuator
evatuater (108} is shared among all the fuld scluators (Fig. 1, 104) within the
subsst,

| {3481 The scluaior evaluator {108} includes various ::.amp{m@m‘s o
detarming a state of the fuld actugtor Fig. 1, 184). In one axampds, th
actuater evaluator (108} may molude a m:smpare devics fo compare an oulput of
ary actuator sensor (223} coupled o a respactive Suld actuator Fig. 1, 104}

by

PN
)
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against a threshold valus fo determine the state of the respective fuld actustor
{Fig. 1, 104) . Thatis, the compars device determines whather the culput of the
actuator sensar (332}, Vo, Is greater than or less than the threshold voltage, Ve,
The compare device then oulpats 3 signal indicative of which is greater. Still in
this example, the cutpud of the compare device miay then be passedic a
siorage devine of the actugtor evaluator (108). In one exampla, the storage
devios may be o lalch device that stores the oulput of the compave device and
seteclively passes the oudpul on, While specific referance is made {o the
comuare device and storags devics being within the sctuator evaluator (108), In
some examples, the compare device andfor storage device may be disposed
elggwhere, for example on 3 fing leading out of the actuator svaluator {108).
While speoific refersnce is made {o evalualion by companisan, other types of
svalugtion may occur, such as compatison of sense vollages from a sensar

{222} aver fime.
FOO&0] In ancther example, the acluator evalualar (1 (}8} receives & sanse
oltage and outpds # o an A/D contradller 1o convert the sense volfage tna
digital cound, which digital count is then sant o anpoff-die prinder systam
E@\,\mma for evaluation and analysis. In otherwords, in the frst sxampls,
angiysis of the sense voilags may oocur 8t the goluaior evaluator (108 and in
sther exarnples e actuator evaluater (108} recelves the signal and conveys it
to another aystem for ahalysis:
{B0R1] I some examples, the output fine (328} is & shared Bing along which
outptts of multiple actuator evaliators (108) are pagsed, That s, the culbut iin
{228} may be a single wire or bus of wires that is connacted to all actustor
syajuators {(108). This output line (228) may he coupla 1o a sample device, In
this axampde, the golinior evaluators (108} are controllad such that one astuator
gyaliator (108} actively dijves s sample voltage on the output line (228 at g
fine, Sl further, e sample device reneives and stores the sample volfage at
the gppropriate ima.
F005]  The oudput line (228 may bansmit varlous pisces of infarmation
regarding a stals of the evaluated fuld actualor (Fig. 1, 1081, In one example,

just an output of the actustor sensor (223} Is passed along the output line (288)

12
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and & subsequant controlier may include corponents to assoclate a parficular
sctuation svent with the corresponding eval ation event, That is, there is a built
i delay between aotuation of & panicl dar fuid actuator {(Fig. 1, 104} and
svaluation of that fluid actuator (Fig. 1, 104}, This delay gy be on the order of
10 microsenonds, However, other fluid achiators {Fig. 1, 104} may be actt ated
multicte times during that dalay. Accordingly, o snsure acouwrale svatuatio
hare should b an association batween an artuation and the evaluation
reaulting from the actuation. Accordingly. the outpit ling (228) may pass just
e evaiuation results, and @ subsequant sontrofier may perform caloulations 0
Jdetermine the assoctation.
[0083]  In another sxample, 1 addition o passing the svaluation results, the
e (Flg, 1, 104) that was

avaluatad, In other words, the aclisstor avaluator {108) associates the state of

output line (228 may pass anident fication of

N}.,
&
prs)
%«
Bos
2
s

i3

e,
:?:;

she Huid actuator (Fig. 1, 104) with an address of the fuid sctuator (Fig. 1, 1044
i this exarnpla, & downstreatn cantrofier would not have to perform e
calculatians to determine the association,

100841 Fig 3 le a disgram of & fluidic die (100} for fluid actuator {104

avaluation independent of acluation state, accor ding to another example of the

4

~N

principles desoribed heraln, € pecilically, Fig. 3 depicls a soenanic whers the
primitive (330) size varies,

(005851 Inthis exampﬁﬁ, the fluid antuator controler (102) inchudes an
actuation data register (332) and & mask register (334). The actuation data
cogialer {332} stores & actuation dota that indicates fuld aclualors {1043 to actuats
for & sef of actuation svents. For efxampie the actuation data register (332}
may include 3 set of actuation hits {336) to store actuation data, where gash
respentive actuation hit (3361, 338-2, 383, 338-4) of the actuation data
ragister (332} corresponds te 3 respective fluld sctuatey {104-1 throt sgh 1044}
Ear those fild actuators {(104) that ava 1o be actuate o for a set of actustion
svents, the coresponding actustion Bt {338) can be setto one, Fo or those fluid
actuators {104) that are not o be actusted for the sef of sotuation svenis, the
covresponding sctuation b {336) can be sel o xera. iy the example, depicted
in Fig, 3, all of the fluid actuators (104} have bean activated for a set of

13
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actuntion svents as ndivated by each having the actuation bit {3381, 3382,
336-3, 308-4) value set to 717 In this example, the acluation data register (332
s popudated with actuation bils (338) vig an input signal {338y

[0086]  The mask register (334} stores mask data that indicates a subset of
fluid actuators (1043 of the grray of fuid sctuators (104) enabled for acluation for
& partioufar scluation svent of the set of actuation svenis. For example, the
mask ragister (3341 may include a et of mask bits (340} to store mask dala,
where sach respsctive mask bit (340-1, 340-2, 340-3, 3404 of the mask

register {334} comesponds B & respective Tuld actuator (104-1 through 1044},

N

For those tluid sciuators (104) that are (o bet actusted for g particular sctuation
avent, the noresponding respective mast bit {3401, 340-2, 340-3, 340-4} can
be setto one. For those fluid actuators {(104) that are not o be adlusted for the
partcular actuation avents, the corresponding respective mask bit {340) can be

set to zard.
{0087 In so doing, e mask register {(334) configures the size of the
orivnitives 330% By the example ,spc‘wn i Fig, G, the fivst fiuld sctuator (104413

has bean activated for a particudar actuation event as indicatad by the

55
ez

raspactive mask bit (340-1) valus setta "1 By oomparisan, the second, third,
and fourth fiukd acluslors (1642, 104-3, 104-4) have not beeny activated for a
pavticular actustion svent g indicated by the respactive mask bits {340-2, 340«
3, 340-4y valup sat to 07 I so doing, the mask regieter {334) configures the

£y

size of the primitives (330}, That is, the mask ragister (330) identifias the firgt
fuid actuator (1051} o be activated for o particular actustion event,
Accordingly, the primitive (330} size is establishad by the mask register (334) to
e four fhad actustors, While Fig. 3 d&péc@s & primutive {330} having four fluid
actuators {t {}Afiﬁi, T4-2, 104-3, 1044, the primitive {330} may have any
number of fuld gotuators (104), which number may vary over ime. In thig
axample, the mask register {334} is populated with mask date (340} vis @y input
sigrial {342}

fonss] Note thal avar time, the primitive (330} size may change based on
the information presented in the mask register (3344 That iz, the primifhve {3303

szs is not fixed, Al giferent points in time, the mask data may changs, sa,.m:‘n

it

&
q,
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shast th Huild actustor controfier (102} facitates variable primitive (300} sizes,
Eor exanyde, for a fivst set of actuation events, fluld aotustors {104} may B8
arranged In pimitives (330 of & a first primitive size, as defined by first mask datg
storad in he mask register (334 v and for & second 8 ot of actuation svants,
second mask dats may be %zﬁ;a{%efef: i the mask register (334} such that fluid

Y may be arrangsd in primitives (330 of 3 second primitive size.

#

actuators (104

o

[0058]  Accordingly, s Huld actustor controller (102) faciitales 6@ apcurrent
sotustion of different arrangements of fuid actuators (104) based on the mask
343,

{*,.u

data of the mask register {3

(00801 In some sxam ples, the avaluator selactar {108} includes an
avaluation selection register (344) that mdicates a subset of Suid actuataors {104}
of the avray of fuld actuators (104) ena anlad for evaluation. For example, the
svaluation selection regisier {344} may in wiude @ set of sealualion selaction hits
{’MM to store evatlnation selection data, where sach respactive avals o

on bit {348-1, 348-2, 3483, 3464} of the svaluation selection regsiar
{344) corresponds o 2 raspective fuld actuatar {1041 theough 104-4). For
fhose fuld actuators {104) that e to he svaluated, the corssponding
respective oyalaation selection b (3481, 2463, 463, 246-4) can be set o
ane. Forthose fuld actuators (104} that ave not o be evatuated for the

particular evalue sion svent, the o g respective syaiuation selection bit

{}
e
2
g
5
g;_.

{346} van be sel o 2ero, A particular fuld actuator {104 is evaluatsd when the
corrsaponding respactive salsction bit {348 is sello one. That is, the evaluator
selector {108 autputs 3 selection signal per selected fluid sciuator. Specifically
i ragacds to the example ¢ depicted in Fig. 3, as e resy pacive svaluation
selection it {348-1) corresponding 1o e st fluid actustor {104-1} is active,
tharn the first actuator evaluator {1081 will eva ot the first fuid actuator (104~
11
(00811 The tuidic die {102} may also include register logio (3483 The
register logle (348) shifts mask data stored in the magk register {334}
z‘esspm‘:s‘w& 1o the performance of & partioular sctuation event of g setof
sctuation avents. By shiting the mask data, different Huid actuatars (104) are

rutioated for actustion of 8 suhsaquent actuation avent of the sat of actuation

15
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everts. To effectuate such shifting, the mask comtral logis may include & ahift
count register to store a shift paltem that Indicates 8 number of shifts that are
input into e mask register (3343 and o shift state machine which inpuls a shift
clack to cause the shiling indicated in the shift sount register.

[0062]  The register fogic {348} also shifts svaluation saloction data stored in

the evaluation ragister (344} responshe 10 the performance of 3 particular

Py

avaluation svent. Ry shifing the svaluation select ion data, different Huid

%

L ars indicated for evaluation of a different avaluation svent,

#

actuators {104

!

102} indicates the ragister fogic (348 38 a singls

Witile the fuidic die

Y ained

compunent, the register o agic (348) may be broken ug it Various COMponets,
including logic disposed within the s fluid actuator contratier (102} and loglo
disposed within the avaluator salector {108},
[D083]  As desaribed above, fuid actuators {104) are activated via agtivaton
dats, That i3, a fire signal {350} is passed 1o she fuid actuator controlier {102)
and then a particular fuid actuator (104) s selected via actuation data and mask
dats. '
{i’i{}@@} When 2 sslected fuid actuator (104} is selented vis the activation
datn, the particudar fuid actuator s activated viw a local per-actustor fire signal
{3»32~‘s:< 352.2. 3523, 350-4} which is the fire signal (328} ¢ gated by the actugtion
data and mask data. Tnes a particular actualor {104) has been sutivated, the
covrasponding aclualor sanecrs (222} generates a signal indicative of o state of
the fuid astuator {104). For exampte, a first actuator sensar (2881} is paired

f:?%m's‘iaa‘iy tha second, thi é and fourth acluator sensurs gZ

are patved with, and generate sigh als indicative of & state of # second, third, and

fourth Ruid actustor {104-2, 1043, 104-4}, respectively, Accordingly, once a
gas‘ticuiar fuid actuator {104), Le, Buid pump or fiuid efectar, has bhasn
activated, a corresponding sensor (83
of that Huld actuator {104}

R As g apecfic sxample, the actuatty Sensws A22) may be drive
) R

22 cetlects information regarding the siate

subihle detectors that detest the presence of a dive pubhia within & chambern
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wiiich the Huld aoluator (104} is disposad, That iz, a drive bubble is generated
by & fluld actugtor (104) 1o move fluld,

066]  As a spedcific exampls, in thermal inks! printing, & thermal efecier
heats up o vaponize & porfion of fluld in av gjection chamber, Asthe hubbla
expands, § forces Sudd o1d of @ nozsle orifios of thiough g misvefuidic channst,
As the bubble collapses, 8 nagative pressure within the election charber draws
Huid from the fluid feed slot of the fuidic dis (100} Sensing the proper
forration and sollapse of such a drive bublds can be used (o svaluate whether
g partinular Tuid sctustor (104} s aperating a3 expected. That is, a blockage
will affect the formation of the drive bubble, If & drive bublde has not formed as
gxpected, i oan be delermined that the chamber is blocked andfor nobwarking
i the intended manner,

f0067]  The presence of g drive bubbls can be detesian by measuring
impedance values within the chamber at different points In time. That is, as the
vapo that makes W e drive bubble has a differant conductivity than the fuid
that otherwise is disposed within the chamber, when g drive bulilide svistsin the
chambsr, a different inpedance valug will be measursd, Acce rdir:g;iy, a drive
hubble detection devics messures this impedance and outpuls a corresponding
voltage. As will be desoribed bedow, (his output can be used to determin

whather a drive bubble is properly forming and therefors determining whether

the corresponding nezsle or pump is n & functioning or malfunclioning state,
Thiz output can be uzed W tigger subsequent fuld sctuator (104} managemeant

opevations. While description has been provided of an impedance
measuremant, other charmclenstios may D8 measured o determing the
characterstio of the conesponding Suld actustor (104}

{B088]  The drive bubble deteclion devices may Include a sihgle slectrically
conductive pdate, such as 8 fantalum plate, which can detect impadance of
whatevar mediun s In contact with the plate in the chamber, which impadance
measure ogn indicate whether a drive bubble is present in the chamber, The
drive bubhle detection device then outputs a fivst voltage value indicative of a
glate, Lo, drive bubble formad or not, of the corresponding fluit actuator (104,

Thiz oulput can be compared against & threshold voltage to determine whether

¥
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i fuid actuator (104) s malfunctioning or otherwise inope wable. Note, that as
dupicted in Fig. 3, iy some axamples, the actuatar sensoare {222) are uniqualy
paired with a *‘fzrma;mndanq fuid actustor (104), Le., fuid punsp andior fluid
siecter and that a single actuator pvaluator (108) is shared amang all the fug

astuators (104} within the subsst.

[00BY]  With a state detented, the corvesponsding sensor (222-1, 2222, 223,

k:

1088

222-4) sands an oulput 1o the core asponding actuator svaluster (1 68-1, 168-3).
Hike actuator evalustor (10841, 10823 has baan g setoctod via the evaluatior
coritrol sigral (3541 and a selechon signal for a particular fuld actuator (104)

.>

543
recpived, the fuid acluator (104 i evahwated,

[O7el  Aspecilic example is now oreserited in which the first fluld actuatar

o

(104-1) 18 to be avalusted. Viaaning b signat {358}, the svaluation salaction
rogister (344) ts pupudated with imfarmation indicating the first fuid actuator

o %

(1041} is 1o b evaluated. In other words, the first avaluation selection bit {348~

o

1} in the evaluation selection register {344}, which corresporids to the first fluid
actuator {104-11 18 set to a value of 1. Doing so couples the first sensor {(222-1)
to the Brat aciuster svaluator (1081 Acoordingly, the first seneor {(222-1}
cenaes a state of the Hrat fluid actuator {104-1} and passes i o the first acluater
avalugtor {108-1) for svaluation. hione exampla of svaluation, the oulput of the
sansor {232-11 sould be compared 1o @ thrashold valug to determine whether a
drive tubble has formed in the fuld actuator (104) as expe acterd, Inyet another
axample, the Ruld sctustor (104) may rema in selectad untt it is firad dring
subssqusnt sctiiation event. fnthis mamp&: avalisation of the sctuator siate s
further hasad on the aciivation duta directed to the selectsd § utd actuator (104}
which signal is indicated by a dashad tine B i Fig

[071] As the svaluntion of 8 Huid actuator {“iﬁzi} sontratied by the evaluation
selection ragister (344 may be independent of the activation of a fluid actuater
{104), i may be the oase that 2 Buld actuator {104) selectad for svaliation has
aot been activated. In this scenarie, the actuatey evaluator (108} could compars
an output of the correspaniing senaar {222) against & st expacie sl ot
which firet eopected output represents an expactad output when no firing event

<

has oocurred, By comparison, when the fuid actuator £104) 1o be evaluated has

18
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&

bean activatad, the actuniyr evaluater (108) compares an sulpuf of the
sorresponding actuaior sensor (325) against g second expecied output, which

sacond expacted ouwtput rellects an oulpul sxpecied when a feing event has

occuved,

[0723) Vg 4 5 a diagram of a fuidic die {100} for fluid scluator svaluation

%

indeprandent of actustion state, scconding (o another example of the principles
desoribad hersin. S;E&éu.‘s sally, Fig. 4 depicts 3 scanario whers the numbey of

o

flsid actustars (104} within g primitive {330} ls Bred. Thatls, Fig. 4 depicts &
irst primitive (330-1) having two fluld actustors (1041, 1042} and s senond
;3?‘§§'3‘E§ﬁ\§€! {330-2) having two Buld acluators {104-3, 104-4). While Fig. 4 depicts
fwo primnitives {330 with tweo fliid actuators {104) sach, a primitive {330 may
have any nunber of fluid actustors (104}, Iy ibis evample, the number of Suld
sotuators (1041 within a privaitive does not changs over ime,
{4731 In this sxample, where the number of fuid actustors (i ina
orivvative {3307 are fived, the fud actuator controlier (103) includes sub-
controfiers (480 per primitive (330Y. Thatis, a Brst subrcontroliey (4501
soptrads a Srel prinvfive (330-1), and & second subkconiroller (480-3) sonfrals 3

I

sacond primitive (3305:2)  As desoibad above, fuld actuators {104) are

activated via activation data. That iy, & fire s gnai s’"ﬁf:‘sﬁ} iz passed to all sub~

L
v g
3
jori
i3
%
&
P
£
£
Pt
P
j=%
£
(37]

contraflers (480, bud just those primitives (330
activated. Accordingly, perprimitive actuation data (454 is shiffed down
through the sulrcontrofiers (4501} and g partictdar sub-controller (4500 s
activated whan imdicated by the parprimitive actuation dats (484, A parlicolar
actuator (104} of that primithve {330} is targeted via oy address (482) passed io
the first sub-controller (480-1). Thatis, i a firs! actuator (104-1] of thefirst
primitive {330-7) 8 o be activated, a perpimitive actuation data (454} s

that achivates the frst primidive (330-1), and an address (452} passead

Sk
2
9
2]
%
3.
fooch

that torgels the first Juld sctuator (10401, I other words, the activation data
clivates a partioudar fuld actuator includes 1) the per-prinitive actuation
data (454 that golivates the corresponding primithve and 2} sn address (452) oy

actustor {104} o be actuated.

',‘3‘,

a particutar ful
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B074]  When o sseleciad primitive (300-1, 336-3} is selected via the per-
primitive sctuation data (484} and a particadar fluid actustor (104-3, 1042, 104~
3, 10441 ix selected via an address (482), the particular fluid scloator is
achivated via & local fire signal (456-1, 488-2, 456-3, 458-4) which is tha fire
signal (350} gated by the perprintive actuation dale signal (454) and addrass
{453},
{6751 Once a parficular fuid actustor {‘2 045 has been selecied, the
servesponding senear (2221, 233-3, 322-3, 2834} sends an sutpit te the
cofresponding actiaior svaluator (10841, 198«3}. i the actuator avaiuater (108
1, 108-2) has been selevted via the svaluation contral gignal {384} and a
primithve fire signal (483-1, 458-3), and a salection signal for a particular fiuid

sctuator {104) recetved, then the partordar fud actuator (104} ag identified by

e
-
2
3

address (452) is evaluated. The prinsitive fire signal (222-1) may reflect the
first signal (218) that is gated by the corresponding sub-contratier (208-1)
fovel i the cass wheara the primithee {330) size is fixed, the avaluation
salection register (344) indivates a primitive (330} anablad Tor svaluation. Far
svample, the evaluation selection register (3441 may include a sef of svaluation
sedection bits (A0 to store evaluation selaction dala, whars sach respective
avaluation selection bit (480-1, 460-2) of the svaluation selectinn register {334}
corraspands 1 a respactive primitive (330-1). This respactive evaluation
selection bit (480} slong with the address (453} of @ particular fuid acluater
{104} allows for evalustion of a selected fhadd actuster (104},
(06771 A speciic example is now prasented in which the second fiuid
actuator {1043} is 1o be evaluated, Via aninput sgm«i 35G), the svaluation

sedaction register (344} Is populatad with information inddicating the first primitive

-
€42

30-11 s t0 be svstuated. I other words, the respective svaluation selection
hit (480-11 it the svaluation sslection ragister { ax%a%} that is active, couples the

sersors {8223 in the fust mimitive = first actualor evalustor (10811

Sccordingly, the second sansar (455 < 3 state of the seoond fluig

actuator {104-2} and passes I o the first astuator avalustor {1081} for

svaluation. Having receivad the sense cutput and the addrass {4%3 2} the first
sctuator evaluator {108-1) avaluates the seoond fhud actustor (104-3). Faor



WO 2019/013768 PCT/US2017/041533

example, the output of the second sensor (222-2) could b ccn"pa*eu foan
i the fluid

actuator {104} as axpecled. In othey words, svalugtion i a fixed prirmitive (330}

Py
W
iy
@
-v
o’
"i)

@x,a&c:t&d valte to delarming whather a drive bubbls h

3%

sognarnia is bassd on the selechon signal rom the svaluator selectyr (108), the

SRS wiagsb from the corresponding astuator sensar (22334, and the address

A8 of o fargeted fuld actuator {104},
{00781 Flg. 5 is 3 flow chart of a method {8003 for fuld edtuator (Fig, 1, 104)

avaluation dependent of actuation slate, sccording to an sxampls of the
pringiples described herain, According o the method (500), @y evaluation
selactor (Fig. 1, 108} s populated {hloo 501) with data o ihdicate which Suig
actuators {(Fig. 1,104} are selecled for svaluation. For sxanyde, as deswibed
above, the evaluation selector (Fig. 1, 108} Includes an evaluation selection
register {(Fig. 3, 344}
3, 346-4) to indicate 8 partictlar Ruid actustor (Figs 1, 104) 1o be svaluated, o

oo

that can mclude per-aciuaier evaluation sslection bits {Fig.

e

can be fnclude per-priitive svalustion selechion bids (Fig. 4, 480} that indicates a
prim \G{Fs:_; 2, 358) and, when considersd slong with an addvess (Flg. 4, 482}

Al at

for & parficular actuator (Fig. 1, 104) can indicate & particular Suld actuator fo be

avaluated, Accordingly, in either case, the evaluation selactor (Fig. 1, 1081 s

7

poputated with the data to Indicale elther a speaific Suid sotuator Fig. 1, W) o
svahiate or a primithve {Fig. 3, 330) to which 2 tergst Suid actustor (Fig 1, 104} s
00781 Asensgvoltage is collected (hlock 502} that corresponds o the
selacted fud actuator {(Fig. 1, 104} In soime examples, {he collscion of the
sengs voltage may ba responsive, or not, 1o a Bre signal. Forexampls, a3
stated abova, In some examples, a senss voltage s sollected whan a firing
avent has not oceurred, ard this sense vollags is comparsd against g first
expectad culput that is an expected culput whan no firing event has occurrsd,
By compatison, i some axamples, & ssnss vollags is collecied responsive fo a
fire signal, and the resulling senss voltage is compared againgt a second
axpactad oulpul that is an expectad culpul when & firing event has ocourred, In

some examples, the analysis of the sense vollags ccaurs af the actuata
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alugter Fig. 1, 108}, In other sxamples, the actuator evaliator (Fig. 1, 108}
coliacts the sense voltags and conveys i o another sysiem 14t - analysis,
(00801 An actuator siate is then evaluated (block 803) bas ad an the sense

ta

of the fluid actuator

a sia

“rep

voltage. In some examples, evaluating (block 502
{Fig. 1, 104} maludes com paring the sense voltage, Le., the outpul of the sensar
{Fig. 2, 222) against 3 threshald vollage. Inthis sxampie, the fhreshold voltage
may be selacied to cleardy indicate & lockad, ov otherwise ma Hfunctioning: fud
actuator (Fig. 1, 104). That is, the thrashold voltage may correspond to st
Inpadanne measurement expected when a drive hubble is present i the
chamber, Le., the medium in the chamber at that particular tims s Huid vapar.
Accordingly, I the medium in the chamber wers fluid vaper, the the recedvad
sense voltage would be comparable to the threshold voltage. By co rpavizan, if
the medivm in the chamber is print fiuid such as ink, which may be more

conductive than Huid vapar, the impedance would be fowsr, thus a lower vollage

would be present. Acoordingly, the threshold voltage is s:ﬁﬁ:ﬁgu;‘sc% stich that a
volage lower than the iasheld indicates the presence of fuid, and a vollage

higher thar the threshold indicates the presence of fitdd vapor, e sense
voltage is theraby greater than the thrashold voltage, & may be determined that
a drive bubhle is presant and I the sense valtage is lower than the reahedd
voltage, it may be determined that a drive bubble s nat prasant when i shouid
b, and & determination made that the fuld actuatey {Fig. 1, 108) Is nat
narforming as expected. Whils speaific reference is made to oulput a fow
voltage fo indicate low Impedance, in annther example, a high voltage may be
outpyt to indicate low mpadancs,

[0OB11  In ancther example, svalualing {hlack 803) & state of the fuld actuator
Fig. 1, 104) includes passing multiple instances of the sense voltage fo 8
sontrolier for analysis. I this exampde, the muliiple nstances, received over
fime, may be analyzed o determine 3 frend as fo whether the Buld actuator {Fig.
1, 14) Is fending owards failure,

100821 In one exampls, using such a Huldic dis 1) atiows for actuator
evaluation circuitry 1o be innluded on & die as apposed 1o sending sanged

signale to actuater svalustion cireuitny © i dio; ) incraases the efficiancy of

&2
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bandwidth usage bebwsen the devics and dig; 3) reduces compudationgl
overhead for the devicg in which the fluld ejection die is disposed; 4) provides
mproved resclidion thnes for maffunctioning actuatorg, §) allows for actimator
svatuation in one primitive while allowing continued speration of actuators in
another primitive; and 8} places managemant of nozzles on the fluid ajsctinn dis
as opposad to on the printer in which the fuig a}&*&:ﬁam diz s installed, T3
accommadates for variation in primitive size, and &) svaluates fluid actuators
ndependant of actuation state, Howsver, § is cortemplatar that the devices
disclosed harain may address other matters and deficiencies in a number of
techmicsl arsas.

{0083} The preceding desoviption hag beay prasented to Hlustrate and
desoribe examples of the principies described, This desoription is notintendsd
to be exhgustive nr to imi these winciples to any preciss form disclosed. Many

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

*‘1 3
DRw
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CLARMS

WHAT IS CLAMED IR

1 A fluidic dis compriging:

an array of fluid actualurs grouped into peimitives

a fuid actustor cordrofler o selectively actuste a subset of the amay
of fuld actuators:

an avaluation selactor o, via 3 salechion signal, select a Huid sctualor
i bee evalusied indepandent of an actuation state for the fludd actusion and

an array of actuator svaluators, sach actuator svaluator groupas with
& sttbsel of Buld sctualrs froor ihe aray, o evaluate an aclustor date of a

sedected fhuid actustor basad on;
an cutput of an actuator aensor paired with the selected fuld
acfuator; and

a sefecton signal for the selectad Nuld actuaton

Z, The fluddic die ofclaim 1, wherein:
a sive of sach primitive is variable; ang
the fuld gctuator controller poniwises
an acluation daty register o slore sctuation dats thal indicales
fuid actuators o sctuate for g setof sctuation svants; and
a mask register comprising & vespective bit for gach respective
fudd actuator fo store mask dats that indicates 2 set of fuld actustors
of the arvay enabled for actuation for 3 parficular actuation svent of
the set of actuation events,
3. The fliidio die of claim 2, whersing

tha svaluation selecton

includes an avalustion selection register that comprises. g

respactive selection bif for sach fuld sctislor and

s o oulpul g selection signal per selected Huld actuator.

24



WO 2019/013768 PCT/US2017/041533

£ The fluidio die of claim 3, whereln evaluation of the actuator stala is

further based on an actuation signal dirsctad o the selected Hluid actustor.

The fluidio dis of daim 1, wharein

54

of sach primities s fved;
the fuid actustor ponfroller comprises 2 sub-contralier per priveithve to
antivate a corresponding primitive for & parficilar sctuation avent via a pes
orimitive actustion data; and ‘
such sub-contralfer receives an atifress o Indicate 3 partieylar fluid

anfuator par privabive o autivate.

52

The fluidic die of clalm 5, wherein
the avaluaticn selectorn

nchudas anevaluation selection register thet sompwises &
respactive selaction bt for each subse) and

cutputs & selection signal per selected subsel) and
avaluation of the acluater characteristic is further baged ot an

addrass for the selected fluid actualiar.

7. The fluidie die of dalm 1, wharsin

s,

whery the sedeoted fud actuator is not activaled, the aotuator
svaluator compares an saiput of 3 poresponding atluator sensor against a
first svpastad oufput; and

when the selected flidd actuator is activated, the actualor svaluator
compares an ottput of the corssponding actuator sensor against @ second

gxpected output.

8. & fluidic die compriging)

an arrgy of fiuid actuators groupad into primitives;

an array of actuator sensors o receive & signal indivelive of a state of
a fuid actuator, whereln sash sotuator sensgr s coupled to a respeactive fiuld

gctuaiong

TR
PO 3
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ivate a subset of the aray

yoach

A fud actsator controller {o selective!
of fuid actuators;
an avahiation selector 1o, via & selechion sighal, selact a fiuid sctuator
g of the fluld sctustors,
1 selaction register

s fuld actusin o

o be ovalugted independent ofan actuation st

wharadn the svaitiation selecior compnses an svalua
ton bit for each msp@c*

peoiive sslect
a8 a satof §

COInpriaing 8 resnes

store evaluation selaction data that indics jid actusiors o be

syaluated; and
an array of acluator afors, sach actuator avaluator groupsd with
tafe ol a

forg fromn the array, o evaluaie an acluatar s

& subset of duid aclug
safected fuid actustor hased on
cluator aanse

anoutpitofan g rpalred with the fiuld actuator;

and
asedection signal for the selected Juld actuator,
& The fluidic die pfclaim B, further sonprising an arvay of noszles,

whareiny
aach nozzis of the array of fid actuatorg

egch fluid actustor:

2 conprises a fuld sctuator o
s 3 fluid sjector which, when activated, ejacls a

drop of fluld through 8 noszie orifice of the noszle.

The fluldic die of claim 8, further corgeising ao array of miigrafluldic

18,
charnals, whersie
aaeh microfluidic channel comprises g fudd actuator of the amray of
fluid actustors; and
which, when sotivatad, displaces

ach fluld sctuator is a fuld pump
fuid within the microfipidio channed,
T, The fluidic dig of olaim 8, further canprising register lngic o
ilar sctuation

shift the mask register ypon o
er sibset of fuld sciuators enabdsd for antuation for

sompletion of the partic
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shift the sualuation selection ragister uport completion of & particular
avatuation event fo indivale another subset of Huld scluntors enalded for

svaiuation foranother svaliation event,

12, The fluidic dis of olaim 8, whereln the stibset of the array of fluld
actuators 1o be aclivaled differs from the fluld sctuators selectad fo be

evaiated,

13, A method comprising:

populating anevalustion selector with dats to ndicate which fluid
actuatars ar selected for avaluation

coltent & sense valtage from an actuator sensor grouped with a
zedected flitd actuator and

avaliating & stale of the selected fluld actustor basad on the sense

3

140 The method of alaim 13, whersin, when a selected Huid actuator is not
activated, evalualing the state of the selectsd Juld actuator is delayad uniil

e selectad Buld sollalor is aclive,

;

15, Tha method of olaim 13, wharsin svaluating » stals of the selacted
Huld actuator comprises conparing the sanss voltage against an expected
voitages, which axpected vollags is based on whether the selacted fluld

antuator is aclive

3
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Evaluste a state of the salected fluid
achuaty based on the sense voltags

PCT/US2017/041533



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/041533

A CLASSIFICATION OF SUBJECT MATTER

B41] 2/175 (2006.01)
B41] 2/135 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B41J 2/00-2/525

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Esp@cenet, PatSearch (RUPTO Internal)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/004125 A2 (KATEEVA, INC) 07.01.2016, paragraphs [0062]-[0064], 1,5-9, 11-15
Y [0066], [0069], [0114]-[0117], [0143]-[0145] 2-4,10
Y US 5121688 A (PRESSTEK, INC.) 16.06.1992, col. 13, lines 35-58 2-4
Y EP 0851385 B1 (CANON KABUSHIKI KAISHA) 16.02.2005, 2-4
paragraphs [0043]-[0052]
Y EP 2915671 A1 (MIMAKI ENGINEERING CO., LTD.) 09.09.2015, 4
paragraphs [0057]-[0060]
Y WO 2016/175862 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY, 10
L.P.)03.11.2016, claim 1
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

02 February 2018 (02.02.2018)

Date of mailing of the international search report

14 February 2018 (14.02.2018)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
P. Bystrov

Telephone No. 8(495)531-64-81

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report

