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(57) Abstract: In one example, a fluidic die is described. The fluidic die includes an
array of actuator blocks grouped into primitives. An actuator block includes a firing
delay element to generate a delayed fire signal and a fluid actuator to be activated via
the delayed fire signal. The fluidic die also includes an actuator controller to group
actuator blocks into primitives and to activate fluid actuators. Each actuator evaluator
of an array is grouped with a subset of actuator blocks and is to evaluate an actuator
characteristic of a corresponding fluid actuator based on 1) an output of an actuator
sensor paired with the fluid actuator and 2) a delayed evaluation signal which is based
on the delayed fire signal. An evaluation signal delay device is paired with the actua-
tor evaluator and generates a delayed evaluation signal based on an initial evaluation
signal and the delayed fire signal.
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FLUHD ACTUATOR EVALUATION BASED ON A DELAYED FIRE BIGNAL

BACKGROUND

s«v

[OO01] A Sulfic die fs a component of 3 fitdd ejection system that includes a
number of fuid siecting nozzles. The fluidio die can also include wther non-
slecting actuators such as migro-recirowation pumps.  Through thess npzzies
and pumps, fuid, such as ink and fusing agent among ofhers, is sjscled or
moved. Over fime, these nozzles and pumps can become cloggsd or otherwise

inpperable. As w specific examples, ok i 8 printing device can, sver tims,

harden and crust. This can blook the noszle and interrupt the operation of
subhsaquent ejection svents. Other sxanides of issues affecting these actustors
nchade fuid fusing on an glecting stement, particls contamination, surlece
puddling, and surface damags to die structires, These and other scenatio

gy adversely affect aperations of the device In which the fludic dis s Instelled.

BRIEF DESGRIFTION OF THE DRAWINGS

{0021 The accompanying drawings iHustrale yarious soamples of the

principles describad hareln and are part of the specificetion.  The flustrated
examples are giver mersly for flustration, and do not imif the scops of the
claimg,

{Cﬂﬁmﬁ} Fig. 1is a block dingram of & fluidic die for fluid actuator evaluation
hased on a delaved fire signal, according to iy example of the principles

desoribed herain
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00041 Flg. 2 s a diagram of a fluld actuator controter for Tuld actuator
pvaiugtion based on o delayed five signal, scoording to an example of the
principles desaribed herain

JO005]  Fig. 3 s 8 disgram of a fluldic die for fudd actuator evaluation based

on a dedayed fire signal, scoording toan sxampls of the principies described
haerein.

ID00B]  Flg. 4 is & fow chart of & mathod for fluid actuator evaluation bassd
on & delayved fire signal, according to an example of the principles described

harsin,

(0071 Throughow the drawings, dentical reference numbers designate

similar, but not nece yzas\mcai slaments. The figures are nol necessarily
1o scale, and the size of some parts may be exaggerated o more clearly

Hustrate the example shown, Marsover, the drawings provide sxamples andiar
implomantations sonsistent with the description; howsver, the desoription is not

¢

fimited o the examples andior mplemsniations provided it the drawings

DETAILED DESCRIPTION

[MO08]  Fluidic dies, as used hereln, may describe g variety of types of
integrated devices with which small volumes of fluid may bs pumped, miked,
analyzed, e;@‘wcé afc. Such fuldie dies may include ajection dies, such as
wintheads, additive manufacturing distributor components, digital titration
componants, andfor other such devices with which yolumes of fiuid may bea
selectively and controlably siected, Other examples of fuidie dies include i
sensor devices, lab-on-a-chin devines, andfor sther such devicss in which flulds
may he analyzed andfor processed,
0681 In & specific exampls, these fluidic systems are found in any number
of printing devices such as nkjet printers, multi-function privters (MFFg), andd
additive manufacturing apparatuses. The Juldic systems in these devices are
used for procisely, and mpiqﬁiyg dispensing small quantities of Buld. For
sxargie, it an additive manufactring apparatus, the fluid ejection system

dispenses fusing agent. The ?‘using agend s deposited on a build material,

2
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which fusing sgent facilitates the hardening of bulld material to formy » fhree-

{00401 Other fuld gjection systems dig 2 ink on 3 two-dimenaienal prirg
madiunt such as paper. For exanple, during mkjst printing, fuldis directed to a
fuid ejsction dis. Dapending on the content to be printed, the devics in which

the fuid slection aystesr is dispossd determines the dme and position at which

i

he ink drops are to be releasedisiected onte the print mediun. in this way, the

fluig ejection dis releases multiple ink drops over @ predefined area to producs @
representation of the image content fo be printed. Besides paper, other forms

of print media may also be Used.

0TIl Accordingly, as has besn desoribed, the systems and methods
described hersin may be implementad in @ two-dimensional printing, Le
dupositing fuid on a substrate, sd In three-dimensional privding, L., a:iepcssiting
a fusing agent or other functional agent on a material base to form a three-
dimensional pdantad product

[edtd} Returmning 1o the fluld actuators, a fluid actumtor may be di sposed in &

nozzie, where the nowzle includes a fuid chamber and a nozzle or rifice i

adsiition o the fuid actuator. The fiuld actuator in s case may be refermd to
as an slector hal, upon actuation, causes sjectior of & fllad drop via the nozzie
orifice

{Gi}%:’s} Flaid actusiors may alzo be pumps. For example, some fuidic dies

3
aoiude microfiuidic channels. A microfiuidic charnel is a channst of sufficiently
small size {feg., of nanomster sized soale, micrometar sized scale, milimeter

sized soals, oie) to facitate nonveyance of small volumes of fluid (e.g., piooliter
scale, nanoliter soale, microlifer scale, milliiftor seale, efe). Fluidic actuators
may ba disposed withiry these channals which, upon aclivation, may generate
fluld displacement in the microfiuidic channal,

g4} Examples of fuid actustors include a plezceiscinic membrans based
achuator, 8 therma! resisior based actuator, an electrosiatio mambrane actuator,
a mechanicalimpact driven menbrans acluator, & magneto-stintive drive

actuator, o other such slements that may cause dis ;:iw.@fsm gt of fluid

]
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o

rasponsive to elastrical actustion. A fluldic die may elude a plurality of fluid
acluators, which may be referred fo as an array of fuid actustors,
o015} In seene examples, a fuid actuator forms part of an sctuator Mook
along with a delay element for that fuld actuater. The aray of fuld actuators,
and actuator blocks, may be formed into groups referved to as “primitives” A
primitive generally includes a group of fuld sctustors that aach have gurigie
actuation address, In some axamples, electrical and fluidic consraints of 8
fiuidic die may mit which fiuid actuators of each prirsitive may be actuated
consurrantly for & given actuation svent. Therefore, primitives facilate
addressing and subseguent actuation of fuld sfectar subssts that may be
concurrently actuated for g ghven actustion syeit,
(o018} The number of fluid acluators corresponding (o 8 respeciive primitive
may he reforred to as a size of the primitive. To lilustrate by way of example, i3
fuddic die has four primitives and each respeclive primitive has aighi s’:‘@&‘»p%{:‘iiv&%
fiuid sctustors (the difforemt Suld actuators having st address O 7); the
orimitive size is sight. Inthis exanple, each fluid actuator within a pimitive has
uriie inprinitive address. In some examples, slectrical and fluidic
ponstraints mit actustion to one Tuid actuator pey primitive, Accordingly, a total
of four fuld actusiors {one from aach primitive) may be congurrantly actuated
for & given actustion svent. For axample, for a fiest actustion everyt, the
respentive fuld actuator of sach primitive baving an address of O may be
astuated. For & second actuation avent, the respective fuid actuator of pach
primitive having an address of 1 may be sctuated. In some axamples, the
orimitive size may be fixed and in other sxamples the primilive size may vary,
for axample after the completion of a set of acluation svenis.
{60171 A fuld actuator controlier facilitates the actuation of the actugtors,
Far example, a fluld actuator controller may include an astuation dats register

and & mask register, The asctustion dala register stores actusation data that

H

inchioates fuid actuators to actuats for & sef of actuation avants. The mask
register stores mask dats that Indicates » subset of fluld actuators of the ara
of fludd actuators enabled for actustion for a particufar actuation sverd of the

set of aciuation everts. Accordingly, the fluld actuator controlier faciitates

4
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concurrent actuation of diferent armangements of fluld actuators based on the
rnask data of the mask segister. In soms examples, the mask data gro
actuators, and thereby dedines the primitive sige.

[DO18]  Alsdfiferent points in time, the mask data may change, such that the
fiuid achstor controller fsciitates variable primitive sizes. For mamp@‘ for a first
sat of aotuation svents, Suid actuators may be arrangad in primitives of & firgd
arimitive gize, as dafined by first mask data storad in the mask register, and fov
a serond sat of aciuation events, second mask data may be loaded ito the
mask register such that fluid actuators may be grranged in primitives of a
seconwd primitive size.

[O018]  While such fluld ejection systems and dies undoubledly have
advancead the field of precise fluid delivery, some conditions impact thelr
s¥activeness. For example, the actuators on a dis an subject to many cyoles
of heating, drive bubble formation, drive bubble collapse, and flud
replemshmeant from & fud reservoll. Over time, and depending on other

operating comiitions, the acluators may become blocked v otherwise defes five,

As the process of depositing fuld on a swiace is ¢ pregise operation, these
ockages can have @ delsterious sffect on print qualily. If one of these fiudd

»,

actuators fall, and is continually oparating o Em*mg fatiure, then it may cause

neighboring actuators to fall,
100201 Accordingly, the present spacification is dirscied to a fluidic die that
mnludes actuator evaluators to determine a chargeteristio of a partioutar fud
actuator. For example, the actuator evaluators can determine whether 3 ¢ airhie
pubnle has properly formead i a fluid actuator, which proper formation of a dive
subble can be used {o determing whether an assooiated fuld actuator is
oparating as eexg:saf;tad. fn these exanples, the evaluation of a fuld actustor =
g to an astuation © gaz’ﬁcruiar fluid gctuator
(00211 In some exampdss, o maintain peak currents on the fluidic dis to 8
reduced lavel, the fire ~>=gna§s that activate a particuiar fluld actuslor are
delavad. Acoordingly, coupled to each fluld actuator is & delay elemant, which
gropagates, and increases the delay along 2 column of fuld acluators. A serlas

of these delay elemeants ansures that the number of simulianeously actuated

)
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fiuid actuators doss niot excead s pradetermined Jeval. For example, the delay
alements may snstre that ne dwo fuld actuators are actuated at tha sainmea tme.
I this examnle, to ensure proper palring of acluation events and avaluation
averts, the avaluation system inolucdes a dalay structure that s similar to the
delay structurs found in the actuation system,
(00281 While dalaying the acluation and svalugtion can inprove the reliabilty
and efficiency of the fuidio dig, there are soma Lo nplications whean
nplementsd in & system whers the number of fiuld actuators per peimitive
cranges, For sxample, i a fixed primitive soet wario, one delay slement s
instantinted per primifive. As the prinifive size s fized, and one Bl o actuator
er priviitive fs activated, a done delay struclure can be used in the evalustion
sysiem of & tixed-prinitive fluidic die, However, when the size of p simitive
shanges, ons delay slement per primitive is not possitde  That is, an evaluation
sigral should fravel alony the array of fluid aclualors with the same dela
structure, but offsat in fme, as the fire signals, in order to make sure that the
evaluation signal arfives at an actuater svaluator with the same amount of deipy
as the activalion s%ggna% was recetved at the Suld actustor,
00231 inthe case of primitives that change size over time, the svaluation
detay structure cannot simply be a mirmr of the activation delay sin clure, This
s, in variable primitive structures, at most one actustor par virtual prinsfiva i
firad at o tme. Dalay elements are instantiated par actuator, bu ut just thosea
sctuators that are actuated for & given actuation svert are active. Accordingly,
for svery actuation event, a different numberisubiset of delay slements may be
active. Accordingly, the delay chain state, Le., which fiuld ac:tiva’sm‘ss hiave heen
detayed, wil shangs betwaen the time of activation and evaluation, thus causing
the delay betwesn the activation svenis and gsvaitmtion svernts to vary by
unaccaptable armounis.
[0024]  Accordingly, the presert spacification describes & system whereiy the
detay state of fire signals for sach Huld scluator are glaned, and used by an
actuator avaluator fo pair & particular delayed actuation avent with an evaiuation

evant.

pa)
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[0028] Specificaly. the prasent gpplication deacribes a Huldic tie. The Huidic
gie inoludes an array of actuatue blocks grouped into primitives. bach aclualor
block includes a firing delay slement to genwrate g t:ﬁ@a}f@é fire signal and a fuld
actustor 1o be activated by the delayed fire signal. The fluidic die also includes

an actuator sontroller fo group gotustor blocks e prémi’tﬁws and to aclivate
fuid actuators.  The Buldic die alse indudes an array of actuator svaluators.
Sach actuater evaluaior is groupsd with a subsst of actuator Mocks and
avalustes an achsior charasteristio of the Suld actustor based an 1) an autput
of an actuator sensar palred with the fluld sctuator and &) & delayed svaluation
sigral which iz delayed based on the delayed firs signal. The fluldio die glso
churles an evaluation signal delay devices paired with each actuator svaluator
to generate a delayed avaluation signal based on an inftial evaluation signal and
a state of any firing delay elemant in the subset,

261 Inanother example, the fuidic die includes the armay of acluator
blocks groupsd into primitives, the aray of actuator evalisiors, the fluld
actuator controlier, and an svalugtion signal delyy device paired with the
actuator evaiuator. The fluidie die of this eample alze cudes an arvay of
antuator sensors fo generate 3 signal indicative of g characlenstic of & fuld
actuaty, Bach actuater ssnsor iz coupled to & respective fluid acluator. I

this example, the fuid actugtor controller incddudss 1) an acluation data

register to store sotuation data that indicates fluld actuators to aotuate for a

i

set of actuation svends and 2} a mask register that includes & respsctive bit

ot

or each respeotive fudd actuator o store mask dala that indicates s set of
fluid actuators of the array enabled for actuation for a parlicular actuation
avent of the sef of actualicn avents,

(00271  The present specifivation alsn describes a method for fuld
actuator evaluation. Ascording o the methud, a fuld actustor is gotivated

hasad on a delayed fire signal to gonerale a sense voltags measured st &
R be Y&

porresponding scuator sengar, An acfuator evalustor grou ;,mﬁ withy the fiule

s

actuater s selscted and a delayad svalustion signal is generated baged on

pe b

the debayed fire signal and ar inltlal svaluation signal. Upon receipt of the
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detaysd svalustion signal, a characteristic of the fluld actuator s determined,

hazed on the sense vollage.

{00281 Inone example, using such a fluidic dis 1) allows for actuator

avaluation creullry 1o be included on a die as cpposed to sending zensed

signals o actustor svalualion creultry off die] 2} Inoreases the efficlenny of
handwidth usage between the device and die; 3} reduces computationst
overhead for the device in which the Huld sjection die s dispossd; 4) provides
improvad reselution times for mafunctioning acuators; §) aliows for actuatar
syaluation in one primitive while atfowing continusd operation of actustors in
another primitive; and 8 places management of nozzles on the fiuid sjection die

a8 opposast to on the printer in which the fiuld ejaction die is installed, 7}

accommcdates for vanation in privniiive size, and 8} ensuras an evgluation

delay por fluidio dis matches an antuation delay for t oiiuidic die. However, s

comtemplated that the devices slisclossd hersin may addrass other maliers and

deficiencies i 3 number of fechnical areas.

00281 Asused in the present speoification and i the appendad claims, the

torm “Hiid actuator” refers to a nozle or another non-glecting fluid actuater

For axample, & nozsle, which is a uld acluator, operates o siect fiudd fronm the

fluls elsction die. A recirouiation pump, which is an svampie of & non-sjecting

flisid actuator, moves Suld through the fluld slots, channels, and pathways within
the fluidic dis.

[00301  Accordingly, as used in the present specification and in the sppendsd

claims, the term "nozzle” refers o an individual component of a fuidie die that

dispenses fuld onto a surface. The nozzle includes at lanst an gjection
chamber, anglector, and 8 nodsls mrifice.

[0834]  Further, as used in the present specification and in the appendad
plaims, the term “Huidic die” refers to 3 componertt of a fhuld sjsction system thal
ncludas a number of Suid actuators. Groups of actuator blocks which Inolude

fiuid actuators are categorized as "primitives” of the fuddic dis, the primitive

waving & size referring to the number of fluld sctuators groupad together. I one
example, 3 primitive size may be belween 8 and 18, Tha fluld sfection die may

Fipod

be organized first into fwo columns with 30160 privatives per column,

&
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032y Sl further, as used in the present sped ication and in the appended
claims, the tem “aolustion event” refers to g substantially concurrent actuation,
socourting for the delay of fre signals reaching sach fuld actuator that are to

fire for an actuation evant, of fluid sctuators of the fuidic die to theveby ¢

=z
3
&
%
B

fuist displacemeant.
033 Y fus“ther,. ay used Iy the asent specification and in the appended
claims, the tarm activation date” refers o data that targets a particutar fiuld
gotuator or set of fuld actuators for actuation. For example, when primitive size
vanias, activation data may include per-actustor actuation data and mask dala,
(0034]  Yet further, as used in the present specification and in the appeniad
claims, the numbey of elements i 2 "subset” and “array” way be 1 or any
integer value greater than 1,
(00351 Even further, a3 used In the prasent speaiic cation and inths
appended claims, the ferm "a number of or shnilar language s meant © be
understood tvoadly 85 any positive number including 1 to infinily.
0361 Twming now fo the figures, Fig. 1 s a block diagram of 5 Ruidic die
(1003 for Buid actuator evaluation based on a delayed fire signael, acoording to
an example of the principies describad hereln. As desaribed above, the fluidic
die {100} s part of & fluid slection system that houses components for gjacting
fuid andfor transporting fudd along various pathways. The fluid that is sjected
and moved throughout the fluidic dis (100) can be of various types including ink
hiochenical agents, andfor fusing agents. The fuld is moved andior sjected via
fluie actuators (104). Each fuid actuator {104) is palred with a delay element
{108) and together form an actuater block (108}, Each fuidic die (100} includas
o array of actuator hlocks (102). Any number of sctuator blocks (108} may be
formed on the fhadio dis (104}
10037]  The fluld actuators (104) may be of varying types. For exampie, the
Huicio dis {109) way include an array of nozzies, whersin each nozzle includes
a fluidd actustor { ?E}S%} that s an ejector. in this axample, a fluid gjacior, whern
activated, sjects & drop of Buld through & nuzele onfice of the nozsie.
D038 Another type of fiuid sctuator (104) is a reciroulation pump that movas

Suid Betwesn a noszie channel and 2 fluid slof that feeds the nossle channel

g
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in this sxample, the fiuidio die (100) ncludes an array of microfluidic channets.

y o

Each mioreiuidic channel includes & fuid actuator {104) that s & fuid pump,
this example, the Suld pumy, wher activated, displaces fuld within the
wicrofiuidic channel, While the present spactication may make relerence to
particidar types of fluld actuatovs (104}, the faadic die (100) may include any
nunbier and tene of fuld actuators {104}
100391 Actuation of the fluld actuators (104) Is cavrisd ot by the Hiudd

stuator controfier (108), In this example, the fluld sctustor controlier (108)

@

includes compansnts to manage the actuation of the various fiuid actuators

{“EQ‘%}. That is, the Suld acluator controller (108) passes data to aclivate a finng
¥

alay slement (108} associated with each fiuld sctuator (104). A S g dela

3

alemert (108} that has recebvad this actuation dala ss well as @

e

e azg*‘ai
which is passed from one fiuid actuator {104) to the next, is said fo be “gclive”
meam%ng tivat # is actively delaying the received fire szgnai A firing detay
slemant {108) that is not active, st allows the e signal to pass, but does not
delay & Accordingly, this antuation data, in addition to atlivating a p sarticyia
findd actuator (104), fs indicative of an “active” delay slement {1 {}8} Az
describad sbove, the svaluation signal delay device {112) inoludes a dalay
sloment that may be shmiler to the firing delay element (106} of g achsabor
plock (1021 such that the fiing delay element (106} celays the Bre signai oy @
predetermined amount and the delay slement of the svaluation system, delays
the evaluation signal by the same amount.
EQQQM As described above, the fuld sdustors (104}, in thelr respective
actuator blocks (102}, are grouped into primitives. A primilive refersto s
grouging of fiuid sctuators (104) where sach Tuld astuator {104} within the
primitive has & unlque address. For example, within & first privitive, a first fluid
actuator (104} has an addrass of §, 2 second fluid actustor (104} has an
addrass of 1, a third fuid actusior (104) has an address of 2, and a Tourth Huld
actuater {104) of the primitive has an address of 3. The fiukd sctustors (104
that are grouped to subseguent primitives respectively have shmilar
addrassing. A fuldic dis {100} may include any number of pfismi:tive&; having any

numiber of fuid actuators (104) disposed thevein, I some cases, & guantity of

A
1
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#uid actuators {104} within the primitive that can be concurrently firad may b
designated. For example, i may be designsted that in a given primitive, one
fidd sctuator (104} s snabled gt a time
00411 The fluld actusions (104) within the aray may be antivated bassd on
detayed fire signal. Thatis, a fire signal may be passed among variots Huid
actuators {104). Specifically, & global fire signal i passed to a fret antuator
Hiock (102), which passes the global fire &ig}nai o a second actuator blogk
(1035, in this fashion, the fire signal is passed from aotuator block o actuator
block.
{00421 To reducs maximum curent peaks across the fuddic die {100}, this
fire signat is delayed s i is passed o different fluld actustors {104, such tha
fuid actuztors (104} that are selected {o be aclivated for a particular actuation
syent are nod acluated at the same fime. To ooy out this delay, a fiving delay
slemant (108) may be coupled to sach Suid antuator (104}, which firing delay
slement (106} qenerates the delayed fire signal. That is, the fying delay
slemant (108}, receivas as inpul, a fire signal, Actuation data, such 2 a3 hits fof
ars actuation data register and & mask register enable, ov activate, the firing
delay elomant (108 such that the firing delay slement 1 08} delays the e
signal.
[(043]  The fuidic die (100} also includes g fiudd actuator controliar {108} to
aroun muitipls actuator blecks (103} into pﬁmiti\se& Sate that the primitive
grouping may not align with the group of adtuator blocks {102} that are coupled
fo any actuator svatuator {110} The fuld actuator controlier (108} selectively
activates fuid actuators {(104) via sotivation data. For example, if the number of
Huld actuators {104) within a primitive s not fixed, Le., it vares, then the
activation data may include 1) actuation dala thetingicales a eet of fuid
actuaters {104) to sctivate for a et of actuation events and &) mask data that
dinates fuid sctuators (104} fo activate for a particular sclivation event. This
sctivation data gates the fire &%gnai st the firing delay slament (106}
(00441 The Suldic die (1 3{}} atso includes an array of actuator svaluators
{110). Bach actugtor svaluator {110} s groupsd with a subsel of actuator

blocks {102) of the array. The aclualor svaliators (M0} svsluate 8

11
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characteristic of any fuid actuator {104} within the subset it wat periains {o that
actuator svaluater (110) and generates an oulnd indicative of the Huld acluator
104) chargcteristic. Note thal the primitive it ouping doss not necessarily align
with the group of Suld actuators (104) that are coupled o an actuator svaluator
{118},
[0045]  The evaluation by an actualer evaluator {110} js based on various
somponienis. For example, the actuator s avaluator {110} s activated via an
evalustion signal. That is, when tis desived that an actusior analysis by
performed on a particular fuld sctuator (104} or st of fuid actustors (104}, an
evaluation signat iz pa,&:sesc% o an actuator svaluator (110), which indicates that
an svaluation of a particuter Buld actuator {104) is desied. Specifically, the
svaluation signal may be a delayed svaluation sigrat wit fchis delayed i a
same degree, and based on, the delayed fire signal. Specifically, the state of
any firing delay element {108} poupled to the actuator avaiuator {110} is based
on antuation data end mask data, Lo, activation data. This slate is Jatal hed, and
doed o snable the initial evaluation signal to pass a8 a delayed evaluation

ignal.

§]

€3

048] Foraxanple, ¥ the state of s first fiing ﬁeidy elemeant {108}
sssociated with a first fluid astustor (104) fs active, meaning & de tayed fire
signal has heen passed o the first fluid actuator {104}, this state of the first Sring

alay slement (108} s lalchad, e storad. Al a subsequent polnt i fime, this

&%

“etate’ data is ysed to dalay the evalugtion signal by the same amount that the
fire signal was delayed. That is, the firing delay element {108} = similar W0 the
dalay slement of the evaluation system, such %* at whan the delsy slement of
the evaluation system is active, i delays in the same amoum 83 the firlng delay
slemant {108},
§§ﬁ§?§ The avaluation of a characteristic of & fluld sctuator is also based on
nudput of an aclustor sensor that is paired with & fn d actuator {104). Thatis,
tha actusior svaluaters (110} ave coupled to actuator sensors, wi hich sensors
sutput a value indicative of a condition of the fuid gotuator This ocutput valug
can be compared to & threshold valus, or cong wierad over fime, o deteomine a

status of the assoctated fuld actuator {104).

12
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[004B8]  The sclu tor svaluator {110} raay include vanous components ©

detarming a chavactsristio of the Juld sotuator {104}, Fovexample, the actuator
svaluater (110) may include a sompars davies to compare an oulput ofa

5

ackuator sensor coupled fo a respective fuld actuator (104} against a threshold
value o determing when the respactive fluld actustor {104} is malfunclioning.
That s, the compare devics detenmines whather the oulpad of the actuator
sansor, Ve, is greater than or less than the threshaold voltage, W, The compare
device then culputs 5 signal indicstive of which is greater,

00481 The cutput of the compare device may then be passed {o 8 slorage

davice of the actugtor avaluater {110} Iy one example, the storage device may

5

be 1 latch devics that stores the autput of the compare device and selectively
passes the ouiput on, While spacific reference & made o svalu ation Ry
somparizon, other types of svaluation may oo, sy sod 38 compadson of sense
voltages from & senaar over tima.

3

[0OB0]  The fiddin die (100) alsp includes mudliple svaluation signal daia

L9
2%

devices (112), aach paired with an actuator svaluator {110} o generate the
delaved svaluation gignal. The delaysd evaluation signal s based on an infial
svaluation signal and a state of any firing delay slement (106} of the sutsel that
is grouped with the actustor svaluator {110}, Thatis, the avalue signal delay
devine {112) recelves as input an evaluation signal, whish indicates hal the
antuator avaluator (110} is to carry out asfuator svaluation. The evaluation
signal delay devioe {112) also receives as nput, a state of the firing delay
element (108} for any actuater blook {102} within the subsel that has bean
activated, That is, If @ particuter fluid actuator {104} has been aclivated via s
delaved fire signal, La., the firing delay element (108} associated with the

particular fuid actuater (104) is active, the state of this fring delay slement

t

(108) is passad to the evaluation signal delay device (112}

v

[OB51]  The eveluation signal delay device (112} receives the stale, and Lises
it {o delay the svaluation signal tn generate the delayed evaluation signal, which
delaved svaluation signal activates the corresponding astuator evalus ater {110)
By using the active stale of the fring delay element (108} to enable the delay

slament of the svaluation systeny,  can be ensured that a timing aifference

13
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bedweean firing and svaluation can e maintainad. That is, an rilial firing signal
iz offset from the initial svaluation signal by 8 pradetermined amount of time. T
ansure the tegrly of actuator &evaiuaﬁﬁn, it iz desirable that this offset be
maintained, Due to the vareing nature of primitive size of the present
specification, using o state of the firing delay slement {EO &) {0 trigger a delay
stament of the svaluation systerm snsurss that this timing is preserved,
(521 Fig. 2 is a diagram of a fluid actuator controlier {108} for fuid actuator
avaluation bassd on a delaved fre signal, acoording 1o an example of the

35

principles deseribed hersin. In this examg ie, the fluld actuator controller (108}

1, “i{}ei} For emmp%e‘, the fluid actuator controller (108} ncludas an actuation
data register {214} and a mask register (218},
53] The actuation data register (214 stores actustion dats that indicatss
fluid actuator {104} {0 actuate for a set of acluation evants. For elampls,
the actuation data mgister (214} may include 8 sef of bils (3161 through 218
12) to store aotuation dats, where sach respective Bit {216-1 through 21612} of
the actuation data registey (214} corrssponds 1o 8 respective fluld sctuator (Fig.
1, 104). The actustion data register {(314) indivates sach fuld actuator (1043t

~

actuate for g sef of actisgtion events. For exampls, for these fitdd actuaiors

,

{104} that are fo be actuated for a sot of actuation events, the corresponding
respactive bit (218-1 through 218-12) can ba setto 1" For those fluld

actustors (104} that ars not 1o be actuated for the sef of antuation events, the
corresponding respactive bit (216-1 through 218-12} can be set o007 Inthe

\

sxample depioted i Fig, 2, oll of the fluid actustors { 104} have been activated

|

for & set of actuation everts as indicated by oach having the respeciive kit 216~
1 through 21812) valus set to ™1
(00841 The mash register (218) stores mask dals that indicates fiuld

actuators (104) of the arvay enabied for actuation for a particular sctualion event

/‘*‘«

of the st of actustion svents. That is, the mask register (318) indicates s sef of
fuiid actuators (104) of the array that ate actively enabled for actuation for a

respactive actuation svent of the sat of sctiation events. For example, for

those fildd actuators (104) that are o be aciuated for a pariicular actuation

»§ “.:%'
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avant, the correspording respective bit (2201 through 320-12) can be satio
51 Faor those fluid sctators (104) that ars net o be actuated for the particuiar
actuation svents, the correspanding respective bt {220-1 through 330-12) can
e sel o "0 i so doing, the mask register (18] configures the size of the
primifives. That is, the mask register {318} identifies & frst fluid sctuntor, a filth
fitdd actuator, angd a ninth Huid sciuator (o be activated for g particular actuation

svert. Accordingly, the primitive size iz sstablished by {he mask register 218}

;w

to be four Ruid actuntors. Note that over e, the primitive size may change

tased on the nformation presanted b the mask register (218}, Thatis, the
printifive sive is not fixed.

IB0831  The fuid actuator controlier (108} also includes actustion logic {223)
The actustion lagic (822} s coupled o the actustion data register (214} and the
mask register (218} to determine which fluld sctustors (Fig. 1, 104} {o actuale
for 2 particular actuation evert, The sctustion logie {222) ls also coupled to the
fuld actustors (104) {o slectrically actuate those fuid acluators {104} salected
for actustion based on the actuation data register {214} and the mash register
{218

[O86]  The fuid actustor controlier (108} also includes shift fogic (244} to

shif mask dala stored i the mask register (318) resporsive o the performancs
of g particular actuation svent of @ set of actuation svents, By shifting the mask

data, differert Tuld actuators {104} sre indicated for acluation of & subsaguent
actuation event of the sst of actuation svents. To efiactuste such shifting, the
shift Ingic (224} may Include & ahift count register to store 2 shift pattemn that
indicates a number of shifts that ars input info the mask register and a shift stats
maching which innids 3 shift clock o pause the shifting indicated iy the shift

court e;mi&

[OO8Y]  Fig. Qias diagmm of & fhuidic die (100} fov fludd acluater svaluation
based on a duiaye{i fire signal, according o an example of the principles

l

described herain, ’“m 2 depids the fuld actuator controller (108} that groups

£ by

actuator blocks (Fig. 1, 102) and thelr corrasponding fluld antugtors (104} and

&

firng delay elements (108) into primitives and also that passes activation data
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that erbles a fire signal to activate a particular fluld actustor (104}, Fig. 3 also
depicts the grouping of particular fluld actestors to different actuator evatuators.
[00SR]  Inthis example. a fire signal (814) s received at a first fring dalay
alemant {108-1) and is propagated down a chain of delay slements (106-2,106-
3, 108-4, 1088, 1068-8, 10687, "&G&‘»S}, aach deiay alemer :a*e&mncing oa
fiid actuator (104-2, 1043, 104-4, 1048, 1048, 1047, 104-8). In this

sxarmnple, the delayed fire signal {314) has a defay amount that c% anges as th

O

number of aotivated fhid sciuators (104) changes. For swample, the initig! fire
signal (314) is delayed frst by the first firing delay slement (108-1), assuming
the first fring defay elemant (106-1) is enstiled via the activation data from the
fiuid actuator controfler (108}, 1 s example, i may be the case that
reveining fuid actuators cotplad to the first sctuator eveluator (110-1) are not
activated, but fiudd actustors couplad o the sscond actustor evaluator (110-2)
may b activale coordingly, a fifth firing deley slement (106-5) coupled to a
different actuator evaluator (110-21, may further delay this delayed fre signal via
activation data provided by the Huid sctuator controlier {108}

{00581 Thefrs »g;r";a! {314) is alfowed to pass fo g particular fluid actuator

\

(104 when activation data (318} Is passed {o the corresponding firing delay
slement {108} In other words, the firing dele y demart {109} recaives g fire
signal (314}, that is delayed, by the sutivation dats (315) thatis ;}a_ssed from the
fluid aotustor controlier (1081, In this fashion, just those flid actuators (104}
fhat are activated have thelr finng delay elements (106} In an active slale,
Activation deta (315) activating 3 particiday iAd actuatar {104} is also passed o
the coresponding fluid sciuater (104}, This activation data {318 thereby not
anly Instructs 2 delay slement (106) to deday the fire signal (314}, but also
instructs the corresponding fuid actyator (104) 1o actuate. Inother words, a
fludd actuator (104) & actuated when § recetves the aotivation data (31§ and

the delayed fire signal (214) output front the corresponding delay element (108},

;

¥

As will be desoribed balow, this activation data (318} s aiso passed 1o the laloh
{316 for storage.
[60]  The state of a particuler firing delay slement {106} is then passed fo

the evaluation signal delay devics (Fig. 1, 112). Insome sxamples, the

18
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avaluation signal delay device (Fig. 1,113} includes x taleh {316} that slores
information fo indicats i any ane of the firing delay sloments (108) sssociated
with that actuator evaluater {110) ave in an active state. That is, if any one of
the fuid actuators (104) Is activated via the delaysd fve signal, the lateh (318}
stores this information. The latoh {318) is controlied by a latch control signad
£318) which instructs the lateh (318) to store date at @ particular pont intime,
The lateh (216) aids iy maintaining the medstenmined troe difference betwesn
the firing and swluation of a parficular fluid actustor (104). For example,
sssume four Suid actuators (104} fire for a fivst actuation gvent and that the
fast of those Huld actuators {104} &t some time later point in tme, for
sxample four actuation events i the future. Al that futurs time, s
desivabie to delay the evaluation signals in the same way that the fire
signals ware delayed for the firat actuation event. Accordingly, the state of
the firs delay elemnants (108} is savad off in the lateh (316} and applied to
the evaluation delay elements {830)
[0081]  The svaluation signal delay device (Fig. 1, 112} also includes a delay

J

sloment (320) fo genarate the delayed evaluation signal bassd on the output of

i

a latch (318) and an initis! evaluation signal. Thatls, the Indial evaluation signal

T3
-..A)

323 sy indicate when a particwlar actuator evaluator (110 s to carry o an

avaluation on a fuid actuator {104) that was selecied by the activation dat

(318}, That is, the initial svalustion signal (333} passes down the svalustion
delay chaln, touching alf primifives, but just *“asa with informati slored in g

fateh (318) will trigger an evaiuation. This intial svaluation signal (323} may be
pifset in ime from the Intial fire signal (314, However, as the initdsl fre signal
{314) has baen delayed, {is beneficial for the nitial evaluntion signal (322)
similarly be delayed to malviain g predefermined spacing betwsen fiting and
evaliation of g particuler fluld actuator {104}

(00821 Accordingly, the evalustion sigrat delay device (Fig. 1, 114) includes
an avalualion delay slement {320) to generate the delayed avaluation signal
hased o an output of the fatch (316) and the initial evaluation signal (323). That
& the initial svaluation signal (388) s delaysd by e oulput of the latoh {(318),

Az the latch (318) indicates when any of the assacialed firing delay eiements

17
i

b



WO 2019/013769 PCT/US2017/041543

{108} are active, the output of the fatch (318) would enable the evaluation delay
slerent {320} to deday the initial svatuation signel {322) 1o pass when sty of the
firlng delay eloments {108) ware active. f none of the associated firing deday
slaments (108} are active, the culput of the lateh (318) ol passes, just not
delayed. In this fashion, the delay chain of the firing system is replicated st the
avaluation side to sheurs that whatevar dalay profie s formad dising sctuation,
ia roplicated along the evaluation chaln, Note that as depicied in Fig. 3, the
achstor evalustors (110 t} and evaluation signal detay devices (Fig. 1, 112) are
coupled with just those actuator blacks (Fig. 1, 102} of the subssl.

(00831 With an aciuator svaluator (110} activated via the delayeid evaluation
signal, the actustor evalustor (110} is preparad o determine & charactens st of
3 corrasponding fuid actuator (104}, Accordingly, the acluator svaluator {110}
receives information from actuator sensors {328) that are coupled 1o sach flud
actuator (104} That s, the selection of which sensar (328} o couple to the
actuator evaluater (110) is conroliad by & field-offec] ransistor | j:? SYhaving &
source connectad fo 8 coresponding sensar (336} and a drain connected to the

3
H

sctuator evaluator {110}, The gates of the field-effect ransistors {315

Py
“'~.¢

) are
conmacted to the activation data (318). In this way, the activalion dala {318}
sonnects the sensor {(336) plate of the fluid actuater (104} o be acluated to the
actuator svaluator {110 via the corresponding field-effact transistor (317},
00641 The actuator sensovs {328} may be drive bubie defectors that defect
the presence of a drive bubble within a Chamber in which the fluid achuator (104)
s disposed. Thatis, s diive bubble anerated by g fuid actuator (104} o
miove Huld,

(00831 As a specilic example, in tharmal inkjet printing, 8 fharmal sjecior

hoats up fo vaporize 8 portion of fluid in a gjection charaber. As the bulbdde

expands, it forces fuld nuwl of a noxle orifice or through @ microfiuidic channel,

Az the bubbles collapsss, » nayative prassura within the gjsction chamber draws
fud from the fuid feed slot of the Suldic die {100}, Sansing the muper

formation andg collapse of such a drive bubble can be used to evaluale whether
3 particular fuld actuator (104) s aperating as expectad. Thatls, a biockage

will affect the formation of the dive bubible. I & deive bubble has not formed ag
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axpected, & can be determined that the chamber fs blocked andfor not working
i the intended manner
[86]  The prasence of a drive bubble can be detected by measuning
impadance values within the chamber af different points in time. Thatis, as the
vapor that makes up the drive bubble has a different conductivity thay the fuld
that ctherwise is dispossd within the chamber, when a diive bubble exists in the
chambar, 8 different impedance value will be msasured, Accordingly, a drive
hubble detection device measures s impedance and sudpiils s corasponding
voltage. As will be described below, this oufput can be used 1o determine
whether i drive bubble is properly forming and therefore determining whether
the corrasponding nnzzie or pump is iva funclioning or malfunctioning state.
Thiz oulput can be used fo triggsy subsequent fiuid actustor (104) management
pperations. Whils desoription has been provided of an inpedance
massurament, other charactaristics may be measured {o determing the
chargoteristio of the corvesponding fliid actuator (104}
[B67]  The drive bubble delection devices may include a single electy jcally
sonductive plate, such as @ tanialum plate, which can detect impadance of
whatever medium is within the chamber, Specifically, sach drive bublie
detection device measures an impsdance of the medium within the ¢jeclion
chamber, which impedanoe measura can indicats whether a drive bubble i
aresant in the chamber, The diive bubble detection device then outputs & first
voltage value indioative of a characteristic, L., drive bubbla formed or not, of
the comesponding Tuld actuator {104 This culpid can be compared against a
threshold voltage to detenmine whather the fitdd actuater (104} is malfunctioning
or otherwise noperable. Note, that as deploled in Fig. 3, In some exampies, the
actuaior sensors (326} are uniguely paired with & corresponaing flutd actuator
{104}, e, Suid pump andlor fiuid sjsctor and that a single acluator sveiuator
{110} Is shared among aff the fuld actustors {104) within the subset. inthis
axamps, the suhset of actuator sensors (328} that corraspond 1o the subset of

3

fluid actuators {(104), the actuator svalustor {110} associated with the subset of

fluid actuators (104}, and an evaluation signal defay davice (Fig. 1, 112} couplad
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with the astuator evaluatar {110) associztad with the subset form gn actistor
avaiuation module {3235

TO08R]  Fig. 4 is g flow chart of & method (400} for fluid actuator evaluation
kased on 3 delaved firs signal, according to an example of the principles
desoribed haraln. According to the method, & fluld actuator (Fig. 1, 1M is
sctivated {black 401) based orr & deleyed fire signal. Specifically, the fluld
actuator contealisr (Fig. 1, 108) passes aclivation data, which is based on data
i an actuation data register and a mask register. This activation data targsts 2
particular fuid aotuator (Fig. 1, 104) during @ particular actuation event. This

activation dats also delays au intial Hre signal to the fluid actuator (Fig. 1, 104},

,.

That is, the activation date is reosived &t 3 firing delay element (Fig. 1, 108
witich uses the aotivation dabs to delay an inflial fring signal. This delayed fire
signal activates {hlogk 401} the fuld actustor (Fig. 1, 1), For axample,
therma! inkiet privting, the heating slement in a tharmal slector is healed 80 ag
fo generats a drive bubble that forces fluld out the nozzle orifice. Daing so
generates  sense voltage output by the oorresponding actuator sensor {Fig. 3,
A283, which output s indicative of an impedance measure at 8 parliculsr point in
time within the chamber,

(00881 A particular actuator evaluator Fig, 1, 110) is then selected (block
403 for activation.  The actuator evaluator (Fig. 1, 110} that s aotivated
corresponds to @ particular fluid actustor (Fig. 1, 104} to be svaluated. The
sstection (Mook 402) for activation of the actuator evaluator (Fig. 1, 110} is via
the imitial evaluation signal. A delayed svalustion signal is genarated (bloc

403}, which delay i commensurate with, and hased on, the delay imposed on 3
fiudd achuater (Fig. 1, 104} during activation. That is, the stale of a firing delay
stement (Fig. 1. 106) s storad in & latch (Figl 3, 310) and used fo gate the initial
svaluation signal. Thal is the delayss

¥

avalmtion signal to generate the delayed
avaluation slaral s based on the delayed fre signal, which is indicative of &
stete of the firng delay slement (Fig. 1, 108}, and the inltial evaluation signal.
[B070]  With this signal recelved, an actuster cheracteristic ook 404) js
svaluated. i this exampds, the sense voltage s used {0 determing the

characteristic of the Huld actustor (Fig. 1, 104). In some sxamples, svaluating

20
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{Block 404) o characteristic of the fluld actuator (Fig. 1, 104} includes compating
the sense voltage, Le., the oulpus of the sensor (Fig. 3, 328) against a tweshold

voltage. In this example, the threshold voltage may be selected o ola aﬁ},e

g

e

icate u blocked, of atherwize malfunctioning, fuld actuator (Fig. 1, 104}
That iz, the thrashold voltage may corespond 10 an impedancs maasirement
expented when a drive bubible fs present in the charber, Le., the medium in the
chamber at that particular fime s fluld vapor. Accordingly, if the medium in the

chamber were fluid vapor, than the recelved sense voltags would be
comparatie to the threshold voltage, By comparisen, If the medium in the
charmber Is print fuld such as ink, which may be move conductive than fhud
vapor, the impedance would be ower, thus a lowser voltage would be prasent,

Accerdingly, the threshold voltage is configured such that & voltage lower than

the Sueshold indicates the presaence of fuid, and & voltage higher than the
threshold indicates the presence of fuid vapor. 1f the sense voltags is thersby

groater than the threshold voltags, it may be defermined that a drive bubble is
present and f the sense voltage is lower than the threshold voltage, i may be
detarminad that @ drive bubble is not present whan i should be, and a
determipation rmade that the fluld actuater (Fig. 1, 104} I8 not ;’j&?:"?(}i‘miﬂg as
expented. Whils specific referenoe is made fo outpul & low voltage o indicate
fow Impedanos, in ancther axample, a high voltage may be oudput to ndicate
fowe impeadans

O by another example, svaluating (block 4043 a charactenstic of the fiuid
actuator (Fig. 1, 104} includes passing mulliple instannes of the oulputto a
sontroller for analysis. In this example, the multiple instancss, rgcehed over
thrie, may be analyzed to determine § the resull ;ng senge profile nddicates a
healthy functioning fluld actuator (Fig. 1, 104} or @ particudar actuator

matiunction

00721 Inone syample, using sudh 2 fukdic dis 1} allows for actuator
evalustion circuitry to be included on g dig as opposed o sending sensed
signals to aotuator evalusation crouitry off dig; 3) Increases the afficiancy of
bandwidth usags betwean the device and dis; 3) reduces computational

o

overhead for the dovice in which the ftdd sjection dis is disposed; &) provides

21
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mproved resolution dmes for malfunctioning actustors: §) sffows for acluator
evaluation it one primitive while allowing continued operation of atiustors in
another primitive; and 8} places management of noxzles on the fuid ejection die

as opposad o or e printer i which the fluld ejection dis is installed, ¥

Frepan

sccommandates for variation in primiive sive, and 8) snaures an svaluation
delay per fluidic die matches an actuation delay for the fluldic die. Howswer, itis
sordemplated that the devices disclosed herein may address other malters and
deficlencies irva number of fechnical areas,

MIOT3]  The preceding descriplion has been prasented to Hiustrate and

33 0]

desoribe exe ﬂp%ﬁ& of the principies described. This desoription & not infended

to be sxhaustive or fo limit these principles to eny precise form disclossd. Many

madifications and variations are possibls in Hight of the above leaching.
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1. A flundic die comprising:
an array of sctuator blocks groupsd info primitives, an aotuator block
cormptising:
a fiving delay slement o generate a delayed v signall and
3 fuid actator to be activatad via the delayed fire signal)
an aciuator condrolisg to group actuator bosks into primitives and to
activate Huld avtuators
an array of actuater evaluaiors, wherein aach actuatey evaluaion
iz grouped with a subset of actustor blocks; and
iz o evaliate an actustor charactenstic of 3 corrasponding
fluid actugtor based ons
an outpud of an actustor sensor pairsd with the fiuid

actuaton and

& delzaygzd alugtion signal which is delaved based on
the delayed fire s ;and

i

an evaluation signal de iay device palred with each actuator svaiuator
to genorate 3 delayed svaluation signal based on an initial evalusation signal

and a state of any firing delay element i the subsst,

2. The Huidic die of olaim {1, wheraln @ number of fluld actugiors inth

{'n

primithee i not fxsd.

3. The fluidic die of claim 2, wharsin the delayed fire signall
is propagatad trough a number of primitives; and

has g e&:%ay amcunt ihat changes as the number of activated fluld

4. The fuidic die of dainy 1, wherein the wvalu
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a latch fo store the state of @ firing delay elemeant for any fluid actuatar
of tha subset o be sveluated ard
ars evaluation delay element to gensrale the delayed svaluation signal

hased on an output of the latch and the initial svaluation signal.

5. The fuidin dis of oiaim 1, frther comprising an array of actualor
sensors, whersdn sach actustor sensor s palred with a fluid actuator, an

kY

sctuator sensor to generats @ signal indicative of 8 characteristic of & fhed

£ A fuidio die compising:

an array of actuator blocks grouped into primitives, an actuator block
comprising:
a firing delay slement o generate a delayed fire signal; and
a fluidd actuator fo be activated via the delayed fire signal;

an array of antuator sensors (o generate @ signat indicativeof a
characteristic of a fuid sctustor, wheraln egch actuatar sersor is coupled to
g respective fuid goluaton,

a fluid actuator controliar o group actustor blocks infe imilive and o
activate fluid actuators, wharaly the fuld ectuator controller comprises:

an actuation dala register to sforg actuation data that indicates
fludd actuatons o actuats for a sst of acluation svenis; and

a mask register comprising a respective bit for sach s }ea:i\se
Huid actuator 1o store mask data that indicales a set of Suld actuators
of the arvay enabled foractuation for a particular actualion event of
the set of actuation avenls,
an array of actuator evaluaiors, whereln each actustor avaluaton

ix grouped with g subset of actuator blogks and

5 1o evaliuate an actuator characteristic of 8 oorresponding
fiuid actuator based o

an outprd of an actustor sensor patred with the fiula

actuatorn and

24
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a delayad avaluation signal which is delayed based an
the delaved fre signal and
an svalugtion signal delay device palred with each actustar svalustor
o generate g delaved svaluation signal bazssd on an inilial evaluation signd

and a slate of any firing delay element in the subsst.

7. The fuddic die of claim 8, further compeising an aray of nozsles,
wherein

aach nozde comprises a fluld actuatar of the array of Huid actustars;

each fluid actuator is a fluid ajecior which, whah activaled, sjects s

grop of fuid through & noezzle anifice of the nozzie,

8. The fluidic die of claim 8, further comprising snoamray of microfiidic
channeals, whersin
aach microfiuidic channe! comprises 3 fluld actuator of the array of

fluid actuators; and

aach fuld sctustor tv & fuld pump which, wien activated, displaces
fluid within the microfluidie chammel,
g, The fludic die of claim &, frther comprising shift legic o shift the

mask register upon completion of the partictdar acluation svent o ndicate

another aubmet of fuid actustors snablad for agtuation for anothar oliation

avant of the sel of scluation svenis.

1. The fluidic dis of clalin 8, whereln the svaluation signal delay

r:é

bypasaghis.

11 The fluldic die of daim 8 wherein the svaluation signal delay device
genarates a delayed svalugtion signal such that ¢ diffsrence betwean the
delaved svaluation signst and the delaved fire signal s the samp as a

diffarance bebween the inilial svalugtion signal and an indial fire signall
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12, The fluidic dis of daln 8, wherein the actustor avaluaior and the
avaluation signal delay device are coupled with just those fluid actuators of

the subset,

13, The fuddic die of claim 8, whereln & sibsel of the acluaior sensors
that correspand to the subset of fuld sctustors, the sctater svaluator
associniad with the subset of Suid actustors, and an evaluation signal delay
device coupderd with the astuator evaluator associated with the subset form

actistnr evatuation moduls.

4. A method comprising

activating a fiuid sctustor baserd on a delaysd fire signal to generate a
senae vollags measurad af & corresponding actustor sensot;

sslecting an actustor evaluaior grouped with the Huid sctustarn

generating 3 delayed evaluation signal based on the delayed fire
signal and an initial svaluation signal, and

determine, upon reoeipt of the delayed svaluation signal, g

characteristio of the fitdd actualor based on the sense vollage.

15 The mathod of claim 14, wharsin the infial evaluation signal is offset

front an itial fire signal by a pradefermined anmount

28
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