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(57) Abstract: In one example in accordance with the present disclosure, a
fluid ejection die is described. The die includes a number of actuator sensors
disposed on the fluid ejection die to sense a characteristic of a corresponding
actuator and to output a first voltage corresponding to the sensed characteristi
c. Each actuator sensor is coupled to a respective actuator and multiple coupled
actuator sensors and actuators are grouped as primitives on the fluid ejection
die. The die also includes an actuator evaluation die per primitive to evaluate
an actuator characteristic of any actuator within the primitive Based on the
first voltage and a threshold voltage. The die also includes a time-shift chain
component to communicate a delayed evaluation signal, which delayed evalu-
ation signal delays an evaluation of the actuator characteristic a predetermined
amount of time following an activation event.
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ON-DIE TIME-SHIFTED ACTUATOR EVALUATION

BACKGROUND

D004 A fluid sfection dis s 3 component of a Huld sjection eystem that
includes a number of nozzles. The dies can aleo include other actualars such
as micro-racireuiation pumps. Through theses nozzles and pumps, fuld, such as
ink and fusing agent among others, is efected or moved, Over time, these
noxzies and actustors can become slogged or ofherwise inoparable. As g
speoiic sxanmle, over fime, Ink in @ printing device pan barden and crust
thaveby bocking the nozzie and interrupting the operation of subsaquant
sjuntion avents, Qther examples of ssuss affecting these acluators include fuid
fusing oy an electing slement, particle cortamingtion, swiace puddling and
surface damage fo die structuras. These and other scenarios may asversaly

affect operations of the device in which the dis is insfalied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083]  The accompanying drawings flustrale various examples of the
orinciples desoribed herein and are part of the specification. The llustrated

axamples gre given marely for Hlustration, and do notlimit the scope of the

{(353533} Figs, 18 and 1B are blogk dlagrams of a Huld sjection dis including
oredie Hneeshifled actmtor svaluation components, according to an syample of

the princiyies descibad hersin,
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principles deseribad herain,
[BOG8T  Fig 2818 a cross-sactional diagram of a nozzle of the fluid sjection
system depicted in Fig. 24, scconding to an example of the principles described
havain,
{00081 Fig 315 a Sowchart of 2 mathoed for performing on-die fime-shifteg
actuator svaluation, acconding 1o an example of the ws‘inaipﬁies desonbed barain,
[RO0TY Fig. 4 s o clroult dlagram of enpdie ime-shiffed actuator syaluation
componants, according fo anothar example of the principles described herein,
00081 Fig. Sis o deloy sequence, aucording o an example of the principlas
described herein.
0009 Throughout the drawings, identical reference numbers designate
similar, but not nscessanty identinal, elernents. The figures ave nol necessanly
fo seate, and the size of some parta may be &xa@gera‘(azzi o move clearky
Hustrate the sxample shown, Moreover, the drawings provide examples andfor
implamantations consistent with the desoripticn; however, the desoriplion is not

fimited to the examples andfor implemeantations provided in the drawings.

[B010] A fiuld glection die is a componant of 8 fuld giection system that
fcludes & number of actustors, These actustors may cume in the form of
rozzies that slect fluid from a die, or non-Sjscting acluators, such as
recirouiation purmps that clrculate Tuld throughout the fluid channals on the dis.

Through these nozzies and purmps, Huid, such as ink and fusing agent anng

U

otherg, is giacisd or mowsd,

00111 Bpecilic examples of devices that rely on fuid sisclion systers
include, but are not Bimited to, Inldet peinters, mudtidunclion prirters (MFPs), and
additive manufasturing apparatuses. The fluid ajection syslems i thess
systems are widaely Used for precisely, and rapddly, dispenaing smalt guaniities
of fuld, For sxanpds, in an addifve manufscliing apparatus, the uid gjection

P



WO 2018/186847 PCT/US2017/026091

systam dispenses fusing agents. The fusing agert is deposited ona buld
rraterial, which fusing agent faciitates the hardening of bufid material to form a
Hras-cdimensional product.

0421 Other fluid gjection systems dispense ink e & hvo-dimansional print
mecium such as paper. For sxamyple, during inkjet printing, Ink s directed to 8
fiuid alection e, Depending on the content to be winted, the device in which
the fluid ajsction system s disposed, determines the time and position at which
the Ik ddrops are tn be releasediaisctied oo the pind mediom. in this way, the
fiuid sjection die releases multiple ink drags over a predefingd area to produce 8
reprasantation of he imags content to be printed. Besides paper, other forms
of print media may also b used.

00131 Acoordingly. as has baen desoribad, the systems and meathods

describad harein may be implemanted In 8 twe-dimensional privting operation,
L., depositing fluid or a &uimirat& and i & thres-dimensional printing, La,
depositing a fusing sgent on a material base foforma f:hr&suﬁémeas%mai prirted
;}m{:iuct

00141 To sject the fuld, these fuld gieclion dies incliide naxzles and uthes
actustors. Fluld is siectad from the dis vin nozxles and is movast throughout the
die via other actuators, such as pumps. Ths fluld glacted through sach nozzle
comes from a coresponding fuid reservoir in Buld communication with the
unzzie.

048] To glect the fluid, asch nosde includes vatious components, For
axample, a nozzls includes an ejsclor, a11 ejection chamber, and a noxsle
orifice. An slectinn chamber of the nozzle holds an amount of fudd. An gjector
in the ejection chamber operates 0 eject fuid out of the sjection chambaey,

through the nossle orifice. The siector may include a thevmal resistar or othe

=5

uid

‘3.‘;

thermal davics, 3 plezosiectic slament, or cther machanism for glactin

Lta

fram the firing chamber

{00161 While such fluid siaction eystemns and diss undoubladly have
advanced the feld of pracise fuid delivery, some condifions Impact thelr
sHfectiveness. Forexample, the nozsles un g die are subject to many cycles of

heating, drive bulible formation, drive bubble coliapse, and fuld replanishmant

3
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fron a Buld regarvelr. Over fime, and depending on other operating cunditions,
the nozzles may hacome hocksd o ptherwise defective. For exampls,
particulate matier, such as dried ink of powder bald material, can blook the
nozzie, This particulate matter can adversely affect the formatinn and relense of
subsegquent printing fiudd,  Other examples of scenarios that may impact the
cperation of a printing device include g fusing of the printing fluid an the sjectar
alemant, surfave puddiing, and genaral damage to componants within the
nozzle. As the pronass of depositing fuld oy a surface is @ precise pperation,
these blockages san have a deletarious offec! oo print guality. fong of these
aotuators falls, and v Sontinually aperated following fallure, than i may cayse
neighboring actuators o fal
108171 Accordingly, the present sperification describes & method fo
determine whather o particular acluator has failed. Specifically, the present
spacifivation describas 8 die that includes on-die components that evaluate
whether an actuator iz operating as expected. in daing s, the on-dig
componenis sampara an output voliage that is indicative of & condifion of the
actuator against @ threshiok valtags.
018l However, as there are hundreds or even thousands of actiators on a
fuid sjection die, s undesiralds to aolivate all acluators at the same ime,

which would generate a significant current ramp on the fuld gjaction dis

intraducing nolse into adjacent ransoission knes, which transiiss ion lines are

used for passing aclivation signals to the different acluaiors, The nolse
sy {@rst,iy sobe many operations of a fluid dis inohuding ot least actuaty

antivation and acluator svalustion.

00181 Accordingly, the activation signals passed {o the different primithees
raay he delayed, That is tha signals that are actually recelved al an acluator arg
delayved with raspect to an inltial activetion signal lssued from a controfier. This
is an ntertional dalay that faciiitates powsr m mg s on the fuld slection
magniude of a current changs on the fuld gjsction dig. This fjaiayed activation

signal is then delayed again for sach subseguent primitive as | propagates up
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or down g column from one prinilive fo the next, This rosulls in » delay ateach
srimitive baing diffsrent from other primitives,
OO This delay, while improving die performance, inorsasss the
somplaxity of actuator evaluation. That i, scluator evaluglion may ccour &
predetermined period of times after an achhvation signal s recsived at the
aciuatar for axampla, J microsscands. As the tming of amival of the activation
&Egm changes with respect {o differant primitives; 8 simpls global svaluation
gnal will net ansure that the avaluation ccours a predeterminasd pariod of time
following activation. That s, # the actus! ime an activation signal is revehved by
an gcluator s uncardaing # i3 not poseitde to send a global slgnal to intlialize an
gvaluation of the actualor & predetermingd period of time following the delayed
activation.
[0021] Accondingly, the present method and aysiems desoribs providing 2

i

dalayed svaluation signal (o the actustor svaluation device, which inftializes-an
pvalugtion of a pammia actuator. This delay in the svaluation signsd
i d fﬁc\ {5,

hath the activation signal and svaluation signal are delayed by the same clook
kS ¥

corrasnands to the delay in the activation signal previously desedb

fine, In so doing, the same delay that is generated in the bansmiasion of an
activation signal is also generated in the ransmission of an svaluation signal.
Accovdingly, returning o the specific numeric exampls aliove, the evaluation
signal will always activate 3 microseconds after the activation signal, regardless
of any dalay 1o the activation signal.

{00221 Specifically, the present specifioalion dascribes » fuid aiechion dis,
Ths fhuld election die includes & number of actustor sensors disposed on the
fluidd slection dis to sense a characteristic of a “or*ewpmmm; aotuator and 1
nutpot 2 fivst voltage corresponding fo the g sharacteristic, Each solustor
sansoris coupled to 3 respective actuator and my iwpi soupled scluator
sensors and actiaiorz are gruped as prinsiives on the fuld sjection die, The
Huid sfection dig also Indudes an scluaior evaluation device per primifive to
syvaluate an gotuator charastaristio of any actugtor within the primitive based on
the first voltage and a threshold voltage, The fiuid sjection die also includes &
Hme-shift chain o sommunicate a delayvad svaluation signal o the actuator

)
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svaluation device, The delayed svaluation signal delays an evaluation of the
antuator characteristic § predetermined amount of time following an activalion
ayvent.
00231 The present specification also desoribes a fuid ejsction system that
includes mutiple fuld sjection dies, A fluld ejsction die cludes g number of
drive bubble detection devioes to oufput & first woltags Indicative of & stete of g
sorresponding actuator, Each drive bubble detection devies is coupled o a
respactve actuator of the number of the actuators and multipde coupled drive
bubbde detection devices and sclustors are grouped as printtives on the Sud
slaction die. Each die also includes an acluator svaluation device per primitive
o evaliate an actuator characieristio of the actuator based af lesst nparton g
perpanson of the st voliage and a threshold voltage. Bach Buid sfection dis
alsg includes a fime-shifl chain o communizate g delayed svaluation signat o
the actuator evaluation device. The delayad evalustion signal delays an
avaluation of the astuator characteristie & predetermined amnunt of ime
folfowing an aclivation avent.
(00241 The present specification also describes a methad for avai;:«';‘:at'mg
actuator charscteristios on a fluld efeclion dis. According o the methad, an
activatin signal for an actuatnr of a privitive is recebvad and the acluator is
aotivated based on tha sctivation signal. An svaluation sighstfor svslualing &
charavteristic of the aoluator is receivad and delayved af the primitive a
predetarmined amoeunt of e following the activation signal. An actuator
characieristic s then svaluated, responsive fo a recelpt of e delayed
evaluation signal, based al least iy part o g somparisan of the frst voltage snd
a thrashold voltage,
OS] In this oxample, the actuator sensar, aoluator, ime-shift chaln, and
svaluation components ars dispased on the fuld slectipn die fself as opposad
to being off dis, forexample as 2 part of minter cirouilry or other fluid glection
system oircultry. When such actuator evaluation dreuitry js not on the fuid
ajection dig, gatherad information froem an actuator sensor is passad off dis
whara it is used o determine = stals of tha sorresponding actuston

Accordingly, by incerporating thess elements dirpctly on the fluld ejection dig,

=
%
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noressed fechical functionality of a Buld elsclion dis is enabled. For sxample,
printer-die communisation bandwidth are reduced whar seneor information is
rext passed offdie, bt s rather maintsined an the fluld a}e&:ﬁ»&m dig whan
viauating an aofugtor, On-die clrcultry also reduces the computationsd
averhead of the printer in which the fuld ejection die is tisposed. S further,
having such actuator svaluation crcuiry on the fliid sjection die isslf removes
the printer from managing acluator service andior repalr and locslizes o the
die el Additonally, by not locating such sensing and evaluation chradly off
die, but maintaining & on the fiuid sjection die, there can he fasler ragponses o
mahunclioning sctuators. St further, positioning this circuitry oi the fluid
siection die raduces the sensithily of these components oy elechical neise that
if'§

could corrupt the signals if they were driven off the fuid gjection die

g}i}ﬁﬁ} I summary, using such a fiuld election die 1) allows for nozzle

valuation cirouilry fo be disposed on the die liself, ag opposed o sewding
sansad signals to noscle avaliation olrsullry off dis; 2) increases the sificiency
of randwidth usage betwean the device and dig; 3} reduces compidation

K9

ovarhaad for the device in which the fluld slection die is disposed; 4} provides

improved resolution tmes for raalfunclioning hozzlss; 8 allows for sctuator

svalugtion it ong primitive while allowing continues cpsration of actualors in

o

tather primitheg; 8} places management of nozales on the fuld slection dis a8
Om\mm to an the printer it which the Suld sfection die is installest and 7}
improves the accuracy of actuator avaltiation by sltowing for delayed activation
signale to be used, which raducs the sifects of noise on any activation of an
actuator. However, §is confemplated that the devices disclosed herelt may

address other mattars and deficlencies Iy & number of tachnical are

i

0271 As used in the present specification and in the appeanded claims, the
e Tactustor” refers fo a nozzle or ancther nan-electing astuator. For

sxample, 8 nozge, which s an actuatorn, opsrates fo siset Huid from the fuld

"i)’

afection die. A resirculation pump, which s an example of @ non-gjecting
actuator, moves fuld throughout the fitdd slots, channels, and pathways within

fe fhad slection dis,

wf
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P émm‘aﬁﬂg%y, as used in the presant specification and i the gppended
oofion die

}

chaima, the tenn “nozzla” refers to an individual component of & flud
that dispenses fHuld onto a surface, The novzds includes st least an sjection
chamber, an slector, and & shargd nozzle anifice,

[0038]  Further, as used in the present specification and in the appendad
clabms, the torny fuid ajection dis” refers fog component of @ fluld sjection
device that includss a number of nozeles through which & printing Hutdis
sieoted, Groups of actuators are categorized as “primitives” of the fluid gjaction
die, I one example, & primitive may inciucﬁa batwesn 818 actuators

However, & primitive can inchuds any integer number of acluators, The fud
sjection die may be organized first into twe colurans with 304150 primilives per
sofumn, The prinffives of a fluld sjection die can be groupsd inte any number of
OIS,

[0030) Sl further, as usad in the present specification and in the appanded
clgims, the term “Ime-shit chain component” refers to any somponent that
detays aninoaning signal. Iy some syamples, the componentmay pan a
digitsl delay. An axample of such @ component would be a Sipflap. In sther
examples, the compansnt may impart an analog delay. In this sxample, the
component may be a buffer that s designed to have some parlicular input fo
autput Hime charactenstic

{0031} Even further, as used in the present specification and in the
appended olabms, the term ‘3 number of or similar langlage s meant fo be
understond broadiy as an\; pasi'ii\fa pmber including 1 1o infinity.

100321 Figs. 1A and 18 are block diagrams of 8 fiuld ejection die (1 {}G}

moluding oredie tme-shifted actuaier svaluation companents; according 1o
axample of he princinies described hargln, As described above, the flud
siection die (100} is & component of a fuld giaction sysiem that houses
somponearts for sfecting fuid andior ransporing fuld slong varous pathways,
The fluid that iz gjected and moved throughout the Huld ejection die (100) can
ha of various types including ink, dlochemicel agents, andfor fusing agents,
{00331 Fig. 1A depicts a fluld slection die (100} with an astuator {102}, an

sctuator sensor {1045, a fime-shiff chain compenart (108}, and an actualor

8
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evaluation device (108) disposed o a primitive {110), Fig. 18 depicls a fluid
giection die (100} with multiple actuators (102}, mulliple actuator sensors (104},
miuitinle ﬁmemh i#t chain somponants (108), and an actuatyr avaluation device
{108} disponsd on each primitive {110},

(00341 The fuid ejsction dis (100} includes varlous actuators (102} to sject
fiuld from the Ruid siection die {100} or 0 otherwise move fuld throughout the
fuld siection dis (100}, I some cases theve may be one soluator (102) per
orivaiive (110} as depicted in Fig. 1A, in other examples there may be multipls
actustors (102-1, 102-2, 102-3, 1024} per wimitive {110} as depletad in Fig, 18,
The sciuators {102y may be ofv *fy‘éng typea, Forexample, noedles ars oneg

o

tyne of actuator {102} that operates to eject fuld from the fiad gjectio 1 die
$ X

&)

{100}, Another type of actuatar \‘m’?‘; is & rechoulalion pumg that moves fluld
betwsen a nassle }ar‘m’ei angd a fuld slot that feeds the nozzis charmel, Whils
the present specification may make refarence 1o a paricular type of actuatey
£102), the fluid slection die (100 may include any number and type of actuators
(102}, Also, within the figures the indination ™*" refars o a specis instance of 8
component. For sxample, o first acluator is dentified g (102-1}. By
somparison, the abeence of an indication " rafers to the componant in
genaral, For example, an actustor in general is reforred 1o as an acluator (1082},
[I038]  Retumning to the actuators (102}, A nozzie is o type of actuator that
sjects fuld ariginating in & fuid ressrvelr onto & surfacs such as paper or a bulld
material volunie, Specifically, the fluld sjected by the nozziss may be provided
o the nozzle vie a Suid fead slot, o an ihicfeed hole array, in the Tluld sjection
die (100} that fiuidically couples the nozxles to a fluld reservolr. I order to get
the fuid, sach hoezle includes g number of components, including an sjectur,
an sjection chamber, and & nozzle onifice, An example of angjecior ajsolion
chambey, and a nozzle orifice are provided bedow in conmsction with Fig. 38
[0038] The fluld ejsction die {100) also includss actuatir sensors {104
disposed on the fuid siection dis (1001 In some cazes thare may ba one
actuator sansor {104} per primitive {110} as depicted In Fig. 14, inother

examples ther may be multiple sctustor sepaors (10441, 104-3, 104-3, 1044}

per privitive {110} as depicted in Fig. 1B, The actuator sensors (104) sense a

g
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characteristic of & corresponding actuater {102), For example, the actuatey
sansors {104) may be Used o measurs an impedance near an actuator {102}
AS & sapeaiﬁc sxarnple, the actuator sensars {104) may be drive bubbls
detertors that enable the defection of the presence of a drive bubble within an
miples, the actuater sensars {104}
i
aach afector of an actuator {102) may have & ininue pate daposed ovet O £

sjection chamber of & nozsle. iy soms

Xa!
may be uniqualy palred with actuators {102} as depicted in Fig. 1B, Th

£
m,

other axamples, a single actuator sensor (104} may be shared by mul {inle
actuators (102}, For example, the sctisatar sensay {104) may be a single plate
that covers multinle slectors of muliple actuators (102 23

{0371 Advive bubbleds gemr&t&@ by an giscior slement to move fuid in the
sjectinn chamber. Specifically, in thermal inkjet printing, a thermal sfector haals
up fo vaporize a portion of fuld in an sfection chamber. As the bubble sxpands,
it forces fiuid out of the nozele onifice and alse twards the bk fead slet, Asthe
bubble collapses, @ negative pressure within the efection thamber draws fuid
frongs e fluid fead siot of the fluld a}ectmn die (100}, Sensing the proper
farmation and collapss of such u drive bubble can be used o evaluate whether
% particular nozale is speraling as expected. That is, a blockage in the nozzle
will affect e formation of the drive bubble. 1 3 dive bubble has not formad as
expeted, it can be determined that the nozzle is blocked andior not wwerking in
the intendsd manney,

I0038]  The presence of & drive bublkle can be daetected by msaswir;g

am&dawz values within the ejection chamber at diferent points in . That
is, as the vapor that makes up the drive bubible has g different Qaﬁdua‘iiuﬁy than
the Huid i’hai otherwise is disposed within the chamber, when a drive bubble

avists In the sjection chambar, a different impedance velus will be measured.
Accordingly, 2 drive bubble detection sensar is usad to measwrs this impeadanes
and outpuls 8 corresponding voltage. As will be desoriben halow, this output
car be usad 1o determine whethar 8 drive bubbls s propetly forring and
therefore setenmining whether the correspending nozzls or pumpisin g

¥

functioning or malfunctioning state. This putpad can be used to tigger

§

subsequent actuator {102} management oparations, While description has
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heean provided of an impeadancs measurement, other chargetenstica may be
measwrad fo determineg the characteristic of the comesponding actuator {103}
038l As described above, in some sxanples such as that depicted in %*zg
1R, each actuator sensor (104) of the number of scluntor sensors {104 may b
coupterd o a respactive actuator {102) of the aumber of actualors (12} Inane
exaraple, each actuater sensay {104) s uniquely paired with the respective
actuator (102}, For exarple, a first actustor (102-1) may be uniqualy paited

with a first ;w:a:.ia ator sensor (1041 Similarly, the sacond actuator {103-3, third

S

actuator {102-3), and fourth actuator (1024} may be uninuely palred with the
second actuator sensor {104-3), thind actuator sensor {104-3}, and fourth
aotuntor sensor (1044}, Multivle palrings of actugtors (182} and actuator
sensors {104) may b groupsd logether in a primitive (110} of the Suld gleotion

die (100). That is the fiuid sjection dis {100) may ndlude any number of

4

sotuator {102V actistor sensor {104) palrs grouped as primitives (110}, Paiing

Px)

the astugtors (102 and actuator sensors {104} in this fashion increases the
sffislency of actuator (103} management, While Fig. 18 depicts multiple
actuators {102) and actuator sensors (104}, a primitive (110} may have any
numnber of actuator (102 acluator sensor (104} palrs, Including one, 8s depicted
in Fig, 1A,

100401 Inchuding the aciluator sensors {104} on the fuid gjection die (100}, as
opposed to some off die Incation such a8 on the printer, also increases
sfficiancy, Rpecifically, § allows for sensing o accur loeally, rather than offdie,
whtich incraases the spead with which sensing can soour

{0411 The fuid sjection dis {100) alsc includes an actuator avaluation
devine (108) por pimitive {110). The actuator avaluation device (108) svaluates
an sctuator {102) basad at least on an outpud of the actualer sansaer (1043, For
example, a Prst actuator sensor (104-1) may ot a vollags that vor*ewpm”s
ia an impedancs measurement within an sjection chamber of a firel nozxd

This wvoltage may be compared sgainst 3 thrashold voltage, which threshold
voltage delinestes betwesn an expectad voltage with fluid prasent and an

axpactad voltage with gir present I the sjsction chamber
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0421 As » specific examgle, a voltags fower than the threshaold vollage may
indicats that duid is present, which fuld has a lowsr impedanne than fluid vapor.
Accordingly, & voltage higher than the thrashold voltage may indicats that vapor
is present, which vapor has a higher impadance than fuid Accoudingly, st a
Hime when a drive bubble iz expectad, a voltage culput from an actustor sensar
(104) that is higher than, or equal to, the threshold voltage would suggest t
presence of a drive butible while & voltage ouipt form an aclustorn sensor {‘?C’isi}
that is lower than the treshold voltage would suggest e Jack of a drive bubbie,
In thiz case, as a drive buldds is sxpeciad, but the first valtage does not suggest
such & drive bubble current is forming, # can be detamined hat the nowzds
under test has 3 malfunchioning characteristic. While a specific relationship, Le
low voltage indinates fiuld, High voltage intioates i, has been desonbed, any
desired relafionship can be implementad in accordanse with fhe principles
gasoribed herain.
06431 Insome et«sx@:’npia&, fo propasly determine whether an acluator (102} s
functioning as expectad, the coresponding actualor sansor (104 may take
multiple measuramants relating o the corresponding actualar (102}, and the
actuator svaluation devica { ’%98} may evaliaie multile messurerment values
hefore outputting an indication of the stale of the actuatey {103}, The different
measurad values may be taken at different times infervals following & firing
event, Accordingly, the different measursd valuss are nomparad against
chifferant threshold voltages, Specifically, the impedance messurements that
indinate a prapetly forming drive bubble are g function of ime,  For example, a
drive bubibsle ot ie lavgest vields a bighest impedancs, then ag the bubble
collapees aver ime, the impedance measurg drops, dus to the reducsd smoury
of air in the sieclion chamber while ¥ rofills with fiuid. Accordingly, the thrashaold
voltage that Indicates a properly forming drive bubble alsc changes over time.
Comparing nwitinle voltage valies against mulliple thrashold voltages following
& fia‘mg avert provides greater confidence I 2 defermined stale of a particular
stuator (102)
{E&-ﬁéé}; The fuid slection dis 100 also includes @ ime-shift chain, with a

firmeeshift chain component (108} per windtive. The Ume-shilt component (106)

12
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tay be a component of 8 larger global ima-shift chaln that passes by gach

ot}

[

primitive {110) oy the Suld ejsction die (100}, The time-shift chain ang
corresponding time-shiY componanis (108} may be analog, Le., abulfer, or
digital, La., & fip-fop. The time-shift chain delays an svalustion signst o the
raspective primithve {110), Specifioally, a first time-shilt chain may work o delay
the activation signals passed {o sach primitive (110},

(00451 For example, 2 series of fip-flops may be present slong an sctivation
time~shift chain that allows the different prindtives (110} to be activatad
saquentialiy given a single giohal activation signal. As 2 speuaific example, al a

time 10 an sctivation signal is passed glong & global ine, &t 3 ime dt, an

actuator {‘% (123 on & Hirst primitive (110} I3 aclivatsd, al a e 12, anh sotuator
{1021 on g second primithes (116) is activatad, and at g ime 3, an acluater

<

{102} on a third primifive (110} Is activaled. Accondingly, the aciivation signals
that sctivate the actustors o 2 primitive {110} may be delayed. The time-shift

shain corponant (108} dasoribad herain delays an svaluation of the sctustor
characteristic, by the actuator evalustion device (108}, 3 predeternined ameunt
of time following an activation signal. Doing so snsures that the svaluation
signal recalved by each acluator svalistion device (108} of the different
primitives has & uniform Hime gap relative 1o the respadtive activation signals
For example, at a time 13, an evaluation signal is pessed along a global lineg, st
& Hime W, anactuator svaliation device (108} on & fist primithe (11Q) B8

activataed, at a ting 15, an actuaior svaluation devige {108} an a ssoond primifive
{110} s activaled, and al & time 18, an actuator svsluation device HErona

third privitive (110} s sctivatad. In other words, the time-shift chain

componats (108} ensure that 8 predefermined delay B maintained betwaan

o~

gach activation of an actuator (102} on a primithes {110 and an svaluation of
that actuator (102) o that primidee {110), regardisss of 2 delay on the
activation signal. In some sxwamples, the time-ahift chain for the svaluation
signal may miror a tme-shift chain for the activation signal.

00481 As can be ssenin Figs. 1A and 18, the actugior evaluation devics
{108} and the Sme-shift chaln component (108} gre per primifive (110 Thatis

3 single actuator evalyation devics (108} and & lneal carmpornient (108} of the

1

3
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<3

sirne-shift chain inferface with, and are uniquely palred with, just those sctualors

{102} and just those actuator sensars git‘wi} of that particular primiive {110}

X

=y

0471 Flg. 2808 2 block diagram of a Suld gjection system {212} Incluging
sn-die fme-shifted actustor svaluation companenis, aconrding o an example of
the principles described hersin. The system {212} includes » fhaid ajection die
£100} o which multipls actuators (12} and coresponding actuator sensors
10:4) are disposad. For simplicity, a single instance of an scliator (102}, 8
actuater sensor (104} are indivated with reference numbers, However, 8 fluid
giection die {100} may inclisde any number of aotustors (103} and actuator
sansors {1 {}4»‘;, in the exanude depicled in Fig, 84, the actuators (102} and
actuator sensors (104) are arranged into columng. However, the actuators
(1023 and actuator sansors {104) can be grouped into any other physinal
avangement or array. The actuatore (133 and actuater sensors {104, along

Sy

with their corresponding pre-charge devicas (218} and actustor svaluation
devines (108} may be grouped into primithves (11001, 110-2, 110-3, 11041 In
the cass of acluators (102} that are Suid sjection nozzles, one nozsle per
primitive {110} s activated at g tima. Whils Pig. 2A depicts sik compornants par
prhpdtive (110} primitives {110} may have any number of these camponents.
048] Fig. 2B is a oross-sectional dlagram of a nozzie {214} of the fuid
siection system (219) depicted in Fig. 2A, socarding to an example of the
principles desoribed harsin, As desoribed atiove, & noede (214) s an actustar
{10123 that operates to slect Suld from the Suid ejection die (100} which Suidis
inftiatly dispossd in & fluid reservalr that is fluldinally coupled to the fuld election
die {1000, To sject the fuld, the noszde z.‘:“sdi} cliides various cumponents
Specificaly, a nozse (314) includas an ejector (18}, an sjection chambar
{220} and a nozzls oriﬁf:e {222). The nozsle orifice (322} may allow i:i, ek
as ink, o be deposited onto a surface, such as a print medium, The sjection
chambey (2201 may hold an amount of fuld. The ejector (108 may be a
mechanism for efenting fluid from the gjection chamber {220 through the noxzle
orifice {322}, where actor {108} may include a firing resistor or other
thermal davics, 2 plag Emﬁtnf* alemant, or sthey machanism for sjecting Huld

from the sjection chambar {220}

14
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(00481 ko the case of a thermal nkist operation, the ejecior {108} is 8 healing
slement. Upon recsiving the firing signal, the heating element initiates haating
of the ink within the sjestion shamber (330). As the temperature of the fluid in
proximity to the heating element increases, the fuld may vaporize and farm @

drive bubble, As the heating continues, the drive bubble expands and force

4]

the fuid out of the noesle orfice (322). As the vaponzed fuid bubble collapses,
nagative pressure within the sjection chamber (220} draws fuld into the

sloction chamber (220} from the fuld supply, and the process repeats. This

system i referved (0 a5 a thermal inket system,

[O0501  Fig. 28 also depicts & drive bublie detection device (818). The drive

bubble detection device (218) depicted in Fig. 2B s an axample of an actualer

sanser (104) depicted in Fig. 28 Accordingly, as with the sctuslor sansars,

sach drive bubble detection device {218} 18 oouipled 10 3 respective actuator

{108y of the number of actuators (102} and the drive hubble detection devie

ia’l

{224 ave part of a privaitive {110} fo which the correspanding actuator {12} s 3

b=

SOMpOnes
{00511 The drive bubble detection device {218} may include an slectrivally
sonductive plate, such 25 2 tantalum plate, whichy can defect impedance of
whateyer medium is within the ajaction chamber (880). Bpecifically, sach drive
bubble detection devige 218) measures an impedance of the medium within the
siection chamber (220), which impedance measure oan indleste whether a drive
hubble i present in the sjection chamber (2201, The dive bubihle defection
device (298) then outputs 8 fiest voltage value indicative of a state, Le., drive
hubble formed or not, of the co;‘r\espcnding aoxzle (214). This oulput can be

£

comparad against 8 threshold voltage to delemiing whether the nuzzle Q14 is
malfunctioning or othenwise nnperable,
0521 Reluming o Flg. 24, the system (212} also includes a number of

firma-shift chain components (10681, 108-2, 1083, 108-4). Kpecitically, the

system 3’?3} inclades a fima-shift chain companent (108} per priceltive {110}
That is, sach of the Hme-shift chain components (1081, 1083, 1083, 108-4}

nay be unéqaei’y pairad with a corresponding primitive (1101, 1102, 110-3,
110-4), Thatis, 2 fHeat primitive (1101} may be uniqualy palrad with 2 fist ime-

P2

5
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shift chain component (1081}, Simiarly, a second primitive (T10-2}, third
g}f@miiiw (110:3), and & fourth primitive {110-4) may be z,a'néqz,zeiy pafred with &
econd time-shift chaln componsnt (106-3), third fime-shift chaln compornent
{1 36“3}:, and fourth fime-shift chain componant (106-4), respectivaly. The fime-
shift chain compenents (108} delay »a globat evaluation signal a predelanmined
amourt of fire follewing an activation signal, regardiess of any delay émpsseé
an the aolivation signal, That is, sach primithee (110} may have a componst
that delave a giobal evaluation signal as It s received locslly at that primithes
{130}, The time-shift chain component (108} for that primitive (110} snsuras
that a global svaluation signal recsived locally al that primitive {110} is delayed
by the same amount, this ensuing that for the primiffives (110} on a fluid
siection dis {Fig. 1A, 100), there is a uniform gap betwean the local sctivation
signals and the local svaluation signals Tor all primitives (110}
(00831 Returning to Fig. BA, the systam {212) aleo includas a numbey o
actuater svaluation devicsy (1084, 108-2, ‘;zaaeez-é», 1084}, Speciically, the
R

2% includes an actuator evalugtion device (108 p thattive, Thatis

£

sysfem (3
sach of the actuator svaluation devines (108-1, 1083, 1083, H &J«:} may be
unigualy paired with a corresponding priesitive (11041, 110-2, 110-3, 1104}
That s, g first primitive {1101 may be uniguely paired with & first actuator

avaluation device (108-1), Similarly, & second primifive {1103}, third primitive

;‘2

{110-3}, and & fourty ;};‘imiﬁve {110-4) may be urggusly pabved with a second
acinator svaluation devine (108-3), third actuator evaluation davice (108-3), and
fourth antuator evaluation device (108-4}, respectively. I one example, each

actuator avaluation device (108} corrasponds to just the rumber of actuators
{102) and just the number of actuator sensors {104 within that partinular

privithve (1100

00541 The sctustor svaluation tevices (108) svaluate a charactedistio of the
sctoators (102) within thedr corvesponding primitive {110) based al least in pant

an an output of an actuater sengor (104} -:3{‘:&5‘2‘@5§>£3ﬂ§:§§ﬁt§ o the actuator {102},

~

and a thraghald voliage, That is, an achuatyr evalugtion device (108) dentifies a
LU,

%3

alfunciioning actuator {102) within s primifive (110}, For sxample, a

threshold voltage may be such that a voltage lowey than the threshoid would

16
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Y

ndicate an actuator sensor (104) in sontact with fluld and 3 voltage higher than
tha threshold voltage would indivate an aclustor setsar (104} that is iIn contact
with vager, L.e., a dive bubble. Accordingly, per this somparison of the pre~
charged threshold voltage and the first voltage, | can be detarmin ad whather
vapor of fludd is in contact with the actuator sensor (104} and { accordingly,
whather an sxpacied drive bubble has been formed. Whlle one particular
relationaiin, Le., lnw voltage indioating fluid and high SJQR;:R?L- indicating vapor,
has been presented, other relationships could exist, L., high voltage s indivating
flutd angd low voltage indicating vapor
MG85]  As desoibed above, the aclugtor eval figtion device {108} may be
sotivated hased on the evaluation signal, which is delayed by the time-shift
chain compenant {108} for that primitive (110} That s, the actuatar senswy
{104} and actuator evaluation devices {108} may be sontingousky operating to
evaluate an actuator {102), however, It is notuntif an gvaluation signal is
racsivad via the fime-shilt chain component {108} thal any result of evaluation is
stoved and passed on o a controller for subsequsnt operatio
00881 Including the actuator evaluation device {1 08} on the fluld slection dis
{100} improves the efficlency of actuater svaluation. For exampde, i other
systems, any sensing information collacted by an actuator sensor {1 84 s nod
vt actuator (102), noris & assessed on the fiuld sjsction die (104}, bt s rathey
rauted off the fuid election die (100} to a printer, which Creases
communioation bandwidth usages betwean the fluid sjection die (100} and the
prinder I which itis instalied. Moveaver stioh prt imitive! actuator evaluation
device pairing slfows for the jonalized in primitive” sssessmant whick can ba
sed locally to disable a particutar actuator (103}, without invalving the printeror
the rest of the fhuld sjection die (100}

I T

00871 Including an actustor evaluation device (108) par “priitive (110}
increases the sfficlency of acluator evaluation. For example, weve the actuatar
avaluation device (108} to be located off die, while one astuator {103} iz haing
tosted, all the actuators (108} on the dis (100}, not just those in the same
priritive (110}, would be deactivated so asto nalt nterfare with the testing

procedurs. However, whare testing s done gt a privithve (110} level, othe
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orimitives (110) of actuators (103} can continue fo funclion o giact ar move
Huid, Thatls, an actustor (102} corresponding to the first primitive (110-1) may
be svaluated whils actuators {102) corresponding to the second primitive, {118
24, the third privdtive (11048}, and the fourth primitive {1104} may confinue 1o
aperate o deposit fuid to form printed marks,

00881 Following this comparison, the actuater evaluation davices (108) may
qensrate an output Indicative of a falling actuator of the Buid siection dis {100},
This auipul may be 3 binary output, which could be used by downstream
systems o carry oul any number of operations

§{>§5§3 Fig. 3is a fowchart of @ method (300} for performing on-die time-

& by

mitted actuator (Fig. 14, 102} svaluation, acnarding fo an example of the
pm\,_pi \a desorined harein, According o the methed {300}, an activation signal
s reosived (blosk 307} af an actustor (Fig. 14, 102}, Thatis, a pondrolier, ar

ather off-die o on-die devics, sends an alecidoal impulse that initiates an

]

ctivatinn event. For a non-ejesting sctuator, such as a reclroulation pump, the
activation skanal may activate a componeant to move fuld throughout the Hustd
shannalz and fuid slots within the fluid sfection die (Fig. 14, 100} & hozale,
(?*:Q o), 214), the aotivation signal may be a firing signal that causes he gjector
{Fiq, 28, 218} to sject fudd fram tha sjaction chamdier Fig, 28, 230}
{&ﬁ&&}j in the specific exarmple of & nozsle, the activation signal may include
a pre-charge pulse that primes the ejscter (Fig, 28, 218). For examp He, nthe
case of o thermal escter, the pre-charge may wan up the healing slemant
such that the fuld insids the sjection chamber (Fig. 28, 220} s heated fo 8
near-vaporization temperature. After g slight delay, a firlng pulse % passad,
which heals the heating slement fusther s a5 to vaporize a pordion of the fuid
inside the alection shamber (Fig. 28, 220,
100817 Recsiving (hock 301) the activation signal at an sciuator {Fig, 18
102} to be actusted may inchude directing a global activation sighalto 8
parficiiar actuator (Fig. 14, 103} Thatis, the fuid ejection die {(Fig. 14, 100}
may include an actustor select component that allows the global activation
signal to he passed to @ particudar actuatoy for aclivation. The sctsator (Fig. 14,
& part

102} that is sslected i of a puinsitive (Fig. 1A, 1101 oay be the case, that

18
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ne actuator (Fig. 14, 103} per primitive (Fig. 14, 110) may be activated at any
given tme.
[0082]  Insome examples, the activation signal may be a defayed activation
signsl. That is the global signal may be delayed, at the primvtive (Fig, 14,108
which deday may resull it a unique finng of that actuater (Fig. 14 103}, For
exangse, at g first primitive {Fig. 18, 1008, the activation sigral may be delayed
one clock oyole, and at g second primitive {Fig, 1A, 100}, the activation signal

may e delayed two slock cycles
I0083]  Accordingly, the selected actustor (Fig. 14, 102} Is activated {ts‘iﬁm:k
202} based on the aotivation signal, For ea«:ma“ie i thermal inkied peinding, 8
heating slement in a themmal slector (Fig. 28, 218} is heated 5o as {o generats a
o hubble that forces fhad ot the nozzle oiifice {?* g. 2B, 322}, Thefidngofa

partioular novdle (Fig, 28, 220) generates a fivst voltage outpid by the
sorresponding actestor sensor (Fig, 14, 104}, which culput is indicative of an
impedance messurs at @ partiouder point in time. That is, each actualor sensor
Fig. 1A, 104) is couplad to, and In same cages, uniquely paired with, an
actuater (Fig. 18, 102}, Accordingly, the actuator sensor {Fig. 1A, 104) thatis
uriguely paved with the actuator (Fig. 1A, 102) thal has been firsd oulputs &
firat voitaga.
[0084]  To gonerale the first voltags, a current is passed 1o an slectrically
conductive plate of the actuator sensor (Fig. 14, 104}, and from the plate tn the
fluld oy fid vapor, For sxamgle, the actuator sansor (Fig. 14, 104} may include
& tantalum plate {iispssed hetwesn the sjector (Fig. 2B, 218} and the sjeclion
chamber (Fig. 28, 2201 As this current is passad through the actuator sensor
{Fig. 14, 104) plate, and to the Suid or fluid vapor, an impedance is measy et
and a first voltage detarminad,
[O085]  In some sxamplss, activating (tlock 302} the actuator (Fig. 1A, 102}
to obfain a frst voltage for activator svaluation may be carried oul during the
course of forming & printad mask. That is, the firing event that triggers an
ackuator evaluation may ba a fring event to deposit fluid on 2 portion of the
madia intended 1o racaive Huid, By other words, there is no dudicated operafion

sadiod an for perforniing antheator svaluation, and there would be no relics of the

1
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activator evaluation process as the ink is deposited an & portion of an image
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that was intended to receive fluild as par
0881 In ancther syample, the sctuator * Fig. 1A, 108} is activatad (block
202) in a dedicated svert indepandent of g formation of 8 printed mark. Thatis,
the svant that triggers an actuster evaluation may he in addition to a firing event
o deposit fuid on a portion of the media intended to receive fluid, Thatisthe
actuator may fire over negative space ot a shest of meaﬁa, ang . not ane
ended o racadve ink fo fnrcan imags.
I00871 v vel another axample, 8 subwnuclestion activation signal may tiggey
an aolusior svaluation, Iy this condexd, a subvnucleation sotivation signal s foe
narrow to efsct fluld, but can be usad to sense shorls within an actualor (Fig.
1A, 12
{00881 An svaluation signal is ther received (block 303) fr svsluating a
characteristic of the gctuator (Fig. 14, 102), As desoribed above, the actuater
avaluation device Fig. 14, 108) operates to svaluate a condition of the acluater
Fig. 14, 182) by comparing & voltage ouipud by & sorresponding antustor
sensar (Fig. 14, 104) against & threshold voltage, However, (he resulis arg not
capturad arsd culput until an evsluation signal enaties the aotuator evaluation
deving (Fig. 14, 108) to stors the resulls of the comparison for further operation.
The evaluation signgl s del ysci {Bock 304) af the pmimitive Fig. 14, ’s"i(}} by
predetermined period of ime following (e activation signal, As with the
activation signal, the svaluation signal may be g global signal that passes
through sach primifiva. Also as with the activation signal, the svaluation signal
may pass through a similar dme-shift chaln such that # s delayed upon arrival v
the pvimitive {Fig, 1A, T10). Thet is, an activation signal arvives at & first

srivnitive (Fig. 44, 1107 and is there delayed, Ris then passed anto g second

4%

nrimitive (Fig. 14, 110} where # s delayed. Similarly, the svaluation signst
ardves at & first primitfes (Fig, 1A, 110) and is ther \,dzﬂa,nﬁ it Is then nassed
ort o & seonnd primitive (Fig. 148, 110} where | is again delayed,

{08881 When this delaysd evaluation signalis receivad, an actuator

ohiaracteristio is then avatuated (block 3G8) based atleastin partan g
comparison of e drst vollage and the threshold vollage. In this example, the

Py
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S



WO 2018/186847 PCT/US2017/026091

threshold voltags may be selected 1o dlesly indivate a blocked, or othanvise
malfunchioning, sctuater (Fig, 148, 102), Thatls, the threshold voltags may
correspond fo & impedancs measwement sxpevted when a drive bubhis is
prasent in e ejantion chamber Fig. 28, 220}, L., the madium in ihe gaction
chambar (Fig. 28, 220) at that particdlar ime Iy fludd vapor, Accordingly, ifthe
madiug in the ejaction chamber Fig. 28, 220) were fluld vapar, then the
racatvad first voltage would be comparable to the threshald velfage. 8y
comparison, ¥ the madium in the ejection chamber (Fig. 2B, 220} s print Suld
such as ink, which may be mare condugtive than flidd vapor, the impedanse
would be lower and a lower voliags would ba culout. Acsordingly, the pre-
charged threshold voltags is configwred such that & voltage lower than the
threshold indicates the presence of fuld, and a voltags highar than the
threshold indicates the presence of Suid vapor. I the first voltage is thereby
greater than the pre-charged thrashold voltage, tray be deterined that a
drive bubbla is present amd if the first vollage is fower than the pre-charged
thrashold voltage, it may be determined that a drive bubble is not presentwhen
& should ba, and a defermination made that e nozsle Fig, 14, 108} s not
parforming as expactad. While spacific refarence is made o Gi.ii‘g}Li‘i & low
voltage to indicate low impsdance, in ancther axample, @ high voltage may be
oufput o indicale low impadancs,

00701 In zome examples, the threshold voltsgs against which the first
voltage fs sompared depends on an amours of fime passe{i since the aotivation
of the actustor (Fig, 14, 182). For sxample, as the drive bubble collapsas, the
impedarncs i ihe esction chamber (Fig, 38, 220) changes ovar iime, slowly
returning fo @ valus indicating the presence of flid, Acnoedingly. the pre-
charged threshold voltage againet which the first voltage is compaved also
changes ovar ims.

00T} Fig 4. is a ciroult diagram of onedie ime-shifted actuator avaluation

pel
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components, sccording to ancther example of the principles desaribad b

Spacifically, Fig. 4 is a ciroult diagram of pne primitive (110}, As desoribed

s v

abeve, the primitive (110) includes & number of sctuators (102} and 8 nu rbar of

actuator sensors (104} coupled to respective gotuators (102} During operation,

w3
e
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a particular actuator {102) is selected for gotivation.  While aclive, the

correspanding actuator sensor (104} is couplad 1o the actuator avaluation
devics g"i{”}‘%} viy & sulacting transistor (430-1, 430-2, 436-3). That is, a ssleding

fransistar (430} forms a connsclion betweean the actuater svaluation devics
{108} and the selected actuator sensor (104}, The selecting transistor being
actuated also aflows a currend to pass through {o the covesponding actusto
sensor (104) such that av impedanos measure of the gisction shamber Fiy. 28
228 within the actuator {103} can ba mads.
00721 o this svample, the actuator evaluation device (108} includes a
poripars device 432} {o compars a voltags output, Ve, rom one of the number
of actuntor sensors {104) against the threshold voltage, Ve, to delerming when
£ c@rrespmdmg actuator (108) s malfunctioning or otherwise inoperabde. That
is, the compare device 437} delermines whather the culput of the asctustor
sensor {104), Vo, is greater than or less than the threshold voltage, Ve The
compare davics {432} then oufputs a signal indicative of which is greater,
[G0731  The cutput of the compars device {438) may then be passed 1o an
syaluation sforage device (434) of the acluator evaluation devive (108} Inons
axamiple, the evaluation storags device {(434) may be 2 flip-Sop device that
stores the output of the compars device (432} and sedectively passes the oulput
on. For exannde, the actustor sensor {104}, the compare device (432}, and the
evaluation storags device (434) may be operating continuously fo sualuats
sctuator characteristice and store a bnary value relating to the state of the
antuator (102). Then, when an evaluastion signal, Vue, iz passed to ehable the
avaluation storage davice (434), the information storad in the svaluation storags
device 434) is passed on as an output from which ary number of subsaguent
sparations can be performed.
T4l The svsluation signal, Ve, may be & delayed evalustion signal. That
is, the storing, and selective passing. of the outg}ui’ of the compare devipg 432}
may he delayed with respect to 3 global avaluation signal. A first ima-ghift
chain companent (Flg. 1A 106} such as a first delay fip-flop 436-1) may
aya

facifitate such a delayed sysluation signal
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TOOTEY I some examples, the activation signal that activates a3 partion
actuator {102) may be a delayed activalion signal. For example, g global
activation signal, Ve, may be passed to a sseond dafay fip-fop (438-8) of &

&%

fima-shift chain of the sotivation signal, This infial activation signal waits for an

FA

nable signal, V., from a clock transmission Bine (438} With both an activation

fi:-

signal, Ve, on g D7 port of the second delay flip-flop (438-2) and an enable
sigrssl, Vi on the “ClC port, an output is genarated on the "Q port which is 1)
passed to an actuator {102) for activation, and 2} iz passad to anuther similar
Hip-fop In @ subsequent primitive (H10) where it is further delayed. That is the
signal passes to 2 “IY port of & fipeflop in another prissithvs (11 and waits
anolier enable signal fo s respective “CIK port. Iy this fashion, the activation
signal af the second primitve is delaved relative 1o the activation signal of the
prasent primitive (110}, Going up the prinitives (110} In @ columy in this fashion
can rasult in & delay on the order of microsecands such that there s a gradual
activation of all the actuators that ars {o be fired,
78] In some axamples, the evalualion signal that activates e acluate
evaluation device (108) may be a delaved evaluastion signall Forexample, a
alobal evaluation signal, ¥, may be passed o a first delay Sip-flop (4381 of &
time-shift chain of the svaluation signal. This initial evaluation signal waits far
an snable signal, ¥ from a clock fransmission line (438). With both an
svstuation signal, ¥, on g 1Y port of the tirst delsy fipflop (438-1) and an
anable signal, ¥, on the “CliK port, an outpul s generated on the Q7 portwiinh
1) passed o an actuator evaluation device (108) for activation, and 2) 15
paassed {o ancther similar fipflopin g subs&guam primitive (IO where itis
further delayed. Thet s, the signal passes to 2 "D port of & SBip-fop inanother
primitive {110} and walts anothar enabde signal {o #s respective "G part. in
this fashion, the evaluation signal at the second primitive is delayed relalive to
the svaluation signat of the present imitive (110} Going up the primitives
{110} in & column in this fashion can result in a delay on the order of
micraseconds such that thers is a gradual activation of all the actuaturs thet are

oy be fred,
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{00771 In some examples, the delay in both of the activation signat and the
svatuation signal are provided by the same clock transmussion Hine { 38} Doing
soensures that the delays between an acihvation and evalusation gre the same,
{hus ensuring that the desired gap between activation and evaluation s
maintained regardiess of any delay inposed on the activation signal. Faor

axample, if a desired gag} betwasn an activation and an svaluation of an

actuater (102) is 3 clock ycles, a delay of one clock oycle via the sscond deday
fin-flop (4382} nould impact this desired gap. Howsver, the wresence of the

tirne-shift chain componert {(Fig. 1A, 188}, La., the first delay fip-flog {43841},
delays e evaluation signal 1o the same degres as the activation signal.

Accordingly, the desired gap can be maintained at 3 nlock cynles. Fig. 8

provides an example of such & soanavio,
0T8T While Fig. 4 depicls one delay fip-fop (436} per signal par primitive
{4, additional flip-flops (438} could be disposed per signal 1o effectunte
greafer delays,
[0G79]  The time-shilt chain componert {Fig, 1A, 108} alse inchudes a gate
{440} to aitow the delayed evaluation signal, Ve, 1t pass o the soliatar
evaluation devics hased on & conirol signal, Ve Thatls, when a control signal,
Ve, indicates, the delayed evaluation signal, Ve 18 passed fo enable the
achuator evaluation device (108) to carry sut the evaluation opaeration, I soms
sxaripes, the output of the actuator evaluation devics (108) s passed to a
alobat result ine when an activation signal, ¥y, applied at 3 gele of the transist
couples the actuator svaluation device (108} to the global result fina for
subssquent operations, such as disabling and fre-forwanding,
MBR0Y  In some examples, the actuator evaluation device {108) may process
mutiple Instances of a firgt voltags against multipde valuies of a threshold
determine whether an soluator s bimked or stherwise malfunclioning, For
axample, over mulline activation sverts, the first voltage may be sampied &t
differant fimes ralative to the activation svent, corresponding o different phases
of drive bubble formation and collapse. Each fime the first voltage is samplad, it
piight be sompared against @ different thresheld vollage. I this example, the

actuator evaluation device (108} could either have unigue lalches (o store the

24
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resull of sach comparison, or a single laich, and if the sensor voltags s ever
sutslde of the sxpeniad range {given the ime st which & wes sampled), that
actuator (102} can be dentified as defective, In this case, sl 19%@% atch stoves a
it which represents "sggregats” sctuator status, I the vase of midtiple storage
devices, each may store the evaluation result for a differs samp&, fime, and
the aggregate coflection of those hils can aliow for the identfication of not only
the actuaior state, but also the natire of the malfunction, Kz"}ﬁwing the nature of
the malfunction can inform the system as {o the proper respanse (replace the
rozsle, senvice the noveds {;e rufitiple spits or pramps], clean the nozsle, sl
(00811 Flg. 5 is & delay sequance, according to an example of the principles
described herein. Specifically, deplcted & 2 olook signal (553}, a st of
gotivation signals (554}, and 8 set of svaluation signals (888}, In this &xams‘.}ie,
a desied gap batween activation of an actustor in @ primitive
svalustion of the same actuatar Fig. 14, 102) is ¥ dlock oyoles, Al g time 10, an
activation signal is passed slong & soluny and received al & first primitive (Fig.
1A, 1103 Abthe fral peindtive Fig. 18, 110}, the signal is delayed untll fme U1
This delayed signal is than passed fo the second primitive (Fig. 14, 110) where
it s again delayed. In this fashion, the activation signal {554 is sequantially

dulayed such that a fre signal is delayed af a fith primitive until a time 8. Inag
siniiar fashion, e evaluation signal (5358 s delayed, the difference being that
the inftial svaluation signal 5 not passed untll a ime 13, That ks, at each
privsithve (Fig. 14, 110}, the svaluation signat s dalayed one clock gycle sunh
that at each primifive Fig. 14, 11 the delay between the activstion signal
{(5584) and the evaluation signal (558} is maintained, La., 3 clock cycles

[O082]  In sunwoary, using such a fuld gjection die 1) allews for nozzle

,{2,

avaliation rsimuiiry o be disposed on the die Realf, a8 opposed o sending
sensad signals fo nozzle avalustion oircultry off dier 2) incregses the effiviancy
of hanchwidth usage betwesn the device and de 3} reduces somputation
syehead for the device iy which the fluld election dig is dispossed; 4) provides
improvad resolution times for matfunclioning noxzles; §; sfows for actugtor
avaluation in one primitive whils allowing continued operation of actators in

another primitive; 8) places managemaent of nozzles on the fluld ejection die as

o
53
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oppesad {0 on the printer iy which the fluid ejection die is installed, and 7)
Fpproves the acouragy of actuator svaluation by allowing for delayed aclivalion

Fignals to ba used, which reduce the effects of noise on any sclivation of an

>,

actuator, However, ftis-contemplated that the devices disclossd harain may
addrass other matters end deficdencies I a numbsr of fechnical dreas.
{00831 The praceding desoription has been pf@&enté*ii to Hustrate and
describe sxamples of the princiides described, This description is nat intendsd
o be exhaustive or fo imilt these principles to any precias form disclosed, Many

modifioations and variations are possible in light of the ahove teaching

)
%33



WO 2018/186847 PCT/US2017/026091

CLAIMS
WHAT IS QLAIMED I8
1 A fluld ejection die comprising,

a number of actustor sensors disposed on the Hiuid slection dis o

senss & characteristio of a corresponding actustor and 1o oulpid a firgt

<

altane corrasponding 1o the sensed characteristic, whamsin
each aotustor sensor is coupled to & raspactive actuatar; and
mudtiple coupled actuator sensors and acluators arg groupsd a8
prirmitivas on the fluid ejection sdig
an aofustor evaluation device per wrinitive {0 svaluals an acluatar
charsciaristio of any actuator within the primitive based on the first voltage
and a threshold vollage; and
a time-shift chaiy component per primitive to comounicate a delayed
avaluation signal, which delayed svaluation signal delays an svaluation of
the astuator charactavistic a predetermined amount of time followding an

activation signal.

2. The fuld elsction dis of claim 1, wherely the number of actintor
zansars comprise impadancs sensors that sengea an smpmﬁa neg within

alaction chamber of & corresponding actuate

3. The Huld sjection dis of claim 1, whaerehy

an activalion avent is tiggered by the antivation signstwhichis a
delaved aotivation signal and

the delayed evaluation signal is delayad a predeterminad amount of

Hme following the delayed activation signal,

27
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4. The Huid sjection die of claim 1, wherein the acluator evaluation
davice paryises:
3 compars device tn compare the firet cutput sgainst the threshold
valtags; and
an gyaluation storage devics fo
store an oulput of the compare devieg; and

selectively pass an cutput of the compare device as ralicalst

PR

by the delayed evalustion signal

8. The flulst ejection die of claim 1, wherein the tima-ahiff chain
wamponant comprises!
a numbar of delay fip-fops clectively activated o generate a dedayad
valuation signal specific to an actuator based un & global evaluation signall
a gate to affow the evaluation signal 1o pass to the actator svaluation
dovice based onva control gignal,
8. The fluid elaction die of claim 1, further comprising s second time-shlt
chain comprising & nnbey of delay g}"ﬁs..;)(: gloctively activatad to gensrate
a delaved activation signal speciic to an acluator based on a global
activation signal.
7. The fluid ejection die of claim 1, whersin the delgyed svaluation signal
is coupled 1o @ gate of a transistor (o allew an oudput of the acluater

svaluation davice to pass o a glohal rasult ine,

3, A fludd ofsction system comptising!
mudtiple fluid sjection diss, wharein » fluid gjestion dia con g:;r‘is;a&f
3 number of drive bubble detsction devices fo oulput & firg
voltags indicative of a siate of 3 corresponding actuator, wharsin

=h
sach drive bubble detection davios jg coupled v a

respactive actuator; and

28
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mudtiple couplad drive bubble detantion devices and

actuators are groupsd as primilives on the Huid siection dis;

an actuator evaltation devive per primitive b evaluate an
actuator characterisic of the actugtor basad at leastinparton g
comparisan of the 8est vollage and 8 threshold wallags: and

a tme-shift chain component to sommunicate a delayed
avatuaiion signal, which defayed evaluation signal delays an
svaluation of the actuator charactaristin 3 pradelenminad amount of

time fnllowing an sctivation svent.

8, The thad gjsction systerm of clalm &, wheveing

the number of drive bubble detection davices are tnigualy pairad with
the number of actualors: |

the actustor evaluation device s uniguely paired with a primitive of
actuators; and
the dme-shift chain component is palred with the printive of

gctualrs.

10, The fuid sfection system of claim 8, wharein the number of drive
bubble detection devices measure an impedance from within an gjaction
chamber {o dedeot a diive bubble, the prasence of a drive bublile indicating
an ogerational actuator,

1. A method compaising,
recetving an activation signal for sctivating au actuatoy of & primities;
activating the actuator based o the activalion signal;
reosiving an svaluation signal for svaiuating s characteristiv of the
actuaton
g iaym the svaluation signal af the primitive by 8 predetermined
amaount of ime following the activation signal; and

avaluating the characteristic of the acluatoy basad on the delayed

N
i



WO 2018/186847 PCT/US2017/026091

12, Toe method of claim 11, whersin svaluating the characteristiv of the
actuator comprises comparning @ first voltage {:{m‘&spaﬁdiﬁg i ar impedance
msasuramen from within an glection chamber of the actustor during firia
against a threshold voltage to determine i & nozzle is malfunctioning.
13, The mathod of claim 11, whersin delaying the evaluation signal
comprises:

regeiving the deleyed evaluation signal at 2 sscond input of the gate,
which relaved svaluation signal is gensrated based on & globat svaluation

stanal and a fip-flop activation signal; and

Cf
£
h
s
posed
o
7.

P
f’n

stfowing the delayed svalustion signal fo pass based ¢ saption

of a control signat 8t 2 second nput of the gate.

14, The method of claim 11, further compnsing passing an autput of an

actuator svsiuation device to a globsl result iine,
18, Themethod of clain 14, whersin passing an output of the actuator

avaiuation device to a global line comprises activating & transistor of the

actustor evaluation device via a control signal,

3G
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