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The delay circuits delay a number of activation pulses that activate the ac-
tuators associated with the primitives to reduce peak power demands of the
fluidic die. A number of delay circuits may be coupled to each primitive.
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FLUEDIC DIE

BACKGROUND

im}i‘ﬁ} A fhuld ejection printing system includes a printhead, a Tuid supply
hich supplies Sukd such ag ink to the printhead, and a contraller o contral the
,“mheaa The printhead may gect Suld through & pharality of orifices or nuzales
toward a print madium, such a8 2 shest of paper, in order o print the fluid onto

the print medium, The orifices may be '%s"‘a{‘{.yéd na rumbar of grvays such that

1]

by

nraperly sequenced aipction of ink fram the orifices causes charasters ov other
images to be printed upon the print medium as the printhesad and the privg

madium arg moved relative 1o sach othern
RRIEF DESCRIPTION OF THE DRAWRNGS
foaag The accompanying drawings Mustrate various axamples of the

principles described heraly and are part of the specfication. The iMlustrated

gxamples are givan mersly for Hustration, aud do not imit the scope of the

pes

claims.
R Fig, 1 s a block diagram of 8 fluid ajlection device, acourding e an

axampta of the principles desetited hereln,
f0004] Fig. 2igatl
Hluidio die of Fig, 1, acoording 1o an example of the princigles describead herain,

Py

hlock diagram of a printing devics Inchuding a numberof

{H00S] Fig, 3 is a block diagram of 3 primifive delay design, according to

pe)

an axample of the principles desuribed heein,

by
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[0008] Fiq, 4 is a Hne graph of & total carrent within 2 fluitlic die diring an
activation of a number of mimitives and i comparison to the acthation of the
primitives, sccording to an exanpls of the pina iples desoribed heradn,

oand Fig. 5 Is 2 block diagram of a digital-to-anatog converter (AL
and control voltags generator, acoording fo @ exarmple of the principles
desoibed hawan.

Fo008} Fig. 8 is a block disgram of & voltage g~controlied delay cell,
acconding to anather example of the principles desoribed hersin,

[O008] Fig. 7 is a Sowchart depicting & mathad of raducing peak powesr
demands of 5t least one fluid sjection device, according to an example of the
orincintes described hersin

0010} Fig. 8 is a fowchart depioling a mathod of calibrating & fidio di
aonording to an example of the principtes descibed herein.

{014} Fig. s a block diagram of a fluid cartridge, acoor ding {0 an
sxampie of the winciples destribed herein,

fao1g] Throughout the drawings, identical reference numbers designale
similar, but not necessarily identical, slements. The figures are nat necessarily
to scale, and the size of some parts ay be sxaggerated to more clearly
Hustrate the evample showr. Moreover, the drawings provide exanyples andior
pnplementations consistent with the description] howewer, the description is not

fmited fo tie exampies andfor implementations provided in the drawings.

0043 In one exarpie, ¥ printhead may sjact the Suld through the
nozdles by activating a number of fiuid scluators. none axample, the flidd
sctuators may nchude thenmat realstive devicas that rapidly heat & small volums

of the fitid Jocated in vaporization chambers to cause e figiad 1o vaporize and

iﬁ'

o giocted from the nozzles, Inanuther exan miple, the fluid schuators may
irclude plerosactric matetials lovated in @ number of fiuld chambers thal
change their shape whan an slactis fled is applied to them o Increase

pressurg within the fuld chambers foreing the fluld from the fluid chambers, To



WO 2019/017867 PCT/US2017/042330

activate e fuld sctuators, power is supplised to the fluld actuators, Fowey
consumed by the fluid actuators may be equal to Vi, where Vs the voltage
across e fuid actuators and § s the current through the fRid acluators: The
slectronic controtier, which is may be located as part of the progessing
slactranics of @ printing devics, controls the powey supplied to the fluid acluatars

57

from @ power suppdy which s extermal to the printhead,
[Ga14] i1 orse type of fluid glection g}riming systam, printheads receive
activation signals ihcluding a number of aclivation pulsas fror the sontrolisr.
The controlier nanfrals the drog generator energy of the printhead by controliing
the activation signat tming. The tming related te the activetion signal includes
the width of the activalion pulses and the point i firos at witich the activation
pulse onours. The controfler may also condrol a drop generator enargy by
cantrofiing the slectrival current passed through the fuld actuatars by controliing

the valtags level of the powsr supply.

{0018} Primtheads may include a plurably of fuld acluators used o sjact
fhe fuid from the printh&a and these fluid actustors may be grouped together

ito & plurality of primitives. In ong example, the number of fluld actuators in
sach pringtive may vary from primitive to priritive, In ansther gxample, e
number of fluld actuators may be the same for sach primitive

{08 Fach fuld actuator includes an assochted swilching device auah

as, for example, @ Held effect ransistor (FET). Inone axample, & single power

P

josd provides power to sach FET and fluid actualors inea of primitive. Inons

example, aach FET in a primifive may be controfled with a saparately
enargizable addrass lead coupled fo the gate of the FET. In anather exampla,
pach address lrad may be shared by multipls privithves, The address leads are

sontrolied go that only one FET s switnhed on ol & given time so thal st most @

23

ingle actuator in a primiive has elsctrical current passed twough Tip cause
fha fluid in the cowesponding chamber o slect Huld ot the given time, Inone
example, the primitives may be arvanged I ihe printhead in rows and columns.
Thara may exist be gy *mmbe,f of colurns of primithves and any nurbsr of

rows of primitivas within the printhead,

X

£
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oo Fach fiifd actuater in & primitive may be assigned an addreas, In
most circumstances, only one fluld actuator per prinitive is actusted at 8 tims
hased on the address provided to the primitive. When an activation pulse is
sonvayed o a column of priitives, that sctivation pulse may be delayed
batweern primitives o primilive groups using primitive delsy devices, These
reimdtive delay slements may be used o offsel when actualors and thelr
associaied nozzles in o columm activate, Tha delay slements may also be used
o decreass nolse, maimum time rate of changs of the currant (A, and
ground riss. The delay time may be sither diglal or analog in nature,

o818} This dalay reduces peak currenis and the maximum difdtn arder
fo avold over-burdaning the powes supply to the g}rin‘:‘s‘;aaﬁ and in ovder o
provide encugh powsr to sach actuator within the printhead, The primitive
delavs also ol as 2 type of vidual primitive where | acls as an unactuated of

"o pinitive, resulling in the mavimum number of printtives that are gctive of
‘on” being less. This causes the power consumption te be fimited and feduces
pesk ourrent within the printhead or fuidic die. One costto causing §

printhead to utitize the primidve delays is that the activation pulss takes longer

o et o the botto of the colunin of primitives and complete the activation
sulse for 3l the primitives in the colurmn, This eqpuates o baing unable o

comnplete g weint job as fast as may othenwiss ba possible sines g subsegqueant o
next aclivation pulse cannot inftiate at the first or top primitive urdll activation has

.

initiated iy the botton primitive for the previous activation event. Gonsequently,
1 some systams, the maximum activation fregusnoy may be imited by the fime
i takes for the activation pulse o propagate down the column of primitives, In
othar words, 3 frade off may be made between ol and dt. The difdtis
decreased due o the current (I going down whils tme (T} s increasing. In thig
raanner, Dnay be feilored (o a desired value to maxinize parformanca.
80183 in gome cases, 2 digital delay croul] that utilizes a synchrenous
clock signal from a fre clock may be used o provide a delay hatween the
primitives. Howsver, inclusion of & doeck devics in the printhead or un the die
resulls in ether mited ramaining space on the dig, or causes the size of the dis
o ncresse o accommodate for the addition of the clock device and other

4
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associated hardware, Giver that the die may, In some cases, be made of
expensive matsriale such as siloon, and may b axtremely difficult and

sensive to manufacture, addition of  gigta al clock may prove econcmically
impermissive, Further, sliver die may be githin the printhead. Sfiver die
may include a thin silffcon, glass, or other substrate hawing @ thickness on the
ardar of approximataly 850 mictometers () or less, and a ratic of lengih to
widih {LAV) of at least three, Givan the very small dimensions of such shiver dig,
adaision of dgital devicas may not be feasible. Thus, examplas described
hersin provide an activation pulse delay system thatmay ba included ona dis
without requiring the dis to be expanded in size while reducing pesl curenis
and maximum time rate of changs of the current (@il in order to avoid over-
burdening, the powsr supply to the printhead and in order to provide enough
power to eash actuator within the printhead. Again, the delay thne may be
gither digdal or an 1§=:>§ in nature, Ubiliing an analog delay over g digite! delay
ey save araa on the die as wall as take ibto ascount ditferent prigt frequency
fargets, Gompaved o, far ezxam;ﬂé, a digital delay systern, an analog delay
systeny consumes less area within the column of primitives, even theugh Emay
consume &t least @ portion of ares external to the column,. This, in tum, aflows
for less constrained print masks and halftoning masks, In one edample, &
varlable delay may be detectad by visual inspaction andiar measuring high-side
supply voltags (VPP} curend
EE Pt A delay between activations of the acluators in & eolumn may ba
used to lmit the number of actuaters *an” or activated at the same time, Inone

a
example, dightal delays may be used to sccomplish this delay. Howswer, digitat

¥

{

dedays ave large in area and if move than one clock gysie is desired fora
programmahie option, thery a digital activalion pulse delay system may become
vary large.

on21l An analog dalay may be used instead 10 alleviste the space ssus
since an analog activation pulse delay system takes un less space on the
However, an analoy aciivation pulse delay system may be & "fixed" delay such

as » digitat defay, and this "ixed” deigy may fiealf vary Dased on procsss,

F o

&1



WO 2019/017867 PCT/US2017/042330

yoltages, temperature (FVT) EI"'ELQ!’TZ { oivoult fabwication paransters, making the
analng activation plilse delay system less useld,
i{)&ﬁ} A vaniable delay element may be used whers a number of anslog
refarence volt tages of @ digital control signal is genarated, and rowt d o the
primitives. The delay may be vared based on that analog voltage or digital
value, An analog vollags may be effective dus to fewer wires than digital
nputs. When a method of sxternally observing this delay is added, plus the
ahility to write a dightal register to change the dalay, an extst ral system may
prograny the delay to an oplimum value in srder o rriniimiize the nunber of
primitives on at the sams tme, while taling infe account the aclivation
fremuency desired and FVT. This may represent he most ap%imai oWwer ysage
for the system, Further, the digital delay valua may be auts matically adivstad
for temperaturg by shifting the timg based an & focally meastred femperature
or based on a dis temperature measurad by a system controlisr. A delay

resoiution may depavm an the number of digital bits iy the deday register and the

Y,

atze of fhe associated digialto-analog converter (DAC) ¥ using an analog

3

voltage bassed delay elament.

-~

i

[0023] Examples deacribed hersin provide a fuldic die. The fluidic die
ncdudes @ number of actuators, The number of actuators form a nunthsy of
privitives. The fluidic die also Includes a digital- Jo-anatog sonverter (DAC) o

drive a number of the delay cireults. The delay ciroults delay & number of

activation pilses that activate the actuators associated with the primitives fo

reduss peak power demands of the fuidic dis. The Huidic die also includes g
number of delay cirsuits coupled fo each primitive.

{00243 The DAD is & dis-global cirault slectically couplest to the delay

cireuits of each primitive. The fluidic die may include 8 numbey of register bits

stoved In g data storage devics on the fluldic din, The registar s contrnt &
signal ouipul by the DAC based on & delay sefling for each of the wimiltives, A
rurnber of fransistors within sach of the delay cirouits are uned to an opsraling
point of the delay crculf based oran output aignal of the DAC {0 calibrate the

dutay ciroults relathve o the DAG
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F0025 The fluidic die also ncludes g Mas voltage generator coupled o
the DAC to provide a ldas voltage 1o the DAL, The bias voltage oulput by the
bigs voligge generator s tuned based oy the opsrating point of the delay
clrauits. A number of compensation devices may be ihcludad within the fluldic
die to cormpensate for 3 number of procesy, voltage, and tamperaturs (FVT)
variatinns within the fluidic die

{80238} Examples described herelr also provide a printing device, The

..’7

privitiveg devics includes @ number of fuidie dies, The fuidic dies moude &
runther of actumtnrs, The number of actustors form g number of prén"si*iif\f@& The
fluidia die may also includs @ number of delay sirouits coupled to sach primitive,
and a digitabto-analog convertar (DACY to diive 8 numnber of the delay aroult

The delay clroulte deley @ nunder of activation pulses thatl activale the actuators
agsociated with the pimitives o reduce paak power demands of the fludic dis,
A privt functon e defined through a user inferface of the printing device, and the

deday cirouits deday sach primitive bagsd on the defined print function. A lengt

of the activation pulses is based on the number of actuators, the number of
priniiives, a print function, a prind demand, or combinations therest, The
activation pulses may include a pulse train that includes a numbar of the

activation pulses, The sum of the activation plises forms g otal activation

;,rs

snergy. The delay circulls and DIAG are located on the fluidic dies.

aan E:mm;::ées dengribed harain also provide a method of reduting
peak power damands of at least one fluldic die. The method includes, with 8
processing device, defermining a primitive galay of ths fluidie dis hased on
mefruchions recstved from the procssaing device. The processing devics
instructs the fuldic die fo d‘e»}ay A numiber of gctivation pulses for a nurbar of
firing actustors within a column of actuator primitives using & number of delay
circuits coupled to each primifive and a diginbo-analog convertar (DAY to
detve 3 numbey of the delay oireuits. The method may alse include ganeraling
an activation pulse for each of the actsior primnitives of the fluldic dig, and

$¥ Ps

ach ia the aotivation pulse, 8 numibey

of actugtors associated with the

sl hnitives hasad an the primitive delay.
z



WO 2019/017867 PCT/US2017/042330

{0038} The method may futher includs calibrating the delay cirouits by
tuning @ number of ranststors within sach of the delay ciroulis 1o an operating
point of the delay creult based on an oulput signal of the DAG, A numbsy of
ragister bits may be stored on @ deta storage device of the fhuidis die, and, with

the ragister bits, @ signal culput by the DA may be controlied based on & delay

sasting for aach of the primitives, Tﬁe mathod may includs, with @ number of
compensation devices, compensating for a numbsr of process, voltage, and
tamparature (PVT) variations within the fluldic dis. I one sxample, the jiileite

e may include a nonvalatle mamory device such ag, for example, & RO
memary devics, that retuns addiional information back fo8 00 anfrofies that
assistin indicating what King of delay s npcessary

0029 s usad iy the present specification and in the appended olaims,
the term *a nurber of° or similar language s meant to be undersiond broadly as
any positive number comprising 1 fo infinity; 2ere not being @ number, but the
absence of & ninber,

10030} In the following desorption, for purposses of explanation, NUMBOLS

$

spenific detalls are st forth i arder to provide a thorough understantding of the
present systems and mathods. B will be apparent, however, o one skifled iy the
art that the present spparatus, systams, and methods may be prac cticsd withou
these specific details, Reference inthe ination 1o "an axample”’ or similar
language means that a particular fealure, structurs, of characteristic desoribed
i connacian with that example is included ag desoribed, but may or may netbe
included in othey examples.

a3} Turing now o the Sgures, Fig. 1 s a block diagram of a fluid
siection device (100}, acoording to an example of the principles described
herain. The Suid eection davice (100} may be any device capable of sjaalting

v

fluids such ag inks fram an aifice 5, for example, 8 nozzle. Although the
desoription hersin relates to thenmal ir‘x}e‘t or pieroslectric intheags, the
dasoriptions re gd ey of primitives for decreasing curvent draws o a

power source Wiay apply o any device that sjects Huids,

003d] The fluid slection device (100) may include & number of fluidic die
$1503. The example of Fig. 1 depicts one fluidic die (150} Howewer, the fluid

&
T
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slection device (100} may include any number of Tuidic dis (180}, nona
example, the fluid ejection device (100) may indude a plurality of fluldic d
CES) aranged i glong & print bar to form an array of fuldic sdie (150 1
{0033} T

O, 102-1, 1022, 102-3, 1084, 102-8, 102-8, 1057, 10200, 1d-nt, i{}fé’:“s‘z?z,

hye fluldic dis {150) may include a nunher of Huld sctuators (T02-

10203, collsctively referred o herein as 102} to eject fluid from the Bultic d
(180), The aciuators (102) may be any devite used to move fuld in a diraction

ov forge e Hud mmh any orifios such as a nozzle, For example, the
actuators (102) may be thermal resistive devices, plezoelactric devices, pumps,
cropumps, misrs-reciroulation pumps, other gjection devices, or 00 mbirations
thereof. In one examnle, sach actuator (102 may include a switching device
such as & feld effect ransistor (FET). The FETs may be controlied with a
ssparately energizable address lead coupled to the gates of the FETs. Inons

swample, sach address lead may be shared by multiple primitives (101} The

Q,

address leads ae controlled so Hhiat only one FET is switched on at a given time

so that at most a single actuator (102} in a primitive (101} has electrioal current

passed through § o activate the achuat {‘?OE} al tha given thne.
{00341 The actuators (1021 may be grouped into a rnumber of primitives

{101-0, 101-1, 1000, colie

ary grouping of @ number of sotuators (102} within an array of actuators {102,

“‘A

sotively refarred to herein as 101). A peimitive (101 s

i1 one example, the number of actuators (102} In sach primitive (107} may vary
from primitive to pinsitive. In ancther exarmple, the number of actuators (104
may be the same for cach primitive (101} within the fluidic dis (180}, Inthe
axamules described hergln, sach primitive (101} may include fowr actuators
{102} sach, Further, varfous numbers of pricsithees (101} are i‘iﬁ%p%{:’iﬁd
throughout the figures, and slipses are included in the figures indicats the
potential for any number of primitives {101] to be includad within the fuidic die

{180). Efivses ars used throughout the figures fo denote that any number of
that element may be included within the fuldic die (180},

[O038] Each fluidic dis {150) in the fluid sjection device (100} may nclude
a digitatn-analog canverter ({}AC} {120) to drive a nurnber of delay olfculls

(108). The DAC (120} converts a number of digital signals receivad from, for

93
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sxample, a processing devics, into an analog signa al, snd sends that anslag
sigral onto ot least one delay cirauit (108}, For evary fluldic die {150) produosd,

1

a differant optimal delay may be tuned within s assonated BAG (13 o

anigure that the DAD's (120) performanse is s consistent as possible.
[00386] Eurther, the fuid eisction device {100} and its Thuidie die (180} may

be instucted o peint using diffarent print maciﬁs that sperate ot different
fraquencies. With these different frequencies, thers axists more o fees time 1o
spraad oul the surent and reduce the maximum difdt. Thus, i one axample,
the DAD {120) may be funad to optimize power sonstmplion angd power
ditharing for sach print mode individually, In one axample, the delay resultant
from tuning the DAC {120} and providing its signal fo the deley clroult (108} may
he madniized in orger to lower the maximum difdl 1o one sxanyple, the DAC
{130) may b luned and used as & blas 1o change a Bias point of the daelay

¢

clroult {108), By tuning the DAC {120} t an oplimum bias poirt for s

associated delay sirsult (105}, an optimal delay may be propagated down he
column of primitives {101, This tuning of the DAC (120} calbrates the DAC
{120) and the delay cireuit (105 to suit that pavticidar fluidic die (180}
[a0aTy Fig. 1 depints a nurnbsr of delay clrcuits (105} on the fluidic die
{105) one delay {108) per primitive (101). However, the fluidic dig (150} may
inchude any number of delay ciroults (105), and, in one example, ms v inchide a8
plurality of dalay cirouits (108) within a colurn of the prirpitives (101}, none
exavaie, a set of a plurality of delay cirouite (108} may be includad batween
sach primitive {101) 1o provide instructions to sach ;s Fnitive {“i Q1) as the
setivation pulse used fo actuate the actuators {102} s ransm tted {o each of the
primitives (101} as {o what degres the activation puise fstohe dg.-:iayed\ The
delay circuts (108) may be any device or viroul that defays the prie theas” {101}
use of the activation pulss or otherwise alters the timing at which a subseguent

primitive (101) and ite sctuators (108) begin to aclivale. In ohe sxanpie, the

delay ciroutls {105) may cause o delay between activation of the primitives (181
¥ :‘(’ ¢ (Y J

&

iy
]

75
=

%

=

=

53)

'.?)

ately 22 nanoseconds {(ng) pm ;:ieiazg sirouit {105) with 8 cumulalive
delay within a coliann of primitives (101) being approximately belween 18and 3

mioroseconds {Ug),

4y
L
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RS iy an ax;amp?e wheare one delay clrouit {105} is used as depictad in
Fig. 1, the DAC (120) supplies an analog signal to the delay arault {108}, amd

the delay cireuit su;:s;;ai:iez-s that signal 1o a first primitive (101-0} in the column of
primitives (101). Ones the first primithee (301-0) has utfiized that signal, the first
orimitive (101:0) may propagate the signal fo the nexd primitive (1011 and g0
o unBt the fast primitive (101-n) has received the delay signal. The activation
pidse activates each of the actustors {102) sssociated with $he primitives (104]
as instrusted by a provessing devics {ii}‘ The acthvation puilses ars delayed
hetwaen the primitives via at least one delay cirault (108} to reduce peak power
demands of the fuidie e, In this manner, the daley clrcults (108) delay a
rumber of activation puises that activate the actusiors {1072} assovisted with the
priitivas § ‘ 101 to reduse peak powsr dermands of the fluid slection devics
{100}, and 3, in one sxample, number of delay cirouits (108) may he coupled
aach primitive.

PR by all the sxamples, however, the DAC (120) s a disglobal cireutt

%y

that is slectrically coupled o the delay creuit(s}

e

105) of sach primitive (101},

5o

As is descdbed in more detaill harein, the fluid slecion device {100} may include
a number of register bits stored i a dats storage device on the fiuid election
device {100). The register bits may be usad to control @ signal ouipy t by the
DAD {120) based on a delay setting for esch of the primitives (101 A A numbay
of fransistors within the deday ciroult (105) may be tunad fo an operating point of
the dalay oiroult (108) basad on an oufput signal of the DAG (1301t calibrale
the delay ciroults (108) relative fo the DA (1201 A bias valtags generator may
be coupled to ar forrosd a8 pafi of the DAC (120} in arder 1o provide a bias
voltage to the DAC {120). This bias voltage culput by the bias vollags
genarator may be tuned hased on the aperating point of the delay oirawilis}
{405}, Further, in one sxampla, 8 numbsey of compensation devices may be
included with or within the DAC { 130} o compensale for 8 nignber of process,
valtage, and temparature (PVT) variations within the fluid ejection device (100},
joa4any Fig. 2 ts @ block diagram of 3 printing devies (200} naluding a
nurber of fuidic dis (180) of Fig. 1, acconding to an sxampls of the principles

desaribed herein. Similariy-numbered slements included in Fig. 1 and

ity
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descibed in cormaction with Fig, 1 designate similar slemants within Fig. 2
The printing device (200 may nclude any numbar of fluidic dis (180}, Futhe
the printing devics (200} may include & DAC (120} an riet at legst ane ciw%x; Coult

{“sﬁi“:‘}‘ Each fluidic die {‘H}{B} i the printing devics { 3} incledes at laast ong

ks

Y

{1280 and the d::sziawy‘ virouis HO*‘)‘: are gh\*aifgasiy small and take up very litle
gpiace o & fuldie die (100}, the DAG (130) and the delay circults {108 may be
manufantured divectly on the Nuidie die (100) without increasing the size of the

fraidic die (100} and, in urn, withowt inoraasing the costio manufaciure tha

fiuidic die (100} The DAC {120} and delay irouits (108} may also b Inclusied
ort a shiver die withaut increasing the size of the diver dis,

a4} The printing device (200} may further hclude a processing deviee

{103} and & memory device {104}, The processing device (103 mey oontrol ak

fiddic die (150} within the printing device (200}, The printing device (200} may
innlude a number of Suidic dis (150) with each of the fluidic die (180} including &
number of actuators (102) o siect fuld from the fluidic die (180}
00434 e exampie‘ the memory davice {104} may be located within
the printing devics 200}, In another sxampde, the memary devicas {104 may he
focated on the fluidin die (180}, The memory device {104} and othey memary
devices descrivad hersin may include vainus types of memaory modides,
including volatile and nonvolatite memory. The memry deviog {104} may
inclute @ computer readable medium, 3 compuder readable storage msdium, of
& non-transitony computer readable medium, among others, For example, the
mamory device (1043 may be, but not limied to, a0 & secironic, magnatic, oplical
slectromagnetic, Infrared, or semiconduntor system, apparatus, o device, ar
any sultable combination of the foregoing. More specific exan los of the
conmputer readable storage medium may include, for exampla, the folowing: an
elecirical connaction having a numbst of wires, g:s{}r?a*'ﬂ%sa comnputer diskatte, 8
mard disk, a randdonkancess menmary (RAY, & read-onily memary (RCA, an
srasable programmabie readonly memory (EPROM or F}ssh mamary, &
nentable compact dise read-only memary (CD-RON], an opticsl storage device

a magnetic storage device, or any suitatile combination of the foregoing. i1 the

‘12
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aontet of this dosument, a compuuler readable storage mediuny may be any
tangibde medium that can contain, of store computer usable program code for
yse By of i connection with an Instruction execution ey«tem apparalus, o
devics. Inancther exarapls, 8 computer readable slorsge mediun may be any
nor-transiory medium that can contain, or store a program for use by or in
cormiection with an instrction execution system, apparatus, o device,

45

{00433 I one exanple, ihe memory device (104} may store printing
mcles that indludse registars that define s lamporal delay stpplied by the delay
cirouite (108). In ons example, the processing devios (103) stores in the
mamory device {104) the desired printing maode among any number of avallable
peint modes it ordar to sbisin 8 deslred teruporal delay between the prinifives

(01 and, as @ result, 3 desired peak or maximum currant within the column of

orimitives (101} and » desired print duration. The fluldic die {180} and the
ps‘%nﬁng device (200) miay oparate i any nurpbar of modes, and these modes

may define any number of sssockated femporal delays thal may be, in tum,
stored in the mems*‘g device {104 and pead by the delay circuit (1081 I ong
axampls, the delay cirouits (105} may be analog delays. In amﬁ%‘&es‘exampie.
the dalay olrpulls (1081 may be analog delays where the delay olrouits (1058 are
selectad using s digital signal input to the DAG J128), converted to ananalog
signal. With the wmemory devics {104}, a desived temporal delay may be

FoR)

sefented prior to printing by the fluidie die (180} of the prinding device (200}
through programming the defay cireuits (108) using the modes stored inthe
memey devios (104

f0044} n one exampe, g print funclion or mode may be definad by 8
uger rough a user interface of the printing devdee (200). Printing mades may
include, for example, fast dralft moedes, high quality racdes, and phaoto quality
modes, among others, The deday cirsuiis (108} delay each primdtive (101
hased on the defined peint functien or mode. For exiatnple, the DAL (130} may
b peovided a digital sighal that indicates g fast draft mode, and supplies, haged
on that digital signal, an analog signal to the delay cirauil that blases the delay
slroult B creste a delay signal for each privaitive (101} that is relatively shonter

thany a delay signal produced for a high gualily or photo quality mode,

e
EPx]
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{O048] The length of the activation pulses pravided by the DAL (120 and
delay circdt {105) to the primitives (1011 and thelr reapactive actuators {102}
may ba based on the number of actuators within each primitive, the number of
actuators within the fluidio die {1504, the nuwber of primitives (101} in the flidie
die (150, » wint function, a print demand, a temperature of the Huidic die (150},
o combinations thereof. The activation pulses may include a pulss train
amprising a number of the activation pulses, wherain the sum of the activatio
pulses forms a totad activation energy.
{o048] Fig. 3 is & block diagram of & primitive delay desigry (300},
according to an sxample of the principles described herein, Similary-numbsred
slaments included in Figs. 1 and 2 and desaribed in connection with Figs. 1 and
2 designate simifar slements withiv Fig. 3. The primitive delay design (300 may
include a mumber of privaiives (101), with eauh primitive (101} mciuding; =3
surmner of astustors (102). In arder to digitally sctuste the actuators (102}, sach
antuator {102) may be assigned an address (301} thatis unique to other
actuators (102} within ds respective primitive {101}, Is unique o ali actugtors
(102 within the fluddic die {100}, or combinations thersol. Iy one example, ong
actuater (102) is activated at and given tims within a rimitive (1013 Inthis
axample, the address (301) provided to a primitive (107) identifes which of the
actustors (102} iy activated.
[Boary Tha sctivation pulse (302) is Input & the top of the solumm of
orimitives (1013 The primitive delay deaign {300} may ¢ afso include » number o
datay blocks (303), represented by triangles, 1o sele wei s sand the activation

Y

putse (302) o g given primitive (101} and delay tha firing of the actuators (103}

£

within @ primitive (107}, The delay blocks (303} indlude the afa?eszy clreult (108

Sense”

as desoribad harain, sng each delay croult (105) s driven by the DAC (120}, In
this raarmar, e DAC (120 serves as a dis-global sireut! that pro wides analag
signale to each delay clreuit (108) within the Huidic dis (100).

{5048} When the activation pulse (302) is conveyad to the columm of
priritives (101}, that activation pulse (302} may be delayed batwear primitive
{1013 or primitive groups using the delay blncks (303] in nrder o reduce peak

currents and maximue diidt I the example of Fig. 3, the activation pulsa {302}

14
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-,

propagates fron top o boftom, and each locally delayed activation putsg QL)
ie corveyed io the associated printitive (101,

{00458 i one example, a mamory device may be included in sach of th
peimitives (101} i order to allew for 3 previcus activation prates {303}

srapagate o at least the last primifive {101) in the column of prinitives £
white @ neot or subsequent activation pulse (302) indintes at the first prinmtive
(101) atthe top of the columa of the primitives (101}, However, activation of &
top primitive (101) with the nexd o subseguent activation pudss (302} pannot
nitiate unil activation has inttiated iy the bottom prirsitive (101) for the pravious
srivation pulse (302), Consequantly, in ong example, the maximum activalion
frequancy may be Hited by the time it takes for the activation pulse (303} 1o
propagate down the column of primiives (104}

fooal Fig, 4 is a line graph of o total current {401} within & fluidie i
(00) during an activation of & number of primitives (101} and In comparisen to
e activation (402+1, 402-2, 4053, 4030, collectively refarred to herein as » 402}
of the primitives {101), according to an example of the principles dascribed
hersin. The activation (02} of & number of actuators (102} of the primitives

{£101) may be performed such hat 2 leading edge of an activation (4022, 403~

3) of & subsequent primitive (101) ocours after and during a prior activation

402-1) of 2 pravious privgitive (101) and so on a3 all the printtives are activated

)

4021}, Thus, at fime b (403) the current beging to climb as the first {(4023-1)

o

and subseguent (4052, 402-3) primitives (101} acluste. Bventually, between b
{4045 and ts (408}, the curreryt plateaus, and aﬁ ar fhe final fow primitives (101
begin to deactivate, the surrent begine to decrepse. The current dacraases Wit
the final primisive (101), ot {: (406} completes He activation and deactivates. in
fhis manner, delaying the activation of primitives (101} and thelr respeative
actuaters {102} allows for the overal] fotal current 1 be Inwer over fim

Y

[0051] Fig. 5 is a block diagram of a digitalo-analeg converter (DAC)

{120) and control vollage generator, sooording to an exarmple of the pi r;“m§eb
described havein, The BAC {120}  used t gensrale an gnalog signahy with

‘

sppropriate bias voltages thatl are funad to the delay circuit {108}, The delay
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sircuit {108Y may have an optineal operaling point. Thus, the DAC {120} may

inolude @ number of salibration s 8O
10052] The dosi 3 n of the DAS {120} of Fig. & may furthar decraases the
size of the DAG {f; o the fluidic die (100}, The DAC (120} may include five

palibration bits. {5”’%} Atthough Tve bits are included in the exampls of Fig

any number of bits (301} may be included. s through these bits that the dightal
sianal is converted to an analog signat and optimized for the delay o oLt {° ﬁi‘s}.
Further, the DAC (130} may be designed as g fixed-length DAC or a scaled-
lengih DAO depending on the design of the bits of the DAL (120}, For exampie,
if the five bits of the DAC {120} are fixed length bits, then the gate area of the
bits may consuma approximately 1,248 gn® of space on the fuidie dis (100,
contrast, i the five bits of the DAG {120} ars scaled ies‘tg{h bits, therythe gals
srea of the bits may consume approximately 132 pr® of gpace on the fuidic die
{1001, Even though an order of magnitude in reduction of size wxists halwean
the fixed-length bits and the scalad-length bits, the size of the robatively targer

fixad-fength exanmple roay be sulficlently srsll such that it does nottake up

space on the fluidic die (100) to cause the fuidic dis (100) Yo be manufactured
larger in sizes

{D083] An snable signal (504) may be providad to the DAC (120} 1o

51

enahle the DAC (120). A powsr supply (Vdd) (505) may provide poawer to the
DAL
Al {15 {}‘ The RAC {"3:3(3} may aisa be referrad to as & bias generatur since

tha outplts VON {5{'}?} and VOP {808} of the DAG {120} may be tuned Basad on

. Further, & ground (GND) pin (508) may be included 1o ground the

-,

and the of bits (801}, Several of the circult elements {51 Oy of the DAG {120} are
idantified in Fig. §. Howsver, any number of circult elements (510} may be us s
within the DAG {‘i:&i}} in order o achieve a desirad s:mipu* The VON fﬁﬁ‘?} and

YOF {308
0054 F§§;,, Sis ablo ka‘r«*gf*‘m of 8 v\,itaq&»con*vuiim delay call (108},
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o the delay clreult (108),

anoard ng} fo ancther example of the principles desoribed haven, The delay
sirouit {105) s a voltage-controlled delay cell (108} in that the control | is

o

eﬂtavi had at VON (507} and VO {808) as oblaihed from the DAG (1283 A&
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power supply (Vdd) {BU5) may provide power 1 the delay clrouit {108}, Furthey

%

a grovnd (ENDY pin (808) may be included to ground the delay ciroult (108}, A

number of oiroutt elemants 810} may be included within the delay drauit (105}

o

Several of the arcull slements (810} of the delay cirauit (108} are identifiad in
Fig. 8. Howeavar, any muvkasr of groylt slements (810) may be used within the
dalay clrouit {108) iy order to achisve a desired mstg:sut.

{0055] The delay olraut (105 may include an enable signat (801 mpud o
snable the deday oirouit (TOR) With the delay oiroull (108} snabled, the VON

(807} and VOP (308} inputs may be used o create 3 delay signal autput (807)
that ls sent to the primitives (101) within the fluidic die {100}

[08&8] Az to Figs. § and &, the cirouit elements (510, 810} may include 8
number of compensation cirouits within the DA {120} and/or the delay cirmult

{105) that comperaate for a number of provess, vollage, and femperature (VT
varistions within the fluidic die (100}, These compensation cirouits may reduce

the range of variability In PYT. Forexample, I 2 10 ns delay was desirable,
the a;js_.{a jon of the fuidic die {100) may causs the temperature {0 Naregss

causing e delay to be pushad pver thal target 10 ns dalay. Iy this example, a
temparature biss olreuit may be invluded within the DAG (130} andfur the delay
ciroul (1058} to nampensate for the unexpectad nse in lemperature. Inthis
manner, the compensation circuits may allow for more margiy In providing target
delays,
{0057} The delays hatween primitives (107) may be of the order of sub-
p@'inting frequanciss, Iy one sxample, the printing frequanny may be batwesn
and 48 kifohettz (kHz), Fugther, there may syist bebwesn 1 and 80
ps‘imitives {188 withiny
{O0ERY Fig. Tis

demands of at least ans fuld election davice {100), ascording to an axample of

prémitim solumn o the fluidic dis {1000

»

®B o om
=%
2
?2'

pwr‘g a method of reducing peak power

he

he peinciples desaribed hereln, The pracessing devica (103} and the memory

.;3

devics (104) may be used fo exsouits the mathod of Fig, 7. The method may

hegin by detsrmining (block 701} a primitive dalay of the fiild ejection devite
hased on instructions received from the processing devics, The delay may be

baged onra ;srén:i made enterad by a user of the printing device (300}, The

-
3
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procassing devics (303} nstructs the fuidie dis (100} to delay a numbser of
activation pulses for & number of actuators (102} within & oolumn of actuator
primitives {101 using & number of delay circuits (108} coupled 10 each primitive

{111 and the DAC (120} to drive a numbsr of the delay sirouits (108},

{0088] The DAC {120y and aﬁeiay cirouita (108) generate {block 702} an
activation pulse for sach of the actuator primitives (101 of the fhuidic die (100}
siection device. The method may continue by activating {biock via the
antivation pulse, a numbsr of actuators (102) assonisted with the actuator

primitives {101} based on the primitive delay supplied by the DAC {120} snil the
defay cirouits {105},
06881 Fig, §is u fowchart depioting a methad of calibrating & fluldic die,
according 1o an sxample of the principles described hereinn. Each Huidio dis
{100} may be calilvated with respeact {o s DAT {130) and delay oiretits (108}
after manufacture of the fuidic dis {100, It parforming the calibwation, the
fuidic die {100} may be placed (block 801} into & test mode, and the signals
frony the deday black {%«}3‘; including the DAQC {120), the delay ciroutls %5}: ang
sach of the primifives (101} arg absarved {block 802}, fnong exanf‘pi & final
sutput of at least ane primitive (101) s observed. Using the lestmode, the
fluidic die {100} ts controlled uaing @ fest mode register bil exacuted by the
processing device (103} and stored an the memuory devics {104} ng slachinal
pad not heing used by the Huldic die (100} may be used to obeans the final
oigput delay of the prinutives (1 {}{}}
st A print mode may be selected and wsed as the basis for

determining dedays within the colurn of prinitives (101} during the calitwation,

o+

The print mode may defing 8 number of parameaters such a8, fof sxample,
inches per second, print medium speed, temperature of the Huidic die (100},
vnlages receivad by the fuidic die (1), and other parameters and defines a

maximum operating pulse width space for each activation event of the acluators

This may be parformed for any numbser of print modes, and & delay table
is oregted that includes a numbery of delay values for each pint mode. This

deday table characierizes the DAL (120) {o primitive (107 delay.
¢ 3

e
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{0063} The fest mode {block 301) instructs the fuidic die {100} to activate
at least one of the sctustors {108) within the primiives (101}, Data regarding

the time at which the activation pulse (302) is sent {o the Huidic die {"iﬁ{}} arpct
the delay at which the fuidic die (100) begins to autivale the actustors {108} is

stored in the delay table within the memory device (104}, The fme betweern the

E;

N

sending of the aotivation pulse (302) and the thue at which the flukfic dis (100}
beqm to activale e actuators (102) may be determined to obtain a delay
peried. The dalay peried may be stored i the mamory device (104}, & number
of ragister bits may be ad on the memony device (104} to control the values
cutput by the DAC {120). Becauss each Huidic die (100} js calitvated or tuned
differently with respect to ancther Huidic die (100}, the memary devios (104}
may stors the register bite, A set of ragister bits may be stored for each print
mode and s corresponding delay values,

.-

5{5‘%3} Eurthar, the dalay parind may be oblained {block 8O3} for sach
primitve (107} and for all the primitives (101} within the die {o oblain individual
peinitive delavs and total delavs of alt the primitives (101}, respsctively. Tha
total primitive (101 deday 18 oblained and that value s divided (block 804} by the
total number of primitives {107} in the fluidic die (100} to obtain a perprimitive
deday valuag.
as4] With the identified maximum pulse width (PW) for each print mods
and the rumber of primitives (1011 within the column, the numbar of congurent
privitives {101} being activated of in an on state that resuilts iv an optimized
fluidic die (1007 delay Is equal to the maximum pulse width divided by the

§

idevitified delay. The numbsr of concurrent prinutive (101} activations is
irversely propartional t the delay valus. Thus, the currentwithin the fluidic die

SO0} will scale in 3 way that {s inversely proportional to the deday I the
i ¥

primitives (101}, Onee the delay able mmm g Salays for &l the primitives
£101) i mach print mode i determined, this value may be used o rogra

TR

(805 tha DAC {120). In programming the DAC (120}, the delay table ls used o

determine what digital valus is Input into the DAC (120 to g

- pptimized delay from the delay oirouits (108), Thus, the DAG {12 n \:«33{ ba
wned to culput an analoy signal for the delay cirout (108} o use i delaying the

1Q

()
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primitives {101} within the column, Ciptimising the delay within the fluidic die
{100} using the calibration process may result v 8 30% reduction in peak

current experianced by the fuldic die (100} dwing g:vzmi ng. This s done by

by

raducing the number of soncurrent primitives (101) activated s af & given time,
{0085} i one exarnple, the calibration may take place atthe time of

manufacturing and hefore an and ussr abtaing tha printing devics (200} or fluidin
dfe (100). In anvther example, the calibration may take place when the fluidic
die {100) Is inserted into a printing device {200} for the fiest time, fri this
example, the printing device (200} may use the processing devics {103} and the
emory device (104) to perform the calibration process and store dala
regarding the bas. in st ancther example, calibvation may 13 abe place before
avery print job, In yet anothar example, calibration may take place when tha
printing device {200] s turned o,
{HESY in one example, daty regarding the salibration may be stored on
the memary device (104) within the einting device (200}, The printing devics
{200} may perform alf aspents of the calibration noluding the measurements
aseociated with the calibration, It this evrample, the printing device (200} may
initiate the calibration process once the fuldic dis (100) i olectrically couplad o
the printing device {200) such as when & is inserted into the printing device
{200} In prepavation for printing,
{087} Fig. 8 is a block disgrarn of a fluld cannidge (808, secording o an
sxample of the principles desonbard harsin, In one example, the fuidic dis {15)
¢

dosoribed haraln may be included within & #uld cartridge {800} sue

»

v ax, for

<

axample, @ plinr cartridyge used o print Images onto media, The fluidic cariidgs

{800} may include & housing (801}, The housing (807) houses a fudd resarvolr

3 ant

{502y Suldically coupled to the fluidia die (150) described herein, The fluid
resarvair (03) suppiies the fuidie die (150} with the fluld the fuidic die {1a0)

ko

siects. The fiuigin die (150) Includes those slements describad hereln in onder
to provide detays that are optimized for a print conditions in order o miriize
peak power usage,

[o0&8] Aspeats of the present system and methad ave described hersin

with refarence to flowchart Hustrations andfor block diagrams of methads,

&

3
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anparatiss {aysterms} and compriter pim g,mm praducts ascording o exaraples of
the peinciples desoribed herein. Each block of the flowehart Hustrations and
black diagrams, and combinations of blocks i the flowchat lustrations and
block diagrams, may be implemantad by corputer usable program gode, Ths

wuter usalis program code may be provided to 8 processor of g genaral
rurpose computer, spedial purpose computer, or o har programmable data
DINCASSING apparatus o produte 8 aching, such et the computer usable
proagram code, whan evectted via, for example, the procesaing device {103} of
foy

the printing device (200} or other programmable data processing agparatus,
implement the functions or acts specified in the flowchart angdior block diagram.

o2

I one exane, e computer usable program code may be embaodisd within
;,»u“er casable storage medium; the pomputer readatie storage madiy

st of the computer program product. I ong example, the computer

¥

iﬁ
}

readable storage mediuni s a non-ransiiary computer readalie medsim.
{ooay] The spacification and Sguras describe o fiuidin die hat may
inelude @ number of sotuators. The number of actuators forn & number of
privitives, The fludic die may include a digitabto-analog converter {DAC 1o
drive @ number of the delay oirmuitz. The delay oircuids r‘e\iay a pumber of
activation pulses that scivate the actuators associated with the pr imitives o
reduce peak power demands of the Suidic die. Anumber of defay oirow ds may

he coupied o sach primitim

{0a7TH The fluidic die may prove primiﬁv‘a dedays that are optimized for
the sxant print conditions in order to nrinimize peak power usage. This enatiles

a larger fuidic design spacs including resistor sizes, FET sizas, and powsr ing
widiths, among others, as well as 3 farger print mask space and halffone mask

space. The fuidio die also provides a very k@aﬂwi sompact activation pilse

detay system that consumes little or no additional ar a fhuidio din,
(LR The preceding description has besn ;3rmzv*w\r\is>d o Busirate &

desoribe examples of the principles desodbed, This description is not intended
to be axhaustive ar to mit these mrinciples (o any precise form disclosed. Many

mpdifications and variations are possible in light of the gbove teaching.

T3
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CLANE

WHAT S CLAIMED &

1. Afluidic dig comprising:

a number of actuaiors, the number of actuators forming & number of
primitheas;

a dighabto-analog converter {DAC) to drive a numbar of the delay
cirauits, the delay ciroults dalaying @ number of activation pulses that activate
the aciuators associated with the wimithves o reduce peak power demands of
the fluidie dig and

3 numbar of delay clrouits couplad 1o gach primilive

?",3

The fluidic dis of dalm 1, wherain the DAD s g die-global cirout

slectrivally coupled to the delay ciraults of each pringtive,

3, The fluidic dis of claim 1, comprising & number of ragister bits stored it a
data storage device on the fluidic die, the register bils o control & sigaal output

by the DAC based on a delay seliing Tor sach of the primities.

4, The fidic dis of olaim 1, wherely a number of (ransistors within sach of
the delay oiroults are tuned 1o an opsrating paint of the de&i:ﬁy iroLsit hased on an
autprt signal of the DAC to calibrate the delay clreuits refative to the DAG.

5. The fluidic die of claim 4, comprising a blas vollage generalor coupled to
the DAC to provids a bias voltage to the DAT, the bias voltage cutput by the

bias voltage generator being tuned bassd on the operating paint of the delay

8. The fuidic e of claim 4, comprising a number of compensation devices
3 compensate for a number of process, voltage, and tlemperature (PVT)

variations within the fluldic dis.

Fu
=2
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A printing devics comprising:
a numbse of fuidie diss comprising:

a number of actuators, the number of actuators forming & fLambar
of privoithees;

a nurnber of deday cirouits coupled o each primiive;

a digitabto-analog sonverter (DACY to drive a number of the delay
cireuits, ths delay clrouils delaying a number of sctivation pulses that
artivate He actuators pesociated with the primitives to reducs peak
power demands of the fluidic die

8. The printing device of caim 7, wherain 2 print funclion is defined through

a user interface of the pinting device, and the delay ciroulis delay sach primitive

hased on the defined print function,

8 The minting devics of clain 7, whersln & length of the activation pu Hses g

~

10, The printing device of clalm 7, comprising & fiuld cartridge comprising:

& housing, and

3 fluid reservalr coupled o the Suidic dis

11, The privting device of claim 7, whereln the delay cirouds and DAC are
iopatad on the Huidic dies
12, A'msthod of redudng peak powsr demands of at least one fluidic dis
comprising:
with a processing device:
deterniining 3 primitive delay of the fuldic die basad an
imstrichions recsived from the procassing devics, the processing device
instrusting the Huidic die to delay a number of activalion ulses fora

aumber of firing actuators within a column of acluator orimitives using 8

ey

e
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number of delay cirouits coupled 1o each primitive and a digitabte-analog
sonverter (DAQ) to drive a nunber of the delay cirouity]

generating an activation pulse for each of the actuator prirmitives of
the fuldic dig and

activating, via e activation pulse, a number of actuators

aszorinted with the actuator primitives based onthe privoithve delay.

13, The mathod of claim 12, somprising calibrating ihe delay circuits by
tuning & number of transistors within each of the delay circuits 1o an aperating

poirt of the delay chault based on an oulpd signal of the DAC,

14, The method of olaim 13, comprisin
staning & numbey of ;‘&gi&ter hite on a data storages devise of the faidic
dig;and

entraliing, with the register bits, & signal cutput by the DAG based on 2

(f!

15, The method of olaim 12, comprising, with & numnbey of compensation

devdoes, compensating for @ number of process, voltage, and temperature

b

{3
b

{PVTY variations within the fluidio dis



WO 2019/017867 PCT/US2017/042330
1/9

Fluid Ejection Devies
180

1 i“;fi Fritvpitive §
_ 1010
Digital to ' e
Anglog
L«C&‘"W?*f&,t -
590y Actuator

Actiusator 2

1032

Aotuator 3
Qelay , e 1083
Cirouit

W I

4 Actusior 8

Delay

Cirouit et Aaﬁmter 7
A ~\ PRt
a3 RAYESS S

229

Primitivae it

10t

Actuatorall
12-nt

Aufuatar ni
18201

e

Y

Datay (}vanzz

Sirouit -
(.ﬂ.;g;i ; Af:\jatm n

308En3




WO 2019/017867

2/9

PCT/US2017/042330

Frinting Davigs

204

Pracessing
Qevice

103
(RE e

Memory
Davice
13

Fiuidic Die

B
4

Dhgital o
Analog
Corpfester
120

AN

o crnnrnnrmnasinminsd

£
Et“ 5 &
%
ezl

gy

>
XA RS ey
=t

w

Actuater §
20

Aotuator

Sotuator §

102-2

Actustor 3
108-3

v

¥

Deday
Cirouit

Privnitive 1

Ackintar 4
1884

Actatord
1035

£

Actuator
1028

Agtuator 7
182-7

& & B

Prinufive n

S
1010

Actuator nd
18200

Antuator nd

E
1021

Actustor 02

1030

[ TRy o *
Actnatoy nd
-

10303




WO 2019/017867 PCT/US2017/042330
3/9
A0
1 102 A
ey A A A
302 < P e
| Actuator O Addrass 0
IR TTTT - fonomd s
WU \»wji? Actuaier i Address 1
. Frimitive 0 . oo -
 Actuator 2 Address 2
- Actuator 3 Sgldres
Actuntor 4 Addrass {)
o Actugtor & Address 1
Frimitive 1 voscooes - =
Aotuator 8 Address 2

Addrass 3

Rua s WEWEIVEL,

303 \“{?

Frimitive &

Aotuator 11

03

\\\%\wj\%;}‘

y .\\.\“\“\“\%

Primitive §

Acotuator 12

Address O

Actuator 13

Address i

Autuator 14

Agdress 2

Actuator 18

Address 3

@
&
L

Actuator-38

Address

Artuator 37

 Adddress

“a, .,-w*"’““ 3
303 MX\ /

Primitve 4 Actuator 38 Addrags 2
Acluator 38 Address 3
Actuator 480 Acddrass ©

e Actumtor 41 Address

Frimilve 16 Actuator 42 dr

Actualor 43

AT %??

Frimitive 41

Aotgator 44

Actiiator 45

Actuator 48

Actuator 47




PCT/US2017/042330

WO 2019/017867

4/9

o

s

45

\;

i

\\

sﬂi\ A%\.
™ o4
o s

B R s

.
~\‘\‘

A

Ly
t
S

Fig. 4



s,

PCT/US2017/042330

5/9

WO 2019/017867




PCT/US2017/042330

WO 2019/017867

6/9

o)
1)
ran
f
S
povwonsand
|
-
sy j m ; w R
4 S o ., -, o

vt

o, \,\\“ i
eSS ol SO |
¢ -
H

H
PROVSUNEY

T

e

x i
e i nnnnnnnd

) w}nln«.um

xz;;xii;z...ii:,
h
{
PR
i e
b, e
T e e
by
:

2 SIFSISIPITIIISIRICUY

i } i : [

pommeecsst s “

- A P
ma.iv ratel ¢ ¢ e

o ’ s i -a

foci oy
o o
iugx i
;
;




WO 2019/017867

7/9

STARTY }

Dets
delay
bl
irysdits

{he g
PROCESSING devices

instructing the 5wi
glaction davics

b
pulass fcw 2 number of

fiing

prinutives using
of deday oircusits
- each primitive and &
digtatto-analog nonvarter
BACH o driva a

SITHNS & prin iHve
of the 8u «:i ajection
svics hased on

olions recaivad from
anessing device, the

delay g8
" of &twa falg

fig actuators within s
columin of actuator
a number
s coupded o

by

of the delay olrgults

FAteS

- actuator primit

Gangrate an aotivation

PCT/US2017/042330

—

Act ‘ui“‘ . vig the
activation pulse, g numbey
of the firing actuators
couptedfo sach of g
number of sctuators
azsocialed with the
actuator primdtives bassd |
et the o mzim* delay

puise for sach of the
s Af the
fluld election device

SR

u...

",

e

BNDY 3



WO 2019/017867 PCT/US2017/042330
8/9

Flace the fluldic diein a Cfodion it e g
ase e = {ibtain delay paried

test muds AR .
14 ‘

Divide total pricnitive delay
by the tolal number of
privitives

¥

tding the Program DAC
AD, the delay airouils | 805

= i}




WO 2019/017867

9/9

PCT/US2017/042330

Fhadic Cartridge
00

e
Housing

pe

Fhuid
Raservoir

Fhuldie Dia




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/042330

Al CLASSIFICATION OF SUBJECT MATTER

B41] 2/14 (2006.01)
B417J 2/175 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B41J 2/045, 2/14, 2/155, 2/175

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

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

RUPAT BD, PAJ, Espacenet, USPTO DB, EAPATIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2015/080709 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY) 1-15
04.06.2015, abstract, paragraphs [0007] -[0011], [0035], [0039], [0040], [0042]
A US 2014/0204148 A1 (NING GE et al.) 24.07.2014, abstract , claims 1-15
A US 2006/0274103 A1 (JUNG-HWAN KIM ) 07.12.2006, abstract , claims 1-15

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

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

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

“L”  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

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

the priority date claimed

“1” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

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

“&”  document member of the same patent family

Date of the actual completion of the international search

16 March 20138 (16.03.2018)

Date of mailing of the international search report

05 April 2018 (05.04.2018)

Name and mailing address of the ISA/RU:

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

GSP-3, Russia, 125993

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

Authorized officer
A.Fedotov

Telephone No. 495 531 65 15

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report

