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GATE-COUPLED EPROM CELL FOR PRINTHEAD

BACKGROUND

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
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
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
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
“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,

PCT/US2007/062644
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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
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.

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,
while those where the fuses have been burned out provide a value of O 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
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
(EPROM) devices have also been developed. Unlike PROM chips, EPROM
chips do not include fuses. Like typical ROM chips, EPROMSs inciude 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
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
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value of 1. That is, the floating gate initially has no charge, which causes the
threshold veltage 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
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.
If the threshold voltage is Jow (below the threshold level), the cell has a value of
1. If the threshold voltage is high (above the thresheld 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,
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
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
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
printhead die;

FIG. 3 is a schematic diagram illustrating one embodiment of an ink jet
printhead firing cell array,
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FIG. 4 is a schematic diagram of one embodiment of an identification cell
in one embodiment of a printhead die;

FIG. 6 is a schematic diagram of a typical EPROM transistor;

FIG. 6 is a cross-sectional view showing the circuitry layers in a typical
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
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.

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
thereby intended. Alterations and further madifications 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,

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
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
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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®, fabric, and the like.
Typically, the nozzles 34 are arranged in one or more columns or arrays such
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
22, itis 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
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
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
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 rerhoved, 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
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
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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
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
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, optiéal,
or other information transfer path. The data represents, for example, a
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
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,

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 on 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
feed source. Other embodiments of fluid feed sources include but are not
limited to corresponding individual ink feed holes feeding corresponding
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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
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
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
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.

There are a variety of types of printhead dies. These include thermal
printheads, piezoelectric printheads, electrostatic printheads, and any other type
of fiuid 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
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
metal alloy. Firing cell circuitry, such as described in detail below, can be
implemented in the substrate and thin-film layers.

/
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The orifice layer 50 can be of a photoimageable epoxy resin, such as an
epoxy referred to as SU8, 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
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
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
number of pre-charged firing cells and their layout may vary as desired.

The eight columns of pre-charged firing cells B4 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 comesponding columns of pre-charged firing cells in fire
group 82b and subsequent fire groups (not shown).

The rows of pre-charged firing cells 84 are electrically coupled to address
lines 86, labeled A1-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
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).

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
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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 brovides
this select signal to all firing cells 84 in a corresponding fire group 82 and a fire
line 84a (labeled FIRE 1) provides a fire signal to all pre-charged firing cefls 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
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
ink nozzles to selectively operate, so as to eject ink in the desired pattemn. 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
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
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).

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
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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
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.

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.
The select signal for the selectéd 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 puise, is provided to the selected fire group.

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
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
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
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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 electricaily coupled to the
memory element 103. The drive switch can be a FET (Field Effect Transistor)
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
signal, including the program signal and the read signal, can be conducted
through the memory element if the drive switch 106 is tumed 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
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
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
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. Altematively, a capacitor separate from the drive switch can
be used to store charge.

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
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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
switch 106.

The gates of the first, second, and third transistors, 122, 124 and 1286,
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 assaciated with the corresponding fire group. As
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 signa! 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
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 tumn 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
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
data signals DI-D3 to tum 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
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)
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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
individuatly enabled, and thereby can be programmed on an individual basis.
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
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 fine, 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
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
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 fiuid 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 celis on the die.

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
applications. EPROM cells do not include fuses, and provide a number of
advantages over NMOS bits.
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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
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
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 puils 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
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
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 ié a cross-sectionat view of the layers in a
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
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
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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
the control gate, the drain, and other compoenents 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
substrate 252, atop which is an oxide layer 254 (such as silicon dioxide, Si0y),
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
lines, data fines, 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
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
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
or control terminals, the first terminal 276 being labeled Control1, and the
second terminal 278 being labeled Control2.
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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
and drain of the control tfransistor 272, and whether the gate of the control
transistor is on. The overlap and gate capacitance couple the voltage at
Control1 and Controi2 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
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
Control1 276 couples the voltage at Control1 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
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
of the various circuit layers. The floating gates 280, 282 of the controf 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 Metal1 layer 260. The gate/drain coupling is from the n+ drain region of the
substrate 252 to the gate, through the gate oxide layer 254. The Metal1 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
the control node to the floating gate. In general, the more capacitive coupling
the better.
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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, Control1, Control2 and Drain can be
tied to separate voltages to get more efficient coupling. With Control2 278 and
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.,
limiting overheating by controlling pulse width instead, or relying on the
resistance of the Select transistors (when implemented in arrays) to limit the
current), Control1, 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.

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 Control1 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,
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
Control1 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
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
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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
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
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
percentage of energetic hot electrons that are able to reach the fioating gate
280. In one embodiment, the floating gate voltage is in the range of 5 volts to
12 volts, though other voitage 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
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.

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
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.
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Under the above parameters, the inventor has' found that a 10 millisecond
pragramming 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
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
setting the current and measuring the voltage. The inventor has found that the
on resistance (R,n) 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
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 (Ron)
of the second transistor is proportional to the gate voltage. By monitoring the on
resistance of the second tfransistor, the flpating 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
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
place of the identification bit (103 in FIG. 4). Such a configuration will provide
one controt line per cell, with the aperation of each EPROM cell being controlled
by an individual control transistor. This sort of configuration has a larger
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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
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
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
layout decisions and technique used to control drain current.

Referring back to FIG. 9, when the transistor 106 is tumed 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
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

~ ShowninFIG. 10is a partial schematic diagram of an EPROM array 300
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 Vi, (designated at 304) through input line 308.
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
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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
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
controt transistor 272 would then be removed, and all of the control transistor-
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
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 Calumn 1, 314b
for Column 2, and so on.

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 Meta} 1 layer (260 in FIG. 7). Some
advantages of this circuit are that it is more compact than implementation of
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
control circuit,

To program a celt 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
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column transistor 314a), and then a pulse of relatively high voltage Vi, (e.g.
16V) is applied. To sense the condition of the cell, a lower input voltage Vi,
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
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
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 um. it will be apparent that smaller sizes can be used for
lower programming current, and farger sizes will be needed for higher current.

In operation, a row signal tums on all row control transistors 316 in that
row. A column signal turns on a selected column contro! transistor 314. An
input voltage Vi, 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
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 1D bits in an inkjet printhead. In this configuration, the row
and column signals can be supplied by the shift register of the pen contro!
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
variety of ways. '
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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
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. Additional]y. the gate oxide
(254 in FIG. 7) is not processed for absolute minimum leakage current.

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
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
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
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
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.
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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.

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,
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
printhead. Selected identification cells can store identification inforrmation
indicating a printhead uniqueness number to identify and properly respond to
the printhead. ldentification 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
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
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
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
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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
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
used by the printer to adjust for the physical characteristic changes between
product revisions.

Gate-coupled EPROM celis 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
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
analog circuits, such as to create a variable time delay. Other applications are
also possible.

Itis to be understood that the above-referenced arrangements are
illustrative of thé 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
made without departing from the principles and concepts of the invention as set
forth in the claims.
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CLAIMS
What is claimed is:

1. An EPROM cell in a printhead control circuit for an inkjet printer,
the control circuit having a semiconductor éubstrate, 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 portion of
the polysilicon layer,;

an EPROM transistor, having a floating gate comprising a 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 ¢laim 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
interconnection between the second control terminal of the control transistor and
the drain of the EPROM ftransistor comprises a resistance.

26
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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.
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CELDA EPROM ACOPLADA A COMPUERTA PARA CABEZAL
DE IMPRESION

ANTECEDENTES
Un sistema de impresion de chorro dé tinta es un tipo de dispositivo

de eyeccion de fluido e incluye un cabezal de impresion, un suministro de

tinta y un controlador electrénico que controla el cabezal de impresion. [l

cabezal de impresion eyecta gotas de tinta liquida a través de un arreglo de

orificios o boquillas, dispuesto en una matriz, calentando rapidamente

pequefios volumenes de tinta localizados en camaras de vaporizacion. La

tinta se calienta con mintsculos calentadores eléctricos, tales como

resistores de pelicula delgada o resistores de encendido ("firing resistors').
El calentar la tinta hace que una porcién de la tinta liquida se vaporice vy,

con ello, eyecte una gota Gnica a través de la boquilla hacia una hoja de

medio de impresion, tal una hoja de papel, para imprimir una imagen. Las °

boquillas de tinta se disponen tipicamente en uno o mds arreglos en la
matriz del cabezal de impresion, de modo que la eyeccion consecutiva de
tinta de las boquillas hace que se¢ impriman caracferes u otras imagenes a
medida que el cabezal de impresién recorre el medio de impresion.

Para eyectar cada gota de tinta, el controlador electrénico que
controla el cabezal de impresion activa una corriente eléctrica de un
suministro de energia extémno al cabezal de impresion. La corriente eléctrica
pasa a traveés de un resistor de encendido seleccionado para calentar la tinta
en una camara de vaporizacion seleccionada correspondiente y eyectar la
tinta a través de una boquilla correspondiente. Generadores de gotas
conocidos incluyen un resistor de encendido, una camara de vaporizacion
correspondiente y una boquilla correspondiente.

En sistemas de impresion de chorro de tinta es deseable tener varias
caracteristicas de cada cartucho de impresion facilmente identificables por
un controlador, y es deseable tener tal informaciéon de identificacion
suministrada directamente por el cartucho de impresion. Esta "informacion

de identificacion” puede proveer informacion al controlador para ajustar la

N
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operacion de la impresora y garantizar la correcta operacion.
Adicionalmente, a medida que aumentan los diferentes tipos de dispositivos’
de eyeccion de fluido y sus parametros de operacion, existe una necesidad
de proporcionar una mayor cantidad de informacion de identificacion sin
agregar interconexiones adicionales al circuito flexible de interconexidn
automatica ("the flex tab circuit") o aumentar el tamarfio de la matriz para
proporcionar tal informacion de identificacion.

Por estas y otras razones, se han desarrollado celdas de identiticacion
de pluma e integrado con el conjunto de circuitos de las matrices de cabezal
de impresion de chorro de tinta. En una configuracién el conjunto de
circuitos del cabezal de impresion es un circuito semiconductor de éxido
metalico negativo (NMOS), y las celdas de identificacién se configuran
para ser direccionadas individualmente. Cada celda de identificacion
incluye un bit de identificacion que almacena un bit de informacion.

Los bits de identificacion de las celdas de identificacién emplean
tipicameﬁte fusibles y, aunque son diferentes de los chips estandar de
memoria de solo lectura programable (PROM), estos bits se programan y
usan basicamente en la misma forma. Para programar el chip, una corriente
relativamente alta se enruta selectivamente a ciertos fusibles para hacer que
se quemen. Los bits donde quedan los fusibles tienen un valor de 1,
mientras que aquellos donde los fusibles se han quemado proporctonan un
valor de 0 en la 16gica binaria del circuito.

La programacion y uso de chips ROM de esta forma tiene algunas
desventajas. Si un chip se programa inicialmente de manera inapropiada, no
hay forma de arreglarlo, y el chip tiene que descartarse. Adicionalmente, los
fusibles son relativamente grandes y pueden no ser confiables. En circuitos
de cabezal de impresion de chorro de tinta, por ejemplo, los fusibles pueden
dafiar la capa de orificios de chorro de tinta durante la programacion vy,
luego de que un fusible se quema, restos -de metal del fusible pueden
arrastrarse a la tinta y ocasionar bloqueo en una pluma, o resultar en una

pobre calidad de impresion.
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En afios recientes, se han desarrollado igualmente dispositivos de
memoria de solo lectura electronicamente programable (EPROM). A
diferencia de los chips PROM, los chips EPROM no incluyen fusibles. Al
igual de los chips ROM, los EPROMs incluyen una rejilla conductora de
columnas y filas. La celda en cada interseccion tiene dos compuertas que se
separan una de otra mediante una delgada capa de éxido que actia como un
dieléctrico. Una de las compu‘en‘as se denomina una compuerta flotante y la
otra se denomina una compuerta.de control o compuerta de entrada. El
unico vinculo de la compuerta flotante a la fila se da a través de la
compuerta de control. Un blanco EPROM tiene todas las ‘compuertas
completamente abiertas, dandole a cada celda un valor de |. s decir,
inicialmente la compuerta flotante no tiene carga, lo cual hace que el voltaje
umbral sea bajo.

Para cambiar el valor del bit a 0, se aplica un voltaje de programacion
(por ejemplo 10 a 16 voltios) a la compuerta de control y drenaje.. Este
voltaje de programacidn atrae electrones excitados a la compuerta flotante,
aumentando asi el voltaje umbral. Los eiectrones excitados se empujan a
traves y se atrapan en el otro lado de la capa de 6xido delgada, dandole una
carga negativa. Estos electrones cargados negativamente actian como una
barrera entre la compuerta de control y la compuerta flotante. Durante el
empleo de la celda EPROM, un sensor de celda monitorea el voltaje umbral
de la celda. Si el voltaje umbral es bajo (por debajd del nivel umbral), la
celda tiene un valor de 1. Si el voltaje umbral es alto (por encima del nivel
umbral), Ja celda tiene un valor de cero.

Debido a que las celdas EPROM tienen dos compuertas en cada
interseccion, un chip EPROM requiere capas adicionales, comparado con
un chip NMOS o PROM estéandar, incluidos muchos chips similares que se
usan frecuentemente en circuitos de cabezal de impresion de chorro de tinta.
En consecuencia, aunque algunas de las desventajas de los fusibles en
circuitos NMOS podrian eliminarse por la aplicacion del conjunto de

circuitos EPROM, el uso de una celda EPROM tipica o bien requiere que el
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chip se provea con capas adicionales, lo cual aumenta el costo y la

complejidad del, o bien que se provea un chip EPROM separado.

BREVE DESCRIPCION DE LOS DIBUJOS

Varias caracteristicas y ventajas de la invencion serin evidentes a
partir de la siguiente descripcion detallada, tomada en conjuncion con los
dibujos acompafiantes, los cuales ilustran en forma conjunta, a modo de
ejemplo, caracteristicas de la invencion, y en donde:

FIG. 1 es un diagrama de bloques de una incorporacion de un sistema
de impresion de chorro de tinta; |

FIG. 2 es un diagrama que ilustra una porcién de una incorporacion
de una matriz de cabezal de impresion;

FIG. 3 es un diagrama esquematico que ilustra una incorporacion de
un arreglo de celdas de encendido de un cabezal de impresién de chorro de
tinta;

FIG. 4 es un diagrama esquematico de una incorporacion de una
celda de identificacion en una incorporacién de una matriz de cabezal de
impresion;

FIG. 5 es un diagrama esquematico de un transistor EPROM tipico;

FIG. 6 es una vista en seccion transversal, que muestra las capas del
sistema de circuitos eléctricos en un chip EPROM tipico;

FIG. 7 es una vista en seccidn transversal, que muestra las capas en
una incorporacion de una matriz de cabezal de impresién de chorro de tinta
que provee el sistema de circuitos eléctricos mostrado en FIG. 3;

FIG. 8 es un diagrama esquematico de una incorporacion de una
celda EPROM acoplada a una compuerta, que puede adaptarse para uso
como un bit de identificacion en el sistema de circuitos eléctricos del
cabezal de impresion de FIG. 4;

FIG. 9 es un diagrama esquematico de una incorporacion de una
celda de identificacion que tiene un bit de identificacion EPROM acoplado

a una compuerta; y.
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FIG. 10 es un diagrama esquematico de un arreglo de celdas EPROM

acopladas a compuerta para un circuito de cabezal de impresion.

DESCRIPCION DETALLADA

 Se hara ahora referencia a incorporaciones ejemplares, ilustradas en
los dibujos, y se empleard lenguaje especifico en esta solicitud para
describir los mismos. Se entendera no obstante que, con ello, no se pretende
una limitacion del ambito de la invencion. Se considerardn dentro del
ambito de la invencion alteraciones y otras modificaciones de las

caracteristicas inventivas ilustradas en esta solicitud, y aplicaciones

adicionales de los principios de la invencion como se ilustran en esta

solicitud, que se le ocurririan a una persona experta en el arte relevante y en
pbsesic’m de esta divulgacidn, tienen que considerarse dentro del ambito.

En FIG. 1 se ilustra un diagrama de bloques de una incorporacién de
un sistema de impresion de chorro de tinta 20. E] sistema de impresion de
chorro de tinta incluye generalmente un ensamble de cabezal de impresion
de chorro de tinta 22 y un ensamble de suministro de fluido, tal como el
ensamble de suministro de tinta 24. El sistema de impresion de chorro de
tinta incluye asimismo un ensamble de montaje 26, un ensamble de
transporte de medios 28 y un controlador electrénico 30. Un suministro de
energia 32 provee energia a los varios componentes eléctricos del sistermna.

En la incorporacion mostrada en FIG. 1, el ensamble de cabezal de
impresion de chorro de tinta 22 incluye por lo menos un cabezal de
impresion o matriz de cabezal de impresion 40 que eyecta gotas de tinta a
través de una pluralidad de orificios o boquillas 34 hacia un medio de
impresion 36, con el fin de imprimir sobre el medio de impresion. El medio
de impresion puede ser cualquier tipo de material en hojas apropiado, tal
como papel, cartulina, transparencias, Mylar®, tela y similares.
Tipicamente, las boquillas 34 se disponen en una o més columnas o arreglos
de modo que la eyeccion secuenciada adecuadamente de tinta de |as
boquillas hace que se impriman caracteres, simbolos, y/u otros graficos o

imagenes sobre el medio de impresion a medida que el ensamble de cabezal

(
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de umpresion de chorro de tinta y el medio de impresion se mueven uno en
relacion con el otro. El cabezal de impresién 40 es una incorporacién de un
dispositivo de eyeccién de fluido. Aunque la siguiente descripcion se refiere
a la eyeccion de tinta del ensamble de cabezal de impresion 22, hay que
entender que otros liquidos, fluidos o materiales que fluyen, incluido un
fluido transparente, pueden eyectarse del ensamble de cabezal de Impresion.

El ensamble de suministro de tinta 24 es una incorporacion de un
ensamble de suministro de fluido y provee tinta al ensamble de cabezal de
impresion 22. El ensamble de suministro de tinta incluye un deposito 38
para almacenar tinta, que fluye del deposito al ensamble de cabezal de
impresion de chorro de tinta. E| ensamble de suministro de tinta y el
ensamble de cabezal de impresion de chorro de tinta pueden formar o bien
un sistema de entrega de tinta de una sola via o bien un sistema de entrega
de tinta con recirculacién. En un sistema de entrega de tinta de una sola via,
sustancialmente toda la tinta suministrada al ensamble de cabezal de
impresion de chorro de tinta se consume durante la impresion. En un
sistema de entrega de tinta con recirculacién, sélo una porcion de la tinta
suministrada al ensamble de cabezal de impresion se consume durante la
impresion. En tal sistema, la tinta no consumida durante la Impresion se
recircula al ensamble de suministro de tinta.

En una incorporacic')'n de un sistema de impresion de chorro de tinta,
el ensamble de cabezal de impresion de chorro de tinta 22 y el ensamble de
suministro de tinta 24 se alojan juntos en un cartucho de tinta 0 pluma.
Alternativamente, el ensamble de suministro de tinta puede estar separado
del ensamble de cabezal de impresion de chorro de tinta, y suministrar tinta
al ensamble de cabezal de impresion de chorro de tinta a través de una
conexion de interfase, tal como un tubo de suministro (no mostrado). En
cualquiera de las dos incorporaciones, el deposito 38 puede retirarse,
reemplazarse y/o recargarse.

El ensamble de montaje 26 posiciona el ensamble de cabezal de
impresion de chorro de tinta 22 en relacion con el ensamble de transporte de

medios 28, el cual posiciona e] medio de impresion 36 en relacion con el

(,‘
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ensamble de cabezal de impresién de chorro de tinta. Se define por lo tanto
una zona de impresion 37 adyacente a las boquillas 34 en un area entre el
ensamble de cabezal de impresion de chorro de tinta y el medio de
impresion. El ensamble de cabezal de impresién de chorro de tinta puede
ser un ensamble de cabezal de impresion tipo escaneador, en donde el
ensamble de montaje incluye un carro (no mostrado) para mover el
ensamble de cabezal de impresién de chorro de tinta en relacién con el
ensamble de transporte de medios para escanear el medio de impresion,
Alternativamente, el ensamble de cabezal de impresion de chorro de tinta
puede ser un ensamble de cabezal de impresion tipo no escaneador, en
donde el ensamble de montaje fija el ensamble de cabezal de impresion de
chorro de tinta en una posicion prescrita, relativa al ensamble de transporte
de medios 28.

El controlador electrénico o controlador de la impresora 30 incluye
tipicamente un procesador, un programa fijo ("firmware") y demds
electronica, o cualquier combinacién de los mismos, para comunicar con y
controlar el ensamble de cabezal de impresion de chorro de tinta 22, el
ensamble de montaje 26 y el ensamble de transporte de medios 28. El
controlador electronico recibe datos 39 de un servidor de base de datos ("a
host system'), tal como un computador y, usualmente, incluye memoria (no
mostrado) para almacenar temporalmente los datos. Tipicamente, los datos
se envian al sistema de impresion de chorro de tinta 20 junto con una ruta
electronica, infrarroja, dptica, u otra ruta de transferencia de informacion.
Los datos representan, por ejemplo, un documento a imprimirse, e incluye
uno o mas comandos de trabajos de impresion y/o parametros de comandos,
- formando asi un trabajo de impresion para el sistema de impresion de
chorro de tinta. -El patrc"m de las gotas de tinta eyectadas se determina por
* los comandos de trabajos de impresion y/o parametros de comandos.

El ensamble de cabezal de impresion de chorro de tinta 22 puede
incluir un cabezal de impresion 40, o puede ser un arreglo amplio o
ensamble de cabezal de impresion multi-cabezas. El ensamble de cabezal de

impresion de chorro de tinta puede incluir un soporte, que soporta las
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impresion de chorro de tinta puede incluir un soporte, que soporta las
matrices del cabezal de impresion, provee comunicacion eléctrica entre las
matrices del cabezal de impresidn y el controlador electrénico 30 y provee
comunicacion fluida entre las matrices del cabezal de impresion y el
ensamble de suministro de tinta 24.

En FIG. 2 se provee un diagrama que ilustra una porcion de una
incorporacion de una matriz de cabezal de impresién 40. La matriz del
cabezal de impresion incluye unlrarreglo de elementos de impresién o
eyeccion de fluido 42. Los elementos de impresion se forman en un sustrato
44, que tiene una ranura de alimentacion de tinta 46 formada en él. La
ranura de alimentacion de tinta provee un suministro de tinta liquida a los
elementos de impresién, y es una incorporacion de una fuente de
alimentacion de fluido. Otras incorporaciones de fuentes de alimentacion de
fluido incluyen, sin limitacion, los correspondientes huecos individuales de
alimentacion de tinta que alimentan las correspondientes cémaras de
vaporizacién y multiples fosas mas cortas de alimentaciéon de tinta, que
alimentan cada uno grupos correspondientes de elementos de eyeccion de
fluido. |

Una estructura de pelicula deigada 48 se provee con un canal de
alimentacion de tinta 54 formada en ella. Este canal comunica con la ranura
de alimentacion de tinta 46 formada en el sustrato 44. Una capa de orificios
50 tiene una cara frontal 50a y una abertura de boquilla 34 formada en'la
cara frontal. La capa de orificios tiene también una camara de boquilla o
camara de vaporizacion 56 formada en ella, que comunica con la abertura
de boquilla y el canal de alimentacion de tinta de la estructura de pelicula
delgada. Un resistor de encendido ("a firing resistor') 52 se ubica en la
camara de vaporizacion, e hilos conductores ("conductive leads™) 58
acoplan eléctricamente este resistor de encendido al sistema de circuitos
eléctricos, que controla la aplicaciéon de corriente eléctrica a través de los
resistores de encendido seleccionados. Tal como se emplea en esta

solicitud, el término "generador de gotas" 60 incluye el resistor de
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encendido 52, la cdmara de boquilla o cdmara de vaporizacion 56 y la
abertura de boquilla 34.

Durante la impresion, fluye tinta de la ranura de alimentacién de tinta
46 a la camara de vaporizacion 56 mediante el canal de alimentacién de
tinta 54. La abertura de boquilla 34 se asocia operativamente con el resistor
de encendido 52, de modo que goticulas de tinta en la camara de
vaporizacion se eyecten a través de la abertura de boquilla (por ejemplo,
sustancialmente normal al plano del resistor de encendido) y hacia el medio
de impresion 36 luego de energizar del resistor de encendido.

Existe una variedad de tipos de matrices de cabezal de impresion.
Estas incluyen cabezales de impresion térmicos, cabezales de impresion
piezoeléctricos, cabezales de impresion electrostaticos y cualquier otro tipo
de dispositivo de eyeccion de fluido conocido en el arte, que puéda
integrarse en una estructura multi-capa. El sustrato 44 puede formarse, por
ejemplo, de silicio, vidrio, ceramica, o un polimero estable, y la estructura
de pelicula delgada 48 puede formarse para incluir una o mds capas de
~ pasivacion o aislamiento de diéxido de silicio, carburo de silicio, nitruro de
silicio, tantalio, vidrio silicio policristalino, u otro material apropiado. La
estructura de pelicula delgada incluye ademas pér lo menos una capa
conductora, que define el resistor de encendido 52 y los hilos 58. La capa
conductora puede fabricarse, por ejemplo, de aluminio, plata, oro, tantalio,
tantalio-aluminio, u otro metal o aleacion de metal. El sistema de circuitos
eléctricos de la celda de encendido, tal como se describe en detalle a
continuacion, puede implementarse en el sustrato y las capas de pelicula
delgada.

La capa de orificios 50 puede ser de una resina epoxica
fotoimprimible ("a photoimageable resin'), tal como un epoxido
designado como SUS8, comercializado por Micro-Chem, de Newton,
Massachusetts. Técnicas para fabricar la capa de orificios con SU8 u otros
polimeros son bien conocidas por aquellas personas de habilidad en el arte.
En una incorporacion, la cépa de orificios se forma de dos capas separadas,

designadas como una capa barrera (por ejemplo, una capa barrera foto-
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resistente de pelicula seca) y una capa de orificios metalica (por ejemplo,
una capa de niquel, cobre, aleaciones de hierro/niquel, paladio, oro, o rodio)
formada sobre la capa barrera. Otros materiales apropiados pueden
emplearse igualmente para formar la capa de orificios.

En FIG. 3 se muestra un diagrama esquematico de una porcion de una
incorporacion de un circuito de celda de encendido de cabezal de impresion
de chorro de tinta 80. EI circuito de celda de encendido incluye una
pluralidad de grupos de encendido 82 (por ejemplo, seis grupos de
encendido), comprendiendo cada grupo de encendido un arreglo de celdas
de encendido pre-cargadas 84. Un primer grupo de encendido 82a y una
porcion de un segundo grupo de encendido 82b se muestran en FIG. 3. Las
celdas de encendido pre-cargadas en cada grupo de encendido se disponen
esquematicamente en 13 filas y 8 columnas. El namero de celdas de
encendido pre-cargadas y su distribucion pueden variar seglin se desee.

Las 8 columnas de las celdas de encendido pre-cargadas 84 se
acoplan eléctricamente a 8 lineas de encendido 88, marcadas D1-D8. Cada
una de las celdas de encendido en cada columna de celdas de encendido
pre-cargadas se acopla eléctricamente a una de las lineas de encendido, vy
estas lineas de encendido se extienden a las correspondientes columnas de
celdas de encendido pre-cargadas en el grupo de encendido 82b y los
grupos de encendido subsiguientes (no mostrados).

Las filas de celdas de encendido pre-cargadas 84 se acoplan
eléctricamente para direccionar las lineas 86, marcadas A1-A7, que reciben
sefiales de direccion. Cada celda de encendido pre-cargada en una fila de
celdas de encendido pre-cargadas, designada en esta solicitud como un
subgrupo de ﬁlés o subgrupo, se acopla eléctricamente al mismo par de las
lineas de direccion, siendo este par unico para cada subgrupo de filas. [l
arreglo de celdas de encendido mostrado en el grupo de encendido 82
incluye 13 subgrupos de filas, pero sera evidente que el arreglo puede
incluir cualquier nimero apropiado de subgrupos. Las lineas de direccion se
extienden también para conectarse con subgrupos de filas del grupo de

encendido 82b y grupos subsiguientes de encendido (no mostrados).
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La linea de pre-carga 90a (marcada PRE 1) recibe una sefial de pre-
carga, y provee la sefial de pre-carga a todas las celdas de encendido pre-
cargadas 84 en el primer grupo de encendido 82a. Grupos de encendido
adicionales tienen cada uno una linea de pre-carga separada, tal como la
linea de pre-carga 90b (marcada PRE2) para el grupo de encendido 82b.

Una linea selectora 92a (marcada SEL 1) recibe una sefial selectora y
provee esta sefial a todas las celdas de encendido 84 en un grupo de
encendido correspondiente 82 y una linea de encendido 94a (marcada FIRE
I) provee una seflal a todas las celdas de encendido pre-cargadas en el
grupo de encendido asociado. La linea de encendido se acopla
eléctricamente a los resistores de encendido (52 en FIG. 2) de todas las
celdas de encendido pre-cargadas 84 en un grupo de encendido. Grupos
adicionales de encendido tienen cada uno sus propias lineas selectoras y de
encendido separadas.

Adicionalmente, todas las celdas de encendido pre-cargadas 84 en el
arreglo 80 se acoplan eléctricamente a una linea de referencia 96, esta unida
a un voltaje de referencia, tal como un polo a tierra. Dada esta estructura,
las celdas de encendido pre-cargadas en un subgrupo de filas de celdas de
encendido pre-cargadas se acoplaﬁ eléctricamente a las mismas lineas de
direccion 86, la linea de pre-carga 90, la linea selectora 92, la linea de
encendido 94 y la linea de polo a tierra 96.

Las celdas de encendido 84 hacen que los resistores de encendido

- individuales (52 en FIG. 2) de las boquillas de tinta operen selectivamente,

con el fin de que eyecten tinta en el patron deseado. Los grupos de
encendido se pre-cargan primeramente a través de las lineas PRE 90
respectivas. Se proveen sefiales de direccion en las lineas de direccion 86
para direccionar un subgrupo de filas en cada uno de lo grupos de
encendido 82, incluido un subgrupo de filas en el grupo de encendido pre-
cargado. Sefiales de datos se proveen en las lineas de encendido 88 para
proporcionar datos a todos los grupos de encendido, incluido el grupo de
filas direccionadas en el grupo de encendido pre-cargado. A continuacion,
se provee una sefial selectora en la linca selectora 92 del grupo de

hat
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encendido pre-cargado para seleccionar el grupo de encendido pre-cargado.

- La sefial selectora define un intervalo de tiempo de descarga para descargar

fa capacitancia de nodo en cada interruptor de mando ("drive switch ") (no
mostrado) en una celda de encendido pre-cargada que, o bien no estd en el
subgrupo de filas direccionadas en el grupo de encendido seleccionado o
bien se direcciona en el grupo de encendido seleccionado y que recibe una
sefial de datos de alto nivel. La capacitancia de nodo no descarga en celdas
de encendido pre-cargadas que se direccionan en el grupo de encendido
seleccionado y que reciben una sefial de datos de bajo nivel. Un nivel de
alto voltaje en el nodo de capacitancia activa el interruptor de mando
(conducir).

Una vez los interruptores de accionamiento en el grupo de encendido
seleccionado 82 se ajustan para conducir o no conducir, se provee un pulso
de energia o pulso de voltaje en la linea de encendido 94 del grupo de
encendido seleccionado. Celdas de encendido pre-cargadas 84, que tienen
interruptores de mando conductores, conducen corriente a través del resistor
de encendido (52 en FIG. 2) para calentar tinta y eyectar tinta del generador
de gotas correspondiente (60 en FIG. 2). En operacion, la pluralidad de
grupos de encendido 82 puede seleccionarse para encender en sucesion, u
otras secuencias, y pueden utilizarse igualmente selecciones no
consecutivas. Las sefiales de direccion provistas en las lineas de direccion
86 pueden ajustarse a una direccion de subgrupo de filas durante cada ciclo
a través de los grupos de encendido y, asi, realizan un ciclo a través de las
direcciones del subgrupo de 13 filas en cada grupo de encendido antes de
repetir una direccién de un subgrupo de filas. Después del ltimo subgrupo
de filas, las sefiales de direccion seleccionan el primer subgrupo de filas
para iniciar el ciclo de direcciones de nuevo.

Con los grupos de encendido 82 operados en sucesion, la sefial
selectora para un grupo de encendido de usa como la sefial de pre-carga
para el siguiente grupo de encendido. La sefial de pre-carga para un grupo
de encendido precede a la sefial selectora y a la sefial de encendido para el

un grupo de encendido. Después de la sefial de pre-carga, las sefiales de los
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datos se multiplexan en tiempo y se almacenan en el subgrupo de filas
direccionadas de un grupo de encendido por la sefial selectora. La sefial
selectora para el grupo .de encendido seleccionado es también la sefial de -
pre-carga para el siguiente grupo de encendido. Una vez completa la sefial
selectora para el grupo de encendido seleccionado, se provee la sefial
selectora para el siguiente grupo de encendido. Celdas de encendido pre-
cargadas 84 en el subgrupo seleccionado encienden o calientan tinta
basandose en la sefial de datos almacenada a medida que la sefial de
encendido, incluido un pulso de energia, se provee al grupo de encendido
seleccionado. |

Como ya se anoto, puede ser deseable provee una mayor cantidad de
informacion de identificacion en el circuito del cabezal de impresion, sin
agregar interconexiones adicionales al circuito flexible de interconexion
automatica o aumentar el tamafio de la matriz para proporcionar  tal
informacion de identificacion. En consecuencia, se han desarrollado celdas
de ‘identificacion que pueden incluirse en el conjunto de circuitos del
cabezal de impresion, tales como las ilustradas en FIG. 3. En FIG. 4 se
tlustra un diagrama esquematico de una incorporacion de una celda. de
identificacion 100 que puede fabricarse en el conjunto de circuitos de una
incorporacion de una matriz de cabezal de impresion (40 en FIGS. | & 2).
La matriz del cabezal de impresion puede incluir una pluralidad de tales
celdas de identificacion acopladas eléctricamente a una linea de
identificacion 102 que recibe una sefial de identificacion y provee la sefial
de identificacion a las celdas de identificacion,

La celda de identificacion 100 incluye un elemento de memoria o bit
de identificacion, indicado en 103. El elemento de memoria almacena un bit
de informacion. En una incorporacion, ilustrada en FIG. 4, el elemento de
memoria comprende un fusible, representado por elemento de fusible 104 y
la resistencia del fusible 108. La celda de identificacion incluye un
transistor de mando o interruptor de mando 106 acoplado eléctricamente al
elemento de memoria 103. El interruptor de mando puede ser FET

(Transistor de Efecto Campo - Field Effect Transistor) con una ruta
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drenaje-fuente que se acopla eléctricamente en un extremo a una terminal
del elemento de memoria y en el otro extremo a una referencia 110, tal
como un polo a tierra. La otra terminal del elemento de memoria se acopla
eléctricamente a la linea de identificacion 102. La linea de identificacion
recibe una sefial de identificacién y provee la sefial de identificacion al
elemento de memoria. La sefial de identificacion, incluidas la sefial dél
programa y la sefial de lectura, puede conducirse a través del elemento de
memoria si el interruptor de mando 106 se activa (conducir). Esto permite
que unicamente celdas de identificacion especificas en una sola linea de
identificacion respondan a sefiales de lectura y programacion en la linea de
identificacion, mientras que otras celdas de identificacion en la misma linea
de identificacion no respondan a las sefiales de lectura y programacion.

La compuerta del interruptor de mando 106 forma una capacitancia
de nodo de almacenamiento 112, que funciona como una memoria para
almacenar carga luego de la activaciéon secuencial del transistor de pre-
carga 114y el transistor selector 116. La ruta drenaje-fuente y la compuerta
del transistor de pre-carga se acoplan eléctricamente a la linea de pre-carga
118 que recibe una sefial de pre-carga. La linea de pre-carga puede
conectarse eléctricamente a la linea de pre-carga 90 en FIG. 3.

La compuerta del interruptor de mando 106 es una entrada de control
que se acopla eléctricamente a la ruta drenaje-fuente del transistor de pre-
carga 114 y la ruta drenaje-fuente del transistor selector 116. La compuerta
del transistor selector se acopla eléctricamente a la linea selectora 120 que
recibe una sefial selectora. El transistor selector puede conectarse
eléctricamente a la linea selectora (92 en FIG. 3). La capacitancia de nodo
de almacenamiento 112 se muestra en lineas de rayas, ya que es parte del
interruptor de mando 106. Alternativamente, puede usarse un capacitador
separado del interruptor de mando para almacenar carga.

La celda de identificacion incluye ademas un primer transistor 122,
un segundo transistor 124 y un tercer transistor 126 con rutas drenaje-fuente
que se acoplan eléctricamente en paralelo. La combinacion paralela de estos

tres transistores se acopla eléctricanmiente entre la ruta drenaje-fuente del
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transistor selector 116 y la referencia 110. El circuito en serie, incluido el
transistor selector acoplado a la combinacion paralela de los transistores
primero, segundo y tercero se acopla eléctricamente a través de la
capacitancia de nodo 112 del interruptor de mando 106.

Las compuertas de los transistores primero, segundo y tercero, 122,
124 y 126, se acoplan eléctricamente a tres de las lineaé de encendido del
grupo de encendido apropiado (82 en FIG. 3). Las tres lineas de encendido
asi conectadas pueden ser cualquier grupo tnico de tres de las ocho lineas
de encendido D1-D8 asociadas con el grupo de encendido correspondiente.
Como se muestra en FIG. 4, las lineas de encendido pueden ser aquellas
marcadas D1-D3 en el grupo de encendido 82 en FIG. 3.

La sefial de pre-carga puede ser la sefial de pre-carga provista en la
linea de pre-carga 90a (marcada PRE 1) al grupo de encendido 82, v la
sefial selectora puede ser la sefial selectora provista en la linea selectora 92a
(marcada SEL 1) al grupo de encendido 82 en FIG. 3. Para programar el
elemento de memoria 103, la celda de identificacion 100 recibe
sefializacion de habilitacion, incluida la sefial de pre-carga, la sefal
selectora y las sefiales de datos D1-D3 para activar el interruptor de mando
106. La linea de identificacion 102 provee la sefial del programa en la sefial
de identificacion al elemento de memoria. La sefial del programa provee un
voltaje relativamente alto (por ejemplo, 16 voltios) a través del elemento de
memoria al interruptor de mando conductor y la referencia 110. Este alto
voltaje cambia el estado del elemento de memoria de un estado resistivo

bajo a un estado resistivo alto quemando el fusible 104,

Para leer el estado del elemento de memoria 103, la celda de

identificacion 100 recibe sefializacion de habilitacion, incluidas la sefial de
pre-carga, la sefial selectora y las sefiales de los datos D1-D3 para activar el
interruptor de mando 106. La linea de identificacion 102 provee la sefial de
lectura en la sefial de identificacion al elemento de memoria. La sefial de
lectura provee una corriente a través del elemento de memoria al interruptor
de mando conductor 106 y la referencia 110. El voltaje en la linea de

identificacion puede detectarse para determinar el estado resistivo del
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elemento de memoria. En una incorporacion, se determina que el elemento
de memoria estd en el estado resistivo alto si la resistencia es mayor que
alrededor de 1.000 ohmios (es decir, el fusible se quema) y en el estado
resistivo bajo si la resistencia es menor que alrededor de 400 ohmios (es
decir, el fusible esta intacto).

Utilizando la configuracion de FIG. 4, cada celda de identificacion
100 puede habilitarse individualmente y, asi, puede programarse sobre una
base individual. Ademas, puesto que las celdas de identificacion pueden
leerse individualmente, se aumentan en gran medida las combinaciones
utilizadas para almacenar datos. Por ejemplo, una sola celda de
identificacion puede utilizarse en combinaciones muitiples que representan
cada una informacion diferente.

| Con tres de ocho sefiales de datos D1-D8 seleccionando cada celda de
identificacion 100 en una pluralidad de celdas de identificacion, pueden
seleccionarse hasta cincuenta-y seis celdas de identificacion diferentes
mediante combinaciones de tres de las ocho sefiales de datos. Por lo tanto,
con una linea de pre-carga, una linea selectora, ocho lineas de encendido y
una linea de identificacion, el circuito puede controlar cincuenta y seis bits
de identificacion, o alrededor de 5.1 bits de celda de identificacion por linea
de control. Alternativamente, cada celda de identificacion puede
configurarse para responder a cualquier numero apropiado de sefiales de
datos, tales como dos o cuatro o mas sefiales de datos.

Debe anotarse que aunque la Figura 4 divulga utilizar una sola linea
de 1dentificacién 102 que se acopla a cada una de las celdas de
identificacion 100, puede utilizarse mas una linea de identificacion,
permitiendo en esa forma un mayor nimero de celdas de identificacidn.
Ademas, el namero de celdas de identificacion, que se proveen, puede ser
mayor o menor que 56, dependiendo de factores tales como el tamafio de la
matriz, los parametros de operacion del dispositivo de eyeccion de fluido, u
otras consideraciones. Asimismo, el numero de celdas de identificacion que
se codifican con informacion puede ser menor que el namero total de celdas

de identificacion en la matriz.
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Aunque la configuracion de la celda de identificacion ya descrita
puede usarse en una variedad de modos para almacenar informaciéon de
identificacion en el cabezal de impresion, los fusibles presentan algunas
desventajas anotadas anteriormente. El inventor ha reconocido que memoria
de solo lecfura programable electronicamente, o EPROM, puede ser
deseable para eliminar fusibles en circuitos NMOS, tales como en cabezales
de impresién de chorro de tinta y otras aplicaciones. Las celdas EPROM no
incluyen fusibles, y proporcionan un nimero de ventajas sobre los bits
NMOS.

En FIG. 5 se ilustra un diagrama esquematico de una celda EPROM
tipica o bit 210. Una celda EPROM incluye generalmente una compuerta de
entrada 212 (también llamada un compuerta control), una compuerta
flotante 214 y un sustrato semiconductor 216 que incluye una fuente 218 y
un drenaje 220. Como se muestra en FIG. 5, el sustrato se provee con
regiones dopadas con N+, adyacentes a la fuente y drenaje,
respectivamente, y una region dopada p 222 entre ellas. La compuerta de
control y la compuerta flotante estan acopladas con capacitancia una con
otra, con un material dieléctrico 224 entre ellos, de modo que el voltaje de
la compuerta de control se acopla a la compuerta flotante. Otra capa de
material dieléctrico 226 se dispone igualmente entre la compuerta flotante
214 y el sustrato semiconductor 216.

Un ajuste de polarizacion de alto voltaje ("a high voltage bias') en
el drenaje 220 genera electrones "calientes" ehergéticos. Un ajuste de
polarizacion de voltaje positivo entre la compuerta de control 212 y el
drenaje atrae algunos de estos electrones calientes a la compuerta flotante
214. A medida que los electrones son atraidos a la compuerta flotante, el
voltaje umbral de la celda, es decir, aumenta el voltaje requerido para hacer
que la compuerta/drenaje conduzca corriente. Si se¢ atraen electrones
suficientes a la compuerta flotante, esos electrones bloquearan el flujo de
corriente de modo quée el voltaje umbral aumentara eventualmente a un
nivel por encima de un voltaje umbral deseado (por ejemplo, el voltaje de

operacion del circuito). Esto hara que la celda bloquee la corriente en ese
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nivel de voltaje, que cambia el estado de operacién de la celda de un | a un
0. Luego de programar la celda, se usa un sensor de celda (no mostrado)
durante la operacién normal para detectar el estado de la celda EPROM.

Debido a que las Ce]dés EPROM incluyen dos compuertas en cada
ubicacion de bit, estos chips requieren mas capas que un chip PROM o
NMOS chip como se usa tipicamente en un circuito de cabeéal de impresién
de chorro de tinta. En FIG. 6 se ilustra una vista de seccién transversal de
las capas en un chip EPROM tipico 230. Dispuesta encima de un sustrato de
silicio semiconductor 232 se halla una capa de 6xido de compuerta 236.
Dispuesta encima de la capa de 6xido de compuerta se halla una capa de
material silicie policristalino 238, en la cual se fonﬁa la compuerta flotante
(14 en FIG. 5). Cuando se dopa apropiadamente, este material silicio
policristalino funciona como un conductor. La capa de éxido de compuerta
236 funciona como una capa dieléctrica (26 en FIG. 5) entre la compuerta
flotante y el sustrato semiconductor.

Dispuesta encima de la capa de la compuerta flotante se encuentra
otra capa 240 de un material de dxido de compuerta, que proporciona otra
capa dieléctrica, encima de la cual se halla otra capa de silicio policristalino
242, en la cual se forma la compuerta de control (12 en FIG. 5). Dispuesta
encima de la capa de la compuerta de control se encuentran una o méas capas
metéli'_cas 244, 248, separadas por otra capa dieléctrica 246. Las capas
metalicas proveen lineas de filas y columnas para el circuito EPROM Y,
ademds, establecen varias conexiones eléctricas entre la compuerta dc
coﬁtrol, el drenaje y otros componentes del circuito.

Estas capas del circuito en un circuito EPROM tipico se encuentran
en contraste con las capas hailadas en un circuito tipico de cabezal de
impresion de chorro de tinta. Una vista de seccidn transversal de las capas
en un chip de control de chorro de tinta 250, como la que provee el circuito
de control de encendido de chorro de tinta ilustrado en FIG. 3,se daen FIG.
7. Este chip incluye un sustrato semiconductor 252, encima de la cual se
encuentra una capa de oxido 254 (tal como didxido de silicio, Si0,),

seguida por una capa de silicio 256, una capa dicléctrica 258, luego una
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capa metalica 1 260 y una capa metalica 2 264, separandose estas capas
metalicas por una capa dieléctrica 262.

Las dos capaé metalicas 260, 264 proveen los conductores para las
lineas de direccion, las lineas de encendido, las lineas de pre-carga,
selectoras y de encendido, y otras conexiones del circuito. Sera evidente
que esta configuracion de capa carece de una capa de silicio policristalino
adicional y dieléctrica de compuerta que se necesitarian para la creacion de
una celda EPROM estandar. Intentos previos por implementar EPROM's en .
este tipo de circuito se han centrado en agregar pasos del proceso
adicionales para afiadir una compuerta flotante extra y un dieléctrico de la
compuerta. Otra opcion es agregar un chip EPROM separado. Estas dos
opciones agregan costos y complejidad.

Ventajosamente, el inventor ha desarrollado una estructura acoplada a
una compuerta y un meétodo para proporcionar funcionalidad EPROM
usando las capas en este chip PROM, sin agregar capas de proceso y costos.
En FIG. 8 se ilustra un diagraima esquematico de un bit EPROM acoplado a
una compuerta 270, que puede crearse usando las capas existentes del chip
de control de pluma de chorro de tinta mostrado en FI1G. 7. El bit EPROM
acoplado a una compuerta comprende dos transistores con sus compuertas
flotantes unidas una con otra. El primer transistor 272 es un transistor de
control, y el segundo transistor es el transistor EPROM 274. El transistor de
control incluye dos conexiones de control o terminales de control,
marcandose la primera terminal 276 Control 1, y la segunda terminal 278
Control 2.

La compuerta flotante 280 del transistor de control 272 se acopla
cléctricamente a la compuerta flotante 282 del transistor EPROM 274. [
transistor EPROM incluye un drenaje 284 y una fuente 286, que pueden
conectarse a tierra. El voltaje de compuerta flotante es dependiente de la
capacitancia de recubrimiento dé la fuente y el drenaje de! transistor de
control 272, y de si la compuerta del transistor de control esta activada. La
capacitancia de recubrimiento y la compuerta acoplan el voltaje en Control

'y Control 2 a la compuerta flotante. Se necesita que la capacitancia
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necesita sea lo suficientemente grande para proporcionar un voltaje de
acoplamiento adecuado a la compuerta flotante. Una EPROM estandar
emplea la capacitancia en la capa dieléctrica entre la compuerta de control y
la compuerta flotante para acoplar el voltaje a la compuerta flotante. En el
dispositivo acoplado a compuerta divulgado en esta solicitud, la
capacitancia de recubrimiento compuerta a drenaje entre Control | 276
acopla el voltaje en Control | a la compuerta flotante. La capacitancia de
recubrimiento compuerta a fuente en Control 2 278 acopla el voltaje en
Control 2 a la compuerta flotante. El objetivo es hallar cierta estructura de
capacitancia para acoplar a la compuerta flotante. En esta configuracion, la
capa de Oxido de la compuerta (254 en FIG. 7), que provee la capacitancia
de la compuerta de un transistor estandar se usa en una direccién inversa
para proporcionar esta capacitancia.

Esta estructura acoplada a compuerta es completamente compatible
con la estructura de capa del cabezal de impresion mostrada en FIG, 7,y
solo requiere modificacion de la distribucion geométrica de las diferentes
capas del circuito. Las compuertas flotantes 280, 282 de los transistores de
control y EPROM, asi como la conexién de acoplamiento entre ellos,
pueden fabricarse en la capa de silicio policristalino 256 del circuito del
cabezal de impresion. Ademas, estas regiones de la compuerta flotante en la
capa de silicio policristalino pueden interconectarse eléctricamente por la
capa metalica 1 260. El acoplamiento compuerta/drenaje va desde la region
de drenaje n+ del sustrato 252 a la compuerta, a través de la capa de oxido
de la compuerta 254. La capa metalica 1 260 puede configurarse para
conectar la fuente del transistor de control 272 (Control 2, 278) al drenaje
del transistor EPROM 274 (Drenaje 284). Una caracteristica ventajosa de
esta configuracion es que existe un acoplamiento tanto de fuente como de
drenaje a la compuerta flotante. Esto provee acoplamiento capacitativo
adicional desde el nodo de control a la compuerta flotante. En general, entre
mayor sea el acoplamiento capacitativo, mejor.

Con referencia nuevamente a FIG. 8, las compuertas 276, 278 del

transistor de control 272 pueden unirse unas con otras, o el Control 2 puede
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amarrarse al drenaje del transistor EPROM 274. Para algunas
implementaciones, el Control 1, el Control 2 y el Drenaje pueden amarrarse
a voltajes separados para obtener un acoplamiento mas eficiente. Con el
Control 2 278 vy el Di'enaje 284 amarrados uno con otro, el voltaje en el
Drenaje puede limitar el voltaje en el Control 2 y la cantidad de voltaje
acoplado a la compuerta flotante 280. »
En una incorporacion, una distribucion eficiente en espacio puede
obtenerse amarrando el Drenaje 284 del transistor EPROM 274 a la fuente
(Control 2) 278 del transistor de control 272. Si no se necesita un resistor
para limitar la corriente de drenaje (por ejemplo, limitar el
sobrecalentamiento controlando en su lugar la amplitud del pulso, o
basandose en la resistencia de los transistores selectores (cuando s
implementan en arreglos) para limitar la corriente), Control i, Control 2 y

Drenaje pueden amarrarse todos en forma conjunta. Esta configuracion

proporciona un alto nivel de acoplamiento en un area pequefia, pero tiene

también una sensibilidad mas alta a un exceso de corriente de drenaje y
sobrecalentamiento.

Alternativamente, el drenaje 284 del transistor EPROM 274 puede
amarrarse a la fuente (Control 2) 278 del transistor de control 272, con un
resistor 277 (mostrado en lineas de rayas en FIG. 8) entre Control | 276 y
Control 2 278 para limitar la corriente de drenaje. Esta configuracion puede
ser mas robusta con respecto a problemas de corriente de drenaje, aﬁnque el
voltaje en el nodo Control 2-Drenaje sera mas bajo y proporcionara menos
voltaje a la compuerta flotante.

Otro método es enganchar ("fo hook') las terminales 278 y 276 del
transistor de control 272 unas con otras, con un resistor 283 (mostrado en
lineas de rayas en FIG. 8) en serie entre ellas y el Drenaje 284 del transistor
EPROM 274. El resistor limitaria la corriente en el Drenaje, pero el voltaje
en los nodos marcados Control 1y Control 2 estaria todavia en un voltaje
maximo para un acoplamiento de voltaje mayor a |a compuerta flotante.

La programacion de esta celda EPROM acoplada a compuerta 270, al

igual que las celdas EPROM tipicas, se hace aplicando un pulso de voltaje a
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las terminales 276, 278 del transistor de control 272. Esto se hace con el fin
de proporcionar una cantidad de electrones calientes a la compuerta flotante
280. Es deseable que el voltaje en el Drenaje 284 esté cerca del voltaje de
ruptura del circuito. El voltaje de ruptura es el voltaje al cual el transistor
EPROM 274 comienza a conducir con la compuerta por debajo de! voltaje
umbral (compuerta a cero voltios). En una incorporacion, el inventor ha
programado el circuito EPROM con un voltaje de alrededor de 16 +1 V,
donde el circuito tiene un voltaje de ruptura de |5 voltios.

Como ya se anoto, el Control 2 278 puede amarrarse al Drenaje 284
con un resistor 283 (que tiene una resistencia, por ejemplo, de 100 ohmios)
con el fin de limitar el voltaje de ruptura. Adicionalmente, el tamaifio fisico
de la longitud (compuerta) del canal — es decir, la longitud del canal bajo las
compuertas del transistor EPROM 274 — puede manipularse para modificar
el voltaje de ruptura. Por ejemplo, una longitud de compuerta mas estrecha
bajara el voltaje de ruptura. En una incorporacién, el inventor ha usado una
longitud de compuerta de 3.0pm a 3.5um, en vez de 4wum para este
proposito.

El tiempo requerido para programar es una funcién del voltaje de
compuerta flotante, la cantidad de electrones calientes atraidos a la
compuerta flotante, la variacion de voltaje umbral deseada, la capacitancia
total de la estructura de compuerta y el espesor de la capa de 6éxido de la
compuerta (capa 254 en FIG. 7). El espesor de la capa de oxido de la
compuerta determina el porcentaje de electrones calientes energéticos que
son capaces de alcanzar la compuerta flotante 280. En una incorporacion, el
voltaje de compuerta flotante esta en el rango de 5 voltios a 12 voltios,
aunque pueden utilizarse otros rangos de voltaje. El voltaje de compuerta
flotante depende del voltaje en las terminales de control 276, 278 del
transistor de control 272, y la relacién de acoplamiento del sustrato de

silicio y las capas de silicio policristalino (252, 256, respectivamente, en

FIG. 7). Aunque los electrones calientes deseados se proveeran con -

cualquier espesor de oxido de la compuerta, el espesor del 6xido de la

compuerta estara a veces fijado para una configuracion dada de chip. Por
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ejemplo, en una incorporaciéon de un chip de control de un cabezal de
impresion, el espesor del 6xido de la compuerta se fija en alrededor de 700
A.

La cantidad de electrones calientes proporcionados durante la
programacion es mds alta cuando la programacion se hace cerca del voltaje
de ruptura, y con una corriente mas elevada. En una incorporacidn, el
inventor ha programado con una corriente de 25 mA, aunque Apueden
emplearse también otras corrientes. Asimismo, el inventor ha ceﬁtemplado
una corriente de programacion de 20 mA, por ejemplo, pero pueden
emplearse también otras corrientes. Un rango para el voltaje umbral que ¢l
inventor ha utilizado va de 3 voltios a 7 voltios, pero pueden usarse
igualmente otros rangos de voltaje umbral, Bajo los anteriores parametros,
el inventor ha descubierto que puede utilizarse un tiempo de programacion
de 10 milisegundos. No obstante, pueden usarse asimismo diferentes
tiempos de programacion, particularmente si los distintos parametros ya
mencionados se varian. Por ejemplo, el tiempo de programacion puede
variar desde menos de 100 us a tanto como varios segundos (por ejemplo, 4
segundos).

La lectura de las celdas EPROM se hace detectando el voltaje umbral
a través de la celda EPROM acoplada a compuerta 270 utilizando un sensor
de celda (no mostrado) en alguha otra parte en el circuito. Detectar el
voltaje umbral puede hacerse o bien ajustando el voltaje compuerta/drenaje
y midiendo la corriente correspondiente, o bien ajustando la corriente y
midiendo el voltaje. El inventor hgl descubierto que la resistencia de
activacion ("the on resistance") (R,,) de la celda EPROM varia por un
factor de alrededor de 2 antes y después de la programacion.

El inventor ha construido y probado este tipo de celda EPROM .en un
escenario de laboratorio. En la configuracion de prueba, se construyé una
celda modificada para monitorear el voltaje de compuerta flotante. Se
aplicé un pulso de voltaje a la compuerta y drenaje para programar la celda
EPROM a un voltaje umbral deseado. Para probar que la celda detecta ¢l

voltaje de compuerta, la compuerta de un segundo transistor de deteccion
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(no mostrado) se conectd a la compuerta flotante de la celda EPROM. Esto
hace que el voltaje de la compuerta del transistor de deteccion sea el mismo
que el voltaje de compuerta flotante. La resistencia de activacién (Ren) del
segundo transistor es proporcional al voltaje de la compuerta. Al monitorear
la resistencia de activacion del segundo transistor, el voltaje de compuerta
flotante podria determinarse.

La celda EPROM acoplada a compuerta fnostrada en FIG. 8 puede
incorporarse en un conjunto de circuitos en el cual cada celda de
identificacion EPROM se asocia con un circuito de control separado, como
el de FIG. 4, o los bits de identificacién acoplados a compuerta pueden
incorporarsé en un arreglo de celdas de identificacion que comparten el
conjunto de circuitos. En FIG. 9 se ilustra una incorporacion de una celda
EPROM acoplada a compuerta, asociada con un conjunto de circuitos de
control individual. Esta figura muestra una porcion del conjunto de circuitos
de la celda de identificacion de FIG. 4, con la celda EPROM acoplada a
- compuerta 270 insertada en lugar de] bit de identificacion (103 en FIG. 4).
Tal configuracion proporcionara una linea de control por celda,
controlandose la operacion de cada celda EPROM por un transistor de
control individual. Esta clase de configuracion tiene un tamafio mas grande
que el arreglo de conjunto de circuitos compartidos, pero es similar a
algunos esquemas de control usados actualmente con fusibles.

Como se ilustra en FIG. 9, la linea de identificacion 102 se conecta a
las compuertas del transistor de control 272 y el drenaje del transistor
EPROM 274, y la fuente 286 del transistor EPROM s¢ acopla al drenaje del
interruptor de mando 106, que tiene su fuente acoplada a un polo a tierra
110. Una compuerta més estrecha 282a puede proveerse en el transistor
EPROM 274 para proporcionar un voltaje de ruptura mas bajo. Esto permite
que la celda EPROM acoplada a compuerta obtenga una cantidad adecuada
de electrones calientes en el transistor EPROM sin exceder los voltajes de
ruptura de otros transistores en el circuito. Como se discute anteriormente
con respecto a FIG. 8, un resistor 283 (por ejemplo, alrededor de 100
ohmios) podria agregarse entre el drenaje 284 del transistor EPROM 274 y
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la fuente 278 del transistor de control 272, o un resistor 277 puede ponerse
entre la fuente del transistor de control y el drenaje 276 del transistor de
control. El método elegidé dependeria de las decisiones de distribucion y la
técnica utilizada para controlar la corriente de drenaje.

Con referencia nuevamente a FIG. 9, cuando é] transistor 106 se
activa, la fuente del transistor EPROM 274 est4 esencialmente a tierra ("at
ground”), y la celda EPROM funciona como se describe para la celda en
Fig 8. Un voltaje en la linea ID 102 se acopla a través del 6xido de la
compuerta del transistor de control 272 a la compuerta flotante (280/282 en
FIG. B). Un voltaje elevado (16V) programara la EPROM. Un voltaje mas
bajo se usara para lectura detectando el voltaje umbral o la resistencia de
activacion. Si el transistor 106 est4 apagado, cualquier voltaje aplicado a la
linea ID no tendra una ruta a tierra, y la celda EPROM no se afectara.

En FIG. 10 se ilustra un diagrama esquematico parcial de un arreglo
EPROM 300 que puede producirse usando una celda EPROM acoplada a
compuerta, divulgada en esta solicitud. En esta conﬁguréci(')n un arreglo de
bits de identificacion EPROM acoplados a compuerta comparte el conjunto
de circuitos. En este arreglo, una'pluralidad de celdas EPROM acopladas a
compuerta 270 se dispone en filas y columnas. La linea de entrada de cada
celda EPROM acoplada a compuerta se amarra al voltaje de entrada Vi,
(designado en 304) a través de la linea de entrada 308. La linea fuente 286
de cada transistor EPROM 274 se amarra al drenaje de un transistor de fila
310.‘ Los transistores de fila se amarran a través de sus fuentes 312 a los
dfenajes de transistores de columna 314. Si se desea, un resistor limitante de
corriente de drenaje (no mostrado) puede agregarse a la celda EIPROM,
como se describe mas arriba con respecto a Fig 9. En lugar de un resistor
individual para cada celda acoplada a compuerta, podria proveerse un solo
resistor 322 (mostrado en lineas de rayas en FIG. 10) para alimentar la
totalidad de los transistores en paralelo. Este resistor puede conectarse entre
el voltaje V;, y el drenaje del transistor EPROM (284 en FIG. 8), con una
sola linea desde V;, al resistor, y linéas separadas 324 (mostradas en lineas

de rayas en FIG. 10) que se extienden desde el resistor a los drenajes de
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cada uno de los transistores EPROM en el arreglo. La conexion entre la
fuente y el drenaje del transistor de control EPROM 272 se eliminaria
entonces, y todas las conexiones del transistor de control-drenaje de la celda
EPROM 270 se amarrarian directamente a la linea de entrada 308.

Las lineas de filas, marcadas 316a para Fila 1, 316b para Fila 2, elc.,
conectan a las compuertas de todos los transistores selectores de fila 310 en
una fila dada. Las fuentes 312 de todos los transistores de fila en una
columna dada se conectan al drenaje del transistor de columna 314 para esa
columna. Las compuertas 318 de cada transistor de coluﬁma se conectan a
la fuente de voltaje (no mostrada) a través de lineas de columna (no
mostradas). Las fuentes 320 de los transistores de columna se conectan a un
voltaje comun, tal como un polo a tierra. Los transistores de colimna se
marcan 314a para Columna 1, 314b para Columna 2, etc.

Los transistores de fila 310 y los transistores de columna 314
permiten la seleccion de las celdas EPROM acopladas a compuerta
especificas, tanto para programacién como para lectura. Los transistores de
columna son transistores normales, y las interconexiones a estos transistores
pueden fabricarse en la capa metalica 1 (260 en FIG. 7). Algunas ventajas
de este circuito consisten en que es mas compacto que la implementacion de
celdas de identificacion con un conjunto de circuitos separado, y que no
requiere la capa metalica 2 y sus reglas de distribucién asociada.
Adicionalmente, el tamafio-del arreglo EPROM acoplado a compuerta 300
no se limita por la configuracion del conjunto de circuitos de control de la
celda de encendido del cabezal de impresion (80 en FIG. 3). Este arreglo
. puede ser tan grande o tan pequefio como se desee, sin importar el namero
de lineas de encendido asociadas con el circuito de control de la celda de
encendido.

Para programar una celda 270 del arreglo 300, se selecciona la celda
aplicando un voltaje a una linea de fila (por ejemplo, 316a) y una linea de
columna (por ejemplo, a la compuerta del transistor de columna 314a), y
luego se aplica un pulso de voltaje relativamente alto Vi, (por ejemplo,

[6V). Para detectar una condicion de la celda, se aplica de la misma manera
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un pulso voltaje de entrada V;, mas bajo (por ejemplo, 5V), y se monitorea
la corriente. En este arreglo no hay voltaje alto a través del drenaje a la
fuente del transistor EPROM, excepto cuando se programa.

Ventajosamente, no hay problemas de acoplamiento de voltaje drenaje a

compuerta porque el drenaje y la compuerta de los transistores EPROM se

interconectan conjuntamente. Ademas, el acoplamiento comlpuerta a drenaje
es ventajoso en la actualidad porque aumenta el acoplamiento del voltaje a
la compuerta.

El inventor ha descubierto que el tamafio de los transistores selectores
de fila 316 es significativo porque tienen que manejar la corriente de
programacion, tal como 20 mA, 25 mA, o mayor. Para este efecto, el
inventor ha utilizado transistores selectores de fila que tienen un ancho de
150 um. Sera evidente que pueden usarse tamafios mas pequefios para una
corriente de programacion mas baja, y tamafios mas grandes se necesitaran
para una corriente mas alta. -

En operacion, una sefial de fila pone en marcha activa todos los
transistores de control de fila 316 en esa fila. Una sefial de columna activa
un transistor de control de columna selectora 314. A continuacion se aplica
un voltaje de entrada Vj,, y Gnicamente la celda 270 con sus dos transistbres
de fila y columna activados tendra el voltaje pleno a través de ella. Todas
las demas celdas tendran la fuente del transistor EPROM flotando. Es decir,
la fuente del transistor EPROM no seré inducida a alg(n voltaje fijo, sino
flotara apenas tan sélo a los voltajes en las otras terminales. No habra
voltaje a través del transistor EPROM.

Puede configurarse un arreglo EPROM en la manera descrita
anteriormente para uso en proporcionar bits 1D de la pluma en una cabezal
de impresion de chorro de tinta. En esta configuracion, las sefiales de fila y
columna pueden suministrarse por el registro de desplazamiento ("the shift
register") del circuito de control de la pluma. Es decir, méas que inducir las
lineas de fila y columna individualmente, los valores respectivos pueden
desplazarse en un registro de desplazamieﬁto, e inducirse desde las salidas

del registro de desplazamiénto. El registro de desplazamiento direcciona las
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selecciones de filay columna del arreglo 2x10. Sera evidente a los expertos
en el arte del disefio de semiconductores que la configuracion geométrica
del conjunto de circuitos puede configurarse en una variedad de modos.

El inventor ha construido y programado un arreglo de 4 bits basado
en el disefio anterior. Luego de programarlas, las celdas EPROM han
conservado su carga durante més de un afio.

La confiabilidad y longevidad de la celda EPROM acoplada a
compuerta descrita en esta solicitud depende de un nimero de factores.
Debido a que la estructura es diferente de la configuracion tipica de la celda
EPROM, algunos aspectos del disefio resultante afectan su vrobustez. Por
ejemplo, el mayor tamafio de la compuerta flotante (280 en FIG. 8) puede
permitir mas area para corriente de fuga. Adicionalmente, el 6xido de la
compuerta (254 en FIG. 7) no se procesa para una corriente de fuga minima
absoluta.

Adicionalménte, la planitud ("the flatness™) de las capas puede
afectar su desempefio. Ligeras ondulaciones en las superficies de las capas
y variaciones en ¢l espesor de las diferentes capas pueden causar
concentraciones de carga y fuga entre las capas. En un circuito de control
de pluma, configurado con las capas del chip PROM mostrado en FIG. 7,
por ejemplo, el espesor y la planitud de la capa de silicio policristalino 256
y las capas dieléctricas adyacentes 254 no son tan criticos para la operacion
del circuito PROM. Este factor afecta el nivel de control de calidad
aplicado a la formacion de estas capas. No obstante, en un circuito
EPROM, estos factores tienen un mayor efecto. -

Al mismo tiempo, existen otros factores que afectan los fusibles y
que no afectan las EPROMs, o que no las afectan en la misma forma o en la
misma medida. Como ya se anoto, los fusibles tienen un namero de
desventajas que, con frecuencia, son molestas. Se cree que las EPROMs
seran en ultima instancia mas confiables que los fusibles en la aplicacion
divulgada en esta solicitud. Donde las posibles limitaciones de la celda
EPROM acoplada a compuerta, divulgada en esta solicitud, puedan

tolerarse, esta configuracion puede ser Gtil sin necesidad de aumentar el
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control de calidad. Esto es cierto de las plumas de chorro de tinta. El tiempo
medio entre fallas ("design life") de una pluma de chorro de tinta es
usualmente de alrededor de 18 meses, principalmente porque los cartuchos
de chorro de tinta se venden por lo general poco después de su fabricacion,
y porque entonces la pluma se desgasta. Por consiguiente, si las celdas
EPROM pueden conservar confiablemente su carga durante ese periodo de
tiempo, existe poca probabilidad de que el dispositivo no [’uﬁcione Como se
preve. No obstante, esta misma estructura puede usarse efectivamente en
otras aplicaciones donde se desea una mayor confiabilidad ejerciendo un
cohtrol mayor control sobre la planitud y el espesor de las capas.

La estructura EPROM acoplada a compuerta, divulgada en esta
solicitud puede reemplazar fusibles en circuitos de control de una pluma de
chorro de tinta, sin agregar capas de proceso y costos. Esta configuracion
proporciona celdas que son mds grandes que las celdas EPROM
tradicionales, pero mas pequefias que los fusibles. Las celdas de
identificacion acopladas a compuerta pueden utilizarse para almacenar una
amplia variedad de informacién de identificacion que indique caracteristicas
de informacién sobre la matriz del cabezal de impresion, u otra
informacion. Por ejemplo, una impresora que emplee un cabezal de
impresion con celdas de identificacion EPROM puede usar la informacion
de identificacion para una amplia variedad de propositos para optimizar la
calidad de impresion o realizar otras funciones. Por ejemplo, celdas de
identificacion  seleccionadas  pueden almacenar informacién  de
identificacion sobre la matriz del cabezal de impresion, o sobre el céutucho
de tinta o pluma, en la cual se inserta la matriz del cabezal de impresion, tal
como informacion que indique un nivel de deteccion de tinta agotada.

Las celdas de identificacion pueden almacenar igualmente
informacién de identificacion que indique un valor de resistencia sensora
térmica (TSR) para determinar la temperatura del cabezal de impresion.
Celdas de identificacion seleccionadas almacenan informacién de
identificacion que indica un namero de exclusividad para identificar y

responder adecuadamente al cabezal de impresion. Celdas de identificacion

29
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pueden usarse para almacenar informacion de identificacion que indique un
peso de la gota de tinta para un cabezal de impresion. Una impresora puede
relacionar los valores de peso de la gota almacenados en celdas de
identificacion seleccionadas y la informacion del nivel de deteccion de tinta
agotada almacenada en otras celdas de identificacion seleccionadas para
determinar niveles actuales de deteccion de tinta agotada. |

La impresora puede emplear asimismo informacion de identificacion
para fines de mercadeo, tales como mercadeo regional y mercadeo
comercializacion de fabricante de equipo original (OEM). Por ejelﬁplo,
celdas de identificacion seleccionadas almacenan informacion de
identificacion que indique una region de mercadeo para el dispositivo de

eyeccion de fluido. En una incorporacion, celdas de identificacion

seleccionadas pueden almacenar informacion de identificacién que indique

el vendedor de un dispositivo de eyeccion de fluido OEM. Celdas de
identificacion seleccionadas pueden almacenar asimismo identificacion que
indique si una impresora OEM estd desbloqueada. Por ejemplo, la
impresora OEM puede responder a la informacion desbloqueada OEM para
desbloquear una impresora OEM, de modo que la impresora OEM pueda
aceptar cabezales de impresion OEM vendidos por una compaiiia dada o
grupo de compafiias y cabezales de impresiéon vendidos por companiias
distintas de la compafiia dada o grupo de compaiias, tal como la compafiia
fabricante original actual.

Celdas de identificaciéon seleccionadas almacenan informacién de
identificacion que indique el tipo de producto y la revision del producto de
~un dispositivo de eyeccién de fluido. El tipo de producto vy la revision del
producto pueden usarse por una impresora para verificar las caracteristicas
fisicas sobre el cabezal de impresion. Caracteristicas fisicas de revision del
p‘roducto, tales como distancia entre columnas de boquillas, que pueden
cambiar en productos futuros pueden almacenarse asimismo en celdas de
identificacion  seleccionadas de un cabezal de impresion. En esta

incorporacion, la informacién de caracteristicas fisicas de la revision del
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producto puede usarse por la impresora para ajustar los cambios de
caracteristicas fisicas entre revisiones del producto.

Celdas EPROM acopladas a compuerta, configuradas en esta forma,
pueden utilizarse asimismo para muchos otros propositos, aparte de los va
anotados. Debido a que la carga en la compuerta flotante del transistor
EPROM (282 en FIG. 8) es acumulativa, esta configuracion puede usarse
para almacenar cantidades acumulativas. Por ejemplo, en un cabezal de
impresion de chorro de tinta, las celdas EPROM acopladas a compuerta
pueden reprogramarse sucesivamente para rastrear el niimero de paginas
impresas, o para otros propositos. Puesto que la programacién de celdas
EPROM modifica el voltaje umbral de la celda EPROM 270, la
programacion sucesiva de estas celdas puede usarse para controlar circuitos
analogos, tales como crear un desfase de tiempo variable. Existe también la
posibilidad de otras aplicaciones.

Hay que entender que los arreglos ya referenciados son ilustrativos de
la aplicacion de los principios de la presente invencién. Sera evidente a las
- personas de habilidad ordinaria eri el arte que pueden introducirse
numerosas modificaciones sin apartarse de los principios y conceptos de la

invencion como se exponen en las reivindicaciones.
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REIVINDICACIONES
Lo que se reivindica es:

I. Una celda EPROM en un circuito de control de un cabezal de
impresion para una impresora de chorro de tinta, circuito de control que
tiene un sustrato semiconductor, una y sélo una capa de silicio policristalino
dispuesta encima del sustrato - semiconductor Yy una ‘capa conductora
dispuesta encima de la capa de silicio policristalino, celda EPROM que
comprende:

un transistor de control, con una compuerta flotante que
comprende una prorci(')n de la capa de silicio policristalino;

un transistor EPROM, con una compuerta flotante que
comprende una porcion de la capa de silicio policristalino; y

una interconexion eléctrica, que comprende una porcién de la
capa conductora, interconectando la compuerta flotante del transistor

de control y la compuerta flotante del transistor EPROM.

2. Una celda EPROM de acuerdo con la reivindicacion 1. en

M

donde el transistor de control comprende una primera terminal de control y

una segunda terminal de control, y que comprende ademds una

interconexion eléctrica entre las terminales de control primera y segunda.

3. Una celda EPROM de acuerdo con la reivindicacion 2, en
donde la interconexion eléctrica entre las terminales de control primera vy

segunda comprende una resistencia.

4. Una celda EPROM de acuerdo con la reivindicacion I, en
donde el transistor de control comprende una primera terminal de control y
una segunda terminal de control, y el transistor EPROM comprende un

drenaje, y comprende ademas una interconexion eléctrica entre la segunda
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terminal de control del transistor de control y el drenaje del transistor

EPROM.

5. Una celda EPROM de acuerdo con la reivindicacién 4, en
donde la interconexion eléctrica entre la segunda terminal de control
terminal del transistor de control y el drenaje del transistor EPROM

transistor comprenden una resistencia.

6.  Una celda EPROM de acuerdo con la reivindicacion 1, en
donde el transistor de control comprende una primera terminal de control y
una segunda terminal de control, y el transistor EPROM comprende un
drenaje, y comprende ademds una interconexion eléctrica entre -las
terminales de control primera y segunda del transistor de control y el

drenaje del transistor EPROM.

7. Una celda EPROM de acuerdo con la reivindicaciéon 6, en
donde la interconexion eléctrica entre las terminales primera y segunda del
transistor de control y ¢l drenaje del transistor EPROM incluye una

resistencia

8. Una celda EPROM de acuerdo con la reivindicacion 1, en
donde una carga de programacion aplicada a la compuerta flotante del
transistor EPROM es acumulativa, de modo que la celda EPROM puede

cargarse sucesivamente para almacenar valores acumulativos.

9. Una celda EPROM de acuerdo con la reivindicacién 1, en
donde el transistor de control incluye una conexiéon de drenaje, y el
transistor EPROM incluye una conexién fuente, y comprende ademas una
linea de entrada, conectada a la conexion de drenaje del transistor de

control, con lo cual pueden proporcionarse sefiales de programacion al

transistor EPROM.
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10. Una celda EPROM de acuerdo con la reivindicacion 9, que
comprende ademas un transistor de mando, con un drenaje conectado a la
fuente dél transistor EPROM, asociandose una compuerta del transistor de
mando con una linea de pre-carga, una linea selectora, y una linea de datos
de un arreglo de celdas de encendido, con lo cual la programaci()n y lectura
de la celda EPROM pueden controlarse por sefiales enviadas a través de la
linea de entrada y a través de la linea de pre-carga, la linea selectora y la

linea de datos.

34
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. the text is approved as submitted by the applicant
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International Patent Classitication (IPC) or both nalional classification and IPC
INV. HO1L21/28 B41J2/05 G11C1604
ADD. HO1L21/8247 )

s S
- HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.

1. This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. | Priority
Box No. il

‘Non-establishment of opinion with regard to novelly, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1{a)(i) with regard to novelly, inventive step or industrial
applicability; citations and explanations supporling such statement

Box Ne. VI Certain documents cited

Box No. VI - Certain defects in the international application

HOC BOoCOX

Box No. VIl Certain observations on the international application

2.  FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered fo be a
wrillen opinion of the Internalional Prefiminary Examining Authorily ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the

International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority
. will not be so considered. .

If this opinion is, as provided above, considered to be a writien apinion of the IPEA, the applicant is invited to

submit to the IPEA a written reply together, where appropriale, with amendments, before the expiralion of 3 months
from the date of mailing of Form PCTASA220 or before the expiration of 22 months from the priorily date,
whichever expires later.

For further options, see Form PCTASAZ20.

3. For further details, see notes to Farm PCTASAR20,

Name and mailing address of the ISA:

| Date of completion of | Authorized Officer
this opinion e,

European Patent Office o 3 %
‘.@) 5-80298 Munich P o1 Neumann, Andreas : _0)))
T Tel +49 89 2399 - 0 Tx: 523656 epmu d

Fax: +49 89 2399 - 4465 ! Telephone No. +49 89 2399-6924
|'

Form (PCTASAR37) (Cover Sheet) (April 2005)




WRITTEN OPINION OF 1HE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2007062644

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
L the international application in the language in which it was filed

O atransiation of the international appfication into , which is the language of a translation furnished for the
purpases of international search (Rules 12.3(a) and 23.1 (b)).

2. [J This opinion has been established taking into account the rectification of an obvious misiake autharized
by or nolified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disciosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of-

a. -type of material:
L a sequence listing
Ui table(s) related to the sequence listing
b. format of material:
O on paper
O in electronic form
¢. time of filingAurnishing:
£ contained in the international application as filed.
O filed together with the international application in slectronic form,
O furnished subsequently to this Authority for the purposes of search.
4. [J in addition, in the case that mare than one versian or copy of a sequence listing and/or table relating thereto

has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished. .

5. Additional comments:

Form PCTASA/237 (April 2007)




WRITTEN OPINION OF THE

international applicatié+ No.

INTERNATIONAL SEARCHING AUTHORITY PCTAS2007062644

Box No.V  Reasoned statement un
industrial applicability; citations and explanations supporting such statement

der Rule 43bis.1(a)(i) with regard to novelty, inventive step or

1. Statement

Novelty (N)

Inventive step (IS)

Industrial applicability {1A)

2. Citations and explanations

see separate sheet

Yes:

No:

Yes:

No:

Yes:

No:

Claims 1-10
Claims
Claims
Claims 1-10
Claims 1-10
Claims

Box No. VIl Certain observations on the international application

The following observations on the clarity of the ciaims, description, and drawings or on the question whether the
claims are fully supported by the description, are made: :

see separate sheet

Form PCTASA/237 (April 2007)




WRITTEN OPINION OF THE International applicatioh No-.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2007/062644
Re ltem V
D1 GB-A-2 320 807 (HYUNDAI ELECTRONICS IND [KR]) 1 July 1998 (1998-07-01)

D2:
D3;
D4:
D5:

US 2005/099458 A1 (EDELEN JOHN G [US] ET AL) 12 May 2005 (2005-05-12)
US-B1-6 324 097 (CHEN CHUN-LIN ET. AL) 27 November 2001 (2001-11-27)
US-B1-6 222 764 (KELLEY PATRICK J [US] ET AL) 24 April 2001 (2001-04-24)
US 2002/005543 A1 (DI PEDE LUIGI [CA] ET AL) 17 January 2002 (2002-01-17)

Articles 33(1) and 33(3) PCT

1.

D1 (cf. fig.2B and associated text passages) discloses an EPROM cell on a
semiconductor substrate 11 and compyising a single polysilicon layer (15A, 15B)
and a conductive layer 18 above said pelysilicon layer wherein the cell comprises
a control transistor T1 having a floating gate 15A that comprises a portion of said
polysilicon layer, an EPROM transistor T2 having a fioating gate 15B that
comprises a portion of said polysilicon layer, and an electrical interconnection

comprising a portion of said conductive layer 18 that interconnects both floating
gates 15A and 15B.

The skilled person routinely, i.e. without the exercise of any inventive skill, uses
EPROM cells such as the one of D1 in ail circuits that require EPROM-type
memory functionality. One of such routinely known uses concerns the control
circuit of a printhead for an inkjet printer, as is illustrated for example by pars.2
and 17-20 of D2,

The subject-matter of independent claim 1 is therefore not inventive over a
combination of D1 with the skilled person's routine knowledge.

Claim 1 also lacks an inventive step over a combination of D3 with the skilled
person's routine knowledge because D3 discloses in fig.9 and associated text
passages a device very.similar to the one of D1, wherein a single polysilicon layer
is used for forming the floating gates 802 and 804. Therefore claim 1 lacks an
inventive step for the same.reason as indicated in item 1.

Claim 1 also lacks an inventive step over a combination of D4 with the skilled
person’s routine knowledge because D4 also discloses (see fig.1 and associated
text passages) a single-polysilicon EPROM cell wherein the choice of providing

Form PCT/ISA/237 (Separate Sheet) (Sheet 1} (EPQ-April 2005)




WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2007/062644

the interconnection 40 between the floating gates 26 and 34 is routinely done by
means of a conductive layer overlying the polysilicon layer, as is illustrated by D1
and D3. Therefore claim 1 lacks an inventive step for a similar reason to the one
indicated in item 1.

4. Claim 1 also lacks an inventive step over a combination of D5 with the skilled
person’s routine knowledge because D5 also discloses (see fig.1 and associated
text passages) a single-polysilicon EPROM celt wherein the choice of providing
the interconnection between the floating gates 12A and 12B is routinely done by
means of a conductive layer overlying the polysilicon layer instead of by portions
of the polysilicon layer itself, as is itustrated by D1 and D3. It is also noted that
the possibility of connecting the two Hoating gates by portions of the single
polysilicon layer is also contemplated in the present applicétion (see p.16 11.20-22).
Therefore claim 1 lacks an inventive step for a similar reason to the one indicaled
initem 1.

5. The subject-matter of claims 2-10 is also considered not to be inventive in the
sense of Article 33 PCT, see D1-D5 and the corresponding passages cited in the
search report.

For the sake of completeness, the following is pointed out. Claims 2-7 require
(resistive) connections between the source/drain regions of the control transistor
as well as between the source/drain regions of the control transistor and the drain
region of the EPROM transistor. It is clear that for example the source/drain
regions 12A and 12C of the D1 control transistor T1 are connected by the channel
13A of said transistor, which implies that both regions are electrically connected
through a resistance. There also clearly is a resistive path between said
source/drain regions 12A/12C and the drain (either 120 or 12B) of the EPROM
transistor T2 of D1. Therefore the additional features of claims 2-7 are disclosed in
D1. The same argument also applies in view of the transistors and respective
source/drain regions of the D4 (see fig.1) and D5 (see fig.1) devices.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)




WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2007/062644

International applicatiop No

Re Item VIII

Article 6 PCT

1. The additional feature of device claim 8 relales to a method of using the device

without making the intended limitations clear in terms of device features, thereby
leaving the category of the cialm unclear.

2. The vague and imprecise statement in the description in lines 20-24 on page 4
implies that the subject-matter for which protection is sought may be different from

that defined by the claims, thereby resulting in lack of clarity (Article 6 PCT) when
used to interpret them.

Form PCT/SA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)




Possible steps after receipt of the international search report (ISR) and
written opinion of the International Searching Authority (WO-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
comments

End of the
international
phase

Relevant PCT
Rules and more

~information

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an 1SR It is accompanied by the WO-ISA. Unlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-ISA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the 1SR and the WO-ISA the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of WIPQ. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
form PCT/ISA/220 and the corresponding Notes to form PCT/1SA/220.

’

In principle, the WO-ISA will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. 1f the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/WO-1SA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the IPEA as before, normally at the same time as
filing the demand (Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transformed
by the IPEA into an IPRP (International Preliminary Report on Patentability)
which would merely reflect the content of the WO-1SA. The demand can still
be withdrawn (Art. 37 PCT).

- After receipt of the ISR/WO-ISA the applicant may file informal comments

on the WO-ISA directly with the International Bureau of WIPO. These
will be communicated to the designated Offices together with the {PRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box.

At the end of the international phase the International Bureau of WIPO will
transform the WO-ISA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The |PRP replaces the former
IPER (international preliminary examination report)

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, OJ 12/2003
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this communication:

Hewiett-Packard Development Company, L.P. Tel.i+31 (0)70 340 45 00

Hewiett-Packard Company,
Intellectual Property Administration
20555, S.H. 249

Houston, Texas 77070
ETATS-UNIS D'AMERIQUE

Date
16.04.08

Heference Application No /Patent No.
07778530.1 - 2203

Applicant/Proprietor
Hewlett-Packard Development Company, L.P.

The international search report, or the deciaration under Article 17(2)(a) PCT, has been published under
Article 21(3) and Rule 48 PCT on 10.04.08. That publication takes the place of the mention of publication of
the European search report (Art. 163(6) EPC).

The request for examination must be filed within six months from the above date (Art. 183(8) in
conjunction with R. 70(1) EPC). It is not deemed to have been filed until the examination fee has been paid
(Art. 94(1) EPC). However, under Article 22 or 39 PCT in conjunction with Rule 159(1) EPC, the time limit
for filing it does.not expire before the end of the 31st month from the filing date (or earliest priority date).

Payment of the designation fees must also be made within the above-mentioned period (R. 159(1) EPC).
The same applies also for the extension fees.

If the request for examination is not filed in due time, and at least one designatibn fee is not paid, the
European patent applicaticn shall be deemed to be withdrawn (Art. 94(2), R. 39(2)-(4) and R. 160(1) EPC).

For more details see the EPO brochure "How to get a European patent”, Guide for applicants - Part 2,
PCT procedure before the EPO - "Euro-PCT" (EPO PCT Guide).
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

o | PCT

DONALD J. COULMAN
HEWLETT-PACKARD COMPANY

- NOTIFICATION OF THE INTERNATIONAL
TELLECTUAL PROPERTY ADMINISTRATION
::r\_lo_EEIE)xC2724OO M2|L STOP 35 APPLICATION NUMBER AND OF THE
FORT COLLINS, COLORADO 80527-2400 INTERNATIONAL FILING DATE

(PCT Rule 20.5(¢c))

. , Date of mailing
Confirmation No: 1198 (daymonthiyear) 10 Aug 2007

Applicant’s or agent’s file reference

TANT NOTIFICATION
200800453-2 IMPORTANT NOTIFICATIO

Internationai application No. International filing date (dwyvinonthiyear) Priority date (deymonthiyvear)

PCT/US2007/062644 : 23 Feb 2007 23 Feb 2006

Applicant
HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.

Title of the invention GATE-COUPLED EPROM CELL FOR PRINTHEAD

. Theapplicantis hereby notified that the international application has been accorded the international application numberand the
international filing date indicated above,

2. Theapplicant is further notified that the record copy ofthe international application:

i ) R 10 Aug 2007
was transmitied to the International Bureau on .

hasnotyet been {ransmitted to the International Bureau for the reason indicated belowand a copy ofthisnotification
hasbeen sent to the International Bureau*:

D because the necessary national security clearance has not yetbeen obtained.

D bécause(reasomobespeciﬁed):

* TheInternational Bureau monitors the transmittal ofthe record copy by the receiving Office and will notify the applicant (with
Form PCT/IB/301)ofiis receipt. Should the record copy not, have beenreceived by the expirationol 14 months from the priovity
date, the International Burcau will notify theapplicant Rule22,1(c)).

3. TFOREIGN TRANSMITTAL LICENSE INFORMATION Completed by: MW

D Additional ficense for foreign transmittal not required. This subject matter is covered by a license already granted or
the equivalent U.S. national application. Refer to thal license for information conceerning iy scope.

D License for foreign transmittal not required. 37 CFR. 5.1 I(e)(1) or 37 CFR 5.11(e)}2). Howevel;, a license may be
required [or additional subject matler. See 37 CFR 5.15(b).

. . . : 04 Aug 2007
Foreign transmittal license granted. 35 U.S.C. 184; 37 CFR 5.11 on
(date)

(1 37 crr 51500 37 CFR 5.15(b)
Name and mailing address of the receiving Office Authorized officer
Mail Stop PCT, Commissioner for Patents MiSty Walker
P.O. Box 1450, Alexandria. VA 22313-1450
Facsimile No. 571-273-3201 Telephone No. 703-308-9290 EX 122

Form PCT/RO/103 (July 1992)




: WO 2007/120988
PATENT COOPERATION TREATY PCT/US2007/062644

From the INTERNATIONAL BUREAU /

PCT T /0

NOTIFICATION CONCERNING

AVAILABILITY OF THE PUBLICATION Howot P sy
OF THE INTERNATIONAL APPLICATION intellectual Property Adminisiration

P.O. Box 272400 Mai! Stop 35
Fort Collins, Colorado 80527-2400
ETATS-UNIS D'AMERIQUE

Date of mailing (dayimonth/year)

25 October 2007 (25.10.2007) 1
Applicant’'s or agent’s file reference
200600453-2 IMPORTANT NOTICE
International application No. Intermutional [iling date (day/month/vear) Priorily date {day/month/vear)
PCT/US2007/062644 23 February 2007 (23.02.2007) 23 February 2006 (23.02.2006)
_
Applicant

HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P. et al

The applicant is hereby notified that the International Bureau:

./i itas published the above-indicated international application on 25 Qctober 2007 (25.10.2007) under
No. WO 2007/ 120988

D has republished the above-indicated interational application on under
No. WO ’ .
FFor an explanation as to the reason {or this republication of the international application. reference s made 10 INID codes (15). (48)
or (83) (e the case may be) on ihe front page of the published international application.

A copy of the intemational application is availahle Jor viewing and downloading on WIPO's websile a1 the following  address:
hup:/fwww. wipo.inUpetdb (under "Query™ enter the PCT or WO number),

The applicant may also request a paper copy of the published intemational application from the Imernationa) Burcau by subniitling a wrilten
requestio PateniScope@wipo.int or 1o the address provided below,

The Intemational Bureau of WIPO Authorized officer

34, chemin des Colombeltes .
1211 Geneva 20, Switzerland Yoshiko Kuwahara

Pacsinile No. +41 22 338 82 70

e-mail: plO7.pert@wipo.int

Vinemy IX™ U101 £ A wedl D000




PATENT COOPERATION TREATY PCT/U52007/06264‘4

From the INTERNATIONAL BUREAU

PCT

COULMAN, Donald, J.
Hewlett-Packard Company
Intellectual Property Administration
P.O. Box 272400 Mail Stap 35
Foit Collins, Colorado 80527-2400

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

®

(PCT Administrative Instructions. Section 41 1) ETATS-UNIS D'AMERIQUE

Date of mailing (duy-month-vear)

15 August 2007 (15.08.2007)
Applicant's or agent's file reference . e . . .

200600453-2 IMPORTANT NOTIFICATION
International application No. International liling date sdav-amonth-year

PCT/US2007/062644 23 February 2007 (23.02.2007)
Intemational publication date tdayrmonthiyear) Priority date day month:vear)

Not yet published 23 February 2006 (23.02.2008)
Applicant

HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P. et af

‘ad

By means of this Form, which replaces any previously issued notification concerning submission or transmittal of priority
documents. the applicant is hereby notitied of {he date of receipl by the International Bureau of the priority document(s) relating to
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters.-“NR", in the right-hand colummn or by an
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted (o the International Bureau
in compliance with Rule 17.1(a) or (b).

(If applicable) The letters “NR" appearing in the right-hand column denote a priority document which, atg aili
this Form, had not vet been received by the International Bureau under Rule I7.1{a) or (b). Where, under Rule i7.1(a), the
priority docwent must be submitted by the applicant lo the receiving Oflice or the International Bureau, but the applicant fails to
submit the priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule
I7.1(¢) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase, to fumish the priority document within a time Limit which is reasonable under the
cireumstances,

(f applicable)An asterisk (*) appearing next 1o a date of receipt, in the right-hand column, denotes a priority duocument submitted
or transmitted to the Internationa) Bureau but not in compliance with Rule 17.1(1) or (b} (the priority document was received
after the time limit prescribed in Rule 17.1(a) or the fequest 10 prepare and (ransmit the priority document was submitied (o the
receiving Otfice aller the applicable time limit under Rufe 17.i(b)). Even though the priority document was nol fumished in
compliance with Rule 17.1(a) or (b). the International Burcan will nevertheless transmit a copy of the document to the designated
Oftices, for their consideration. In case such a copy is not aceepted by the designated Office as the priority document, Rule 17.1(c)
provides that no designated Oftice may disregard the priority claim converned before giving the apphcant an opportunity. upon entry
inte the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

Priority date: ‘Priority application No_ Country or regional Office Date of receipd
or PCT receiving Office of priority document

23 February 2006 (23.02.2006) 11/360,801 us 08 August 2007 (08.08.2007)
The International Bureau of WIPO Authonzed ofticer
34. cliemin des Colombettes .
1211 Geneva 20, Switzerland Yoshiko Kuwahara
e-mail
Facsimile No. +41 22 338 82 70 Telephone Na. +41 22 338 74 07

Form PCT/IB/304 (October 2003)
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PATENT COOPERATION TREATY PCT/US2007/062644

From the INTERNATIONAL BUREAU

PCT

COULMAN, Donald, J.
Hewlett-Packard Company
Inteflectual Property Administration
P.O. Box 272400 Mail Stop 35
Fort Collins, Colorado 80527-2400

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL )
OF PRIORITY DOCUMENT

(PCT Administrative Instructions. Section 4| 1) ETATS-UNIS D'AMERIQUE
Date of nailing ¢dav-month-year)
16 August 2007 (15.08.2007)
Applicant's or agent’s file relerence . I i
200600453-2 IMPORTANT NOTIFICATION
International application No. Imernational liling date sdaymonthyeari
PCT/US2007/062644 . 23 February 2007 (23.02.2007)
Intemational publication date (denemontheyeari Priocity date (day month-year)
Not yet published 23 February 2006 (23.02.2006)
Applicant
q HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P. et al

i. By meuns of this Form, which replaces any previously issued notification concerning  submission or transmiltal of priorily
documents. the applicunt is hereby notified of the date of receipl by the International Burcau of the priority document(s) relating to
all carlier application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR", in the right-hand column or by an
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to the International Bureau
in compliance with Rule 17.1(a) or (b). )

X (f applicable) The letters “NR" appearing in the right-hand column denote 2 priority document which, an_the date_of mailing. of
this Form, had not vet been received by the International Bureau under Rule 17, t(a) or (b). Where, under Ruje 17.1(a), the
priority document smust be submitted by the applicant to the receiving Oflice or the Inlernational Burcau, but the applicani lails fo
subnut the priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule
17.1{¢) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase. to furnish the priority document within a time limit which is reasonable under the
circumstunces,

.

‘ad

(If opplicable}An asterisk (*) appearing next 1o a date of receipt, in the right-hand columu, denotes a priority document submitted
or transmitted to the International Bureau bat not in compliance with Rule 17.1(a) or (b) (the priority document was received
alter the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority doctument was submitled to the
receiving Office afler the applicable time limil under Rule {7.1(b)). Even though the priority document was nol fumished in
compliance with Rule 17.1¢a) or (b), the International Bureaw will nevertheless transmit a copy of the document 1o 1he designaled
Oflices, for their consideration. In case such a copy is not aceepted by the designated Qffice as the priority document. Rule 17.1(c)
provides that no designated Office may disregard the priorily claim concerned before giving the applicant an opportunity. upon entry
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

PEJ’“[”;' lhl[ a PII‘DU’I;' .:lpplira“'ﬂu Nﬂ C'QJIIJJIE_’ Qrr :gi.ﬂua (!‘“' vel I).‘” 2 -(]I' I ‘i'l‘ipl
or (‘ l reoeiving (1”] o Dr IJTJQ[ t‘ jﬂll”ﬂ] ant

23 February 2006 (23.02.2006) 11/360,801 us 08 August 2007 (08.08.2007)
The nternational Bureau of WIPO Authorized ofiicer
34, chienin des Colombettes ' , ’
1211 Geneva 20, Switzerland _ Yoshiko Kuwahara
c-mail
Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 74 07

Form PCT/I3/304 (October 2003) : 1/DCRBBS8I30
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PATENT COOPERATION TREATY

From the RECEIVING OFICE

o PCT

DONALD J. COUL

HEWLETT-PACERD COMPANY NOTIFICATION CONCERNING PAYMENT
INTELLECTUA ROPERTY ADMINISTRATION OF PRESCRIBED FEES

P.O. BOX 272400 MAIL STOP 35

FORT COLLIAS, COLORADO 80527-2400° (PCT Rules 14, 15 and 16 and Administrative

instructions, Sections 102bix(c), 304,
323(b), 707(b) and 803)

Date of mailing
(day-monti-year) 10 Aug 2007
Applicant’s or agent’s file reference PAYMENT DUE
200600453-2 see item 3 for time limits
Internationat application No, [nternational filing date/Date of receipt Priority date (davimonilvvear)
dayimonthivear,
PCT/US2007/062644 | [@/enbieart oo b b 2007 23 Feb 2006
Applicant
HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.
i The applicant is hereby notified that this receiving Office has reccived:
. the payment of all the prescribed lees, and D an overpayment, which will be refunded in duc course,

D no or insufficient payment of the prescribed fees and the applicant is hercby invited to pay the balance due, as
summarized under item 2, within the time Timit(s) indicated under item 3,

2. Fees and payment caleulation:

3,442.00 3,442.00
Total fees payublv; Amounl paid

_ 0.00

Balance

D The details of the caiculation are given in the Annex.

3. Time limit(s) for payment and amouni(s} payable (Rules 14.1, 15:4 and 16.1¢])):

D within ONE MON'TH from the date of receipt of the international application {for the transmittal fee (ifany), the search

fee and the international filing fee). The amount payable for cach fee is the amount applicable on the date of receipt ol the
international application. ' ,

D within 16 MONTNS from the priority date {only for the fee for priority document). The applicant’s attention is drawn 1o the
lact that the request made by the applicant under Rule |7 (b} will be considered not 1o have been made uniess the fev is paid

within that time limit.
4. Additional ohservatians (i necessary):

I:] The scarch copy will not be transmitted to the International Searching Authority until the search fee is paid (therefore the
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GATE-COUPLED EPROM CELL FOR PRINTHEAD

BACKGROUND

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 nozzies
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
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
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
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 controiler, and it is desirable to have
such identification information supplied directly by the print cartridge. This
"identification information” can provide information to the controlier to adjust the
operation of the printer and ensure correct operation. Additionally, as the
different types of fiuid ejection devices and their operating parameters increase,
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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
developed and integrated with the circuitry of inkjet printhead dies. In one
configuration, the printhéad 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.

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,
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
unreliable. In inkjet printhead circuits, for example, fuses can damage the inkjet
orifice layer duriAng programming, and after a fuse burns out, metai 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
(EPROM) devices have also been developed. Unlike PROM chips, EPROM
chips do not include fuses. Like typical ROM chips, EPROMSs 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 layef that acts as a
dielectric. One of the gates is called a floating gate and the other is called a
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
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value of 1. That is, the floating gate initially has no charge, wh|ch causes the
threshold voitage to be low.

To change the value of the bitto 0, a programming voltage (e.g. 10 to 16
volts) is appiied to the control gate and drain. This programming voltage draws
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 Iayer' giving it a negative charge. These negatively charged
electrons act as a barrier between the control gate and the floating gate. Dunng
use of the EPROM cell, a cell sensor monitors the threshold voltage of the cell.
If the threshold voltage is iow (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,
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
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
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 3
printhead die; |

FIG. 3 is a schematic diagram illustrating one embodiment of an ink jet
printhead firing cell array;
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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
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
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 arréy of gate-coupled EPROM cells
for a printhead circuit.

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
thereby intended. Alterations and further modifications of the inventive features
illustrated herein, and additional applications of the principleé of the invention as
illustrated herein, which wouid occur to one skilled in the relevant art and having

possession of this disclosure, are to be considered within the scope of the
invention.

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
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
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threugh 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®, fabric, and the like.
Typically, the nozzles 34 are arranged in one or more columns or arrays suéh
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 movéd relative to each
other. The printhead 40 is one embodiment of a fluid ejectioh device. While the
following description refers to the ejection of ink from the printhead assembly
22, it is to be understood that other liquids, fluids or flowable materiais, including
clear fluid, may be ejected from the printhead assembly.

The ink supply assembly 24 is one embodiment of a fiuid 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
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 ali 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
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
the inkjet printhead assembly, and provide ink to the inkjet pri'nthead 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
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
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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

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 assefnbly 22, the
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 e'lectron'ic, infrared, optical,
or other information transfer path. The data represents, for example, a
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
be a wide-array or multi-head printhead assembly. The inkjet printhead
assembly can include a carrier, which carries the printhead dies, provides
electrical commiunication between the printhead dies and electronic controller
30, and provides fluidic communication between the printhead dies and the ink
supply assembly 24. '

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 on 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
feed source. Other embodiments of fluid feed sources include but are not
limited to corresponding individual ink feed holes feeding corresponding

06




10

15

20

25

30

200600453

vaporization chambers and multipie 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
substrate 44. An orifice layer 50 has a front face 50a and a nozzle opening 34
formed in the front face. The orifice layer aiso 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
couple this ﬁrihg 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 vaporlzatlon
chamber 56 and the nozzle opening 34.

During printing, ink flows from the ink feed slot 46 to the vaporization
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
vaporizatiocn 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. ‘

There are a variety of types of printhead dies. These include thermal
printheads, piezoelectric printheads, electrostatic printheads, and any other type
of fiuid 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
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 teads 58. The conductive layer can be made of, for

exampie, aluminum, silver, gold, tantalum, tantalum-aluminum, or other metal or

_ metal alloy. Firing cell circuitry, such as'described in detail below, can be

implemented in the substrate and thin-film layers.
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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 tayer is formed
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
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
number of pre-charged firing cells and their layout may vary as desired.

The eight columns of pre-charged firing cells 84 are efectrically coupled
to eight data lines 88, labeled D1-D8. Each of the firing cells in each column of
pre-charged firing cells is electrically coupied to one of the data lines, and these
data lines extend to the corresponding columns of pre-charged firing cells in fire
group 82b and subsequent fire groups (not shown).

The rows of pre-charged firing cells 84 are electrically coupled to address
lines 86, labeled A1-A7, that receive address signals. Each pre-charged firing
cell in a row of pre-charged firing celis, referred to herein as a row subgroup or
subgroup, is electrically coupled to the same pair of the address lines, this pair
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).

The pre-charge line 90a (labeied PRE 1) receives a pre-charge signal,
and provides the pre-charge signal to all of the pre-charged firing cells 84 in the

./‘
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first fire group 82a. Additional fire groups each have a separate pre-charge line,
such as pre-charge line 90b (labeled PREZ2) for fire group 825.

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
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
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
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
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
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 Ievel on the node
capacitance turns the drive switch on (conducting).

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 ha\)e conducting drive
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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
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 sigﬁals select the first
row subgroup to begin the address cycle over again.

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-chargé signal, data signals are multiplexed in time and
stored in the addressed row subgroup of the one fire group by the select signal.
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.

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
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
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
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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)
having a drain-source path that is electrically coupled at one end to on-e 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

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 respc;nd to the read and
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
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
co'upled 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

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.

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

11
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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 paraliel combination of the first, second and third
transistors is electrically coupled across the node capacitance 112 of the drive
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 sc connected can be any unique group of three
of the eight data lines D1-DB assaciated with the corresponding fire group. As
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
82in FIG. 3. To program the memory element 103, the identification cell 100
receives enablihg 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 relfatively high voltage (e.g. 16 volts) through the
memory elemer{t 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 160
receives enabling signaling, including the pre-charge signal, select signal and
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
embodiment, the memory element is determined to be in the high resistive state
if the resisténce is greater than about 1000 ohms (i.e. the fuse is burned out)

12
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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.
Also, since the identification cells can be read individually, the combinations
utilized to store data are greatly increased. For exampie, 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
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
respond to any suitable number of data signals, such as two or four or more
data signals. '

It shouid 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
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.

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
applications. EF’ROM cells do riot include fuses, and provide a number of
advantages over NMOS bits.
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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
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
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 puils 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
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 volta-ge of the circuit). This will cause the cell to
block current at that voitage level, which changes the operating state of the cell
froma1toa 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 ’
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
floating gate and the semiconductor substrate. ‘

Disposéd atop the floating gate layer is another layer 240 of gate oxide
material, which provides another dielectric layer, atop which is another layer of
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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 conn-ections between
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 crass-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
substrate 252, atop which is an oxide tayer 254 (such as silicon dioxidé, Si0y),
followed by a polysilicon layer 256, a dielectric layer 258, then a Metal 1 iayer
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
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
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
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

ar control terminals, the first terminal 276 being labeled Control1, and the
second terminal 278 being iabeled Control2.
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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
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
Control1 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
and the floating gate to couple the voltage to the floating gate. In the gate-

coupled device disclosed herein, the gate to drain overlap cépacitance between

Control1 276 couples the voltage at Control1 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
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
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 Metal1 layer 260. The gate/drain coupling is from the n+ drain region of the
substrate 252 to the gate, through the gate oxide layer 254. The Metal1 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
the control node to the floating gate. In general, the more capacitive coupling
the better.
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Referring again to FIG. 8, the gates 276, 278 of the control transistor 272
can be tied tog'ether, or Control2 can be tied to the drain of the EPROM
transistor 274. For some implementations, Controi1, Controi2 and Drain can be
tied to separate voltages to get more efficient coupling. With Control2 278 and
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.,
limiting overheating by controiling pulse width instead, or relying on the
resistance of the Select transistors (when implemented in arrays) to limit the
current), Control1, 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.

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 Control1 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 Controi2-Drain node will be lower,

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
Control1 and Control2 would still be at maximum voltage for greater voltage
coupling to the fioating 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
floating gate 280. Itis 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
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thréshoid 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
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
used a gate length of from 3.0pm to 3.5um, 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 gaté, 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
percentage of energetic hot electrons that are able to reach the floating gate
286. in one em.bodiment, 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 278, 278 of the control
transistor 272, and the coupling ratio of the silicon substrate and polysilicon
layers (252, 256, respectively, in FIG. 7). While the desired hot e!ectrbns 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. )

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
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.
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Under the above parametérs, 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
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 correspondirig current, or by
setting the current and measuring the voltage. The inventor has found that the
on resistance (Rqn) 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
voltage. A voitage 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 .
vaoltage, 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 {Rqn)
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
control circuit, like that of FIG. 4, or the gate-coupled identification bits can be
incorperated into an array of identification cells that share control circuitry.
Shown in FIG. 8 is one embodiment of a gate-coupied 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
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
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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
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
other transistors on the circuit. As discussed above with respectto 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
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
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
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-coupied EPROM
cell is tied to the input voltage Vi, (designated at 304) through input line 308.
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 Iirhiting resistor (not
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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 voitage
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 therarray. The connection between the source and drain of the EPROM
control transistor 272 would then be removed, and all of the control transistor-
drain connections of the EPROM cell 270 would be tied directiy to the input iine
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
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.

The row transistors 310 and column transistors 314 aliow selection of the
specific gate-coupled EPROM cells, both for programming and reading. The
column transistdrs 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
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, regérdless of the number of data lines associated with the firing cell
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
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column transistor 314a), and then a pulse of relatively high voitage V;, (e.g.
16V) is applied. To sense the condition of the cell, a lower input voltage Vi,
pulse (e.g. SV) 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 df the EPROM
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 ﬁ_'ansistors 316 is
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 um. It wiil 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
row. A column signal turns on a selected coiumn control transistor 314. An-
input voltage Vi, 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 witl
have the source of‘the EPROM transistor floating. That is, the source of the
EPROM transiétor will not be driven to any fixed voltage, but will just float to the
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
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
variety of ways. '
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The inventor has built and programmed a 4-bit ai‘ray 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
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.

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

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
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 uitimately be mdre 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
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
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.
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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. \

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,
selected identification cells can store identification information about the
printhead die, or about the inkjet cartridge or pen in which thé 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
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
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 equipnﬁeht'manufacturer
(OEM) marketing. For example, selected identification cells store identification
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 identiﬁbation indicating whether an OEM printer is unlocked. For
example, the OEM printer can respond fo the OEM uniocked information to
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
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companies other than the given company or group of companies, such as the
actual original manufacturer company.

Selected identification celis store identification information indicating the
product type and product revision of a fluid ejection device. The product type
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
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
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 programrhing of EPROM cells modifes the threshold voltage of the
EPROM cell 270, successive progfamming of thesé cells can be used to control
analog circuits, such as to create a variable time delay. Other applications are
also possible. -

Itis 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 medifications can be
made without departing from the principles and concepts of the invention as set
forth in the claims.
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CLAIMS
What is claimed is; 4
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 portion of
the polysilicon layer;
an EPROM transistor, having a floating gate comprising a portion
of the polysilicon 1ayér; 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 contro!
transistor comprises a first controf 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, wh_erein 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 ftransistor 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
interconnection between the second control terminal of the control transistor and
the drain of the EPROM transistor comprises a resistance.
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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 cel_l 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
seurce 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. N

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 controlied by signals sent through the input
line and through the precharge' line, the select line, and the data line.
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GATE-COUPLED EPROM CELL FOR PRINTHEAD ,

ABSTRACT OF THE DISCLOSURE
An EPROM cell (270) in a printhead contrbl circuit for an ihkjet printer,

5 having exactly one polysilicon layer (256) and a conductive layer (260) disposed
above the poiyéilicon layer, includes a control transistor (272) and an EPROM
transistor (274). The control and EPROM transistors each have floating gates
(280, 282) comprising a portion of the polysilicon layer (256), and an electrical
interconnection, comprising a portion of the conductive layer (260),

10  interconnects the floating gate (280) of the control transistor (272) and the
floating gate (282) of the EPROM transistor (274).
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
© can be viewed on the USPTO website at http://www.uspto.goviweb/offices/pac/doc/generaliindex.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may
wish to consult the U.8. Government website, http://www.stopfakes.gov. Part of a Department of Commerce
initiative, this website includes self-help "toclkits" giving innovators guidance on how to protect intellectual
property in specific countries such as China, Korea and Mexico. For questions regarding patent enforcement
issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

.....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Title 35, United States Code, Secti®n 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
_setforth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted
under 37 CFR 5.13 or 5.14. '

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof
unless it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR
1.53(d). This license is not retroactive.
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“The grant of a license does not in any way lessen the responsibility of a licensee for the security of the gubj
matter as imposed by any Government contract or the provisions of existing laws relating to espionage 4and the
natiunal security or the export of technical data. Licensees should apprise themselves of current regulatiops
“especially with respect to certain countries, of other agencies, particularly the Office of Defense Trade Contrdls,
Department of State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of
Industry and Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assets Control,
Department of Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR
3.12, if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months
has lapsed from the filing date of this application and the licensee has not received any indication of a secrecy
order under 35 U.8.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Brigard & Caslro
BOGOTA - COLOMBIA

PODER

Yo  (nosotros) HEWLETT-PACKARD DEVELOPMENT

-COMPANY, 1..P. \

domiciliado(s) en Hewlelt-Packaid Company, Intellectual
Properly Adiministration, 20555 S.H. 249, Houslon, TX
77070, Estados Unidos de América

Nombro(amos) a:  JUAN PABLO CADENA SARMIENTO

ylo CARLOZ H. PALACIO EASTMAN y/io MARTIN F.
TORRES CARDOZO, de Bogota, Colombia, apoderados
verdaderos y legales con poder especial, amplio y suficiente,
para recabar de las oficinas y auloridades colombianas
administrativas, judiciales y de policia, en cualquier instancia
o recurso, la oblencion de patemtes de invencion, disefios
industriales, modelos de utilidad y contratos solre los
mismos, oblencion de cerlilicados de abtentor de variedades
vegelales, asl como sus prorogas,  renovaciones,
anotaciones de traspaso, cambios de nombre y/o domicilio
y/o direccion; intervenir como  demandante o como

.demandado en cualquier instancia y recurso ante cualquier

uez, corporacion, funcionario puablico o autoridad  en
acciones judiciales, administrativas y de policia lales como:
oposiciones, acciones de caducidad, cancelacion y nulidad;
acciones reivindicalorias, acciones de competencia desleal:
demandas penales; acciones de indemnizacién de
perjuicios, reclamos y observaciones a soliciludes de
patentes, disenos induslriales, modelos de utilicad, en el
gjercicio de medidas cautelares y en olras acciones o
medidas similares.

A este efleclo, lo(s) faculto(amos)} para elevar soliciludes,
formular descripciones, enmiendas, prolestas,
declaraciones, oposiciones, cancelaciones, nulidades,
apelaciones y reclamos; pagar impueslos, cuolas y
gravamenes prescritos por la ley; renunciar o desistir a
derechos concedidos o en curso de concesion; recibir loda
clase de documentos y valores, dando el descargo
respectivo, y, en general, para dar ante dichas autoridades

d)dos los pasos necesarios al efeclo indicado y lomar lodas

s medidas que creyeren conducentes al resguado de mis
(nueslros intereses), con lodas las demas facultades legales
necesarias.

Esle poder comprende la facultad de ratificar o confirmar en
mi {nuestro) nomire lo acluado asf como la facutiad de
desistir, transigir, comprometer, y la de sustiluirlo en fodo o
en parte y revocar suslituciones.  Asimismo nomibxo(zmos)
a: JUAN PABLO CADENA SARMIENTO y/o CAIRLOS H.
PALACIO EASTMAN y/o MARTIN E. TORRES CARDOZO,
domiciliado(s) en la Carrera 7 No. 71-21, Torre B, Piso 4,
mis (nuestos) apoderados en Colombia, con facullades
para recibir notificaciones y designar apoderacios judiciales o
%xtrajudiciales;. '

}jOtorgado y finmado en

/I
/

hoy de de 200_
Firma

Nombre
Cargo

POWER OF ATTORNEY

I (We) HEWILETT-PACKARD DEVELOPMENT
COMPANY, LI>,
domiciled in Hewleli-Packard Company, Intellectual

Property  Administralion, 20555 S.H. 249, Houston, TX
77070, United States of America

Hereby appoinls JUAN PABLO CADENA SARMIENTO
and/or CARILOS H. PALACIO EASTMAN and/or MARTIN
E. TORRES CARDOZO, of Bogota, Colombia, my (our)
true and lawlul atlorneys with special, ample and sufficient
power lo obtain from the Colombian administrative, judicial
and police offices and authorities, in any instance, privileges
of patents of invention, industrial designs and utility models;
and contracis refated thereto, as well as extensions,
renewals and recordal of assignments and changes of
name, domicile and address relaled to the above; to act as
plaintiff or defendant in any instance or recourse, and
before any judge, corporation, public official or authority in
judicial, administralive and police aclions, such as:
oppositions,  caducily, cancellation and nullity actions;
criminal proceedings, actions for payment of damages:
claims or observations on palent applications, models,
industrial designs and ulility models; in the exercise of
preventive measures and in olher actions or similar
proceedings.

To that effect they hereby empowered lo file applications,
formulate descriplions, armendmenls, protests, declarations,
oppositions, cancellations, nullities, appeals and claims; to
pay taxes, quotas and assessments prescribed by law,
renounce or waive the rights granted or in the process of
granting; to receive all kinds of documenls and valuables,
giving he respective release of receipt, and, in general, to
take before said aulhorilies the necessary steps to such
effect, and any measures that they may deem pertinent to
the safegyuard of my (our) interesl(s) with all the other
necessary fegal powers.

This power includes the facully (o ratify or confirm desist,
sellle and compromise on my (our) behalf, and to substitute
this power in whole or in part and to revoke substitutions. At
the same lime | (We) hereby appoint JUAN PABLO
CADENA SARMIENTO and/or CARLOS H. PALACIO
EASTMAN andlor MARTIN E. TORRES CARDOZO,
domiciled in Carrera 7 No. 71-21, Tone B, Piso 4, my (our)
allerney(s) in fact, with powers Lo receive notifications and
to designate judicial and extrajudicial allorneys.

Giranled and signed in

This 1st day of March 2007

e
o “G‘N\ v
v A
NGRS
fo (S ' = & ol

Name: Guy .. Kelld €=
Title:




APOSTILLE
(Convention de La Haye du 5 Qctoher 1961)

Country: United States of America

This public docuiment

his heen signed by MICHAEL KRAFT

acting in the capacily ol Notary Public, State of Colorado

bears the seal/stamp of the _MICHAEL KRAFT, Notary Public, State of Colorado

CERTIETIED

al Denver, Colorado O.this  7th dayv of  March, 2007

By MHIKE COFFMAN, Sceretary of State, Stale of Colorada
Certificate Number 132650,

(OFFICIAL SEAL) 10, Signate:
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TRADUCCION AL ESPANOL del Documento de Poder otorgado por Hewlett-
Packard Development Company, LP. con domicilio en Hewlett-Packard

Company, Intellectual Property Administration, 20555 S.H. 249, Houslon, TX 77070,

FEstados Unidos de América.

ESTADO DE COLORADO
1876

APOSTILLA
(Convencion de La Haya del 5 de Octubre de 1961)
1. PAIS: ESTADOS UNIDOS DIE AMERICA
ESTE DOCUMENTO PUBLICO

20 HASIDO FIRMADO POR MICHAEL KRAFT

3. ACTUANDO EN CARPACINAL DIZ NOTARIQ PURLICO, ESTADO DE

COLORADO

A LLEVA EL SELLO/TIMBRE DIE MICHAEL KRAFT, NOTARIO PUBLICO,

LSTARO DRE COLORADQ

CERTIFICADO
H, ENDENVER, COLOF’.NDC) 6. EL 7 DE MARZCO DIZ 2007
7. POR MIKEE COFFMAN, SECRETARIO DE ESTADQ, ESTADO

DIz COLORADO

o~

CERTHFICADO NO. 122656.

9. SELLO OFICIAL 10. FIRMA

(FIRMA}




Reconocimiento de Poder de Ahogadao

Estado de Colorado
Condado de Larimer

El instrumento saliente fue reconocide ante mi este 1er dia de Marzo, 2007 por Guy
J. Kelley,.Consejero General Asistente de Hewlell-Packard Development Company,
L.P., una corporacion de Houston, Texas, en represenlacion de la corporacion.

Hay un sello que dice: L (finma)
Michael I<raft
MICHAEL KRAFT Mi comision vence: Dic. 15, 2007
NOTARIO PUBLICO
STADCO DEE COLORADO




REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogota,
2020

Doctor{a)
CADENA SARMIENTO JUAN PABLO

REFERENCIA Radicacidn No. 8 87789
Solicitud internacional PCT/US2007/062644
Fecha inicioc fase nacional 23/09/2008
Trémite 11
Evento 378
Actuacién 430

Oficio No. - -0539

Comc resultado del examen de forma, realizade con fundamento en el articulo 38 de
la Decisién 486 de la Comisidén de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica gue:

1. En la documentacién allegada no se evidencia la existencia y representacién de
la sociedad solicitante, por 1lo tanto debe allegar el documento que asi lo
acredite.

En cumplimiento de 1lo dispuesto por el articulo 39 de la Decisidn 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En casce de no dar cumplimiento al presente requerimiento, 1la solicitud se
considerard abandonada y perderd su prelacién.

Notifigquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo guinto d titule primerc de la Circular Unica No.1lQ de 2001.

ALIX CARMEN
Jefe de la

CESPEDES DE VERGEL
ivisidn de Nuevas Creaciones

1 anterior’ regquerimiento fue notificado por fijacidn en lista de

fecha——ﬁga ENE 2009

jfernand

B




- CARRERA7 #71-21 TORREB - PISO 4 L
B R I BOGOTA - COLOMBIA
TEL: (571) 744 22 00
CASTRO FAX: (571) 74222 00 - 321 40 45
www.bc.comeco e
PROPIEDAD INTELECTUAL +

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO ‘\

as 108101 | . - L LT LT T T

foch 9- -00002-0000

echa: 2009-03-19 16:42:04  Dap. 2020 NUECRE

{ ;';114 FF’{/?ETSEPNJ"EESJ)FH i Eve?%?& FASENASI%AILJCA’\BN[ :
Sefiora Jefe : - o AREQUE  Folios: 15 /‘-
DIVISION DE NUEVAS CREACIONES S T T
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

E. S. D.

~ RESPUESTA A OFICIO 0539 DE 23 ENERO 2009

REF: Expediente No. 08 087789 — Solicitud de Patente Entrada en Fase Nacional
Corresp. a la Solicitud Internacional PCT/US2007/062644

a favor de HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.

Titulada: CELDA EPROM ACOPLADA A COMPUERTA PARA CABEZAL DE

IMPRESION

JUAN PABLO CADENA SARMIENTO, vecino de Bogota, portador de la tarjeta
profesional No. 57492, obrando como apoderado de la sociedad HEWLETT-
PACKARD DEVELOPMENT COMPANY, L.P., segin lo acredita el documento de
poder presentadc en esa Division, para dar cumplimiento al requerimiento notificado
por fijacion en lista el 23 de enero de 2009, de acuerdo con los Articulos 38 y 39 de
la Decisidn 486 de la Comisién de la Comunidad Andina, Articulo 27 del Tratado de
Cooperacion en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la SIC, me permito allegar los siguientes documentos:

1. Fotocopia autenticada del certificado que acredita la Existencia vy
Representacion Legal de HEWLETT-PACKARD DEVELOPMENT COMPANY,
L.P., debidamente apostiltado y traducido al castellano.

2. Cesién del derecho a la Patente otorgado por el inventor al solicitante,
debidamente apostillado para su mejor referencia, dado que las declaraciones
que acreditan la cesion fueron presentadas con nuestro memorial petitorio del 22
de agosto de 2008.

3. Extracto para publicacion y Tarjeta de Archivo Tematico.

74

JUAN PABLO CADENA SARMIENTO
C.C. No. 80.410.337 de Usaguén
Cra. 7 No.71-21, Torre B, Pisc 4

De la sefiora Jefe atentamente,

Bogota, 18 de marzo de 2009
MXB/aac

N BRIGARD & CASTRO ABOGADOS S.A. — NIT, 860.047.372-8
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-
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
T DIVISION DE NUEVAS CREACIONES
Industria y Comercio . TARJETA ARCHIVO TEMAT‘CO

sueEriNTENME SN pATENTE DE INVENCION _X_ PCT _X MODELO DE UTILIDAD

DISENO INDUSTRIAL

N° de solicitud: 08 087789

{22) Fecha de solicitud: 22-08-2008

21}
51} Clasificacion Internacional:
71)

Solicitante(s) HEWLETT-PACKARD DEVELOPMENT COMPANY LP.-

74) Agente: JUAN PABLO CADENA SARMIENTQO

(
(
(
(72} Inventor(es) Trudy L. BENJAMIN
(
(

30) Prioridad (31)  No. Prioridad  (32)
11/360,801

Fecha  (33) Pais
23-02-2006 us

(85) Fecha inicio fase nacienal: 23-09-2008

(86) Datos relativos a la presentacion de la solic. PCT
Fecha de presentacion de la solicitud:  23-02-2007
No. de solicitud: PCT/US2007/062644

(87) Publicacion internacional:
Fecha: 25-10-2007
No. Publicacion: WO 2007/120988 A2

FIGURA CARACTERISTICA

6x6cm

(54) Titulo: CELDA EPROM ACOPLADA A COMPUERTA PARA CABEZAL DE IMPRESION

(57) Extracto:

Una celda EPROM (270) en un circuito de control de un cabezal de impresion para una impresora de chorro de tinta, que tiene
exactamente una capa de silicio policristalino (256) y una capa conductora (260) dispuesta encima de la capa de silicio policristalino, incluye un

transistor de control {272) y un transistor EPROM (274).

CONTINUA AL RESPALDO ...
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The State of Texas

Phone: 512-463-5555
Fax: 512-463-5709
Dial 7-1-1 For Relay Services

. Www.sos.state.tx.us

Corpofations Section
P.0. Box 13697
Austin, Texas 7871 l-3_697

Hope Andrade
Secretary of State

Re: Original Documents
Dear Sir orMadam: .

The attached certificate is an original certificate issued by the Secretary of State.
Original certificates issued by the Secretary of State are electronically generated. Consequently,
'such ongmal certificates arein black and white without gold or raised seals, and they bear the




ns Section HOpC Andrade
e Secretary of State
; Texas 78711-3697
Office of the Secretary of State
APOSTILLE
(Convention de La Haye du 5 Octobre 1961)
1. Country: United States of America
This Public document
2. has been signed by Hope Andrade
3. acting in the cap:icity of . Secretary of State
4. bears the seal/stamp of State of Texas
CERTIFIED
5. . at Austin, Texas R
6. on March 6,2009
7. by the Director, Business & Public Filings Division
8, Certificate No. C00007269 '
9.
N _ ' Come visit us on the internet at http:/fwww.sos.state. tx. us/ ,
Phone: (512) 463-5555 C Fax: (512)463-5709 Dial: 7-1-1 for Relay Services

Prepared by: Victoria Castillo. .. -TID: 10245

Document: 248888340003



rporations Section : opeAndr ade
Secretary of State

: - In testirxiony whereof, I hay

officially and caused tgg# irfipre Ssed hereon the Seal of
State at my office jgf? exas on March 06, 2009.

Hope Andrade
Secretary of State

_Comé Visit us on.the internet at. httpl'//mesos. state. tx. us/ o
L. Fax:(512)463-5709 . ' ~ Dial: 7-1-1 for Relay Services
el TID: 10264 . - ' Document: 248888340003

Phone: (512) 463-5555
Prepared by: Victoria Castillo




*  TRADUCCION AL ESPANOL del Documento de Certificado de Existencia y Representaci@n UX\
Legal de HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.

[Sello]

Seccion de Corporaciones
P.O. Box 13697 Tel; 512-463-5555

Austin, Texas 78711-3697 Fax: 512-463-5709
Marque 7-1-1 Para servicios de Relevo

WWW sos.state.tx.us

Hope Andrade
Secretario de Estado

e: Documentos Originales
istimado sefior o sefiora:

!l certificado anexo es un certificado original emitido por el Secretario de Estado. Los certificados originales
‘mitidos por el Secretario de Estado se generan electronicamente. En consecuencia, dichos certificados
riginales estan a blanco y negro sin sellos dorados o en alto relieve, y llevan la firma electrénica del Secretario
le Estado asignado.

/i tienen alguna pregunta con respecto a este asunto, se pueden por favor comunicar conmigo al 512-463-5578.

Atentamente,

ol D
Irma

Victoria Castillo
Equipo de Certificaciones
Oficina del Secretario de Estado de Texas



AN/

[Sello] Hope Andrade

Secretario de Estado

Oficina del Secretario de Estado

APOSTILLA
{Convencioén de La Haya del 5 de octubre de 1961)

1. Pais: Estados Unidos de América
Este documento publico

2. ha sido firmado por Hope Andrade

3. actuando en capacidad de Secretario del Estado

4. lleva el sello/timbre del Estado de Texas

Certificado

5. en Austin, Texas

6. el 6 de marzo de 2009

7. por el Director, Divisién de Negocios y Presentaciones Publicas

8. Certificado No. COO007269
10. Firma:

9. Sello/Timbre

Lovina. ww%f

[Sello] Director, Division de Negocios y Presentaciones Publicas

Visitenos en intemet athitp://www.sos.state. tx. us/
1};@‘1 (513’) 463j5\§,55 - Casiill Fax: (512)463-5709 Marque: 7-1-1 para Servicios de Relevos
reparado por: Victoria Castillo iD: 10245 Documento: 248888340003




Hope Andrade
. ’ Secretario de Estado u
#ion de Corporaciones

P.0.Box 13697
Austm, Texas 78711-3697

[Sello]

Oficina del Secretario de Estado

Certificado de Hecho

El abajo firmante, como Secretario de Estado por medio del presente certifica que el documento, Certificado
de la Sociedad Limitada para HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.(expediente
nimero 11287610), una Sociedad Doméstica Limitada {(LP), fue presentada en esta oficina el 25 de
septiembre de 1998.

En testimonio de lo cual, he fijado mi firma oficialmente
e impreso el sello del Estado de mi oficina en Austin,
Texas el dia 6 de marzo de 2009

Firma
Hope Andrade
Secretario de Estado

Visitenos en intemet aMup.//www.sos, stale.1x.us/
|1: (512) 463-5555 Fax: (512)463-5709 Marque: 7-1-1 para Servicios de Relevo
eparado por Victoria Castillo TID: 10264 Documento: 248888340003




AS! /ag/

APOSTILLE
(Convention de La Haye du 5 octobre 1961)

Country: United States of America

“his public document
has been signed by T. Lawrence .

icting in the capacity of Certifying Officer

bears the seal/stamp of U.S. Patent and Trademark Office

Certified

at Washington, D.C.

the seventh of October, 2008

by Assistant Authentication Officer, United States Department of State

No. 09000684-6

Seal/Stamp: 10.

Patrick O. Hatchett
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TO) ALl T WHOM THESE; BRESENTS, SHATE, COME:3

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

October 03, 2008

” THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON

FEBRUARY 23, 2006.

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

,DW\O\AAI\QMCQ

T. LAWRENCE
Certifying Officer
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U.S. DEPARTMENT OF COMMER

Patent and Trademark fféf

~

PT0-15958
2 A3 : 03'03'2006 ET
AR AR Attorney Dosket No. 2008004531
ne of conveying partylies). 1 031 891 71 1 address of receiving party(ies):
dy Benjamin HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.
20555 SH 249 o
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ouston, TX 77070 e
coc% = {
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20 =9
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E_?,_ hq
- =
al namels) of conveying partylies) attached ___Yes _X No | Additional namels) & addressies) attached? ___ Yes _X_ No
ure of Conveyance:
_X_ Assignment ___Merger __ Change of Name
___Security Agreement ____ Other
tion Datel(s): Feb. 23, 2006
lication number(s) or patent number(s):
document is being filed together with a new application, execution date of the application is; 02/23/2006
:ent Application No.{(s) B. Patent No.(s)
ation No.: Date Filed:
nation No,: Additional numbers attached? NO
e and address of party 1o whom correspondence | 8. Total number of applications and patents involved:
cerning document should be mailed:
ords Manager 7- TOtal Fee (37 CFR 3-41): [ $40.00
lectual Property Administration
NLETT-PACKARD COMPANY _ _ Enclosed !
. Box 272400 X . -
t Collins, Colorado 80527-2400 _N Authorization to be charged to deposit account.
8. Deposit Account Number: 08-2025
DO NOT USE THIS SPACE

ement and signature.
* best of my knowledge and belief, the foregoing infarmation is true and correct and any attached copy is a

Py of the original document.

id R, McKinney @ZWA'B Feb 23, 2006
/ Date

e of Person Signing Signature
TotaWof pages including cover sheet, atta'chrnents, and document: 2
1. 0651-0011 lexp. 4/94) N\
Do Not detach this portion

t information to:
ssignment Recordation Services

sument to be recorded with required cover she

DBYRME 00000206 082025 11360801  Mail Stop
Director of the US Patent and Trademark Office
40.00 DA PO Box 1450
Alexandria, VA 22313-1450
‘Recdasgn)

REEL: 017621 FRAME: 0617
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YVNen recoroed pieasa ratumm.1o: .
] . _ PATENT APPLICATION
HEWLETT-PACKARD COMPANY

Inmllec[;ual hlpm-édminlguaiof . ATTORNEY DOCKET NO. 200600453—1

P. O. Box.272400 .
‘Fort.Collins, Colorado 80527-2400-

o L ASSIGNMENT. OF PATENT. APPLICATION o
_ 1/We, ths undersignad (each) have agread and hereby agree to: assign to' HEWLETT-PACKARD
DEVELOPMENT-COMPANY, L.P,, 3 Texas Limited Partnership having its principal place of business. in"
Hougton; Texas, {(hereinafter HPDC), in furtharance of my/our obligations to the Hewlatt-Packard
Company-and its subsidiaries, end ‘affiliates, and do'Herehy assign and transfer to HPDC, its successors.
and assighs, the entire right; title and ‘interest, including the right of prlority, In, to and under en.
application for Letters Patent of tha.Unlted:States antitled: ' '

GATE-COUPLED EPROM CELL FOR PRINTHEAD:

Flling. date: Application No.:

and the invention(s) and improvement(s} set forth thersin, .and any ‘and sall continuations,

continuations-in-part (C-1-P's), divislonals, and renawals of and-substitures: for said application for said

Letters: Patant; and any and all Lettars.Patent of the United States and of countries.fareign thareto which

gmty:.t‘_sta'-.”granted;thereon or tharefor; .and any reissues, or reexaminations, or extensions of said Letters
atent.

l/we additionally "authorize HPDC: to file applications in my/our name for Letters Patent in-any
country; to:be hetd and erijoyéd by HPDC, its successors, assigns, naminees or legal.representatives, 1o
the Rl ‘end of the:term .or terms -for which:said: Letterg:Patent respactively may be granted, reissued: or
extendad; es fully ‘and entirely as the:same wolild have:been held anhd enjoyed By mefus had-this,

assignmant;-and-transfér not beenimada;

. AND J/we hereby covenant that l/we have full right to convey the-antire intorest hersin assigned, and
that.1/we have not.executed and will not exscuta any .agresmient.in conflict herewith, and 1/we further
covenant and agree that: Ifwe will, each time a reéquest is made, and. without undue delay, execute and
deliver all 'such: papers .as may be ‘necessary-or desirable to perfect. the title- to satd’ inventlionis} or
improvement(s), said application and said Lettérs Patant, to HPDC, its: SUCCes6ors, assigns, nominses or
legal rapresentativas, -and l/we agree 1o. communicate to HPDC, or to its ‘nomines. ail known facts.
respscting. said invention(s) or improvement(s), ssid application:and said Letters Patert, to testty in.any
legal :proceedings,. to sign all lawful papers, 10 execute. all disclaimers and . divisionals,. continuations,.
C-1-P's; reissué and foreign applications, to maka all rightfui.oatfis.and declarations, and:genérally. 10 do
averything;possibleito .aid HRDC, its successors, assigns. ‘nominees and.legal reprasentativas:to. obtain
and enfdrce, for its or their own bonefit; proper patent protection for said invention(s) or improvement(s)
in any and all countrigs. provided the expenses which may be incurred by me/us in landing such

cooparation and aasistance.are. pait by HPDC}

-AND Ifwé heréby autharize and request the, Commissioner of Patents and Trademarks.of the United.
States and any official of any cauntry or countries foreign to the United States whose duty'it is to issue
patents-on applications s&-afarésaid, 10 issué to HPDC, as:assignee. of the: antire right, - title and: interest,
any. and all Letters_Patent for said invention(s) or improvement(s}; Including- any: and. sll Letters Patent:of.
the United States which may be:lssued and granted on-or as‘a result of the ‘applicatlon ‘aforesaid,. in
accordanca with the'terms of:this assignment. :

I#we furihet. authorize and difect the attorneys of record to insert.the serial number.and filing date: of

said application now ‘identified by the attornay docket.nuinber and title set forth ‘above.as soon.as the

same- shall héve been made khown to them by the-United'States Patent and Trademark: Office.

IN WITNESS WHEREQOF, I/we hereunto set my/our hand(s) and seal(s):

A 4 .
oy Dates Assignment Signed:;__.mm_____
Invantor's Typed Name:_Trudy Beniomin Date Application Sigried:__ & ,/ 23/ 2006
State'of  Washington !
)-56.:
County of. - }
Beforé me this -gay of , personaily appeared who-is

parsonaily kiown or proved to me on the basis-of satisfactory .avidenice to be tha
instfumient: of assignment to'be histher free act and deed.

“peisor who. ackniawledged ‘the -foregoing

Nowry Public
h"y commiseion expires:

Fev.12/04 (Assign} (Uns Page Twao For Additianal Inventor (s) Signature{s)) Page 1 of 1

PATENT
RECORDED: 02/23/2006 ' REEL: 017621 FRAME: 0618




REPUBLICA DE COLOMBIA'
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Folio 178
‘020
logota D.C.,

Joctor (a)

'ADENA SARMIENTO JUAN PABLO

wpoderado(a) y/o Representante de

{EWLETT PACKARD DEVELOPMENT COMPANY, L.P.

EFERENCIA Radicacidén No. 08 87789
Solicitud internacional PCT/US2007/062644
Fecha inicio fase nacional 23/09/2008
Tramite 11
Evento 378 .
Actuacidén . 4ls6
oficio No. 8948
Folios Co 1

’eniendo en cuenta que la solicitud de privilegio de patente gque se tramita bajo el
:xpediente indicado en la referencia, reline los requisitos de forma establecidos en
.a Decisién 486 de la Comisién de la Comunidad Andina, el Tratado de Cooperacién en
jateria de Patentes (PCT), el Reglamento y la Circular Unica de la Superintendencia
le Industria y Comercio, se envia el extracto de la solicitud a la Oficina de
‘omunicaciones para efecto de su publicacién en la Gaceta de Propiedad Industrial.

Jade en Bogotd DC,. O

/.

A\LLTX CARMENZA CESPEDES DE VERGEL
Jefe de la divisidén de Nuevag Creaciones

implase AlZ_DEI,

AN

,

adpalQ



