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(57) Abstract: In one example a fluid level sensing device is described.
The device includes a sensing die having a number of fluid level sensors
disposed thereon and a number of control devices, each control device
corresponding to one of the number of fluid level sensors. A control de-
vice includes a comparing device to determine a state of a correspond-
ing fluid level sensor. A state of the fluid level sensor is selected from
the group consisting of a fluid state and a no fluid state. Each control
device also includes a non-volatile memory device corresponding to the
comparing device to indicate whether the corresponding fluid level sen-
sor is at the fluid state or the no fluid state. A control device also in-
cludes a locking device to receive a write command and to irreversibly
set the non-volatile memory device to the no fluid state based on the
write command.
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FLUID LEVEL SENSING DEPENDENT ON WRITE COMMAND

BACKGROUND

[G001] Fluid reservoirs are used o contain various types of fluids. For
example, in printing systems, print cartridges hold stores of printing fluid such as
ink. The ink, or other printing fluid from & reservoir, is supplied 1o a printhead
which deposits the printing fluid ontc a medium, such as paper. As the printing
fluid is deposited onto the medium, the printing fluid is depleted from the fluid

reservoir.

BRIEF DESCRIFTION OF THE DRAWINGS

[0002] The accompanying drawings ilustrate various examples of the
principles described herein and are a part of the specification. The illusirated
examples are given merely for illusiration, and do not limit the scope of the
claims.

[G003] Fig. 1 is a cross-sectional view of a fluid reservoir having a fluid
level sensing device disposed therein, according to an example of the principles
described herein.

[0004] Fig. 2 is a block diagram of the fluid level sensing device,
according to an exampie of the principles described herein.

[6005] Fig. 3 is a diagram of a system for implementing the fiuid level
sensing device, according to an example of the principles descried herein.
[G0086] Fig. 4 is flowchart iHlustrating a method for controlling a fluid level

sensing device, according to an exampie of the principles described herein.
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FB007) Figs. 5A and 5B are exampiles of a control device of a fluid level
sensing davice, according to examples of the principles described herein.
[G008] Fig. 8 is a flowchart ilusirating a method for coniroliing a fluid level
sensing device, according to an exampie of the principles described herein.
[0009] Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, elements.

DETAILED DESCRIPTION

[6010] Fluid reservoirs are used to hold various types of fluids. For
example, in a printing system, an ink cartridge stores a volume of ink. This ink
is passed o a printhead for ultimate deposition on a media to form text or
images on the media.

[6011] As printing fluid is deposited on media, the fluid reservoir is
depleted of printing fluid. Altempting to execute a printing operation when a
fluid reservoir is empty can result in damage to the printing device, the
printhead, or the reservoir itself. Moreover, print quality can suffer if printing is
executed with a reduced amount of fluid in the reservoir. Still further, it may be
inconvenient {o a consumer if a fluid reservoir runs out and the consumer has
not been able to adeguately prepare, for example by purchasing additional fluid
reservoirs. Such consumer inconvenience can lead to customer dissatisfaction
and ultimate loss of profits by a manufacturer of the reservoir,

[6012] Accordingly, fluid level sensing devices can be used to detect the
amount of fluid in a fluid reserveir. Knowing the level of fluid in the fluid
reservoir is helpful in providing accurate information regarding fluid levels. In
the case of a printing system, such sensors can be used to estimate how much
printing can be performed given the present level of ink in an ink reservoir.
While such fluid level sensing devices can be helpful in indicating an amount of
fluid, some characteristics reduce the sensing devices ability to accurately

indicate a fluid levsl.
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F6013] For example, certain circumstances may lead {o falsely high fluid
level measurements. As a specific example, an individual sensor that falls
along the sensing die may at one point in time indicate no fluid is present at that
particular location. At some subsequent point in time, a random fluid drop, or a
meniscus of the fluid in the reservoir may cover that particular sensor which
would then indicate fluid at that particular location, even though the main body
of fiuid is below that particular sensor. in another example, user manipulation,
i.e., removal and agitation of the reservolr could also lead to fluid covering a
particular sensor, even though the corpus of the fluid is below that particular
sensor. in these and other cases, a fluid level indication may be erronecusly
high, meaning it indicates more fluid is in the reservoir than is actually present in
the reservoir. Such an erroneous indication could lead to user dissatisfaction as
well as other complications. For example, if an ink level reading is falsely high,
the corresponding printing device may continue to operate with less fluid than is
indicated. i the actual ink level is too low, this could damage the printing
device.

[G014] Accordingly, the present specification describes a fluid level
sensing device that addresses these and other complications. Specifically, the
present specification describes a device and method wherein once a particular
fiuid level sensor indicates there is no fluid at that particular location, it is
prevented from subsequently indicating there is fluid at that location. More
specifically, the device is “locked-in” to a "no fluid” state for subsequent
readings. Doing so prevents inaccurate fluid level readings due 0 random fluid
drops, meniscuses, agitation of the reservoir and other scenarios that could lead
to a falsely high fiuid level reading. Also, locking in a write-once memory to ano
fluid state reduces the time for subsequent fluid level measurement cycles as a
quickened analysis of sensors that are in a no fluid state is provided. This
specific disclosure provides for a manual locking-in of a memory device to the
no fluid state. In other words, the locking in of the write-once memory is

performed based on a write command issued from a coniroller.
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[6015] Specifically, the present specification describes a fluid level
sensing device. The fluid level sensing device includes a sensing die having a
number of fluid level sensors disposed thereon. A number of control devices
correspond to, and control, the number of fluid level sensors. A control device
includes a comparing device {¢ determine a state of a corresponding fluid level
sensor. The state of the fluid level sensor is selected from the group consisling
of a fluid state and a no fluid state. The control device also includes a non-
volatile memory device {0 indicate whether the corresponding fluid level sensor
is at the fluid state or the no fluid state. The control device also includes a
locking device to 1) receive a wrile command {0 set a state of the non-volatile
memory device to the no fluid state and 2) irreversibly set the non-volatile
memaory device to the no fluid state based on the write command from a
conirolier.

[6016] The present specification also describes a method for controliing a
fluid level sensor. According 1o the method, a state of the fluid level sensor is
determined. The state is selected from the group consisting of & fluid state and
a no fluid state. Information indicative of the state of the fluid level sensor is
passed (o a controller. When the fiuid level sensoris in a no fluid state, a non-
volatile memory device corresponding to the fluid level sensor is irreversibly set
to indicate that the fluid level sensor is in the no fluid state based on a write
command from the controller.

FB017) The present specification also describes a fiuid reservoir. The
reservoir includes a chamber to hold a volume of the fluid. A fluid level sensing
device is disposed within the chamber. The fluid level sensing device includes a
sensing die to extend into the chamber and mulliple fluid level sensors disposed
on the sensing die. Each of the multiple fluid level sensors is positicned at a
different depth within the chamber. The device aiso includes muliiple controi
devices disposed on the sensing die. Each of the control devices corresponds
to one of the fluid level sensors. A conirol device includes a comparing device
io determine a staie of a corresponding fluid level sensor. The state of the fluid
level sensor is selected from the group consisting of a fluid state and a no fluid

state. A control device also inciudes a non-volatile memory device 10 indicate
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whether the corresponding fluid level sensor is at the fluid state or the no fluid
state. The control devices also include a locking device 1o receive a write
command to set a state of the non-volatile memory device to a no fluid state and
to irreversibly set the non-volatile memory device to the no fluid staie based on
the write command from a controller.

[0018] Using such a fluid level sensing device level 1) provides a low
cost, high volume, and simple manufacturing process; 2) quickens the fluid level
detection cycle; 3) iocks in a no fluid state independent of a write signal from a
controller; 4} indicates accurate fluid level and is robust against agitation of the
reservoir, random fluid drops, and meniscuses that may be present in the
container; 5) supports multiple processes for detecting fluid levels; and 8)
resulls in increased customer satisfaction dug to the increased performance.
However, it is coniemplated that the devices disclosed herein may provide
useful in addressing other matters and deficiencies in a number of technical
areas. Therefore, the systemns and methods disclosed herein should not be
construed as addressing any of the particular matters.

[6019] As used in the present specification and in the appended claims,
the term “state” indicates whether or not a particular fiuid level sensor indicates
fluid is present at the corresponding location. For example, a fluid leve!l sensor
in a "no fluid” state indicates that fluid is not covering a particular sensor and a
“fluid” state indicates that fluid is covering the particular sensor. Similar to the
fluid level sensor, a non-volatile memory device may also be in a *fuid” or 'no
fluid” state.

(60201 Further, as used in the present specification and in the appended
claims, the term “based on a write command” indicates that the non-volatile
memory is locked in after receiving a separate write command from the
coniroller.

100213 Still further, as used in the present specification and in the
appended claims, the term “write-once” memory refers o memory that may be
written one time from iis initial state. For exampie, the memaory may initially be

set to a first state represented as a logic value of 0. A write-once memory may
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be changed one time 1o a different state, for example corresponding 1o a iogic
value 1, and subseguent write attempts cannot change the value again.

(60221 Even further, as used in the present specification and in the
appended claims, the term “fluid level” refers 1o a liquid level in a reservoir that
is otherwise filled with air.

[6023] Yet further, as used in the present specification and in the
appended claims, the term “a number of” or similar language is meant to be
understood broadly as any positive number including 1 to infinity; zero not being
a number, but the absence of a number.

[G024] in the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough undersianding of the
present systems and methods. 1t will be apparent, however, 10 one skilled in the
art that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification to “an example” or similar
language indicates that a particular feature, structure, or characteristic
described in connection with that example is included as described, but may not
be included in other examples.

iGOZE] Turning now to the figures, Fig. 1is a cross-sectional view of a
fluid reservoir (100) having a fluid level sensing device (102) disposed therein,
according to one example of the principles described herein. A fiuid reservoir
(100} may be any container that holds a fluid. For example, a printing system
implements a print cartridge, wherein the fluid stored therein is ink or another
printable fluid. The fluid reservoir {100) retains the fluid and suppliesitfo a
system for further operation. For example, in a printing system, via a number of
fluid interconnects (104), a printing fluid within the chamber (101) is supplied to
a printhead o be ullimately deposited on media. As fluid is used, it is depleted
from the fluid reservoir (100). Accordingly, a fluid level sensing device (102}
allows for an accurate indication of the fluid level within the fluid reservoir (100).
Moreover, the fluid level sensing davice (102) of the present specification
includes control devices {0 protect against erronecus fluid level indications.

Thus, the fluid level sensing device (102) of the present specification provides
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even more accurate fluid level indications and a quickened fluid level
determination.

[60286] The fluid level sensing device (102) includes a sensing die (108)
that has a number of fluid level sensors (110) disposed thereon, which fluid level
sensors (110) detect a fluid level. As can be seen in Fig. 1, the sensing die
(108) exiends into a volume of the chamber {(101) containing the fluid. The
sensing die (108) supports the fluid level sensors (110) that extend along a
length of the sensing die (108). The sensing die (108) can support various types
of fluid level sensors (110) that may be implemented on the fluid level sensing
device (102).

iGOZT] For example, pairs of heaters and heat sensors may be used. In
this example, each of the heat sensors is sufficiently close {0 a corresponding
heater such that the heat sensor may detect or respond to the fransfer of heat
from the associated or corresponding heater. Each of the heat sensors ouiputs
a signal which indicates or reflects the amount of heat transmitted {o the
particular heat sensor following, and corresponding to, a pulse of heat from the
associated heater. The amount of heat transmitted to the associated heat
sensor will vary depending upon the medium through which the heat was
transmitted prior to reaching the heat sensor. For example, fluid has higher
heat capacity than air so it will decrease the temperature detected by 3 heat
sensor. in other words, if the level of fluid within the chamber (101) is such that
fluid that surrounds a particular heater and its associated heat sensor, heat
fransfer from the particular heater {0 the associated heat sensor will be less as
compared to circumstances where air surrounds the particular heater and s
associated heat sensor.

[0028] Based on the amount of heat sensed by the associated heat
sensor following the emission of the heat pulse by the associated heater, the
controller determines whether air or liquid surrounds the particular heater and
the associated heat sensor. Using this determination and the known location of
the heater and/or heat sensor along the sensing die (108) and the relative
positioning of the sensing die (108) with respect {0 the floor of the chamber

(1013}, the controlier determines the level of fluid within the chamber (101).
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Based upon the determined level of fluid within the chamber (101} and the
characteristics of the chamber (101}, the controlier is further able to determine
the actual volume or amount of fluid remaining within the chamber (101).
(60291 Another example of a type of fluid level sensor (110} is an
impedance level sensor (110} which detects the capacitance of a fluid that
surrounds the fluid level sensor (110). As fluid conducis eleciricity at a different
rate then air, the conductivity between fluid level sensors (110) can be used o
determine whether the conducting medium is air or fluid. Yet ancther example
is an optical sensor, wherein photodiodes distributed along the sensing die
(108} are paired with a single, or multiple light emitting elements. Iflight is
collected at a particular diode, it indicates that fluid is not present at that level.
While specific reference is made to a few particular types of fluid level sensors
(110}, varying types of fluid level sensors {110) may be used in accordance with
the fiuid level sensing device (102) of the present specification.

F6030) For simplicity, in Figure 1, a few fluid level sensors (116-1, 110-2)
are depicted, but the fluid level sensors (110-1, 110-2) may extend along a
length of the sensing die (108). Note also that the fluid level sensors (110-1,
110-2), as depicted in at least Fig. 1 are not 1o scale and are enlarged to show
their presence on the sensing die (108).

[6031] As depicted in Fig. 1, the fluid level sensing device (102) is
disposed within the chamber (101). As will be described below, the fiuid level
sensing device (102) has slectrical interconnects to output data coliected from
the number of sensors (110). These electrical interconnecis of the fluid level
sensing device (102) mate, and electrically couple, with a corresponding
glectrical interconnect (108} on a separate component such that data collected
from the fluid level sensing device (102) can be passed {0 a comresponding
system and analyzed and used o control operation of the associated system.
[6032] Fig. 2 is a block diagram of the fluid level sensing device (102),
according to an example of the principles described hersin. As described
above, the fluid level sensing device (102) has a sensing die (108) with a
number of fluid level sensors (110) disposed thereon. The sensing die (108} is

a rigid member that provides mechanical support for the fluid level sensors
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{110}, The sensing die (108} may be formed of any number of materials
including plastic, silicon, glass polymers, FR4, glass-reinforced epoxy laminste
sheet, tub, rod, or printed circuit board, or other rigid member. In one example,
the sensing die (108) includes a composite material of woven fibergiass cloth
with an epoxy resin binder. In one example, the sensing die (108) is a printed
circuit board having embedded electrical traces and contact pads to facilitate
electrical connection between various components mounted on the sensing die
(108}

[6033] The sensing die (108) extends into the chamber (Fig. 1, 101) that
contains the fluid. The fluid level sensors (110) may extend along a length of
the sensing die {(108) and accordingly correspond to different depths within the
chamber (Fig. 1, 101} in which they are disposed. The fluid level sensors (110)
may be of varying type and are used to detect a level of fluid within the chamber
(Fig. 1, 101). For exampile, if a first fluid level sensor {(110) detects fluid at 5 first
level and an immediately adjacent fluid level sensor (110}, for example one that
is at a higher position than the first fluid level sensor (110}, detects no fluid then
a determination can be made that the level of fluid within the chamber (Fig. 1,
101) is somewhere between those two sensors. The fluid level sensors (1103
may be placed relatively close (o one anocther. For example, there may be at
least 100 fluid level sensors {110) per inch along the sensing die (108). With
such a resolution, accurate detection of fluid levels within a chamber (Fig. 1,
101) is altainable.

[G034] These fluid level sensors (110) then pass that data to be oufput to
an external device that can use the data. For example, the fluid level data
gathered from the fluid level sensors (110) can be passed {o the user to indicate
to the user when the fiuid reservoir (Fig. 1, 100) is to be refilled or replaced. Still
further, the data collected could be used by a printing system to prevent the
printing system from depositing ink on a print media when the fluid level sensors
{110} indicate that the fluid level in the fluid reservoir (Fig. 1,100} is below a
threshold level.
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[6035] The fluid level sensing device (102) also includes a number of
control devices (212). The control devices (212} correspond to the fluid level
sensors {(110). For exampie, a fluid level sensing device (102) that has 100 fluid
level sensors (110}, also has 100 control devices (212). In some examples, the
control device (212), which may include hardware and other circuitry, may be
disposed on the sensing die (108). In other examples, the control devices (212)
may be disposed on another substrate. The control devices (212) include
components and other devices that assist in the detection of fluid at a particular
sensor and other controlling operations. For example, the number of conirol
devices (212) may assist in the locking in of a non-volatile memory device (216)
of the system to a no fluid state.

[0038] Specifically, the control device (212) includes a comparing device
(214} that defermines a state of a corresponding fluid level sensor (110). More
specifically, a fluid level sensor (110) may have at least two states: a fluid state
wherein the fluid level sensor {110} indicates fluid at a particular location along
the sensing die (108) and a no fluid state wherein the fluid level sensor (110)
indicates that fluid is not found at that particular location along the sensing die
(108}, The comparing device (212) therefore includes hardware and circuitry (o
determine which of these states a corresponding fluid level sensor (110} is in.
The comparing device (214) may initiate an operation wherein the non-volatile
memory device (216) state is irreversibly set to indicate that fluid is not present
at a location identified by the corresponding fluid level sensor (110). A specific
example of a comparing device (214), and the control device (212) in general, is
provided below in connection with Figs. 5A and 58.

(G037} The control device (212) also includes a non-volatile memaory
device (216}, A non-volatile memory refers to hardware and circuitry that can
store information even after having been power cycled. In other words, the non-
volatile memory device (218) is not dependent upon electrical power 1o store
information. The non-volatile memory device (216) can also have multiple
states. For example, corresponding to the fluid level sensor (110}, a non-
volatile memory device (216) may be in a “fluid” state when it indicates that the

corresponding fluid level sensor (110} is also in a fluid state. Similarly, a non-

10
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volatile memory device (218) may be in a no fiuid state when it indicates that the
corresponding fluid level sensor (110} is in a no fluid state.

[6038] The non-volatile memory device (218} may be a wrile-once
memory device, meaning that from its initial state, the non-volatiie memory
device (216} may be changed one ime and subsequent attempts to change the
wrile~-once memory device are prevented. in using, a write-once non-volatile
memory device (218) errant fiuid level readings can be pravented. For example,
in an initial state a non-volatile memory device (218) may be in a "fiuid” state
indicating that a corresponding fluid level sensor (110} is in the presence of fluid
in the reservoir (Fig. 1, 100). As afluid level drops, and a fluid level sensor
{110} changes from a fluid state to a no fiuid state, the corresponding non-
volatile memory device (218) state is accordingly updated. A write-once
memory device prevenis subsequent changing of state of the memory device,
i.e., from a no fluid state back o a fluid state. Accordingly, with a write-once
non-volatile memory device (216) any subsequent attempts to determine fluid
level from the non-volatile memory device (216} will return a no fluid state. A
specific example of a non-volatile memory device (216), and spedcifically of a
write-once non-volatile memory device (2163, is provided below in connection
with Figs. 5A and 5B. Using such a write-once non-volatile memory device (216)
prevents inadverient misreadings and malicious attempts to circumvent
acceptable fluid level measurement.

F6038) The control device (212) also includes a locking device (218) to
ireversibly set the non-volatile memory device (216) io the no fiuid state based
on a write command from an external controller. For example, the locking
device (218) receives a write command o setl the state of the non-volatile
memory device (216} to a no fluid state and based on this command irreversibly
sets the non-volatile memory device (216} {0 the desired state. In some
examples, the write command may be received from the controller based on a
particular signal sent {0 the controller. For example, the control device (212)
may indicate that the corresponding fluid level sensor (110) is in a no fluid state.

Responsive to such an indication, a controller may send a write signal. By

11
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comparison, if the control device (212) indicates that the comresponding fiuid
level sensor (110} is in a fluid state, no such write command is triggered.
(60401 The locking device (218) may be any component that can write the
non-volatile memory device (216) to a new state permanently. Of particular
relevance, the locking device (218) may do so based on a write command. By
performing locking based on a write command, a verification of the fluid state
can be performed as described below.

[6041) The fluid level sensing device (102) depicted in Fig. 2 receives
various signals from a controller. For example, a select signal (211) is used to
select a particular fluid level sensor (110) for evaluation. A threshold signal
(213} is received which is used to compare against information retrieved from
the fluid level sensor (110) to determine whether the corresponding fluid level
sensor (110) is in a no fluid state. A write command (215) is received, in some
cases hased off the resulis of the comparing device (214). The write command
{215} instructs the locking device (218) to perform a locking in operation. Each
of these signals may be distinct from one ancther. In other words, the control
device (212) may receive three different types of signals.

i6042] The present fluid level sensing device (102) therefore allows for a
“ocking in” of a siate for a non-volatile memory device (218). Accordingly, any
subsequent reads of this non-volatile memaory device (216) data will return a no
fluid state. Doing so prevents erroneously high fiuid level measurements and
also increasingly reduces the amount of time {o determine fiuid level. More
specifically, sequential fluid level sensors {110) retumns a "no fluid state on
account of fluid continually dropping within the reservoir (Fig. 1, 100}, an
iteratively smaller subset of fluid level sensors (110} will be tested.

[0043] Fig. 3 is a diagram of a system for implementing the fluid level
sensing device (Fig. 1, 102), according to an example of the principles
described herein. As described above, the fluid level sensing device (Fig. 1,
102} includes a sensing die (108} having a number of fluid level sensors (110)

disposed thereon and a corresponding number of control devices (212). While

12
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Fig. 3 depicis five sensor/control device pairs, any number of sensor/control
device pairs may be implemented in accordance with the principles described
herein.

(60441 in some exampies, the fluid level sensing device (Fig. 1, 102) also
includes a controller (322}, The controller (322) is coupled to the varicus control
devices {212) as well as 0 a separate device such as a printing device (320).
Note that the connecting lines depicted in Fig. 3 do not indicate a number of
physical connections, but rather a logical connection between components. In
other words, while a single line is present between the coniroller (322) and the
first control device (212-1), any number of signals may be passed between the
two. For exampile, the controlier (322) may, on one channel, send a select
signatl to the first control device (212-1} instructing the first control device (212-
to retumn a fluid level for the corresponding first fluid level sensor (110-1). That
same first control device (212-1) may return data indicating the state of the first
fluid level sensor (110-1) back to the controller (322) on a different channel. in
yet another example, the controller (322) may send a write command to a
control device (212) which write command prompts the control device (212) to
lock in the corresponding non-volatile memory device {(Fig. 2, 218) {0 a no fluid
state.

[6045] in the system depicted in Fig. 3, a printing device (320), orany
other such device that cooperates with a reservoir (Fig. 1, 100) that holds fluid,
can instruct the controlier (322) to perform a fiuid level measurement operation.
In some examples, the signal from the printing device (320) can select a
particular sensor (110).  In other examples, the signal from the printing device
(320} generally initiates a fluid level determination, and the controller (322}
sequentially selects particular sensors (110) to evaluats.

[6048] The coniroller (322) sends a signal to select the corresponding
control device (212) and the corresponding control device (212) initiates a
process (o determine whether the corresponding fluid level sensor (110)isin a
fluid state or a no fluid staie. Regardiess of the state, this value is then passed
back 10 the printing device (320) via the controller (322). If the retumed staie

happens to be a no fluid state, the controller (322) may choose 1o send a write
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command 1o the control device (212). This write command prompts the control
device (212} to initiate an operation 1o permanently lock in the non-volatile
memory device (Fig. 2, 216) to a no fluid state. Separating the write command
from the detection of a fluid level sensor (110) state affords greater flexibility in
locking-in a non-volatile memory device (Fig. 2, 216). For example, other
factors or system characteristics may be considerad before jocking in the state
of the non-volatile memory device (Fig. 2, 216}

(60477 Still further, a sensing operation could be performed independent
of a write operation. For example, after a first fluid level sensor (110-1} is
sensed as being in no fluid state, and the corresponding non-volatile memory
device (Fig. 2, 216) irreversibly set to so indicate, a subsequent sensing
operation could be performed on the first fluid level sensor (110}, without
involving the corresponding non-volatile memory device (Fig. 2, 216). Such a
subsequent sensing, when performed in conjunction with a reading of the
corresponding non-volatile memory device (Fig. 2, 216) can be used {o
determine whether there are any discrepancies between a sensor (110) state
and its corresponding non-volatile memory device (Fig. 2, 216) state.

iG048] Any subsequent reguests from the printing device (320) to select
and test that particular fluid level sensor (110) can be bypassed, and a retum
result of no fluid will be refurned. In some examples, the controller (322)
sequentially selects a fiuid level sensor (110) fo be tested. More specifically, the
controller (322) may start with a highest elevation sensor, i.e., the first fluid level
sensor (110-1) and sequentially test the remaining sensors (110} untif an
indication of a sensor {110) in a fluid state is returned.

i6049] The controller (322) also provides a threshoid value 1o facilitate
detecting whether the corresponding fluid level sensor (110} is in a fluid state or
a no fluid state. For example, output from a fluid level sensor (110) may be in
the form of a voltage, where 3 low voltage indicates fluid is present. The
controller (322) can pass to the control device (212) a threshold voltage. f the
voltage from the fluid level sensor (110} is less than the threshold voltage, then
it is determined that the corresponding fluid level sensor (110} is in a fluid siate,

i.e., fluid is present at the fluid level sensor (110). By comparison, if the voltage
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from the fluid level sensor {110) is greater than the threshold voltage, then it is
determined that the corresponding fluid level sensor (110} is in a no fluid state,
i.e., fluid is not present at the fluid level sensor (110).

[G050] The controller (320) also provides the write command by which the
non-volatile memory device (Fig. 2, 216) is locked in. Such a write command is
generated responsive 1o the state of the fluid level sensor (110). More
specifically, if the fluid level sensor (110} is in a fluid state, no such write
command is generated, but if the fluid level sensor {110) is in a no fluid state the
write command may be generated and passed to the corresponding control
device (212).

iG0E1] Fig. 4 is a flowchart illustrating a method (400) for controlling a
fluid level sensing device (Fig. 1, 102), according 1o an example of the principles
described herein. According to the method (400), it is determined (block 401}
whether a fluid level sensor (Fig. 1, 110} is in a no fluid state or a fluid stale.
This may be done for example, by receiving information from the corresponding
fluid level sensor (Fig. 1, 110) and comparing it to a threshold value. More
specifically, the information received form the fluid level sensor (Fig. 1, 110)
may be a voltage value that when comparead against a threshold volage
indicates whether or not the corresponding fluid level sensor (Fig. 1, 110)isina
no fluid state or a fluid state.

[6052] If the fiuid level sensor (Fig. 1, 110} is in a fluid state (block 401,
determination NQO), information indicative of the state of the fiuid level sensor
(Fig. 1, 110) is passed (block 404) to the controller (Fig. 3, 322). Such
information may be a voltage value that corresponds to a logic value. Inone
particular example, no voitage being passed {o the conirolier (Fig. 3, 322)
indicates that the state of the fluid leve!l sensor {Fig. 1, 110) is a fluid state.
[G0E3] If the fiuid level sensor (Fig. 1, 110} is in a no fluid state (block
401, determination YES), the controller (Fig. 3, 320) sends, and the control
device (Fig. 2, 212) receives (block 402} a write command. The write command
may be a voltage that when acted upon by the control circuit (Fig. 2, 212)

changes a state of a corresponding non-volatile memory device {(Fig. 2, 216).
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[6054] Based on the write command, the controller (Fig. 2, 212)
ireversibly sets (block 403) the state of the non-volatile memory device (Fig. 2,
216} to a no fluid state. In other words, during operation, a write command is
received that is independent of a select signal and a threshold value, which
write command initiates a “locking in” of the non-volatile memory device (Fig. 2,
218). As will be described in an example, the locking in of the non-volatile
memory device (Fig. 2, 216} occurs when both a write signal and the separately
sent select signal are passed to the corresponding control device (Fig. 2, 212).
The write command may be sent and received, responsive 1o passing
information that the fluid level sensor (Fig. 1, 110) is in a no fluid state. Note as
indicated in Fig. 4, that if the fluid level sensor (Fig. 1, 110) is in a fluid state,
then no such write command is received.

[GOE5] Locking in the non-voiatile memory device (Fig. 2, 216) after a
write command is received allows for a more hands-on approach to fluid level
detection. For example, rather than automatically locking in the state of the
non-volatile memory device (Fig. 2, 216) without any further interaction, i.e.,
command signals, from a coniroller (Fig. 3, 320), additional data could be used
to determine when o lock in the no fluid state of the non-volatile memory device
{(Fig. 2, 218).

[0056] Using the method (600), wherein the irreversibie setting (block
403) of the non-volatile memory device (Fig. 2, 218) is performed responsive to
a received write command facilitates verification of the status of the non-volatile
memory device (Fig. 2, 216). For exampie, the printing device (Fig. 3, 320) may
want 1o double check the reading, either immediately or at some time later,
before choosing to irreversibly set the non-volatile memory device (Fig. 2, 216).
in other words, the cutput of the comparing device {(Fig. 2, 214) is not affected
by the stale of the non-volatile memory device (Fig., 2, 218). This allows a
printing device (Fig. 3, 320) or other controlling system {0 re-read the siate of
any fluid level sensor {Fig. 1, 110) regardless of whether the non-volatile

memory device (Fig. 2, 216) has been irreversibly set.
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(60577 Still further, using the method (800), wherein the irreversible
selling (block 403) of the non-volatile memory device (Fig. 2, 216) is performed
responsive 1o a received write command allows for a printing device (Fig. 3,
320) or other controlling system to consider additional information before locking
in the non-volatile memory device (Fig.2, 218). Doing so can prevent falsse
positive results. A specific exampie of how the non-volatile memeory device (Fig.
2, 216} is irreversibly sat (block 403) to a no fluid state independent is provided
in connection with Fig. 5.

[G053] Figs. 5A and 5B are examples of control devices (212) of a fluid
level sensing device (Fig. 1, 102), according to examples of the principles
described herein. Specifically, Fig. S5A depicts the control device (212}, and
data transfer, when the fluid level sensor {(110) indicates it is in a fluid state and
Fig. 5B depicts the control device (212), and data transfer, when the fluid level
sensor (110) indicates that it is in a no fluid state. As depicied in Figs. 5A and
5B, the non-volatile memory device (Fig. 2, 216) may include at least a resistive
device (524} and a fuse (526). The locking device includes at least a sensing
transistor (536), a logic AND device (532), and a dicde {(§34). In Figs. BA and
5B, the various arrows indicate the flow of current through the circuit. Also in
Figs. SA and 5B, a low voltage may be represented by a logic € and a high
voliage may be represented by a logic 1.

[6059] in the example depicted in Fig. 5A, the fluid level sensor (110)
may be in a fluid state. Accordingly, Vsensor passing out of the fluid level sensor
(110} will be a lower voitage than a voliage passed when fluid is not present. Al
the same time, the controlier (Fig. 3, 320) supplies the comparator (544) of the
control device (Fig. 2, 212) with a threshold voltage, Vinres. Vinres may be set
such that it is greater than Vsensor When Wsensor 18 indicating fluid at the
corresponding fluid level sensor (110), i.e., a lower valug of Vsensor. AS the
positive terminal of the comparator (544) is a lower value than the negalive
terminal, an output of the comparator (544}, Vou will also be a low voliage, ie.,

logic Q.
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FG060] As described above, a determination of state of the fluid level
sensor (110) and passing of such information {o the controller (Fig. 3, 320} is
responsive 1o the corresponding conirol device (212) being selected.
Accordingly, the controlier (Fig. 3, 320) may pass a select signal, Ysetect, which
may be a high voitage, i.e., logic 1. The select signal, Vselect, closes the select
transistor (536) such that the output, Vou, of the comparator (544) can be
passed o the controlier (Fig. 3, 320). Accordingly, a low voltage ouiput Vou
from the comparator (544) is passed o the controller (Fig. 3, 320) thus
indicating the fluid state of the fluid level sensor (110},

[G061] in the control device (212) depicied in Figs. 5A and 5B there are
two ways to oblain state information from the control device (212). The first is
via the output of the comparator (544) as described above. The second is via
the fuse (526) and other components that make up the non-volatile memory
device (Fig. 2, 216) as will be described below. So doing allows for verification
of the non-volatile memory device (Fig. 2, 216}, For example, ifthereis a
distinction between the output of the comparator (544) and the cutput of the
memory node (525), it could indicate a problem within the system. In other
words, the dual-mode identification of fluid level sensor (110) state provided by
the control device (212} could increase the information available o evaluate
fiuid levels or to identify other characteristics of the control device (212)
operation.

[G062] in the second method, the control circuit (212) of Fig. 5A can be
used to determine a state of the non-volatile memory device (Fig. 2, 218) by
passing 8 Ywnite signal and a Vselect signal 1o the logic AND device (532). The
AND device (532) is a component that performs a digital function of two input
signals. If both inputs are 1, the ocutput is 1. If either one or both inputs are G,
the outputis 0. Therefore, Vprogram Will always be 0 and the fuse will not blow
uniess Ywe and Vselect are high simultanecusly.

[G063] The select signal, Vseeat, also closes a read transistor (527) that
passes the value of the memory node (525) to the Vread ling, and onto the

printer. During a read operation, the value Ywie may be low, e, logic 0.
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Given that during reading, the Vsetect I8 high and Vwsite is fow, the oulput of the
logic AND device (532), Vprogram, Will also be low.

[G064] The diode (534) of the circuit prevenis the memory node (525)
from being pulled low by the logic AND device (532) once the fuse (526) is
blown. In otherwords, the dicde (534) prevents a fight from occurring between
the pull-up resisior {524) and the logic AND device (532) when the logic AND
device (532} is driving a logic 0. The non-volatile memory device (Fig. 2, 216)
includes a fuse (826}, The Vprogram based on the "AND"Ing of Vsetect and a low
Vwiite i8 a logic 0, and does not blow the fuse (528). When intact, the fuse (526)
pulls the memory node (525) down. In this example, the resistive device (524)
and fuse (526) form a resistor divider such that the voltage at the memory node
(525} is a function of the resistance ratios. The fuse (526) resistance is
designed o be lower than the resistive device (524) such that the voltage at the
memory node (525) is considerad logic 0 when the fuse (526) is intact. When
the fuse (526) is blown, the voltage at the memory node {5625) becomes much
higher, and is interpreted as a logic 1 when read. Thus, when the fluid level
sensor (110) is in a fluid state the ouiput of the comparator (544}, Vou will be
low and this will be passed to the controlier (Fig. 3, 320) to indicate that the fluid
level sensor (110} is in & fluid state.

[G065] in the example depicied in Fig. 5B, the fluid level sensor (110) is in
a no fluid state. As the fluid level sensor {110} is in a no fluid state, Vsensor
passing cut of the fluid level sensor (110} will be higher than a voliage passed
when fluid is preseni. At the same time, the controller (Fig. 3, 320) supplies the
comparator (544) of the control device (Fig. 2, 212) with a threshold voltage,
Yinres. AS described above, Wmres may be set such that it is less than Vsensor
when Vsensor i8 indicating no fluid is at the corresponding fluid level sensor
(110). As the positive terminal of the comparator (544) is a greater value than
the negative terminal, an oulput of the comparator (544), Vou will also be a high
voltage, i.e., logic 1.

[60686] As in Fig. 5A, Vseieet closes the sensing transistor (536) such that
the output Vout of the comparator (544) can be passed to the controller (Fig. 3,

320%. Accordingly, a high voltage output Vou from the comparator (544) is
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passed o the controlier (Fig. 3, 322) thus indicating the no fiuid state of the fluid
level sensor (110},

(00677 The sending of a high Vouw may instigate a write command which
initiates a permanent locking in of the non-volatile memory device (Fig. 2, 218).
Specifically, if a high Vou is received, the printing device (Fig. 3, 320) may elect
to write the non-volatile memory device (Fig. 2, 216} to indicate that the fluid
level sensor (110} is in a no fluid state. Accordingly, a high voliage Ve, 1.8,
logic 1, is passed to the logic “"AND” device (532). As Yt is high i.e., logic 1,
and Vseiect I8 high, i.2. logic 1, Vprogram IS 8ls0 high, i.e., logic 1. In other words,
the fuse (526) may be configured such that a Vpregram based on the logical
“AND"Ing of ¥select and a high Vwnite bums out the fuse (526). Thus, the memory
node {525) is pulled high as the fuse (528) is bumnt out. In this example with a
blown fuse (526), Vprogram 18 raised to Vad resulting in a high value passed to the
controller (Fig. 3, 322). In other words, using the circuit described herein, once
a fluid level sensor (110) indicates a no fluid state, it will forever yield a no fluid
state. Thus the spedific circuit described in Fig. 5A and 5B allows for an
irreversible setting of a non-volatile memory device (Fig. 2, 216} to a no fluid
state thus preventing inadvertent or intentional interference with proper fluid
level sensing.

[G068] in the example depicied in Figs. 5A and 5b subsequent reads of
the non-volatile memory device (Fig. 2, 216) state are not precluded. For
example, the printing device (Fig. 3, 320) may have the option of reading the
memory as described above according to the second read operation, but can
also read the fluid sensor (110) state according to the first read operation and
verify that the state indicated by the memory node (525) is the same as the
state indicated at the oufput of the comparator (544}, Doing so may be helpful if
other information indicates an anomaly. In other words, the dual-mode staie
determination provides additional information that could be useful in evaluating

the aystem.
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FG06%) While Figs. 5A and 5B depict one particular configuration of
circuitry making up the control device (212), other configurations, and circuitry
elements could be used to carry out the comparison, storage, and locking in
functions.

[8070] Fig. 6 is a flowchart illustrating & method (800) for controlling a
fluid level sensing device (Fig. 1, 102}, according 1o an example of the principles
described herein. According to the method (600) a fluid level sensor (Fig. 110)
to be evaiuated is selecied (block 601) from a number of fluid level sensors (Fig.
1, 1103 In some examples, the selection may be responsive to a control signal
received from a printing device (Fig. 3, 320). For example, a printing device
(Fig. 3, 320) may select the particular fluid level sensor (Fig. 1, 110 to test. in
another example, the printing device (Fig. 3, 320) merely determines itis time to
determine a fluid level and sends this instruction o the controller (Fig. 3, 322).
The controller (Fig. 3, 322) then selects (block 801) the particular fluid level
sensor (Fig. 1, 110) to evaluate. In some examples, evaluation of the state of
the multiple fluid level sensors (Fig. 1, 110) may be sequential. As an exampls,
the first fluid level sensor (Fig. 1, 110) evaluated may be a highest sensor within
the chamber (Fig. 1, 101). The testing of individual fluid level sensors (Fig. 1,
110) proceeds downward from that point.

[6071] Nexi, a corresponding control device (Fig. 2, 212) receives {block
602) data from the selected fluid level sensor (Fig. 1, 110). As described above,
this may be in the form of a voltage that indicates whether the particular fluid
level sensor (Fig. 1, 110} is detecting fiuid at a particular location. This daia is
then compared (block 603) to a threshold value. For example, the voltage from
the fluid level sensor (Fig. 1, 110) is compared to a threshold voltage, which
threshold voltage is esiablished such that a lower value means the fluid level
sensor (Fig. 1, 110) detects fluid, and a greater value means the fluid level
sensor (Fig. 1, 110) does not detect fluid.

[6072) The corresponding control device (Fig. 2, 212) then determines
{block 604) if the fluid level sensor (Fig. 1, 110) is at a no fluid state. This may
be performed as described in connection with Fig. 4. If the corresponding fluid

tevel sensor (Fig. 1, 110} is in a fluid state (block 604, determination NGO),
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information indicative of the stale of the fiuid level sensor (Fig. 1, 110) is passed
{block 607) to the controller (Fig. 3, 320). This may be performed as described
in connection with Fig. 4.

[6073] if the corresponding control device (Fig. 2, 212) determines that
the corresponding fluid level sensor (Fig. 1, 110} is in a no fluid state (block 804,
determination YES), the conirol device (Fig. 2, 212) may receive (block 605) a
write command, irreversibly sets {(block 806) a non-volatile memory device (Fig.
2, 216) to a no fluid state based on this a write command, and passes {block
807} the information indicative of the state of the fluid level sensor {(Fig. 110} to
the controller (Fig. 3, 322). This may be performed as described in connection
with Fig. 4.

[B074] The method (800} continues by evaluating (block 608} subsequent
fiuid level sensors (Fig. 1, 110). Evaluation (biock 608) of a fluid level sensor
(Fig. 1, 110) refers to the determination of a state of a fluid level sensor (Fig. 1,
110) and subseqguent passing of the state information {o the controller (Fig. 3,
322). Once all fluid level sensors (Fig. 110) have been evaluated, the controiler
(Fig. 3, 322) or a controller of the print device (Fig. 3, 320) can determine the
fluid level.

[BO75] In some examples, the method (800} also includes verifying (block
609) that the fluid level sensor (Fig. 1, 110) is in a no fluid state. In other words,
the read operation is independent of a sensing operation. In other words, the
mere act of selecting a fluid level sensor does not automatically produce a read
operation. The fact that the two are separate aliows for additional ands on
control.

[0078] Using such a fiuid level sensing device level 1) provides a low
cost, high volume, and simple manufacturing process; 2) quickens the fluid level
detection cycle; 3) locks in a no fluid state independent of a write signal from a
controller; 4} indicates accurate fiuid level and is robust against agitation of the
container, random fluid drops, and meniscuses that may be presentin the
container; 5) supports multiple processes for detecting fiuid levels; and 8)
results in increased customer satisfaction due to the increased performance.

However, it is contemplated that the devices disclosad herein may provide
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useful in addressing other matters and deficiencies in a number of technical
areas. Therefore, the systems and methods disclosed herein should not be
construed as addressing any of the particular maiters.

[B0O77] The preceding description has been presented to illusiraie and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles {0 any precise form disciosed. Many

modifications and variations are possible in light of the above {eaching.
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CLAIMS

WHAT 1S5 CLAIMED 1S:

1. A fluid sensing device comprising:

a sensing die having a number of fluid level sensors disposed thereon;

a number of control devices, each control device corresponding to ong of
the number of fluid level sensors; each control device comprising:

a comparing device to delermine a stale of a comresponding fluid
level sensor, wherein the state of the fluid level sensor is selected from
the group consisting of a fluid state and a no fluid siate;

a non-volatile memory device o indicate whether the

corresponding fluid level sensoris at the fluid state or the no fluid state;

and
a locking device to:
receive a write command {o set a state of the non-volatile
memory device 1o the no fluid state;
irreversibly set the non-volatile memory device o the no
fluid state based on the write command from a controller.
2. The device of claim 1, wherein the fluid is ink.
3. The device of claim 1, wherein the non-volatiie memory device is a wrile-

once memory device.

4. The device of daim 1, further comprising a sensor coupled to the

comparing device.

5. The device of claim 1, further comprising the controller to:
select the corresponding fluid level sensor for evaluation;
provide a threshold value to facilitate detecting whether the

corresponding fluid level sensor is at fluid state or a no fluid state; and
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provide a write command o initiate a locking in of the non-volatile

memory device o the no fluid state.

. The device of claim 5, wherein the controller sequentially selects fluid

level sensors from multiple fluid level sensors for evaluation.

7. The device of claim 1, wherein:

the non-volatile memory device comprises at least a resistive device and
a fuse; and

the locking device comprises at least a transistor, a logic AND device,

and a dicde.

8. A method for controliing a fluid level sensor comprising:

determining a state of the fluid level sensor, wherein the state of the fluid
level sensor is seiected from the group consisting of a fluid state and a no fluid
state;

when the fluid level sensor is in a no fluid state, irreversibly setting a
non-volatile memory device corresponding 1o the fluid level sensor 1o indicate
that the fluid level sensor is in a no Tluid state based on a write command from
a controller; and

passing information indicative of the state of the fiuid level sensor to the

conirolier.

9. The method of claim 8, wherein determining a state of the fluid level
SENSOr Comprises:

receiving data from the fluid level sensor; and

comparing the data from the fluid level sensor to a threshold value to

determine whether the fluid level sensor is at a no fluid state.

10. The mathod of claim &, wherein the write command is received
responsive to passing information to the coniroller that indicates that the fluid

level sensoris in a no fluid state.
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11.  The method of claim &, further comprising verifying that the fluid level

SeNsoris in a no fiuid stata.

12.  The method of claim 8, further comprising:
selecting the fluid level sensor from a number of sensors; and

evaluating subseguent fluid level sensors.

13. The method of claim 8, wherein the non-volatiie mermory device
comprises a fuse and wherein irreversibly setting the non-volatile memory
device comprises blowing the fuse to indicate that the comresponding fluid level

Sensoris in a no fluid state.

14, A fluid reservoir comprising:
a chamber to hold a volume of the fluid; and
a fluid level sensing device disposed within the chamber, wherein the
fluid level sensing device comprises:
a sensing die to extend into the chamber;
muitiple fluid level sensors disposed on the sensing die, sach of
the multiple fluid level sensors being positioned at a different depth
within the chamber;
muitiple fluid sensor control devices disposed on the sensing die,
each of the fiuid sensor control devices corresponding to one of the fluid
sensors, wherein a fluid sensor comprises:

a comparing device 1o determine a state of a
corresponding fluid level sensor, wheregin the state of the fluid
level sensor is selected from the group consisting of a fluid state
and a no fluid state;

a non-volatile memory device 1o indicate whether the
corresponding Tluid level sensor is at the fluid state or the no fluid
state: and

a locking device to:
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receive a write command to set a state of the non-volatile
memory device 1o a no fluid state;

irreversibly set the non-volatile memory device to a no fluid
state based on the write command from a controller.

15,  The system of claim 14, wherein the fluid is ink.
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