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FLUID LEVEL SENSORS

BACKGROUND

[G001] Printing devices eject printable fluid onto print media in order to
form an image or a structure on the print media. The printable fiuid may be
stored in a reservoir or other volume from which a printing device draws the
printable fluid. Qver time, the level or amount of printable fluid within the

reservoir is depleted.

BRIEF DESCRIPTION OF THE DRAWINGS

iG002] The accompanying drawings ilustrate various examples of the
principles described herein and are a part of the specification. The illusirated
axamples are given merely for illusiration, and do not limit the scope of the
claims.

FG003] Fig. 1A is a diagram of a portion of a liquid interface for a fluid
level sensor, according to one example of the principles described herein.
[6004] Fig. 1B is a diagram of portions of a liguid interface for a fluid level
sensor, according o another example of the principies described herein.
[G0O5] Fig. 2 is a diagram of a liquid level sensing system, according o
one example of the principles described herein.

[6006] Fig. 3 is a diagram of a liquid supply system including the liquid
level sensing system of Fig. 2, according to one example of the principles

dascribed herein.
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FB007) Fig. 4 diagram of a liguid supply system including the liquid level
sensing system of Fig. 2, according to another example of the principles
described herein.

[G008] Fig. 5 is a diagram of a fiuid level sensor, according to ancther
example of the principles described herein.

[G009] Fig. 6 is an enlarged view of a portion of the fluid level sensor of
Fig. 5, according fo one example of the principles described heregin.

F6010) Fig. 7 is a perspective view of a fluid level sensor, according {o
another example of the principles described hersin.

[6011] Fig. 8 is a front view of the fluid level sensor of Fig. 7, according o
one exampie of the principles described herein.

[0012] Fig. D is a sectional view of the fluid level sensor of Fig. 8,
according to one example of the principies described herein.

[6013] Fig. 10 is a flow diagram of a method for forming the fluid level
sensor of Fig. 7, according to one example of the principles described hersin.
[G014] Fig. 11 is a front view of a panel upon which multiple Tluid level
sensors have been formed, prior to singulation, according to one example of the
principles described herein.

[0015] Figs. 12A-12E are sectional views depicting the fluid level sensor
of Fig. 7 as it is being formed, according to one example of the principles
described herein.

[6016] Fig. 13 is a circuit diagram of a fluid level sensor, according to one
example of the principles described herein.

[G017] Fig. 14 is a circuit diagram of a fluid level sensor, according to
anocther exampie of the principles described herein.

[6018] Fig. 15 is a circuit diagram of a memory call of a sensing location
of the fluid level sensor of Fig. 13, according to one example of the principles
described herein.

[6019] Fig. 16 is a circuit diagram of a memory cell of a sensing location
of the fiuid level sensor of Fig. 14, according o one example of the principies

described herein.
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[6020] Fig. 17 is a circuit diagram of a pre-charge circuit of a fluid level
sensor, according o one example of the principles described herein.

(60211 Fig. 18 is a flowchart showing a method of detecting a level of fluid
in a container, according to one example of the principles described hergin.
[0022] Fig. 19 is a flowchart showing a method of detecting a lsvel of fluid
in a container, according o another example of the principles described herein.
[6023] Fig. 20 is a flowchart showing a method of detecting a level of fluid
in a container using conduction, according 1o another example of the principies
described herein.

[G024] Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, slements.

DETAILED DESCRIPTION

[6025] As mentioned above, over time, the level or amount of printable
fluid within the reservoir is depleted as the printing device utilizes the printable
fluid. A number of devices may be used to sense and determine the level or
amount of printable fluid within the reservoir of printable fluid. In some
examples, the devices used {0 sense and determine the amount of printable
fluid within the reservoir may be complex and expensive o manufacture.

[6026] False printable fluid levels or inaccurate readouts cause
consumers of printable fluid devices 10 be dissatisfied with such a product.

More reliable and accurate fluid level sensors may cause a consumer base o
have a better user experience. Thus, it is desirable 1o accurately measure the
tevel of ink in a container at a minimal cost to the manufacturer and the end
consumer. Using a silicon die as a sensing device is one method to deteci a
level or amount of printable fluid. However, silicon is a relatively expensive
material, and it is also desirable to make the printable fluid level sensor as small
of a device as possible. Ht may also be desirable to have as simple of a datla
communication protocol as possible, and for the printable fluid level sensor o
communicate information to a printer controlier or other processing device within

a printing device via digital signals, rather than analog signals.
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[6027] Examples described herein provide a fluid level sensor includes
control logic, and an array of sensing locations to detect a level of fluid in a
container. The array of sensing locations include a number of memory cells
located at a number of sensing locations in the array of sensing locations, a
word line coupled to the memory celis, a bit line coupled to the memory cslls,
and a pre-charge circuit coupled to the word line and the bit line. The control
logic instructs a number of field effect transistors (FETs) coupled {0 a bit line to
disconnect from a number of the memory cells. The control logic powers up the
memory cells. The powering up of the memory cells causes the memory celis {o
fake a first state or a second state. The control logic ocutputs the state of the
memory ceils 1o a processing device. The state of the memory celis defines the
level of the fluid in the container.

[0028] Outputting the state of the memory cells includes, with the control
logic, instructing a pre-charging circuit coupled to the bit line o pre-charging the
memory cells 1o a midpoint state, instructing the pre-charging circuit to end the
pre-charging of the memory cells, and instructing the FETs {o connect o the
memory cells. The ouiput state of the memory cells is based on a presence or
absence of the fluid at the sensing locations as biased by an electrical
component electrically coupled {o the fluid. The sensing locations define a
plurality of fluid levels. The memory cell includes the number of FETs coupled
to the word line and the bit ling, a number of inverters coupled to the FETs, and
a first capacitor to bias the memory cell. The electrical component includes a
second capacitor in capacitive contact with a fluid container, the second
capacitor biasing the memory cell to the first state or the second state. Whether
the memory cell is biased to the first state or the second staie is based on which
of the first capacitor or the second capacitor has a larger capacitance. The
memory cell includes the number of FETs coupled o the word line and the bit
line, a number of inverters coupled to the FETs, and a first capacitor to bias the
memory cell. The electrical component comprises an electrode in electrical
contact with a fluid container, the elecirode biasing the memory cell to the first
state or the second state based on a level of conductance at the electrode. The

memory cells relay the first or second state of the memory celis 10 a register.
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[602%8) Examples described herein provide a print cartridge. The print
cartridge includes a fluid level sensor. The fluid level sensor includes an array
of sensing locations associated with a plurality of fluid levels to detect a level of
printable fluid within the print cartridge. The fluid level sensor includes controf
logic. Each sensing location includes a number of memory cells located at a
number of sensing locations in the array of sensing locations, a word line
coupled to the memory cells, a bit line coupled to the memory cells, and a pre-
charge circuit coupled to the word line and the bit line. The control iogic
instructs a number of field effect transistors (FETs) coupled 1o a bitline to
disconnect from a number of the memory ceils, powers up the memory celis, the
powering up of the memory cells causing the memory cells to take a first state
or a second state, and output the state of the memory celis {0 a processing
device, the state of the memory cells defining the level of the fluid in the
container. The control logic controls aciuation of the sensing locations. The
memory cell is a static random access memory (SRAM) device within a SRAM
column, one of a plurality of SRAM devices within the SRAM column each being
associated with the array of sensing locations.

iG030] The memory cell includes a number of field-effect transistors
(FETs) coupled to the word line and the bit line, 2 number of inverters coupled
to the FETs, and a first capacifor to bias the memory cell. The electrical
component includes a second capacitor in capacitive contact with a fluid
container, the second capacitor biasing the memory cell to the first state or the
second state. Whether the memory cell is biased to the first state or the second
state is based on which of the first capacitor or the second capacitor has a
larger capacitance. The memory cell includes a number of field-effect
transistors (FETs) coupled to the word line and the bit line, a number of
inverters coupled to the FETs, and a first capaciior to bias the memory cell. The
electrical component includes an electrode in electrical confact with a fluid
container, the elecirode biasing the memory cell to the first state or the second
state based on a level of conductance at the electrode. The pre-charge circuit
applies a 72 VDD {o the bit line and a bit line bar to pull the state of the memory

cells to a midpoint state. The pre-charge circuit inciudes two pre-charging
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FETs, the 72 VDD being applied to the two pre-charging FETs, and a shorting
FET to short the bit line and the bit line bar to balance the bit line with the bit line
bar.

(60311 Examples described herein provide a method of detecting a level
of fluid in a container. The method includes disconnacting a number of field
effect transistors (FETs) coupled to a bit line from a number of memory celis
located at a number of sensing locations in an array of sensing locations,
powering up the memory cells, the powering up of the memory cells causing the
memory cells to take a first state or a second state, and reading the state of the
memory cells to determine a level of fluid in a container. Reading the state of
the memory celis includes, with a pre-charging circuit coupled 1o the bit ling, pre-
charging the memory cells to a midpoint state, ending the pre-charging of the
memory cells, and connecting the FETs to the memory cells. The state of the
memory cells is based on a presence or absence of fluid at the sensing
locations as biased by an electrical component electrically coupled to the fluid.
The powering up of the memory cells o cause the memory cells {o take a first
state or a second state is based on a bias applied to the memory cell from a first
capacitor and an electrical component coupled to the memory cell.

[6032] As used in the present specification and in the appended claims,
the term “a number of” or similar language is meant o be understood broadly as
any positive number comprising 1 to infinity; zero nof being a number, but the
absence of a number.

[6033] in the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the
present systems and methods. 1t will be apparent, however, 1o 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 means 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.

[6034] Turning now to the figures, Fig. 1 depicts a liquid level sensing

interface (24) for a fluid level sensor, according 1o one exampie of the principies
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described herein. Liguid level sensing interface (24) interacts with liquid within a
volume (40) and outputs signals that indicate the current level of Higuid within the
volume (40). Such signals are processed to determine the level of liquid within
the volume (40). Liguid level sensing interface (24) facilitates the detection of
the level of liquid within the volume (40} in a low-cost manner.

[6035] As schematically shown by Fig. 1, liquid level sensing interface
(24) includes strip or die (26), a series (28) of sensing locations (30). The die
{26) includes an elongated strip that is to be extended into volume (40}
containing the liquid (42). The dig (26) supports the sensing locations (30) such
that a subset of the sensing locations (30) are submersed within the liguid (42},
when the Hquid (42) is present.

[0038] In one example, the die (26) is supported from the iop or from the
bottom such that those portions of the die (28), and their supported sensing
locations (30), submersed within the liquid (42}, are completely surrounded on
all sides by the liquid {(42). In another example, the die (28) is supported along
a side of the volume (40) such that a face of the die (26) adjacent the side of the
volume (40) is not opposed by the liquid (42). In one example, the die {26)
includes an elongated rectanguiar, substantially flat strip. In another example
the die (286) includes a strip including a different polygon cross-section or a
circular or oval cross-section. In one example, any number of die (26) may be
coupled in series via an interface fo form a seamless array of sensing locations
(30). In this example, the sensing locations (30) may be placed along a plurality
of die (26) such that the sensing locations (30) are located along the plurality of
die (28) to accurately and precisely measure the level of the printable fiuid (42)
in the liquid container {Fig. 3, 312). Forming a series of dies (26} that runs the
length of the liquid container (Fig. 3, 312) allows for the measurement of
printable fluid (42) in a liquid container that is deeper.

[6037] The sensing locations (30) include individual elements or groups
of elements spaced along a length of the die (28). In one example, sach
sensing locations (30) is independently actuatable independent of other sensing
locations (30). In another example, a plurality of the sensing locations (30) may

be actuatable as a group.
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[6038] in the example depicted, the sensing locations (30) are supported
by the die (28) so as o be arranged along the length of the dis (26). For
purposes of this disclosure, the ferm “suppori” or “supported by” with respect {o
the sensing locations (30) and a die (26) means that the sensing locations (30)
are carried by the die (26) such that the die (28} and sensing locations (30) form
a single connected unit. Such sensing locations (30) may be supported on the
outside or within and interior of the die (28).

F6038) in one example, each sensing location (30) is spaced no greater
than 20 um from an adjiacent sensing locations (30). In one example, the
sensing locations (30) have a minimum one-dimensional density along die (26)
of at least 100 sensing locations (30) per inch (at least 40 sensing locations (30)
per centimeter). The one dimensional density includes a number of sensing
locations (30) per unit measure in a direction along the length of the die (26),
the dimension of the die (28) extending fo different depths, defining the depth or
liquid level sensing resolution of the liquid level sensing interface (24). in other
examples, the sensing locations (30) have other one dimensional densities
along the die (28). For example, the sensing locations (30} have a one-
dimensional density along the die (26) of at least 10 sensing locations (30) per
inch. In other examples, the sensing locations (30} may have a one-
dimensional density along the die (26) on the order of 1000 sensing locations
(30) per inch (400 sensing locations (30) per centimeter) or greater.

[6040] In some exampies, the vertical density or number of sensing
locations (30) per vertical centimeier or inch may vary along the vertical or
longitudinal length of the die (26). Fig. 1A depicts an example sensor sirip (126)
inciuding a varying density of sensing locations (30) along its major dimension
or launching a length. In the example depicted, the sensor strip {126} has
greater density of sensing locations (30} in those regions along the vertical
height or depth may benefit more from a greater degree of depth resolution. In
the example depicted, the sensor strip (126} has a lower portion (127) including
a first density of sensing iocations (30) and an upper portion (129) including a
second density of sensing locations (30), the second density being less than the

first density. In such an example, the sensor strip (126) provides a higher
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degree of accuracy or resolution as the level of the liguid within the volume
approaches an empty state. In one example, the lower portion (127  has &
density of at least (40} sensing locations (30} per centimeter while upper portion
(129} has a density of less than 10 sensing locations (30) per centimeter, and in
one example, 4 sensing locations (30) per centimeter. In yet other examples,
an upper poriion or a middle portion of the sensor sirip (126) may alternatively
have a greater density of sensing locations (30) as compared to other portions
of the sensor strip (128).

[6041] Each of the sensing locations (30) are selectively actuatable under
the control of a conirolier. In one example, the controller is part of or carried by
the die (26}, In another example, the controller includes a remote controller
electrically connected to the sensing locations (30) on the die (28). Inone
example, the liguid level sensing interface (24) includes a separate component
from the controlier, facilitating replacement of the liquid level sensing interface
{24) or facilitating the control of multiple interfaces (24) by a separate controller.
[6042] Fig. 2 is a diagram of an example liquid level sensing system
(220, Liguid level sensing system (220) includes a carrier (222), the liguid level
sensing interface (24) described above, an electrical interconnect (226), a
controller (230) and a display (232). The carrier (222) includes a structure that
supports the die (28). In one exampile, the carrier (222) includes a die (26)
formed from, or that includes, a polymer, glass or other material. Inone
example, the carrier (222) has embedded electrical traces or conductors. For
example, the carrier (222) includes composite materiai composed of woven
fiberglass cloth with an epoxy resin binder. in one example, the carrier (222)
inciudes a glass-reinforced epoxy laminate sheet, tube, rod, or printed circuit
board.

[6043] Liguid level sensing interface (24), described above, extends
along a length of the carrier (222). In one example, the liguid level sensing
interface (24) is glued, bonded or otherwise affixed to the camier (222). In some
examples, depending upon the thickness and strength of the die (26), the carrier
(222} may be omitted.
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[6044] The slectrical interconnect (226} includes an interface by which
signals from the sensing locations (30} of liguid level sensing interface (24) as
depicted in Fig. 1 are transmitted to the controller (230). In one example, the
electrical interconnect (226) includes elecirical contact pads (236). in other
examples, the electrical interconnect (226) may have other forms. The electrical
interconnect (226}, the carrier (222) and the die (28}, collectively, form a fluid
level sensor (200) that may be incorporated into and fixed as part of a liquid
container volume or may be a separate poriable sensing device which may be
temporarily manually inserted info different liguid containers or volumes.

[G045] The controlier (230) includes a processing unit {240) and
associated non-transient computer-readable medium or memory (242). Inone
example, the controller (230} is separate from fluid level sensor (200). in other
examples, controller (230) is incorporated as part of the sensor (200).
Processing unit (240) files instructions contained in memory (242). For
purposes of this application, the term “processing unit” shall mean a presently
developed or future developed processing unit that executes seguences of
instructions contained in a memory. Execution of the sequences of instructions
causes the processing unit to generate control signals. The instructions may be
loaded in a random access memory (RAM) for execution by the processing unit
from a read only memory (ROM), a mass storage device, or some other
persistent storage. In other embodiments, hard wired circuitry may be used in
place of or in combination with software instructions o implement the functions
described. For example, the controller (230) may be embodied as part of at
least one application-specific integrated circuits (ASICs). Unless otherwise
specifically noted, the controller (230) is not limited to any specific combination
of hardware circuitry and software, nor {o any particular source for the
instructions executed by the processing unit.

[6046] The processing unit (240), following instructions contained in the
memory {242}, carries out the methods described herein. The processor {240),
following instructions provided in the memory (242), selectively actuates the
sensing locations (30). The processor (240), following instructions provided in

the memory {242), obtains data signals from the sensing locations (30).
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Processor (240), following instructions provided in memory (242), determines a
level of liquid (42) within the volume (40) based upon the signals from the
sensing locations (30). As noted above, in some examples, the controller (230)
may additionally determine an amount or volume of liquid (42} using
characteristics of the volume {40) or chamber containing the liguid (42).

[6047] in one example, the display (232} receives signals from the
controller (230), and presents visible data based upon the determined level of
liquid (42) and/or determined volume or amount of liquid (42) within the volume
(40}, In one example, display (232) presents an icon or other graphic depicting
a percentage of the volume (40) that is filled with the liquid (42). In anocther
example, the display (232) presents an alphanumeric indication of the level of
liguid (42) or percent of the volume (40) that is filled with the liquid (42} or that
has been emptied of the liquid {42). In yet another exampie, the display (232)
presents an alert or "acceptable” status based on the determined level of the
liguid (42) within the volume (40). In yet other examples, the display (232) may
e omitted, wherein the determined level of liquid within the volume is used to
automatically trigger an event such as the reordering of replenishment liguid, the
actuation of a valve to add a liquid o the volume or the actuation of the valve to
terminate the ongoing addition of liquid (42) to the volume (40},

[6048] Fig. 3 is a sectional view depicting a liquid level sensing sysiem
{220} incorporated as part of a liquid supply system (310). The liquid supply
system (310) includes a liquid container (312}, a chamber (314) and a fiuid or
liquid ports (318). The confainer (312) defines the chamber {314). The
chamber (314) forms an example volume (40) in which the liguid (42) is
contained. As shown by Fig. 3, the carrier (222) and the liquid level sensing
interface (24) project into the chamber (314) from a bottom side of the chamber
(314), facilitating liquid level determinations as the chamber (314) nears a state
of being compleiely empty. In other examples, the carrier (222) of the liquid
level sensing interface (24) may alternatively be suspendad from a fop of the
chamber (314).

(60491 The liquid ports (318} include liguid passes by which liguid from

within the chamber (314} is delivered and directed {0 an exiemnal recipient. In

11
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one example, the liguid ports (318) include a valve or other mechanism
facilitating selective discharge of ligquid from the chamber (314). In one
example, the liquid supply system (310) includes an off-axis ink supply for a
printing system. In another exampie, the liquid supply system (310) additionally
includes a print head (320) which is fluidly coupled o the chamber (314) o
receive the liguid (42) from the chamber (314) through the liguid interface {316).
In one exampie, the liguid supply system (310}, including the print head (320),
may form a print cartridge. For purposes of this disclosure, the term "fluidly
coupled” means that two or more fluid transmitling volumes are connected
directly to one another or are connected to one ancther by intermediate
volumes or spaces such that fluid may flow from one volume into the other
volume.

[G0540] in the example depicied in Fig. 3, communication between the
controller (230), which is remote or separate from liguid supply system (310}, is
faciiitated via a wiring connector (324) such as a universal serial bus connecior
or other type of connector. The controller (230) and the display (232} operate
as described gbove.

iG0E1] Fig. 4 is a sectional view depicting a liguid supply system (4103,
anocther example of the liquid supply system {310). The liquid supply system
(410} is similar to the liquid supply system (310} except that the liguid supply
system (410) includes a liquid port (418) in place of the liguid port (318). The
liquid port (416) is similar to the interface of the liquid port (318) except that the
liquid port (416) is provided in a cap (426) above the chamber (314) of the
container (312). Those remaining components of system {410} which
correspond to components of system (310) are numbered similarly.

[0082] Figs. 5 and 6 depict a fluid level sensor (700}, according to one
example of the principles described herein. The sensor (700) includes a carrier
(722}, a liguid interface (24), an electrical interface (726), a driver (728), and a
collar (730). The carrier (722) is similar o the carrier (222} described above. In
the example depicted, the carrier (722) includes a molded polymer. in other

examples, the carrier {722) may include a glass or other materials.
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[G053] The liquid level sensing interface (24) is described above. The
liquid level sensing interface (24) is bonded, glued, or otherwise adhered o a
face of the carrier (722) along the length of the carrier (722). The carrier (722)
may be formed from, or include, glass, polymaers, FR4, or other materials.
[0084] The electrical interface (726} includes a printed circuit board
including electrical contact pads (238) for making an electrical connection with
the conifroller (230) described herein. In the example depicted, electrical
interface (728) is bonded or otherwise adhered to the camier (722). The
glectrical interface (726) is electrically connected {o the driver (728) as well as
the sensing locations (30) of the liguid level sensing interface (24). In one
example, the driver (728) includes an application-specific integrated dircuit
(ASIC) which drives the sensing locations (30} in response {o signals received
through the electrical interface (726). In other examples, the actuation of the
sensing locations (30} may altematively be controlied by a fully infegrated driver
circuit in lieu of an ASIC.

[GO55] The collar (730) extends about the carrier (722), and serves as a
supply integration interface between carrier (722) and the liguid container (40 in
which the sensor (700) is used to detect the level of the liquid (42) within the
volume (40). In some examples, the collar (730) provides a liquid seal,
separating liquid contained within the volume (40) that is being sensed and
electrical interface (726). As shown by Fig. 5, in some examples, the driver
{728} as well as the elecirical connections between driver (728), the liquid level
sensing interface (24), and the electrical interface (726) are further covered by a
protective electrically insulating wire bond adhesive or encapsulant (735) such
as a layer of epoxy moiding compound.

[00ES] Figs. 7-8 depict a fluid level sensor (800}, according to one
example of the principies described herein. The sensor (800) is similar to
sensor (700) except that the sensor (800) of Figs. 7-8 includes a carrier (822) in
place of the carrier (722), and omits the electrical interface (726). The carrier
(822} includes a printed circuit board or other structure including embedded
glectrical fraces and contact pads to facilitate electrical connection between

various electronic components mounted upon the carrier (822). in one exampie,
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the carrier (822) includes a composite material composed of woven fiberglass
cloth with an epoxy resin binder. In one example, the carrier (822) includes a
glass-reinforced epoxy laminate sheet, tube, rod or printed circuit board, such
as an FR4 printed circuit board.

[B0ET] As shown by Figs. 8 and 9, the liquid leve! sensing interface (24) is
bonded o the carrier (822) by a die attach adhesive (831). The liquid level
sensing interface (24) is further wire bonded to the driver (728) and the electrical
contact pads (836) provided as part of the carrier (822). The encapsulant (735)
overlays or covers the wire bonds between the liquid level sensing interface
(24), the driver (728), and the elecirical contact pads (836). As shown by Fig. 7,
the collar (730) is positioned about the encapsulant (735) between a lower end
of liguid level sensing interface (24) and the electrical contact pads {(838).
[GOE8] Figs. 10, 11 and 12A-12E depict a method for forming a fluid level
sensor (800), according to one exampie of the principles described herein. Fig.
10 depicts a method (800} for forming the fluid level sensor (800). As indicated
by block 802, the liquid level sensing interface (24) is attached fo the carrier
(822). As indicated by block 904, the driver (728) is also attached to the carrier
(8223 Fig. 12A depicts the carrier (822) prior to the attachment of liquid level
sensing interface (24) and driver (728). Fig. 12B depicts the sensor (800) after
the attachment of the interface (224) and the driver (728) depicied in Fig. 8 with
the adhesive layer (831). In one example, the adhesive layer (831) is stamped
upoen the carrier (822) o precisely locate the adhesive layer (831). Inone
example, the attachment of the liquid interface to (24) the driver (728) further
includes curing of the adhesive layer (831).

iG0EY] As indicated by block 806 of Fig. 10, the liquid level sensing
interface (24) is wire bonded to the contact pads (838} of the carrier (822)
serving as an elecirical interconnect. As indicated by block 908 in Fig. 10, the
wire bonds (841) shown in Fig. 12C are then encapsulated within the
encapsulant (735). In one example, the encapsulant is cured. As depicted in
Fig. 11, in one example, muitiple sensors (800) may be formed as partof a
single panel (841). For example, a single FR4 panel including electrically

conductive traces and contact pads for mulliple sensors (800} may be used as a
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substrate upon which the liquid level sensing interface (224), the drivers (728),
and the encapsulant (735) may be formed. As indicated by block 810 of Fig. 10,
in such an exampie, the individual sensors (800) are singulated from the panel.
As depicted by Fig. 12E, in applications where the sensor (800) is to be
incorporated as part of a liguid or fluid supply, the collar (730) is further secured
to the carrier (822) between the wire bonds (841) and the lower end (847) of the
liguid level sensing interface (224). In one example, the collar (730) is
adhesively bonded to the carmrier (822) by an adhesive that is subseqguently
cured.

[G060] With the above description regarding the fluid level sensor (200},
Fig. 13 is a circuit diagram of a fluid level sensor (200), according to one
example of the principles described herein. Fig. 14 is a circuit diagram of a fluid
level sensor (200}, according to another example of the principles described
herein. As will be described in more detail below, the fluid level sensor (200) of
Fig. 13 utilizes conductance {o detect a level of printable fluid (42) within the
liquid container (312), while the fluid level sensor (2003 of Fig. 14 utilizes
capacitance {0 detect a level of printable fluid (42) within the liguid container
(3123 Figs. 13 and 14 include several similar elements, and those similar
elements will now be described.

[6061] The fluid level sensors (200) of Figs. 13 and 14 may be coupled {0
an application specific integrated circuit (ASIC) (1801) or other processing
device or combination of hardware and software that may send and receive
signais {0 and from the fluid level sensor (200), and process the sent and
received signals to obtain data regarding a sensed level of printable fluid (42)
within the liquid container (312). In one example, the ASIC (1801) may
communicate with control logic (1802} located on the fluid level sensor (200}
using, for example, an inter-integrated circuit (12C) command interface (1901-1)
or any other type of communication interface. in one example, the ASIC (1901)
may be located off of the fluid level sensor (200} and the silicon die (28). inthis
example, the ASIC {(1801) does not take up space on the die (26) and allows
the die (26) to be smaller in size. However, in another example, the ASIC

(1801) and other processing devices may be located on the fluid level sensor
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(200} or the die (26). In one example, the ASIC (1901) may be coupled to or
part of a printing device. In this example, instructions may be sent between the
printing device and the ASIC (1901) to instruct the fluid level sensor (200) to
function as described herein, and to relay resulis from the fluid level sensor
{200} 1o the printing device.

[6062] The fluid level sensor (200} includes conirol logic (1902) to control
the sending of a number of signals o varicus elements within the fluid level
sensor (200). In one example, the control logic (1902) sends signals via a
number of word lines (Whs) (1820-1, 1920-2, 1820-3, 1820-n). The Wls are
collectively referred to herein as 1820, In one exampile, the control logic (1902)
sends signals via a bit line (BL) (1908) and a bit line bar (BL) (1807). The WlLs
(1920), the BL (1906) and the BL {1007 are used, in conjunction with the pre-
charge circuit (1804}, to pull the memory celis (1903) {0 a mid-point line in
preparation for determining the level of the printable fluid (42) within the liguid
container (312). More regarding the Wis (1820), the BL {1806) and the BL
{(1807) will be described below in connection with Figs. 15 and 16

[6063] int one example, the control logic (1902) sends a select signalto a
number of memory ceils (1803-1, 1903-2, 1803-3, 1803-n) of the sensing
locations (1930) {o select at least one of the sensing locations (1830} for
analyzation. The memory celis (1903-1, 1803-2, 1903-3, 1903-n) are
collectively referred {0 as 1903. The control fogic (1902) may send other types
of signals as described herein. In one example, the control logic (1802) is
located on the die (28). However, in another example, the control logic (1802)
may be located off the die (26) in order to allow the size of the die (26) to remain
smail. In this example, the control fogic (1902) may be located on an associated
printing device along with the ASIC (1901). The fluid level sensor (200} also
includes a common ground {1950},

[6064] Each of a number of sensing locations (1930) includes a memory
cell (1803), and an electrical component (Fig. 13, 1808, Fig. 14, 1808). The
electrical component (Fig. 13, 1908, Fig. 14, 1209) is used in connection with
the memory cell (1803) {0 detect the level of printable fluid (42) within the liquid

container (312). In one exampie, the memory cell (1903) is a static random
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access memory (SRAM) device. In another example, the memory cell (1903) is
a sense ampilifier. Figs. 13 and 14 include an ellipsis between the third memory
cell (1903-3) and the nth memory cell {1903-n) to indicate that any number of
memory cells and, correspondingly, any number of sensing locations (1930)
may be included within the fluid level sensor (200). Details regarding the
memory cell (1903) will be provided below in connection with Figs. 15 and 16.
[G065] in the examples described herein, control signals are sent {o the
memory cells (1903} such that the memory cells (1803) are sequentially
actuated, powered on, or addressed. In one example, the memory celis (1803)
are sequentially actuated, powered on, or addressed, for example, in order from
top to bottorm along the die (26) or from botlom to {op along the die (26). In
anocther example, the memory cells {1803} are actuated, powered on, or
addressed based upon a search algorithm, wherein the conirol logic (1202}
identifies which of the memory celis (1903) should be initially actuated, powered
on, or addressed in an effort to reduce the total time or the {otal number of
memory cells (1803) that are actuated, powered on, or addressed to determine
the level of liquid (42) within volume (Fig. 3, 40). In one example, the
identification of what memory cells (1903) are initially actuated, powered on, or
addressed is based upon historical data. For example, in one example, the
control logic (1902) consulis a memory {0 obtain data regarding the last sensed
level of liguid (42) within the volume (40) and aciuates, powers on, or addresses
those memory cells (1903) most proximate to the last sensed level of the liquid
(42) before actuating, powering on, or addressing other heating elements (30)
more distant from the last sensed level of the liguid (42).

iG068] in anocther example, the control logic (42) predicts the current level
of the liguid (42) within the volume (40} based upon the oblained last sensed
level of the liguid (42) and actuales, powers on, or addresses those memory
cells (1903) proximate 10 the predicted current level of the liquid (42) within the
volume (40) actuating, powering on, or addressing other memory cells (1803}
more distant from the predicted current level of the liquid (42). In one example,
the predicted current level of the liquid {(42) is based upon the last sensed level

of the liguid (42) and a lapse of time since the last sensing of the level of the
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ligquid (42). In ancther example, the predicted current level of the liguid (42) is
based upon the last sensed level of the liquid (42) and data indicating the
consumption or withdrawal of the liguid (42) from the volume (40). For example,
in circumstances where the liguid interface (42} is sensing the volume (40) of an
ink it an ink supply, the predicted current level of liquid (42) may be based upon
a last sensed level of the liguid (42) and data such as the number of pages
printed using the ink or the like.

FB067) in yet ancther exampile, the memory celis (1803) may be
sequentially actuated, powered on, or addressed, wherein the memory celis
(1903) proximate o a center of the depth range of volume (40) are initially
actuated, powersd on, or addressed and whereain the other memory celis (1803)
are acluated, powered on, or addressed in the order based upon their distance
from the center of the depth range of volume (40). In yet another example,
subsets of memory cells (1903) are concurrently actuated, powered on, or
addressed. For example, a first memory cell (1203) and a second memory celi
(1903) may be concurrently actuated, powered on, or addressed. Concurrently
actuating, powering on, or addressing memory celis (1803) may reduce the total
time for determining the level of the liquid (42} within the volume (40).

[0068] The control logic (1802) or ASIC (1901) determines a level of the
liguid {42) within the volume (40) based upon the sensed conduciance or
capacitance from each memory cell (1903). For example, the liquid {(42) has a
higher conductance and capacitance than air (44). Thus, the liquid (34) may
have electrical properties detected by the memory celis (1803) differently with
respect to the air (44}, If the level of the liquid (42) within the volume (40) is
such that liquid is at a level between a first memory cell (1903) and a second
memory cell (1903}, conductance or capacitance sensed by the first memory
cell {(1903) and a second memory cell (1803) will be different. This indicates
that the electrical properties where air (44) is present is different from that with
relation to Hguid (42). Based upon the electrical properties sensed by the
memory cells (1803), the ASIC {1801} or control logic (1902) determines
whether air or liquid is present at a sensing location (1930) where the memory

cell (1903) is present. Using this determination and the known location of the
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sensing location (1930) along the die (286) and the relative positioning of the die
(26} with respect {o the floor of the volume (40}, the ASIC (1901} or control logic
(1902) determines the level of the liquid (42) within the volume (40). Based
upon the determined level of the liguid (42) within the volume (40} and the
characteristics of the volume {40}, the controller is further able {¢ determine the
actual volume or amount of liquid remaining within the volume (40).

10069 in one example, the ASIC (1901) or control logic (1902)
determines the level of liquid within the volume (40) by consuilting a lookup able
stored in a memory, wherein the lookup table associates different signals from
the memory cells (1903) with different levels of liquid within the volume (40). In
yet another example, the controller determines the level of the liquid (42) within
the volume (40) by utilizing signals from the memory cells (1803} as input to an
algorithm or formuia.

[6070] in some examples described heregin, the fluid level sensor (200)
may be used to not only determine an uppermmnost level or {op suiface of the
liquid (42} within the volume (40), but also 1o determine different levels of
different liquids concurrently residing in the volume (40). For example, due to
different densities or other properties, different liguids may layer upon one
anocther while concurrently residing in a single volume (40). Each of such
different liguids may have a different conductance or capacitance
characteristics. In such an application, the fluid level sensor (200) may be used
to identify where the layer of a first liguid ends within volume (40) and where the
layer of a second different liquid, underlying or overlying the first liquid, begins.
(60711 int one example, the determined level (or levels) of liguid within the
volume (40) and/or the determined volume or amount of liquid within volume
(40) is cutput through a display or audible device. In yet other examples, the
determined level of liquid or the volume of liguid is used as a basis for triggering
an alert or warning o a user. In some examples, the determined level of liguid
or volume of liguid is used to trigger the automatic reordering of replenishment
liquid or the closing of a valve to stop the inflow of liquid into the volume (40).

For exampile, in priniers, the determined level of liquid within volume (40) may
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automatically trigger reordering of the replacement ink cartridge or replacement
ink supply.

[6072] in Fig. 13, the electrical component (1908, 1809) includes a
number of electrodes (1908-1, 1908-2, 1808-3, 1808-n) exposed to the interior
of the liguid container {312), and coming into physical contact with either the
printable fluid (42} or the empty space (44) within the liguid container (312)
hased on the location of the sensing locations (1930) and the level of the
printable fluid (42) within the liquid container (312). The electrodes (1808-1,
1908-2, 1908-3, 1808-n) of Fig. 13 are collectively referred 1o herein as 1802.
The electrodes {(1908) may be metallic pins, traces of metal, wires, other
conductive elements, or combinations thereof. The electrodes (1808} complete
an electrical circuit when printable fluid (42) within the liquid comntainer (312} is
detected.

(607 3] in Fig. 14, the electrical component (1908, 1908) includes a
number of capacitors (1908-1, 1908-2, 1808-3, 1809-n). The capacitors {(1909-
1, 1808-2, 1808-3, 1808-n} of Fig. 14 are collectively referred to herein as 1808.
In the example of Fig. 14, a first terminal or plate of each of the capacitors
{1808} is coupled 1o the memory cells (1903). In one example of Fig. 14, a
second plate of the capacitors (1209) is exposed to the printable fluid (42) and
ampty space (44) of the liguid container (312). In this exampie, the second
plate of each of the capacitors {1909) is in direct contact with the printable fluid
{42) or empty space (44} of the liquid container (312).

[G074] in another example of Fig. 14, a second plate of each of the
capacitors (1909) are not exposed to the printable fluid (42) and emply space
{44) of the liquid container (312). In this example, the printable fluid {42) and
emply space (44) themselves act as the second terminal, and a passivation
layer is interposed between the first terminai of the capacitors (1809) and the
printable fluid (42) and empty space (44). In this manner, reliability of the
system is improved since the printable fluid (42) does not come into contact with
an electrical component (1808, 1809) of the sensing locations (1930). Also, the
printable fluid (42) cannot be contaminated by oxidation or other chemical

reactions that may occur between an electrical component (1908, 1808} in direct
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contact with the printable fluid (42). In this example, the permitlivity of the
emptly space (44) (i.e., air) versus the printable fluid {(42) is used fo determine
whether the printable fluid (42) is or is not present next to a given sensing
location (1930}, Here, permittivity may be defined as the ability of a substance
to store electrical ensrgy in an electric field.

[GO75] in either of the above examples of Fig. 14, the firsi plaie of the
capacitors (1909) is capacitatively coupled to the printable fluid (42) and empty
space (44) of the liquid container (312). The capacitors (1909) experience
gither high or low capacitance based on whether the printable fluid (42} or the
empty space (44) is present at the respeclive sensing locations (1830).

iG076] Turning again 1o Figs. 13 and 14, the fluid level sensor (200} also
includes a pre-charge circuit (1204). In one example, the pre-charge circuit
{1904) applies pre-charge a 2 Vop voltage to the BL (1908) and a BL (1907} in
order to pull the pull the memory cells (1203) {0 a mid-point line in preparation
for determining the level of the printable fluid (42) within the liguid container
(312}, The pre-charge circuit (1904) will be described in more detail in
connection with Fig. 17.

[0077] in one example, a register (1960) may be included with the ASIC
(1901) and the fluid level sensor (200). The register (1960) receives a state of
the memory cells (1803) from the control logic (1902) that indicates the level of
the printable fiuid (42) within the liguid container (312). This data may be used
by the ASIC {(1901) in processing, may be transmitted to a connected printing
device, or used in any manner. n one example, the register (1980) is a
separate device with respect to the ASIC (1801) and the fluid level sensor (200).
In another example, the register (1960) is located on the fluid level sensor (200).
in still another example, the register (1960) is located on the ASIC (1801} or on
glectronics of the printing device. In yet another example, instead of the register
(1960), state of the memory cells (1803) from the control logic (1902) that

indicates the level of the printable fiuid (42) may remain in the memory cells
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{1903), so long as the memory cells {(1903) remain powered, and read out at a
later time when, for example, all of the memory cells (1803) have evaluated the
presence or lack of the printable fluid (42) at their respective sensing locations
(1930).

[0078] With reference to Figs. 13 and 14, the memory cells, being well
balanced, powers up in a random one of iwo states; a first state that may be
indicated by a “0,” and a second state that may be indicated by a*1.” Inthe
examples herein, the zero "0" state may indicate the lack of the printable fluid
(42) next to a sensing location that indicated such as state. Likewise, the one
“1" state may indicate the presence of the printable fluid (42) nexi to a sensing
location that indicated such as state. In one example, the control logic (1802)
and the pre-charge circuit (1904) may cause one or more of the memory cells
(1903} to be slightly unbalanced such that when it is powered up, it powers up
in, for example, the zero (“07) state. The electrical component (1908, 1909), if in
electrical contact, conductively or capacitatively, with the printable fluid (42) will,
however, cause the associated memory cell {1903} {o power up in a different
state such as a “1” indicating the presence of the printable fluid (42) at that
sensing location (189303,

[B079] In one example, all of the memory cells (1803) may be powered
up at the same time. in this example, the way in which the memory cells (1803)
fall indicates the presence {i.e., “1") or lack of (i.e., "0} printable fluid {(42) at that
given sensing location (1930). Where the memory celis (1803) of the array of
sensing locations (1830} switch from 0 1o *1" or visa versa along the length of
the fluid level sensor (200}, that location is identified by the ASIC (1801) or other
processing device as where the level of the printable fluid (42) is located.

[0080] in ancther example, the memory cells (1803) may be addressed
by the control logic (1902), the ASIC (1801), or other processing device using
the Whs (1820). in this example, the memory cells (1903) may be powered up
based on the addressing by the control logic (1202). This ability of the control
logic (1802), the ASIC (1901), or other processing device to individually address
the memory cells (1903) provides for the ability to randomliy address the

memory cells (1903) of the sensing locations (1830) as opposed {0 serially
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actuate the memory cells (1903) as is performed in, for example, a system that
uses a shift register. This, in turn, provides for the ability to randomize and
obscure measurement data obtained from the fluid level sensor (200},

(60811 Turning now to Figs. 15 and 16, Fig. 15 is a circuit diagram of a
memory cell (1930} of a sensing location (1230} of the fluid leve! sensor (200) of
Fig. 13, according {0 one example of the principles described herein. Fig. 16 is
a circuit diggram of a memory cell (1903} of a sensing location (1930) of the
fluid level sensor (200) of Fig. 14, according to one example of the principles
described herein. The example of Fig. 15 utilizes conductivity in connection with
the detection of the level of the printable fluid (42) as described above in
connection with Fig. 13. The example of Fig. 16 utilizes capacitance in
connection with the detection of the level of the printable fluid (42) as described
above in connection with Fig. 14.

[6082] The memory cell (1803} of the sensing location (1930} includes a
first field-effect transistor (FET) (1915) and a second FET (1818). Thefirst FET
{(1915) is coupled to the BL {(1906) and the WL (1920). The second FET is
coupled to the BL (1907) and the WL (1820). Both the first FET (1915) and the
second FET (1916) are also coupled to a pair of cross-coupled inverters (1917,
1918). The inveriers (1917, 1918) may be any logical gate that implements
logical negation such that the inverter outputs a voltage representing the
opposite logic-level to its inpul. The inverters (1917, 1918) comprise, for
example, an n-type metal-oxide-semiconductor (NMOS) device, a p-type MOS
(PMOS) device coupled to a resistor, a complimentary MOS (CMOS) device, or
other transistor-based devices. In one example, the FETs (1815, 1816} are n-
type FETs. However, the FETs (1915, 1916) may be any type of transistor
device.

[G083] As depicted in Figs. 15 and 16, the first FET (1915} is coupled {0
an input of the first inverter (1917), and is coupled {o the output of the second
inverter {1918). The second FET {(1916) is coupled to an input of the second
inverter (1218}, and is coupled to the cutput of the first inverter (1817}, On the
side of the cross-coupled inverters (1217, 1818) where the first FET (1815} is
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located, a bias capacitor (1919) is coupled to the input of the first inverter (1817
and the output of the second inverter (1218).

[G084] it the case of Fig. 15, an electrode (1908) is coupled to the input
of the second inverter (1918) and the output of the first inverter (1917}, on the
side of the cross-coupled inverters (1817, 1818) where the second FET {1818)
is located. The electrode (1908) is exposed 1o the interior of the liguid container
(312}, and physically contacts either the printable fluid (42) or the emply space
{44) within the liquid container {312) based on the location of the sensing
locations (1930) and the level of the printable fluid (42) within the liquid
container (312). When the memory cell (1903) is left to fall, setitle, or switch {o
one state ("07) or another (*17) based on the conductance of the bias capacitor
(1818} and the conductance of the printable fluid (42) or emply space (44) (e.g.,
air) as sensed through the electrode (1908). The bias capacitor {1819) pulls the
memory cell (1903) in one direction and the bias provided through the electrode
{(1908) pulis the memory cell (1803) in the opposite direction. in one example, if
the conductance through the slecirode (1808) is greater than the conductance
of the bias capacitor {(1919), then this may indicate that the electrode (1908} is
in contact with the printable fluid (42) and the level of the printable fluid is at
least as high as that respective sensing location (1830). i, however, the
conductance through the electrode (1208) is less than the conductance of the
bias capacitor {1919), then this may indicate that the electrode (1908) is in
contact with the empty space (44) and the level of the printable fluid is below
that respective sensing location (1930).

[G085] it the case of Fig. 16, a capacitor (1909) is capacitatively coupled
to the input of the second inverter (1918) and the output of the first inverier
(1817}, on the side of the cross-coupled inverters (1917, 1918) where the
second FET (1916) is located. The capaciior {(1908) obtains a level of
capacitance from its capacitive contact with either the printable fluid (42) or the
emptly space (44) within the Hguid container (312) based on the location of the
sensing locations (1830) and the level of the printable fluid {42} within the liguid
container (312). When the memory cell (1903) is left to fall, setile, or switch o

one state ("07) or another (*17) based on the capacitance of the bias capacitor
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{1919) and the capacitance of the printable fluid (42) or emply space (44) (e.g.,
airy as sensed through the capacitor (1809), the bias capacitor (1818} pulis the
memory cell (1903) in one direction and the bias provided through the capacitor
(1909) pulis the memory cell (1903) in the opposite direction. In one example, if
the capacitance of the capacitor {(1808) is greater than the capacitance of the
bias capacitor {1919), then this may indicate that the capacitor {(1809) is in
capacitative contact with the printable fluid (42) and the level of the printable
fluid is at least as high as that respective sensing location (1930). if, however,
the capacitance of the capacitor {1209) is less than the capacitance of the bias
capacitor {1919), then this may indicate that the capacitor (1909} is in
capacitative contact with the emptly space (44) and the level of the printable fluid
is below that respective sensing location {(1830).

[6088] Fig. 17 is a circuit diagram of a pre-charge circuit (1904) of a fluid
level sensor (200), according to one example of the principles described herein.
The pre-charge circuit {1904) includes a shorting FET (1940) coupled to the BL
(1908) and the BL {1807), with the third terminal receiving a pre-charge voltage.
The pre-charge voltage is also provided {o a first pre-charge FET (1941} and a
second pre-charge FET (1942). A %2 Voo voltage, indicated as Vaias, is provided
to the pre-charge circuit (1904) via a source line {1943) coupled between the
first pre-charge FET (1941) and the second pre-charge FET (1842).

[GO8T] The shorting FET (1940} may be any shorting transistor device
including, for example, a metal-oxide semiconductor FET (MOSFET), a switch,
a line balancer, or other device that causes the voltage at the first pre-charge
FET (1941) and the second pre-charge FET (1942) to balance. The first pre-
charge FET (1841) and the second pre-charge FET (1942) may be any fype of
transistor device including, for example, an n-type FET, a p-type FET, or other
types of transistor devices.

[GO88] The three FETs (1840, 1841, 1942) are enabled by the pre-charge
signal. When the pre-charge signal is applied, a ¥2 Vpn voltage, indicated as
Vaias it Fig. 17, is applied to the BL (1906) and the BL (1907), and both the BL
{1906) and the BL (1807) are shorted to each other via the shorting FET (1840)

to ensure that the BL (1906) and the BL (1207) are balanced. Thus, the pre-
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charging circuit {1904) forces the BL {1908) and the B (1807) to be perfactly
balanced at 'z Vpp voltage. Because the pre-charging circuit (1804) balances
the BL (1906} and the BL (1907), the memory cells (1803) are each balanced as
well since they are each coupied o the BL {(1908) and the BL (1907) as well.

[0089] Fig. 18 is a flowchart showing a methed of detecting a level of
printable fluid (42) in a liquid container (312), according to one example of the
principles described herein. The method of Fig. 18 may begin by disconnecting
{block 1801) a number of FETs {1215, 1816) coupled to a bit line (1808) from a
number of memory cells (1803} located at a number of sensing locations (1830)
in an array of sensing locations {(1930). The disconnecting (block 1801) of the
FETs (1915, 1918) isolates the cell from the BL (1908) and the BL (1807). The
memory cells (1903} are powered up (block 1802). The powering up of the
memory cells (1903} causes the memory cells (1903} to take a first state (e,
‘0" or a second state {(i.e., “17).

[6090] The method may continue by reading the state of the memory
cells (1903) to determine a level of printable fluid (42) in & liguid container (312).
Reading the state of the memory cells (1803) may include, with a pre-charging
circuit {1904) coupled to the bit iine (1908, 1807), pre-charging (block 1803) the
memory cells (1803) to a midpoint or balanced state. The pre-charging of the
memory cells (1803) is ended (block 1804), and the FETs (1915, 1816} are
connecied (block 1805) to the memory cells (1803). The state of the memory
cells {(1903) are read through the FETs (1915, 1918), and is based on a
presence or absence of printable fluid {(42) at the sensing locations (1830) as
biased by an electrical component (1808, 1909} such as the above-described
electrode (1908) and capacitor {1809) electrically coupled 1o the printable fiuid
{42). In one example, the powering up (block of the memory cells 1o cause the
memory cells to take a first state or a second state is based on a bias applied to
the memory cell from a first capacitor and an electrical component coupled to
the memory cell.

(G081} Fig. 15 is a flowchart showing a method of detecting a level of
printable fluid (42} in a liquid container (312), according to another example of

the principies described herein. The method of Fig. 19 provides for the
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acquisition of a state of the memory cells (1903) on power up of the fluid level
sensor (200}, The method of Fig. 18 may begin by receiving {(block 2001} a
request 1o sense a level of printable fluid (42) within the liguid container (312).
The request may originate from a printing device, the ASIC (1901), the control
logic (18023, or other processing device. The control logic (1802} sends & signal
to the memory cells (1803) {0 power up (block 2002), and instructs the pre-
charge circuit {1904) to pre-charge (block 2003) the BL {(1908) and the BL
(1907). The ASIC {(1901), the control logic (1902}, or other processing device
powers up (block 2002} the fluid level sensor (200} to allow all the memory cells
(1803} to acquire a state based on a level of printable fluid (42) at their
respective sensing locations (1830).

[6052) The control logic (1902) instructs the pre-charge circuit (1804) to
pre-charge (block 2003) the BL (1806) and the BL (1907}, and end {block 2004).
The control togic (1902) addresses {block 2005) a first memory cell (1903) using
the WL (1920). The addressed memory call (1803) pulls {block 2008} the BL
(1906) and the BL (1807) to a first state of a second state based on the state of
the memory cell (1903) upon power up.

[0093] The state of the BL (1808) and the 51 {(1807) is communicated
{block 2007) to the ASIC {(1901) via the control logic (1802). In one example,
the state of the BL (1908) and the BL (1907) may be stored in the register
(1980). The ASIC {1801) or other processing device determines (block 2008} if
the state of a subsequent memory cell {1203) is {0 be requested. If the state of
a subseguent memory cell (1803) is not to be requested (block 2008,
determination NQ) due to, for example, the last memory cell (1803} having been
addressed, the fluid level sensor (200} is powered down (block 20098), and the
fluid level sensor (200) waits (2009) for the next fluid level sensing request.
i60584] if, however, the state of a subsequent memory cell (1903) is to be
requested (block 2008, determination YES), then the method of Fig. 19 may
loop back to block 2003 to pre-charge the BL (1908) and the BL (1807} in
preparation for addressing (bloclk 2005) a subsequeni memory cell (1903}, The
method of Fig. 19 allows for the state of the memory cells {1903} tc be

determined faster by not performing a pre-charge of the BL (1908) and the BL
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{(1907) twice previous 10 addressing (block 2005) the memory celis {1903), but,
instead, allowing all the memory cells (1903} to acquire a state based on a level
of printable fluid (42) at their respective sensing locations (1930) without
application of the pre-charge.

[B0S85] Fig. 20 is a flowchart showing a method of detecting a lsvel of fluid
in a container using conductance, according to ancther example of the
principles described herein. The method of Fig. 20 provides for the acquisition
of a state of the memory cells (1803) afler power up of the fluid level sensor
(200} and a pre-charge applied to the BL {19086) and the BL (1907). The
method of Fig. 20 may begin by receiving (block 2101} a request {o sense a
level of printable fluid {42) within the liquid container (312). The control logic
{(1902) sends a signal to power up (block 2102) the fluid level sensor (200), and
instructs the pre-charge circuit (1804) {o pre-charge (block 2103) the BL (1806)
and the BL (1807). The control logic {1802} pre-charges (block 2103} the BL
{(1906) and the BL (1907) in order to bring the memory cells (1803) to a
balanced siate in preparation for acquiring a state of the memory celis (1803).
Thus, the control logic (1902) instructs the pre-charge circuit (1904) to pre-
charge (block 2103) the BL (1908) and the BL (1907), and addresses (block
2104) at least one memory cell (1903) using the WL (1920).

[6086] At least one memory cell (1803} is addressed (block 2104) by the
control logic (1802) using the WL (1820). In one example, the memory cells
(1903) are addressed in series wherein the method of Fig. 20 is performed for
gach of the memory cells (1803) within the die (28). In ancther example, a
plurality of memory cells (1803} within the die (28) are simultaneously
addressed. In this example, the pre~-charging (block 2103) occurs once, the
plurality of addressed memory cells (1903) are allowed {0 shift, and the data
from each of the plurality of addressed memory cells (1803) are shifted cutor
read individually. in still another example, ail the memory cells {1003) within the
die (28) are simuitanecusly addressed.

(G087} The method of Fig. 20 may continue by disconnecting (biock 2105}
the at least one memory cell {1803), and ending {block 2108) the pre-charge of

the BL (19086) and the BL (1807). The memory cells (1803) seitle {biock 2107}
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o a first state or a second stale based on the level of printable fluid (42} located
at their respective sensing locations (1930).

[6098] The control logic (1902) reconnects (block 2108) the memory cell
{1903) to the BL (1908) and the BL (1907) which causes the BL (1908) and the
BL {(1807) to be driven by the memory cell (1803) to the state of the memory cell
(1903). The state of the BL (1906) and the BL (1907} is communicated {block
2109) to the ASIC (1801) via the control logic (1902). In one example, the state
of the 8L (1906} and the BL (1907) may be stored in the register (1980). The
ASIC (1901) or other processing device determines (block 2110} if the state of a
subseqguent memory cell (1803) is to be requested. If the state of a subseguent
memory cell (1803} is not to be requested (block 2110, determination NO) due
to, for example, the last memory cell {1803) having been addressed, the fluid
level sensor (200} is powered down (block 21113, and the fluid level sensor
(200} waits (2112) Tor the next fluid level sensing request.

[6099] if, however, the state of a subsequent memory cell (1903) is to be
requested (block 2110, determination YES), then the method of Fig. 20 may
loop back to block 2103 to pre-charge the BL (1908) and the BL (1807} in
preparation for addressing (block 2104) a subsequent memory celt {1803). The

method of Fig. 20 allows for the state of the memory cells (1903} tc be

balances the BL (1906) and the RBL (1807) and, in tum, the memory cells (1903)
previous {0 addressing (block 2005) the memory cells (1803). This allows all
the memory celis (1803) to acquire a state based on a level of printable fluid
{(42) at their respective sensing locations (1930} with application of the pre-
charge provided via the pre-charge circuii (1904) that perfectly balances the
memory cells (1803) before acquisition of their respective states.

(601001 Aspects of the present system and method are described herein
with reference to flowchart illustrations and/or block diagrams of methods,
apparatus (systems) and compuier program products according to exampiles of
the principies described herein. Each block of the flowchart iliustrations and
block diagrams, and combinations of blocks in the flowchart illustrations and

block diagrams, may be implemented by compuier usable program code. The
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computer usable program code may be provided o a processor of a general
purpose computer, special purpose computer, or other programmable data
processing apparatus {0 produce a machine, such that the computer usable
program code, when executed via, for example, the ASIC (1801), the control
logic (18023, or other programmable data processing apparatus, implement the
functions or acts specified in the flowchart and/or biock diagram block or biocks.
In one exampie, the computer usable program code may be embodied within a
computer readable storage medium; the computer readable storage medium
being part of the computer program product. In one example, the computer
readable storage medium is a non-iransitory computer readable medium.
(60181} The specification and figures describe a fluid level sensor includes
control logic, and an array of sensing locations {o detect a level of fluid in a
container. The array of sensing locations include a number of memory celis
located at a number of sensing locations in the array of sensing locations, a
word line coupled {0 the memory celis, a bit line coupled to the memaory cells,
and a pre-charge circuit coupled to the word line and the bit line. The control
logic instructs a number of field effect transistors (FETs) coupled to a bit line to
disconnect from a number of the memory celis. The conirol logic powers up the
memory cells. The powering up of the memory cells causes the memory celis to
take a first state or a second state. The conirol logic ouiputs the stale of the
memory cells to a processing device. The staie of the memory celis defines the
level of the fluid in the container.

[60102] The examples described herein save printhead manufacturing
costs by providing a simple method for capturing and communicating ink levels.
Further, the examples described herein provides for the ability 1o randomly
address ink level sense elements and provides for randomization and obscuring
of measurement data. Further, pre-charge balancing of the bii-lines ensures
reliable evaluation of a fiuid level state at the memory devices and assures a
balanced starting state. Further, examples described herein allows for repeated
measurements without requiring a power-down/power-up cycle. Still further, in
the case of the capacitance example described above, the examples described

herein do not require conduction into the printable fluid (42), and, therefore,
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avoids issues related 1o degradation of electrical components and
contamination of the printable fluid (42}

[G60103] The preceding description has been presented to illusirate and
describe examples of the principles described. This description is not iniended
to be exhaustive or to limit these principles {0 any precise form disclosed. Many

maodifications and variations are possible in light of the above feaching.
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CLAIMS

WHAT 1S5 CLAIMED 1S:

1. A fluid level sensor comprising:
control logic; and
an array of sensing locations to detect a level of fluid in a container
comprising:
a number of memory cells located at a number of sensing
locations in the array of sensing locations;
a word line coupled o the memory celis;
a bit line coupled to the memory cells; and
a pre~charge circuit coupled 1o the word line and the bit line;
the control logic to:
instruct a number of field effect transistors (FETs) coupled to a bit
line to disconnect from a number of the memory cells;
power up the memory cells, the powering up of the memory cells
causing the memory cells to take a first state or a second stale; and
cutput the state of the memory cells to a processing device, the

siate of the memory cells defining the level of the fluid in the container.

2. The fluid level sensor of claim 1, wherein outpuiting the state of the
memory cells comprises, with the control logic:

instructing a pre-charging circuit coupled o the bit line {o pre-charging
the memory celis to a midpoint state;

instructing the pre-charging circuit to end the pre-charging of the memory
cells: and

instructing the FETs o connect {0 the memory celis,

wherein the output state of the memory cells is based on a presence or
absence of the fluid at the sensing locations as biased by an electrical

component electrically coupled to the fluid.
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3. The fluid level sensor of claim 1, wherein the sensing locations define a

plurality of fluid levels.

4, The fiuid level sensor of claim 1, wherein the memory cell comprises:

the number of FETs coupled 10 the word line and the bit line;

a number of inverters coupled o the FETs; and

a first capacitor to bias the memory celi,

wherein the eleclrical component comprises a second capacitor in
capacitive contact with a fluid container, the second capacitor biasing the
memory cell to the first state or the second state,

wherein whether the mermory cell is biased o the first state or the second
state is based on which of the first capacitor or the second capacitor has a

larger capacitance.

5. The fluid level sensor of claim 1, wherein the memory cell comprises:
the number of FETs coupled to the word line and the bit ling;
a number of inverters coupled o the FETs; and
a first capacitor to bias the memory celi,
wherein the electrical component comprises an electrode in electrical
contact with a fiuid container, the electrode biasing the memory cell {0 the first

state or the second state based on a level of conductance at the electrode.

8. The fiuid level sensor of claim 2, wherein the memory cells relay the first

or second state of the memory cells to a register.

7. A print cartridge comprising:

a fluid level sensor comprising an array of sensing locations associated
with a plurality of fluid levels {0 detect a level of printable fluid within the print
cartridge, wherein the fluid level sensor comprises:

control logic,

wherein each sensing location comprises:
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a number of memory celis located at a number of sensing
locstions in the array of sensing locations;

a word line coupled to the memory cells;

a bit line coupled to the memory cells; and

a pre~charge circuit coupled 1o the word line and the bit line;
the control logic to:

instruct a number of field effect transistors (FETs) coupled to a bit
line to disconnect from a number of the memory cells;

power up the memory cells, the powering up of the memory cells
causing the memory cells to take a first state or a second state; and

output the state of the memory celis 10 a processing device, the

siate of the memory cells defining the level of the fluid in the container.

8. The printer cartridge of claim 7, wherein the control logic controls

actuation of the sensing locations.

9. The print cartridge of claim 7, wherein the memory cell is a static random
access memory (SRAM) device within a SRAM column, one of a plurality of
SRAM devices within the SRAM column each being associated with the array of

sensing locations.

10, The print cartridge of daim 7, wherein the memory cell comprises:

a number of field-effect transistors (FETs) coupled {0 the word line and
the bit line;

a number of inverters coupled o the FETs; and

a first capacitor to bias the memeory cell,

wherein the electrical component comprises a second capacitor in
capacitive contact with a fluid container, the second capacitor biasing the
memory cell {o the first state or the second state, wherein whather the memory
cell is biased to the first state or the second state is based on which of the first

capacitor or the second capacitor has a larger capacitance.
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11.  The printer cartridge of claim 7, wherein the memory cell comprises:

a number of field-effect transistors (FETs) coupled 1o the word line and
the bit line;

a number of inverters coupled o the FETs; and

a first capacitor to bias the memeory cell,

wherein the elecirical component comprises an electrode in electrical
contact with a fluid container, the electrode biasing the memory cell to the first

state or the second state based on a level of conductance at the slectrode.

12.  The printer carlridge of claim 7, wherein the pre-charge circuit applies a
¥z Voo {o the bit line and a bit line bar to pull the siate of the memory cellsto a

midpoint state.

13.  The printer cartridge of claim 12, wherein the pre-charge circuit
comprises:

two pre-charging FETs, the 72 Voo being applied to the two pre-charging
FETs: and

a shorting FET 1o short the bit line and the bit line bar to balance the bl
line with the bit line bar.

14, A method of detecting a level of fluid in a container comprising:
disconnecting a number of field effect transistors (FETs) coupled to a bit
line from a number of memory celis located at a number of sensing locations in
an array of sensing locations;
powering up the memeory cells, the powering up of the memory cealls
causing the memory cells to take a first state or a second state; and
reading the state of the memory cells to determine a level offluidin a
container comprising:
with a pre-charging circuit coupled 1o the bit line, pre-charging the
memory celis to a midpoint state;
ending the pre-charging of the memory cells; and

connecting the FETs 1o the memory cells,
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wherein the state of the memory cells is based on a presence or
absence of fluid at the sensing locations as biased by an electrical

component electrically coupled fo the fluid.

15.  The method of claim 14, wherein the powering up of the memory celis to
cause the memory cells {0 take a first staie or a second stafe is based on a bias

applied to the memory cell from a first capacitor and an electrical component

coupled to the memory cell.
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