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(57) Abstract: In one example in accordance with the present disclosure a printhead with a number of high dielectric EPROM cells
is described. The printhead is to deposit fluid onto a print medium. The printhead also includes a number of EPROM cells. Each
EPROM cell includes a substrate having a source and a drain, a tloating gate separated from the substrate by a first dielectric layer,

o and a control gate separate from the floating gate by a second dielectric layer. The second dielectric layer includes a high-dielectric

constant material.
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PRINTHEADS WITH HIGH DIELECTRIC EPROM CELLS

BACKGROUND

100017 A memory system may be used to store data. In some
examples, imaging devices, such as printheads may include memory to store
information relating to printer cartridge identification, security information, and

authentication information, among other types of information.

BRIEF DESCRIPTION OF THE DRAWINGS

[6602]  The accompanying drawings illustrate various examples of the
principies described hersin and are a part of the specification. The illustrated
examples do not limit the scope of the claims.

(80037 Fig. 1is a diagram of a printing system according 1o one
example of the principles described herein.

8004} Fig. 2 is a block diagram of a printer cariridge that uses a
printhead with a number of high dielectric erasable programmable read only
memeory (EPROM) celis according 1o one example of the principles described
herain.

(80057 Fig. 3A is a diagram of a printer cartridge with a number of high
dielectric EPROM cells according to one example of the principles described
herein.

(8006} Fig. 3B is a cross-sectional diagram of a printer cartridge with a
number of high dielectric EPROM ceils according o one sxampie of the

principles described hersin,



WO 2016/167763 PCT/US2015/025944

(80071 Fig. 3C is a cross-sactional diagram of a printhead with a
number of high dislectric EPROM cells according to one exampie of the
principies described hergin.

(60081 Fig. 4A is a circuit diagram of a high dielectric EPROM cell
according 1o one example of the principles described hersin.

[6008]  Fig. 4B is a cross-sectional view of a high diglectric EPROM
celt according (o one example of the principles described herein.

(8010} Fig. 5 is a circuit diagram of a printhead with a high dislectric
EFROM cell according to examples of the principles described herein.

100111 Fig. 6 is a cross-sectional view of a printhead including a high
diefectric EPROM cell, a memvistor, and a firing resistor according o one
example of the principles described hersin.

[8012]  Throughout the drawings, identical reference numbers

designate similar, but not necessarily identical, elements.

DETAILED DESCRIPTION

[6613] Memory devices are used to store information for a printer
cartridge. Printer cartridges include memory to store information related {o the
operation of the printhead. For example, a printhead may include meamory to
store information related 1) to the printhead; 2} to fluid, such as ink, used by the
printhead; or 3} {0 the use and maintenance of the printhead. Other examples
of information that may be stored on a printhead include information relaling to
1) a fluid supply, 2) fluid identification information, 3} fluid characterization
information, and 4) fluid usage data, among other types of fluid or imaging
device related data. More exampies of information that may be stored include
identification information, serial numbers, security information, feature
information, Anti-Counterfeiting (ACF) information, among other types of
information. While memory usage on printheads is desirable, changing
circumstances may reduce their efficacy in storing information,

180141  For example, an increasing trend in counterfeiting may lead to

current memory devices being too small to contain sufficient anti-counterfeiting
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information and security and authentication information. Additionally, with
foyalty customer reward programs, new business models and other customer
relation management programs through cloud-printing and other priniing
architectures, additional market data, customer appreciation value information,
encryption information, and othar types of information on the rise, a
manufacturer may desire {0 store more information on a memory device of a
printer cariridge.

[8015] Moreover, as new lechnologies develop, circull space is at a
premium. Accordingly, it may be desirable for the greater amounts of dala
storage 1o occupy less space within a device. Erasable programmable read
only memory (EPROM) cells may be used for their simple consfruction, non-
volatiiity, and efficient siorage of data. EPROM arrays include a conductive grid
of columns and rows. EPROM cells located atl intersections of rows and
columns have two gates that are separated from gach cther by a dielectric
tayer. One of the gates is called a floating gate and the other is called a contrdl
gate. Alogical value may be represented by either allowing current {o flow
through, or preventing current from flowing through the EPROM cell. In other
words, the logical value of an EPROM cell may be determined by the resistance
of the EPROM ceil. Such a resistance is dependent upon the voltage at the
fioating gate of the EPROM cell. While EPROM cells may serve as beneficial
memory storage devices, their use presents a number of complications.

180168] For example, printheads are formed by depositing layers of
material on a substrate surface. As an EPROM cell includes two gates, multiple
additional layers of maierial are used to form these EPROM cells. The
additional layers increase the thickness of the printhead and overall size of the
printhead. Moreover, as will be described below, in order {o generale an
EPROM that is easily read from and writlen to, the dielectric layer, i.e., the layer
between a confrol gate and a floating gate of the EPROM cell, can be rather
thick, which thickness furither increases the size and inefficiency of EPROM as a
memory storage device.

1806171 Accordingly, the present disclosure describes a printhead with

EPROM cells that alleviate these and other complications. For example, an

(oY)
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EPROM cell may be formed that uses a memristive capacitor to form a portion
of the EFROM cell. More specifically, a first conductive layer, that forms part of
the fivating gate, may be separated from a second conductive layer, thal forms
the control gate, by a dielectric layer. The dielectric layer may be formed of an
oxide material having a high dielectric constant. Using such a sandwiched
layering with a high dielectric constant oxide material as the dielectric material
between two conductive, or metal plates, may allow for a thinner EPROM cell {0
be formed while maintaining a sufficient capacitance for effective memory
storage.

[6618]  More specifically, the present disclosure describes a printhead
with a number of high dieleciric erasable programmable read only memory
(EPROMj cells. The printhead includes a number of nozzles (o deposit an
amount of fluid onto g print medium. Each nozzle includes a firing chamber to
hold the amount of fluid, an opening 1o dispense the amount of fluid onto the
print medium, and an ejector to eject the amount of fluid through the opening.
The printhead also includes a number of EPROM cells. Each EPROM csll
includes a subsirate having a source and a drain disposed therein, a floating
gate separated from the subsirate by a first dielectric layer, and a control gate
separate from the floating gate by a second dielectric layer. The second
dielectric layer includes a high-dielectric constant material.

[8018] The present disclosure also describes a printer cartridgs
having a number of high dielectric EPROM cells. The cariridge includes a fluid
supply and printhead to deposit fluid from the fluid supply onto a print medium,
The printhead includes a number of EPROM celis. Each EPROM cell includes
a substrate having a source and a drain disposed therein, a polysilicon layer
separated from the subsirate by a first dielectric layer, and a first conductive
tayer separated from the polysilicon layer by a third dielectric layer. The first
conductive layer contacts the polysilicon layer through a gap in the third
dielectric layer and the first conductive layer and the polysilicon layer form a
floating gate of the EPROM cell. The printhead also includes a second

conductive layer separated from the first conductive layer by a second dielectric
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fayer. The second conductive layer forms a control gate of the EPROM cell and
the second dielectric layer has a high diglectric constant.

(602871 A printer cartridge and a printhead that utilize high dislectric
EPROM celis may provide memory siorage to a printhead in the form of
EPROM memory, while reducing the number and thickness of layers used to
form the printhead. Moreover, the lavers used o form the EPROM may
corraspond 1o layers used to form other components, such as firing resistors
and menwistors of the printhead. Accordingly, a set number of layers may be
co-utilized to form the EPROM memory cells.

(66211  As used in the present specification and in the appended
claims, the term “printer cartridge” may refer {o a device used in the ejection of
ink, or other fiuid, onto a print medium. In general, a printer cartridge may be a
fluidic ejection device that dispenses Tluid such as ink, wayx, polymers, or other
fluids. A printer cartridge may include a printhead. In some examples, a
printhead may be used in printers, graphic plotters, coplers, and facsimile
machines. In these examples, a printhead may eject ink, or ancther fluid, onto a
medium such as paper {0 form a desired image or a desired three-dimensional
geometry.

1860221  Accordingly, as used in the present specification and in the
appendead claims, the term “printer” is meant [0 be understood broadly as any
device capable of selectively placing a fluid onto a print medium. in one
example the printer is an inkjet printer. In another example, the prinleris a
three-dimensional printer. In yet another example, the printer is a digital titration
device.

[6623]  Still further, as used in the present specification and in the
appended claims, the term “fluid” is meant to be undersiood broadly as any
substance that continually deforms under an applied shear siress. Inone
example, a fluid may be a pharmaceutical. In ancther example, the fluid may be
an ink. In another example, the fluld may be a Hguid.

[6024]  Still further, as used in the present specification and in the
appended claims, the term “print medium” is meant {0 be undersiood broadly as

any surface onto which a fluid ejected from a nozzle of a printer cariridge may
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be deposited. In one example, the print medium may be paper. In another
example, the print medium may be an edible substrate. In yet another exampie,
ithe print medium may be a medicinal pill.

[060625]  Still further, as used in the present specification and in the
appended claims, the term “menmristor” may refer to a passive two-terminal
circuit element that maintains a functional relationship hetween the time integral
of current, and the time integral of voltage.

[6028]  Still further, as used in the present specification and in the
appended claims, the term "high dielectric” may refer {o any structure that
includes a dieleciric layer having a dielectric constant of greater than 8. For
example, a high diglectric EPROM may be an EPROM that has at least one
dielectric layer, L.e., the second dielectric layer, having a dieleciric constant
greater than 8. Similarly a high dieleciric oxide material, may be an oxide
material with a dielectric constant greater than 6.

(86277  Still further, as used in the present specification and in the
appended claims, the term “short-channal® may refer to a transistor that has a
short channel length. For example, the channel, the space betweaen source and
drain, may be of the same order of magnitude as the depletion-layer widths. As
a numeric example, the distance between a source and a drain of a short-
channel transistor may be less than 2.4 microns.

[8028] Yetfiurther, as used in the present specification and in the
appended claims, "a", "an", and "the" are intended 1o include the plural forms as
well, unless the context clearly indicates otherwise,

(606281  Yetfurther, as used in the present specification and in the
appended claims, the term “a number of” or similar language may include any
positive number including 1 {o infinity; zero not being a number, but the absence
of a number.

(80381 in the following description, for purposes of explanation,
numearous specific details are set forth in order to provide a thorough
understanding of the present systems and methods. 1 will be apparent,
however, o one skilled in the art that the present apparatus, sysiems, and

methods may be practiced without these specific detalls. Reference in the
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specification to “an example” or similar language means that a particular
feature, structure, or characieristic described is included in at least that one
example, bui not necessarily in other examples.

(646311  Turning now to the figures, Fig. 1 is a diagram of a printing
system {100} with a printer cartridge (114} and printhead (116} according to one
example of the principles described hersin. In some examples, the printing
system {100} may be included on a printer. The system (100) includes an
interface with a computing device (102}, The interface enables the sysiem
(100} and specifically the processor {108} 1o interface with various hardware
elements, such as the computing device {102), external and internal {o the
system {100}. Other exampies of external devices include external storage
devices, network devices such as servers, swilches, routers, and client devices
among other types of external devices.

[8032]  in general, the computing device (102) may be any source
from which the system (100} may receive data describing a job to be executed
by the controller (106} in order to gject fluid onto the print medium (126). For
example, via the interface, the controller {106) receives data from the computing
device (102} and femporarily stores the data in the datla storage device (110},
Data may be sent to the coniroller {106) along an electronic, infrared, optical, or
other information transfer path. The data may represent a document and/or file
to be printed. As such, data forms a job for and includes job commands and/or
command parameters,

[60633] A controlier (1086} includes a processor (108}, a data siorags
device {110), and other electronics for communicating with and controlling the
printhead {116). The coniroller (108} receives data from the computing device
(102} and temporarily stores data in the data storage device (110).

[8034]  The controller (106) controls the printhead {(116) in gjecting
fuid from the nozzles (124}, For example, the controller (106) defines a patiern
of ejected fluid drops that form characters, symbols, and/or other graphics or
images on the print medium (126). The pattern of gjected fluid drops is
determined by the print job commands and/or command parameters received

from the computing device {102}, The coniroller (105} may be an application
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specific integrated circuil (ASIC), on a printer for example, to determine the level
of fluid in the printhead (116} based on resistance values of EPROM celis
integrated on the printhead (116). The ASIC may include 3 current source and
an analog to digital converter (ADC). The ASIC converts a voltage present at
the current source to determine a resistance of an EPROM cell, and then
determine g corresponding digital resistance value through the ADC. Compuier
readable program code, executed through executable instructions enables the
resistance determination and the subsequent digital conversion through the
ADC.

160357  The processor (108) may include the hardware architecture io
refrieve executable code from the data storage device (110} and execute the
executable code. The executable code may, when execuled by the processor
{108}, cause the processor (108) {o implement at least the functionality of
ejecting fluid onio the print medium {(126). The exscutable code may also, when
executed by the processor (108}, cause the processor (108} to implement the
functionality of providing instructions o the power supply {130} such that the
power supply (130) provides power to the components of the system (10G).

164361 The data storage device {110} may store data such as
executable program code that is executed by the processor {(108) or other
processing device, The data storage device (110) may specifically store
computar code representing a number of applications that the processor (108}
execules to implement at least the funclionality described herein.

180377 The data storage device {110} may include various types of
memory modules, including volatile and nonvolatile memory. For example, the
datia storage device {110} of the present example includes Random Access
Memory (RAM), Read Only Memory (ROM), and Hard Disk Drive (HDD)
meamory. Many other types of memory may also be ulilized, and the present
specification contemplates the use of many varying fype(s) of memory in the
data storage device {110} as may suit a particular application of the principles
described herein. In certain examples, different types of memory in the data
storage device {110} may be used for different data storage needs. For

example, in certain examples the processor (108) may boot from Read Only
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Memory (ROM)}, maintain nonvolatile storage in the Hard Disk Drive (HDD)
memory, and exscute program code stored in Random Access Memory (RAM).
180387 Generally, the data storage device {110} may include g

computer readable medium, a computer readable storage medium, or a non-
transitory computer readable medium, among others. For examplg, the data
storage device {110} may be an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples of the computer readable
storage medium may include, for example, the following: an electrical
connection having a number of wires, a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory (ROM)}, an erasable
programmable read-only memory (EPROM or Flash memory), a portabie
compact dise read-only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suilable combination of the foregoing. In the
context of this document, a computer readable storage medium may be any
fangible medium that can contain, or store compuier usable program code for
use by or in connection with an instruction execution sysiem, apparatus, or
device. In another example, a computer readable storage medium may be any
non-transitory medium that can contain, or store a program for use by or in
connection with an instruction execution systarm, apparaius, or device.

[8038] The printing system (100} includes a printer cartridge (114} that
includes a printhead (118) and a fluid supply (112). The printer cartridge (114}
may be removable from the system {100} for example, as a replaceable printer
cartridge {114).

168407  The printer cartridge {114) includes a printhead (116} that
gjects drops of fluid through a plurality of nozzles (124} towards a print medium
(126}. The print medium {126) may be any type of suitable sheet or roll
material, such as paper, card stock, fransparencies, polyester, plywood, foam
board, fabric, canvas, and the like. in anocther example, the print medium {126)
may be an edible subsirate. In vet one more example, the print medium {126)

may be a medicinal pill.
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(8041} Nozzies {124) may be arranged in columns or arrays such that
properly sequenced ejection of fluid from the nozzles (124) causes characters,
symbols, and/or other graphics or images 0 he prinied on the print medium
{126} as the printhead (116} and print medium (126) are moved relative to each
other. In one example, the number of nozzles {124) fired may be a number less
than the total number of nozzles (124) available and defined on the printhead
(116}

(80427 The printer cartridge (114) also includes a Huid supply (112} {o
supply an amount of fluid to the printhead (116). In general, fluid flows between
the fluid supply {112} and the printhead (116}, In some examples, a portion of
the fluid supplied 1o the printhead {118) is consumed during operation and fluid
not consumed during printing is returned to the fiuid supply (112}

[0043] in some examples, a mounting assembly positions the
printhead {1106) relalive to a media fransport assembly, and media transport
assembly positioning the print medium (128} relative to printhead (116). Thus, a
print zone (128}, indicated by the dashed box, is defined adjacent to the nozzies
{124} in an area between the printhead (116) and the print medium (126). In
one example, the printhead {116} is a scanning type printhead (116). As such,
the mounting assembly includes a carriage for moving the printhead (116}
relative to the media transport assembly {0 scan the print medium (126}, In
another example, the printhead (118} is a non-scanning type printhead (118).
As such, the mounting assembly fixes the printhead (116) at a prescribed
position relative to the media transport assembly. Thus, the media transport
assembly positions the print medium (126) relative 1o the printhead (116).

{88441 The printhead (116) also includes a high dielectric EPROM
array (134). As described above, g high dielectric EPROM array (134} may be
used to store data. For example, each EPROM cell initially may have all gates,

i.e., the control gate and floaling gate open, putting each EPROM cell in the
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80471  As will be described below, the high dielectric EPROM array
(134) may be used io store any type of data. Examples of data that may be
stored in the high dielectric EPROM array (134} include fluid supply specific
data andfor fluid identification data, fluid characterization data, fluid usage data,
printhead {116) specific data, printhead (116} identification datla, warranty data,
printhead {116) characierization dala, printhead (116) usage dala,
authentication data, security data, Anti-Counterfeiting data (ACF), ink drop
weight, firing frequency, initial printing position, acceleration information, and
gyro information, among other forms of data. In a number of examples, the high
dielectric EPROM array (134) is written at the time of manufacturing and/or
during the operation of the printer cartridge {114). The data stored by it may
provide information to the controlier to adjust the operation of the printer and
ensure correct operation.

[0048] Fig. 2is a block diagram of a printer cartridge (114} that uses a
printhead {116} with a number of high dielectric EPROM cells (248} according to
one exampie of the principles described herein. In some examplegs, the printer
cartridge (114) includes a printhead (116) that carries out al least a part of the
functionality of the printer cartridge (114}). For example, the printhead {116}
may include a number of nozzies (Fig. 1, 124). The printhead (116} glects
drops of fluid from the nozzies (Fig. 1, 124) onto a print medium {Fig. 1, 126} in
accordance with a received print job. The printhead (118} may also include
other circullry to carry out various functions related to printing. in some
examples, the printhead (116} is part of a larger system such as an inlfegraied
printhead (IPH). The printhead (116) may be of varying types. For example,
the printhead {116} may be a thermal inkjet (T1J} printhead or a piezoelectric
inkjet (PIJ) printhead, among other types of printhead {(118).

[8049]  The printhead {(116) includes a high dislectric EPROM array
(134} to store information relating o at least one of the printer cartridge (114}
and the printhead (116). In some examples, the high dislectric EPROM array
{134} includes a number of high dielectric EPROM cells (248-1, 248-2) formed
inn the printhead (116). To siore information, an EPROM cell (248} may be set

to a particular logic value.
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The number of EPROM cells (248) are grouped together into

[BO53]
an EPROM array (134).

In some examples, the EPROM array {134) may be a

cross bar array. In this example, EPROM cells (248) may be formed at an

intersection of a first set of elements and a second number of elements, the

elements forming a grid of intersecting nodes, a node defining an EPROM cell

(248).

134} may be used (o store any type of

(

The EPROM array

10054]
data. Examples of data that may be stored in the EPROM array (134) include

fluid characlerization

fiuid supply specific data and/or fluld identification data,

wead {(116) specific data, printhead (116}

f

identification data, warranty data,

data, fluid usage dala, print

printhead {116) characterization data,

printhead (116} usage data, authentication data, security data, Anti-

Counterfeiling data (ACF}, ink drop weight, firing frequency, initial printing

position, acceleration information, and gyro information, among other forms of

data.

fn a number of examples, the EPROM array (134) is written at the time of

manufacturing and/or during the operation of the printer cartridge (114}.

coupled

in some examples, the printer cartridge (114} may be

[0855]
to a controller (Fig. 1,

106) that is disposed within the sysiem (100). The

controller (Fig. 1, 106) receives a control signal from an exiernal computing
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device (Fig. 1, 102). The controller (Fig. 1, 108) may be an application-specific
integrated circuit (ASIC) found on a printer. A computing device (Fig. 1, 102}
may send a print job to the printer cartridge (114}, the print job being made up of
text, images, or conmbinations thereof {o be printed. The controller {(Fig. 1, 106)
may Tacilitate storing information to the EPROM array (134}, Specifically, the
controlter (Fig. 1, 108} may pass al least one conirol signal {o the number of
EPROM celis (248). For example, the controller (Fig. 1, 106) may be coupled to
the printhead (116}, via a control line such as an identification line. Via the
identification line, the controiler (Fig. 1, 106} may change the logic state of
EPROM celis (248} in the EPROM array (134) o effectively store information to
an EPROM array (134). For example, the controller (106) may send data such
as authentication data, security data, and print job data, in addition to other
types of data fo the printhead (116} to be stored on the EPROM array {(134).

[0056] Figs. 3A and 3B are diagrams of a printer carlridge (114) with a
number of high dielectric EPROM cells (248} according to one example of the
principies described herein. As discussed above, the printhead (118} may
include a number of nozzies (124). In some examples, the printhead (116) may
be broken up into a number of print dies with each die having a number of
nozzies {124}, The printhead {1186} may be any type of printhead (118}
including, for example, a printhead (116} a5 described in Figs. 3A-3C. The
examples shown in Figs. 3A-3C are not meant fo limit the present description.
instead, various types of printheads (118) may be used in conjunction with the
principies described hergin.

180571  The printer cartridge (114) also includes a fluid reservoir (112},
a flexible cable (336}, and conductive pads {338}, In some examples, the fluid
may be ink. For example, the printer cartridge (114} may be an inkjet printer
cartridge, the printhead (116) may be an inkjet printhead, and the ink may be
inkjet ink.

(80587 The EPROM array (134} depicted in Fig. 3C may be similar to
the EPROM array (134) depicied in Figs. 1 and 2. Specifically, the EPROM
array (134) may include EPROM cells (Fig. 2, 248) formed at least in part with a

dielectric layer formed of a high dielectric oxide material. The flexible cable
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{336} is adhered to two sides of the printer cartridge (114} and contains fraces
that electrically connect the EPROM array (134} and printhead (116) with the
conductive pads {338).

(60881 The printer cartridge (114) may be installed into a cradle that is
integral io the carriage of a printer. When the printer cariridge (114} is correctly
installed, the conductive pads {338) are pressed against corresponding
electrical contacts in the cradle, allowing the printer io communicate with, and
control the electrical functions of, the printer cariridge (114). For exampile, the
conductive pads (3338} allow the printer to access and write o the EPROM array
{(134).

1006607 The EPROM array (134) may contain a variety of information
including the type of printer cartridge (114}, the kind of fluid contained in the
printer cariridge (114}, an estimate of the amount of fiuid remaining in the fluid
reservoir {112}, calibration data, error information, and other data. Inone
example, the EPROM array {134) may include information regarding when the
printer cartridge (114} shouild be mainiained.

1806611  To creale an image, the system (Fig. 1, 100) moves the
carriage containing the printer cartridge (114} over a print medium {Fig. 1, 126).
At appropriate fimes, the system (Fig. 1, 100} sends electrical signals to the
printer cariridge (114} via the electrical contacts in the cradle. The elechrical
signals pass through the conductive pads (338) and are routed through the
flexible cable (338} to the printhead (118). The printhead {(118) then ejects a
small droplet of fluid from the reservoir {112} onto the surface of the print
medium (Fig. 1, 126). These droplets combing to form an image on the surface
of the print medium (Fig. 1, 126}

{80827 Fig. 3C is a diagram of a printhead {116} with a number of high
dielectric EPROM celis (Fig. 2, 248) according fo one example of the principles
described herein. More specificaily, as depicted in Fig. 3A, the printhead (116}
may include a high dielectric EPROM array (134} that includes a number of high
dielectric EPROM cells (Fig. 2, 248} as described herein. The printhead (116}
may also include a number of components for depositing a fluid onto a print

medium (Fig. 1, 128). For example, the printhead {118) may include a number
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of nozzies (124). For simplicity, Fig. 3C details a single nozzle (124); however a
number of nozzles (124) are present on the printhead (116}, The printhead
{116} may include any number of nozzles (124}, In an example where the fluid
is an ink, a first subset of nozzles (124) may eject a first color of ink while a
second subset of nozzies (124) may eject a second color of ink. Additional
groups of nozzles (124) may be reserved for additional colors of ink.

[8063] A nozzie {124) may include an ejector (342), a firing chamber
(344}, and an opening (346}. The opening (346} may allow fluid, such as ink, to
be deposited onto a surface, such as a print medium (Fig. 1, 126). The firing
chamber (344) may include a small amount of fluid. The ejector (342) may be a
mechanism for ejecting fluid through an opening (346) from a firing chamber
{344}, where the ejector (342} may include a firing resisior or other thermal
device, a plezoeieciric elemeant, or other mechanism for ejecting fiuid from the
firing chamber (344).

[8064] For example, the ejector (342} may be a firing resistor. The
firing resistor heats up in response 1o an applied voltage. As the firing resistor
heats up, a portion of the fluid in the firing chamber (344) vaporizes o form a
bubble. This bubble pushes liquid fluid out the opening (346} and onto the print
medium {(Fig. 1, 126}, As the vaporized fluid bubble pops, a vacuum pressure
within the firing chamber (344} draws fluid info the firng chamber (344) from the
fluid supply (112), and the process repeats. In this exampls, the printhead (116)
may be a thermatl inkjet printhead.

180657  in another example, the gjector (342} may be g piezoelectric
device. As a voltage is applied, the piezoelaciric device changes shape which
generates a pressure pulse in the firing chamber {344} that pushes a fluid out
the opening (346} and onto the print medium (Fig. 1, 126). In this exampie, the
printhead {116) may be a piezoelectric inkjet printhead.

[80686] The printhead (118) and printer cartridge (114) may aiso
include other components to carry out various funclions related to printing. For
simplicity, in Figs. 3A-3C, a number of these componenis and circuitry included
inn the printhead (116) and printer cartridge (114) are not indicated; however

such components may be present in the printhead (118) and printer cartridge
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(114}, In some examples, the printer carlridge (114} is removable from a
printing system for example, as a disposable printer cartridge.

(80677  Figs. 4A and 4B are diggrams of g high dielectric EPROM cell
{248} according to one example of the principles described herein. Specifically,
Fig. 4A is a circuit diagram of the high dielectric EPROM cell {248} and Fig. 4B
is g cross-sectional diagram of the layers of the high dielectric EPROM celi
(248}

[8068] The EPROM cell (248} includes a control gate (450), a floating
gate {(452), a source {458) and a drain {458). In some examples, the source
{456} and the drain {458) may be formed in a subsirate (454). Ih some
examples, the subsirate (454) maybe an n-type substrate (454) with p-doped
portions forming the source (456) and drain (458}, In other exampies, the
substrate (454} may be a p-type subsirate (454 ) with n-doped portions forming
the source {456) and the drain (458). In some examples, the EPROM celil (248)
may include a short-channel transisior. For example, the EPROM cell (248)
may inciude a short-channel transistor that includes the source (456) the drain
{458} and a first dielectric layer (460) such as a gate oxide. The width of the
gate oxide in a short-channel EPROM transisior may be between 2.2 microns
and 2.4 microns.

(80691  The floating gate (452} of the EPROM cell {248) may be
separated from the substrate (454) by a first dielectric layer {460). The first
dielectric layer (460} may be a gate oxide that electrically isolates the floaling
gate (452) from the source (456} and the drain {458}, In some examples, the
gate oxide may be made of a high dielectric constant material, such as that
used between the control gate (450} and the floating gate {(452). In some
examples, the first dielectric layer (460} may be silicon dioxide, silicon carbide,
and silicon nitride among other diglectric materials. In some examples, the gale
oxide may be 700 Angstroms thick.

80787  in some examples, the floating gate (452) of the EPROM cell
{248} may be formed by a polysilicon layer {(462) and a firs! conductive layer
{484) that is elecirically coupled to the polysilicon laver (462). In some

examples, the polysilicon layer (462} may be polycrysialiine silicon that may be
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doped. For example, the polysilicon fayer (462} may be polycrystalline silicon
that is n-doped. The first conductive layer (464} may be formed of a conductive
material. Examples of conductive materials may include an aluminum copper
alloy, an aluminum copper silicon alloy, and a tanialum aluminum alioy with an
aluminum copper alioy, and a tanialum silicon nitride with an aluminum copper
alloy, among other conductive malerials.

[8071]  The layering of the substrate {(454), the first dielectric layer
(460} and polysilicon layer (462} can be depicted in a circuil as a capacitor as
detailed below in Fig. 5. In some examples, during formation, the polysilicon
layer (462) may initially be separated from the first conductive layer (464) by a
third dielectric layer (478). The third dielectric layer (478) may be formed from
phosphosilicate glass (PSG), borophosphosilicate glass {BPSG) and/or
undoped silicate glass (USG), among other dielectric materials. The first
conductive layer (464} may contact the polysilicon layer (462) via a gap in the
third dielectric layer (478). In summary, the floating gate {(452) of the EPROM
cell (248) may be formed from a first conductive layer (464 and a polysilicon
layer (462) that may be electrically coupled {0 one another through agap in a
third dielectric layer (478). The first dielectric layer (460} between the
polysilicon layer (462) and the subsirate (454} creates a capacitive coupling
between the polysilicon layer (462) and the subsirale (454).

(80721 The control gate (450) of the EPROM cell {(248) may be
separated from the floating gate (452) by a second dislectric layer {(468). In
some examples, the second diglectric layer (466} may be formed from tetraethyt
orthosilicate (TEOS) or other dieleciric material. The conirol gate (450) may be
provided by a second conductive laver (468). The second conductive layer
(468} may be formed of a conductive material. Examples of conductive
materials may include an aluminum copper alloy, an aluminum copper silicon
alloy, and a tantalum aluminum alloy with an aluminum copper alloy, and
tantalum silicon nitride with an aluminum copper alloy, among other conductive
materials.

1806731 The second dielectric layer (466) between the first conductive

layer {464} of the floating gate (452} and the second conductive layer (468) of

19



WO 2016/167763 PCT/US2015/025944

the conirol gate (450} creates a capacitive coupling between the first conductive
fayer {464} and the second conductive layer (468}, In other words, the second
conductive layer (468) forms the control gale (450} and the first conductive layer
{464} and the polysilicon layer (462} form the floating gatle (452} of the EPROM
cell (248}, with the second diglectric layer {466} and first dielectric layer (460}
respectively forming a capacitive coupling between the corresponding layers.

[8074]  in some examples, the second dieleciric layer (466) may be an
oxide material with a high dielectric constant. For example, the sscond
dielectric layer (466} may be formed of a material having a dielectric constant of
atleast 6. The second dielectric layer (466} may be a nitride material with a
high dielectric constant, Specifically, the second dielectric layer (466) may be
formed of tantalum oxide, aluminum oxide, silicon nitride (Si3N4), halfnium
oxide, zirconium oxide, tilanium oxide (having a dielectric conslant of 80) or
combinations thereof. While specific reference is made o various materials that
may be used to form the second dielectric layer {466} any suitable material may
be used.

1806751  iIncluding a second dielectric layer {(466) with a high diglectric
constant may allow for a thinner EPROM cell (248) by reducing the size of the
second dielectric layer (468} while preserving a desired capacifance of the
EPROM cell (248). For example, as described above, the resistance of the
EPROM cell (248), and corresponding logic value, is dependent upon the
voltage at the floating gate (452). The voltage at the floating gate (452} is
dependent at least in part, upon the capacitance of the control gate (450}, a
larger capacitance at the control gate (450) being desired so as o yield a more
clear distinction between states of the EPROM cell (248). Accordingly, using a
material with a smaller dielectric constant may necessilate a larger dielectric {o
achieve the desired capacitance at the control gate (450). in other words, the
high dielectric constant second dielectric layer (465) may allow for a thinner
second dielectric layer (466} than would otherwise be possible while maintaining
a desired capacitance. For example, the second dislectric layer (466} may be
between 2 and 100 nanometers thick. For example, the second diglectric layer

{468} may be between 5 and 15 nanometers thick. In some examples, the
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thickness of the second dielectric layer {466} may be manipulaled to achieve a
desired capacitance.

180767 in some examples, the second diglectric layer (466) may have
a capacitance of at least (.15 picofarads. As described above, using a second
dielectric layer (466} of a highly dielectric material, such as an oxide or nitride of
aluminum, tantalum, silicon, or combinations thereof, a smalier EPROM cell
(248} for a given capacilance may be formed. In some examples, at least ong
of the first conductive layer (464} and the second condugctive layer (468} may be
less than 400 squared micrometers. For example, at least one of the first
conductive layer (464) and the second conductive layer {(468) may be less than
100 squared micrometers. Put another way, in some examples, the diglectric
constant of the second dielectric layer (468} may be sufficiently high such that
the area of the second dielectric layer (466) may be smaller than 400 squared
micrometers and the thickness may be belween 2 nanometers and 100
nanometers thick while exhibiting a capacitance of at least 0.15 picofarads.

80777  in some examples, the second diglectric layer (466) may be
defined by a ratio of a control gate (450) capacitance and a floating gate (452)
capacitance. The control gate (450) capacitance refers o the capacitance
cregted by the first conductive layer (484)/second dielectric layer (466)/second
conductive layer (468) and the floaling gale (452} capacitance refers o the
capacitance created by the substirate (454 )/irst dielectric layer (460 polysilicon
fayer {462). In other words, the capacitance of the conirol gate {450} and the
floating gate (452) may be defined by the properties of the dieleclric layers (462,
468). For example, the separation of the first conductive layer (464) from the
second conductive layer (468) by the second dielectric layer (466} creates a
capacitive coupiing of the control gate (450}, In other words, paraliel opposing
capacitor plates are formed in the first conductive layer (464) and the second
conductive layer (468). Similarly, the separation of the polysilicon layer {462}
from the substrate (454} by the first dislectric layer (460} creates a capacilive
coupling of the floating gate (452) and the source (458) and drain (458).

1006781  Returning o the ratio, the EPROM cell (248) according fo the

presemnt specification may have a ratio of control gate (450) capacitance and the
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fioating gate (452) capacitance of at least 2. In this examiple, the floating gate
(452) may have a capacitance of 70 femiofarads. Having a conductance ratio
of at least 2 as described above may further increase the voltage of the floating
gate {452} and may improve the control of the EPROM cell (248). In other
words, the ratio described above may further increase the gap between the
programmed and un-programmed states by increasing the flogting gate (452)
voltage. For example, as depicted in Fig. 5, the EPROM cell (248) may be
diagramed as a circuit similar to a voltage divider. Accordingly, the voliage
(570}, Vuear, s€en at the floaling gate (Fig. 4, 452) relative to an applied voliage
(672}, Vud, applied atl the control gate (Fig. 4, 450) may be represented by

Equation 1 below.
Viioar = e Y Equation 1.

80791 In Equation 1, Ceg refers to the control gate capacitance {574},
and Cig refers to the floating gate capacitance (576). Accordingly, a larger
conirol gate capacitance (574) results in a larger volfage {5703, Viea: seen al the
floating gate (Fig. 4, 452), which increases the programmed resistance of the
EPROM celi (248).

{80807 Fig. 6 is a cross-seciional view of a printhead (116) including a
high dielectric EPROM cell {248), a memristor (680), and a firing resistor (342)
according o one example of the principles described herein. As described
above, the printhead (118} may include an EPROM cell (248) that includes a
source {456} and a drain {458). The source (456} and drain {458} may be
separated from the polysilicon layer (462-1} by a first dielectric layer {(460-1),

[68681]  As described above, the EPROM cell {248) also includes a first
conductive layer (464}, a second diglectric layer {(466) and a second conductive
fayer (468). In some examples, the second conductive layer (468} may include
muitiple sub-layers with different oxidative propertiss. For example, the first
sub-layer (468-1) may include tantalum aluminum alloy and the second sub-
fayer (468-2) may include an aluminum copper alloy. As depicted in Fig. 6 in

some examples, the layers of the EPROM cell (248} may be planar.
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[B082] in some examples, at least one of these layers may have the
same rmaterial properties, or be the same material as other components in the
printhead {118). For example, the printhead (116) may include a memristor
(680} that includes a first electrode (684}, a swilching oxide (686) disposed on
top of the first electrode (684}, and a second electrode {688} disposead on top of
the swilching oxide (886). In some examples, as depicled in Fig. §, the second
electrode (688) may be a dual layer electrode, Le., it may include multiple layers
of material. For example, the second electrode may include a first sub-layer
(888-1) and a second sub-layer {888-2).

1806837  In this example, the first conductive layer (464) of the EPROM
cell (248) may be the same material, and in some cases formed of the same
layer of the same material, as al least one of the first elecitrode {684 of the
mernrisior (680} and a first layer (890} of the firing resistor (342}, Similarly, the
second dielectric layer (466} of the EPROM cell (248) may be the same
material, and in some cases formed of the same layer of the same material, as
the switching oxide (886) of the memristor. Still further, the second condugctive
layer (468) of the EPROM cell (248) may be the same material, and in some
cases formed of the same layer of the same material, as at least one of the
second electrode (688} of the memristor {680} and a second layer (682} and/or
third layer (684} of the firing resistor {342).

[8084] More specifically, each of the first EPROM sub-layer (468-1),
the first sub-layer {688-1} of the second electrode (688}, and a second layer
(892} of the firing resistor (342} may each be a similar malerial such as a
fantalum aluminum alioy. In some exampiles, each of the first EPROM sub-layer
{468-1}, the first sub-layer {688-1} of the second elacirode (688}, and a second
layer {692} of the firing resistor (342) may be the same layer of material, In
other words these components may be formed simulianecusly by depositing a
single layer of material.

[B085] Similarly, each of the second EPROM sub-layer (468-2}, the
second sub-layer (688-2) of the second electrode (688}, and a third layer (694}
of the firing resistor (342) may be formed of the same material such as an

aluminum copper alioy. In some examples, gach of the second EPROM sub-
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tayer {(468-2}, the second sub-laver (688-2) of the second electrode (888}, and a
third layer (694} of the firing resistor {342) may be the same layer of material. In
other words these components may be formed simultaneously by deposiiing a
single layer of material.

[6688] The printhead {116) may also include a number of passivation
layers {696, 689) that may be from 3,000 to 6,000 Angstroms thick. While the
different components may share a printhead (116), the components may be
associated with different transistors. For example, a first transistor {698-1}
corresponding o the gale (460-1} and the first dielectric iayer (482-1) may be
utilized by the EPROM cell (248} while a second transistor (698-2)
corresponding 1o the gate (460-2) and the first dielectric layer {462-2) may not
be utilized by the EPROM cell (248). Each transistor may be different, for
example, the second fransistor {(698-2) may be a fransistor with a width of
approximaiely 2.8 microns and the first transistor {698-1) may be a short-
channel transistor with a width between 2.2 and 2.4 microns thick.

(606871 By co-ulilizing these lavers, mulliple layers of different
componenis may be formed simultaneously thus reducing the operations to
form the components of a printhead (116}, Moreover, as the layers used o
form the high dielectric EPROM celi (248} may be presently used for other
componenis such as the memristor (880) and firing resistor {342}, the high
dieleciric EPROM cells (248} may be formed without additional manufacturing
equipment or processes.

[060688] Certain examples of the preseni disclosure are direcled to a
printer cartridge (Fig. 1, 114) and printhead (Fig. 1, 116) with a number of high
dielectric EPROM cells (Fig. 2, 248} that provide a number of advantages not
previously offered including, {o creating an EPROM memory device that is
compact and has a high coupling ratio which leads o an improved programming
ratio of the memory device,; reducing the footprint of an EPROM cell {Fig. 2,
248} so as {o free up valuable silicon space for other components and providing
backwards compaltibility with existing prinfers. However, it is contemplated thati
the devices disclosed herein may provide useful in addressing other issues and

deficiencies in a number of technical areas. Therefore the systems and
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methods disclosed herein should not be construed as addressing any of the
particular issues discussad

[6088] The preceding description has been presented to lllustrale and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

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

WHAT IS CLAIMED 1S:

1.

A printhead with a number of high dielectric erasable programmable read

only memory {(EPROM) cells, the printhead comprising:

a number of nozzles to deposit an amount of fluid onto a print medium,

each nozzle comprising:

3.

a firing chamber {0 held the amount of fluid;

an opening to dispense the amount of fluid onto the print meadium,;
and

an ejector to eject the amount of fluid through the opening; and
a number of EPROM cells, each EPROM cell comprising:

a substraie having a source and a drain disposed therein;

a floating gate separated from the substirate by a first dielectric
layer; and

a conirol gate separate from the floating gate by a second
dielectric layer;

in which the second dislectric layer comprises g high-dielectric

constant material,

The printhead of claim 1, in which the fluid is inkjet ink,

The printhead of claim 1, in which the second dielectric layer comprises a

high-dislectric constant oxide material, a high-dielectric constant nitride material,

or combinations thereof.

4.

The printhead of claim 1, in which:
ihe floating gate comprises:
a polysilicon layer,; and
a first conductive layer in contact with the polysilicon layer; and

the control gate comprises a second conductive layer.
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5. The printhead of claim 1, in which the second dielectric layer has a

dielectric constant of greater than 6.

8. The printhead of claim 1, in which a ratic of a capacitance of the second

dielectric layer to a capacitance of the first dielectric layer is greater than 2.

7. The printhead of claim 1, in which the second dislectric layer comprises

aluminum oxide, fantalum oxide, or combinations thereof,

8. A printer cartridge having a number of high dielectric erasable
programmable read only memory (EPROM) cells, the carlridge comprising:
a fluid supply; and
a printhead to deposit fuid from the fuid supply onio a print medium, the
printhead comprising;
a number of EPROM cells, each EPROM cell comprising:
a shorf-channel EPROM transistor comprising a source, a drain,
and a gale oxide disposed on a subsirate;
a polysilicon layer separated from the subsirate by the gate oxide;
a first conductive laver separated from the polysilicon layer by a
third dieleciric layer; in which:
the first conductive layer coniacts the polysilicon layer
through a gap in the third dielectric layer; and
the first conductive layer and the polysilicon layer form a
floating gate of the EPROM cell; and
a second conductive layer separated from the first conductive
layer by a second dielectric layer, in which:
the second conductive layer forms a conirol gate of the
EPROM cell; and

the second dielectric layer has a high dielectric constant.
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Q. The cartridge of claim 8, in which:
the fluid is inkjetl ink;
the prinier cartridge Is an inkjet printer cartridge; and

the printhead is an inkjet printhead.

10.  The carlridge of ¢laim 8, in which the second dielectric layer is between 2

nanometers and 100 nanometers thick.

11.  The cartridge of claim §, in which one of the first conductive layer and the

second conductive layer has an area less than 400 squared micrometers.

12.  The carlridge of claim 8, in which a capacitance of the second dislectric

layer is greater than 0.15 picofarads.

13.  The cartridge of claim §, in which the second dielectric layer comprises

aluminum oxide, fantalum oxide, or combinations thereof.

14, The cartridge of claim &, further comprising a memristor, the memristor
comprising:

a first electrode;

a switching oxide disposed on top of the first electrode; and

a second slectrode disposed on top of the swilching oxide;

in which the swilching oxide of the memristor comprises the same

material as the second dielectric layer of the number of EPROM celis.
15, The carlridge of claim 14, in which the switching oxide of the memristor is

formed in a same layer as the second dielectric layer of the number of EPROM

cells.
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