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FLUIDIC DIE

BACKGROUND
{0001} Fluidic dies may control the movement and sjection of fluid. Such
fluidic dies may include fluid actuators that may be actuated to cause

displacement of fluid. Some example fluidic dies may be prantheads, where the

fluid may correspond to ink.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002} Figure 1 is a schematic diagram of a portion of an example fluidic
die.

{0083} Figure 2 is a schematic diagram of a portion of ancther example
fluidic dia.

{0004} Figure 3 18 a schematic diagram of a portion of another example
fluidic die.

[0005] Figure 4 is a schematic diagram of a portion of an example fluid

gjection system having an example fluidic die.

{0086} Figure & is a schematic diagram of sxample triggering logic of the
fluidic gjection system of Figure 4.

j0067} Figure 6 is a flow diagram of an example method for enabling
different types of fluid actustors on a fluidic die.

{0008} Figure 7 is a schematic diagram of another exampile fluidic die
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{6009} Figure 8 is a schematic diagram of another example fluidic die,
lustrating an example fluid actuator address line for enabling addressed fiuid

ejectors and fluid pumps.

100010] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, slements. The figures are nof necessarily 1o
scale, and the size of some parts may be exaggerated to more clearly dlustrate
the exampie shown. Moreover, the drawings provide examples andfor
implementations consistent with the description; however, the description is not
imited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION OF EXAMPLES

{00011} Examples of fluidic dies may comprise fluid actuators. The fluid
actuators may include a pigzoslectric membrane based actuator, a thermal
resistor based actuator, an electrostatic membrane actualor, a
mechanical/impact driven membrane actuator, a magneto-strictive drive actuator,
or other such slements that may cause displacement of fluid responsive to
slectrical actuation. Fluidic dies described hersin may comprise a plurality of
fluid actuators, which may be referred to as an array of fluid actuators.

Moreover, an actuation event, as used herein, may refer 1o concurrent actuation
of fluid actuators of the fluidic die to thereby cause fluid displacement. Despile
gccourring in response o a single actuation event, concurrent actuation of fluid
actuators, as used herain, may include slight time delays at and between sach of
the concurrently actuated individual actuators such that the fluid actuators are not
actuated simullaneocusly, reducing peak voltage demands.

j00612] in exampie fluidic dies, the array of fluid actustors may be arranged
in respective sets of fluid actuators, where sach such set of fluid actuators may

be referred to as a "primitive” or a *firing primitive.” A primitive generally
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comprises a group or set of fluid actuators that each have a unique actuation
address. In some examples, electrical and fluidic constraints of a fluidic die may
imit which fluid actuators of each primitive may be actuated concurrently for a
given actuation event. Therefore, primitives facilitate addressing and subsequent
actuation of fluid ejector subsets that may be concurrently actuated for a given
actuation event. A number of fluid gjectors corresponding 10 a respective
primitive may be referred fo as a size of the primitive,

[00613] To Hlustrate by way of example, if a fluidic die comprises four
primitives, where each respactive primitive comprises eight respective fluid
actuators {each eight fluid actuator group having an address 0 to 7}, and
alectncal and fluidic constraints limit actuation to one fluid actuator per primitive,
a total of four fluid actuators (one from each primitive) may be concurrently
actuated for a given actuation event. For example, for a first actuation event, the
respective fluid actuator of each primitive having an address of 0 may be
actuated. For a second actuation event, the respective fluid actuator of each
primitive having an address of 1 may be actuated. As will be appreciated, the
example is provided merely for illustration purposes. Fluidic dies contemplated
hergin may comprise more or less fluid actuators per primitive and more or less
primitives per die,

jogt 4] in example fluidic dies, the fluid actuators may be concurrently
enabled by a single address enabling event caused by electric signals
transmitted along a fluid actuator address line. As used herein, an address
enabling event may refer to concurrent enablement of fluid actuators of different
primitives having a same address to ready such Huid actuators for subsequent
actuation in response o receiving other enabling signals. For example, actuation
of a fluid actuator may occur in response to a fluid actuator receiving at least the
address enabling signals transmitted across a fluid actuator address fine and
primitive enabling signals received across a data or primitive select iine. As used
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herein, a fluid actuator address line may comprise a single electnically conductive
fine, such as a wire or trace, or a set of electrically conductive lines which
coopearate 1o transmit a set of electrical signals o form the address enabling

avent.

[00015] in some examples, a fluid actuator may be disposed in a nozzle,
where the nozzle may comprise a fluid chamber and a nozzie orifice in addition
to the fluid actuator. The fluid actuator may be actuated such that displacement
of fluid in the fluid chamber may cause ejection of a fluid drop via the nozzle
orifice. Accordingly, a fluid actuator disposed in a nozzle may be referred to as a
fluid ejector.

j00016] Some example fluidic dies comprise microfluidic channels.
Microfluidic channels may be formed by performing efching, microfabrication
{e.g., photolithography), micromachining processes, of any combination thereof
in a substrate of the fluidic die. Some example substrates may include silicon
based subsirates, glass based subsirates, gallium arsenide based substrates,
andfor other such suitable types of subsirates for microfabricated devices and
structures. Accordingly, microfluidic channels, chambers, crifices, and/or other
such features may be defined by surfaces fabricated in the substrate of a fluidic
die. Furthermore, as used herein a microfluidic channel may correspond (o a
channe! of sufficiently small size {g.g., of nanometer sized scale, micromster
sized scale, millimeter sized scale, efc.) to facilifate conveyance of small volumes
of fluid {e.g., picoliter scale, nanocliter scale, microliter scale, millifiter scale, etc.).
Example fluidic dies described herein may comprise microfiuidic channels in
which fluidic actuators may be disposed. in such implementations, actuation of a
fluid actuator disposed in a microfluidic channel may generate fluid displacement
in the microfluidic channel. Accordingly, a fluid actuator disposed in a
microffuidic channel may be referred o as a fluid pump.
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[60017] in some examples described herein, a fluidic die may include a
substrate supporting a fluid actuator address fine and first and second primitives
or setis of fluid actuators connected to the fluid actuator address line. The first
primitive or set of fluid actuators may include first and second types of fluid
actuators having different operating characteristics. The second primitive or set
of fluid actuators may includs the first and the second types of fluid actuators,
The fluid actuators of the first and second sets have addrasses such that a fluid
actuator of the first type in the first set and a fluid actuator of the second type in
the second set are both concurrently enabled in response {o a single enabling

avent on the fluid actuator address line.

[00018] in some examples described hergin, the first type of fluid actusators
inn the first set and the second different type of fluid actuators in the second set
each have a first set of addresses while the second type of fluid actuators in the
first set and the first type of fluid actuators in the second set each have a second
set of addresses. In some examples, the first set of addresses are even
numbered addresses while the second set of addresses are odd numbered
addresses.

[60619] In some examples described herein, the first type of fluid actuators
has a first actuation energy demand, wherein the second type of fluid actuators
has a second actuation energy demand different than the first actuation energy

demand. In some examples, the first type of fluid actuators is to eject fluid

circulate fluid o a firing chamber. in some examples, fluid actuators of the first
type alternate with the fluid actuators of the second type in the first and second

setls of fluid actualors.

{00020} Disclosed herein are example methods, wherein a single address
aenabling event is fransmitied on a fluid actuator address ling of a fluidic die to
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aach of a first set of fluid actuators and a second set of fluid actuators. The
single address enabling event is to enable a single fluid actualor for actuation in
each of the first set and the second set. The example method may include
enabling a first fluid actuator of a first type of fluid actuators in the first set of fluid
actuators in response to the single address enabling event and enabling a
second fluid acluator of a second fype of fluid actuaiors in the second sat of fluid
actuators, in response o the single address enabling event. The second type of
fluid actuators each have an operational characteristic different than that of the
first type of fluid actuators. The method may further include transmitting s fluid
actuatar enabling event to the first setf of fluid actuators and the second set of
fluid actuators. The first fluid actuator may be actuated in response {o g
combination of the first fluid actuator being enabled by the single address
enabling event and the first fluid actuator receiving the fluid actuator enabling
event. The second fluid actuator may be actuated in response o a combination
of the second fluid actuator being enabled by the single address enabling event

and the second fluid actuator receiving the fluid actuator enabling event.

[00621] Figure 1 is a schematic diagram illustrating portions of an example
flusdic die 20. Fluidic die 20 comprises subsirate 22, fluid actualor address ling
24 and fluid actuators 32A, 32B {collectively referred 1o as fluid actuators 32) and
fluid actuators 34A, 34B (collectively referred 10 as fluid actuators 34, Fluid
actuator address line 24 comprises at least one electrically conductive wire or
frace by which electrical signals are transmitted to logic associated with each of
the fluid actuators 32, 34 to enable actuators 32, 34 for possible subsequent
actuation during an actuation event. In one implementation, fluid actuatar
address line 24 comprises muitiple slectrically conductive wires or traces. For
example, fiuid actuator address line 24 may comprise at least three bits or three

ndividusa! bit lines.
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[00622] Fluid actuators 32 and 34 comprise devices or elements that cause
displacement of a fluid in response to electrical acluation. The fluid actuators 32,
34 may include a piezoelectric membrane based actuator, a thermal resistor
based actuator, an elecirosiatic membrane actuator, a mechanical/impact driven
membrane actuator, a magnelo-strictive drive actuator, or other such elements.

{00023] Fluid actuators 32 have different operating characteristics as
compared o fluid actuators 34. In one implementation, fluid actuators 32 have
different energy demands or utilize different voltage levels, current or energy
during actuation than that of fluid actuators 34. In one implementation, fluid
actuators 32 are in the form of fluid gjectors whereas fluid actuators 34 are in the
form of fluid pumps. A fluid ejector may comprise an actuator that displaces fluid
in an gjection chamber through an orifice. A fluid pump may comprise an
actuator that displaces fluid in a microfluidic channel. in one implementation,
fluid actuators 32 and 34 may both comprise fluid ejectors, but where fluid
actuators 32 and 34 have different drop weights or other different operational
charactenistics. In one implementation, fluid actuator 32 and 34 may both
comprise fluid pumps, but where fluid actuators 32 and 34 have different energy
voitage demands.

{80024 As indicated by broken lines in Figure 1, fluid actuators 32A and
34A, collectively, form a first set 40A of fluid actuators while fluid actuators 328
and 34B, collectively, form a second sat 40B of fluld acluators. Seis 40A and
40B (collectively referred {0 as sets 40) extend adjacent fo one ancther or are
consecutive on substrate 22, Each of sets 40 comprises a subset 42 of fluid
actuators 32 and a subset 44 of fluid actuators 34. Although Figure 1 illusirates
such actuators 32, 34 physically arranged in columns, in other implementations,

actuatars 32, 34 may be in rows, arrays or other physical arrangements.
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[00625] Sets 40 form what may be referred {0 as primitives of fluidic die 20,
each set having a same set of addresses. In other words, each fluid actuator in
set 40A has an address that is the same as the address of a fluid actuator in set
408. Although each of sets 40 has a same set of addresses, the addresses of
the sets 40A and 40B are oppositely apportioned between the different types
fluid actuators. In the example lusirated, the fluid actuators of each of sets 40
have a set of addresses comprising addresses Aq110 ARxand addresses Az to
Aan. However, in set 404, fluid actuators 32A have addresses A1 10 Asg,
whereas in set 408, fluid actuators 328 have gddressesAs i to A2n. Likewise, in
set 40A, fluid actuators 34A have addresses Az1to Azn, whereas in set 408, fluid

actuators 34B have addresses Aj 110 Ain.

[00626] Because the same sets of addresses in sets 40 are oppositely
apportioned batween the different types of fluid actuators 32, 34 ineach set 40, a
single address enabling event on address line 24 concurrently enables different
types of fluid actuators in the different sets 40. For example, a single address
aenabling event resulting in the transmission of address enabling signals across
address fine 24 to enable address Av1may result in fluid actuator 32A {of a first
typa T1) of set 40A being enabled for a subsequent actuation event while also
resutting in fluid actuator 348 (of 8 second type T2) being enabled for the same
subsequent actuation event. By way of another example, a single address
enabling event resulling in the transmission of address enabling signals across
address line 24 {o enable address Azt may result in fluid actuator 34A {of the
second type T2) of set 40A being enabled for a subsequent actuation event while
atso resulting in fluid actuator 32B (of the first type T1) being enabled for the

same subsequent actuation event.

[o0827) The example addressing scheme of fluidic dig 20 may facilitate
more flexibility in the acluation order of fluid actusgtors 32, 34. In examples where
fluid actuators 32, 34 have different energy demangds, the example addressing
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scheme of fluid die 20 may faciitate reduced peak currents. For example, in one
impiementation where fluid actuator 32 comprise fluid ejeciors which may have
higher energy demands and fluid actuaiors 34 comprise fluid pumps having lower
energy demands or peak currents, the number of fluid ejectors is spread out over
the total number of addresses in each set 40, resulting in half, rather than all, of
the total number of fluid ejeciors being enablad for possible actuation during a
subsaquent actuation event. In other words, the first half of the fluid ejactors may
be enabled for possible actuation during a first actuation event while a second
half of the fluid actuators may be enabled for possible actuation during a second

actuation event.

[00028] Although fluid actuators 32 and 34 are sach schematically
tlustrated as comprising fluid actuators that are clustered or grouped in each of
sets 40, it should be appreciated that the different fluid actuators 32, 34 may be
interspersed amongst one ancther in each set 40. For example, in one
implementation, fluid actuators 32 and 34 may alternate with one another in each
set 40, Fluid actuators 32 may have even addresses while fluid actuators 34
have odd addresses, or vice versa. Regardless of location or relative positioning
on die 20, sach fluid actuator of a first fype in set 40A with a given address has a
gorresponding fluid actuator of a second type in 408 with the same given
address.

{00029 Figura 2 is a schematic diagram of portions of fluidic die 120.
Flutdic die 120 is similar to fluidic die 20 except that fluidic die 120 is illustrated
as comprising at least four consecutive primitives or sets 40 of fluid actuators 32,
34. Those components of fluidic die 120 which correspond o components of
fluidic die 20 are numbered similarly. Although Figure 2 Hlustrates such acluators
32, 34 physically arranged in columns, in other implementations, actuators 32, 34
may be in rows, arrays or other physical arrangements.
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{6003 As shown by Figure 2, fluidic die 120 addiionally comprises sets
40C and 40D of fluid actuators 32C, 34C, 32D, 34D, respectively. Fluid
actuators 32C, 32D may be similar to fluid actuators 32A and 32B, respectively.
Likewise, fluid actuators 34C, 34D may be similar {o fluid actuators 34A and 348,
respectively. With respect to fluidic die 120, fluid actuators 32A-32C and fluid
actuators 34A-34D are collectively referred to as fluid actuators 32 and fluid
actuators 34, respectively. Fluid actuators 32 and 34 are all connected to fluid
actuator address line 24 which transmits address enabling signals as part of an
address enabling event to enable a selected address long address line 24 for

possible subsequent actuation during a subsequent actuation event.

{00831} As with fluidic die 20, because the same sets of addresses in sach
of sets 40 are oppositely apportionsd between the different types of fluid
actuators 32, 34 in each set 40, a single address enabling event on address line
24 concurrently enables different types of fluid actuators in the different sels 40.
For example, a single address enabling event resulting in the transmission of
address enabling signals across address ling 24 to enable address A1,1 may
resuilt in fluid actuator 32A {(of a first type T1) of set 40A being enabled fora
subsequent actuation svent, fluid actuator 34B (of a second type T2) being
enabled for the subsequent actuation event, fluid actuator 320 {of the first type
T1} of set 40C being enabled for the subsequent actuation event and fluid
actuator 34D {of the second type T2) being enabled for the same subsequent
actuation event. By way of ancther example, a single address enabling event
resulting in the transmission of address enabling signals across address line 24
1o enable address AZ,1 may result in fluid actuator 34A {of the second type T2} of
set 40A being enabled for a subsequent actuation event, fluid actuator 32B {of
the first type T1) being enabled for the subseguent actuation event, fluid actuator
340 {of the second type T2) of set 40C being enabled for the subsequent
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actuation event and fluid actuator 32D {of the first type T1) being enabled for the
same subsequent actuation event.

j00632] Figure 3 is a schematic diagram llustrating a portion of an example
fluidic die 220. Fluidic die 220 is similar to fluidic dies 20 and 120 except that
fluidic die 220 is specifically illustrated as having different types of fluid actuators
in the form of fluid ejectors and fluid pumps that alternate with one another along
address line 24. In one implementation, the fluid ejectors have different energy
voltage demands as compared to the fluid pumps. Those components of fluidic
die 220 which correspond to components of fluidic dies 20 and 120 are
numbered similarly.

j00033] As shown by Figure 3, fiuidic die 220 comprises fluld sctustors in
the form of fluid sjectors 2324, 2328 {(collectively referred to as fluid ejectors
232) and fluid actuators in the form of fluid pumps 234A, 2348 (collectively
referred to as fluid pumps 234). Each fluid ejector 232 is part of a larger nozzie
250, wherein each nozzle 250 has an orifice through which fluid is gjected
through the displacement caused by the associated fluid ejector 232, In the
axample diustrated, fluid ejectors 232Mmozzles 250 and fluid pumps 234 allernate
along address fine 24, wherein fluid ejector 232 and fluid pumps 234 are paired,
wherein a fluid pump 234 circulates fluid {o and/or from a paired or associated
fluid ejector 232/nozzie 250, In other implementations, the inferspersed nozzies

250 and fluid pumps 234 may have other arrangemaents or patterns.

j00034] As indicated by broken lines, fluid ejectors 232 and fluid pumps 234
form two sets 240A and 240B (collectively referred to as sets 240) of fluid
actuators. Each of sets 240 comprises a subset 242 of fluid ejectors 232 and a
subset 244 of fluid pumps 234. Sets 240 form what may be referred to as
primitives of fluidic die 220, sach set having a8 same set of addresses. In other
words, each fluid actuator in set 240A has an address that is the same as the
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address of a fluid actuator in set 240B. Although each of sets 240 has a same
sef of addresses, the addresses of the sels 240A and 2408 are oppositely
apportioned between the different types fluid actuators. In the example
Hlustrated, the fluid actuators of each of sefs 40 have a set of addresses
comprising addresses A1 to An. In the example illustrated, the fluid ejectors
2324 of set 240A have even addrasses (for example, 0, 2, 4 ...n~1) while the
fluid pumps 234 of set 240A have the odd addresses {for example, 1,3.5 ...n).
Conversely, the fluid ejectors 2328 of set 2408 have odd addresses (for
example, 1, 3,5 ...n) while the fluld pumps 2348 have even addresses (for

example, 0, 2, 4 .. .n-1).

[00835] Because the same sets of addresses in sets 240 are oppositely
apportionad betweaen the fluid gjsctors 232 and fluid pumps 234 in each set 240,
a single address snabling event on address line 24 concurrently enables different
types of fluid actuators in the different sets 240. For example, a single address
enabling event resulting in the transmission of address enabling signals across
address line 24 to enable address A3 may result in fluid ejector 232A at address
A3 of set 240A being enabled for a subsequent actuation event while also
resulting in fluid pump 2348 at addrass A3 of set 2408 being enabled for the
same subsequent actuation event. By way of another example, a single address
enabling event resulting in the transmission of address enabling signals across
address line 24 10 enable address Ad may result in fluid pump 234A at address
Ad of set 40A being enabled for a subsegquent actuation event while also
resulting in ejector 2328 at address A4 of set 2408 being enabled for the same

subsequent actuation event.

{00036} The example addressing scheme of fluidic die 220 may facilitale
more flexibility in the actuation order of fluid ejectors 232 and fluid pumps 234. In
examples where fluid gjeclors 232 and fluid pumps 234 have different energy
demands, the example addressing scheme of fluid die 220 may faciiitate reduced
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peak currents. For example, in ong implementation where fluid ejectors 232
have higher energy demands and fluid pumps 34 have lower energy demands or
paak currents, the number of fluid ejectors is spread out over the total number of
addresses in each of sefs 240, resulfing in half, rather than all, of the {otal
niumber of fluid ejectors being enabled for possible actuation during a
subsequent actuation event. In other words, the first half of the Hluid ejeclors may
be enabled for possible actuation during a first actuation event while a second
half of the fluid actuators may be enabled for possible actuation during a second
actuation event.

{00037} Figures 4 and 5 schematically lustrate portions of an example fluid
gjection system 300 having a fluid ejection controfler 310 and a fluidic die 320
with the same address scheme as described above with respect to fluidic die
220. As with fluidic die 220, fluidic die 320 comprises an array of fluid actuators
in the form of fluid ejectors 332 and fluid pumps 334 connecled to a fluid actuator
address hine 24. Fluid gjectors 332 and fluid pumps 334 are paired along
address line 24, wherein each of the fluid pumps 334 circulates fluid {o and/or
from an associated fluid gjector 332. Fluid gjectors 332 and fluid pumps 334 are
arranged in pamitives or sets 3404, 3408 of flud ejectors/flnd pumps. Although
Figure 4, for ease of ittustration, depicts a single pair of a fluid ejector 332 and an
associated pump 334 for each of sats 3404, 3408, it should be appreciated that
sets 340A, 340B may each include an array of fluid ejector 332/4uid pump 334
pairs along address line 24.

{00038] As further shown by Figure 4, each fluid ejector 332 is partof a

the fluid ejector 332 is jocated. Each ejection chamber 352 is fluidly connected
to a fluid supply 356 by a fluid input 358 and a microfluidic channel 360. in the
example lustrated, each fluid input 358 and microfluidic channel 360 facilitate

ciroutation of fluid info ejection chamber 350, through and across gjection
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chamber 352 and out of gjection chamber 352 back to fluid supply 356. in the
example lusirated, such circulation is facilitated by fluid pump 334 within

microfluidic channel 360.

100039] in one implementation, fluid supply 356 comprises an elongate slot
supplving fluid to each of the fluid ejectors 332 in each of the sets 340 of die 320.
In ancther implementation, fluid supply 356 may comprise an array of ink feed
holes. In one implementation, fluid supply 356 further supplies fluid to primitives
or sets 340 of fluid ejector 332 and fluid pumps 334 located on an opposite side
of fluid supply 356. In some implementations, fluidic die 320 may comprise
muitiple primitives are sets similar to the arrangement shown on fluidic die 120.

j00040] in the example illustrated, each fluid ejector 332 and each fluid
pump 334 comprises triggering logic {L} 370 which controls the firing or actuation
of the fluid actualor, sither in the form of fluid ejector 332 or in the form of fluid
pump 334. Figure & schematically Hlustrates one example of triggering logic 370
on fluidic die 320 and associated with a fluid actuator in the form of a fluid gjector
332 or a fluid pump 334. As shown by Figure §, fniggering logic 370 comprises a
ransistor 372 and logic element (LE) 374, Transistor 372 is a swiich selectively
fransmitting a voltage Vpp to fluid ejector 332 or fluid pump 334 in response o &

signal received from logic element 374.

[00041] The logic element 374 comprises electronic circuitry and
components that pass and actuation or fire signal {o transistor 372 in response o
the primitive enabling line or address line 378 and the address line 24 both being
active. In one implementation, logic element 374 comprises a gate or other AND
logic circuitry (schematically dllustrated) that transmits the control signals or fire
pulse signal recaived from a fire pulse line 376 fo the gate of transistor 372 in
response to receiving an address signal from address line 24 and also receiving
a primitive enabling data signal from a data, primitive select or primitive enabling
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ine 378. Although not shown in Figure 4 for ease of llustration, fire pulse line
376 and primitive enabling line 378 also reside on substrate 22 of fluidic die 320.
in other implemantations, logic element 374 may comprise cother forms of
electrical circuifry. For example, in other implementations, primitive enabling
data signals and fire puise signals may be combined upstream {such as at the
primitive level) or may be inverted.

[00642] it should be appreciated that in some implementations, the different
types of fluid actuators, such as the fluid ejectors 332 and the fluid pumps 334
may have separate or dedicated fire pulse linas 376 that transmit fire pulse with
different characteristics, such as fire pulses with different frequencies, amplitude
and/or durations. For example, sach of the fluid gjectors 332 may be connected
to a first fire pulse line 376 while sach of the fluid pumps 334 are connscted fo a

separate and differant fire pulse line 376.

100043] Primitive enabling line 378 receives a data signal when the
particular primitive or set 340 fo which the fluid gjector 332, tluid pump 334
belongs, is to be enabled for firing. In the example tlustrated, in response to
receiving a combination of address enabling signails on address line 24 and
primitive enabling signals or data signals on primitive enabling line 378, the fluid
ejector 332, fluid actuator 334 is acluated in accordance with the fire pulse

received on line 376.

{30844 Fluid gjection controfler 310 transmits packets of information to
fluidic die 320, wherein logic on die 320 parses out instructions pertaining fo
which address is to be enabled for a particular actuation event and which printers
or sets 340 are to also be enabled such that those fluid ejector 332 and fluid
pumps 334 of the different sets 340 that receive both address enabling signals
and primitive enabling signais are actuated pursuant 1o the fire pulse signal
received on kne 376. Figure 6 is a flow diagram of an example method 400 for
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actuating fluid actuators having different operating characteristics and arranged
in different primitives are sets on a fluidic die. Although method 400 is described
as being carried cut by the example fluid ejection system 300 having different
fluid actuators in the form of fluid ejectors and fluid pumps, method 400 may also
be carried out with any sets of different fluid actuators having different operating
characteristics. For example, method 400 may likewise be carried out with sels
of different fluid ejectors, each set having at least two types of fluid ejectors, such
as different types of fluid ejectors having different drop weights or other different
operational characteristics. Method 400 may likewige be carried out with sets of
different fluid pumps, each set having at least two types of fluid pumps having
different energy demands

[00045] As indicated by block 404, address line 24 transmils address
enabling signals to each of a first set 340A and a second set 3408 of fluid
actuators 332, 334. The address enabling signals enable a single address on
the fluid actuators line 24 of die 20.

{00046] As indicated by block 408, in response to the address enabling
signals transmitted in block 404, a first actuator of a first type of fluid actuators in
& first set of fluid actuators 340A and having the address enabled by the address
enabling signals is enabled for actuation during a subsequent actuation event.
With reference to Figure 5, the address enabling signals are received by the logic

element 374 of the first fluid actuator.

{00047} As indicated by block 408, in response to the address enabling
signals transmitted in block 404, a second actuator of a second type of fluid
actuators in a second set 340B of fluid actuators and having the address enabled
by the address enabling signals is enabled for actuation dunng a subseguent
actuation event. With reference {o Figure 5, the address enabling signals are
received by the logic element 374 of the second fluid actuator. The first fluid
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actuator and the second fluid actuator are different types of fluid actuators. With
respect to the example fluidic die 320, the first actuator may be in the form of
fluid sjector 332 while the second actuator may be in the form of fluid pump 334,

OF Viee versa.

{00048 As indicated by block 410, primitive enabling signals (aiso
sometimes referred to as data signals) are transmitted to each fluid actuator,
gach fluid ejector 332 and each fluid pump 334, of the first set 340A of fluid
gctuators and of the second set 3408 of fluid actuators. With reference to Figure
5, the primitive enabling signals are received by the logic element 374 across
fines 378 of each fluid ejector 332 and each fluid pump 334, of the first set 340A
of fluid actuators and of the second set 3408 of Huid actuators. Although blocks
406 and 408 are illustrated as occurring before block 410, it should be
appreciated that blocks 408, 408 and 410 may be carried out in any order.

100049] As indicated by block 412, fire pulse signals are transmitied to the
first set of fluid actuators and the second set of fluid actuators, The fire pulse
signals controf the timing, frequency and duration of each logical pulse
ransmitted o a fluid actuator during actuation. As indicated above, in some
implementations, the fire pulse signals may be transmitied independent of the
primitive enabling and address signals. In other implementations, the fire pulse

signals may be combined upstream with the primitive enabling/dats signals.

j00050] As indicated by block 414, in response {0 the first fluid actuator
receiving a combination of the address enabling signals on address line 24 and
the primitive enabling signals on print enabling line 378, the first actuator of the
first type in the first set 340A of fluid actuators is actuated pursuant {o the fire
pulse recaived associated fire pulse line 376. As indicated by block 418, in
response to the first fluid actuator receiving a combination of the address
enabling signals on address line 24 and the primitive enabling signals on
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primitive enabling line 378, the second actuator of the second type in the second
sef 3408 of fluid actuators is actuated pursuant o the fire pulse received on the
associated fire pulse line 376. In some instances, the first actualor may receive
an address enabling signal on address line 24 while not receiving primitive
enabling signals on primitive enabling line 378, result in the first actuator not
being actuated or fired. Likewise, in some instances, the first actuator may
receive a primitive enabling signal on primitive enabling line 378 while not
receiving an address enabling signal on address line 24, resulting in the first
actuator not being fired. The same logic applies with respect to the second

actuator.

{00851} Figure 7 is a schematic diagram of another example fluidic die §20.
Microfluidic die 520 is similar to microfluidic die 320 except that microfluidic die
520 is Hlustrated as comprising a fluid supply in the form of a fluid slot 556 that
supplies fluid to 31306 fluid actuatiors, alternating between fluid pumps and fluid
ajactors, on either side of slot 556 and arranged in primitives or sets 540 (1-381),
aach set including eight fluid actuators, four fluid ejectors and four fluid pumps.
As schematically shown Figure 7, the ejectors are associated with a nozzie
orifice 354 while the pumps are containad within are associated with a
microffuidic channel 360,

j80052] Figure 7 ilustrales the use of the addressing scheme described
above with respect to fluidic dies 20, 120 and 320 on a larger scale. As shown
by Figure 7, and each pair of adjacent or consecutive primitives on a side of siot
556, the set of addresses in the sets are primitives 540 appositely assigned o
the gjectors 332 and pumps 334, For example, in primitive 2, the ejectors have
even addresses (0,2,4,6) while the pumps have odd addresses {1,3,5,7).
Conversely, in the adjacent or consscutive primitive 4, the ejectors have odd
addresses {1,3,5,7) while the pumps have even addresses {0,2,4.61,3,6,7) the
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same schemas apply with respect {o primitives 1, 3, primitives 390, 392, primitive
389, 381 and so on.

[00653] As with fluidic die 220 described above, the example addressing
scheme of fluidic die 520 may facilitate more flexibility in the actuation order of
fluid sjectors 332 and fluid pumps 334, In examples where fluid ejectors 332 and
fluid pumps 334 have different energy demands, the example addressing
scheme of fluid die 520 may faciliiate reduced peak currents. For example, in
one implementation where fluid ejectors 332 have higher energy demands and
fluid pumps 334 have lower energy demands or peak currents, the number of
fluid ejectors is spread out over the total number of addresses in each of sets
540, resulting in half, rather than all, of the fotal number of fluid sjectors being
enabled for possible actuation dwing a subsequent actuation event. in other
words, the first half of the fluid ejectors may be enabled for possible actuation
during a first actuation event while a second half of the fluid actuators may be

enabled for possible actuation during a second actuation event.

[00054] Figure 8 is a schematic diagram of a portion of another example
fluidic die 620 having data pad 621, data parser 622 and address line 6§24.
Fluidic die 620 additionally comprises each of those components illustrated and
described above respect o Figures 4 and 5 such as primitives or sets 340 of
different fluld ejectors in the form of fluid ejectors 332 and fluid pumps 334 as
well as flurd input 358, microfluidic channel 360 and the components of nozzle
350 such as ejection chamber 352 and orifice 354. In the example illustrated,
each set 340 comprises eight fluid actuators, four fluid ejectors 332 and four fluid
pump 334. As shouild be appreciated, in other implementations, such as
primitives or sets may comprise a greater or smaller number of such fluid
actuatars. Each fluid ejector 332, fluid pump 334 may comprise the triggering
fogic 370 as #lustrated and described above, but where fluid acluator address
ting 24 is replaced with fluid actuator address line 624 as Hlusirated in Figure 8.
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[00055] Data pad 621 comprise electric connactions by which data packels
are received from fluid ejection controlier 310 {shown in Figure 5) data parser
622 comprises electronics or logic that parses the data packet {o wWentify a
designated fluid actuator address to be enagbled for a particular actuation event.
Data parser 622 may transmit signals along address line 624 based upon the
designated fluid actuator address.

[00656] Figure 8 illustrates fluid actuator address line 624 and its
connection to fluid gjectors 332 and fluid pumps 334 of sets 340A and 340B.
Fluid actuator address {ine 624 comprises address bit lines 680, complementary
address bit lines 682 and address decoding logic elements 682. Address bit
nes 680 comprise electrically conductive wires or traces on substrate 22 that
represent three bits, Addr(0), Addr {1} and Addr(2) and which are connected o or
nat connectad o respective address decoding logic elements 882 based upon
the binary address of the fluid actuafor 332, 334 connecied o the respective
address decoding logic elements 882. For example, as shown by Figure 8, the
topmost fluid ejector 332 of set 340A with an address of “0” has an associated
fogic element 682 that is not connected to Addr(2) {a bit value of 0}, that is not
connacted to Addr{1) {a bit valus of 0} and that is not connected to Addr{Q} (a bit
vaiue of 0), forming 8 binary value of Q00 or zero. Likewise, the topmost fluid
pump 334 of set 340A with an address of 17 has an associated logic element
682 that s not connected o Addr(2} {a bit value of0), that is not connected to
Addr{1} {a bit value of 0) and that is connected to Addr(Q) {a bil value of 1),
forming a binary value of 001 or one. The next actuator, in the form of a fluid
ejactor having address “2”, has an associated logic element 682 that is not
connected o Addr(2) {a bit value of 0}, that is connected to Addr{1) (a bit value of
1) and that is not connected to Addr{0) (a bit value of 0}, forming a binary

address value of 010 or twa. This binary connection scheme continues for the
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remaining addresses the 3-7 of the fluid ejectors 332 and fluid pumps 334 of set
340A,

[00687] The same binary connection described above with respect fo set
340A is applied 1o set 3408 (and any other primitives or sets of fluidic die 820).
However, as shown by Figure 8, the sef of addresses (-7 in set 3408 are
appositely assigned to the fluid ejectors 332 and fluid pump 334. instead of fluid
gjectors 332 being assigned even addresses and the fluid pumps 334 being
gssigned odd addresses, the fluid pumps are assigned even addresses while the
fluid ejectors are assigned odd addresses. As with set 340A, the address bit line
680 of fluid actuator address line 624 are connected 10 the logic element 682 of
gach fhuid ejector 332 or fluid pump 334 based upon the address of the fluid
ejector 332 or fluid pump 334, For example, the fluid ejector 332 having an
address of "7” has an addrass decoding logic element 682 that is connected to
Addr{2} {a bit value of 1), that is connected to Addr{1) (3 bit value of 1), and that
is connected to Addr{0) {a bit value of one), forming a binary address value of

111 or seven.

[60058] The complementary address bit lines 682 cooperate with address
bit lings 680 to transmit signals such that an individual address decoding logic
element 682 transmits an address enabling signal o its respective fluid ejector
332 or fluid pump 334 in response o an individual fluid ejector 332 or fluid pump
334 being addressed by line 624. The complementary address bit ines 682
comprise electrically conductive wires or traces on substrate 22 that are
connected o or not connectad to the logic element 882 of the different fluid
gjectors 332 and fluid pumps 334 based upon the address of the respective fluid
gjector 332, fluid pumps 334. The complementary address bit lines 82 for a
particular logic element 682 for a particular fluid ejector 332 or fluid pump 334
have connections that are the opposite of the connections of the respective
addrass bit line 680 {o the same particular fluid ejector 332 or fluid pump 334.
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For example, in set 340A, the fluid sjector 332 with an address of “4” has a logic
element 682 connected {0 address bit line Addr(2) but not connected to the
remaining address bit lines Addr(1} and Addr{2) 1o form a binary address of 100
with a value of 4. Accordingly, the same address decoding logic element 682 for
the fluid ejector 332 having an address of "4 is connected to address bit lines
682 in & complementary or opposite fashion, not being connscted to Addr(d)
while being connected to Addr{1) and Addr{@)}. in one implementation, the
connections between each of the logic element 682 and the address bit line 880
and complementary address bit line 682 is made on substrate 22 with metal 2

layer jumpers.

[00059] in the example ilustrated in Figure 8, the address to be enabled in
each of the sets 340 of fluid ejector 332 and fluid pumps 334 is carried out by
selectively connecting the different address bit line 680 and complementary
address bit line 682 to a high "17 or a low "07 voltage level. Such selective
connection may be made by actuation logic utilizing transistors or other switches.
For example, to transmit the address "5" along line 624 {0 concurrently enable
the fluid pump 334 in set 340A having address *5" and the fluid gjector 332 in set
3408 having address “5", the address bif ines Addr(2) and Addr(0) of the
address bif lines 680 and the complementary address bif line N Addr(1) are
connectad {o a high "17 voltage level. At the same time, the address bit line
Addr({1) of the address bit line 680 and the address bif lines N Addr{2) and N
Addr{0} of the complementary address bit lines 682 are connected to a fow 07
voltage, either | a null or zero voltage or a negative voltage. The other fluid
ejactors 332 and fluid pumps 334 may receive enabling signals via fluid actuator

address line 624 in a similar fashion.

jootsn] in the example illustrated, address decoding logic elements 682
comprise AND logic such as a gate or other electronic circuitry that provide AND
togic, wherein the owtput results in response 1o all of the input ines baing active
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or the signals. In other implementations, address decoding logic elements 682
may comprise other electronic circuitry that decodes the address being
fransmitted along bit lines 680 and 682. Sitill other implementations, addresses
may be transmitted along address data line 824 using other numbers or
combinations of bit lines as well as other address encoding circuitry or elements.

{00061] in the examples shown in Figures 4-5 and Figure 8, examples of an
embedded addressing scheme are described. it should be appreciated that in
other implementations, other addressing schemes other than embedded
addressing schemes may bs employed. For example, addrassing schemes
employing the direct wiring of address lines may be employed, wherein the
anabling or firing order of primitives of fluid actuators is alternated as described
above.

{60862} Although the present disclosure has been described with reference
to example implementations, workers skilled in the art will recognize that
changes may be made in form and detall without departing from the spirit and
scope of the claimed subject matter. For example, although different exampie
implementations may have been described as including one or more features
providing one or more benefits, it is conlemplated that the described features
may be interchanged with one another or alternatively be combined with one
another in the described example implementations or in other slternative
implementations. Because the technology of the present disclosure is relatively
complex, not all changes in the technology are forssesable. The present
disclosure described with reference to the example implementations and set forth
in the following claims is manifestly intended o be as broad as possible. For
example, unless specifically otherwise noted, the claims reciling a single
particular element also encompass a plurality of such particular elements. The
terms “first’, "second”, “third” and so on in the claims mersly distinguish different
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alements and, unless ctherwise stated, are not 1o be specifically associated with
& particular order or particular numbering of elements in the disclosure.
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WHAT IS CLAIMED {S:

1 1. A fuidic die comprising:

g substrate supporting a fluid actustor address line;

=2

a2

a first set of fluid actuators connected to the fluid

4 actuator address {ing, the first set of fluid actuators
5 comprising:
8 a first subset of fluid actuators of a first type of
7 fluid actuators; and
g a second subset of fluid actuators of a second
9 type of fluid actuators having different operating
10 characteristics than the first type of fluid acluators;
11 a second set of fluid actuators connected to the fluid
32 actuator address line, the second set of fluid actuators
13 comprising:
14 a third subset of lud actuators of the first type;
15 and
18 a fourth subset of fluid actuators of the second
17 {ype, wherein ons of the first subset of fluid actuators
18 and one of the fourth subset of fluid actuators have
19 addresses so as to be both enabled by a single
20 address enabling event on the fluid actuator address
21 fine.
1 2. The fluidic die of claim 1, wherein the first subsst of fluid acluators

2 and the fourth subset of fluid actuators each have g first set of addresses and

whaerein the second subset of fluid actuators and the third subset of fluid

O

4 actuators each have a second set of addresses.
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3. The fluidic die of claim 2, wherein the first set of addresses are
aven numbered addresses and wherein the second set of addresses are odd

ntsnhered addresses.

4. The fluidic die of claim 1, wherein the first type of fluid actuators
has a first actuation energy demand and wherein the second type of fluid
actuators has a second actuation energy demand different than the first actuation

energy demand.

5. The fluidic die of claim 3, wherein the first type of fluid actuators is
to eject fluid through corresponding nozzles and wherein the second type of fluid
actuators is o circulate fluid to a firing chamber.

8. The fluidic die of claim 1, wherein the first type of fluid actuators is
o gject fluid through corresponding nozzies and wherein the second type of fluid

actuators is to circulate fluid to a firing chamber.

7. The fluidic die of claim 1 further comprising a third set of fluid
actuators connected to the fluid actuator address line adjacent the second sef of
fluid actuators, the second set of fluid actuators being between the first set of
fluid actuators and the second set of fluid actuators, the third set subset of fluid
actuators comprising:

a fifth subset of fluld actualors of the first type of fluid
actuators; and

a sixth subset of fluid actuators of the second type of fluid
actuators,
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wherein one of the fifth subset of fluid actuators has an
address s0 as {o be enabled by the single enabling event on the

fluid actuator address line.

8. The fluidic die of claim 1, wherein the fluid actuator address line
comprises a first set of bit lines and a second sef of complementary bit lines,
wherein said one of the first subset of fluid actuators and said one of the fourth
subset of fluid actuators each have logic coupled o a same combination of the
first set of bit lines and a same combination of the second set of complementary

bit ines.

9. The fluidic die of claim 1, wherein fluid actuators of the first subset
of fluid actuators alternate with fluid actuators of the second subset of fluid
actuators in the first set of fluld actuators and wherein fluid actuators of the third
subset of fluid actuators alternate with fluid actuators of the fourth subset of fluid
actuators in the second set of fluid actuators.

10. A fluidic die comprising:

& substrate supporting a fluid actustor address ling;

g first set of fluid actuators connected to the fluid
actuator addrass line, the first set of fluid acluators
comprising:

a first subset of flurd ejectors; and
a first subset of fluid pumps;

a second set of fluid actuators connecled to the fluid
actuator address line, the second set of fluid actuators
comprising:

a second subset of fluid ejectors; and

a second subset of fluld pumps,
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wherein fluid gjectors of the first subset of flud
gjectors and fluid ejectors of the second subset of fluid actuators have a
first set of addresses and wherein fluid pumps of the first subset of fluid
pumps and fluid pumps of the second subset of fluid ejectors have a
sacond set of addresses.

11 The fluidic die of claim 10, wherein the fluid ejectors of the first
subset of fluid ejectors and the second subset of fluid ejectors each have 3 first
actuation energy demand and wherein the fluid pumps of the first subset of fluid
ejectors and the second subset of fluid gjectors each have a second actuation
energy demand less than the first actuation energy demand.

12.  The fluidic die of claim 10, wherein the first set of addresses are
aven numbered addresses and wherein the second set of addresses are odd

numbered addresses.

13.  The fluidic die of claim 10, wherein fluid gjectors of the first subset
of fluid ejectors alternate with fluld pumps of the first subset of fluid pumps in the
first set of fluid actuators and wherein fluid ejectors of the second subset of fluid
ejectors alternate with fluid pumps of the second subset of fluid pumps in the

second set of fluid actuators.
14. A method comprising:
transmitting address enabling signals that enable a single

address on a fluld actuator address jing of a fluidicdieto each of a

first set of fluid actuators and a second set of fluid actuators;
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enabiling a first fluid actuator of a first type of fluid actuators
having an address in the first set of fluid actuators in response 1o

the address enabling signals; and

enabling a second fluid actuator of a second type of fluid
actuators having the address in the second set of fluid actuators, in
response {0 the address enabling signals, the second type of fluid
actuators each having an operational characteristic different than

that of the first type of fluid actuators;

transmitting primitive enabling signals to the first set of fluid
actuators and the sscond set of fluid sctuators:

actuating the first fluld actuator in response to the first fluid
actuator receiving & combination of the address snabling signals

and primitive enabling signals; and

actuating the second fluid actuator in response to the second
fluid actuator receiving a combination of the address enabling

signals and the primitive enabling signals.

The method of claim 14, wherein the first fluid actuator comprises a

fluid sjector and wherein the sscond fluid actuator comprises a fluid pump.
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