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COMMUNICATING PRINT COMPONENT

BACKGHROUND
{0001]  Printers and printer cariridges can use a number of technologies o convey
ink to a medium. The ink may be applied to a medium using a device affected by
temperature differences across the device. Print gquality can be determined in part
by the outcome of a print job matching the input the printer is instructed o print.

DESCRIPTION OF THE DRAWINGS
00021  Certain examples are described in the following detailed description and in

reference 1o the drawings, in which:

f00803] Fig. 1 is a block diagram of an example print compenent system;

f0004]  Fig. 2 is a block diagram of an example multi-die print component system;
{0005] Fig. 3 is a block diagram of an example multi-pen print component systent;
[0008] Fig. 4 is a block diagram of an example circuitry plan;

{0007] Fig. 5 is a block diagram of an example multi-pen sensor architecture;
{0008] Fig. 6 is a block diagram of an example printing circuitry architecture;
f0009] Fig. 7 is a flowchart of an example method for communicating stored data
from a communicaling replaceable print head cartridge;

{00101 Fig. 8 is a block diagram of an example non-transitory, computer-readable
medium including instructions to direct a processor for communicating stored data
from a communicating replaceable print head cartridge;

f0011]  Fig. 9 is a flowchart of an example method for accessing a memory cell;
{0012} Fig. 10 is a drawing showing an example signal set for a configuration
register write;

f0013] Fig. 11 is a schematic of an exampile access of memory bils using multiple
enabled regisiers and nozzle data;

f0014] Fig. 12 is a schematic showing an example of logical circuits accessing a
memory cell;

[00158]  Fig. 13 is a flowchart of an example method for accessing a memory cell in
response 1o enabled access siates;

f0016] Fig. 14 is a block diagram of an example circuitry and memory bit writing
plan;



WO 2020/162920 PCT/US2019/016817

-2

{00177  Fig. 15is a flowchart of an example method for providing a write voltage
with a memaory voltage regulator 1o the selected combination of memory bits; and
{0018} Figure 16 is a block diagram illustrating anocther example 1600 of an
integrated circuit with multiple memory bits associated with each fluid actuator.

DETAILED DESCRIPTION
{0018] Providing fluid, such as inks or agents, to a medium, such as pages,

powder, fluid chambers efc., can include pushing fluid through nozzies with fuid
actuators. In an example, the control of the fluid actuators can be regulated by
mermory bils lccated on integrated circuilry. In an example, the integrated circuitry is
a print die possibly made of silicon. There may be a large number of nozzles,
corresponding fluid actuators, and corresponding memaory bifs o manage. These
memory bits may be communicaiively connected in parallel by a bus. The bus many
be a single lane analog bus. In the present disclosure, the bus is able io measure all
combinations of memory bits in parallel. Further, use of a single lane analog bus
allows the decluttering of a more complex bus wire, trace, or general print die
organization. Use of a single-lane bus to measure multiple memory bits in parallel
avoids the need for multi-bus die architectures. Additionally, the system disclosed
provides a framework for connecting memory bits across multiple print dies with a
single-lane analog bus. Reduction in the number of bus lanes needed may also
reduce the number of external measurement pads because all memory bits,
sections, or divisions may be measured using a single pad. In an example, the pad
is exiernal fo the die io connect to g printer-side contact. In an example, the pad is
an analogue signal pad fo communicate an analog signal.

{0020] As used herein, specific memory bits for which measurements are being
made may be selected using the single-lane bus. In an example, the single lane bus
is a high speed datapath and can be a trace, wire, or other means of electronic
communicative connection between components. The memory bits may be selected
using information transmitted as part of primitive data in a data packet. inan
example, the data packet may be referred 1o as a fire pulse group. In an example,
the specific selections of memory bits are made using primitive data 1o represent a
fire pulse group. The data packet, or fire pulse group, also is transmitted through the
integrated circuiiry in order to address or select specific fluid actuators. One method
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for addressing the fluid actuators includes a primitive number and an address
number. in some examples, there may be a memory bit corresponding 1o each fluid
actuator. In other examples, there may be greater or fewer memory bits than there
are fluid actuators.

f0821] The memory bits may be selected using the same select lane and select
logic for selecting the plurality of memory bits and fluidic actuators. In an example,
the data packet carrying the information for selection of fluid actuators additionally
includes data for selecting the memory bit corresponding to those specific fluid
actuators, including primitive number and address number.

{00221 The use of addressing systems in this way, e.g. using a single-lane analog
bus, enables multiple memory bits {0 be selected and read along the single-lane
analog bus towards the pad. In an example, the pad is a sensor pad to
communicate sensor states, in addition o the memory bits signal.

[0023] The same data line may be used 1o drive a number of fluid actuation
devices. Furthermore, the use of a single-lane analog bus enables mutltiple memory
bits located within the same die and on the same address (o be selected and read
either one at a time or in paraliel combination from the same pad. In ancther
example, using a single analog bus enables multiple memory bits within different
silicon die on the same print head to be selecied and read from the same select
lane. Memory bits may be located on different die. Each die may correspond to a
different color. For example, one pen may be a color pen and include three silicon
print die. The other pen may be located in a black ink pen and may have a single
silicon print die. Using a single analog bus enables multiple memory bits across
multiple silicon die across multiple print heads within the print system, such as a
separate color pen and black pen, to be selected and read from the same pad. In
the selection of memory bits by address, each unique silicon die can select a
memory bit on a different address number, but memory bits within the same die can
be selected on the same address.

{0024] The integrated circuitry can be a print die. The integrated circuitry can use
memory bits that are volatile or non-volatile memaory (NVM) bits. In an example, the
memory used in the integrated circuitry is one-time-programmabie (OTP) and may
be read externally using the analog pad. For example, the memory bit or bits may

provide an expected or predictable analog response under various measurement
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conditions and combinations. Due to this more nuanced approach 1o accessing and
making readings from mulliple memory bils, access o the features of the print head
are more protected from unawthorized access or manipulation. Furthermore, the
increased granularity of measurement enables more specific status monitoring of the
functionality of the print compoenents. Additionally, in one example, the addressing or
reading of muliiple memory bits in combination, paraliel, and/or simultaneously using
a single lane bus can reduce the number of addressing or reading actions thereby
speeding operation. Furthermore, and in contrast, using a multi-lane bus to attempt
parallel reads would use multiple circuit lines that could crowd space on a print die.
Additionally, adding another wire to the print head or print heads would come with an
associated increase in cost and decrease in reliability.

{0025] The printing component or print component may be removable. A
removable printing component may be removed or inserted from or into a printer.
The same circuilry used o select which nozzles will disperse ink upon a FIRE signal
can also be used to access memaory of the integrated circuitry. The circuits for
selecting a nozzle and selecting a memory bit can be shared. Sharing of circuitry
enables, in part, the minimization of circuil area that is used. Further, inadvertent
signaling between these two components that share a line can pose a risk of
inadvertent actions or memory changes. The present disclosure includes methods
and devices intended to safeguard from inadvertent signaling by using an access
sequence before allowing access to the memory.

[0028] As noled, printer circuitry may include shared lines between fluid actuation
circuitry and memory cell circuitry. In an example, and {o reduce on-die complexily,
much of a high speed datapath that is used to select inkjet nozzles is multi-purposed
to also select memory elements. The specific techniques for memory bit selection
may enable the safeguards with a memory access sequence {0 ensure memory bits
arer't inadvertently selecied while printing. Memory bits that are inadveriently
selected while printing could be corrupted and unusable in the print head memory.
{08271 The present techniques show an access mode sequence used {0 access
memory read and write modes in integrated circuitry such as a print head. in an
example, the print head can include & die such as a silicon die. The silicon die may
be long pieces of silicon. In order to reduce the size and therefor cost of the raw
siicon, the size or profile of the circuitry can be reduced by multiple components
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sharing the same signaling lines. For exampie, the selection of nozzles can use the
same hardware used for setling of memory bits. In an example, the memaory bits or
memory cells may be non-volatile memory (NVM). The use of NVM may be used to
transfer information from the print head to the printer. The communication of
information such as measurements of cracks and temperatures off of the die enables
compuiation and adjustment of instructions to the print head according o the
detected conditions. In an example, the information included in the NVM o be
communicated to the printer can include thermal behavior of a dig, offsets for a die,
region information, a coler map, the number of nozzles, nozzle function, die
temperature in various regions, crack detection, and other information.

f0828] In order to ensure proper data is saved to the NVM rather than noise or
unintended signaling for 8 shared component, an access sequence is used. The
access seguence can prevent inadvertent writing to memory by circuits that also
deliver and execute print selection dala. The ability to share circuifry with no loss of
quality enables significant circuit area savings. Sharing of compoenents can include,
for example, the sharing of a datapath 1o select both fluid actuators and NVM bits.
{00291  Anocther way to prevent inadvertent memory accesses is to resef the
access sequence upon the falling edge of FIRE signal. This ensures signal or noise
glitches on a MODE pad are limited to a first step of an access sequence where
memory bits are not exposed. Instead, the process Tor accessing the memory bits
may temporarily begin before guickly exiting without harm or incorrect signaling.
{08381 In an example, the sequence to enable a memory access mode can have
six steps. In an example first step, a configuration register may be accessed in order
to enable a memory mode. In an example second step, the loading of fire pulse
group (FPG) data can include the bit or bits o be written along with a non-volatile
memory enable (NVM-enable) bit being set in the FPG header. As used herein the
FPG can refer 1o a data packet used o select a primitive for firing. As used herein, a
primitive may refer to a group of fluid actuating devices such as nozzies. In an
example, the NVM-enable bit may refer to an enabling bit stored in a memory
element such as a floating gate avalanche metal oxide semiconductor (FAMOS)
element. in an example third step, a pulse of a FIRE pad from a 0 signalto a 1
signal back down o a 0, which corresponds 1o a low to high o low signaling
sequence along the FIRE line. The FIRE signal may not only trigger the fluid
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actuators to actuate, but may also affect the memaory circuit’'s configuration and
mernory registers by clearing data. This clearing or reselting of data aids in
preventing inadvertent memory accesses if the initial access was instead by
inadvertent signaling along the same lines. An example Tourth step includes another
configuration register access to enable memory mode. An example fifth step
includes a write to a Memaory Configuration Register that is only made visible once
the previous four steps have been executed. Lastly, in an example, there may be a
puise of the FIRE pad from 0 signal 1o a 1 signal back down to a2 0. During the
duration of this second FIRE signal being fired in a high signal state, the bit or bits
may be read from the memory elemenis or wrilten {0 the memory elements.

f00831] With regard 1o leading the fire pulse group, the memaory bits are selected
using the same high speed datapath as is used for selecting the fire pulse group
primitive data for the fluid actuators. This means memory bits can similarly be
selected by primitive number and address number with the same granularity as
individual fluid actuators are. In an example, whenever the FIRE pad transitions
from high {1} to low (0}, the NVM-enable bit in a configuration register can be
cleared. As noted above, the clearing reduces the chance of inadvertent access.
When the configuration register NVM-enable bit is cleared, all bits in the Memaory
Configuration register are also cleared. Accordingly, the falling FIRE signal disables
further access to the NVM. In order to access the NVM, the configuration register
NVM-enable bit must be set, along with the NVM-enable bit in the shift data. For
these initial conditions, the order of occurrence is interchangeable so long as they
both occur before the FIRE signal rises. When the FIRE signal rises or goes high,
this signal aliows the NVM-enable bit from shift_data to set a latch inside the
integrated print die. In an example, once that internal laich is sel, the NVM-enable
bit in a configuration register can be re~-writlen 1o a 1 because the NVM-enable bit
was cleared by the falling FIRE signal. In this example, anytime the NVM-enable bit
is 0, the memory configuration register is cleared. Using a set internal {aich along
with a NVM-enable bit being set in the configuration register, the memory
configuration register is enabled for writing.

{0032] In an example, a memory configuration register is a shadow register in that
it can run paraliel {o the configuration register connections but is limited o writing bils

only after complex conditions are met in a certain order. As such, the memory
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configuration register may be enabled via a bif in the dot data stream as well as a bit
in the configuration register, which then enables the memory configuration register
for shifting. Further, in an example, the memory configuration register can be used
as a final enable for NVM mode and also to select read/write and column or special
memory bits.

00331 While several seguences are shown, other more complex serial write
protocols are contemplated in the scope of the techniques disclosed here. Cther
complex access technigues could be used to further ensure NVM could not
accidentally be accessed during normal (non-NVM) operations. The access
sequences and profocols discussed herein can also be further modified in a number
of ways, such as eliminating the memory contral register which is essentially a
shadow, parallel register to the configuration register. Furthermore, in the examples
discussed herein with regard 1o signaling, the MODE pad signal could also be used
to replace the FIRE signal io invoke memory access of the memory configuration
register.

{0034] Fig. 1is a block diagram of an example print component system 100. The
simplified diagram includes and excludes components in order 1o provide context to
show the techniques.

f0035] A print component can be a print cartridge, a print carriage to hold multiple
pens and cartridges, or print hardware for organizing other components of the
printing system. In an example, the print component may be removable and
replaceable in a printing system. The print componant may be a refillable device.
The print component may include a tank, chamber, or container for fluid such as ink.
The print component may include a replaceable container for fuid.

{0836] The print component may include an integrated circuit 102. The integrated
circuit 102 may be disposable. The print component and integrated circuit 102 may
be physically jcined so that boih are disposed at the same time. In an example, the
print component and the integrated circuit 102 may be physically severable such that
one may be disposed and replaced while the other remains in a printing system.
The integrated circuit 102 may include a number of nozzles through which fluid is
dispensed. The integrated circuit 102 may include a number of fluid feed nozzles
through which fluid actuators drive the fluid through in the direction of print medium.
The print medium may be paper, plastic, and metal, among others. In an example,
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the integrated circuit 102 may operate through piezoelectric jetting, thermal jetting, or
other printing technclogies using mutltiple points of dispersion along the print head.
{0037] The integraied circuit 102 may include a number of memory bits. In an
example, the integraied circuit 102 may include memory bit A 104, memory bit B
106, memory bit C 108, memory bit O 110, memory bit E 112, and memory bit F 114,
Collectively, these memory bils may be referred 10 as a number of memory bits.
{0038] The number of memory bits may be conductively coupled by a single lane
analog bus 116 fo a pad 118 located on the exterior of the integrated circuit 102, In
an example, the pad 118 may be located on the exterior of the print component. The
conductively coupling of the number of memory bits io the pad 118 can include
electronic connection through wires or traces. In an example, the coupling may be
through other communicative means providing analog information to the pad 118.
{0039] A memory bit, or a specific combination of memory bits may be selected,
accessed, or read all at once. A combination of selecied memory bits may be
individually identified and selected for simultaneous reading, access, or action. In an
example, a memory bit or combination of memory bits is selected using a memory
access mode and the single-lane analog bus 118, In an exampls, the memory bits
are selected by a memory access mode enabled using a configuration register
access. In an example, the configuration of a memory access mode may be done
through other data structures and organization schemes other than a register. The
use of the memory access mode and the single-lane analog bus to selsct,
manipulate, activate, or read multiple memory bits in paraliel is done through a serial
datapath 1o select the desired primitive and address of each memory bit to be
measured. Once the memory bits are selected through the use of primitive and
address information conveyed through a serial datapath, the memory bits may be
accessed or read at the same time through the shared single-lane analog bus 116 to
the pad 118.

{00401 In an example, a reading of a memory bit may result in a voltage oufput to
be measured when a known current is applied to the selected memory bit. In an
example, a reading of a memory bit may result in a current ouiput to be measured
when a known voltage is applied o the selected memory bit. Similarly, these
measurements for known inputs may be made for combinations of memaory bils

being measured simultaneously. The unigue combination of memory bits selected
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for measurement may be predictable and assignable to specific combinations of
mermory bits. Accordingly, the measurement of a combination of memory bits may
be done in parallel with the response depending on how many bits are selected and
how many of the selected bils are programmed. In an example, a programmed
memory bit may respond differently than a non-programmed memory bit. Thus,
when a known analog signal is applied to a memory bit or combination of memory
bits, a connecled pad 118 may detect an analog output signal that can be used to
make measurements conveying the specific combination of memory bils selected
and whether those memory bits are programmed or not.

{0041]  Asthe pad 118 receives the signal from the analog bus 1186, the electrical
signal may be transmitted further 1o a print component contact and eventually o
evaluater circuitry. The electrical signal transmitted by the pad 118 is an electrical
signal representative of the number of memory bits, and more specifically, the signal
represents the combination of all selected bits of the number of memory bits.

{00421 Memory bits can be measured by either forcing a current or forcing a
voltage. The output analog signal in response to a forced current or voltage is
distinct both for single memory bits and combinations of memory bits. In an
example, an integrated circuit 102 may include one thousand memory bits per
integrated circuitry or print die. In the present disclosure, each of the number of
memory bits could be connecied to the analog bus 116. Through this connection,
each of the one thousand bits can be individually, or a subset in parailel based on
common addresses, selecied and connecied to the pad. in an example, the pad is
on the integrated circuitry of the print head, or on-die. The memory bils may be
floating gate metal-oxide semiconductor field-effect transistors (MOSFETs) and may
behave with relatively high resistance when unprogrammed and relatively lower
resistance when programmed. Leveraging this resistance property enables known
response relationships to be established using Ohm's law relating current, voltage,
and resistance.

{0843] Forexample, when a current is applied, a voltage may be read or
measured. To apply a known current across selected memory bits, an internal or
external current source may be used. In an example, the external current source
may be provided through the pad along the single-lane analog bus. A known current
is applied across the selected memory bit or combination of bits in parallel. As each
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memory is wired in parallel, in response 1o a known current, each additional memory
bit that is programmed reduces an output voltage response. This complies with
Ohms law where as the number of resistors, Le. programmed memory bits, which
are wired in paraliel increases, the oulput voltage decreases predictably.
Accordingly, based on the measured output voltage, information can be known about
the combination of memory bits that is selecled or programmed.

{00441 In a corresponding way, when a known voliage is applied as an inpuf for
memory bit measurements, the current may be measured. To apply a known
voliage across selected memory bits, an internal or external voltage may be used. In
an example, the external voltage may be provided through the pad along the single-
{ane analog bus. The known voltage is applied across the selected memory bit or
combination of bils in parallel. As each memory is wired in parallel, in response to a
known voltage, each additional memory bit that is programmed increases an output
current response. This complies with Ohms law where as the number of resistors,
i.e. programmed memory bits, which are wired in paralle! increases, the cutput
current increases predictably for a known and constant voltage. Accordingly, based
on the measured ouiput current, information can be know about the combination of
memory bits that is selected or programmed.

{0845] Fig. 2 is a block diagram of an example multi-die print component system
200. Like numbered items are as discussed with respect to Fig. 1.

{00481 In the print component of Fig. 2, memory bit A 104, memory bit B 106, and
memory bit C 108 may all be located in print die A 202. In an example, the print die
of print die A 202 may be a form of integrated circuitry. The print die of print die A
202 may be a silicon print die. Further, in the print component of Fig. 2, memory bit
D 110, memory bit £ 112, and memory bit F 114 may all be located in print die B
204. In an exampile, the print die of print die B 204 may be a form of integrated
circuitry. The print die of print die B 204 may be a silicon print die.

{00471 The organization of the print component may allow for the location of a first
merory bit such as memory bit A 104 on a first die such as print die A 202, and the
location of a second memory bit such as memory bit D 110 on a second die such as
print die B 204. In this organization with memory bits split between print dig, the
analog bus 116 may still connect each of the memory bits across multiple diein a
single lane pathway 1o the pad 118. As the analog bus 116 remains connected in
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parailel across muitiple die, the memory bits of mulliple die can be read
simultaneously in parallel in the same was as if all memory bits were not separate by
die as seen in Fig. 1. For example, a known voltage could be simultaneously applied
to the memory bits of both print die A 202 and print die B 204. As the known voltage
is applied to the memory bits across both die, the combination of memory bits can be
read in parallel through the single-lane analog bus connected {o the pad 118.

{00481 In an example, prini die A 202 may dispense a first fluid type such as red.
The print die B 204 may dispense a second fluid type such as blue. The
measurement, selection, and reading from multiple memory bits may stili be
conducted across multiple print die each printing a differing color from the other print
die. In an example, the print die A 202 and print die B 204 may be disposed on one
or a number of print heads 208.

{0049] Fig. 3 is a block diagram of an example multi-pen print component system
300. Like numbered items are as discussed with respect to Fig. 1 and Fig. 2.

{00501 The print component of Fig. 3 includes a print pen A 302 containing the
one or a number of print heads 206. The print component of Fig. 3 aiso includes a
separate print pen B 304, As used herein, a print pen may be a carriage, hoider,
separator, print casing, print cartridge or other separating manufacture or device.
Print pen B 304 is shown with memory bit G 308 and memory bit H 308 disposed in
print die C 310 and print die D 312, respectively. The memory bits and print die of
print pen B 304 are the same in function as the memory bits and print die of print pen
A 302 although physically distinct from one ancther. Memory bit G 308 and memory
bit H 308 may be connected by the analog bus 116 in parallel with the memory bit A
104, memory bit B 106, memory bit C 108, memory bit D 110, memory bit E 112, and
memory bit F 114. The memory bits in both print pen A 302 and print pen B 304 are
communicatively coupled through the analog bus 116 to the pad 118.

{0051]  In this multi-pen print component system 300 memory bits may be split
between print die and print pens, and the analog bus 116 may comnect each of the
mermory bits across the muitiple die in the multiple print pens in a single fane
pathway o the pad 118. As the analog bus 116 remains connected in parailel
across multiple die, the memory bils can be read simultaneously in parallel in the
same was as if all memory bits were not separated by die as seen in Fig. 1. For
example, a known voltage could be simultaneously applied (o the memory bits of
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both print die A 202 in print pen A 302 and print die C 310 in print pen B 304. The
combination of memory bits across die and print pen can be read in parallel through
the single-lane analog bus connected to the pad 118.

{0052] Fig. 4 is a block diagram of an example circuitry plan 400. A number of
components may not be shown in order to facilitate discussion of the present
technigues. Furthermore arrows shown do not limit the flow of data in a way that
indicates exclusively a push or a pull of data by componenis, bui instead indicates a
general fiow of information relevant {o the disclosed techniques.

{0083]  The circuitry plan 400 can allow for a separate printer 402 including an
printer integrated circuit 404, or application specific integrated circuit (ASIC). The
printer 402 may use the printer integrated circuit 404 to process or interact with the
messages and data o be sent and received from a print component 408. In an
sxample, the print component 406 can be a print cartridge that is removable or
refillable. The print component 406 may be a print pen, a printer cartridge, a print
head, or may contain a number of print heads. In the print component 406, there
may be a FIRE pad 408, a CLK pad 410, a DATA pad 412, and a MODE pad 414.
These pads may be printer contacts that convey digital, analog, or electrical signals
from the printer to the print component 406. The CLK pad 410 may refer to a clock
pad. In an example, the CLK pad 410, the DATA pad 412, and the MODE pad 414
provide information to the die configuration register 416 which can configure the die
or print head, including selecting fluid actuators in the fire pulse group 418, enabling
an external sensor switch 420 1o read the memory of the fire pulse group, and
enabling other resisiors in the die such as a switch for a crack delection resistor 422.
[0054] The fire pulse group 418 is a grouping of fluid actuators and their
associated memaory bits 424 that can be selected. In response to selection, the
memory bits 424 can control whether or not fluid actuators will fire in response to a
FIRE signal from the FIRE pad 408. The FIRE pad 408 may use a laich dicde to
select and fire data in memory bit 424 in the in fire puise group 418.

{0053] The memory bils 424 may also store information about the function of the
fluid actuators such as temperature and functionality. As discussed more thoroughly
below, a memory bit 424 access can include enabling access through a memory
mode being enabled as well as an access being indicated in primitive data, as well
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as a FIRE signal from the FIRE pad 408. As used herein, a primitive may refer to
the group of fluid actuators and their associated memory bits 424.

[0058] The switch for a crack detection resisior 422 may enable the crack
detection resisior 426 which may interweave back and forth in-between nozzles 428.
In an example, the fluid is ink and the nozzles 428 can be nozzies.

{00577 The print component 406 may include a number of other componenis
including an N switch 430 {0 enable an N diode 432, an M switch 434 io enable an M
diode 436, and an & swifch 438 {0 enable an & diode 440.

{0058] Each of these components, the memory bits, the crack detection resistors,
the swilches and diodes, can be connected 1o a single lane analog SENSE bus 442
connected to a SENSE pad 444. In an example, the SENSE pad can be a pad that
interfaces with the printer integrated circuit 404. In an example, the printer
integrated circuit 404 can drive a current or a voliage through the SENSE pad 444 in
order to determine an analog measurement of the response across the number of
components and resistors. These analog signals being driven through the SENSE
pad 444 or the die configuration register 416 or the FIRE pad 408 may be biased or
grounded. The printer integrated circuit 404 may include its own analog bias and
analog to digital conversion within the printer 402 and off of the printer component
406. In an example, the removal of the analog to digital conversion may move this
operation and component off of the print die. Additionally, the printer integrated
circuit 404 can force a current to measure voliage of components such as a
combination of the memory bits 424, Also, the printer integrated circuit 404 can
force a voltage to measure current of the combined memory bits 424 in order (o
monitor the on-die sensors and selected memory bits corresponding o fluid
actuators.

{0059]  In the present disclosure, the number of memory bits 424 can be selected
by select logic used 1o select the plurality of memory bits and Huidic actuators using
the same select lane. Further, the electrical signal coming from the printer integrated
circuit 404, may be an external current force relative to the print component 406.
The application of the external current force can vield g lower measured voltage on a
pad, such as the SENSE pad 444 for the number of memory bits 424 relative fo
voltage that would be measured for a single memory bit 424 selecied. Thisis
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because as the number of resistors, e.q. selected memaory bits 424, increases, the
output voltage for a set and known input current will decrease.

{00601  Likewise, the electrical signal coming from the printer integraied circuit 404
can be an external voltage force applied to the print component 406. The application
of the external voltage force can result in a greater measurad current draw as
measured by the pad, such as the SENSE pad 444 for the number of memory bits
424 when compared to the current draw that would be measured for a single
memory bit 424 selected. This is because as the number of resistors, e.g. selected
memory bits 424, increases, the current draw for a set and known input voitage will
increase.

f0861] In an example, the print component 406 includes memory bits 424 that
correspond to fluid actuators proximale 1o nozzles 428. Additionally, the pad, such
as the SENSE pad 444, can be conductively connected to transmit an elecirical
signal from a crack detection resisior 428 in combination with the number of memory
bits 424. Furthermore, this conductive connection is over a single lane analog
SENSE bus 442. in an example, the memory bits 424 correspond to fluid actuators
proximate to a number of nozzles 428, and the crack detection resistor 426 is routed
in-between the nozzles 428.

f0062] Fig. 5is a block diagram of an example multi-pen sensor architecturs 500.
Like numbered items are as disclosed with respect to Fig. 4.

[0063] The integrated circuilry such as a printer die may be separated info a
number of silicon die for biack ink and color ink. In an example, each die may be
assigned their own color. In an example, each color may have a corresponding die
separate from other die. The die can be disposed in separate print pens.

{08641 InFig. 5, there may be a color print pen 502 to hold a cyan print die 504, a
magenta print die 506, and a yellow print die 508. Other color print dies are
compatible including RBY (red, blue, yellow) combinations of print die. As seenin
the color print pen, 502 each of the print die is a physically separate print die,
however the single lane analog SENSE bus 442 remains common across all of the
color die in the color print pen 502.

{0065]  In the mulli-pen sensor architecture 500, there may be a monochromatic
print pen, such as a black print pen 510 carrying a black print die 512. The single
lane analog SENSE bus 442 connects to the black print die 512 as well as the color
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print die in the separate print pen in series. Accordingly, a signal forced through the
SENSE pad 444 could be gather a measurements from print die located in mulliple
physically separate print pens including the color print pen 502 and the
monochromatic print pen 510, In an example, print pen 502 and 510 may be
removable.

{0088} In an example, the single sense contact pad, such as the SENSE pad 444,
may be used o communicate stored data from a single lane analog bus 442
conductively coupled to communicate a number of memory bits in combination in a
single analog signal over the single sense contact pad, such as the SENSE pad 444.
In an example, a first memory bit of the number of memory bits can be located on g
first silicon die, such as the cyan print die 504 and a second memory bit of the
number of memory bits can be located on a second silicon die, such as the magenta
print die 506.

[0087] In an example, the memory circuit can include a first silicon die that is
associated with a first fluid type, such as the cyan print die 504, and the second
silicon die is associated with a second fiuid type, such as the magenta print die 506.
The memory circuit can also include a first silicon die that is located in a first print
pen, such as the color print pen 502, and the second silicon die is located in a
second print pen, such as the monochromatic print pen 510, In an example, the data
pad 412 may be separate for each print die while the MODE pad connection, the
CLK pad conneclions, and the FIRE pad conneclions are shared by the print die.
{0088] Fig. 6 is a block diagram of an example printing circuitry architecture 600.
Like numbered items are as described with respect to Fig. 4.

[0068] The printing circuilry architecture 600 can include a configuration register
802, a memory configuration register 604, a status register 606, and a watchdog
£508. While the term register is used, other storage elements are also contemplated.
The configuration register 602 may be set by a number of pads inciuding the data
pad 412, the mode pad 414, and the CLK pad 410. The configuration register may
be used to set Control signals for testing, crack detection, enabling the waichdog
608, analog delays including delay biasing 610, Memory access through memory
bits 424, and validation through confirmation of sensing through the SENSE pad
444, Cther configurations of the configuration register 602 can include a test
selection, a sense pad 444 tesi, the voltage delay for circuilry for specific nozzles.
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One reason for these delays could include o avoid fluid interference from oo many
drops ejecting from nearby nozzles at the same time. The configuration register 802
can also include and set bits for memory bit 424 accesses via a memory bit enable.
The configuration register 602 can include crack detection enabling and the watch
dog enabling.

{00701 In an example, the memory configuration register 604 at least three bits,
one indicating a column enable so that all memory column bits in the indicated
column can be accessed. The memory configuration register 604 also includes a
mermory write enable to indicate a read or write mode. The memory configuration
register 804 also includes a region enable to enable access (o regionalized memory
bits 424.

{0871] The status register 806 can include a status as indicated by DATA pad
412, the CLK pad 410, and the MODE pad. The status register 606 may repori print
head status information... In an example, one bit of the status regisier 606 may be a
walchdog bit to monitor an input pad and indicate when a status, such as a FIRE
signal may not be functioning properly. In an example, the status register may also
include revision bits to indicate other information. In an example, the status register
may be used during a wafer test for prober alignment.

{08721 The walchdog 608 ensures that if the FIRE signal from the FIRE pad 408
is drive at a high level past a certain time threshold, then internal FIRE signals are
disabled until the Tault is cleared. The mechanism for clearing the fault is by turning
the watchdog 808 off or through an exiernal die reset. For example, setling the
configuration register 1o zero also clears the waichdog fault detected bit in the status
register.

{00731 The printing circuilry architecture 860 does include other pads including
YD, LGND, Nreset, PGND, and VPP, among others. The VDD may referto a
common logic power line (VDD), LGND may refer o a common logic ground line.
Nreset may refer to the resetting of a watchdog 608 that has been tripped. The
PGND pad may include a ground connecied 1o the fluid actuators. The VPP pad
may refer to a shared power (VPP) bus connected to the fluid actuators.

{0074] As noted above, the delay biasing 610 may adjust the firing times stored in
the nozzle and thermal data 612. The nozzle and thermal data 612 may be set
primarily based on the clock, dala, and fire lines. The thermal data can refer {o the
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temperature of the print head die across the nozzle array. Temperaiure differences
¢an lead to banding and so temperature of different parts of the nozzle array can
improve print quality through maintenance of print die temperature consistency.
{0075] The nozzle and thermal data 612 may be stored in a circuit siorage
slement like a flip-flop and latch and may be executed through fluid actuaters such
as thermal ink jet resistors 814. In an example, the nozzle and thermal data also
provides access to memory bits when a specific sequence is followed. The specific
access sequence for of memory bits 424 using the same nozzle and thermal data is
further described below with regard to Fig. 9-13. When a memory bit is accessed,
the memory bit 424 may be writlen with a memory voltage generalor 616 controlled
by the memory configuration register 604.

{0076] Fig. 7 is a flowchart of an example method 700 for communicating stored
data from a communicating replaceable print head cartridge. At block 702, the
method 700 includes selecting a number of memory bits. In an example, the number
of memory bits each correspond 1o a fluid actuator located on a silicon die. The
nurmber of mermaory bits may correspond to a number of fluid actuators, where the
number of fluid actuators are located on a number of silicon dies. At block 704, the
method 700 includes providing an input analog electrical signal to the number of
memory bits.

{00771  Atblock 708, the method 700 includes measuring an output analog
electrical signal on a single sense contact pad communicatively connected to the
number of memory bits, the measurement to be made for the number of memory bits
in combination. In an exampie, the output analog electrical signal is measured o be
a lower voltage on the single sense contact pad measuring the number of memory
bits in combination relative to a comparison voltage for a single memaory bit on the
single sense contact pad. The output analog electrical signal may be measured o
be a higher current on the single sense contact pad measuring the number of
memory bits in combination relative to a comparison current for a single memory bit
on the single sense contact pad.

[0078] Itisto be understood that the biock diagram of Fig. 7 is not intended to
indicate that the method 700 is to include all of the aclions shown in Fig. 7. Rather,
the method 700 can include fewer or additional components not llustrated in Fig. 7.
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{06791 Fig. 8 is a block diagram of an example non-transitory, computer-readable
medium 800 including instructions to direct a processor for communicating stored
data from a communicating replaceable print head cartridge. The computer readable
medium 800 can include the processor 802 1o execute instructions received from the
computer-readable medium 800. Instructions can be stored in the computer-
readable medium 800. These instructions can direct the processor 802 for
communicating stored data from a communicating replaceable print head cartridge.
Instructions can be communicated over a bus 804 as electrical signals, light signals,
or any other suitable means of communication for transmission of data in a similar
computing environment.

f0880] The computer-readable medium 800 may use a memory bit selector 806
to select a number of memory bits. In an example, the number of memory bils each
correspond fo a fluid actuator located on a silicon die. The number of memory bits
may correspond to a number of fluid actuators, where the number of fluid actuators
are located on a number of silicon dies.

[0881]  The computer-readable medium 800 may use an analog input provider
808 to provide an input analog electrical signal to the number of memory bits. The
computer-readable medium 800 an analog output measurer 810 to measure an
output analog electrical signal on a single sense contact pad communicatively
connected o the number of memory bits, the measurement to be made for the
number of memaory bits in combination. In an example, the cutput analog electrical
signal is measured o be a lower voltage on the single sense contact pad measuring
the number of memory bits in combination relative 1o a comparison voltage for a
single memory bit on the single sense contact pad. The output analog electrical
signal may be measured {0 be a higher current on the single sense contact pad
measuring the number of memory bits in combination relative to a comparison
current for a single memaory bit on the single sense contact pad.

{0082] Itis io be understood that the block diagram of Fig. 8 is not intended to
indicate that the computer-readable medium 800 is to include all of the components
shown in Fig. 8. Rather, the computer-readable medium 800 can include fewer or
additional components not ilustrated in Fig. 8.

f0083] Fig. 9is a flowchart of an example method 900 for accessing a memory
cell. The order of some steps including block 902 and 904 may be performed in any
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order, while other steps such as blocks 906-316 are performed in the indicated
sequence. Furthermore, while specific bits, signals, and circuit components such as
registers are named, these specific elements are merely one example of more
general components and elements that may also have the same results,

f0084] Atblock 802, the method 800 for accessing memory includes writing a
NVM-enable bit in a configuration register. As used herein, the NVM-enable bit may
refer 10 a bit {o enable a floating gate avalanche metal oxide semiconductor
{FAMOS) element that may act as a memory element. As noted above, other
memory elements capable of storing and switching between at least two states of a
bit of information may also be used. The writing of the NVM-enable bitto a
configuration register may also refer to other examples of other storage elements
other than registers. The configuration register may be replaced by other circuitry or
data organization methods capable of receiving and storing information such as the
NVM-enable bit for a configuration circuit within print head die.

{0085] At biock 804, the method 900 includes loading nozzle data with data lines,
where the nozzle data includes information for setiing the NVM-enable bit in the data
stream as well as the information for selecling a nonvolatile memory (NVM) bit to
access using a specific address for a nozzle. As used herein, there may be a
number of lines providing electrical signal into a print die, one of which can be a data
line. The data line may provide information to a series of Huid actuation devices
such as a selection of which nozzles are to be fired in response to an upcoming
FIRE signal. The selection of which nozzies are 1o be fired next can be stored in
NVM bits corresponding to the nozzles. In an exampie, the selection data provided
by the data line also includes a corresponding NVM-enabile bit in the nozzle selection
data. In an example, the NVM-enable bit may be fransmitted in the header or footer
of nozzle selection data. As noted above, 902 and 904 may be done in either order.
The result of these two steps is that the NVM-enable bit is written into the
configuration register and the NVM-enable bit is set in the data line.

{0088] Al block 906, a FIRE signal is driven from the FIRE pad of an integrated
circuitry, first driven to signal high then low. As used herein, a FIRE signalis a
signal that is sent io each nozzle through electrical conneciion to the FIRE pad.
These nozzles may be grouped together in groups called primitives. In addition to
the nozzles, the bits of the registers are also connected o a FIRE line which when
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fired results in actions being taken at the configuration register. As noted above, the
use of the term register is one specific implementation and other storage elements
are contemplated herein. As used heregin, a signal being driven high then low refers
to an amplitude of the signal roughly corresponding to the intensity of the signal
whether it is a current or voltage. In an example, driving a FIRE signal high can be
interpreted as a value of 1, while a FIRE signal driving low or not at all can be
interpreted as having a value of 0. In an example, the FIRE signal drives from 0 to 1
to 0. The variation in the signaling can indicate when action, such as firing nozzles
should take place. The driving of the FIRE pad from high to low has cleared the
NVM-enable bit of the configuration register, however an internal latch has been set
within the integrated circuitry. This internal laich combined with future signaling may
enable a memory bit access.

{00877 In block 908, the method 900 includes writing a NVM-enable bitina
configuration register. This is the same step as block 902 however in this case, the
step is performed after the internal latch has been set and the NVM-enable bit was
cleared in the configuration register. Writing the NVM-enable bit again into the
configuration register, while the NVM-enable bit is being transmitted through a data
line enables access {0 a memaory access bit.

{0088} In block 910, the method 900 includes writing a memory access bitina
memory configuration register. As used herein, the memory configuration register
can be ancther storage element separate from the configuration regisier. In some
examples there are fewer bits in the memory configuration register than the
configuration register. Once a memory access bit is writlen inio the memory
configuration register, the memaory of the integrated circuitry may be accessed. The
enabled bits of the memory configuration register can act as conirol signals that
enable the NVM or FAMOS memory elements to be accessed.

f0089] Al decision block 912, a determination is made based on the conirol
signals indicated by the bits of the memaory configuration register. If the bits of the
mermory configuration register indicate a memory write, the method 800 proceeds to
block 814. If the bits of the memory configuration register do not indicate a memory
write, the method 900 proceeds to block 916.

{00801 Atbiock 914, the FIRE pad is driven high for a desired write time, then low.
In an example, the driving of the FIRE pad can include providing a 0 signal, then a 1
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signal, then a 0 signal ¢n the fire line. The value of the signal can correspond to a
current or voltage on a FIRE fine. During the duration of the write time, the memory
element, such as a FAMOS, may be accessed. Accessing the FAMOS or other
memory element can include writing information into the FAMOS or memory
element.

{0081] At block 916, the FIRE pad may be driven high and a voltage or current
forced on a SENSE line for measurementi, then returning the FIRE line to a low
signal. As used herein the SENSE line may refer 10 a sensor line connected o a
pad, such as a sensor pad. The sense line may be used 10 detect conditions in the
integrated circuitry such as cracks or temperature of a print die. Whether proceeding
through block 914 or block 218, the falling edge of the FIRE signal clears the
memory configuration register and clears the NVM-enabile bit of the configuration
register.

{00921 Fig. 101s a drawing showing an exampile signal set 1000 for a
configuration register write. As noted abovs, other data organizing and storing
structures other than registers are contemplated. In an example, other storage
elements may be used in place of a register. The signal sets are provided (o
ilustrate one way of accessing the configuration register using the same lines that
are used o provide data o fluid actuation devices such as nozzles.

{0093] The signal set 1000 can include a MODE line 1002, a FIRE line 1004, a
CLK 1006 line, and a DATA 1008 line. As used herein, the mode line may be
connected. As used herein, a line may refer to a signal ransmission medium such
as metal traces for electrical signals. For electrical signals other types of conductive
lines are possible as well. Likewise if signals other than electrical signals are sent,
the appropriate tfransmission mediums could also be used. The MODE line 1002
may indicate a mode may connect 1o the integrated circuitry such as a die that
includes a die configuration register. The FIRE line 1004 may be connecied to the
configuration register of the integrated circuitry as well as fiuid actuation devices and
may instruct when the fiuid acluation devices are io take aclion. This actlion can
include dispersing ink droplets corresponding 1o selected fluid actuators towards a
print medium. The action taken in response {o g FIRE signal that is connected {o the
configuration register can also include the writing or clearing of bits in registers or

memory.
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{0084] The CLK line 1006 shows a configuration clock signal that enables actions
on the rising actions of each clock tick. The DATA line 1008 can be a configuration
data line for a specific print die and its associated registers and memory bits. The
configuration data may be received directly from the DATA line 1008 when certain
conditions are met.

{0095] For example, the configuration register may be enabled for a write action
when a signal on the MODE ling 1002 transitions high 1010 with the DATA line 1008
also providing a high signal 1012 that shows a signal value of 1. Aftera
configuration register enabling action by the two lines, further data may be shifted
into the enabled serial register in time with the rising edges of the CLK signal as
seen in rising action A 1014, rising action B 10186, rising action € 1018, and rising
action D 1020. In time with each of these rising actions, data from the DATA line
1008 may be transmiited 1o the configuration register. For example, data for a third
place bit 1022 for a configuration register may be shifted inio the register when the
DATA line 1008 is signaling high at the time of rising action A 1014 on the CLK line
1008. Likewise, data for a second place bit 1024 for a configuration register may be
shifted into the register when the DATA line 1008 is signaling low at the time of rising
action B 1016 on the CLK line 1008. In an example, data for a first place bit 1026 for
a configuration register may be shifted into the configuration register when the DATA
line 1008 is signaling high at the time of rising action C 1018 on the CLK line 1008.
In an example, data for a zero place bit 1028 for a configuration register may be
shifted into the register when the DATA line 1008 is signaling high at the time of
rising action D 1020 on the CLK line 1006. This example shows a 4-bit long
configuration register write, thus the four places of data that may be indicated on the
DATA line 1008 with the corresponding rising actions on the CLK line 1008. As
noted above, other lengths of configuration register writes could be larger or smaller
in size depending on the size of the configuration register. Likewise, similar
signaling can be used 1o write 10 other memory configurations and can also vary in
length and amount of data transferred in accordance with the size and structure of
the memory. In an example, the rising edges of CLK shifts data into the serial
configuration register, and old/exira bits are shifted off the end, such as Msbits.
f00868] Fig. 11 is a schematic of an example access 1110 of memory bits using
mulliple enabled registers and nozzle data. Like numbered ilems are as described in



WO 2020/162920 PCT/US2019/016817

-03.

Fig. 10. In addition, to connecting to the configuration register 1102 as noted in Fig.
11, the MODE line 1002, FIRE line 1004, CLK line 1006, and DATA line 1008 may
also be communicatively connected to the memory configuration register 1104, As
memory access data bils, such as NVM-enabile bits can be included in nozzie dala,
this bit from nozzle data 1106 may write o the memory configuration register 1104
using the methods outlined at least in Fig. 9 or Fig. 13. In addition to enabling a
memaory access Or a memaory access write mode, the configuration register 1102
may also have bits 1o serve as control signals 1108 for testing elementis of the
integrated circuitry such as crack detection, waichdog enablement, analog delays,
and component validation.

f00887] The memory configuration register 1104 is enabiled via a bit in the dot data
stream, such as the bit from nozzle data 1106 as well as a configuration register
memory bit 1110 in the configuration register 1102. When all three are enabled, i.e.
bit in the nozzle data 1108, configuration register memory bit 1110, and the memory
configuration register 1104, then the memory configuration register 1104 is enabled
to access the memory control bits 1112, When the FIRE line 1004 signals a falling
edge, the bits in the memory configuration register 1104 as well as the configuration
register memory bit 1110 in the configuration register 1102 are cleared.

{0088] Fig. 12 is a schematic showing an example of logical circuits 1200
accessing a memory cell. Many components may not be shown to facilitate
description of the shown components. Additionally, the logical circuitry shown here
may be a part of the same die circuitry, may be physically separate, and may also be
the same circuitry performing different fasks while in different states. For example,
the fluid actuation circuit may be physically separate from the configuration circuit in
one example, and in another example, they may be the same circuitry in differing
states.

{00991 The logical circuils 1200 can include a fluid actuation circuit 1202, As
used herein, the fluid actuation circuit 1202 may be a circuit that uses selection
information 1204 to control the dispersion of Huid through a fluid actuation device
1206. In an example, the fluid actuation circuit 1202 may be disposed on or within
integrated circuitry. The fluid actuation device 1206 may be a primitive of group of
primitives. As used herein, a primitive may refer 1o a grouping of fiuid dispersion
nozzies that eject or otherwise displace fluid such as ink towards a print medium.
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The selection data 1204 in the fluid actuation circuit 1202 may be used 1o select
specific nozzles by address line and primitive number or region number in order {o
indicate which nozzles may be fired in response to a FIRE signal.

{00100] The selection information 1204 may also include a data staie bit 1208. The
data state bit 1208 may be stered in a header or footer of a packet of selection
information 1204. The dala state bit may also correspondto eitheraOora 1. Inan
example, a 0 of the data state bit may indicate that the data siate bit is not
attempting to initiate the process 1o access a memory cell 1210, A 1 siored in the
data state bit 1208 may indicate that the data state bit is initiating the process fo
access the memory cell 1210, In order 1o access the memory cell 1210, however,
the data state bit 1208, the configuration circuit 1212, and the memory circuit 1214
must all be enabled when a FIRE signal is deployed through the integrated circuitry.
As used herein, the configuration circuit 1212 can include the configuration register
1102 of Fig. 11 as well as other bit conversion circuit types. As used herein the
memory circuit 1214 can include the memory configuration register 1104 of Fig. 11
as well as other bit conversion circult types.

{00101} The configuration circuil 1212 can be configured to have a configuration
access state which can be set to one of, and swilch between, an enabied state and
disabled state. iIn an example, the configuration circuit 1212 can be configured to
enable and disable the configuration access state in response to a configuration
state bit 1216. In an example, the configuration state bit 1216 may be stored in a
configuration register. The fluid actuation circuit 1202 can fransmit selection
information 1204 for a fluid actuation device 1206 while within the same data and
circuitry, the selection information 1204 includes a data state bit 1208 set o enable
the configuration access state. Accordingly, the configuration state bit 1218 may be
set or changed so that the configuration circuit 1212 changes from a disabled state
to an enabled state. In an example, a data state bit 1208 may be set {0 a high value
ora tand this data may be mirrored, maiched, or shifted so that an enable state is
reflected in the configuration circuit 1212, In an example, this mirroring, matching, or
shifting may be undertaken by the configuration state bit 1216 which may mirror the
value or signal of the data state bit 1208.

f081021 The memory circuit 1214 can be configured o have a memory access
state which can be set to one of, and switch between, an enabled state and disabled
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state. In an example, the memory circuit 1214 is configured o enable or disable the
mermory access state in response to a memory state bit 1218, In an example, the
memory state bit 1218 may be changed in response to the data state bit 1208 and
the configuration state bit 1216 both signaling high, each having values of 1, or both
indicating they are enabled at the time of a CLK signal rising action or a FIRE signal
rising aciion.

{00183] In an example, the memory cell 1210 is made accessible by having both
the memaory access state of the memory circuit 1214 and the configuration access
state of the configuration circuit 1212 enabled. In an example, when data state bit
1208 is enabled as well as the configuration state bit 1216 of the configuration circuit
1212 and the memaory state bit 1218 of the memory circuit 1214, then memory cell
1210 may be accessed. In an example, the memory cell may be accessed in
response to the memory access state being enabled, the configuration access state
being enabled, and the fuid actuation circuit {o transmil selection information
including the data state bit being set. In an example, the data state bit mustbe setto
a memory access state along with the enabiing of the configuration circuit 1212 and
the memory circuit 1214. The access being prohibited unless all three of these
states are enabled ensures that inadvertent signal noise that may be present on
shared circuilry is not accidentally written into memory. As the fluid actuation circuitry
1202 includes selection daia 1204 that may be selecting a large number of nozzles
over time to indicate printing upon a FIRE signal, this shared circuitry must be
secured o ensure that these many signals do not affect the data in a memory cell
1210. Accordingly, the sequence described and the number of state bils that must
be enabled 10 access the memory cell 1210 allows protection of the data of the
memory cell as well as ensures memory cell access is granted when intended.
{00104] In an example, the memory cell 1210 is accessed for the duration of a
FIRE signal. The access of the memory cell 1210 may be to write to the memory cell
1210 or the medification or reading of the memory cell 1210, In an example, the
falling edge of a FIRE signal sets the memory access staie to a disabled state and
the configuration access staie to a disabled state. The setlting of the disabled state
may be accomplished by resetting the configuration siate bit 1218 and the memory
state bit 1218 to © or to a low signal or removing any stored value.
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{06105] In an example, the memaory state bit 1218, configuration state bit 1216,
and data state bif 1208 are {o be received over the same interface pad. nan
example, this can be the DATA pad, the CLK pad, the FIRE pad, or others
depending on specific implementations. As used herein, each of these pads
corresponds o a line over which electrical signals are provided to the various logical
circuits 1200, In an example, a CLK or clock signal in the integrated circull triggers a
memory state bit 1218 {o enable the memory access siate and a configuration siate
bit 1216 to enable the configuration access state. As shown in Fig. 10, this can
occur on a rising action. In an example, the triggering of a memory state bit 1218 to
enable the memory access state and a configuration slate bit 1216 to enable the
configuration access state can also be on the falling edge of a clock signal.

{00108] Fig. 13is a flowchart of an example method 1300 for accessing a memory
cell in response {0 enabled access states. The sequence shown may include or omit
actions taken by the integrated circuitry in order to facilitale description of the shown
elements.

[00107] Al block 1302, the method 1300 begins by configuring an integrated circuit
to have a memory access state which can be set {0 one of an enabled state and
disabled state. In an example, a configuration circuit enables or disables the
configuration access state in response to the configuration state bit.

i00108] At biock 1304, the method 1300 includes transmitting, with a fiuid
actuation circuit, selection information for a fluid actuation device, the selection
information including a data state bit. In an example, a memory circuit enables or
disables the memory access state in response (o the memory state bit.

[00108] At block 1306, the method 1300 includes configure a memory cell array so
that each memory cell is accessible by the memory access state being enabled, and
the data state bit being set. In an example, accessing the memory cell includes the
configuration access stale be enabled in addition to the dala state bit and the
memory access state both also being enabled. The memory cell may be accessed
for the duration of a FIRE signal. In an example, the falling edge of a FIRE signal
sets the memory access stale to a disabled state and the configuration access state
to a disabled siate. In an example, the memory siate bit, configuration staie bit, and
data state bit are {0 be received over the same interface pad. The method 1300 may
further include triggering a memory configuration bit {o enable the memory access
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state and a configuration state bit to enable the configuration access state in
response 1o a clock signal.

001101  In an example, in order to access memory, the steps include setting the
enable bit using data that is part of the fluid activation devices data stream. Also, in
an sxample, write the configuration register bit. Following these two steps, drive the
FIRE signal high to allow an internal enable bif to be set, and the config bit {o be
cieared. When a configuration bit is set a second time, and the internal enable bit
has been set as above, then the memory configuration register can be written o in
order to set up the read/write condition as well as which of two types of memaory bits
can be accessed,

{08111} Fig. 14 is a block diagram of an example circuitry and memory bit writing
plan 1400. Like numbered items are as described with respect o Fig. 4.

{00112] The memory voltage regulaltor 1402 can provide vollage to the memory
bits 424 in response to a single FIRE signal rising action enabling the memory write
mode through the memory and configuration registers. Examples of enabling a write
mode can be seen at least with respect o Fig. 9-13. The memory voltage regulator
1402 may accept power from a shared power source (VPP) 1404 that is shared with
the fluid actuators. The VPP pad 1404 may refer to a shared power (VPP} bus
connected 1o the fluid actuators. In an example, the fluid actuators are nozzles. The
memory voltage regulator may write {o the memory bits corresponding to the
selecied fluid actuators.

[06113] The memory bits to be wiilten in paraliel may be selected using the high
speed datapath, as part of the fire pulse group primitive data. In an example, the
memory bits are selected by a primitive number and an address number like fluid
actuators. The selection of memory bits by primitive number and address number
allows muitiple memory bits located within the same die and on the same address 1o
be selected and written in parallel.  The selection of memory bits by primitive
number and address number also allows muitiple memory bits within different silicon
die on the same print head to be selected and written in parallel. In one example,
the different silicon die can be in within a single pen such as a color pen with three
silicon die. The selection and paraliel writing of memaory bits by primitive number
and address number also aliows selection of mulliple memory bits across multiple
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silicon die. These silicon bits may also be across muitiple print heads within the print
system such as parallel writing of memaory bits in a color pen and a black pen.
[00114] When selecling bits by address, each unique silicon die can select a biton
a different address number, but bits within the same die will be selected on the same
address. This reduces pen manufacturing test time by writing multiple bits in parallel
within die or across slivers within a print head. Further, the present lechniques
improves control of programming level by using a FIRE pad signal to control write
time.

0011581 In an example, the FIRE signal doesn’t actually go to the memory voliage
regulator 1402. Instead, the memory voltage reguiator 1402 is enabled by the
memaory access mede state the die has entered into using the sequence shown in
Fig. 9 - 13. Once the memory voltage regulator 1402 is enabled, a rising aclion in
the FIRE signal can enable the memory. Enabling the memory bif allows current to
flow from the memory voltage regulator 1402 through the selected combination of
memory bits thus program them in paraliel.

{00118] Fig. 15 is a flowchart of an example method 1500 for providing a write
voltage with a memory voltage regulator 1o the selected combination of memory bits.
The sequence shown may include or omit actions taken by the integrated circuitry in
order {o facilitate description of the shown slements.

001177 At block 1502, the method 1500 includes selecting at least one memory bit
of the plurality of memory bits and fire actuators of a fire pulse group. In an example,
the selecting the combination of memory bits is done with a single fire pulse group.
The number of fluid actuation devices may be driven with the same data line for
accessing memory. In an example, each of the selected combination of memory bits
is written either one at a time or in parallel in response fo a single FIRE signal rising
action. In an example, a first memory bit of the selected combination of memaory bits
is located on a first silicon die and a second memory bit of the selected combination
of memory bits is located on a second silicon die. In an example, the first silicon dis
is located in a first print pen and the second silicon die is located in a second print
pen. In an example, each of the number of memory bits corresponds fo a fluid
actuator. In an example, the selected combination of the number of memory bits is
identified in data selected by a primitive number and an address number in the single
fire pulse group.
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{00118] Al block 1504, the method 1500 includes providing a write voltage with a
mermory voltage regulator to the at least one memory bit of the plurality of memory
bits. In an example, the memory vollage regulator provides the write voltage 1o the
selected combination of the number of memory bits during the duration of a single
FIRE signal.

[00118] Figure 16 is a block diagram illustrating another example of an infegrated
circuit 1600 with multiple memory bits associated with each fluid acluator. The
connections between elements can be a signal path, a trace, or other electrically
conductive or communicative connection. The integrated circuit 1600 may include a
plurality of fluid actuation devices 16020 1o 1602w, a plurality of memory cells 16040
to 1604ng, a select circuit 1608, and control logic 1608. In addition, integrated circuit
1602 includes a write circuit 1610, a sensor 1612, and a configuration register 1814,
{00120] In this example, select circuit 1606 includes an address decoder 1616 and
activation logic 1618. Address decoder 16186 receive addresses and data through a
data interface 1620. Address decoder 1616 is electrically coupled to activation logic
1618. Activation logic 1618 receives a fire signal through a fire interface 1622. Each
memory cell 16040a to 1804ns is electrically coupled to write circuit 1610 through a
sense interface 1624. Sensor 1612 is electrically coupled to control logic 1608
through a signal path and o sense interface 1624,

[00121] Address Decoder 1618 selects fluid actuation devices 16802 io 1802w and
memory cells 168040 10 1604ne corresponding to the selected fluid actuation devices
16020 to 1602~ in response 1o an address. As illustrated, each fluid actuation device
1602~ has muitiple memory cells 1604na ane 160481, In an example, the multiple
memory cells 1604na ana 1604ns per fluid actuation device 1602y, may be located
outside of the configuration register 1614.

{00122] The addresses may be received through a data interface 1620. Inan
example, the activation logic 1618 activates selected fluid actuation devices 16020 to
1602~ and memory cells 160404 10 1604ns corresponding o the selected fluid
actuation devices 16020 to 1602n based on a data signal and a fire signal. The data
signal may include nozzle data indicating which fluid actuation device(s) for the
provided address are to be selected. The data signal may be received through the
data interface 1620. The fire signal indicates when the selected fluid actuation

devices are {o be activated (i.e., fired) or when the corresponding memory cells are
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to be accessed. The fire signal may be received through the fire interface 1622.
Each of the data interface 1620, fire interface 1622, and sense interface 1624 may
be a contact pad, a pin, a bump, a wire, or another suitable slectrical interiace for
transmitting signals to and/or from integrated circuit 1600, Each of the interfaces
1620, 1622, and 1624 may be electrically coupled to a fluid gjection system.

{00123] The configuration register 1614 stores data o enable or disable access o
the plurality of memory cells 160404 10 16804ns. The conirol logic 1608 either
activates the selected fluid actuation devices 16020 1o 1802 or accesses the
memory cells 160404 to 1604w corresponding to the selected fluid actuation devices
16020 to 1602~ based on the dala stored in the configuration register 1614, In one
example, the configuration register 1614 may have multiple bits to correspond to the
plurality of memory cells 1680404 to 1604nz. In another example, the configuration
register 1614 also stores or transmit data to enable or disable the sensor 1612.
[00124] Configuration register 1614 may be a memory device (e.g., non-volafile
memory, shift register, eic.) and may include any suitable number of bits {e.g., 4 bits
to 24 bits, such as 12 bits) and may include multipie bits per each of the fluid
actuation devices 16020 to 1602n. In certain examples, configuration register 1614
may also store configuration data for testing integrated circuit 1600, detecling cracks
within a substrate of integrated circuit 1800, enabling timers of integrated circuit
1600, setting analog delays of integrated circuit 1600, validating operations of
integrated circuit 1600, or for configuring other functions of integrated circuit 1600.
[00125] Data siored in memory cells 16040a 10 1604ne may be read through sense
interface 1624 when the selected memaory celis 160404 10 160488 have been
accessed by control logic 1608. In addition, write circuit 1610 may write data {o
selected memory cells when the selected memory cells 16040a 10 1604ne have been
accessed by control logic 1608. Sensor 1612 may be a junction device (8.g.,
thermal diode), a resistive device (e.q., crack detector), or another suitable device for
sensing a state of integrated circuit 1600. Sensor 1612 may be read through sense
interface 1624.

[00126] While the present technigques may be susceptibie to various modifications
and alternative forms, the techniques discussed above have been shown by way of
example. I is 1o be understood that the technigque is not intended 1o be limited to the
particular examples disclosed herein. Indeed, the present technigues include all
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alternatives, modifications, and equivalents falling within the scope of the following

claims.
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CLAIMS

What is claimed is:

1. An integrated circuit for a print component comprising:

a plurality of memory biis;

a single lane analog bus conductively coupling the plurality of memory bits to a pad
located on an exterior of the print head; and

the pad to transmit an electrical signal from the plurality of memory bits, wherein the
electrical signal indicates a combination of all selected bits of the plurality of
memory bits.

2. The integrated circuit of claim 1, wherein the pad is to transmit a single
electrical signal from the plurality of memory bits, simultaneously, representing a
paralie! bit read of the plurality of memory bits.

3. The integrated circuit of claim 1 or 2, wherein the pad is external to the die to
connect to a printer-side contact.

4, The integrated circuit of any of claims 1-3, wherein the pad is an analog signal

pad to communicate an analog signal.

5. The integrated circuit of any of claims 1-4, wherein, the pad is a pad o
communicate sensor states, in addition to the memory bits signal.

8. The integrated circuit of any of claims 1-5, wherein a first memory bit of the
plurality of memory bits is located on a first silicon die and a second memory bit of
the plurality of memory bits is located on a second silicon die.

7. The integrated circuit of any of claims 1-8, wherein the first silicon die is
associated with a first fluid type and the second sificon die is associated with a
second fluid type different than the first type.
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8. The integrated circuit of any of claims 1-7, comprising select Ingic to select the
plurality of memory bits and fluidic actuators using the same select lane.

9. The integrated circuit of any of claims 1-8, wherein the select logic comprises
an address decoder {o select fluid actuation devices and memory cells
corresponding to the selected fluid actuation devices in response {0 an address.

10.  The integrated circuit of any of claims 1-9, configured so that, when an
external current is applied, a lower voltage signal is transmitted via the pad for a
selected plurality of memory bits relative to a voltage for a single selected memory
bit.

11.  The integrated circuit of any of claims 1-10, configured so that, when an
external voltage is applied, a higher current signal is tfransmitled via the pad for a
selected plurality of memory bits relative to a voltage for a single selected memory
bit.

12.  The integrated circuit of any of claims 1-11, wherein the memory bits behave
with high resistance when unprogrammed, and with lower resistance when

programmed.

13.  The integrated circuit of any of claims 1-12, wherein the memory bits
correspond to fluidic actuators proximate to nozzles.

14.  The integrated circuit of any of claims 1-13, wherein the pad is conductively
connected to transmit an electrical signal from a crack detection resistor in

combination with the plurality of memory bits.

15, The integrated circuit of any of claims 1-14, wherein:

the memory bits correspond to fluidic actuators proximate to a plurality of nozzles;
and

the crack detection resistor is routed in-between the nozzles.
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16.  Anintegrated circuit associated with a communicating replaceable print head
carlridge, comprising a single sense contact pad located on an exierior of the
replaceable print head cartridge, the single sense contact pad to transmit an
electrical signal from a plurality of memory bits, wherein the electrical signal indicates
a combination of all selected bits of the plurality of memory bits.

17.  The integrated circuit of claim 16, wherein the pad is o transmit a single
electrical signal from the plurality of memory bits, simultaneously, representing a
parallel bit read of the plurality of memory bits.

18.  The integrated circuit of claim 16 or 17, wherein a first memaory bit of the
plurality of memory bits is located on a first silicon die and a second memory bit of
the plurality of memory bits is located on a second silicon die.

12.  The integrated circuit of any of claims 16-18, wherein the first silicon die is
associated with a first fluid type and the second silicon die is associated with a
second fluid type different from the first type.

20.  The integrated circuit of any of claims 16-18, comprising select logic to select
the plurality of memory bits and fluidic acluators using the same select lane.

21. A method for communicating siored data from an integrated circuit,

comprising:

selecting a plurality of memory bits;

providing an input analog electrical signal to the plurality of memory bits; and

measuring an output analog electrical signal on a single sense contact pad
communicatively connected {o the plurality of memory bits, the measurement
to be made for the plurality of memory bits in combination.

22. The method of claim 21, comprising transmitting a single electrical signal from
the pluralily of memory bits, simultanecusly, representing a parallel bit read of the
plurality of memory bits.
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23, The methad of claim 21 or 22, configured so that, when an external current is
applied, a lower voltage signal is ransmitted via the pad for a selected plurality of
memory bils relative to a voltage for a single selected memory bit.

24, The method of any of claims 21-23, configured so that, when an external
voliage is applied, & higher current signal is ransmitted via the pad for a selected
plurality of memory bits relative {o a voltage for a single selected memory bit.

25. The method of any of claims 21-24, whersin the plurality of memory bits sach
correspond to a fluidic actuator located on a silicon die.

26.  The method of any of claims 21-25, wherein the plurality of memory bits
correspond o a plurality of fluidic actuators, where the plurality of fiuidic actuators
are located on a plurality of silicon dies.

27.  The method of any of claims 21-26, wherein the memaory bits behave with

high resistance when unprogrammed, and with lower resistance when programmed



