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DATA PACKETS COMPRISING RANDOM NUMBERS FOR CONTROLLING
FLUID DISPENSING DEVICES

Field
[0001] The subject disclosure related to data packets comprising random
numbers for controlling fluid dispensing devices.

Background
[0001a] A fluid dispensing system can dispense fluid towards a target. In some

examples, a fluid dispensing system can include a printing system, such as a two-
dimensional (2D) printing system or a three-dimensional (3D) printing system. A
printing system can include printhead devices that include fluidic actuators to cause
dispensing of printing fluids.

Summary
[0001b] Accordingly, in one aspect there is provided a fluid dispensing device

comprising: a reservoir containing a fluid; fluidic actuators; an interface to receive a
data packet comprising information to control activation of the fluidic actuators, the
data packet comprising a random number generated by a random number generator;
a sense output coupled to the interface; a shift register to receive the data packet
and to output the random number as the data packet is shifted into the shift register;
and a multiplexer comprising a first input connected to an output of the shift register,
and a second input connected to a circuit of the fluid dispensing device, the
multiplexer when set in a test mode to selectively output the random number to the

sense output.

[0001c] According to another aspect there is provided a fluid dispensing device
comprising: a reservoir containing a fluid; fluidic actuators; an interface to: receive a
first data packet comprising information to control activation of the fluidic actuators,
the first data packet comprising a first random number of a first length generated by
a random number generator; and receive a second data packet comprising
information to control activation of the fluidic actuators, the second data packet
comprising a second random number having a second length different from the first

Date Regue/Date Received 2023-03-01



1a

length, wherein a respective random number in each respective data packet of the
first and second data packets is included in a front portion of the respective data
packet; a shift register to shift each of the first and second data packets through the
shift register on transitions of a clock; and a latch to receive data in the shift register
upon activation of a signal, the activation of the signal responsive to an end of a data
packet of the first and second data packets shifted into the shift register, wherein
different lengths of the first and second random numbers in the respective first and
second data packets cause a timing of the activation of the signal to differ.

[0001d] According to another aspect there is provided a method comprising:
serially inputting, into a shift register in a fluid dispensing device, a data packet
received from a system controller external of the fluid dispensing device, the data
packet comprising information to control activation of fluidic actuators of the fluid
dispensing device, and a random number generated by a random number generator,
wherein the shift register outputs the random number as the data packet is shifted
into the shift register; activating, by a device controller of the fluid dispensing device,
an activation signal responsive to detecting an end of the data packet shifted into the
shift register, the activation signal to control a timing of activating a fluidic actuator of
the fluidic actuators; and setting, in a test mode, a multiplexer comprising a first input
connected to an output of the shift register, and a second input connected to a circuit
of the fluid dispensing device, the multiplexer when set in the test mode selectively
outputting the random number to a sense output of the fluid dispensing device.

Date Regue/Date Received 2023-03-01
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Brief Description of the Drawings

[0002] Some implementations of the present disclosure are described with
respect to the following figures.

[0003] Fig. 1 is a block diagram of a fluid dispensing system according to some
examples.

[0004] Fig. 2A illustrates a data packet for shifting into a shift register, according
to some examples.

[0005] Fig. 2B illustrates data packets with random numbers of different lengths,
according to some examples.

[0006] Fig. 3 is a timing diagram illustrating various signals according to some
examples.

[0007] Fig. 4 is a block diagram of a fluid dispensing device according to some

examples.

[0008] Fig. 5 is a block diagram of a fluid dispensing system according to further
examples.

[0009] Fig. 6 is a flow diagram of a process according to some examples.

Date Regue/Date Received 2023-03-01
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[0010] 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

»oa

[0011] In the present disclosure, use of the term “a,” “an”, or “the” is intended to

include the plural forms as well, unless the context clearly indicates otherwise. Also,

ELEN (¥

including,

7 N

the term “includes, comprises,” “comprising,” “have,” or “having” when
used in this disclosure specifies the presence of the stated elements, but do not

preclude the presence or addition of other elements.

[0012] A fluid dispensing device can include fluidic actuators that when activated
cause dispensing (e.g., ejection or other flow) of a fluid. For example, the dispensing
of the fluid can include ejection of fluid droplets by activated fluidic actuators from
respective nozzles of the fluid dispensing device. In other examples, an activated
fluidic actuator (such as a pump) can cause fluid to flow through a fluid conduit or
fluid chamber. Activating a fluidic actuator to dispense fluid can thus refer to
activating the fluidic actuator to eject fluid from a nozzle or activating the fluidic
actuator to cause a flow of fluid through a flow structure, such as a flow conduit, a

fluid chamber, and so forth.

[0013] Activating a fluidic actuator can also be referred to as firing the fluidic
actuator. In some examples, the fluidic actuators include thermal-based fluidic
actuators including heating elements, such as resistive heaters. When a heating
element is activated, the heating element produces heat that can cause vaporization
of a fluid to cause nucleation of a vapor bubble (e.g., a steam bubble) proximate the
thermal-based fluidic actuator that in turn causes dispensing of a quantity of fluid,
such as ejection from an orifice of a nozzle or flow through a fluid conduit or fluid

chamber. In other examples, a fluidic actuator may be a piezoelectric membrane
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based fluidic actuator that when activated applies a mechanical force to dispense a
quantity of fluid.

[0014] In examples where a fluid dispensing device includes nozzles, each
nozzle includes a fluid chamber, also referred to as a firing chamber. In addition, a
nozzle can include an orifice through which fluid is dispensed, a fluidic actuator, and
a sensor. Each fluid chamber provides the fluid to be dispensed by the respective

nozzle.

[0015] Generally, a fluidic actuator can be an ejecting-type fluidic actuator to
cause ejection of a fluid, such as through an orifice of a nozzle, or a non-gjecting-

type fluidic actuator to cause flow of a fluid.

[0016] A fluid dispensing device includes an interface to receive control data from
a system controller of a fluid dispensing system. In some cases, the interface may
experience a functionality issue that may cause the interface to not correctly receive
control data from the system controller. For example, the presence of short circuits,
open circuits, or other circuit defects or electrical interconnect defects may cause
control data to be incorrectly received in the fluid dispensing device. In other cases,
the interface may malfunction as a result of vibration induced connectivity issues
caused by vibration of the fluid dispensing device during an operation of the fluid
dispensing device. In further cases, the interface may malfunction as a result of

electrostatic discharge during an operation of the fluid dispensing device.

[0017] In some examples, validation of the interface of a fluid dispensing device
can be performed prior to an actual operation of the fluid dispensing device (e.g.,
prior to actual printing in a printing system), or at another time (e.g., when a system
including the fluid dispensing device is down for maintenance or service). In such
examples, real-time validation of the interface during operation of the fluid dispensing
device in actual use is not possible. As a result, malfunctions of the interface of the
fluid dispensing device due to operation of the fluid dispensing device may not be
detectable.
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[0018] A fluid dispensing device can also have a large number of fluidic actuators
that are operated at relatively high speeds, such that a large number of transitions of
data and control signals can occur. Such signal transitions at high frequencies can
cause the fluid dispensing device to generate high electromagnetic (EM) emissions

that may violate government regulations, industry standards, or other policies.

[0019] In accordance with some implementations of the present disclosure, to
allow for real-time validation of a fluid dispensing device, techniques or mechanisms
provide random numbers in data packets that contain control information for
controlling activation of fluidic actuators in a fluid dispensing device. The random
numbers are generated by a random number generator, which can be part of a
system controller. The random number of a data packet is received by an interface
of the fluid dispensing device. The random number received by the interface is in
turn output by a sense output of the fluid dispensing device, and received by the
system controller. The system controller can then validate whether the random
number output by the fluid dispensing device is the same as the random number
included in the data packet provided by the system controller to the fluid dispensing

device.

[0020] In further implementations of the present disclosure, a length of the
random number included in a data packet is also randomized. Thus, a first random
number in a first data packet may have a random length that differs from a length of
a second random number in a second data packet. The time at which the system
controller activates an activation signal (also referred to as a fire signal) provided to
the fluid dispensing device is based on a time of the end of a data packet. Further,
by including random numbers of different lengths in different data packets, the
overall lengths of the different data packets vary, which affects the timing of the end
of each data packet and thus the timing of the fire signal as well as the overall
activation period (also referred to as a fire period). The fire period refers to the
overall length of time of a time interval in which the fire signal is activated (including
any idle or dead time in which the fire signal in inactive). Randomly varying timings

of respective fire signal activations and fire periods refers to a process of dithering
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fire signal activations and fire periods. As a result, the frequencies of the fire signals
for activating the fluidic actuators responsive to the different data packets are spread
across a frequency range, which effectively reduces EM emissions as compared to
implementations where the frequency of the fire signals is constant across different

activation intervals.

[0021] Fig. 1 is a block diagram of a fluid dispensing system 100, according to
some examples. The fluid dispending system 100 can be a printing system, such as
a 2D printing system or a 3D printing system. In other examples, the fluid
dispending system 100 can be a different type of fluid dispensing system. Examples
of other types of fluid dispensing systems include those used in fluid sensing

systems, medical systems, vehicles, fluid flow control systems, and so forth.

[0022] The fluid dispensing system 100 includes a fluid dispensing device 102,
which can be mounted to a carriage 103 (or other type of support structure) of the
fluid dispensing system 100. In some examples, the fluid dispensing device 102 can
be in the form of a fluid cartridge (e.g., a print cartridge) that is removably mounted to
the carriage 103. In other examples, the fluid dispensing device 102 can be fixedly

mounted in the fluid dispensing system 100.

[0023] The fluid dispensing device 102 includes a fluid dispensing portion 104 (or
multiple fluid dispensing portions 104) for dispensing fluid towards a target 106. In
some examples, the carriage 103 and the target 106 are moveable with respect to
one another (either the carriage is moveable or the target 106 is moveable or both

the carriage and target 106 are moveable).

[0024] In some examples, a fluid dispensing portion 104 can be in the form of a
fluidic die. A “die” refers to an assembly where various layers are formed onto a
substrate to fabricate circuitry, fluid chambers, and fluid conduits. Multiple fluidic
dies can be mounted or attached to a support structure. In other examples, a fluid
dispensing portion 104 can include a fluidic die sliver, which can be formed of a thin
substrate (e.g., having a thickness on the order of 650 micrometers (pm) or less)

with a ratio of length to width (L/W) of at least three, for example. A die sliver can
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other dimensions in other examples. Multiple fluidic die slivers can be molded into a
monolithic molding structure, for example.

[0025] In a 2D printing system, the fluid dispensing device 102 includes a
printhead that ejects printing fluid (e.g., ink) onto a print medium, such as a paper

medium, a plastic medium, and so forth.

[0026] In a 3D printing system, the fluid dispensing device 102 includes a
printhead that can eject any of various different liquid agents onto a print target,
where the liquid agents can include any or some combination of the following: ink,
an agent used to fuse or coalesce powders of a layer of build material, an agent to
detail a layer of build material (such as by defining edges or shapes of the layer of
build material), and so forth. In a 3D printing system, a 3D target is built by
depositing successive layers of build material onto a build platform of the 3D printing
system. Each layer of build material can be processed using the printing fluid from a
printhead to form the desired shape, texture, and/or other characteristic of the layer

of build material.

[0027] A fluid dispensing portion 104 includes an array of fluidic actuators 108.
The array of fluidic actuators 108 can include a column of fluidic actuators, or
multiple columns of fluidic actuators. The fluidic actuators 108 can be organized into
multiple primitives, where each primitive includes a specified number of fluidic
actuators. The fluidic actuators 108 can be part of nozzles or can be associated with
other types of flow structures, such as fluid conduits, fluid chambers, and so forth.
Each fluidic actuator is selected by a respective different address provided by a
controller (e.g., a system controller 110) in the fluid dispensing system 100.

[0028] As used here, a “controller” can refer to a hardware processing circuit,
which can include any or some combination of a microprocessor, a core of a multi-
core microprocessor, a microcontroller, a programmable integrated circuit (e.g.,
application programmable integrated circuit (ASIC), etc.), a programmable gate
array, a digital signal processor, a number of discrete hardware components (e.g.,

timers, counters, state machines, etc.), or another hardware processing circuit.



CA 03126919 2021-07-15

WO 2020/162894 PCT/US2019/016734

7

Alternatively, a “controller” can refer to a combination of a hardware processing
circuit and machine-readable instructions (software and/or firmware) executable on
the hardware processing circuit.

[0029] Although Fig. 1 shows the system controller 110 as being one block, it is
noted that the system controller 110 can actually represent multiple controllers that
perform respective tasks. For example, the system controller 110 can be
implemented using multiple ASICs, where one ASIC can be deployed on the
carriage 103, and another ASIC can be a main ASIC for controlling fluid dispensing

operations (e.g., printing operations).

[0030] The system controller 110 sends various information 112 to the fluid
dispensing device 102. Although Fig. 1 shows the information 112 being sent by the
system controller 110 directly over a link to the fluid dispensing device 102, it is
noted that the information 112 can be transferred through an electrical connector of
the carriage 103 to the fluid dispensing device 102 in other examples.

[0031] The information 112 provided by the system controller 110 to the fluid
dispensing device 102 includes a data signal (or multiple data signals) for carrying a
data packet 114 to the fluid dispensing device 102. The information 112 also
includes a clock signal 116 and a Fire signal 118. In some examples, there can be
multiple different clock signals 116. In other examples, the system controller 110
can just provide one clock signal to the fluid dispensing device 102. The information
112 can also include other information (not shown).

[0032] The system controller 110 includes a control information generator 120 to
generate control information to be included in the data packet 114. As examples, the
control information generated by the control information generator 120 includes
primitive data and address data. Primitive data is provided in examples where the
fluidic actuators 108 in the fluid dispensing device 102 are arranged in primitives.
More generally, the primitive data can also be referred to as “fire data,” which is data
used to control activation or non-activation of a fluidic actuator (or fluidic actuators)

within a primitive.
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[0033] In examples where fluidic actuators 108 are grouped into primitives, the
primitive data can include corresponding bits to represent which of the fluidic
actuators of a primitive is (are) activated when a fire pulse is delivered to the

primitive. A fire pulse corresponds to the Fire signal 118 being activated.

[0034] The address data includes address bits that define an address for
selecting fluidic actuators 108 to activate. In examples where fluidic actuators 108
are grouped into primitives, each primitive includes a set of fluidic actuators, and the
fluidic actuators of the primitive are selected by respective different addresses as

represented by the address bits.

[0035] The control information can also include other information that can be
included into the data packet 114 delivered by the system controller 110 to the fluid
dispensing device 102.

[0036] In accordance with some implementations of the present disclosure, a
random number can also be included into the data packet 114 delivered to the fluid
dispensing device 102 by the system controller 110. The random number is
generated by a random number generator (RNG) 122.

[0037] The RNG 122 can include a pseudo-RNG, whether implemented in
hardware or as machine-readable instructions (e.g., software and/or firmware). A
pseudo-RNG produces a random number based on a seed provided to the pseudo-
RNG. A “seed’ is a value that is used to initialize the pseudo-RNG, which then
proceeds to produce a collection of random numbers.

[0038] The random numbers produced by the RNG 122 can also vary in length.
For example, the random numbers produced by the RNG 120 can vary in length
among a range of lengths, such as 0 bits, 2 bits, 4 bits, 6 bits, or 8 bits, as examples.
A 0-bit random number means that no random number is included in the data packet
114.

[0039] The same RNG 122 (or a different RNG) can be used to define the

random length of a random number. For example, if the RNG 122 outputs an N-bit
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(N > 1) random number for each activation interval, a first subset of the N bits of the
random number can define the random number, while a second subset of the N bits
can define the length. The second subset of N bits can be mapped to provide a
target distribution of length. For example, for a near uniform distribution (leaning
slightly toward zero length), four bits can be allocated to the second subset and
values of 0-3 can map to 0-bit length, values of 4-6 can map to 2-bit length, values of
7-9 can map to 4-bit length, values of 10-12 can map to 6-bit length, and values of
13-15 can map to 8-bit length. The mapping and/or size of the mapping (4-bit, 8-bit,
or other) can be changed to modify or create a target distribution of lengths, such as
a Gaussian distribution, uniform distribution, and so forth.

[0040] The fluid dispensing device 102 includes an interface 130 that
communicates with the system controller 110. In some cases, the interface 130 can
be part of a fluid dispensing portion 104. If there are muiltiple fluid dispensing
portions, there can be multiple corresponding interfaces 130.

[0041] In some examples, the interface 130 includes a shift register 132 into
which the data packet 114 provided by the system controller 110 is shifted serially
one bit at atime. For example, the data packet 114 can be shifted into the shift
register 132 on each transition of a Data Clock, which can be one of the clock
signals 116 provided by the system controller 110. A shift register includes a chain
of storage elements (such as D flip-flops) that successively transfer data bits along
the chain of storage elements with transitions of a clock signal (Data Clock in the
depicted example). The shift register 132 is an example form of a serial interface at
which bits of the data packet 114 are received.

[0042] Fig. 2A shows an example of a data packet 114, which can be provided
by a system controller 110 to the fluid dispensing device 102. The data packet 114
is shifted into the shift register 132, as indicated by arrow 202. The data packet 114
includes a random data 204 as the front portion of the data packet 114. The front
portion of the data packet 114 is the first portion of the data packet 114 that is shifted
into the shift register 132. The random data 204 includes a random number

produced by the RNG 122 of the system controller 110.
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[0043] In the example shown in Fig. 2A, following the random data 204, the next
portion of the data packet 114 includes head data 206. The head data 206 is shifted
into the shift register 132 after the random data 204.

[0044] In addition, the next portion of the data packet 114 following the head data
206 includes primitive data 208, which can include further control information,
including a first subset of the address bits of an address being delivered by the data
packet 114. The primitive data 208 is shifted into the shift register 132 after the head
data 206.

[0045] An end portion of the data packet 114 includes tail data 210, which
includes further control information, such as a second subset of the address bits
along with other control information. The tail data 210 is shifted into the shift register
132 after all other data of the data packet 114 has been shifted into the shift register
132. The end of the data packet 114 is indicated by 212 in Fig. 2A.

[0046] The data packet 114 can include other information (not shown). Also,
although a specific order of information elements (204, 206, 208, 210) is shown in
Fig. 2A, it is noted that in other examples, the information elements of the data
packet 114 can be in a different order. Also, in further examples, different
information elements can be included in the data packet 114.

[0047] As further shown in Fig. 1, the system controller 110 includes a fire signal
generator 124 for controlling an activation of the Fire signal 118. The fire signal
generator 124 is able to detect the end 212 of the data packet 114 that is being
transferred to the shift register 132 of the interface 130 of the fluid dispensing device
102. In response to detecting the end 212 of the data packet 114, the fire signal

generator 124 activates the Fire signal 118.

[0048] In some examples, within a fire period, the Fire signal 118 can have two
activation pulses: a precursor pulse and a fire pulse. A “pulse” refers to a state of
the Fire signal 118 when set active (e.g., active high or active low). The precursor
pulse and the fire pulse are two distinct pulses within a fire period, with an idle time
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(or dead time) between the precursor pulse and the fire pulse. Thus, within a fire
period, the Fire signal 118 is activated two times—the first activation produces the
precursor pulse, and the second activation produces the fire pulse.

[0049] In other examples, the Fire signal 118 can be activated just once within

each fire period.

[0050] In response to detecting the end 212 of the data packet 114, the fire
signal generator 124 activates the Fire signal 118 to produce the precursor pulse.
Assuming that the Fire signal 118 is active high, the rising edge of the precursor
pulse causes the content of the shift register 132 to be transferred into a latch 134
that is also part of the interface 130. The content transferred to the latch 134
includes control information of the data packet 114.

[0051] A “latch” refers to any storage element for buffering data for retrieval by a
device controller 136 that is part of the fluid dispensing device 102. In some
examples, there may be multiple instances of the device controller 136 in the

respective fluid dispensing portions 104.

[0052] The device controller 136 can control selective activation of fluidic
actuators 118 of a fluid control portion 104 (or muiltiple fluid control portions 104)

based on the control information (primitive data, address, etc.) in the latch 132.

[0053] The output end of the shift register 132 is coupled to a sense pad 140 of
the interface 130. A “pad” can refer to any electrical connection structure that can be
connected to a communication link. In the example of Fig. 1, the sense pad 140 is
connected over a communication link to the system controller 110. Although Fig. 1
shows the sense pad 140 being coupled directly over a link to the system controller
110, it is noted that the sense pad 140 can be coupled through a connector of the

carriage 103 to the system controller 110.

[0054] In the example of Fig. 1, the output end of the shift register 132 is
connected to a first input of a multiplexer 142. Another input of the multiplexer 142

can be coupled to another circuit 144 that provides different data. A Test Mode
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signal can be provided to a select input of the multiplexer 142, to select between the
first and second inputs for output to the sense pad 140. If the Test Mode signal is
active (high or low), then the first input of the multiplexor 142 is selected to couple
the output of the shift register 132 to the sense pad 140. However, if the Test Mode
signal is inactive (low or high), then the second input of the multiplexer 142 is

selected and coupled by the multiplexer 142 to the sense pad 140.

[0055] The Test Mode signal can be provided by the system controller 110, such
as by a validator 146 in the system controller 110. Thus, during a test mode (when
the Test Mode signal is active), the multiplexer 142 couples the output of the shift
register 132 to the sense pad 140. In other examples, the Test Mode signal can be
provided by the device controller 136. For example, an internal register configuration
in the fluid dispensing device 102 can control the Test Mode signal by the device

controller 136.

[0056] During the test mode, the random data 204 of the data packet 114 that is
shifted out of the shift register 132 is provided to the sense pad 140 for detection by
the system controller 110. Note that since the random data 204 is at the front portion
of the data packet 114, the random data 204 is the first part of the data packet 114 to

be shifted out of the shift register 132 on successive cycles of the Data Clock.

[0057] The validator 146 in the system controller 110 receives the random data
204 provided to the sense pad 140 during the test mode. Note that in some cases, a
random data of zero bits can be included in the data packet 114, which means that
there is no random data in the data packet such that the “random data” 204 output
by the sense pad 140 in this scenario is a lack of random data.

[0058] The validator 146 knows what random number was provided in the data
packet 114 sent by the system controller 110 to the fluid dispensing device 102. For
example, the random number generated by the RNG 122 can be provided to the
validator 146 (and temporarily stored) for subsequent comparison to a random
number included in the received random data 204 from the sense pad 140.
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[0059] The validator 146 compares the received random data 204 from the sense
pad data 140 to the random number from the RNG 122. If the received random data
204 matches the random number from the RNG 122, then the validator 146 can
confirm that the interface 130 has not introduced any errors during the receipt of the
data packet 114. However, if the received random data 204 does not match the
random number from the RNG 122, then the validator 146 can output an error
indication 148 of an error in the interface 130. The error indication 148 can be used
by the system controller 110 (or a different controlier) to send an alert to a user or to
another entity, such as a machine or program to take remediation action, such as to
shut down the operation of the fluid dispensing system 100 or a different remediation

action.

[0060] Fig. 2B shows an example with two different data packets (data packet 1
and data packet 2). Data packet 1 includes control information 1 (including primitive
data, head data, tail data, etc.) along with random data RD1. Data packet 2 includes
control information 2 along with random data RD2. In the example of Fig. 2B, the
random data RD1 has a length that is longer than the random data RD2. Thus, the
overall Length 1 of the data packet 1 is larger than the overall Length 2 of data

packet 2.

[0061] As further shown in Fig. 2B, in some examples, the shift register 132 has
a length (Length 3) that is the length of the control information (e.g., control
information 1 or control information 2) of a data packet. The control information of
different data packets has the same length. Thus, in some examples, control
information 1 in data packet 1 has the same length (Length 3) as control information
2 in data packet 2. The difference in length is in data packets 1 and 2 is due to the

difference in lengths of the random data RD1 and RD2.

[0062] Thus, since the random data is provided at the front portion of each data
packet, the bits of the random data in each data packet would be the first to be
shifted out of the shift register 132 as the data packet is shifted into the shift register

132 on successive cycles of Data Clock. Once the end 212 of the data packet is
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shifted into the shift register 132, any random data that is in the data packet would
have been shifted out of the shift register 132.

[0063] Fig. 3 is a timing diagram that shows waveforms of various signals,
including System Clock, Data Clock, the data signal(s) (over which the data packet
114 is transferred), and the Fire signal 118. System Clock is another clock signal
116 (Fig. 1) generated by the system controller 110. System Clock can run at a
higher frequency than Data Clock in some examples.

[0064] Fig. 3 shows a data transfer in a activation interval n (or fire period n), and
a data transfer in the next activation interval n+1 (or next fire period n+1). In the
example of Fig. 3, an activation interval is depicted as a fire pulse group (FPG).

Each data packet includes control information for a respective activation interval
(e.g., an FPG). In the example of Fig. 3, the data transfer for FPGn is represented as
302, while the data transfer for the next FPG, FPGn+1, is represented as 304.

[0065] Data Clock pulse 306 is the last Data Clock pulse for FPGn (i.e., the Data
Clock pulse 306 is the clock that shifts the last bit of the tail data 210 of the data
packet 114 (Fig. 2) into the shift register 132).

[0066] In the example of Fig. 3, following the shifting of the end 212 of the data
packet 114 for FPGn into the shift register 132 (as indicated by the falling edge of the
Data Clock pulse 306, the Fire signal 118 is activated (308) a delay 310 following the
falling edge of the Data clock pulse 306. Although Fig. 3 shows a small delay 310
between the falling edge of the Data Clock pulse 306 and a first rising edge 308 of
the Fire signal 118 for FPGn, it is noted that the first rising edge 308 of the Fire signal
118 can coincide with the falling edge of the Data Clock pulse 306. In some

examples, the delay 310 is equal to two cycles of System Clock.

[0067] For the data transfer 304 for the next FPGn+1, random data 312 is
provided onto the data packet 114 for the next FPGn+1, and the data packet 114 is
shifted into the shift register 132 in response to the Data Clock pulse 314 for FPGn+1.
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[0068] In some examples, as noted above, the Fire signal 118 can be activated
twice in each fire period (e.g., FPG). The first activation (308) of the Fire signal 118
for FPGn produces a precursor pulse (320) to latch data from the shift register 132 to
the latch 134, as shown in Fig. 1. The second activation (316) of the Fire signal 118
for FPGn produces a fire pulse 322 that causes activation of fluidic actuators in

primitives as specified by the primitive data in the data packet for FPGn.

[0069] Note that the data transfer of the data packet for FPGn+1 can occur during

the generation of the precursor and fire pulses 320 and 322 for FPGn.

[0070] The length of a fire period is represented by 350 in Fig.. 3. The fire period
starts with the rising edge 308 of the precursor pulse for FPGn, and ends at a rising
edge 352 of the precursor pulse for the next FPGn+1. The fire period 350 includes
the width of the precursor pulse 320, the width of an idle time between the precursor
pulse 320 and the fire pulse 322, the width of the fire pulse 322, and the width an idle
time between the fire pulse 322 and the precursor pulse of the next FPGn+1.

[0071] Variations in the length of the random data included in a data packet
causes a variation in the length of the fire period 350. Note that a variation in the
length of the random data included in a data packet does not cause variation in the
width of the precursor pulse 320, the width of an idle time between the precursor
pulse 320 and the fire pulse 322, and the width of the fire pulse 322. However, the
variation in the length of the random data included in a data packet causes a
corresponding variation in the width an idle time between the falling edge of the fire

pulse of a current FPG and the precursor pulse of the next FPG.

[0072] Fig. 4 is a block diagram of a fluid dispensing device 400 (e.g., the fluid
dispensing device 102 of Fig.1), which can be in the form of a fluid cartridge (e.qg.,
print cartridge), for example. The fluid dispensing device 400 includes a reservoir
402 containing a fluid (e.g., a print material). The fluid dispensing device 400 further
includes fluidic actuators 404, such as the fluidic actuators 108.
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[0073] The fluid dispensing device 400 additionally includes an interface 406 to
receive a data packet 408 comprising information to control activation of the fluidic
actuators, the data packet comprising a random number 408 generated by a random
number generator. Additionally, the length of the random number in the data packet

is derived randomly.

[0074] In some examples, the interface 400 includes a serial interface to receive
a series of bits of the data packet. The serial interface can be in the form of a shift

register.

[0075] In further examples, the fluid dispensing device 400 includes a sense
output (e.g., the sense pad 140 of Fig. 1) coupled to the interface 406, the sense
output to provide the random number to a controller (e.g., the system controller 110)
external of the fluid dispensing device 400, where the provided random number

useable by the controller to detect an issue of the fluid dispensing device 400.

[0076] Fig. 5 is a block diagram of a fluid dispensing system 500 that includes a
support structure 501 (e.g., the carriage 103 of Fig. 1) to receive a fluid dispensing
device. The fluid dispensing system 500 further includes a controller 502 (e.g., the
system controller 110 of Fig. 1) to perform various tasks. The controller 502 can
perform a random number generation task 504 that generates a random number.
The controller 502 further performs a data packet generation task 506 to include the
random number and control information (that controls activation of fluidic actuators in

the fluid dispensing device) in a data packet.

[0077] The controller 502 performs a data packet sending task 508 to send the
data packet to the fluid dispensing device, and a random number reception task 510
to receive, from an output of the fluid dispensing device, a version of the random
number after the data packet is received by an interface of the fluid dispensing

device.

[0078] The controller 502 further performs an issue determination task 512 to
determine whether an issue is present in the fluid dispensing device in response to a
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comparison of the generated random number to the version of the random number
received from the output of the fluid dispensing device.

[0079] In further examples, the controller 502 can derive a length of the random
number randomly such that the random number included in the data packet is
different from a length of a random number included in another data packet
comprising information to control activation of fluidic actuators in the fluid dispensing
device.

[0080] Fig. 6 is a flow diagram of a process according to some examples. The
process of Fig. 6 includes serially inputting (at 602), into a shift register (e.g., 132 in
Fig. 1) in a fluid dispensing device, a data packet received from a system controller
(e.g., 110) external of the fluid dispensing device, the data packet comprising
information to control activation of fluidic actuators of the fluid dispensing device, and

a random number generated by a random number generator.

[0081] The process of Fig. 6 further includes activating (at 604), by a device
controller (e.g., 136) of the fluid dispensing device, an activation signal (e.g., the Fire
signal 118) responsive to detecting an end of the data packet shifted into the shift
register, the activation signal to control a timing of activating a fluidic actuator of the
fluidic actuators.

[0082] In examples where the controller 110 or 502 includes machine-readable
instructions, the machine-readable instructions can be stored in a non-transitory
machine-readable or computer-readable storage medium. The storage medium can
include any or some combination of the following: a semiconductor memory device
such as a dynamic or static random access memory (a DRAM or SRAM), an
erasable and programmable read-only memory (EPROM), an electrically erasable
and programmable read-only memory (EEPROM) and flash memory; a magnetic
disk such as a fixed, floppy and removable disk; another magnetic medium including
tape; an optical medium such as a compact disk (CD) or a digital video disk (DVD);
or another type of storage device. Note that the instructions discussed above can be

provided on one computer-readable or machine-readable storage medium, or
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alternatively, can be provided on multiple computer-readable or machine-readable
storage media distributed in a large system having possibly plural nodes. Such
computer-readable or machine-readable storage medium or media is (are)
considered to be part of an article (or article of manufacture). An article or article of
manufacture can refer to any manufactured single component or multiple
components. The storage medium or media can be located either in the machine
running the machine-readable instructions, or located at a remote site from which
machine-readable instructions can be downloaded over a network for execution.

[0083] In the foregoing description, numerous details are set forth to provide an
understanding of the subject disclosed herein. However, implementations may be
practiced without some of these details. Other implementations may include
modifications and variations from the details discussed above. It is intended that the

appended claims cover such modifications and variations.
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What is claimed is:

1. A fluid dispensing device comprising:

a reservoir containing a fluid,;

fluidic actuators;

an interface to receive a data packet comprising information to control
activation of the fluidic actuators, the data packet comprising a random number
generated by a random number generator;

a sense output coupled to the interface;

a shift register to receive the data packet and to output the random number as
the data packet is shifted into the shift register; and

a multiplexer comprising a first input connected to an output of the shift
register, and a second input connected to a circuit of the fluid dispensing device, the
multiplexer when set in a test mode to selectively output the random number to the
sense output.

2. The fluid dispensing device of claim 1, wherein the random number is
included in a front portion of the data packet.

3. The fluid dispensing device of claim 1 or 2, wherein the interface comprises a
serial interface to receive a series of bits of the data packet.

4. The fluid dispensing device of claim 3, wherein the serial interface comprises
the shift register into which the data packet is shifted serially.

5. The fluid dispensing device of any one of claims 1 to 4, wherein a length of
the random number in the data packet is derived randomly.

6. The fluid dispensing device of claim 5, wherein a first portion of the random

number contains a random value, and a second portion of the random number
defines a length of the random number.

Date Regue/Date Received 2023-03-01
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7. The fluid dispensing device of any one of claims 1 to 3, wherein the sense
output is to provide the random number to a controller external of the fluid dispensing
device, the provided random number useable by the controller to detect an issue of
the fluid dispensing device.

8. The fluid dispensing device of claim 1, wherein the data packet is a first data
packet, and the random number in the first data packet has a first length, and
wherein the interface is to receive a second data packet comprising information to
control activation of the fluidic actuators, the second data packet comprising a
random number having a second length different from the first length.

9. The fluid dispensing device of any one of claims 1 to 8, wherein a length of
the shift register is equal to a length of control information in the data packet, the
control information excluding the random number.

10.  The fluid dispensing device of claim 9, wherein the control information
controls activation of the fluidic actuators.

11. A fluid dispensing device comprising:
a reservoir containing a fluid;
fluidic actuators;
an interface to:
receive a first data packet comprising information to control activation
of the fluidic actuators, the first data packet comprising a first random number of a
first length generated by a random number generator; and
receive a second data packet comprising information to control
activation of the fluidic actuators, the second data packet comprising a second
random number having a second length different from the first length, wherein a
respective random number in each respective data packet of the first and second
data packets is included in a front portion of the respective data packet;
a shift register to shift each of the first and second data packets through the
shift register on transitions of a clock; and

Date Regue/Date Received 2023-03-01
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a latch to receive data in the shift register upon activation of a signal, the
activation of the signal responsive to an end of a data packet of the first and second
data packets shifted into the shift register, wherein different lengths of the first and
second random numbers in the respective first and second data packets cause a
timing of the activation of the signal to differ.

12.  The fluid dispensing device of claim 11, wherein the different lengths of the
first and second random numbers in the respective first and second data packets
cause fire periods responsive to the first and second data packets to differ.

13.  The fluid dispensing device of claim 11 or 12, wherein a length of the shift
register is equal to a length of control information in a data packet that includes a
random number, the control information excluding the random number.

14.  The fluid dispensing device of claim 13, wherein the control information
controls activation of the fluidic actuators.

15. A method comprising:

serially inputting, into a shift register in a fluid dispensing device, a data
packet received from a system controller external of the fluid dispensing device, the
data packet comprising information to control activation of fluidic actuators of the
fluid dispensing device, and a random number generated by a random number
generator, wherein the shift register outputs the random number as the data packet
is shifted into the shift register;

activating, by a device controller of the fluid dispensing device, an activation
signal responsive to detecting an end of the data packet shifted into the shift register,
the activation signal to control a timing of activating a fluidic actuator of the fluidic
actuators; and

setting, in a test mode, a multiplexer comprising a first input connected to an
output of the shift register, and a second input connected to a circuit of the fluid
dispensing device, the multiplexer when set in the test mode selectively outputting
the random number to a sense output of the fluid dispensing device.

Date Regue/Date Received 2023-03-01



22

16. The method of claim 15, further comprising:

receiving, by the system controller from the sense output of the fluid
dispensing device, the random number shifted through the shift register and rolled off
an end of the shift register; and

determining, by the system controller, whether an issue is present in the fluid
dispensing device in response to a comparison of the random number received from
the sense output to the random number generated by the random number generator.

Date Regue/Date Received 2023-03-01
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