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temperature sensors where each of the plurality of the temperature sensors is disposed in
a corresponding temperature region of an integrated circuitry. In an example, an analog
sense bus conductively connects to all of the plurality of temperature sensors and an
external sensor pad that is to connect to a corresponding print controller contact.
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TEMPERATURE DETECTION AND CONTROL

BACKGROUND
{0001}  Priniers and printer cariridges can use a number of technologies 1o convey
ink or other fluids to a medium. The fluid may be applied {o a medium using a device
affected by temperature differences across the device. Print qualily can be
deiermined in part by the outcome of a print job maiching the input the printer is
instructed to print. Print components of this disclosure may include applications for
2D and 3D printing, as well as other high precision fluid dispensing devices for
laboratory, medical, pharmaceutical, life sciences and other appliances; any fluids or
agents used in these applications; and integrated circuits to expel or propel these
fluids, amongst others.

DESCRIPTION OF THE DRAWINGS
[0002] Certain examples are described in the following detailed description and in

reference to the drawings, in which:

{0003] Fig. 1 is a block diagram of an example print component integrated
circuitry package for thermal sensing and control;

{0004] Fig. 2 is a block diagram of an integrated circuitry layout;

{0005} Fig. 3 is a block diagram of an example of an integrated circuilry front
view:

[0006] Fig. 4 is a block diagram of an example printer circuit diagram;

{0007} Fig. 5 is a flowchart of an example method for temperature sensing in an
integrated circuitry; and

{0008] Fig. 6 is a block diagram of an example printer component fayout.

DETAILED DESCRIPTION
[0008] Printing devices can generate heat during operation. Thermal prini
components may operate through the heating of ink or other fluid to push ink out of a
nozzle and onto a page, using heater resisiors adjacent these nozzles. The heat
generated can be transferred to the printing device itself causing temperature on the
die to vary. The temperature of the printing device can affect the way the printing
device operates. For example, the temperature of a print head die, or, more
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generally, the temperature of the integrated circuitry to actuate and deliver the fluid,
can affect the size, speed, shape, and volume of fluid delivered by the printing
device over a set period of time.

[0010] The heal generated through the printing process can be unevenly
distributed along the printing device. For example, nozzles in the integrated circuitry
of a printing device may be warmed or heated by heated fluid passing through. The
temperature of the integrated circuitry may vary based on a number of faclors
including die size, the number of nozzles in an area, the distance between nozzles,
the distance between nozzles and the edges of the integrated circuilry, the shape
and dimensions of the integrated circuilry and assembly, and the printing pattern in
use, among cthers.

{0011}  Thermal ink jet printing can be sensilive 1o operating temperature. One
degree of variation can lead o ~1% difference in ink drop weight, and the human eye
can perceive differences on the order of 2-3%. For low end printing applications, a
single print pen is scanned multiple times across a page to form the full printed
image. At the intersection of one swath and the next print swath, an imaginary
boundary is formed where the dots above the boundary are printed by nozzles on
the bottom end of the print pen and the dots below the boundary are printed by
nozzles on the top end of the print pen. If temperature control varies greally across
the print pen nozzle swath, a human perceivable line or “band” is formed leading to
poor print quality. This is due to the variation in ejected drop size corresponding 1o
the temperature differences between the two ends of the printing die and more
specifically at least two different nozzles on different ends of the die having a
varigtion in temperature. For this reason, managing temperature in multiple
temperature zones is Key o enabling print quality. To address this the present
technigues regard a shared "sense” bus that may enable multiple print die for
multiple colors, for example, K, C, M, Y, and muilliple diodes per die associated with
temperature zones o be multiplexed and measured externally through this shared
analog bus.

[0012]  When the printing device uses thin or narrow silicon die, there is less
silicon to conduct heat and thereby maintain a constant temperature along the die.
The long end zones of thinner narrower die act as large areas to cool die ends.

These two characteristics make a thin or narrow die more susceptible to temperature
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variation than a thick or wide die. In order 1o overcome this, the present techniques
relate 1o a multi-zone thermal conirof system.

{0013} Driver circuits for managing temperature differences between multiple
zones may be located on or off die. The desire {o achieve the use of low cost
drivers, can involve relocating complex analog control circuitry off die during
production. This move in the location of the analog control circuitry can increase the
interconnect challenge for a sysiem attempting to address mulliple sensors, however
it is contemplated in the scope of these technigues. Another technigue includes
using a global analog sensor bus that is common between die connecting through a
sensor pad per die that enables mulliplexing on die and between die. Through this
multiplexing, the mulliple temperature zones may be coordinated off-die thereby
enabling more complex algorithms to improve thermal uniformity on die. Improved
thermat uniformity helps eliminate print artifacts during printing.

[0014]  In an example, there may be three thermal zones per die. In an example,
there may be more than three zones or less than three zones per die. In each of
these zones, there may be an independent temperalure sensor. For each die, there
may also be one or more heating elemenis. There may be more heating elements.
There may be pulse warming on the silicon die. The temperature sensors and
heating elements may be controlled by external application-specific integrated circuit
(ASIC) through a multiplexed sense bus. The thermal zones may be monilored over
time. The thermal zones may also be monilored at a specific frequency, e.g. the
frequency of printing divided by the number of temperature sensors connected to the
sense bus.

{00158]  The protocol for checking temperature and adjusting heat using the shared
sense bus for all sensors follows a sense protocol. In an example, the sense protocol
can be mullipiexed in-sity while printing using the thermal ink jet printing protocol. In
an example, this means the maximum sense rate is a function of the print frequency,
the number of sensors on the bus, and the sequence in which these sensors are
cycled.

[0016] Use of heating elements in the die end zones can reduce the temperature
differential in the nozzle array and thereby improve print quality. In an example, the
temperature differential across the nozzle array can be reduced from 10C fo 2-3C.
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The reduction in temperature differential reduces the banding seen when the ends of
a die differ in temperature from the middle portions of a die.

0017} When a thermal ink jet nozzle is printing a drop of fluid, heat is dissipated
at the location of that nozzle. Some of that heat is conducted info the die, causing
an increase in temperature. In an example, a die of smaller mass can be more
susceplible to rapid temperature fluciuations during print density transitions. In the
end zones there are no nozzles directly applying heat, so that the greatest source of
heat that raises the temperature of the end zones is that which is conducted through
the die from the printing zone. In an example of a thin or narrow die, conduction of
heat {0 the end zones is constrained by the small cross section. This constraint, in
combination with the absence of nozzles in the end zones, and end zones that are
large for holding mulliplexing or other components, can put the die at higher risk for
poor thermal uniformity center to end. Heat is conducted out of & print head through
heat transfer when ink flows through the feed slot and nozzles. Additionally, heat
transfer may occur through thermal conductivity of materials such as silicon.
Furthermaore, the compound, such as epoxy, used to embed the silicon slivers also
conducts heat, and is a contributing factor in the heat loss increasing the resulting
thermal gradients on die. These modes of heat transfer are aspects of the print die
can contribute to heat loss, and if not accounted for, degraded print quality and
banding. The temperature differential across the area of the die is increased due (o
the warming effects from field effect transistors and resistor heating occurring near
the center of the print die. By adding warming elements to areas most affected by
heat loss, a large temperature differential across the die can be reduced. The areas
often needing warming are often the die ends as these ends are further away from a
higher density of field effect transistors and other resistor heating occurring in the
middie of the die. Further, the smaller the die is in mass, the more susceptible the
die will be to rapid temperature fluctuations during print density transitions. The
technigues shown use die with relatively smaller mass 1o previous print die. These
thinner dig increase the thermal resistance to maintaining and achieving equilibrium
between the center and end of die. Further, the thinner print die often have
elongated end zones in order o preserve iotal circuit area in order 1o accommodate
the same circuitry plus any additional multiplexing circuitry or other componentis.
These elongated end zones can hold down end zone temperature because they
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have no heat input from fluidic actuators. As noted above, the iocation of the Huidic
actuators corresponds to the locations of the nozzles. End zones, and more so
elongated end zones, do not include these heat generating devices. As such, these
areas and the ink nozzles closest to these end zones have a lower temperature
when compared 1o a zone in the middie of the print die.

{0018] The placement of heating elements and sensors can affect the efficacy of
end warming. For example, the improper placement of sensors and heaters relalive
to nozzies will result in poor thermal uniformity across the nozzle swath. For
example, if the sensor were on the opposite side of the end-most nozzle from a
heating element on the end of a die, the heater would continue heating past the point
of thermal uniformity because the temperature adjiustment would reach the sensor
after it had reached nozzie. Similarly, if the sensor is closer to the heating element
than the nearest nozzle, then the healing sensor may detect an equilibrium
temperature prior o the target temperature being reached by the nearest nozzle that
is in the area targsied for heating.

{0019} Fig. 1is a drawing of an example replaceable print head cartridge 100.
The drawing includes and excludes components in order to provide context to show
the technigues.

{00207 The print component integrated circuilry package 100 may be housed or
disposed on a printer cartridge casing 102 or other removabie or refiliable printing
mechanism. The printer cartridge includes a sensor pad 104 1o detect signals from
an integrated circuitry 106. As described herein the sensor pad 104 enables using a
common analog bus to interconnect multicolor sificon dies mounted in a polymeric
mounting compound, such as an epoxy potling compound. In an example, the
integrated circuitry is a silicon print die. In an example, the integrated circuitry 106
can be a body of silicon including an array of print nozzles. The printer cartridge
casing 102 can include a number of discrete units of integrated circuitry where each
corresponds to a different color. Alternatively, a printer cartridge casing 102 may
have a single fluid deploying unit for integrated circuitry 106. The integrated circuitry
1086 can be conductive for electrical signals.

{0021]  Signals going to or from the integrated circuitry 106 may be transmitted
from the sensor pad 104 to a print control contact 108 which may communicate
electronically with a component in physical contact with the print control contact 108.
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The signals transmitted can originate from sensors on the integrated circuitry 106. In
an example, the sensors on the integrated circuilry are temperature sensors 110 that
detect the temperalure of a region on the infegrated circuitry 108. Each discrele
integrated circuitry component can have a single temperature sensor 110 or a
number of temperature sensors 110. The temperature sensors 110 may be
disposed across the integrated circuitry 106 in order 1o observe the temperalure
across different physical regions of the integrated circuitry 106. The different
physical regions of the integrated circuitry 106 can correspond o temperature
regions. Temperature regions are regions through which heat may travel differently
or the temperature of the region may be affecled differently from other regions due to
the dimensions, characteristics, and components in the region. The temperafure
region of the temperature sensor 110 can be an end region or the middie region of
the integrated circuitry 106. The end region may be a region defined such that the
end region is closer to an edge of the integrated circuitry 106 than to a middie region
of the integrated circuitry 106. In an exampile, the end region may be a continuous
space taking up one tenth of the length of the integrated circuitry 108. The middie
region may be located in the middie of the integrated circuitry 106. The middie
region may exiend to include a symmetrical or asymmetrical surrounding area
around the middie of the integrated circuitry 106, The middle region may be one
tenth the length of the longest edge of the integrated circuitry 106. The middle
region may be the same size as the edge region.

[0022] There may be a number of temperature sensors 110 and a first
temperature sensor can be located in a first region of integrated circuilry 106 and a
second temperature sensor 110 can be located on a second region of the infegrated
circuitry 106, These regions may be on the same integrated circuitry 106 or
separate and distinct integrated circuitry 106, The first region of integrated circuiiry
106 can provide a first color such as black, red, yeliow, or biue and the second
region of integrated circuitry provides a second color, such as cyan, magenta,
yeliow, and black. The first region of integrated circuitry for which temperature is
sensed may be localed in a first print pen holding the printer cartridge casing 102
and the second region of integrated circuiiry 106 may be locaied in a second print
pen holding another cartridge. The connection of multiple temperatures sensors 110
across muitiple integraled circuifry 106 that may or may not be in the same print pen
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or for the same color increases the importance of the sensor pad 104 o multiplex
signals appropriately 1o and from print controller contact 108.

{00231 In an example, an analog sense bus can be conductively connected to the
number of temperature sensors 110 and the sensor pad 104, In an example, the
sensor pad 104 is an external sensor pad that is exiernal in that the sensor pad 104
is located on an external face of the printer cartridge casing 102. The sensor pad
104 may connect o a corresponding print controlier contact 108. The sensor pad
may also multiplex signals traveling to the number of temperature sensors 110 from
the print controlier contact 108. The temperature sensors 110 may be connecled o
a single sensor pad 104. The sensor pad 104 can fransfer signals from the
temperature sensors 110 10 a corresponding print controller contact 108. I an
example, the lemperature sensors 110 return a signal 1o the extemal sensor pad 104
in regsponse to an instruction for the integraled circuitry 106 {o print. In this example,
the signal request for the integrated circuitry 106 to print also includes instructions for
the temperature sensors 110 1o detect the temperature in the region they are located
and report the detected temperature 1o the sensor pad 104, In order o accomplish a
single signal arriving at the external sensor pad 104 at a time, the signals are
multiplexed from each of their respective sources based on information delivered in a
data packet to the components on the integrated circuitry 106. For example,
selection bits can be included in a data packet, such as a fire pulse group. Selection
bits may indicate, to components on the integrated circuitry, which thermal sensor to
seleci. A selected thermal sensor may also be given insiructions regarding the
steering and timing of its signal to arrive at the external sensor pad 104.  The use of
selection bits coordinated to the fire pulse group aliows multiplexing on the die
among the components of the die. These selection bits may enable the signal from
sach thermal sensor {0 be steered at an appropriate time towards the external
sensor pad so that the outgoing signal from the sensor pad 104 may be a single
stream of oulput rather than a stream for each temperature sensor 110.

[0624] In an example, the frequency at which signals are returned to the sensor
pad 104 to be sent to the print controller contact 108 is at the rate of the integrated
circuit print rate divided by the number of the temperature sensors 110, Using an
integrated circuit print rate divided by the number of temperature sensors 110 can be
tied to read off frequency of each sensor because the print data may specify a single
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temperature sensor 110 1o be read for each print command. A single temperature
sensor 110 can be identified, o.¢. through a selection bit included in the data, ina
print command to the integrated circuilry 106. The inlegraled circuitry 106 selecls
the appropriaie temperature sensor or sensors to be multiplexed onto the exfernal
pad, where the temperalure sensors communicate a voltage representative of
temperature. The voltage measurement of the temperaiure sensor can be calibrated
to correspond to a different temperature reading based on calibrations done locally
or remotely and programed into the inlegraled circuitry 106. The temperature sensor
110 selected rotates among the number of temperature sensors 110 on the printer
cartridge casing 102. In one example, the number of temperature sensors 110
provide a signal one after the other along the shared analog sense bus fo the
external sensor pad 104 without repeating until each of the temperatures sensors
110 has provided the signal carrying the detected temperaiture. In an example, the
specifically selected temperature sensor is conirolled by the changing of a bit value
in a control register disposed on the integrated circuitry 106. The conirol register
may be located in a memory circuit of the integrated circuitry 106 that can be located
either on or off the integrated circuitry.

{0025] Fig. 2 is a block diagram of an integrated circuitry layout 200. Like
numbered items are as described with respect to Fig. 1.

[0026] The integrated circuitry layout 200 can include memory circuilry that slores
data received in a signail from a single analog bus. The integrated circuitry layout
200 can be part of a replaceable print head cartridge that includes a single contact
pad located on the exierior of the replaceable print head cartridge. The integrated
circuitry layout can host components responsive to signals from the single contact
pad that is to communicate stored data from the single {ane analog-bus to a number
of temperature sensors on the integrated circuitry 106. The integrated circuitry 106
can include a heating element 202 that can provide heat to the integrated circuitry
attached to the heating element 202. An end region temperature sensor 204 may be
located on the end region 206 along with the healing element 202. There may be a
nozzle array 208 that includes a number of nozzles in the nozzle array 208 that align
in a nozzie line. The area on the integrated circuilry past the last nozzle on the end
of the nozzie line may indicate the beginning of the end region 206. The end region
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206 in some examples may include portions of the integrated circuitry in the area
surrounding a number of nozzies closest to the end region.

{00271 The end region 206 can include a heat element 202 mounted on the face
of the integrated circuitry intended 1o be directed towards the print medium on which
ink is delivered. In another example, the heat element 202 can be mounted on the
face of the integrated circuitry 108 closest to the print cartridge relative to the
medium which will be printed on. The end region temperature sensor 204 may be
able to detect the temperature over a period of time o determine the effects of the
heating element on the temperature of the integrated circuitry in and near the end
region 206.

{0028] The single contact pad of the integrated circuitry fayout 200 can be
conductively coupled to a number of temperature sensors in order {o multiplex data
going to and coming from the number of temperature sensors. The number of
temperature sensors includes the end region temperature sensor 204, where each
temperature sensor is disposed in a number of temperature regions including the
end region 206 on an integrated circuitry 106, The temperature sensors canreturm a
signal {o the single contact pad in response to an insiruction for the integrated circuit
to print. The print signal may include an indication of a specific temperature sensor
which should detect the temperature and return the voltage representative of the
detected temperature in response to a print command sent to the nozzles. Inan
example, the single contact pad of the inlegrated circuitry can multiplex signals at a
frequency of an integrated circuit print rate divided by the number of temperature
sensors. Temperalure sensing bandwidth and operation can take into account the
physical time it takes for a temperature change o propagate along the length of
silicon from heat source {0 sensor. This allows consideration of the optimal position
and placement of heaters and sensors relative 1o the nozzle locations.

{00297  In order to ensure that the temperature sensor is representative of the
nozzle temperature, in an example, D3 roughly equals D1 which roughly equals D2,
where D1 210 is the distance between the end region temperature sensor 204 and
the negrest nozzle, D2 212 is the distance between the nearest nozzie and the
heating element 202, and D3 214 is the distance befween the temperaiure sensor
204 and the heating element 202. In an example, the arrangement is to ensure D2
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212 is greater than ~100um. In an example, D3 214 is less than or equal to
~500um.

{00307 Fig. 3 is a block diagram of an example of an integrated circuitry front view
300. Like numbered items are as discussed above regarding Fig. 1 and Fig. 2.
{0031]  Inthe front view shown in Fig. 3, length and width are drawn, with length
being assigned to the largest measured dimension of the integrated circuit, and the
width being the measurement drawn that is perpendicular to the axis of the length.
While a front view is shown in Fig. 3, if a side view were being shown, the length and
height would be drawn, with height being along the axis typically measured
thicknesses. I an end view were shown, width and height would be drawn.

{0032] The integrated circuitry front view 300 includes an approximated
demarcation between an end region 206 and a middle region 302 of the integrated
circuitry. As befare, the integrated circuitry 106 can be a silicon print die through
which ink may flow. The integrated circuiiry front view 300 shows that the integrated
circuitry may be longer that its width which is shown in Fig. 3 and is perpendicular to
the length of the integrated circuitry. The orientation shown in Fig. 3 shows that the
end regions 206 are located on the ends or distal regions of the integrated circuilry.
The integrated circuil may have a length, width, and height dimension. As the end
regions 206 are located on opposite distal sides of the length of the integrated
circuiiry, the end regions may be the regions that are furthest away from each other.
in an example each end region may include the entire width and height of the
integrated circuitry and only a portion of the length of the integrated circuitry. In this
example, the end region 206 may be one tenth of the length of the integrated
circuitry. The end region 206 may be less than one twentieth of the lengths of the
integrated circuitry.  The end region 206 may be less than one fifth the length and
more than one twentieth of the length of the integrated circuitry.

{00331 The middle region 302 may be the region of the integrated circuitry not
considered an end region 208 of the integrated circuilry. In an example, each end
region and the middie region have one temperature sensor 110 each. The middie
region 302 may include the height and width of the integrated circuitry and four fifths
of the length of integrated circuitry. In an example, the middle region 302 may be
more than nine tenths the length of the integrated circuitry.
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[0034] The location of temperature sensors across the middle region 302 and
each end region 206 enable the detection of temperature differences during printing.
These temperature differences if unaccounted for, can alter the way fluid such as ink
is delivered to the medium and affect overall print quality. To reduce the impact of
temperature variation across the integrated circuit, the number of temperature
sensors 110 enable measurements of temperature in various temperature regions,
e.g. end region 206 and middie region 302. Using this information, heating elemenis
may be used in the end regions io raise the temperature of the end region 208 o
match the temperature detected from the middle region.

[0035] Fig. 4 is a block diagram of an example printer circuit diagram 400. Like
numbered items are as described with regard to Fig. 1.

[0038] The printer circuit diagram 400 includes a single lane analog sense bus
402 io electrically connect each of the temperalure sensors 110 togsther to report
temperatures o the sensor pad and then print controller contact 108, Instruction may
also be delivered to each of the temperature sensors 110. Each one of the
temperature sensors 110 can correspond 1o either an end or middle region of an
integrated circuitry 106, As shown in Fig. 4, one implementation of the temperature
sensors 110 includes a dual dicde stack set to have a sensing range with a specific
ouiput range for voltage in response o a current supplied to the temperature sensor
110.

[0037] Each temperaiure sensor 110 can be controlied by a corresponding
control bit 404. The control bit 404 may be muodified when a particular temperature
sensor 110 should sense and report a temperature for its corresponding region. The
control bit 404 may be checked each time there is a print signal. A control bit 404
may be used for a temperature sensor 110 or a condition circuit 406 located in the
integrated circuitry 106. In an example, the condition circuit 406 may detect another
physical condition other than temperature for the integrated circuitry 106. The
analog sense bus 402 may be connected to a current source 408 that supplies
current for each of the conirol bits 404, the temperature sensors 110, and the
condition circuit 406. This current is analog and the responses from the temperature
may also be conveyed using analog signals sent to an analog to digital converter
410. In an sxample, the analog to digital converter may be located on the integrated
circuitry 106 or may be located off of the integrated circuitry 106.
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[0038] Fig. 5 is a flowchart of an example method 500 for temperature sensing in
an integrated circuit. While shown in a specific sequence, the method may repeat or
start at a different point in the sequence.

{00391 Al block 502, the method 500 includes sending a request for a
temperature data response from a number of temperature sensors disposed in a
number of temperaiure regions on an integrated circuilry. In an example, the
integrated circuilry is a silicon print die. A first temperature sensor of the number of
temperature sensors may be located on a first silicon print die and a second
temperature sensor of the number of temperature sensors can be located on a
second silicon print die.

{00407 At biock 504, the method 500 includes multiplexing responses from the
number of temperature sensors at an external sensor pad disposed on the integrated
circuiiry, the responses received on a shared, single lane analog bus.

[0041] Fig. 6 is a block diagram of an example printer component layout 600.
Like numbered items are as discussed above with regard o Fig. 2.

[0042] The printer component layout 800 is shown for a print component 602, In
an example, the prini component 602 can be the integrated circuitry 106 seen in Fig.
1t and 2. In an example, the print component 802 may be material other than
circuitry 1o enable the placement and layout of subcomponents shown.

[0043] The print component 602 can include a nozzle array 208. The nozzle
array 208 shown here is one example of a number of nozzles aligned in a nozzle
array. Other configurations and numbers of nozzles are contemplated. The print
component 602 includes a healing element 202 and an end region temperature
sensor 204. The healing element 202 can be used to counteract any end region
temperature deficiency relative o the temperature detected for a middle region of the
print component 602, In an example, the heating element 202 may be controlied by
a print data packet that controls which thermal sensor is selected.

[0044] In order to determine the temperature of the end region, the end region
temperature sensor 204 is used. The end region temperature sensor 204 collects
temperature data over lime. The collection of temperature data can be used to
identify when an end region temperature is deviating from the temperature of another
region of the print component. The collection of temperature data can be used o
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identity when an end region temperature has been warmed by a heating element
202 and when the end region is warm relative 10 a target temperature.

[0045] The end region may begin in an area that relates o the end-most nozzies
in the nozzle array 208, The nozzles in the nozzle array 208 may form a line by their
position. A nozzle array 208 with nozzles not in a line may instead have nozzies
grouped closer {0 one ancther than to one of the edges of the print component 602.
{0046} To provide another frame of reference for undersianding the placement of
these nozzles, consider the direction of travel of a print component 602 moving in
sweeping motions back and forth across a print medium. In this example, as the
print component 602 moves to print, the length of the print component is the
dimension running roughly perpendicular o the direction of travel of the print
component and roughly parallel 1o the print medium. On either ends of this length of
the print components are the end regions which can include the nearest nozzle 604,
The nearest nozzle 604 uses the end region temperature sensor 204 and the heating
element 202 as items to which the nozzles are most nearly located. The nearest
nozzle 604 may also be nearer {o the edge of the lengthwise dimension than other
nozzles on the print component 602,

{00477 The distance between the nearest nozzle 604 and the end region
temperature sensor 204 is considered the first distance 608. The distance between
the nearest nozzie 604 and the heating element 202 is the second distance 610.
The distance between the heating element 202 and the end region temperature
sensor 204 is the third distance 612,

[0048] A print component can include a nozzie array, a temperalure sensor
disposed on the print component a first distance from the nearest nozzle 604 in the
nozzie array. 1he prini component can also include a heating element disposed on
the print component a second distance from the nearest nozzle in the -nozzle array.
The third distance belween the temperature sensor and the heating element may be
less than the sum of the first and second distance, and where the third distance is
greater than or equal to the smaller of the first distance and the second distance. In
an example, the nearest nozzle in the nozzle array, the temperature sensor, and the
heating element are equidistant from each other. The temperature sensor may be

closer 1o the healing element than it is to the nearest nozzie in the nozzie array.
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[0048] The nozzle array may be disposed on an external face of the print
component that is intended to address a print medium. The femperature sensor may
be located closer to three edges of the exiernal face of the print component than to
the edge of a nozzle. The heating element may be localed in alignment with the
nearest nozzle and a second nozzle in the nozzie array. In an example, the first
distance is greater than ~100 micromelers. in an example, the third distance can be
less than 501 micrometers. An end region may be defined as starting at an edge of
a nearest nozzle, where a heating element is located closer to the edge of the
nearest nozzle than o 3 second nearest nozzle. The heating element may be
located on the integrated circuiiry 1o raise the temperature on an end region to maich
a temperature detected from a temperature sensor disposed in a middle region of
the integrated circuitry.

{00501 In an example, a memory circuif can be associaled with a replaceable print
head cartridge. The replaceable print head cartridge can include a temperature
sensor disposed on the print component a first distance from a nozzie on a silicon
die, and a heating element disposed on the silicon die a second distance from the
nozzle. As discussed above, the third distance between the temperature sensor and
the heating element may be less than the sum of the first and second distance, and
where the third distance is greater than or equal to the smaller of the first distance
and the second distance. The nozzle, the temperalure sensor, and the healing
element are roughly equidistant from each other. Roughly equidistant can refer to
the first, second, and third distances being the same distance within a deviation
measurement. As used herein, a deviation measurement can be equal to the
diameter of a nozzle, the height, width, or length of the heailing element, the height,
width, or length of the temperature sensor. As used herein, the height, width, and
length measurements may be taken according to the same orientation conventions
established in the discussion section of Fig. 3.

[0051] While the present techniques may be susceptible to various modifications
and alternative forms, the techniques discussed above have been shown by way of
example. ltis 1o be understood that the technigues are not intended to be limited to
the particular examples disclosed herein. Indeed, the present technigues include all
alternatives, modifications, and equivalents falling within the scope of the following

claims.
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CLAIMS
What is claimed is;

1. A print component integrated circuitry package comprising:

a plurality of temperature sensors where each of the plurality of the temperature
sensors is disposed in a corresponding temperature region of an integrated
circuitry; and

an analog sense bus conductively connected to all of the plurality of temperature
sensors and an external sensor pad that is to connect 16 a corresponding print

controller contact.

2. The print component integrated circuitry package of claim 1, wherein a first
temperature sensor of the plurality of temperature sensors is located on a first region
of integrated circuitry and a second temperature sensor of the plurality of

temperature sensors is located on a second region of integrated circuitry.

3. The print component integrated circuilry package of claim 1 or 2, wherein the
first region of integrated circuitry provides a first color and the second region of
integrated circuilry provides a second color.

4. The print component integrated circuitry package of any of claims 1-3,
wherein the first region of integrated circuitry is located in a first print pen and the
second region of integrated circuitry is Iocated in a second print pen.

5. The print component integrated circuitry package of any of claims 1-4,
wherein the integrated circuitry is a silicon print die.

6. The print component integrated circuitry package of any of claims 1-5,
wherein the external sensor pad multiplexes signals traveling fo the plurality of

temperature sensors.
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7. The print component integrated circuitry package of any of claims 1-6,
wherein the external sensor pad transfers signals from the temperature sensors 1o

the corresponding print controller contact.

8. The print component integrated circuilry package of any of claims 1-7,
wherein the temperature sensors return a signal 1o the external sensor pad in

response to an instruction for the integrated circuit o print.

9. The print component integrated circuitry package of any of claims 1-8,
wherein the external sensor pad multiplexes signals at a frequency of an integrated
circuit print rate divided by a number of the plurality of temperature sensors.

10.  The print component integrated circuitry package of any of claims 1-9,
wherein the plurality of temperature sensors provide a signal one after the other
along a shared analog sense bus 1o the external sensor pad without repeating unti

each of the plurality of temperatures sensors has provided the signal.

t1.  The print component integrated circuitry package of any of claims 1-10,
wherein one of the plurality of the temperature sensors is selected by changing a bit
value in a conirol register disposed on the integrated circuitry.

12.  The print component integrated circuitry package of any of claims 1-11,
wherein the corresponding temperature region is an end region of the integrated

circuitry.,

13.  The print component integrated circuitry package of any of claims 1-12,
wherein the corresponding temperature region is a middle region of the integrated

circuitry.

14.  The print component integrated circuitry package of any of claims 1-13,
wherein an end region is defined as starting at an edge of a fluid feed hole, where a
heating element is located closer 1o the edge of the fluid feed hole than to a second
fluid feed hole.
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15, The print component integrated circuitry package of any of claims 1-14,
wherein a healing slement is located on the integrated circuitry to raise the
temperature on an end region to match a temperature detected from a middle
temperature sensor disposed in a middle region of the integrated circuitry.

16.  Aintegrated circuil associated with a replaceable print head cartridge,
comprising a single contact pad located on an exterior of the replaceable print head
cartridge, the single contact pad to communicate stored data from a single lane
analog to bus conductively coupled to multiplex data from a plurality of temperature

sensors disposed in a plurality of temperature regions on an integrated circuitry.

17.  The integrated circuit of claim 18, wherein the temperature sensors return a
signal to the single contact pad in response 1o an instruction for the integrated
circuitry to print,

18.  The integrated circuit of any of claims 16-17, wherein a single contact pad
muliiplexes signals at a frequency of an integrated circuit print rate divided by a

number of the plurality of temperature sensors.

19. A method for communicating data from a replaceable print head cartridge,

comprising:

sending a request for a temperature data response from a plurality of temperature
sensors disposed in a plurality of temperature regions on an integrated
circuitry; and

muliiplexing responses from the plurality of temperature sensors at an external
sensor pad disposed on the integrated circuitry, the responses received on a
shared, single lane analog bus.

20.  The method of claim 19, wherein:
the integrated circuitry is silicon print die; and
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a first temperature sensor of the plurality of temperature sensors is located on a first
sificon print die and a second temperature sensor of the plurality of
temperature sensors is located on a second silicon print die.
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