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(57) Abstract: A fluid ejection device may include a substrate, a first
group of fluid drivers on the substrate, a second group of fluid drivers
on the substrate, a memory element storing a predetermined offset
value and electronics to receive an address of one of the fluid drivers
of'the first group for actuation control. The electronics may select one
of the fluid drivers of the second group for actuation control based
on the address and the stored offset value.
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FLUID DRIVER ACTUATION CONTROL USING OFFSET

BACKGROUND

[0001] Fluid ejection devices may include groups of fluid drivers
utilized as part of as fluid ejectors and serving as fluid pumps. Fluid
ejection controllers supply the fluid ejection devices with instructions,

such as fire pulse groups, for firing the fluid drivers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1 is a schematic diagram of an example fluid ejection

device.

[0003] Figure 2 is a flow diagram of an example method for

controlling the actuation of fluid drivers on a fluid ejection device.

[0004] Figure 3 is a schematic diagram of an example fluid ejection

system.

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

ejection system.

[0006] Figure 5 is a schematic diagram of another example fluid

ejection system.

[0007] Figure 6 is a schematic diagram of another example fluid

ejection system.

[0008] Figure 7 is a schematic diagram of another example fluid

ejection system.
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[0009] Figure 8 is a diagram of example data headers for data
packets for enabling the actuation of fluid driver addresses of

different fluid driver groups.

[00010] Throughout the drawings, identical reference numbers
designate similar, but not necessarily identical, elements. The
figures are not necessarily to scale, and the size of some parts may
be exaggerated to more clearly illustrate the example shown.
Moreover the drawings provide examples and/or implementations
consistent with the description; however, the description is not limited

to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION OF EXAMPLES

[00011] Fluid ejection controllers transmit signals to fluid ejection
devices controlling which fluid driver addresses are to be actuated or
fired by the fluid ejection device. The fluid drivers may be grouped
into primitives of multiple fluid drivers, each primitive having the same
set of fluid driver addresses. The primitives themselves may be
arranged in different sets of primitives or primitive groupings, wherein
each different set or primitive grouping is enabled for firing using
different dedicated control signal lines. Such fluid ejection controllers
may provide such instructions one primitive grouping at a time. For
example, each data packet may include a header portion indicating a
particular fluid driver address for each of the primitives of a single
primitive grouping and a data portion indicating what individual
primitives of the primitive grouping are to be fired at the indicated

fluid driver address during a fire pulse. Transmitting instructions one
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fluid driver group address or grouping of primitives (fire pulse group
data packets) at a time may utilize multiple data packets to cycle
through all addresses and may consume valuable transmission
bandwidth.

[00012] Disclosed herein are examples of a fluid ejection device, a
fluid ejection system and a method that may reduce the amount of
data, the number of data packets and/or transmission bandwidth
consumed during the provision of fluid ejection instructions to a fluid
ejection device. Disclosed herein are examples of a fluid ejection
device, a fluid ejection system and a method that may decrease fluid
ejection time or increase the rate at which fluid drivers may be fired.
In such implementations, a fluid ejection device enables the firing of a
fluid driver address of not one, but of two different primitive groupings
based uper upon instructions upon a single received fluid driver
address. In such examples, the example fluid ejection device, fluid
ejection system and method utilize an offset value stored on the fluid
ejection device, wherein the fluid ejection device uses the fluid driver
address received by the fluid ejection device to enable the fluid driver
address of a first primitive grouping and uses a combination of the
fluid driver address received by the fluid ejection device and the
stored offset to enable a different fluid driver address of a different

fluid driver group or group of primitives.

[00013] Disclosed herein is an example fluid ejection device which
comprises a substrate, a first group of fluid drivers on the substrate, a
second group of fluid drivers on the substrate, and a memory
element storing a predetermined offset value and electronics. The
electronics may receive an address of one of the fluid drivers of the

first group for actuation control and to select one of the fluid drivers of
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the second group for actuation control based on the address and the
stored offset value.

[00014] Disclosed herein is an example fluid ejection system which
may comprise a fluid ejection controller for use with a fluid ejection
device having a first group of fluid drivers and a second group of fluid
drivers on a second side of the fluid feed slot. The fluid ejection
controller may transmit an address of one of the fluid drivers of the
first group for actuation control and may further transmit an offset
value to the fluid ejection device for use by the fluid ejection device in
selecting one of the fluid drivers of the second group for actuation

control based on the address and the transmitted offset value.

[00015] Disclosed herein is an example method which may comprise
receiving, with a fluid ejection device, a first address of a fluid driver
of a first group of fluid drivers on a substrate for actuation and
determining, on the fluid ejection device, a second address of a fluid
driver of a second group of fluid drivers on the substrate for actuation

control based upon the first address and an offset value.

[00016] Figure 1 schematically illustrates an example fluid ejection
device 20 that may reduce the amount of data, the number of data
packets and/or transmission bandwidth consumed during the
provision of fluid ejection instructions to a fluid ejection device. Fluid
ejection device 20 may further decrease fluid ejection time or
increase the rate at its fluid drivers may be fired. Fluid ejection
device 20 may facilitate the generation of fluid driver enablement or
actuation signals for two different groupings of fluid drivers using a

single received fluid driver address and a stored offset value.
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[00017] The example fluid ejection device 20 comprises substrate
22, afirst group 24A of fluid drivers 26, a second group 24B of fluid
drivers 26, memory element (ME) 30 and electronics 34. Substrate
22 comprises a base or foundation for fluid drivers 26 and those
supplies that supply fluid to fluid drivers 26. In one implementation,
substrate 22 may be formed from silicon. In other implementations,
substrate 22 may be formed from other materials such as polymers
or ceramics. In one implementation, substrate 22 may be part of a
fluid ejection die upon which electronic components and circuitry are
fabricated.

[00018] Groups 24A and 24B (collectively referred to as groups 24)
of fluid drivers 26 each comprise a plurality of fluid drivers 26 that
receive actuation or enablement signals from electronics 34 across a
same actuation signal line. In the example illustrated, each of fluid
drivers 26 of group 24A receive actuation or enablement signals from
electronics 34 across actuation signal line 38A. Likewise, each of
fluid drivers 26 of group 24B receive actuation or enablement signals
from electronics 34 across signal line 38B. Each of signal lines 38
may be connected to logic elements, such as transistors, that
facilitate the enablement of a selected individual fluid driver 26 of

each of group.

[00019] In one implementation, groups 24 of fluid drivers 26 may
comprise primitive groupings, wherein each of groups 24 comprises a
plurality of primitives and wherein each of the primitives comprises a
set or group of fluid drivers, including fluid drivers of fluid ejectors. In
some implementations, the set or group of fluid drivers in each of the
primitives additionally comprises fluid drivers that serve as pumps for

the fluid ejectors. In one implementation, each of the groups 24 of



WO 2018/136074

PCT/US2017/014165

fluid drivers are arranged in a column of fluid drivers. For example,
the drivers of group 24A may be arranged in a first column while the
drivers of group 24B are arranged in a second column parallel to the
first column. In one implementation, the two columns may be located
adjacent to and on opposite sides of a fluid feed slot. In one
implementation, the two columns may be located along different fluid
feed slots. In other implementations, the groups may be formed from
different fluid drivers along columns of individual fluid feed passages
or holes, wherein each fluid feed whole supplies fluid to an individual
fluid ejector and its associated fluid driver or multiple fluid ejectors,
such as pairs of fluid ejectors, that share an associated pump. In yet
other implementations, the groups 24 of fluid drivers may each

comprise other arrangements or arrays of fluid drivers.

[00020] Each of fluid drivers 26 comprises an element that drives or
moves fluid. Some of fluid drivers 26 in each of groups 24 may be
associated with a firing chamber and nozzle, wherein such fluid
drivers are part of a fluid ejector by serving to drive fluid within the
firing chamber through the nozzle. In some implementations, some
of the fluid drivers 26 in each of groups 24 may serve as pumps for
ejectors, driving fluid into the firing chamber of the ejector, thereby
mixing fluid and maintaining fresh fluid in the firing chamber of an
associated ejector. In other implementations, the ejectors may omit

such additional fluid pumps.

[00021] In one implementation, each of fluid drivers 26 comprises a
thermally resistive element adjacent a volume, wherein the thermally
resistive element, upon receiving electrical current, generates a
sufficient amount of heat to vaporize fluid so as to create a bubble,

wherein the bubble drives fluid from the volume. For example, where
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the fluid driver is part of a fluid ejector, the volume is the firing
chamber adjacent the nozzle such that the bubble drives fluid
through the nozzle to eject the fluid. Where the fluid driver is part of
a fluid pump, the volume is connected to the firing chamber to form
an inertial pump such that the bubble drives fluid into the firing
chamber to mix fluid within and circulate fluid across the firing

chamber.

[00022] In other implementations, each of fluid drivers 26 may
comprise a flexible membrane that is moved to reduce the size of the
adjacent volume so as to force fluid out of the adjacent volume, either
through a nozzle as in the case of an ejector, or into a firing chamber,
as in the case of a pump. For example, in one implementation, each
of fluid drivers 26 may comprise a piezo-resistive element that
changes shape or size in response to being heated or in response to
electrical current. In yet other implementations, fluid driver 36 may
comprise other devices or elements that may be selectively
controlled to expel fluid within and from an adjacent volume, either
through a nozzle or into the firing chamber that extends adjacent a

nozzle and another fluid driver.

[00023] Memory element 30 comprises an element formed upon and
supported by substrate 22 that stores an offset value O. In one
implementation, memory element 30 comprises a non-transitory
computer-readable medium or a circuit element, such as a flip-flop or
latch circuit element, that stores the offset value O. In one
implementation, memory element 30 comprises a nonvolatile
memory by which data representing the value of an offset O is
permanently written and is not erased when the fluid ejection system

employing fluid ejection device 20 is powered off. Because the offset
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value O may be stored by memory element 30 directly on fluid
ejection device 20, the offset value may be transmitted to fluid
ejection device 20 and stored in memory element 30 during setup,
initialization, at predetermined periodic intervals or during
manufacturing. In one implementation, memory element 30 may
comprise a volatile memory, such as a random access memory,
wherein memory element 30 receives the value for offset O at the
beginning of each power up of the system employing fluid ejection

device 20.

[00024] The offset O stored by memory element 30 comprises a
value which predicates a spacing between the fluid driver address
received for a firing moment for one of groups 24 and the fluid driver
address to be fired during the same or closely spaced firing moment
for the other of groups 24. In one implementation, offset O
represents a spacing that reduces or eliminates interference that
might otherwise result if the addresses of the two different fluid driver
groups are too close to one another. For example, fluid driver 20
may receive a first fluid driver address of the first group 24A
designated for firing, wherein the offset O predicates a minimum
distance or spacing between received first fluid driver address and a
second fluid driver address to be fired for the second group 24B. In
one implementation, the offset O may be in terms of a number of fluid

drivers or a number of fluid driver addresses.

[00025] Electronics 34 comprises electronic circuitry and/or a
processing unit and associated software or programs instructions
stored on a non-transitory computerize readable medium that
participate in the control of the actuation of the fluid drivers 26 of the

groups 24 on fluid ejection device 20. In one implementation,
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electronics 34 comprise circuitry integrated into and formed upon
substrate 22. In another implementation, electronics 34 comprise
circuitry mounted to substrate 22. In some implementations,
electronics 34 may be provided on a structure separate from
substrate 22, wherein the electronics receive address data from a
separate fluid ejection controller and provide enablement or actuation
signals and fire pulses for the fluid drivers on substrate 22.
Electronics 34 carry out method 100 described with respect to Figure
2.

[00026] Figure 2 is a flow diagram of an example method 100 for
selecting and controlling what fluid drivers on a fluid ejection device
are to be fired or actuated. Method 100 may reduce the amount of
data, the number of data packets and/or transmission bandwidth
consumed during the provision of fluid ejection instructions to a fluid
ejection device. Method 100 may further decrease fluid ejection time
or increase the rate at its fluid drivers may be fired. Method 100 may
facilitate the generation of fluid driver enablement or actuation signals
for two different groupings of fluid drivers based upon a single
received fluid driver address for one of the groupings and based
upon the received fluid driver address in combination with a stored
offset value for the other of the groupings. Although method 100 is
described as being carried out using fluid ejection device 20, it should
be appreciated that method 100 may be carried out by any of the
fluid ejection devices and fluid ejection systems described hereafter

or other similar fluid ejection devices or systems.

[00027] As indicated by block 110 of Figure 2, electronics 34 of fluid
ejection device 20 receives a first address a fluid driver 26 of a first
group 24A, 24B of fluid drivers 26 on substrate 22. The first address
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is received in a wired or wireless fashion from a remote fluid ejection
controller. In one implementation, the remote fluid ejection controller
is not on substrate 22. In one implementation, fluid ejection device
20 comprises the print die of a print head, wherein the address is
received from a fluid ejection controller remote from the print die and

the print head.

[00028] As indicated by block 120, electronics 34 on fluid ejection
device 20 determines a second address of a fluid driver 26 of a
second group 24A, 24B of fluid drivers 26 on substrate 22 for
actuation control based upon the first address received in block 110
and the offset value O stored in memory element 30. In one
implementation, electronics 34 determines which fluid driver address
to actuate in the second group of fluid drivers 26 by adding a
predetermined number of fluid drivers (represented by the offset O)
to the received of the fluid driver to be actuated in the first group of
fluid drivers. For example, in one implementation, groups 24A and
24B may have the same sequence of fluid drivers. In such an
implementation, should electronics 34 receive address 4 in the first
group 24A of fluid drivers 26, and should offset O have a value of
three fluid drivers, electronics 34 would determine that the fluid driver
of address 7 (received address of 4+ offset value of 3) in the second
group 24B of fluid drivers should be fired at the same time or
substantially the same time as the firing of address 4 in the first group
24A of fluid drivers 26 on the example substrate 22.

[00029] Although the above example illustrates the determination of
the fluid driver 26 to be fired in the second group by adding the offset
value to the received address, it should be appreciated the offset

may be used to determine what fluid driver address is to be fired in
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the other group in other fashions. For example, the fluid driver
address to be fired in the second group of fluid drivers may also be
determined by subtracting the offset value from the received fluid
driver address for the first group of fluid drivers. The fluid driver
address to be fired in the second group of fluid drivers may be
determined by multiplying or dividing the received fluid driver address
for the first group of fluid drivers by an offset value, and then
rounding up or down. As should be appreciated, the fluid driver
address to be fired in the second group of fluid drivers may be based
upon a variety of different formulas which utilize the received fluid
driver address for the first group of fluid drivers and some offset value
stored by memory element 30.

[00030] Figure 3 schematically illustrates an example fluid ejection
system 200 for controlling the ejection of fluid. Fluid ejection system
200 may reduce the amount of data, the number of data packets
and/or transmission bandwidth consumed during the provision of fluid
ejection instructions to a fluid ejection device. Fluid ejection system
may further decrease fluid ejection time or increase the rate at which
its fluid drivers may be fired. Fluid ejection system 200 may facilitate
the generation of fluid driver enablement or actuation signals for two
different groupings of fluid drivers based upon a single fluid driver
address received by a fluid ejection device for one of the groupings
and based upon the received fluid driver address in combination with
a stored offset value for the other of the groupings. Fluid ejection
system 200 comprises fluid ejection device 220 and fluid ejection
controller (FEC) 250.

[00031] Fluid ejection device 220 is similar to fluid ejection device 20

described above except that fluid ejection device 220 is specifically
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illustrated as comprising fluid drivers 226 which are each associated
with a firing chamber 228 and a nozzle 230 to form a fluid ejector. In
the example illustrated, fluid ejection device 220 omits pumps
associated with the individual fluid ejectors to mix fluid. Those
remaining components of fluid ejection device 220 which correspond

to components of fluid ejection device 20 are numbered similarly.

[00032] Fluid ejection controller 250 comprises electronics, such as a
processing unit and an associated non-transitory computer-readable
medium that provides a structure for directing the processing unit.
Fluid ejection controller 250 is remote from electronics 34 and fluid
ejection device 220. Fluid ejection controller 250 transmits image
data to electronics 34 of fluid ejection device 220 (as well as other
fluid ejection devices 220) in a wired or wireless fashion. In one
implementation, fluid ejection controller 250 is part of a self-contained
ejection system, wherein fluid ejection controller 250 and fluid
ejection device 200 are part of a self-contained unit within a single

housing.

[00033] As shown by Figure 3, fluid ejection controller 250 transmits
a fluid driver address A for a first group of fluid drivers G1. In the
example illustrated, fluid ejection controller 250 further transmits the
offset O. In the example illustrated, fluid ejection controller 250
transmits the offset O less frequently or a fewer number of times as
compared to the number of times that fluid ejection controller 250
transmits the address of the fluid driver to be fired during each of the
firing moments or with generated fire pulses. In one implementation,
fluid ejection controller 250 transmits the offset O to fluid ejection
device 220 once upon initialization of fluid ejection system 200,

wherein the offset is stored in a non-volatile memory element 30 on
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fluid ejection device 220. In another implementation, fluid ejection
controller 250 transmits the offset O to fluid ejection device 220
during the power up of system 200, wherein the memory offset O is
stored in a volatile memory element 30 on fluid ejection device 220.
In yet other implementations, fluid ejection controller 250 transmits
the offset O to fluid ejection device 220 at other predetermined times
or other predetermined periodic intervals having a frequency less
than the frequency at which fluid ejection controller 250 transmits a
fluid driver addresses to fluid ejection device 220 for the first group of
fluid drivers on fluid ejection device 220.

[00034] In one implementation, fluid ejection controller 250 transmits
the offset O and transmits the address of the fluid driver to be fired
for the first group of fluid drivers using separate transmission lines.

In the example illustrated, fluid ejection controller 250 transmits the
fluid driver address for the first group of fluid drivers using a first
transmission line 254 and transmits the offset O using a separate and
distinct transmission line 256. As a result, the transmission of the
offset O does not interfere with the transmission of the fluid driver
addresses.

[00035] In one implementation, fluid ejection device 220 comprises a
print die of a print head, wherein fluid ejection controller 250
comprises a print controller. In such an implementation, device 220
and controller 250 are part of a single contained housing or unit
forming a printer. In one implementation, the different groups 24 of
fluid drivers 26 eject different types of ink, such as different colors of
ink.



WO 2018/136074

PCT/US2017/014165

14

[00036] Figure 4 schematically illustrates fluid ejection system 300,
another example implementation of fluid ejection system 200. Fluid
ejection system 300 is similar to fluid ejection system 200 except that
fluid ejection system 300 comprises fluid ejection device 320 in place
of fluid ejection device 220. Those remaining components of fluid
ejection system 300 which correspond to components of fluid ejection

system 200 are numbered similarly.

[00037] Fluid ejection device 320 is itself similar to fluid ejection
device 220 except that fluid ejection device 320 comprises groups
324A and 324B (collectively referred to as group 324) of fluid drivers
26 specifically illustrated as being arranged along, receiving fluid
from and circulating fluid to an intermediate fluid feed slot 325.
Groups 324 each comprise a column of fluid drivers 26 on opposite
sides of slot 325. Each of groups 324 comprises a column of
associated fluid drivers or pairs of fluid drivers 26, each pair
comprising a first fluid driver 26 serving as a pump 27 and a second
fluid driver 26 adjacent to a firing chamber 228 and a nozzle 230 so
as to form a fluid ejector 29. The first fluid driver 26 of each pair
draws fluid from slot 325 and, upon being fired, drives fluid through
passage 340 into the associated firing chamber 228. Serving as a
pump 27, the first fluid driver may be used to maintain mixed or fresh
fluid within the associated firing chamber 228. The second fluid
driver 26 of each pair, upon being fired, drives fluid within the firing
chamber 228 through nozzle 230. Fluid not ejected through nozzle
230 is recirculated back into fluid feed slot 325.

[00038] Slot 325 receives fluid from a fluid supply source, such as a
volume of a fluid cartridge secured to and moving with fluid ejection

substrate 22 of device 320 or remote from substrate 22 of fluid
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ejection device 320, such as with an off-axis fluid supply. Slot 325
supplies fluid to the pump formed by the first fluid driver 26. Slot 325
further receives fluid from firing chamber 228 that is not ejected
through nozzle 230. As with fluid ejection device 220, fluid ejection
device 320 comprises electronics 34 that carry out method 100

described above.

[00039] Figure 5 schematically illustrates fluid ejection system 400,
another example implementation of fluid ejection system 200
described above. Fluid ejection system 400 is similar to fluid ejection
system 300 except that fluid ejection system 400 is specifically
illustrated as having fluid feed holes 425 in place of slot 325, wherein
each of the holes 425 supplies fluid to the first fluid driver 26 serving
as a fluid pump 27 and receives fluid from the fluid ejector 29 formed
by the second fluid driver 26. Each fluid pump 27 is connected to the
feed hole 425 by an inlet passage 428. Each firing chamber 228 of
each fluid ejector 29 is connected to the feed hole 425 by an outlet
passage 430. Passages 428 and 430 facilitate circulation of fluid
from the feed hole 742, into the bottom adjacent pump 27, through
passage 340, into the firing chamber 228 and back into the feed hole
425 through passage 430. Each feed hole 742 is supplied with fluid
from a fluid source (not shown) such as a fluid containing volume of a
fluid cartridge to which fluid ejection device 420 is formed or mounted
or from a fluid source that is remote with respect to fluid ejection
device 420.

[00040] In the example illustrated, drivers 26 are grouped so as to
form a first group 424A of fluid drivers in a first column and a second
group 424B of fluid drivers and a second column. The fluid drivers of

group 424A receive enablement or actuation signals from line 38A
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while the fluid drivers of group 424B received enablement or
actuation signals from line 38B. Although the two different groups
424 are illustrated as comprising two linear columns of fluid drivers,

in other implementations, the fluid drivers groups may have other
shapes or arrangements, wherein each of the fluid drivers of an
individual group receive enablement or actuation signals from a same
signal transmission line. As with fluid ejection device 220, fluid
ejection device 420 comprises electronics 34 that carry out method

100 described above.

[00041] Figure 6 schematically illustrates fluid ejection system 500.
Fluid ejection system 500 is similar to fluid ejection system 400
except that fluid ejection system 500 is specifically illustrated as
comprising fluid ejection device 520 comprising fluid feed holes 525
in place of feed holes 425. Each of the fluid feed holes 525 supplies
fluid to a pair of fluid drivers 26 of a pair of fluid pumps 27 and
receives fluid from a pair of fluid drivers 26 of a pair of fluid ejectors
29. Each fluid pump 27 is connected to an associated feed hole 525
by an inlet passage 428. Each fluid ejector 29 is connected to the
associated fluid feed hole 525 by an outlet passage 430, wherein
passages 428 and 430 facilitate circulation of fluid from the hole 525,
into the pump 27, through passage 340, into the firing chamber 228
and back into the hole 525 through passage 430. Each hole 525 is
supplied with fluid from a fluid source (not shown) such as a fluid
containing volume of a fluid cartridge to which fluid ejection device
520 is formed or mounted or from a fluid source that is remote with

respect to fluid ejection device 520.

[00042] In the example illustrated, drivers 26 are grouped so as to

form a first group 524A of fluid drivers in a first column and a second
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group 524B of fluid drivers and a second column. The fluid drivers of
group 524A receive enablement or actuation signals from line 38A
while the fluid drivers of group 524B received enablement or
actuation signals from line 38B. Although the two different groups
524 are illustrated as comprising two linear columns of fluid drivers,
in other implementations, the fluid drivers may be part of fluid driver
groups having other shapes or arrangements, wherein each of the
fluid drivers of an individual group receive enablement or actuation
signals from a same signal transmission line. As with fluid ejection
device 220, fluid ejection device 520 comprises electronics 34 that

carry out method 100 described above.

[00043] Figure 7 schematically illustrates fluid ejection system 600,
another example implementation of fluid ejection system 300. Fluid
ejection system 600 is similar to fluid ejection system 300 described
above except that fluid ejection system 600 is illustrated as
comprising a fluid ejection device 620 comprising multiple fluid
ejection slots 642 (slot A, slot B, slot C and slot D) formed in
substrate 22 through which fluid is supplied to columns of fluid drivers
26 on the opposite sides (the left side L and the right side R) of each
of slots 642. The fluid drivers 26 extending along each side of each
slot 642 receive enablement or actuation signals along a same
transmission line such that the fluid drivers extend along each side of
each of slots 642 forms an individual group of fluid drivers. For
example, the fluid drivers 26 on the left side L of slot A form a first
group 624A of fluid drivers 26 receiving enablement or actuation
singles by a first transmission line while the fluid drivers 26 on the
right side R of slot A form a second group 624B of fluid drivers 26

receiving enablement or actuation singles by a second different
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transmission line. The fluid drivers 26 on the left side L of slot B form
a third group 624C of fluid drivers 26 receiving enablement or
actuation signals by a third transmission line while the fluid drivers 26
on the right side R of slot B form a fourth group 624D of fluid drivers
26 receiving enablement or actuation signals by fourth transmission
line, and so on with respect to the remaining slots (fluid driver groups
624E, 624F, 624G and 624H).

[00044] In one implementation, each of groups 624 of fluid drivers 26
comprises a series or column of fluid drivers 26 similar to group 24A
or group 24B of fluid ejection device 220, wherein each of the fluid
drivers is part of a fluid ejector without a corresponding associated
fluid pump. In yet another implementation, each of group 624 of fluid
drivers 26 comprise a series or column of fluid drivers 26 similar to
group 324A or 324B of fluid ejection device 320 described above,
wherein the fluid drivers form both fluid pumps 27 and associated
fluid ejectors 29. In some implementations, rather than driving fluid
into and through a single associated firing chamber 228 of a single
associated fluid ejector 29, the fluid pumps 27 of each of group 624
may drive fluid into and through a plurality of firing chambers 228 of a
plurality of associated fluid ejectors 29 connected to the individual

fluid pump 27 alongside the respective slot 642.

[00045] As schematically illustrated by broken lines in Figure 7 with
respect to slot A, the fluid drivers 26 on the left side of slots 642 and
forming the first group 624A of fluid drivers 26 are subdivided into a
plurality of primitives 654A. Likewise, the fluid drivers 26 on the right
side of slot A and forming the second group 624B of fluid drivers 26
are subdivided into a plurality of primitives 654B. In the example

illustrated, each of the individual remaining fluid driver groups 624
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are also subdivided into a plurality of primitives. Each primitive may
have the same set of fluid driver addresses. For example, in one
implementation, each primitive 654 of fluid driver group 624A may
have fluid driver addresses 1-16, a first 8 fluid drivers forming fluid
ejectors and a second 8 fluid drivers, alternating with the first eight

fluid drivers, that form fluid pumps for the fluid ejectors.

[00046] Fluid ejection system 600 operates in a fashion similar to the
operation of fluid ejection systems 200, 300, 400 and 500 described
above, carrying out method 100. As schematically shown by Figure
7, fluid ejection device 620 include the memory element 30 that
stores an offset O. Fluid ejection controller 250 transmits an address
for the primitive grouping or fluid driver group 624A to the electronics
34 on fluid ejection device 620. Based upon the received address
and the stored offset O, electronics 34 determines the address for the
primitive grouping or fluid driver group 624B. Electronics 34 utilizes
the received address for the fluid driver group 624A to actuate the
fluid drivers 26 of each of the primitives 654 of group 624A, enabling
such fluid drivers to receive the fire pulse during a fire pulse
transmission. Electronics 34 further utilizes the address determined
from the received address and the offset to actuate the fluid drivers
26 of each of the primitives 654 of group 624B. Electronics 34 enable
or actuate fluid drivers of each of the primitives 654 having a first
address in fluid driver group 624A and a second different address in
fluid driver group 624B using a single transmitted or received address
from fluid ejection controller 250. The same process may be
repeated for the fluid driver group 624 of each of the other slots B, C
and D on the fluid ejection device 620 under the control of electronics

34. As aresult, fluid ejection system 600 may reduce the amount of
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data, the number of data packets and/or transmission bandwidth
consumed during the provision of fluid ejection instructions to a fluid
ejection device. Fluid ejection system 600 may further decrease fluid

ejection time or increase the rate at its fluid drivers may be fired.

[00047] In some implementations, the address received for the fluid
driver of one of fluid driver group, such as fluid driver group 624A,
may be utilized to enable or actuate the fluid drivers of multiple other
fluid driver groups. For example, the address received for fluid driver
group 624A may be used to enable or actuate fluid drivers for fluid
driver groups 624A and 624C, wherein the address received for fluid
driver group 624A and the offset may be used to enable or actuate
fluid drivers for fluid driver groups 624B and 624D. In another
implementation, the address received for fluid driver group 624A may
be used to enable or actuate fluid drivers for fluid driver groups 624A,
624C, 624E and 624G, wherein the address received for fluid driver
group 624A and the offset may be used to enable or actuate fluid
drivers for fluid driver groups 624B, 624D, 624F and 624H.

[00048] Figure 8 illustrates example data packets 1000 and 1002 to
be transmitted from fluid ejection controller 450 to electronics 150 for
the control of the fluid drivers 26 forming the fluid ejectors and pumps
on fluid ejection device 620 of system 600. Figure 8 illustrates the
first 14 clock cycles for the transmission of fire pulse group data for
slots A and B in data header 1000 for slots C and D in data header
1002. As should be understood, there may be more cycles in a data
packet depending upon the number of primitives. Each clock cycle
has a rise time and a fall time, during each of which signals on a
separate signal transmission line are read. For example, during

clock cycle 1, the voltage on a separate signal transmission line is
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sensed once during the rise of the clock cycle and once during the
fall of the clock cycle. The different sensed voltages may correspond
to either a zero or a one (binary) and represent information being
transmitted. The information contained in the data header is stored
by electronics 34 and is used by a fire pulse generator in electronics
34 to generate a fire pulse for the fluid drivers for each fluid driver

groups.

[00049] In the example illustrated, binary signals (0 or 1) transmitted
during clock cycles 5-8, particularly during the rise of each of the
clock signals 5-8, indicates a first address of the fluid ejector 26 in
each of the primitives 954 of fluid driver group 624Aon the left side L
of slot A for which the data header applies during a single fire pulse.
The binary signals (0 or 1) transmitted during clock cycles 5-8 during
the fall of each of the clock signals 5-8, indicates a second address of
the fluid ejector 26 in each of the primitives 954 of fluid driver group
624C on the left side L of slot B for which the data header applies
during a single fire pulse. Using these two identified addresses,
electronics 34 may determine the address of the fluid drivers to be
enabled or actuated in fluid driver group 624B and 624D. For
example, electronics 34 may automatically determine the fluid driver
address for fluid driver group 624B using the received address for
fluid driver group 624A and, using the received address for fluid
driver group 624C, may automatically determine the fluid driver
address for fluid driver group 624D. Electronics 34 utilizes header
1002, which is similar to header 1000, in a similar fashion, receiving
the fluid driver addresses for fluid driver group 624E and 624G to

determine the fluid driver addresses for fluid driver group 624F and
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624H based upon the received fluid driver addresses for fluid driver
group 624E and 624G in combination with the stored offset O.

[00050] 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 detail without
departing from the spirit and scope of the claimed subject matter.

For example, although different example implementations may have
been described as including one or more features providing one or
more benefits, it is contemplated 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
alternative implementations. Because the technology of the present
disclosure is relatively complex, not all changes in the technology are
foreseeable. The present disclosure described with reference to the
example implementations and set forth in the following claims is
manifestly intended to be as broad as possible. For example, unless
specifically otherwise noted, the claims reciting a single particular
element also encompass a plurality of such particular elements. The
terms “first”, “second”, “third” and so on in the claims merely
distinguish different elements and, unless otherwise stated, are not to
be specifically associated with a particular order or particular
numbering of elements in the disclosure.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:
a fluid ejection device comprising:
a substrate;
a first group of fluid drivers on the substrate;
a second group of fluid drivers on the substrate;
a memory element storing a predetermined offset
value; and
electronics to receive an address of one of the fluid
drivers of the first group for actuation control and to select
one of the fluid drivers of the second group for actuation

control based on the address and the stored offset value.

2. The apparatus of claim 2, wherein the first group of fluid drivers and
the second group of fluid drivers each comprise first fluid drivers serving as fluid
pumps and second fluid drivers serving as part of fluid ejectors.

3. The apparatus of claim 1, wherein the memory element comprises

a volatile memory element.

4 The apparatus of claim 1, wherein the memory element comprises

a non-volatile memory element

5. The apparatus of claim 1 further comprising a fluid ejection

controller to transmit the offset value to the fluid ejection device.

6. The apparatus of claim 5, wherein the fluid ejection controller is to
transmit the offset value to the fluid ejection device prior to the transmission of

print data to the fluid ejection device.
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7. A fluid ejection system comprising:

a fluid ejection controller for use with a fluid ejection device
having a first group of fluid drivers and a second group of
fluid drivers, the fluid ejection controller to:

transmit an address of one of the fluid drivers of the
first group for actuation control;

transmit an offset value to the fluid ejection device for
use by the fluid ejection device in selecting one of the fluid
drivers of the second group for actuation control based on

the address and the transmitted offset value.

8. The fluid ejection system of claim 7, wherein the fluid ejection
controller is to transmit the address as part of a fire pulse group further
comprising firing data for the first group of fluid drivers and the second group of
fluid drivers and wherein the fluid ejection controller is to transmit the offset value

separately from the transmission of the fire pulse group.

9. The fluid ejection system of claim 7, wherein the fluid ejection
controller is to transmit the offset value to the fluid ejection device prior to the

transmission of the fire pulse group to the fluid ejection device.

10.  The fluid ejection system of claim 7, wherein the fluid ejection
controller is to transmit a plurality of fire pulse groups, each of the plurality of fire
pulse groups comprising firing data for both the first group of fluid drivers and the
second group of fluid drivers and wherein each of the plurality of fire pulse
groups further comprising an address of one of the fluid drivers of the first group

for actuation control pursuant to the firing data for the first group of fluid drivers
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while omitting an address of one of the fluid drivers of the second group for
actuation control.

11.  The fluid ejection system of claim 7 further comprising the fluid

ejection device, wherein the fluid ejection device comprises:

a memory element to store the offset value transmitted by
the fluid ejection controller; and

electronics to receive the address of said one of the fluid
drivers of the first group for actuation control and to select said one
of the fluid drivers of the second group for actuation control based

on the address and the stored offset value.

12.  The fluid ejection system of claim 11, wherein the first group of fluid
drivers comprises fluid ejectors and fluid pumps and wherein the second group of

fluid drivers comprises fluid ejectors and fluid pumps.

13.  The fluid ejection system of claim 11, wherein the memory element

comprises volatile memory element.

14. A method comprising:

receiving, with a fluid ejection device, a first address
of a fluid driver of a first group of fluid drivers on a substrate

for actuation control; and

determining, on the fluid ejection device, a second

address of a fluid driver of a second group of fluid drivers on



WO 2018/136074 PCT/US2017/014165

12

13

26

the substrate for actuation control based upon the first
address and an offset value.

15.  The method of claim 14 further comprising transmitting a plurality of
fire pulse groups to the fluid ejection device, each of the plurality of fire pulse
groups comprising firing data for both the first group of fluid drivers and the
second group of fluid drivers and wherein each of the plurality of fire pulse
groups further comprising an address of one of the fluid drivers of the first group
for actuation control pursuant to the firing data for the first group of fluid drivers
while omitting an address of one of the fluid drivers of the second group for

actuation control.



WO 2018/136074

20

PCT/US2017/014165

1/8

( 388
Y\ e
i) LI %/—26
R M |B |
30— il il
S \-26 _ k_’/__\26
B il
267 —
ELECTRONICS ~L34
| e’
ME(0)
<
N
30

FIG. ]



WO 2018/136074 PCT/US2017/014165

2/8

100

RECEIVE, WITH A FLUID EJECTION DEVICE, A FIRST ADDRESS OF (\lw
A FLUID DRIVER OF A FIRST GROUP OF FLUID DRIVERS ON A
SUBSTRATE FOR ACTUATION CONTROL

DETERMINE, ON THE FLUID EJECTION DEVICE, A SECOND 120
ADDRESS OF A FLUID DRIVER OF A SECOND GROUP OF FLUID 7
DRIVERS ON THE SUBSTRATE FOR ACTUATION CONTROL BASED

UPON THE FIRST ADDRESS AND AN OFFSET VALUE

FIG. 2



PCT/US2017/014165

WO 2018/136074

3/8

95¢

p:T]

/

05¢

474

\ 19V

\
9te

/44

0¢
—
o
_
$INOIDIT ey,
[O] ® (O] ®
—— < ot
p _ U
ol d|l |[o @
[O] ™ [O] ©
= = (L yge
[O] \\@_

002



WO 2018/136074

PCT/US2017/014165

250

4/8
’390
324A 315
. M
2 38 20 % {//////)
S
278 =1
LI [
40 38B
% 3‘~+——’j 1 L
T — -
\\‘-\_/
7| 4 .\\\\\\\\\N 7
: N
26&\ % . 26
\ N
230~ || ey | ROl | 1
~NUoH sl
728
\\\__,,//jj51 | ]__"“\\\7-—26
26/”'_“—*“:::}‘ 25
7|1 2 4____<::::::) (3
JEN ELEcrkowIcs S
ME (0 : 256




WO 2018/136074 PCT/US2017/014165

5/8

400

424A
\\ ( ;30 ) 25 /4 "

: 40§\\§§/ // P / /22

38A

388

425

1 1| = 254

[mm]
—
T
ad
—
[
T
(m
(o

"\/ \
|

ME(0
) \\ 256 \
250
A



WO 2018/136074 PCT/US2017/014165

6/8
‘5j00
pa® P

3
o
w
-
o

340~ 29 430

AN 1
B 27\;L :(% 26 CD) ))
[ =

428
<10] [ [oF~
Gl

i
( C): ) )
T = 954 /250
ELECTRONICS FEC
- LM_EIIIIIZ
L

FIG. 6



WO 2018/136074 PCT/US2017/014165

7/8

600 642 642 624G 642 go4H
/o )

jaw ) )
/64E (/ 624F [3// 620

e (R L L

b ]

634A

ADDR CLi i /ADDR CR

DDR BR ADDR DL
ADDR DR

254 — XZSO




PCT/US2017/014165

WO 2018/136074

8/8

g9

A N
—

5 al9 d bl g q 9 g bl

4 ) | 9 ) £l G v 9 ] £l

£ a| v d 1 £ g ] g il

€ ) | ¢ ) L1 £ v ] v L1

[ 0| ¢ a 0L ] g l g 0l

L )| 1 ) 6 L v l v 6
[0TT0 ¥aav | 0D ¥aav 8 [oT1g¥aav [oTv yaav 8
[1ha yaav | [1ID ¥aav L [LTg"yaay (LY ¥aay ]
[(ha ¥aav | [zInD ¥aav 9 [1g yaay [Zhv daav 9
[ENa¥aav | [ETD ¥aav g [eng yaav [ETIV_daay g
REY ) 1S 4 b g 1S d V1S d b
[oD3a X £ TID WaVM (L) LAVIS £
[1DIa X l VIVO ALTVd (,0.) LAVIS /
[zDia X | WIAVIH ALTIVd (. 1) VIS |

TIv4 EN L £#ID0 TIv4 EM L #TD0
L v1vd YDW 0 y1va YDW
035101 43 V1015
| VIV( 0 VIva
\\ dN0¥9 351nd 3414 NOAIIS0d dN0Y¥9 351nd 3414 NOAIIS0d

001




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/014165

A.

CLASSIFICATION OF SUBJECT MATTER B41] 2/175 (2006.01)
B41] 29/38 (2006.01)

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

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B41J 2/00 - 2/215, 29/38, B41L 27/00 - 27/16

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)

PatSearch (RUPTO internal), Esp@cenet, PAJ, USPTO

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 9537119 B2 (KATEEVA, INC) 03.01.2017,
X col.5, line 66 - col.7, line 20, col.11, line 66 — col.12, line 55, co0l.36, line 4 — 1,5,7,8,11, 14
X col.38, line 6, col.43, line 33 —col. 44, line 29, col.46, lines 16-53, fig. 2A,2B,11 2-4,6,9,10, 12, 13,
15
Y US 9533495 B2 (SEIKO EPSON CORPORATION) 03.01.2017, col. 7, lines 15-52 2,12
Y US 4846057 A1 (RICOH CO., LTD.) 11.07.1989, col.5, lines 30-45 3,4,13
Y US 7237485 B2 (FARGO ELECTRONICS, INC.) 03.07.2007, col.9, lines 4-14 6,9
Y EP 2918417 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.) 10, 15
16.09.2015, paragraphs [0016]-[0019]
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

N

“g”

“p

“Q”

«“p»

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

earlier document but published on or after the international filing date
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)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than

the priority date claimed

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

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

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

“&”  document member of the same patent family

Date of the actual completion of the international search

13 September 2017 (13.09.2017)

Date of mailing of the international search report

12 October 2017 (12.10.2017)

Name and mailing address of the [SA/RU:

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

GSP-3, Russia, 125993

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

Authorized officer
P.Bystrov

Telephone No. 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 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report

