
WO 2007/120988 PCT/US2007/062644  5 GATE-COUPLED EPROM CELL FOR
PRINTHEAD  BACKGROUND 10 An inkjet printing system is a type of fluid
ejection device, and includes a  printhead, an ink supply, and an
electronic controller that controls the printhead.  The printhead
ejects liquid ink drops through an array of orifices or nozzles
disposed in a die by rapidly heating small volumes of ink located in
vaporization  chambers. The ink is heated with small electric
heaters, such as thin film 15 resistors or firing resistors. Heating
the ink causes a portion of the liquid ink to  vaporize and thereby
eject a single drop through the nozzle toward a sheet of  print
medium, such as a sheet of paper, to print an image. The ink nozzles
are  typically arranged in one or more arrays in the printhead die,
such that properly  sequenced ejection of ink from the nozzles causes
characters or other images  20 to be printed as the printhead scans
across the print medium. To eject each drop of ink, the electronic
controller that controls the  printhead activates an electrical
current from a power supply external to the  printhead. The
electrical current passes through a selected firing resistor to  heat
the ink in a corresponding selected vaporization chamber and eject
the ink 25 through a corresponding nozzle. Known drop generators
include a firing  resistor, a corresponding vaporization chamber, and
a corresponding nozzle.  In inkjet printing systems it is desirable
to have several characteristics of each print cartridge easily
identifiable by a controller, and it is desirable to have  such
identification information supplied directly by the print cartridge.
This 30 "identification information" can provide information to the
controller to adjust the  operation of the printer and ensure correct
operation. Additionally, as the  different types of fluid ejection
devices and their operating parameters increase, I WO 2007/120988
PCT/US2007/062644  there is a need to provide a greater amount of
identification information without  adding further interconnections
to the flex tab circuit or increasing the size of the  die to provide
such identification information. 



For these and other reasons, pen identification cells have been 5
developed and integrated with the circuitry of inkjet printhead dies.
In one  configuration, the printhead circuitry is a negative-channel
metal-oxide  semiconductor (NMOS) circuit, and the identification
cells are configured to be  addressed individually. Each
identification cell includes an identification bit that  stores one
bit of information. 10 The identification bits of the identification
cells typically employ fuses and,  though they are different from
standard programmable read-only memory  (PROM) chips, these bits are
programmed and used in basically the same way.  To program the chip,
a relatively high current is selectively routed to certain  fuses to
cause them to burn out. Bits where fuses remain have a value of 1, 15
while those where the fuses have been burned out provide a value of 0
in the  binary logic of the circuit. Programming and using ROM chips
in this way has some drawbacks. If  a chip is improperly programmed
initially, there is no way to fix it, and the chip  must be
discarded. Additionally, fuses are relatively large, and can be 20
unreliable. In inkjet printhead circuits, for example, fuses can
damage the inkjet  orifice layer during programming, and after a fuse
burns out, metal debris from  the fuse can be drawn into the ink and
cause blockage in a pen, or result in poor  quality printing. In
recent years, electronically programmable read-only memory 25 (EPROM)
devices have also been developed. Unlike PROM chips, EPROM  chips do
not include fuses. Like typical ROM chips, EPROMs include a
conductive grid of columns and rows. The cell at each intersection
has two  gates that are separated from each other by a thin oxide
layer that acts as a  dielectric. One of the gates is called a
floating gate and the other is called a 30 control gate or input
gate. The floating gate's only link to the row is through the
control gate. A blank EPROM has all of the gates fully open, giving
each cell a  2 WO 2007/120988 PCT/US2007/062644  value of 1. That is,
the floating gate initially has no charge, which causes the
threshold voltage to be low. 



To change the value of the bit to 0, a programming voltage (e.g. 10
to 16  volts) is applied to the control gate and drain. This
programming voltage draws  5 excited electrons to the floating gate,
thereby increasing the threshold voltage. The excited electrons are
pushed through and trapped on the other side of the  thin oxide
layer, giving it a negative charge. These negatively charged
electrons act as a barrier between the control gate and the floating
gate. During  use of the EPROM cell, a cell sensor monitors the
threshold voltage of the cell. 10 If the threshold voltage is low
(below the threshold level), the cell has a value of  1. If the
threshold voltage is high (above the threshold level), the cell has a
value of zero. Because EPROM cells have two gates at each
intersection, an EPROM  chip requires additional layers compared to a
standard NMOS or PROM chip,  15 including many such chips that are
frequently used in inkjet printhead circuits. Consequently, while
some of the drawbacks of fuses in NMOS circuits could be  eliminated
by the application of EPROM circuitry, the use of a typical EPROM
cell either requires that the chip be provided with additional
layers, which  increases the cost and complexity of the chip, or that
a separate EPROM chip  20 be provided. BRIEF DESCRIPTION OF THE
DRAWINGS Various features and advantages of the invention will be
apparent from  the detailed description which follows, taken in
conjunction with the 25 accompanying drawings, which together
illustrate, by way of example, features  of the invention, and
wherein: FIG. 1 is a block diagram of one embodiment of an ink jet
printing  system; FIG. 2 is a diagram illustrating a portion of one
embodiment of a  30 printhead die; FIG. 3 is a schematic diagram
illustrating one embodiment of an ink jet  printhead firing cell
array; 3 WO 2007/120988 PCT/US2007/062644  FIG. 4 is a schematic
diagram of one embodiment of an identification cell  



in one embodiment of a printhead die; FIG. 5 is a schematic diagram
of a typical EPROM transistor; FIG. 6 is a cross-sectional view
showing the circuitry layers in a typical  5 EPROM chip; FIG. 7 is a
cross-sectional view showing the layers in one embodiment of  an ink
jet printhead die providing the circuitry shown in FIG. 3; FIG. 8 is
a schematic diagram of one embodiment of a gate-coupled  EPROM cell
that can be adapted for use as an identification bit in the printhead
10 circuitry of FIG. 4; FIG. 9 is a schematic diagram of one
embodiment of an identification cell  having a gate-coupled EPROM
identification bit; and FIG. 10 is a schematic diagram of an array of
gate-coupled EPROM cells  for a printhead circuit. 15 DETAILED
DESCRIPTION Reference will now be made to exemplary embodiments
illustrated in the  drawings, and specific language will be used
herein to describe the same. It will  nevertheless be understood that
no limitation of the scope of the invention is 20 thereby intended.
Alterations and further modifications of the inventive features
illustrated herein, and additional applications of the principles of
the invention as  illustrated herein, which would occur to one
skilled in the relevant art and having  possession of this
disclosure, are to be considered within the scope of the  invention.
25 Shown in FIG. 1 is a block diagram of one embodiment of an inkjet
printing system 20. The inkjet printing system generally includes an
inkjet  printhead assembly 22, and a fluid supply assembly, such as
the ink supply  assembly 24. The inkjet printing system also includes
a mounting assembly 26,  a media transport assembly 28, and an
electronic controller 30. A power supply 30 32 provides power to the
various electrical components of the system. In the embodiment shown
in FIG. 1, the inkjet printhead assembly 22  includes at least one
printhead or printhead die 40 that ejects drops of ink 4 



WO 2007/120988 PCT/US2007/062644  through a plurality of orifices or
nozzles 34 toward a print medium 36, so as to  print onto the print
medium. The print medium can be any type of suitable sheet  material,
such as paper, card stock, transparencies, Mylar(r), fabric, and the
like.  Typically, the nozzles 34 are arranged in one or more columns
or arrays such 5 that properly sequenced ejection of ink from the
nozzles causes characters,  symbols, and/or other graphics or images
to be printed upon print medium as  the inkjet printhead assembly and
print medium are moved relative to each  other. The printhead 40 is
one embodiment of a fluid ejection device. While the  following
description refers to the ejection of ink from the printhead assembly
10 22, it is to be understood that other liquids, fluids or flowable
materials, including  clear fluid, may be ejected from the printhead
assembly. The ink supply assembly 24 is one embodiment of a fluid
supply  assembly, and provides ink to the printhead assembly 22. The
ink supply  assembly includes a reservoir 38 for storing ink, which
flows from the reservoir 15 to the inkjet printhead assembly. The ink
supply assembly and inkjet printhead  assembly can form either a
one-way ink delivery system or a recirculating ink  delivery system.
In a one-way ink delivery system, substantially all of the ink
provided to the inkjet printhead assembly is consumed during
printing. In a  recirculating ink delivery system, only a portion of
the ink provided to the 20 printhead assembly is consumed during
printing. In such a system, ink not  consumed during printing is
returned to the ink supply assembly. In one embodiment of an inkjet
printing system, the inkjet printhead  assembly 22 and ink supply
assembly 24 are housed together in an inkjet  cartridge or pen.
Alternatively, the ink supply assembly can be separate from 25 the
inkjet printhead assembly, and provide ink to the inkjet printhead
assembly  through an interface connection, such as a supply tube (not
shown). In either  embodiment, the reservoir 38 can be removed,
replaced, and/or refilled. The mounting assembly 26 positions the
inkjet printhead assembly 22  relative to the media transport
assembly 28, which positions the print medium  30 36 relative to the
inkjet printhead assembly. A print zone 37 is thus defined adjacent
to the nozzles 34 in an area between the inkjet printhead assembly  



and the print medium. The inkjet printhead assembly can be a scanning
type  5 WO 2007/120988 PCT/US2007/062644  printhead assembly, wherein
the mounting assembly includes a carriage (not  shown) for moving the
inkjet printhead assembly relative to the media transport  assembly
to scan the print medium. Alternatively, the inkjet printhead
assembly  can be a non-scanning type printhead assembly, wherein the
mounting 5 assembly fixes the inkjet printhead assembly at a
prescribed position relative to  the media transport assembly 28. The
electronic controller or printer controller 30 typically includes a
processor, firmware, and other electronics, or any combination
thereof, for  communicating with and controlling the inkjet printhead
assembly 22, the 10 mounting assembly 26, and the media transport
assembly 28. The electronic  controller receives data 39 from a host
system, such as a computer, and usually  includes memory (not shown)
for temporarily storing the data. Typically, the  data is sent to the
inkjet printing system 20 along an electronic, infrared, optical,  or
other information transfer path. The data represents, for example, a
15 document to be printed, and includes one or more print job
commands and/or  command parameters, thereby forming a print job for
the inkjet printing system.  The pattern of ejected ink drops is
determined by the print job commands and/or  command parameters. The
inkjet printhead assembly 22 can include one printhead 40, or it can
20 be a wide-array or multi-head printhead assembly. The inkjet
printhead  assembly can include a carrier, which carries the
printhead dies, provides  electrical communication between the
printhead dies and electronic controller  30, and provides fluidic
communication between the printhead dies and the ink  supply assembly
24. 25 Provided in FIG. 2 is a diagram illustrating a portion of one
embodiment  of a printhead die 40. The printhead die includes an
array of printing or fluid  ejecting elements 42. The printing
elements are formed an a substrate 44,  which has an ink feed slot 46
formed therein. The ink feed slot provides a  supply of liquid ink to
the printing elements, and is one embodiment of a fluid 



30 feed source. Other embodiments of fluid feed sources include but
are not  limited to corresponding individual ink feed holes feeding
corresponding 6 WO 2007/120988 PCT/US2007/062644  vaporization
chambers and multiple shorter ink feed trenches that each feed
corresponding groups of fluid ejecting elements. A thin-film
structure 48 is provided with an ink feed channel 54 formed  therein.
This channel communicates with the ink feed slot 46 formed in the 5
substrate 44. An orifice layer 50 has a front face 50a and a nozzle
opening 34  formed in the front face. The orifice layer also has a
nozzle chamber or  vaporization chamber 56 formed therein, which
communicates with the nozzle  opening and the ink feed channel of the
thin-film structure. A firing resistor 52 is  positioned within the
vaporization chamber, and conductive leads 58 electrically 10 couple
this firing resistor to circuitry controlling the application of
electrical  current through selected firing resistors. As used
herein, the term "drop  generator" 60 includes the firing resistor
52, the nozzle chamber or vaporization  chamber 56 and the nozzle
opening 34. During printing, ink flows from the ink feed slot 46 to
the vaporization 15 chamber 56 via the ink feed channel 54. The
nozzle opening 34 is operatively  associated with the firing resistor
52, such that droplets of ink within the  vaporization chamber are
ejected through the nozzle opening (e.g., substantially  normal to
the plane of the firing resistor) and toward the print medium 36 upon
energizing of the firing resistor. 20 There are a variety of types of
printhead dies. These include thermal  printheads, piezoelectric
printheads, electrostatic printheads, and any other type  of fluid
ejection device known in the art that can be integrated into a
multi-layer  structure. The substrate 44 can be formed, for example,
of silicon, glass,  ceramic, or a stable polymer, and the thin-film
structure 48 can be formed to 25 include one or more passivation or
insulation layers of silicon dioxide, silicon  carbide, silicon
nitride, tantalum, polysilicon glass, or other suitable material.
The thin-film structure also includes at least one conductive layer,
which defines  the firing resistor 52 and leads 58. The conductive
layer can be made of, for  



example, aluminum, silver, gold, tantalum, tantalum-aluminum, or
other metal or 30 metal alloy. Firing cell circuitry, such as
described in detail below, can be  implemented in the substrate and
thin-film layers. 7 WO 2007/120988 PCT/US2007/062644  The orifice
layer 50 can be of a photoimageable epoxy resin, such as an epoxy
referred to as SUB, marketed by Micro-Chem, of Newton, Massachusetts.
Techniques for fabricating the orifice layer with SU8 or other
polymers are well  known to those of skill in the art. In one
embodiment, the orifice layer is formed 5 of two separate layers,
referred to as a barrier layer (e.g., a dry film photo resist
barrier layer) and a metal orifice layer (e.g., a nickel, copper,
iron/nickel alloys,  palladium, gold, or rhodium layer) formed over
the barrier layer. Other suitable  materials can also be employed to
form the orifice layer. Shown in FIG. 3 is a schematic diagram of a
portion of one embodiment  10 of an inkjet printhead firing cell
circuit 80. The firing cell circuit includes a  plurality of fire
groups 82 (e.g. six fire groups), each fire group comprising an
array of pre-charged firing cells 84. A first fire group 82a and a
portion of a  second fire group 82b are shown in FIG. 3. The
pre-charged firing cells in each  fire group are schematically
arranged into 13 rows and eight columns. The 15 number of pre-charged
firing cells and their layout may vary as desired. The eight columns
of pre-charged firing cells 84 are electrically coupled  to eight
data lines 88, labeled D1-D8. Each of the firing cells in each column
of  pre-charged firing cells is electrically coupled to one of the
data lines, and these  data lines extend to the corresponding columns
of pre-charged firing cells in fire  20 group 82b and subsequent fire
groups (not shown). The rows of pre-charged firing cells 84 are
electrically coupled to address  lines 86, labeled Al-A7, that
receive address signals. Each pre-charged firing  cell in a row of
pre-charged firing cells, referred to herein as a row subgroup or
subgroup, is electrically coupled to the same pair of the address
lines, this pair 25 being unique for each row subgroup. The array of
firing cells shown in the fire  group 82 includes 13 row subgroups,
but it will be apparent that the array can  include any suitable
number of subgroups. The address lines also extend to  



connect with row subgroups of fire group 82b and subsequent fire
groups (not  shown). 30 The pre-charge line 90a (labeled PRE 1)
receives a pre-charge signal,  and provides the pre-charge signal to
all of the pre-charged firing cells 84 in the  8 WO 2007/120988
PCT/US2007/062644  first fire group 82a. Additional fire groups each
have a separate pre-charge line,  such as pre-charge line 90b
(labeled PRE2) for fire group 82b. A select line 92a (labeled SEL 1)
receives a select signal and provides  this select signal to all
firing cells 84 in a corresponding fire group 82 and a fire  5 line
94a (labeled FIRE 1) provides a fire signal to all pre-charged firing
cells in the associated fire group. The fire line is electrically
coupled to the firing  resistors (52 in FIG. 2) of all pre-charged
firing cells 84 in one fire group.  Additional fire groups each have
their own separate select and fire lines. Additionally, all
pre-charged firing cells 84 in the array 80 are electrically  10
coupled to a reference line 96 that is tied to a reference voltage,
such as  ground. Given this structure, the pre-charged firing cells
in a row subgroup of  pre-charged firing cells are electrically
coupled to the same address lines 86,  pre-charge line 90, select
line 92, fire line 94, and ground line 96. The firing cells 84 cause
the individual firing resistors (52 in FIG. 2) of the  15 ink nozzles
to selectively operate, so as to eject ink in the desired pattern.
The  fire groups are first precharged through the respective PRE
lines 90. Address  signals are provided on the address lines 86 to
address one row subgroup in  each of the fire groups 82, including
one row subgroup in the pre-charged fire  group. Data signals are
provided on data lines 88 to provide data to all fire 20 groups,
including the addressed row subgroup in the pre-charged fire group.
Next, a select signal is provided on the select line 92 of the
pre-charged fire  group to select the pre-charged fire group. The
select signal defines a  discharge time interval for discharging the
node capacitance on each drive  switch (not shown) in a pre-charged
firing cell that is either not in the addressed 25 row subgroup in
the selected fire group or addressed in the selected fire group  and
receiving a high level data signal. The node capacitance does not  



discharge in pre-charged firing cells that are addressed in the
selected fire  group and receiving a low-level data signal. A high
voltage level on the node  capacitance turns the drive switch on
(conducting). 30 After drive switches in the selected fire group 82
are set to conduct or not  conduct, an energy pulse or voltage pulse
is provided on the fire line 94 of the  selected fire group.
Pre-charged firing cells 84 that have conducting drive 9 WO
2007/120988 PCT/US2007/062644  switches conduct current through the
firing resistor (52 in FIG. 2) to heat ink and  eject ink from the
corresponding drop generator (60 in FIG. 2). In operation, the
plurality of fire groups 82 can be selected to fire in succession, or
other sequences, and non-sequential selections may also be utilized.
The address  5 signals provided on the address lines 86 can be set to
one row subgroup  address during each cycle through the fire groups,
and thereby cycle through  the 13 row subgroup addresses in each fire
group before repeating a row  subgroup address. After the last row
subgroup, address signals select the first  row subgroup to begin the
address cycle over again. 10 With fire groups 82 operated in
succession, the select signal for one fire  group is used as the
pre-charge signal for the next fire group. The pre-charge  signal for
one fire group precedes the select signal and fire signal for the one
fire group. After the pre-charge signal, data signals are multiplexed
in time and  stored in the addressed row subgroup of the one fire
group by the select signal. 15 The select signal for the selected
fire group is also the pre-charge signal for the  next fire group.
After the select signal for the selected fire group is complete,  the
select signal for the next fire group is provided. Pre-charged firing
cells 84 in  the selected subgroup fire or heat ink based on the
stored data signal as the fire  signal, including an energy pulse, is
provided to the selected fire group. 20 As noted above, it can be
desirable to provide a greater amount of  identification information
in the printhead circuit, without adding further  interconnections to
the flex tab circuit or increasing the size of the die to provide
such identification information. Accordingly, identification cells
have been  developed that can be included in the printhead circuitry,
such as that shown in 



25 FIG. 3. Provided in FIG. 4 is a schematic diagram of one
embodiment of an  identification cell 100 that can be fabricated in
the circuitry of one embodiment  of a printhead die (40 in FIGS. 1 &
2). The printhead die can include a plurality  of such identification
cells electrically coupled to one identification line 102  which
receives an identification signal and provides the identification
signal to  30 the identification cells. The identification cell 100
includes a memory element or identification bit,  indicated at 103.
The memory element stores one bit of information. In one 10 WO
2007/120988 PCT/US2007/062644  embodiment, depicted in FIG. 4, the
memory element comprises a fuse,  represented by fuse element 104 and
fuse resistance 108. The identification cell includes a drive
transistor or drive switch 106 electrically coupled to the  memory
element 103. The drive switch can be a FET (Field Effect Transistor)
5 having a drain-source path that is electrically coupled at one end
to one terminal  of the memory element and at the other end to a
reference 110, such as  ground. The other terminal of the memory
element is electrically coupled to the  identification line 102. The
identification line receives an identification signal  and provides
the identification signal to the memory element. The identification
10 signal, including the program signal and the read signal, can be
conducted  through the memory element if the drive switch 106 is
turned on (conducting).  This allows for only specific identification
cells on a single identification line to  respond to read and
programming signals on the identification line, while other
identification cells on the same identification line do not respond
to the read and  15 programming signals. The gate of the drive switch
106 forms a storage node capacitance 112,  which functions as a
memory to store charge pursuant to the sequential  activation of the
pre-charge transistor 114 and the select transistor 116. The
drain-source path and gate of the pre-charge transistor are
electrically coupled 20 to the pre-charge line 118 that receives a
pre-charge signal. The pre-charge  line can be electrically connected
to the pre-charge line 90 in FIG. 3. The gate of the drive switch 106
is a control input that is electrically  



coupled to the drain-source path of the pre-charge transistor 114 and
the drain- source path of the select transistor 116. The gate of the
select transistor is 25 electrically coupled to the select line 120
that receives a select signal. The  select transistor can be
electrically connected to the select line (92 in FIG. 3).  The
storage node capacitance 112 is shown in dashed lines, as it is part
of the  drive switch 106. Alternatively, a capacitor separate from
the drive switch can  be used to store charge. 30 The identification
cell also includes a first transistor 122, a second  transistor 124
and a third transistor 126 having drain-source paths that are
electrically coupled in parallel. The parallel combination of these
three I1 WO 2007/120988 PCT/US2007/062644  transistors is
electrically coupled between the drain-source path of the select
transistor 116 and the reference 110. The serial circuit including
the select  transistor coupled to the parallel combination of the
first, second and third  transistors is electrically coupled across
the node capacitance 112 of the drive 5 switch 106. The gates of the
first, second, and third transistors, 122, 124 and 126,  are
electrically coupled to three of the data lines of the associated
fire group (82  in FIG. 3). The three data lines so connected can be
any unique group of three  of the eight data lines D1-D8 associated
with the corresponding fire group. As 10 shown in FIG. 4, the data
lines can be those labeled DI-D3 in the fire group 82  in FIG. 3. The
pre-charge signal can be the pre-charge signal provided on pre-
charge line 90a (labeled PRE 1) to the fire group 82, and the select
signal can  be the select signal provided on select line 92a (labeled
SEL 1) to the fire group 15 82 in FIG. 3. To program the memory
element 103, the identification cell 100  receives enabling
signaling, including the pre-charge signal, select signal and  data
signals D1-D3 to turn on the drive switch 106. The identification
line 102  provides the program signal in the identification signal to
the memory element.  The program signal provides a relatively high
voltage (e.g. 16 volts) through the 20 memory element to the
conducting drive switch and reference 110. This high  



voltage changes the state of the memory element from a low resistive
state to a  high resistive state by burning out the fuse 104. To read
the state of the memory element 103, the identification cell 100
receives enabling signaling, including the pre-charge signal, select
signal and  25 data signals DI-D3 to turn on the drive switch 106.
The identification line 102 provides the read signal in the
identification signal to the memory element. The  read signal
provides a current through the memory element to the conducting
drive switch 106 and reference 110. The voltage on the identification
line can  be detected to determine the resistive state of the memory
element. In one 30 embodiment, the memory element is determined to be
in the high resistive state  if the resistance is greater than about
1000 ohms (i.e. the fuse is burned out) 12 WO 2007/120988
PCT/US2007/062644  and in the low resistive state if the resistance
is less than about 400 ohms (i.e.  the fuse is intact). Using the
configuration of FIG. 4, each identification cell 100 can be
individually enabled, and thereby can be programmed on an individual
basis.  5 Also, since the identification cells can be read
individually, the combinations utilized to store data are greatly
increased. For example, a single identification  cell can be utilized
in multiple combinations that each represents different  information.
With three of eight data signals DI-D8 selecting each identification
cell  10 100 in a plurality of identification cells, up to fifty six
different identification cells  can be selected by combinations of
three of the eight data signals. Thus, with  one pre-charge line, one
select line, eight data lines, and one identification line  the
circuit can control fifty six identification bits, or about 5.1
identification cell  bits per control line. Alternatively, each
identification cell can be configured to 15 respond to any suitable
number of data signals, such as two or four or more  data signals. It
should be noted that while Figure 4 discloses utilizing a single
identification line 102 that is coupled to each of the identification
cells 100, more  than one identification line may be utilized, thus
allowing a larger number of 



20 identification cells. Also, the number of identification cells
that are provided  may be more or less than 56 depending of factors
such as the size of the die,  the operating parameters of the fluid
ejection device, or other considerations.  Also, the number of
identification cells that are encoded with information may be  less
than the total number of identification cells on the die. 25 While
the identification cell configuration described above can be used in
a variety of ways to store identification information on the
printhead, fuses  present some drawbacks noted earlier. The inventor
has recognized that  electronically programmable read-only memory, or
EPROM, can be desirable to  eliminate fuses in NMOS circuits, such as
in ink jet printheads and other 30 applications. EPROM cells do not
include fuses, and provide a number of  advantages over NMOS bits. 13
WO 2007/120988 PCT/US2007/062644  Shown in FIG. 5 is a schematic
diagram of a typical EPROM cell or bit 210. An EPROM cell generally
includes an input gate 212 (also called a control  gate), a floating
gate 214, and a semiconductor substrate 216 that includes a  source
218 and a drain 220. As shown in FIG. 5, the substrate is provided
with 5 N+ doped regions adjacent to the source and drain,
respectively, and a p doped  region 222 therebetween. The control
gate and floating gate are capacitively  coupled together, with a
dielectric material 224 between them, such that the  control gate
voltage is coupled to the floating gate. Another layer of dielectric
material 226 is also disposed between the floating gate 214 and the
10 semiconductor substrate 216. A high voltage bias on the drain 220
generates energetic "hot" electrons.  A positive voltage bias between
the control gate 212 and the drain pulls some of  these hot electrons
onto the floating gate 214. As electrons are pulled onto the
floating gate, the threshold voltage of the cell, that is, the
voltage required to 15 cause the gate/drain to conduct current,
increases. If sufficient electrons are  pulled onto the floating
gate, those electrons will block current flow such that the
threshold voltage will eventually increase to a level above a desired
threshold  voltage (e.g. the operating voltage of the circuit). This
will cause the cell to  



block current at that voltage level, which changes the operating
state of the cell 20 from a 1 to a zero. After programming of the
cell, a cell sensor (not shown) is  used during normal operation to
detect the state of the EPROM cell. Because EPROM cells include two
gates at each bit location, these chips  require more layers than a
PROM or NMOS chip as is typically used in an inkjet  printhead
circuit. Shown in FIG. 6 is a cross-sectional view of the layers in a
25 typical EPROM chip 230. Disposed atop the semiconducting silicon
substrate  232 is a gate oxide 236. Disposed atop the gate oxide
layer is a layer of  polysilicon material 238, in which the floating
gate (14 in FIG. 5) is formed.  When properly doped, this polysilicon
material functions as a conductor. The  gate oxide layer 236
functions as a dielectric layer (26 in FIG. 5) between the 30
floating gate and the semiconductor substrate. Disposed atop the
floating gate layer is another layer 240 of gate oxide  material,
which provides another dielectric layer, atop which is another layer
of  14 WO 2007/120988 PCT/US2007/062644  polysilicon 242, in which
the control gate (12 in FIG. 5) is formed. Disposed atop the control
gate layer are one or more metal layers 244, 248, separated by
another dielectric layer 246. The metal layers provide row and column
lines for  the EPROM circuit, and also make the various electrical
connections between 5 the control gate, the drain, and other
components of the circuit. These circuit layers in a typical EPROM
circuit are in contrast to the  layers found in a typical inkjet
printhead circuit. A cross-sectional view of the  layers in an inkjet
control chip 250, such as that providing the inkjet firing control
circuit shown in FIG. 3, is given in FIG. 7. This chip includes a
semiconductor 10 substrate 252, atop which is an oxide layer 254
(such as silicon dioxide, SiO2),  followed by a polysilicon layer
256, a dielectric layer 258, then a Metal 1 layer  260 and Metal 2
layer 264, these metal layers being separated by a dielectric  layer
262. The two metal layers 260, 264 provide the conductors for the
address 15 lines, data lines, pre-charge, select, and fire lines, and
other circuit connections.  It will be apparent that this layer
configuration lacks an additional polysilicon  



layer and gate dielectric that would be needed for creation of a
standard  EPROM cell. Prior attempts to implement EPROM's in this
type of circuit have  focused on adding additional process steps to
add an extra floating gate and 20 gate dielectric. Another option is
to add a separate EPROM chip. Both of these  options add complexity
and cost Advantageously, the inventor has developed a gate-coupled
structure  and method for providing EPROM functionality using the
layers in this PROM  chip, without adding process layers and cost.
Shown in FIG. 8 is a schematic 25 diagram of a gate-coupled EPROM bit
270 that can be created using the  existing layers of the inkjet pen
control chip shown in FIG. 7. The gate-coupled  EPROM bit comprises
two transistors having their floating gates tied together.  The first
transistor 272 is a control transistor, and the second transistor is
the  EPROM transistor 274. The control transistor includes two
control connections 30 or control terminals, the first terminal 276
being labeled Controll, and the  second terminal 278 being labeled
Control2. 15 WO 2007/120988 PCT/US2007/062644  The floating gate 280
of the control transistor 272 is electrically coupled to the floating
gate 282 of the EPROM transistor 274. The EPROM transistor  includes
a drain 284 and source 286, which can be connected to ground. The
floating gate voltage is dependent upon the overlap capacitance of
the source 5 and drain of the control transistor 272, and whether the
gate of the control  transistor is on. The overlap and gate
capacitance couple the voltage at  Controll and Control2 to the
floating gate. The capacitance needs to be large  enough to provide
adequate coupling voltage to the floating gate. A standard  EPROM
uses the capacitance in the dielectric layer between the control gate
10 and the floating gate to couple the voltage to the floating gate.
In the gate- coupled device disclosed herein, the gate to drain
overlap capacitance between  Controll 276 couples the voltage at
Controll to the floating gate. The gate to  source overlap
capacitance at Control2 278 couples the voltage at Control2 to  the
floating gate. The goal is to find some capacitance structure to
couple to the 15 floating gate. In this configuration, the gate oxide
layer (254 in FIG. 7) that  



provides the gate capacitance of a standard transistor is used in a
reverse  direction to provide this capacitance. This gate-coupled
structure is fully compatible with the printhead layer  structure
shown in FIG. 7, and only requires modification of the geometric
layout  20 of the various circuit layers. The floating gates 280, 282
of the control and EPROM transistors, as well as the coupling
connection between them, can be  fabricated in the polysilicon layer
256 of the printhead circuit. Further, these  floating gate regions
in the polysilicon layer can be electrically interconnected by  the
Metall layer 260. The gate/drain coupling is from the n+ drain region
of the 25 substrate 252 to the gate, through the gate oxide layer
254. The Metall layer  260 can be configured to connect the source of
the control transistor 272  (Control2, 278) to the drain of the EPROM
transistor 274 (Drain 284). One  advantageous feature of this
configuration is that there is both source and drain  coupling to the
floating gate. This provides additional capacitive coupling from 30
the control node to the floating gate. In general, the more
capacitive coupling  the better. 16 WO 2007/120988 PCT/1JS2007/062644
Referring again to FIG. 8, the gates 276, 278 of the control
transistor 272  can be tied together, or Control2 can be tied to the
drain of the EPROM transistor 274. For some implementations,
Controll, Control2 and Drain can be  tied to separate voltages to get
more efficient coupling. With Control2 278 and  5 Drain 284 tied
together, the voltage on Drain can limit the voltage on Control2,
and the amount of voltage coupled to the floating gate 280. In one
embodiment, a space efficient layout can be obtained by tying the
Drain 284 of the EPROM transistor 274 to the source (Control2) 278 of
the  control transistor 272. If a resistor is not needed to limit the
drain current (e.g., 10 limiting overheating by controlling pulse
width instead, or relying on the  resistance of the Select
transistors (when implemented in arrays) to limit the  current),
Controll, Control2 and Drain can all be tied together. This
configuration provides a high level of coupling in a small area, but
also has  higher sensitivity to excess drain current and overheating.



15 Alternatively, the drain 284 of the EPROM transistor 274 can be
tied to  the source (Control2) 278 of the control transistor 272,
with a resistor 277  (shown in dashed lines in FIG. 8) between
Controll 276 and Control2 278 to  limit drain current. This
configuration can be more robust with respect to drain  current
problems, though the voltage at the Control2-Drain node will be
lower, 20 and will provide less voltage to the floating gate. Another
approach is to hook the terminals 278 and 276 of the control
transistor 272 together, with a resistor 283 (shown in dashed lines
in FIG. 8) in  series between them and the Drain 284 of the EPROM
transistor 274. The  resistor would limit current into the Drain, but
the voltage at the nodes labeled 25 Controls and Control2 would still
be at maximum voltage for greater voltage  coupling to the floating
gate. Programming of this gate-coupled EPROM cell 270, like typical
EPROM  cells, is done by applying a voltage pulse to the terminals
276, 278 of the control  transistor 272. This is done in order to
provide a quantity of hot electrons to the 30 floating gate 280. It
is desirable that the voltage on the Drain 284 be close to  the
breakdown voltage of the circuit. The breakdown voltage is the
voltage at  which the EPROM transistor 274 begins to conduct with the
gate below 17 WO 2007/120988 PCTIUS2007/062644  threshold voltage
(gate at zero volts). In one embodiment, the inventor has  programmed
the EPROM circuit at a voltage of about 16 1 V where the circuit  has
a breakdown voltage of 15 Volts As noted above, Control2 278 can be
tied to the Drain 284 with a resistor  5 283 (having a resistance of,
e.g., 100 ohm) in order to limit the breakdown  voltage.
Additionally, the physical size of the channel (gate) length - that
is, the  length of the channel under the gates of the EPROM
transistor 274 - can be  manipulated to modify the breakdown voltage.
For example, a narrower gate  length will lower the breakdown
voltage. In one embodiment, the inventor has 10 used a gate length of
from 3.0pm to 3.5pm, instead of 4pm for this purpose.  The time
required for programming is a function of the floating gate  voltage,
the quantity of hot electrons drawn to the floating gate, the
threshold  



voltage change desired, the total gate structure capacitance, and the
thickness  of the gate oxide (layer 254 in FIG. 7). The gate oxide
thickness determines the 15 percentage of energetic hot electrons
that are able to reach the floating gate  280. In one embodiment, the
floating gate voltage is in the range of 5 volts to  12 volts, though
other voltage ranges can be used. The floating gate voltage  depends
upon the voltage on the control terminals 276, 278 of the control
transistor 272, and the coupling ratio of the silicon substrate and
polysilicon 20 layers (252, 256, respectively, in FIG. 7). While the
desired hot electrons will be  provided with any gate oxide
thickness, the thickness of the gate oxide will  sometimes be fixed
for a given chip configuration. For example, in one  embodiment of a
printhead control chip, the thickness of the gate oxide is fixed  at
about 700 A. 25 The quantity of hot electrons provided during
programming is higher  when programming is done at close to the
breakdown voltage, and with higher  current. In one embodiment, the
inventor has programmed with a 25 mA  current, though other currents
can also be used. The inventor has also  contemplated a 20 mA
programming current, for example, and other currents 30 can also be
used. A range for the threshold voltage that the inventor has used
is from 3 volts to 7 volts, but other threshold voltage ranges can
also be used.  18 WO 2007/120988 PCT/US2007/062644  Under the above
parameters, the inventor has found that a 10 millisecond  programming
time can be used. However, different programming times can also be
used, particularly if the various parameters mentioned above are
varied.  For example, the programming time can range from less than
100 ps to as 5 much as several seconds (e.g. 4 seconds). Reading of
the EPROM cells is done by detecting the threshold voltage  across
the gate-coupled EPROM cell 270 using a cell sensor (not shown)
elsewhere in the circuit. Detecting the threshold voltage can be done
either by  setting the gate/drain voltage and measuring the
corresponding current, or by 10 setting the current and measuring the
voltage. The inventor has found that the  on resistance (R0") of the
EPROM cell changes by a factor of about 2 before  



and after programming. The inventor has built and tested this type of
EPROM cell in a laboratory  setting. In the test setup, a modified
cell was built to monitor the floating gate  15 voltage. A voltage
pulse was applied to the gate and drain to program the EPROM cell to
a desired threshold voltage. To test the cell to sense the gate
voltage, the gate of a second sense transistor (not shown) was
connected to the  floating gate of the EPROM cell. This causes the
gate voltage of the sense  transistor to be the same as the floating
gate voltage. The on resistance (R0") 20 of the second transistor is
proportional to the gate voltage. By monitoring the on  resistance of
the second transistor, the floating gate voltage could be
determined. The gate-coupled EPROM cell shown in FIG. 8 can be
incorporated into  circuitry in which each EPROM identification cell
is associated with a separate  25 control circuit, like that of FIG.
4, or the gate-coupled identification bits can be incorporated into
an array of identification cells that share control circuitry.  Shown
in FIG. 9 is one embodiment of a gate-coupled EPROM cell associated
with individual control circuitry. This figure shows a portion of the
circuitry of the  identification cell of FIG. 4, with the
gate-coupled EPROM cell 270 inserted in 30 place of the
identification bit (103 in FIG. 4). Such a configuration will provide
one control line per cell, with the operation of each EPROM cell
being controlled  by an individual control transistor. This sort of
configuration has a larger 19 WO 2007/120988 PCT/US2007/062644
physical size than the shared-circuitry arrangement, but is similar
to some control schemes currently used with fuses. As shown in FIG.
9, the identification line 102 is connected to the gates of  the
control transistor 272 and the drain of the EPROM transistor 274, and
the 5 source 286 of the EPROM transistor is coupled to the drain of
the drive switch  106, which has its source coupled to ground 110. A
narrower gate 282a can be  provided on the EPROM transistor 274 to
provide lower breakdown voltage.  This allows the gate-coupled EPROM
cell to obtain an adequate quantity of hot  electrons at the EPROM
transistor without exceeding the breakdown voltages of 



10 other transistors on the circuit. As discussed above with respect
to FIG. 8, a  resistor 283 (e.g. about 100 ohms) could be added
between the drain 284 of the  EPROM transistor 274 and the source 278
of the control transistor 272, or a  resistor 277 can be placed
between the source of the control transistor and the  drain 276 of
the control transistor. The method chosen would depend upon 15 layout
decisions and technique used to control drain current. Referring back
to FIG. 9, when the transistor 106 is turned on, the source  of the
EPROM transistor 274 is essentially at ground, and the EPROM cell
functions as described for the cell in Fig 8. A voltage on the ID
line 102 couples  thru the gate oxide of the control transistor 272
to the floating gate (280/282 in 20 FIG. 8). A high voltage (16V)
will program the EPROM. A lower voltage will be  used to read by
detecting the threshold voltage or the on resistance. If the
transistor 106 is off, any voltage applied to the ID line will not
have a path to  ground, and the EPROM cell will not be affected Shown
in FIG. 10 is a partial schematic diagram of an EPROM array 300  25
that can be produced using the gate-coupled EPROM cell disclosed
herein. In  this configuration an array of gate-coupled EPROM
identification bits share  control circuitry. In this array, a
plurality of gate-coupled EPROM cells 270 are  arranged in rows and
columns. The input line of each gate-coupled EPROM  cell is tied to
the input voltage V1, (designated at 304) through input line 308. 30
The source line 286 of each EPROM transistor 274 is tied to the drain
of a row transistor 310. The row transistors are tied through their
sources 312 to the  drains of column transistors 314. If desired, a
drain current limiting resistor (not  20 WO 2007/120988
PCTIUS2007/062644  shown) can be added to the EPROM cell, as
described above with respect to Fig 9. Rather than an individual
resistor for each gate-coupled cell, a single  resistor 322 (shown in
dashed lines in FIG. 10) could be provided to feed all of  the
transistors in parallel. This resistor can be connected between the
voltage 5 Vin and the drain of the EPROM transistor (284 in FIG. 8),
with a single line  from Vin to the resistor, and separate lines 324
(shown in dashed lines in FIG.  10) extending from the resistor to
the drains of each of the EPROM transistors  



in the array. The connection between the source and drain of the
EPROM  control transistor 272 would then be removed, and all of the
control transistor 10 drain connections of the EPROM cell 270 would
be tied directly to the input line  308. The row lines, labeled 316a
for Row 1, 316b for Row 2, etc., connect to  the gates of all row
select transistors 310 in a given row. The sources 312 of all  row
transistors in a given column are connected to the drain of the
column 15 transistor 314 for that column. The gates 318 of each
column transistor are  connected to a voltage source (not shown)
through column lines (not shown).  The sources 320 of the column
transistors are connected to a common voltage,  such as ground. The
column transistors are labeled 314a for Column 1, 314b  for Column 2,
and so on. 20 The row transistors 310 and column transistors 314
allow selection of the  specific gate-coupled EPROM cells, both for
programming and reading. The  column transistors are normal
transistors, and the interconnects to these  transistors can be
fabricated in the Metal 1 layer (260 in FIG. 7). Some  advantages of
this circuit are that it is more compact than implementation of 25
identification cells with separate control circuitry, and it doesn't
require the  Metal2 layer and its associated layout rules.
Additionally, the size of the gate- coupled EPROM array 300 is not
limited by the configuration of the printhead  firing cell control
circuitry (80 in FIG. 3). This array can be as large or as small  as
desired, regardless of the number of data lines associated with the
firing cell  30 control circuit. To program a cell 270 of the array
300, the cell is selected by applying a  voltage to one row line
(e.g. 316a) and one column line (e.g. to the gate of 21 WO
2007/120988 PCT/US2007/062644  column transistor 314a), and then a
pulse of relatively high voltage V;n (e.g. 16V) is applied. To sense
the condition of the cell, a lower input voltage V1,  pulse (e.g. 5V)
is applied in the same way, and the current is monitored. In this
array, there is no high voltage across the drain to the source of the
EPROM 5 transistor except when programming. Advantageously, there are
no drain to  



gate voltage coupling issues because the drain and gate of the EPROM
transistors switch together. In addition, gate to drain coupling is
actually  advantageous because it increases the voltage coupling to
the gate. The inventor has found that the size of the row select
transistors 316 is  10 significant because they must handle the
programming current, such as 20 mA,  25 mA, or higher. For this
purpose, the inventor has used row select transistors  having a width
of 150 pm. It will be apparent that smaller sizes can be used for
lower programming current, and larger sizes will be needed for higher
current. In operation, a row signal turns on all row control
transistors 316 in that  15 row. A column signal turns on a selected
column control transistor 314. An  input voltage Vin is then applied,
and only the cell 270 with both its row and  column transistor turned
on will have the full voltage across it. All other cells will  have
the source of the EPROM transistor floating. That is, the source of
the  EPROM transistor will not be driven to any fixed voltage, but
will just float to the 20 voltages on the other terminals. There will
be no voltage across the EPROM  transistor. An EPROM array can be
configured in the manner described above for  use in providing pen ID
bits in an inkjet printhead. In this configuration, the row  and
column signals can be supplied by the shift register of the pen
control 25 circuit. That is, rather than drive the row and column
lines individually, the  respective values can be shifted into a
shift register, and driven from the shift  register outputs. The
shift register addresses the row and column selects of the  2x10
array. It will be apparent to those skilled in the art of
semiconductor  design that the geometric configuration of the
circuitry can be configured in a 30 variety of ways. 22 WO
2007/120988 PCT/US2007/062644  The inventor has built and programmed
a 4-bit array based on the above design. After programming, the EPROM
cells have held their charge for over a  year. The reliability and
longevity of the gate-coupled EPROM cell described  5 herein depends
upon a number of factors. Because the structure is different  



than the typical EPROM cell configuration, some aspects of the
resultant design  affect its robustness. For example, the larger size
of the floating gate (280 in  FIG. 8) can allow more area for leakage
current. Additionally, the gate oxide  (254 in FIG. 7) is not
processed for absolute minimum leakage current. 10 Additionally, the
flatness of the layers can affect their performance.  Slight
undulations in layer surfaces and variations in the thickness of the
different layers can cause charge concentrations and leakage between
the  layers. In a pen control circuit configured with the layers of
the PROM chip  shown in FIG. 7, for example, the thickness and
flatness of the polysilicon layer 15 256 and adjacent dielectric
layer 254 are not as critical for operation of the  PROM circuit.
This factor affects the level of quality control applied to formation
of these layers. However, in an EPROM circuit, these factors have a
greater  effect. At the same time, there are other factors that
affect fuses that do not  20 affect EPROMS, or that do not affect
them in the same way or to the same  extent. As noted above, fuses
have a number of drawbacks that are frequently  bothersome. It is
believed that EPROMs will ultimately be more reliable than  fuses in
the application disclosed herein. Where the possible limitations of
the  gate-coupled EPROM cell disclosed herein can be tolerated, this
configuration 25 can be useful without the need to increase quality
control. This is true of inkjet  pens. The design life for an inkjet
pen is usually about 18 months, primarily  because inkjet cartridges
are usually sold soon after manufacture, and because  the pen then
gets used up. Consequently, if the EPROM cells can reliably hold
their charge for that time period, there is little likelihood that
the device will not 30 work as intended. However, this same structure
can be effectively used in other  applications where greater
reliability is desired by exerting greater control over  the flatness
and thickness of the layers. 23 WO 2007/120988 PCT/US2007/062644  The
gate-coupled EPROM structure disclosed herein can replace fuses in
inkjet pen control circuits without adding process layers and cost.
This  configuration provides cells that are larger than traditional
EPROM cells, but  



smaller than fuses. 5 The gate-coupled identification cells can be
used to store a wide variety  of identification information
indicating features of or other information about the  printhead die.
For example, a printer employing a printhead having EPROM
identification cells can use the identification information for a
wide variety of  purposes to optimize printing quality or perform
other functions. For example, 10 selected identification cells can
store identification information about the  printhead die, or about
the inkjet cartridge or pen in which the printhead die is  inserted,
such as information indicating an out of ink detection level. The
identification cells can also store identification information
indicating  a thermal sense resistance (TSR) value to determine the
temperature of the 15 printhead. Selected identification cells can
store identification information  indicating a printhead uniqueness
number to identify and properly respond to  the printhead.
Identification cells can be used to store identification information
indicating an ink drop weight for a printhead. A printer can account
for the drop  weight values stored in selected identification cells
and the out of ink detection 20 level information stored in other
selected identification cells to determine actual  out of ink
detection levels. The printer can also use identification information
for marketing  purposes, such as regional marketing and original
equipment manufacturer  (OEM) marketing. For example, selected
identification cells store identification 25 information indicating a
marketing region for the fluid ejection device. In one  embodiment,
selected identification cells can store identification information
indicating the seller of an OEM fluid ejection device. Selected
identification cells  can also store identification indicating
whether an OEM printer is unlocked. For  example, the OEM printer can
respond to the OEM unlocked information to 30 unlock an OEM printer,
such that the OEM printer can accept OEM printheads  sold by a given
company or group of companies and printheads sold by 24 WO
2007/120988 PCT/US2007/062644  companies other than the given company
or group of companies, such as the  actual original manufacturer
company. 



Selected identification cells store identification information
indicating the  product type and product revision of a fluid ejection
device. The product type 5 and product revision can be used by a
printer to ascertain physical  characteristics about a printhead.
Product revision physical characteristics,  such as spacing between
nozzle columns, that may change in future products  can also be
stored in selected identification cells of a printhead. In this
embodiment, the product revision physical characteristic information
can be 10 used by the printer to adjust for the physical
characteristic changes between  product revisions. Gate-coupled EPROM
cells configured this way can also be used for  many other purposes
in addition to those noted above. Because the charge on  the floating
gate of the EPROM transistor (282 in FIG. 8) is cumulative, this 15
configuration can be used to store cumulative quantities. For
example, in an  inkjet printhead, the gate-coupled EPROM cells can be
successively  reprogrammed to track the number of pages printed out,
or for other purposes.  Since programming of EPROM cells modifes the
threshold voltage of the  EPROM cell 270, successive programming of
these cells can be used to control 20 analog circuits, such as to
create a variable time delay. Other applications are  also possible.
It is to be understood that the above-referenced arrangements are
illustrative of the application of the principles of the present
invention. It will be  apparent to those of ordinary skill in the art
that numerous modifications can be 25 made without departing from the
principles and concepts of the invention as set  forth in the claims.
25 CLAIMS  What is claimed is: 1. An EPROM cell in a printhead
control circuit for an inkjet printer, the  control circuit having a
semiconductor substrate, one and only one polysilicon layer  disposed
above the semiconductor substrate, and a conductive layer disposed
above the  polysilicon layer, the EPROM cell comprising: a control
transistor, having a floating gate comprising a first portion of the



polysilicon layer; an EPROM transistor, having a floating gate
comprising a second portion of the  polysilicon layer physically
isolated from the first portion of the polysilicon layer; and an
electrical interconnection, comprising a portion of the conductive
layer,  interconnecting the floating gate of the control transistor
and the floating gate of the  EPROM transistor. 2. An EPROM cell in
accordance with claim 1, wherein the control transistor  comprises a
first control terminal and a second control terminal, and further
comprising  an electrical interconnection between the first and
second control terminals. 3. An EPROM cell in accordance with claim
2, wherein the electrical  interconnection between the first and
second control terminals comprises a resistance. 4. An EPROM cell in
accordance with claim 1, wherein the control transistor  comprises a
first control terminal and a second control terminal, and the EPROM
transistor comprises a drain, and further comprising an electrical
interconnection between  the second control terminal of the control
transistor and the drain of the EPROM  transistor. 5. An EPROM cell
in accordance with claim 4, wherein the electrical  26
interconnection between the second control terminal of the control
transistor and the  drain of the EPROM transistor comprises a
resistance. 6. An EPROM cell in accordance with claim 1, wherein the
control transistor  comprises a first control terminal and a second
control terminal, and the EPROM  transistor comprises a drain, and
further comprising an electrical interconnection between  the first
and second control terminals of the control transistor and the drain
of the  EPROM transistor. 7. An EPROM cell in accordance with claim
6, wherein the electrical  interconnection between the first and
second control terminals of the control transistor  and the drain of
the EPROM transistor includes a resistance. 8. An EPROM cell in
accordance with claim 1, wherein a programming  charge applied to the
floating gate of the EPROM transistor is cumulative, such that the
EPROM cell can be successively charged to store cumulative values. 9.
An EPROM cell in accordance with claim 1, wherein the control
transistor  



includes a drain connection, and the EPROM transistor includes a
source connection, and  further comprising an input line, connected
to the drain connection of the control  transistor, whereby
programming signals can be provided to the EPROM transistor. 10. An
EPROM cell in accordance with claim 9, further comprising a drive
transistor, having a drain connected to the source of the EPROM
transistor, a gate of the  drive transistor being associated with a
precharge line, a select line, and a data line of an  array of firing
cells, whereby programming and reading of the EPROM cell can be
controlled by signals sent through the input line and through the
precharge line, the select  line, and the data line. 11. An EPROM
cell in accordance with claim 1, wherein the EPROM cell  comprises a
pen identification memory element. 27 12. An ink jet printhead having
a plurality of ink jet nozzles, comprising: a printhead control
circuit, having an array of firing cells configured to control
actuation of the ink jet nozzles, the control circuit having a
semiconductor substrate, one  and only one polysilicon layer disposed
above the substrate, and a conductive layer  disposed above the
polysilicon layer; and an array of EPROM cells disposed on the
substrate in rows and columns, each  EPROM cell including a control
transistor, having a floating gate comprising a first portion of the
polysilicon layer; an EPROM transistor, having a floating gate
comprising a second portion  of the polysilicon layer physically
isolated from the first portion of the polysilicon  layer; and an
electrical interconnection, comprising a portion of the conductive
layer,  interconnecting the floating gate of the control transistor
and the floating gate of  the EPROM transistor. 13. An ink jet
printhead in accordance with claim 12, wherein the control
transistor of each EPROM cell includes a first control terminal, and
further comprising an  input line, connected to the first control
terminal of the control transistor, whereby  programming signals can
be provided to the EPROM transistor. 14. An ink jet printhead in
accordance with claim 13, wherein the EPROM  



transistor includes a source connection, and the control circuit
further comprises a  column control transistor having a drain,
associated with each column, and a row control  transistors
associated with each EPROM cell, each row control transistor having a
drain, connected to the source connection of the EPROM transistor, a
source, connected to the drain of the column control transistor in
the column of  the respective row control transistor, and 28 a gate,
connected to a row control line, whereby programming and reading of
the  EPROM cells can be controlled by signals sent through the row
control transistors and  the column control transistor. 15. An ink
jet printhead in accordance with claim 12, wherein the control
transistor comprises a first control terminal and a second control
terminal, and the  EPROM transistor comprises a drain, and further
comprising an electrical interconnection  between at least two of the
first and second control terminals of the control transistor and  the
drain of the EPROM transistor. 16. An ink jet printhead in accordance
with claim 15, wherein the electrical  interconnection between at
least two of the first and second control terminals of the  control
transistor and the drain of the EPROM transistor includes a
resistance. 17. An ink jet printhead in accordance with claim 12,
wherein a programming  charge applied to the floating gate is
cumulative, such that each EPROM cell can be  independently
successively charged to store cumulative values. 18. A printhead
control circuit for an inkjet printer having a plurality of pens,
comprising: a circuit structure including exactly one polysilicon
layer, comprising an array of  firing cells, configured to control
actuation of ink jet nozzles in the inkjet printer, and a  plurality
of pen identification memory elements, each pen identification memory
element  comprising an EPROM cell, including a control transistor
having a floating gate comprising a first portion of the  polysilicon
layer, and an EPROM transistor, having a floating gate comprising a
second portion  of the polysilicon layer, the floating gate of the
EPROM transistor being  electrically coupled to the floating gate of
the control transistor. 



29 19. A printhead control circuit in accordance with claim 18,
wherein the  control transistor comprises a first control terminal
and a second control terminal, and the  EPROM transistor comprises a
drain, and further comprising an electrical interconnection  between
at least two of the first and second control terminals of the control
transistor and  the drain of the EPROM transistor. 20. A printhead
control circuit in accordance with claim 18, wherein a  programming
charge applied to the floating gate of the EPROM transistor is
cumulative,  such that each EPROM cell can be independently
successively charged to store  cumulative values. 30 


