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(57) Abstract: A fluidic die includes an array of nozzles, each noz-
zle to eject a fluid drop in response to a corresponding actuation sig-
nal having an actuation value. Nozzle select logic provides for each
nozzle a nozzle select signal having a select value or a non-select
value. Actuation logic provides the respective actuation signal for
each nozzle, the actuation logic to receive one or more drop weight
signals, and for each nozzle select signal having the select value, to
provide an actuation signal having an actuation value to the corre-
sponding nozzle and/or to one or more neighboring nozzles based
on a state of the one or more drop weight signals.
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FLUIDIC DIE WITH DROP WEIGHT SIGNALS

Background

[0001] Fluidic dies may include an array of nozzles, where each nozzle includes
a fluid chamber, a nozzle orifice, and a fluid actuator, where the fluid actuator
may be actuated to cause displacement of fluid and cause ejection of a fluid
drop from the nozzle orifice. Some example fluidic dies may be printheads,
where the fluid may correspond to ink.

Brief Description of the Drawings

[0002] Figure 1 is a block and schematic diagram illustrating a fluidic die
according to one example.

[0003] Figure 2 is a block and schematic diagram illustrating a fluidic die
according to one example.

[0004] Figure 3 is a block and schematic diagram illustrating a fluidic die
according to one example.

[0005] Figure 4 is a block and schematic diagram illustrating a fluid ejection
system including a fluidic die, according to one example

[0006] Figure 5 is a block and schematic diagram generally illustrating an
example nozzle column group.

[0007] Figure 6 is a block and schematic diagram generally illustrating an

example fire pulse group.
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[0008] Figure 7 is a flow diagram generally illustrating a method of operating a
fluidic die, according to one example.

[0009] 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

[0010] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration specific examples in which the disclosure may be practiced. It is to
be understood that other examples may be utilized and structural or logical
changes may be made without departing from the scope of the present
disclosure. The following detailed description, therefore, is not to be taken in a
limiting sense, and the scope of the present disclosure is defined by the
appended claims. It is to be understood that features of the various examples
described herein may be combined, in part or whole, with each other, unless
specifically noted otherwise.

[0011] Examples of fluidic dies may comprise fluid actuators. The fluid actuators
may include a piezoelectric membrane based actuator, a thermal resistor based
actuator, an electrostatic membrane actuator, a mechanical/impact driven
membrane actuator, a magneto-strictive drive actuator, or other such elements
that may cause displacement of fluid responsive to electrical actuation. Fluidic
dies described herein 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 to concurrent actuation of fluid actuators of the fluidic die to
thereby cause fluid displacement.

[0012] In example fluidic dies, the array of fluid actuators may be arranged in
respective sets of fluid actuators, where each such set of fluid actuators may be
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referred to as a “primitive” or a “firing primitive.” A primitive generally comprises
a group of fluid actuators that each have a unique actuation address. In some
examples, electrical and fluidic constraints of a fluidic die may limit 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 ejectors corresponding to a respective primitive may
be referred to as a size of the primitive.

[0013] To illustrate by way of example, if a fluidic die comprises four primitives,
where each respective primitive comprises eight respective fluid actuators (each
eight fluid actuator group having an address 0 to 7), and electrical 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 herein may comprise
more or less fluid actuators per primitive and more or less primitives per die.
[0014] Some example fluidic dies comprise microfluidic channels. Microfluidic
channels may be formed by performing etching, microfabrication (e.g.,
photolithography), micromachining processes, or any combination thereof in a
substrate of the fluidic die. Some example substrates may include silicon based
substrates, glass based substrates, gallium arsenide based substrates, and/or
other such suitable types of substrates for microfabricated devices and
structures. Accordingly, microfluidic channels, chambers, orifices, 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 to a
channel of sufficiently small size (e.g., of nanometer sized scale, micrometer
sized scale, millimeter sized scale, etc.) to facilitate conveyance of small
volumes of fluid (e.g., picoliter scale, nanoliter scale, microliter scale, milliliter

scale, etc.). Example fluidic dies described herein may comprise microfluidic
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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 microfluidic channel may be referred to as a fluid pump.

[0015] In some examples, a fluid actuator may be disposed in a nozzle, where
the nozzle may comprise a fluid chamber and a nozzle 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.

[0016] Fluidic dies may include an array of nozzles (such as columns of nozzles,
for example), where fluid drops (such as ink drops, for example) are selectively
ejected from nozzles by selective operation of the respective fluid actuators.
Individual nozzles of a fluidic die are typically of a same size (e.g., same
chamber and nozzle orifice sizes) and eject fluid drops of a fixed volume or fixed
weight. However, it may be desirable for a fluidic die to be able to eject fluid
drops of different drop weights at different times. In order to do so, some fluidic
dies employ nozzles of different sizes which eject fluid drops having different
fixed drop weights. For example, some fluidic dies may include nozzles of two
different sizes which are arranged in an alternating fashion in an array, where
smaller sized nozzles may be selected to eject fluid drops when smaller drop
weights are desired, and larger sized nozzles may be selected when larger drop
weights are desired. While such a configuration enables a fluidic die to eject
fluid drops of different weights, by including larger sized nozzles, the number of
smaller sized nozzles able to be disposed on the fluid die is reduced, thereby
reducing the resolution of fluidic die.

[0017] Figure 1 is a block and schematic diagram illustrating some components
of a fluidic die 10 according to one example. As will be described in greater
detail below, according to one example, fluidic die 10 employs drop weight
signals to control a nozzle and/or one or more neighboring nozzles to
simultaneously eject fluid drops such that the fluid drops combine or merge in
flight or on a target surface to effectively produce a larger fluid drop than a fluid
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drop ejected by a single nozzle. The combined fluid drop, either in the air or on
a target surface, may be referred to herein as having an “effective drop weight”
or as being an “effective fluid drop”. By varying the number of neighboring
nozzles which simultaneously eject a fluid drop, the effective drop weight of fluid
drops provided by fluidic die 10 can be selectively varied by the drop weight
signals. As employed herein, the term “drop weight” refers to a volume of a fluid
drop, and may sometimes also be referred to as “drop size”.

[0018] In the illustrative example of Figure 3, fluidic die 10 includes nozzle select
logic 12, actuation logic 14, and an array 16 of nozzles 18, with each nozzle 18
including a fluid actuator 20 and a nozzle orifice 22, and each nozzle configured
to selectively eject fluid drops through nozzle orifice 22 via actuation of fluid
actuator 20. In one example, each nozzle 18 is configured to eject fluid drops
having a same fixed drop weight. In one example, nozzles 18 of array 16 may
be arranged so to form one or more columns of nozzles 18.

[0019] According to one example, nozzle select logic 12 provides nozzle select
signals 32 for selecting which nozzles 18 of array 16 are to eject fluid drops
during an actuation event. In one instance, nozzle select logic 12 provides a
nozzle select signal 32 for each nozzle 18, each nozzle select signal 32 having
either a select value (e.g., a “1”) when a nozzle is selected for actuation, or a
non-select value (e.g., a “0”) when a nozzle is to be inactive during an actuation
event.

[0020] Actuation logic 14 receives nozzle select signals 32 from nozzle select
logic 12, and receives one or more drop weight signals 34, where states of the
drop weight signals 34 are indicative of a selected effective drop weight of fluid
drops to be ejected by array 16 during an actuation event. In one example,
each drop weight signal 34 has an enable state or a disable state (e.g., a “1” or
a “0”). In one example, a single drop weight signal 34 may be received. In
other examples, more than one drop weight signal 34 may be received, such as
two (or more) drop weight signals 34.

[0021] Actuation logic 14 provides actuation signals 36 to array 16 to control the
activation of fluid actuators 20 of nozzles 18 to eject fluid drops. In one
example, actuation logic 14 provides an actuation signal 36 for each nozzle 18
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to control activation of the corresponding fluid actuator 20. In one example,
each actuation signal has an actuation value (e.g., a “1”) or a non-actuation
value (e.g., a “0”), with an actuation value causing the fluid actuator 20 of the
corresponding nozzle 18 to eject a fluid drop.

[0022] In one example, for each nozzle 18 having a corresponding nozzle select
signal 32 having a select value (e.g., a value of “1”), actuation logic 14 provides
an actuation signal 36 having an actuation value to the corresponding nozzle 18
(the so-called “target” nozzle) and/or to one or more neighboring nozzles 18
based on the states of drop weight signals 34 (e.g., one or more drop weight
signals 34), so as to cause the target nozzle 18 and/or the one or more
neighboring nozzles 18 to eject fluid drops. When more than more than one
nozzle 18 eject a fluid drop (e.g., the target nozzle and one or more neighboring
nozzles), the fluid drops merge either in flight or on a target surface (e.g., a print
media when fluidic die 10 comprises a printhead) to form or have the effect of a
single, larger fluid drop. By selectively varying a number of nozzles
simultaneously ejecting fluid drops in response to a given nozzle select signal
32 based on the states of drop weight signals 34, the effective drop weight of
effective fluid drops provided by fluidic die 10 can be selectively varied while
maintaining a high output resolution for the fluidic die 10.

[0023] For instance, in one example, as will be described in greater detail below,
nozzles 18 may be arranged in a column, with two drop weight signals 34 being
received, where one drop weight signal is a so-called “actuate self” signal and
the other drop weight signal is a so-called “actuate neighbors” signal. For a
given nozzle select signal 32 having a select value, actuation logic 14 provides
an actuation signal 36 having an actuation value to only the fluid actuator 20 of
the nozzle 18 corresponding to the given nozzle select signal 32 (i.e., the target
nozzle) when the “actuate self” drop weight signal has the enable state and the
“actuate neighbors” drop weight signal has the disable state, thereby resulting in
the target nozzle ejecting a single fluid drop having a first drop weight.

[0024] In another example, for a given nozzle select signal 32 having a select
value, activation logic 14 provides actuation signals 36 having an actuation
value to only the fluid actuators 20 of two neighboring nozzles 18 (e.g., the



WO 2018/190863 PCT/US2017/027596

nozzles 18 immediately above and below the target nozzle in the column of
nozzles) and not to the target nozzle itself when the “actuate self” drop weight
signal has the disable state and the “actuate neighbors” drop weight signal has
the enable state, thereby resulting in the ejection of two fluid drops that merge
to effectively form a fluid drop (an “effective fluid drop”) having a second drop
weight.

[0025] Continuing with the above example, for a given nozzle select signal 32
having a select value, activation logic 14 provides actuation signals 36 having
an actuation value to the fluid actuator 20 of the target nozzle and to the fluid
actuators 20 of two neighboring nozzles 18 when the “actuate self” drop weight
signal and the “actuate neighbors” drop weight signal each have the enable
state, thereby resulting in the ejection of three fluid drops that merge to form an
effective fluid drop having a third drop weight.

[0026] The above implementation illustrates an example where, in addition to a
selected or target nozzle, two neighboring nozzles may be actuated in order for
fluidic die 10 to provide effective fluid drops having three drop weights. In other
examples, in addition to the target nozzle, more than two neighboring nozzles
may be employed to produce fluid drop weights having any number of
selectable drop weights (e.g., a 4" drop weight, a 5" drop weight etc.), so long
as the nozzles are arranged close enough to one another on fluidic die 10 so
that their ejected fluid drops merge together either in the air or on a target
surface to have the effect of a single, larger fluid drop (i.e., an “effective” fluid
drop). In one example, each of the nozzles 18 may eject a fluid drop having a
same drop weight (a so-called “base drop weight”), such that selected effective
drop weights may be multiples of the base drop weight.

[0027] With reference to Figure 2, according to one example, nozzle select logic
12 receives actuation data 40, such as from a controller 46, where actuation
data 40 includes a plurality of actuation data bits 42, each actuation data bit 42
corresponding to a different one of the nozzles 18, and each actuation data bit
42 having an actuation value (e.g., a value of “1”) or a non-actuation value (e.g.,
a value of “0”). In one example, nozzle select logic 12 further receives address
data 44 corresponding to each nozzle 18, the address data for each nozzle 18
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having an enable value or a non-enable value indicative of whether the nozzle
18 is enabled for ejection of fluid drops during a given actuation event. In other
examples, address data 44 may be internally generated by fluidic die 10, such
as by nozzle select logic 12 (as indicated by the dashed lines in Figure 2).
[0028] In one example, nozzle select logic 12 provides for each nozzle 18 a
nozzle select signal 32 having the select value (e.g., a value of “1”) when the
corresponding address data 30 has the enable value and the corresponding
actuation data bit 26 has the actuation value, and a nozzle select signal 32
having the non-select value (e.g., a value of “0”) when the corresponding
address data 30 has the non-enable value or the corresponding address bit 26
has the non-actuation value.

[0029] Figure 3 is a block and schematic diagram illustrating portions of a fluidic
die 10, including an example of actuation logic 14, in accordance with one
instance of the present disclosure. In the example of Figure 3, nozzles 18 of
array 16 are arranged to form a column, with a portion of such column being
illustrated by nozzles N, N-1, and N+1, with nozzles N-1 and N+1 representing
immediately adjacent “neighbors” of nozzle N (i.e., the nozzles immediately on
each side of nozzle N). While only three nozzles 18 are illustrated (N-1, N,
N+1), in other instances, a column may include more than three nozzles, and
array 16 may include than one column of nozzles.

[0030] In one example, each nozzle 18 includes a fluid actuator 20 (e.g., a
thermal resistor, sometimes referred to as a firing resistor) coupled between a
power line 50 and a ground line 52 via an activation device, such as a
controllable switch 60 (e.g., a field effect transistor (FET)), which is controlled
via an output of a corresponding AND-gate 62.

[0031] According to one example, for each nozzle 18, actuation logic 14
includes a corresponding first AND-gate 70, a second AND-gate 72, and an OR-
gate 74. As described above, actuation logic 14 receives drop weight signals
34, such as drop weight signal DW1 and DW2, and receives a plurality of nozzle
select signals 32 from nozzle select logic 12, one nozzle select signal 32
corresponding to each of the nozzles 18 of array 16. Although illustrated in
Figure 3 as receiving two drop weight signals 34, DW1 and DW2, in other
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instances, fewer than two (i.e., one) or more than two (e.g., three, four, etc.)
drop weight signals may be received. As described in greater detail below, a
number of drop weight signals employed depends on a number of of drop
weights which can be selected for an effective fluid drop(e.g., 15, 2Md, 31 4t
drop weights, etc.) to be ejected from fluidic die 10.

[0032] For each nozzle 18, AND-gate 70 has inputs coupled to the
corresponding nozzle select signal 32 and to drop weight signal, DW1, and an
output provided as an input to OR-gate 74. Additionally, AND-gate 72 has
inputs coupled to the corresponding nozzle select signal 32 and to the other
drop weight signal, DW2, with an output provided as an input to OR-gates 74 of
each of the neighboring nozzles, in this case, nozzles N-1 and N+1. For
example, the output of AND-gate 72 corresponding to nozzle N is coupled as an
input to OR-gate 74 of neighboring nozzle N-1 and as an input to OR-gate 74 of
neighboring nozzle N+1 of column 16, such that AND-gate 72 is cross-coupled
to OR-gates of the neighboring nozzles.

[0033] An example of the operation of fluidic die 10 of Figure 3 is described
below with regard to the operation of nozzle N. As described above, each drop
weight signal DW1 and DW2 has enable state (e.g., a “1”) and a disable state
(e.g., a “0”), with drop weight signals DW1 and DW2 respectively being referred
to as “enable self” and “enable neighbors” signals.

[0034] Referring to nozzle N, and with further reference to Figure 2, when
address data 44 corresponding to nozzle N has an enable value and an
actuation data bit 42 corresponding to nozzle N has an actuation value (e.g. a
value of “1”), nozzle select logic 12 provides nozzle select signal 32 having a
select value (e.g., a value of “1”) to both AND-gate 70 and AND-gate 72
corresponding to nozzle N. If drop weight signal DW1 has an enable state (e.g.,
a value of “1”) and drop weight DW2 has a disable state (e.g., a value of “0”),
AND-gate 70 provides an active output having a “HI” value (e.g., a value of “1”)
to OR-gate 74 associated with nozzle N while AND-gate 72 provides an inactive
output having a “LO” value (e.g., a value of “0”) to the OR-gates 74 of
neighboring nozzles N-1 and N+1. As a result, OR-gate 74 associated with

nozzle N, in conjunction with fire pulse signal 54, results in a “HI” output from
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AND-gate 62 of nozzle N causing controllable switch 60 to activate fluid actuator
20 to eject a fluid drop, while controllable switches 60 of neighboring nozzles N-
1 and N+1 are not activated by corresponding OR-gates 72 so that fluid
actuators 20 of neighboring nozzles N-1 and N+1 do not eject fluid drops.
[0035] As such, when drop weight signal DW1 has an enable state and drop
weight signal DW2 has a disable state, only nozzle N ejects a fluid drop in
response to select signal 32 of nozzle N having a select value, resulting in a
effective fluid drop having a first drop weight being ejected by fluidic die 10. Itis
noted that even though neighboring nozzles N-1 and N+1 do not eject fluid
drops in response to AND-gate 72 of nozzle N having a “HI” output, nozzles N-1
and N+1 may still eject fluid drops in response to their own corresponding
nozzle select signal 32 having a select value and drop weight signal DW1
having an active value.

[0036] When nozzle select signal 32 of nozzle N has a select value (e.g., a
value of “17), drop weight signal DW1 has a disable state, and drop weight
signal DW2 has an enable state, AND-gate 70 associated with nozzle N
provides a “LO” output to OR-gate 74 of nozzle N, and AND-gate 72 provides a
“HI” output to the OR-gates 74 of neighboring nozzles N-1 and N+1. As a
result, OR-gate 74 of nozzle N provides a “LO” output to AND-gate 62 of nozzle
N, while OR-gates 74 of neighboring nozzles N-1 and N+1, in conjunction with
fire pulse signal 54, result in “HI” outputs being provided by AND-gates 62 of
nozzles N-1 and N+1, causing controllable switches 60 of neighboring nozzles
N-1 and N+1 to actuate fluid actuators 20 to eject fluid drops, while fluid actuator
of nozzle N is inactive.

[0037] As such, when drop weight signal DW1 has a disable state and drop
weight signal DW2 has an enable state, only neighboring nozzles N-1 and N+1
eject fluid drops in response to select signal 32 of nozzle N having a select
value. Such fluid drops merge, either in the air or on a surface, resulting in a
effective fluid drop having a second drop weight being ejected by fluidic die 10.
[0038] When nozzle select signal 32 of nozzle N has a select value (e.g., a
value of “1”), and both drop weight signal DW1 and drop weight signal DW2
have an enable state, AND-gate 70 associated with nozzle N provides a “HI”
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output to OR-gate 74 of nozzle N, and AND-gate 72 provides a “HI” output to
the OR-gates 74 of neighboring nozzles N-1 and N+1. As a result, OR-gates 74
of nozzles N, N-1, and N+1, in conjunction with fire pulse signal 54, result in “HI”
outputs from AND-gates 62 of nozzles N, N-1, and N+1, causing controllable
switches 60 of nozzles N-1 and N+1 to actuate fluid actuators 20 to eject fluid
drops.

[0039] As such, when drop weight signals DW1 and DW2 each have an enable
state, nozzle N and neighboring nozzles N-1 and N+1 each eject fluid drops in
response to select signal 32 of nozzle N having a select value. Again, such fluid
drops merge, either in the air or on a surface, resulting in an effective fluid drop
having a third drop weight being ejected by fluidic die 10.

[0040] Although the example activation logic 14 of Figure 3 is illustrated as
“cross-connecting” a nozzle with two neighboring nozzles (e.g., cross-
connecting nozzle N with immediately adjacent neighbors N-1 and N+1) to
provide up to three fluid drop weights from which to select, in other examples,
activation logic 14 and fluidic die 10 can be arranged so that more than or fewer
than two neighboring nozzles can be cross-connected with the selected nozzle.
When more than two neighboring nozzles are cross-connected to a nozzle (e.g.,
three, four, five neighboring nozzles, etc.), it is noted that actuation logic 14 may
be configured to include additional logic gates for each nozzle (e.g. additional
AND-gates and Or-gates), and additional drop weight signals 34. In other
examples, neighboring nozzles 18 are not required to include nozzles
immediately adjacent to a selected nozzle.

[0041] Figure 4 is a block and schematic diagram generally illustrating portions
of a fluid ejection system 100 including a controller 46 and fluidic die 10 having
an array 16 of nozzles 18, and employing drop weight signals 34 and activation
logic 14 (such as activation logic 14 of Figure 3, for example) for selectively
varying an effective drop weight of fluid drops ejected by array 16, according to
one example. As noted below, fluid ejection system of Figure 4 represents one
example, and any suitable nozzle configuration and suitable nozzle select

scheme may be employed in lieu of that illustrated by Figure 4.
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[0042] In the example of Figure 4, array 16 includes a column of nozzles 18
grouped to form a number of primitives, illustrated as primitives P1 to PM, with
each primitive including a number of nozzles, illustrated as nozzles 18-1 to 18-
N, with each nozzle including a fluid actuator 20, a controllable switch 60, and a
corresponding AND-gate 62. Each primitive, P1 to PM, has a same set of
addresses, illustrated as addresses A1 to AN, with each address corresponding
to a respective one of the nozzles P1 to PM.

[0043] Fluidic die 10 includes a data parser 70 which, according to the example
of Figure 4, receives data in the form of NCGs (nozzle column groups) from
controller 46 via a data path 72, where NCGs, as will be described in greater
detail below (see Figures 5 and 6) include actuation data and address data for
nozzles 18 and drop weight data for selecting fluid drop weights via drop weight
signals 34 and actuation logic 14. Fluidic die 10 further includes a drop weight
signal generator 74 to generate drop weight signals 34 (e.g., drop weight
signals DW1 and DW2) based on drop weight data received from data parser
70, a fire pulse generator 76 to generate fire pulse 54, and a power supply 78 to
supply power to power line 50.

[0044] In one example, nozzle select logic 12 includes an address encoder 80
which encodes addresses of the set of addresses of primitives P1 to PM, as
received via data parser 70 from controller 46, onto an address bus 82. A data
buffer 84 places actuation data for nozzles 18, as received via data parser 70
from controller 46, onto a set of data lines 86, illustrated as data lines D1 to DM,
with one data line corresponding to each primitive P1 to PM. For each nozzle
18-1 to 18-N of each primitive P1 to PM, nozzle select logic 12 includes a
corresponding address decoder 90 to decode the corresponding address,
illustrated as address decoders 90-1 to 90-N, and a corresponding AND-gate
92, illustrated as AND-gates 92-1 to 92-N, the output of which represents the
nozzle select signal 32 for the corresponding nozzle, and being illustrated as
nozzle select signals 32-1 to 32-N.

[0045] In operation, according to one example, controller 46 provides
operational data, including nozzle address data, nozzle actuation data, and drop
weight data, to fluidic die 10 in the form of a series of NCG’s to cause nozzles
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18 of fluidic die 10 to eject fluid drops to provide effective fluid drops of selected
effective drop weights in a desired pattern.

[0046] Figure 5 is a block diagram generally illustrating a portion of a series 100
of NCGs 102 defining an actuation event. Each NCG 102 includes a series of N
fire pulse groups (FPGs) 104, with each FPG 104 corresponding to a different
one of the addresses of the set of addresses A1 to AN of a primitive. Although
illustrated as being arranged sequentially from address A1 to AN, FPGs 104
may be arranged in any number of different orders.

[0047] Figure 6 a block diagram generally illustrating a FPG 104, according to
one example. FPG 104 includes a header portion 106, an actuation data
portion 108, and a footer portion 110. According to one example, header
portion 106 includes address bits 112 indicative of the address of the set of
addresses A1 to AN to which the FPG corresponds. In one example, header
portion 106 further includes one or more drop weight bits 114 indicative of a
state to be employed for drop weight signals 34 and, thus, indicative of a drop
weight to be employed by fluidic die 10 with regard to actuation data of
actuation data portion 108. In one example, actuation data portion 108 includes
a series of actuation bits 116, with each actuation bit 116 corresponding to a
different one of the primitives P1 to PM, such that each actuation bit 116
corresponds to a nozzle 18 at the address represented by address bits 112 in a
different one of the primitives P1 to PM.

[0048] With reference to Figure 4, in operation, data parser 70 receives the
series of NCGs 100 from controller 46. For each FPG 104 of each NCG 102,
data parser 70 provides the address data 112 to address encoder 80, which
encodes the corresponding address onto address bus 82, and provides the
actuation bits to data buffer 84, which places each of the actuation bits 116 onto
its corresponding data line D1 to DM, as indicated at 86. In one example, data
parser 70 provides drop weight bits 114 to drop weight signal generator 74,
which provides drop weight signals 34, such as drop weight signals DW1 and
DW2, with either an enable state or a disable state based on the values of drop
weight bits 114.
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[0049] The encoded address on address bus 82 is provided to each address
decoder 90-1 to 90-N of each primitive P1 to PM, with each of the address
decoders 90 corresponding to the address encoded on bus 82 providing an
active or “HI” output to the corresponding AND-gate 92. If the actuation data on
the corresponding data line D1 to DM has an actuation value, the AND-gate 92
outputs a nozzle select signal 32 having a select value (e.g., a value of “1”) to
actuation logic 14. For example, if the encoded address from a received FPG
104 corresponds to address A2, address decoders 90-2 of each primitive P1 to
PM provides a “HI” output to each corresponding AND-gate 92-2. If the
actuation data on the corresponding data line D1 to DM has an actuation value,
the AND-gate 92-2 outputs nozzle select signal 32-2 having a select value to
actuation logic 14.

[0050] Actuation logic 14, in turn, such as described by Figure 3, provides an
actuation signal 36-2 having an actuation value to the corresponding nozzle 18-
2 and/or to one or more neighboring nozzles 18 (e.g., nozzles 18-2, 18-3) based
on states of drop weight signals 34 (e.g., one or more drop weight signals 34),
so as to cause the target nozzle 18-2 and/or the one or more neighboring
nozzles 18 (nozzles 18-1 and 18-3 (not illustrated) to eject fluid drops.

[0051] For instance, if data line D1 has an actuation bit having an actuation
value, AND-gate 92-2 of nozzle 18-2 of primitive P1 provides a nozzle select
signal 32-2 having a select value (e.g., a value of “1”) to actuation logic 14.
Based on the states of drop weight signals 34, such as DW1 and DW2,
actuation logic 14, in-turn, provides an actuation signal 36-2 having an actuation
value (e.g., a value of “1”) to nozzle 18-2 and/or actuation signals 36-1 and 36-3
(not illustrated) having actuation values to neighboring nozzles 18-1 and 18-3
(not illustrated), such as described above by Figure 3, to thereby eject fluid
drops to form effective fluid drops a selected effective drop weight (e.g., 15t drop
weight, 2" drop weight, 3" drop weight, etc.).

[0052] As noted above, although illustrated in Figure 4 as being disposed in a
column and arranged in primitive groups, in other examples, nozzles 18 may be
disposed in any number of suitable arrangements other than in columns or in

primitives of fixed size. Similarly, any number of suitable addressing and data
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schemes other than that illustrated by Figure 4 may be employed by fluid
ejection system 100 and nozzle select logic 12 for selecting and providing
actuation data to nozzles 18 of fluidic die 10. For instance, address data,
actuation data, and drop weight data may be provided in forms other than FPGs
104. For example, in other implementations, address data may be internally
generated by nozzle select logic 14, and drop weight data may be provided by
controller to drop weight signal generator 74 via other communication paths,
such as a communication path 73 (e.g., a serial /O communication path).
[0053] Figure 7 is a flow diagram generally illustrating a method 120 of operating
a fluidic die including an array of nozzles, such fluidic die 10 including an array
16 of nozzles 18 as illustrated by Figures 1-4, where each nozzle ejects a fluid
drop in response to a corresponding actuation signal having an actuation value,
such as nozzles 18 ejecting fluid drops in response to corresponding actuation
signals 36 having actuation values, as illustrated by Figure 1.

[0054] At 122, method 120 includes providing a nozzle select signal for each
nozzle, each nozzle select signal having either a select value or a non-select
value, where a select value indicates selection of the corresponding nozzle to
eject a fluid drop, such as nozzle select logic 12 providing a nozzle select signal
32 corresponding to each nozzle 18, such as illustrated by Figures 1-4. In one
example, a nozzle select signal has a select value when address data
associated with the corresponding nozzle has an enable value and actuation
data corresponding to the nozzle has an actuation value, such as nozzle select
logic 12 providing nozzle select signals 32 corresponding to nozzles 18 based
on address data and actuation data having an actuation value respectively
being present on address bus 82 and data lines 86, as illustrated by Figure 4.
[0055] At 124, one or more drop weight signals are provided, each drop weight
signal having an enable or a disable state, such as drop weight signals DW1
and DW2 as illustrated by Figure 3, for example. It is noted that the providing of
drop weight signals may occur prior to the providing of nozzle select signals at
122.

[0056] At 126, method 120 includes, for each nozzle select signal having a

select value, providing an actuation signal having an actuation value to the
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corresponding nozzle and/or to one or more neighboring nozzles based on the
states of the one or more drop weight signals, such as actuation logic 14
providing an actuation signal 36 to nozzle N and/or providing actuation signals
36 to neighboring nozzles N-1 and N+1 based on the states of drop weight
signals DW1 and DW2 as illustrated by Figure 3. When more than a single drop
of fluid is ejected by a combination of the corresponding nozzle (e.g., nozzle N
in Figure 3) and one or more neighboring nozzles (e.g., nozzles N and N+1 in
Figure 3), the ejected fluid drops merge, either in air or on a surface, to
effectively form a single larger fluid drop.

[0057] Although specific examples have been illustrated and described herein, a
variety of alternate and/or equivalent implementations may be substituted for the
specific examples shown and described without departing from the scope of the
present disclosure. This application is intended to cover any adaptations or
variations of the specific examples discussed herein. Therefore, it is intended

that this disclosure be limited only by the claims and the equivalents thereof.
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CLAIMS

1. A fluidic die comprising:
an array of nozzles, each nozzle to eject a fluid drop in response to a
corresponding actuation signal having an actuation value;
nozzle select logic to provide for each nozzle a nozzle select signal
having a select value or a non-select value; and
actuation logic to provide the respective actuation signal for each nozzle,
the actuation logic to:
receive one or more drop weight signals; and
for each nozzle select signal having the select value, to provide an
actuation signal having an actuation value to the corresponding nozzle
and/or to one or more neighboring nozzles based on a state of the one or

more drop weight signals.

2. The fluidic die of claim 1, the nozzles of the array of nozzles arranged in
a column, the neighboring nozzles comprising nozzles adjacent to the

corresponding nozzle.

3. The fluidic die of claim 1, each nozzle of the array of nozzles to eject a

fluid drop of a same drop weight.

4. The fluidic die of claim 1, the corresponding nozzle and the one or more
neighboring nozzles disposed relative to one another such that fluid drops
ejected by the corresponding nozzle and the one or more neighboring nozzles

merge to have an effect of a larger fluid drop.

5. The fluidic die of claim 1, the nozzle select logic to:
receive actuation data, the actuation data including actuation data bits,

each actuation data bit corresponding to a different one of the nozzles and
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having an actuation value or a non-actuation value, each nozzle further having
corresponding address data having an enable value or a non-enable value; and

provide, for each nozzle, a nozzle select signal having the select value
when the corresponding actuation data bit has the actuation value and the
corresponding address data has the enable value.

6. The fluidic die of claim 1, the nozzles of the array arranged to form
primitives.

7. The fluid die of claim 1, the fluidic die comprising a printhead.

8. A fluid ejection system comprising:

a controller providing actuation data including actuation data bits and
drop weight signal data; and

a fluidic die including:

an array of nozzles, each nozzle to eject a fluid drop in response
to a corresponding actuation signal having an actuation value;

nozzle select logic receiving the actuation data bits, one actuation
data bit corresponding to each nozzle and having an actuation value and
a non-actuation value, and having address data corresponding address
data for each nozzle having an enable value or a non-enable value, the
nozzle select logic to provide for each nozzle a nozzle select signal
having a select value when the corresponding actuation data bit has the
actuation value and the corresponding address data has the enable
value;

a drop weight signal generator providing one more drop weight
signals each having a state based on the drop weight data; and

actuation logic to provide the respective actuation signal for each
nozzle, for each nozzle select signal having the select value, to provide
an actuation signal having an actuation value to the corresponding
nozzle and/or to one or more neighboring nozzles based on a state of the
one or more drop weight signals.
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9. The fluid ejection system of claim 8, the nozzles of the array of nozzles
arranged in a column, the neighboring nozzles comprising nozzles adjacent the

corresponding nozzle.

10.  The fluid ejection system of claim 8, each nozzle of the array of nozzles
to eject a fluid drop of a same drop weight.

11.  The fluidic die of claim 1, the corresponding nozzle and the one or more
neighboring nozzles disposed relative to one another such that fluid drops
ejected by the corresponding nozzle and the one or more neighboring nozzles
merge to have an effect of a larger fluid drop.

12. A method of operating a fluidic die including an array of nozzles, each
nozzle to eject a fluid drop in response to a corresponding actuation signal
having an actuation value, the method comprising:

providing a nozzle select signal for each nozzle, each nozzle select
signal having either a select value or a non-select value, a select value
indicating selection of the corresponding nozzle to eject a fluid drop;

providing one or more drop weight signals, each drop weight signal
having a state;

for each nozzle select signal having a select value, providing an actuation
to having an actuation value to the corresponding nozzle and/or to one or more

neighboring nozzles based on the states of the one or more drop weight signals.

13.  The method of claim 12, including:

ejecting a fluid drop of a same drop weight from each nozzle of the array.

14.  The method of claim 12, including:

disposing the nozzles of the array relative to one another such that fluid
drops ejected by the corresponding nozzle and/or one or more neighboring
nozzles merge to have an effect of a single larger fluid drop.
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15.  The method of claim 12, including:

changing states of the one or more drop weights to select a number of
nozzles from the corresponding nozzle and the one or more neighboring
nozzles to which actuation signals having the actuation value will be provided to
select an effective drop weight of fluid to be ejected for each nozzle select

signal having a select value.



WO 2018/190863 PCT/US2017/027596

1/6
10
§
FLUIDIC DIE 12
§
DROP
DROP NOZZLE SELECTLOGIC
SIGNALS
fm/\'m\
TN 2 P
8868 t r ® 8 & r‘M‘
{
” ACTUATION LOGIC
tae 1\36 ~3
® & @ 18
¥ ¢
ARRAY
84| _NOZE || NOZE 18 [ NOZE [i18
T FLUD || FLUD | FLUD |
2-Alactuaror] | |acTuaTor] 5% - lacTuaror[[[~2
22 ORIFICE ||| ORFICE J~-22  |[ ORIFICE -2

Fig. 1

SUBSTITUTE SHEET (RULE 26)



WO 2018/190863

2/6

44~

PCT/US2017/027596

CONTROLLER |46
/
ADDRESSDATA |11 1 1V
3 & 1
42 10
§
FLUIDIC DIE 1
Y §
NOZZLE SELECT LOGIC
DROP e .
WEIGHT  ADDRESS DATA r~44
SiGNALS | R
e e,

Y t—sz l»ez 532
& & & 14
{

ACTUATION LOGIC
.36 rss 36
& & @& 16
¥ Y ¥
ARRAY
18- NOZZLE || NOZZLE 18 NOZZLE H~-18
oM FLUD FLUD 1 FLUD o
ACTUATOR | {ACTUATOR]| 5™, ||ACTUATOR
29+ ORFICE |||l ORIFICE H~22 ORIFICE H—22
Fig. 2

SUBSTITUTE SHEET (RULE 26)




PCT/US2017/027596

WO 2018/190863

3/6

[ Y o
=
o3y N . 2 P
%u i L o S P N P >
[del Lo ] Lmin fain 3
i e 1 1 i ]
o ///? . == . = . =
i [} H H H H
o M2 S i P K2 e i RS ;
EWL ¢ ] P i i i i
o) ! E ] ] : :
(a8 } ¥ § § 3 3
- afo)d - afa) e f2)d
i o E4 = i o« = Pt i = F =
] =k 3 =1 H =i
i § 3 3 I I
W ] Al } Al ' AL
Y s S SN R VRS h N -
Z s L &
F -2 -3
4 ]
! i
[
! S - |
= ! i
V_A VK
% @ i - i
< | i
= o ] o i
F) =5 Lo = Oad
=3 2 | [} H
|55 <> L= £33
= = =
o e
7F H w . | v
| i
ke <0 w | i
o e
282 ZMa w [ i
L3 = ¥ ©
=5 LG “ m
= o

ACTUATION
AND

ADDRESS

DATA
‘tw@ﬁ, 44

NOZZLE
SELECT
LOGIC

Fig. 3

SUBSTITUTE SHEET (RULE 26)



WO 2018/190863 PCT/US2017/027596

4/6
NC(,GS CONTROLLER 46 ?/ 100
72
~ 73 149
Y 741 FLUIDIC DIE
: 78 78
DATA PARSER 70 Yy ) 16
0RO | [FRE | [oouen P/
WEIGHT| | PULSE | | EOWER 6D
¥ ~80 Y G4 NOZZLE | 34| SIGNAL| | GEN. | A
ADDRESS o | SELECT L GEN | " o
ENCODER BUFFRR | 1 %i:si% S5 550
L& 8~Zpess =
TODRESS > w0 ) L AN
S DECODE M0 T 18
Al 3 32-1 F Al ;1
90-1~7 92-1 > AND 60-1
= s T B g g A2
£—">f DECODE Svang - Wt Lt
o A2 &2 < &3 A2 ;1 il
200-2~ 92-2 5 o AND £0-21 Pt
. o S | .
° o g |7 Si 2 o
TO0RESS] ¢ al™ @ 72N
> DECODE M T ¢ P LteN
AN 32N o3 AN T
90-N~ 92N > AND 60-N
AL ~il PN pN L
o “‘—'%m%w— e
TORESS P10 el 0
) DECODE s«»_i‘i?./ g LI A8
M 32-1 &3] Al §z
90-1~ 92-1 p) D 60-1
2 e | 2 02
SR S | e e
a0 22 B | e 2 T
2 00-2~ 92-2 = o] AND 60-21 >PH
] & 5 &
. o = 62-2 o
&
S e P # 2N
s e W 18N
- DEQODE | 1o N . wpET
80-N-/ 92N )

Fig. 4

SUBSTITUTE SHEET (RULE 26)



WO 2018/190863 PCT/US2017/027596

5/6
f1 00
D NCG
At A2
X Frat X P62 X wse
FARS
Fig. 5

SUBSTITUTE SHEET (RULE 26)



WO 2018/190863

PCT/US2017/027596

6/6

120
/

PROVIDING ANOZZLE SELECT SIGNAL FOR EACH
NOZZLE, EACH NOZZLE SELECT SIGNAL HAVING
EITHERASELECT VALUE OR ANON-SELECT VALUE, A 122
SELECT VALUE INDICATING SELECTION OF THE
CORRESPONDING NOZZLE TO EJECT A FLUID DROP

:

PROVIDING ONE OR MORE DROP WEIGHT SIGNALS, |04
EACH DROP WEIGHT SIGNAL HAVING A STATE

;

FOR EACH NOZZLE SELECT SIGNAL HAVING A SELECT

VALUE, PROVIDING AN ACTUATION SIGNAL HAVING AN

ACTUATION VALUE TO THE CORRESPONDING NOZZLE 196

AND/OR TO ONE OR MORE NEIGHBORING NOZZLES

BASED ON THE STATES OF THE ONE OR MORE DROP
WEIGHT SIGNALS

Fig. 7

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/027596

A CLASSIFICATION OF SUBJECT MATTER

B41J 2/135 (2006.01 )
BA41J 2/04 (2006.01)
BA41J 2/07 (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, 2/04, 2/07, 2/135

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)

USPTO, PatSearch (RUPTO Internal), Espacenet

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2015/0266291 A1 (SEIKO EPSON CORPORATION) 24.09.2015 1-15
A US 2008/0158276 A1 (ATSUSHI KUBOTA) 03.07.2008 1-15
A EP 1419887 A2 (SONY CORPORATION) 19.05.2004 1-15
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

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

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

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

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

the priority date claimed

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

14 December 2017 (14.12.2017)

Date of mailing of the international search report

21 December 2017 (21.12.2017)

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
V. Selivanov

Telephone No. (495) 531-64-81

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 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report

