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Description

Background

[0001] An inkjet printing system, as one embodiment of a fluid ejection system, may include a printhead, an ink supply
that provides liquid ink to the printhead, and an electronic controller that controls the printhead. The printhead, as one
embodiment of a fluid ejection device, ejects ink drops through a plurality of orifices or nozzles. The ink is projected
toward a print medium, such as a sheet of paper, to print an image onto the print medium. The nozzles are typically
arranged in one or more arrays, such that properly sequenced ejection of ink from the nozzles causes characters or
other images to be printed on the print medium as the printhead and the print medium are moved relative to each other.
[0002] In a typical thermal inkjet printing system, the printhead ejects ink drops through nozzles by rapidly heating
small volumes of ink located in vaporization chambers. The ink is heated with small electric heaters, such as thin film
resistors referred to herein as firing resistors. Heating the ink causes the ink to vaporize and be ejected through the nozzles.
[0003] To eject one 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 is passed 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.
[0004] As inkjet printheads have evolved, the number of drop generators in a printhead has increased to improve
printing speed and/or quality. The increase in the number of drop generators per printhead has resulted in a corresponding
increase in the number of input pads required on a printhead die to energize the increased number of firing resistors. In
one type of printhead, each firing resistor is coupled to a corresponding input pad to provide power to energize the firing
resistor. One input pad per firing resistor becomes impractical as the number of firing resistors increases.
[0005] The number of drop generators per input pad is significantly increased in another type of printhead having
primitives. A single power lead provides power to all firing resistors in one primitive. Each firing resistor is coupled in
series with the power lead and the drain-source path of a corresponding field effect transistor (FET). The gate of each
FET in a primitive is coupled to a separately energizable address lead that is shared by multiple primitives.
[0006] Manufacturers continue increasing the number of drop generators per input pad via reducing the number of
input pads and/or increasing the number of drop generators on a printhead die. A printhead with fewer input pads typically
costs less than a printhead with more input pads. Also, a printhead with more drop generators typically prints with higher
quality and/or printing speed.
[0007] For these and other reasons, there is a need for the present invention.

Summary

[0008] One aspect of the present invention provides a fluid ejection device as defined in claim 1 and a method of
operating it as in claim 7. Further embodiments are set forth in the dependent claims.

Brief Description of the Drawings

[0009] Embodiments of the invention are better understood with reference to the following drawings. The elements of
the drawings are not necessarily to scale relative to each other. Like reference numerals designate corresponding similar
parts.

Figure 1 illustrates an inkjet printing system.
Figure 2 is a diagram illustrating a portion of a printhead die.
Figure 3 is a diagram illustrating a layout of drop generators located along an ink feed slot in a printhead die.
Figure 4 is a diagram illustrating an example of a firing cell employed in one embodiment of a printhead die, useful
for understanding the invention.
Figure 5 is a schematic diagram illustrating an example of an inkjet printhead firing cell array, useful for understanding
the invention.
Figure 6 is a schematic diagram illustrating an example of a pre-charged firing cell, useful for understanding the
invention.
Figure 7 is a schematic diagram illustrating an example of an inkjet printhead firing cell array, useful for understanding
the invention.
Figure 8 is a timing diagram illustrating the operation of an example of a firing cell array, useful for understanding
the invention.
Figure 9 is a schematic diagram illustrating one embodiment of a pre-charged firing cell configured to latch data,
according to the present invention.
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Figure 10 is a schematic diagram illustrating one embodiment of a double data rate firing cell circuit, according to
the present invention.
Figure 11 is a timing diagram illustrating the operation of one embodiment of a double data rate firing cell circuit.
Figure 12 is a schematic diagram illustrating one embodiment of a pre-charged firing cell, according to the present
invention.
Figure 13 is a timing diagram illustrating the operation of one embodiment of a double data rate firing cell circuit
using the pre-charged firing cell of Figure 12.
Figure 14 is a schematic diagram illustrating one embodiment of a two pass transistor pre-charged firing cell,
according to the present invention.
Figure 15 is a timing diagram illustrating the operation of one embodiment of a double data rate firing cell firing cell
circuit using the pre-charged firing cell of Figure 12 and the two pass transistor pre-charged firing cell of Figure 14.

Detailed Description

[0010] In the following detailed description, reference is made to the accompanying drawings, which form a part hereof,
and in which is shown by way of illustration specific embodiments in which the invention may be practiced. In this regard,
directional terminology, such as "top," "bottom," "front," "back," "leading," "trailing," etc., is used with reference to the
orientation of the Figure(s) being described. Because components of embodiments of the present invention can be
positioned in a number of different orientations, the directional terminology is used for purposes of illustration and is in
no way limiting. The following detailed description, therefore, is not to be taken in a limiting sense, and the scope of the
present invention is defined by the appended claims.
[0011] Figure 1 illustrates one embodiment of an inkjet printing system 20. Inkjet printing system 20 constitutes one
embodiment of a fluid ejection system that includes a fluid ejection device, such as inkjet printhead assembly 22, and
a fluid supply assembly, such as ink supply assembly 24. The inkjet printing system 20 also includes a mounting assembly
26, a media transport assembly 28, and an electronic controller 30. At least one power supply 32 provides power to the
various electrical components of inkjet printing system 20.
[0012] In one embodiment, inkjet printhead assembly 22 includes at least one printhead or printhead die 40 that ejects
drops of ink through a plurality of orifices or nozzles 34 toward a print medium 36 so as to print onto print medium 36.
Printhead 40 is one embodiment of a fluid ejection device. Print medium 36 may be any type of suitable sheet material,
such as paper, card stock, transparencies, Mylar, fabric, and the like. Typically, nozzles 34 are arranged in one or more
columns or arrays such that properly sequenced ejection of ink from nozzles 34 causes characters, symbols, and/or
other graphics or images to be printed upon print medium 36 as inkjet printhead assembly 22 and print medium 36 are
moved relative to each other. While the following description refers to the ejection of ink from printhead assembly 22, it
is understood that other liquids, fluids or flowable materials, including clear fluid, may be ejected from printhead assembly
22.
[0013] Ink supply assembly 24 as one embodiment of a fluid supply assembly provides ink to printhead assembly 22
and includes a reservoir 38 for storing ink. As such, ink flows from reservoir 38 to inkjet printhead assembly 22. Ink
supply assembly 24 and inkjet printhead assembly 22 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 inkjet printhead assembly
22 is consumed during printing. In a recirculating ink delivery system, only a portion of the ink provided to printhead
assembly 22 is consumed during printing. As such, ink not consumed during printing is returned to ink supply assembly 24.
[0014] In one embodiment, inkjet printhead assembly 22 and ink supply assembly 24 are housed together in an inkjet
cartridge or pen. The inkjet cartridge or pen is one embodiment of a fluid ejection device. In another embodiment, ink
supply assembly 24 is separate from inkjet printhead assembly 22 and provides ink to inkjet printhead assembly 22
through an interface connection, such as a supply tube (not shown). In either embodiment, reservoir 38 of ink supply
assembly 24 may be removed, replaced, and/or refilled. In one embodiment, where inkjet printhead assembly 22 and
ink supply assembly 24 are housed together in an inkjet cartridge, reservoir 38 includes a local reservoir located within
the cartridge and may also include a larger reservoir located separately from the cartridge. As such, the separate, larger
reservoir serves to refill the local reservoir. Accordingly, the separate, larger reservoir and/or the local reservoir may be
removed, replaced, and/or refilled.
[0015] Mounting assembly 26 positions inkjet printhead assembly 22 relative to media transport assembly 28 and
media transport assembly 28 positions print medium 36 relative to inkjet printhead assembly 22. Thus, a print zone 37
is defined adjacent to nozzles 34 in an area between inkjet printhead assembly 22 and print medium 36. In one embod-
iment, inkjet printhead assembly 22 is a scanning type printhead assembly. As such, mounting assembly 26 includes a
carriage (not shown) for moving inkjet printhead assembly 22 relative to media transport assembly 28 to scan print
medium 36. In another embodiment, inkjet printhead assembly 22 is a non-scanning type printhead assembly. As such,
mounting assembly 26 fixes inkjet printhead assembly 22 at a prescribed position relative to media transport assembly
28. Thus, media transport assembly 28 positions print medium 36 relative to inkjet printhead assembly 22.
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[0016] Electronic controller or printer controller 30 typically includes a processor, firmware, and other electronics, or
any combination thereof, for communicating with and controlling inkjet printhead assembly 22, mounting assembly 26,
and media transport assembly 28. Electronic controller 30 receives data 39 from a host system, such as a computer,
and usually includes memory for temporarily storing data 39. Typically, data 39 is sent to inkjet printing system 20 along
an electronic, infrared, optical, or other information transfer path. Data 39 represents, for example, a document and/or
file to be printed. As such, data 39 forms a print job for inkjet printing system 20 and includes one or more print job
commands and/or command parameters.
[0017] In one embodiment, electronic controller 30 controls inkjet printhead assembly 22 for ejection of ink drops from
nozzles 34. As such, electronic controller 30 defines a pattern of ejected ink drops that form characters, symbols, and/or
other graphics or images on print medium 36. The pattern of ejected ink drops is determined by the print job commands
and/or command parameters.
[0018] In one embodiment, inkjet printhead assembly 22 includes one printhead 40. In another embodiment, inkjet
printhead assembly 22 is a wide-array or multi-head printhead assembly. In one wide-array embodiment, inkjet printhead
assembly 22 includes a carrier, which carries printhead dies 40, provides electrical communication between printhead
dies 40 and electronic controller 30, and provides fluidic communication between printhead dies 40 and ink supply
assembly 24.
[0019] Figure 2 is a diagram illustrating a portion of one embodiment of a printhead die 40. The printhead die 40
includes an array of printing or fluid ejecting elements 42. Printing elements 42 are formed on a substrate 44, which has
an ink feed slot 46 formed therein. As such, ink feed slot 46 provides a supply of liquid ink to printing elements 42. Ink
feed slot 46 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 vaporization chambers and multiple shorter ink
feed trenches that each feed corresponding groups of fluid ejecting elements. A thin-film structure 48 has an ink feed
channel 54 formed therein which communicates with ink feed slot 46 formed in substrate 44. An orifice layer 50 has a
front face 50a and a nozzle opening 34 formed in front face 50a. Orifice layer 50 also has a nozzle chamber or vaporization
chamber 56 formed therein which communicates with nozzle opening 34 and ink feed channel 54 of thin-film structure
48. A firing resistor 52 is positioned within vaporization chamber 56 and leads 58 electrically couple firing resistor 52 to
circuitry controlling the application of electrical current through selected firing resistors. A drop generator 60 as referred
to herein includes firing resistor 52, nozzle chamber or vaporization chamber 56 and nozzle opening 34.
[0020] During printing, ink flows from ink feed slot 46 to vaporization chamber 56 via ink feed channel 54. Nozzle
opening 34 is operatively associated with firing resistor 52 such that droplets of ink within vaporization chamber 56 are
ejected through nozzle opening 34 (e.g., substantially normal to the plane of firing resistor 52) and toward print medium
36 upon energization of firing resistor 52.
[0021] Example embodiments of printhead dies 40 include a thermal printhead, a piezoelectric printhead, an electro-
static printhead, or any other type of fluid ejection device known in the art that can be integrated into a multi-layer
structure. Substrate 44 is formed, for example, of silicon, glass, ceramic, or a stable polymer and thin-film structure 48
is formed to include one or more passivation or insulation layers of silicon dioxide, silicon carbide, silicon nitride, tantalum,
polysilicon glass, or other suitable material. Thin-film structure 48, also, includes at least one conductive layer, which
defines firing resistor 52 and leads 58. The conductive layer is made, for example, to include aluminum, gold, tantalum,
tantalum-aluminum, or other metal or metal alloy. In one embodiment, firing cell circuitry, such as described in detail
below, is implemented in substrate and thin-film layers, such as substrate 44 and thin-film structure 48.
[0022] In one embodiment, orifice layer 50 comprises a photoimageable epoxy resin, for example, an epoxy referred
to as SU8, marketed by Micro-Chem, Newton, MA. Exemplary techniques for fabricating orifice layer 50 with SU8 or
other polymers are described in detail in U.S. Patent No. 6,162,589, which is herein incorporated by reference. In one
embodiment, orifice layer 50 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, however, can be employed to form orifice layer 50.
[0023] Figure 3 is a diagram illustrating drop generators 60 located along ink feed slot 46 in one embodiment of
printhead die 40. Ink feed slot 46 includes opposing ink feed slot sides 46a and 46b. Drop generators 60 are disposed
along each of the opposing ink feed slot sides 46a and 46b. A total of n drop generators 60 are located along ink feed
slot 46, with m drop generators 60 located along ink feed slot side 46a, and n - m drop generators 60 located along ink
feed slot side 46b. In one embodiment, n equals 200 drop generators 60 located along ink feed slot 46 and m equals
100 drop generators 60 located along each of the opposing ink feed slot sides 46a and 46b. In other embodiments, any
suitable number of drop generators 60 can be disposed along ink feed slot 46.
[0024] Ink feed slot 46 provides ink to each of the n drop generators 60 disposed along ink feed slot 46. Each of the
n drop generators 60 includes a firing resistor 52, a vaporization chamber 56 and a nozzle 34. Each of the n vaporization
chambers 56 is fluidically coupled to ink feed slot 46 through at least one ink feed channel 54. The firing resistors 52 of
drop generators 60 are energized in a controlled sequence to eject fluid from vaporization chambers 56 and through
nozzles 34 to print an image on print medium 36.
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[0025] Figure 4 is a diagram illustrating a non-claimed example of a firing cell 70 employed in one embodiment of
printhead die 40. Firing cell 70 includes a firing resistor 52, a resistor drive switch 72, and a memory circuit 74. Firing
resistor 52 is part of a drop generator 60. Drive switch 72 and memory circuit 74 are part of the circuitry that controls
the application of electrical current through firing resistor 52. Firing cell 70 is formed in thin-film structure 48 and on
substrate 44.
[0026] In one embodiment, firing resistor 52 is a thin-film resistor and drive switch 72 is a field effect transistor (FET).
Firing resistor 52 is electrically coupled to a fire line 76 and the drain-source path of drive switch 72. The drain-source
path of drive switch 72 is also electrically coupled to a reference line 78 that is coupled to a reference voltage, such as
ground. The gate of drive switch 72 is electrically coupled to memory circuit 74 that controls the state of drive switch 72.
[0027] Memory circuit 74 is electrically coupled to a data line 80 and enable lines 82. Data line 80 receives a data
signal that represents part of an image and enable lines 82 receive enable signals to control operation of memory circuit
74. Memory circuit 74 stores one bit of data as it is enabled by the enable signals. The logic level of the stored data bit
sets the state (e.g., on or off, conducting or non-conducting) of drive switch 72. The enable signals can include one or
more select signals and one or more address signals.
[0028] Fire line 76 receives an energy signal comprising energy pulses and provides an energy pulse to firing resistor
52. In one embodiment, the energy pulses are provided by electronic controller 30 to have timed starting times and timed
duration, resulting in timed end times, to provide a proper amount of energy to heat and vaporize fluid in the vaporization
chamber 56 of a drop generator 60. If drive switch 72 is on (conducting), the energy pulse heats firing resistor 52 to heat
and eject fluid from drop generator 60. If drive switch 72 is off (non-conducting), the energy pulse does not heat firing
resistor 52 and the fluid remains in drop generator 60.
[0029] Figure 5 is a schematic diagram illustrating a non-claimed example of an inkjet printhead firing cell array 100.
Firing cell array 100 includes a plurality of firing cells 70 arranged into n fire groups 102a-102n. In one embodiment,
firing cells 70 are arranged into six fire groups 102a-102n. In other embodiments, firing cells 70 can be arranged into
any suitable number of fire groups 102a-102n, such as four or more fire groups 102a-102n.
[0030] The firing cells 70 in array 100 are schematically arranged into L rows and m columns. The L rows of firing
cells 70 are electrically coupled to enable lines 104 that receive enable signals. Each row of firing cells 70, referred to
herein as a row subgroup or subgroup of firing cells 70, is electrically coupled to one set of subgroup enable lines 106a-
106L. The subgroup enable lines 106a-106L receive subgroup enable signals SG1, SG2, ... SGL that enable the corre-
sponding subgroup of firing cells 70.
[0031] The m columns are electrically coupled to m data lines 108a-108m that receive data signals D1, D2 ... Dm,
respectively. Each of the m columns includes firing cells 70 in each of the n fire groups 102a-102n and each column of
firing cells 70, referred to herein as a data line group or data group, is electrically coupled to one of the data lines 108a-
108m. In other words, each of the data lines 108a-108m is electrically coupled to each of the firing cells 70 in one column,
including firing cells 70 in each of the fire groups 102a-102n. For example, data line 108a is electrically coupled to each
of the firing cells 70 in the far left column, including firing cells 70 in each of the fire groups 102a-102n. Data line 108b
is electrically coupled to each of the firing cells 70 in the adjacent column and so on, over to and including data line
108m that is electrically coupled to each of the firing cells 70 in the far right column, including firing cells 70 in each of
the fire groups 102a-102n.
[0032] In one embodiment, array 100 is arranged into six fire groups 102a-102n and each of the six fire groups 102a-
102n includes 13 subgroups and eight data line groups. In other embodiments, array 100 can be arranged into any
suitable number of fire groups 102a-102n and into any suitable number of subgroups and data line groups. In any
embodiment, fire groups 102a-102n are not limited to having the same number of subgroups and data line groups.
Instead, each of the fire groups 102a-102n can have a different number of subgroups and/or data line groups as compared
to any other fire group 102a-102n. In addition, each subgroup can have a different number of firing cells 70 as compared
to any other subgroup, and each data line group can have a different number of firing cells 70 as compared to any other
data line group.
[0033] The firing cells 70 in each of the fire groups 102a-102n are electrically coupled to one of the fire lines 110a-
110n. In fire group 102a, each of the firing cells 70 is electrically coupled to fire line 110a that receives fire signal or
energy signal FIRE1. In fire group 102b, each of the firing cells 70 is electrically coupled to fire line 110b that receives
fire signal or energy signal FIRE2 and so on, up to and including fire group 102n wherein each of the firing cells 70 is
electrically coupled to fire line 110n that receives fire signal or energy signal FIREn. In addition, each of the firing cells
70 in each of the fire groups 102a-102n is electrically coupled to a common reference line 112 that is tied to ground.
[0034] In operation, subgroup enable signals SG1, SG2, ... SGL are provided on subgroup enable lines 106a-106L to
enable one subgroup of firing cells 70. The enabled firing cells 70 store data signals D1, D2 ... Dm provided on data
lines 108a-108m. The data signals D1, D2 ... Dm are stored in memory circuits 74 of enabled firing cells 70. Each of the
stored data signals D1, D2 ... Dm sets the state of drive switch 72 in one of the enabled firing cells 70. The drive switch
72 is set to conduct or not conduct based on the stored data signal value.
[0035] After the states of the selected drive switches 72 are set, an energy signal FIRE1-FIREn is provided on the fire
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line 110a-110n corresponding to the fire group 102a-102n that includes the selected subgroup of firing cells 70. The
energy signal FIRE1-FIREn includes an energy pulse. The energy pulse is provided on the selected fire line 110a-110n
to energize firing resistors 52 in firing cells 70 that have conducting drive switches 72. The energized firing resistors 52
heat and eject ink onto print medium 36 to print an image represented by data signals D1, D2 ... Dm. The process of
enabling a subgroup of firing cells 70, storing data signals D1, D2 ... Dm in the enabled subgroup and providing an
energy signal FIRE1-FIREn to energize firing resistors 52 in the enabled subgroup continues until printing stops.
[0036] In one embodiment, as an energy signal FIRE1-FIREn is provided to a selected fire group 102a-102n, subgroup
enable signals SG1, SG2, ... SGL change to select and enable another subgroup in a different fire group 102a-102n.
The newly enabled subgroup stores data signals D1, D2 ... Dm provided on data lines 108a-108m and an energy signal
FIRE1-FIREn is provided on one of the fire lines 110a-110n to energize firing resistors 52 in the newly enabled firing
cells 70. At any one time, only one subgroup of firing cells 70 is enabled by subgroup enable signals SG1, SG2, ... SGL
to-store data signals D1, D2 ... Dm provided on data lines 108a-108m. In this aspect, data signals D1, D2 ... Dm on data
lines 108a-108m are timed division multiplexed data signals. Also, only one subgroup in a selected fire group 102a-102n
includes drive switches 72 that are set to conduct while an energy signal FIRE1-FIREn is provided to the selected fire
group 102a-102n. However, energy signals FIRE1-FIREn provided to different fire groups 102a-102n can and do overlap.
[0037] Figure 6 is a schematic diagram illustrating a non-claimed example of a pre-charged firing cell 120. The pre-
charged firing cell 120 includes a drive switch 172 electrically coupled to a firing resistor 52. In one embodiment, drive
switch 172 is a FET including a drain-source path electrically coupled at one end to one terminal of firing resistor 52 and
at the other end to a reference line 122. The reference line 122 is tied to a reference voltage, such as ground. The other
terminal of firing resistor 52 is electrically coupled to a fire line 124 that receives a fire signal or energy signal FIRE
including energy pulses. The energy pulses energize firing resistor 52 if drive switch 172 is on (conducting).
[0038] The gate of drive switch 172 forms a storage node capacitance 126 that functions as a memory element to
store data pursuant to the sequential activation of a pre-charge transistor 128 and a select transistor 130. The storage
node capacitance 126 is shown in dashed lines, as it is part of drive switch 172. Alternatively, a capacitor separate from
drive switch 172 can be used as a memory element.
[0039] The drain-source path and gate of pre-charge transistor 128 are electrically coupled to a pre-charge line 132
that receives a pre-charge signal. The gate of drive switch 172 is electrically coupled to the drain-source path of pre-
charge transistor 128 and the drain-source path of select transistor 130. The gate of select transistor 130 is electrically
coupled to a select line 134 that receives a select signal. A pre-charge signal is one type of pulsed charge control signal.
Another type of pulsed charge control signal is a discharge signal employed in embodiments of a discharged firing cell.
[0040] A data transistor 136, a first address transistor 138 and a second address transistor 140 include drain-source
paths that are electrically coupled in parallel. The parallel combination of data transistor 136, first address transistor 138
and second address transistor 140 is electrically coupled between the drain-source path of select transistor 130 and
reference line 122. The serial circuit including select transistor 130 coupled to the parallel combination of data transistor
136, first address transistor 138 and second address transistor 140 is electrically coupled across node capacitance 126
of drive switch 172. The gate of data transistor 136 is electrically coupled to data line 142 that receives data signals
-DATA. The gate of first address transistor 138 is electrically coupled to an address line 144 that receives address signals
~ADDRESS1 and the gate of second address transistor 140 is electrically coupled to a second address line 146 that
receives address signals -ADDRESS2. The data signals ~DATA and address signals ~ADDRESS1 and -ADDRESS2
are active when low as indicated by the tilda (-) at the beginning of the signal name. The node capacitance 126, pre-
charge transistor 128, select transistor 130, data transistor 136 and address transistors 138 and 140 form a memory cell.
[0041] In operation, node capacitance 126 is pre-charged through pre-charge transistor 128 by providing a high level
voltage pulse on pre-charge line 132. In one embodiment, after the high level voltage pulse on pre-charge line 132, a
data signal -DATA is provided on data line 142 to set the state of data transistor 136 and address signals ~ADDRESS1
and -ADDRESS2 are provided on address lines 144 and 146 to set the states of first address transistor 138 and second
address transistor 140. A high level voltage pulse is provided on select line 134 to turn on select transistor 130 and node
capacitance 126 discharges if data transistor 136, first address transistor 138 and/or second address transistor 140 is
on. Alternatively, node capacitance 126 remains charged if data transistor 136, first address transistor 138 and second
address transistor 140 are all off.
[0042] Pre-charged firing cell 120 is an addressed firing cell if both address signals -ADDRESS1 and -ADDRESS2
are low and node capacitance 126 either discharges if data signal ~DATA is high or remains charged if data signal
-DATA is low. Pre-charged firing cell 120 is not an addressed firing cell if at least one of the address signals ~ADDRESS1
and -ADDRESS2 is high and node capacitance 126 discharges regardless of the data signal -DATA voltage level. The
first and second address transistors 136 and 138 comprise an address decoder, and data transistor 136 controls the
voltage level on node capacitance 126 if pre-charged firing cell 120 is addressed.
[0043] Figure 7 is a schematic diagram illustrating a non-claimed example of an inkjet printhead firing cell array 200.
Firing cell array 200 includes a plurality of pre-charged firing cells 120 arranged into six-fire groups 202a-202f. The pre-
charged firing cells 120 in each fire group 202a-202f are schematically arranged into 13 rows and eight columns. The
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fire groups 202a-202f and pre-charged firing cells 120 in array 200 are schematically arranged into 78 rows and eight
columns.
[0044] The eight columns of pre-charged firing cells 120 are electrically coupled to eight data lines 208a-208h that
receive data signals ~D1, ~D2 ... ~D8, respectively. Each of the eight columns, referred to herein as a data line group
or data group, includes pre-charged firing cells 120 in each of the six fire groups 202a-202f. Each of the firing cells 120
in each column of pre-charged firing cells 120 is electrically coupled to one of the data lines 208a-208h. All pre-charged
firing cells 120 in a data line group are electrically coupled to the same data line 208a-208h that is electrically coupled
to the gates of the data transistors 136 in the pre-charged firing cells 120 in the column. In one embodiment, each of
the data signals ~D1, ~D2 ... ~D8 represents a portion of an image. Also, in one embodiment, each of the data lines
208a-208h is electrically coupled to external control circuitry via a corresponding interface data pad.
[0045] Data line 208a is electrically coupled to each of the pre-charged firing cells 120 in the far left column, including
pre-charged firing cells in each of the fire groups 202a-202f. Data line 208b is electrically coupled to each of the pre-
charged firing cells 120 in the adjacent column and so on, over to and including data line 208h that is electrically coupled
to each of the pre-charged firing cells 120 in the far right column, including pre-charged firing cells 120 in each of the
fire groups 202a-202f.
[0046] The 78 rows of pre-charged firing cells 120 are electrically coupled to address lines 206a-206g that receive
address signals ~A1, ~A2 ... ~A7, respectively. Each pre-charged firing cell 120 in a row of pre-charged firing cells 120,
referred to herein as a row subgroup or subgroup of pre-charged firing cells 120, is electrically coupled to two of the
address lines 206a-206g. All pre-charged firing cells 120 in a row subgroup are electrically coupled to the same two
address lines 206a-206g.
[0047] The subgroups of the fire groups 202a-202f are identified as subgroups SG1-1 through SG1-13 in fire group
one (FG1) 202a, subgroups SG2-1 through SG2-13 in fire group two (FG2) 202b and so on, up to and including subgroups
SG6-1 through SG6-13 in fire group six (FG6) 202f. In other embodiments, each fire group 202a-202f can include any
suitable number of subgroups, such as 14 or more subgroups.
[0048] Each subgroup of pre-charged firing cells 120 is electrically coupled to two address lines 206a-206g. The two
address lines 206a-206g corresponding to a subgroup are electrically coupled to the first and second address transistors
138 and 140 in all pre-charged firing cells 120 of the subgroup. One address line 206a-206g is electrically coupled to
the gate of one of the first and second address transistors 138 and 140 and the other address line 206a-206g is electrically
coupled to the gate of the other one of the first and second address transistors 138 and 140. The address lines 206a-
206g receive address signals ~A1, -A2 ...~A7 and provide the address signals ~A1, ~A2 ... ~A7 to the subgroups of the
array 200 as follows:

[0049] In other embodiments, address lines 206a-206g are electrically coupled to subgroups of array 200 in any
suitable coupling of address lines 206a-206g to subgroups to provide any suitable mapping of row subgroup address
signals to row subgroups.
[0050] Subgroups of pre-charged firing cells 120 are addressed by providing address signals ~A1, -A2 ... -A7 on

Row Subgroup Address Signals Row Subgroups

~A1, ~A2 SG1-1, SG2-1 ... SG6-1

~A1, ~A3 SG1-2, SG2-2 ... SG6-2

~A1, ~A4 SG1-3, SG2-3 ... SG6-3

~A1, ~A5 SG1-4, SG2-4 ... SG6-4

~A1, ~A6 SG1-5, SG2-5 ... SG6-5

~A1, ~A7 SG1-6, SG2-6 ... SG6-6

~A2, ~A3 SG1-7, SG2-7 ... SG6-7

-A2, ~A4 SG1-8, SG2-8 ... SG6-8

~A2, ~A5 SG1-9, SG2-9 ... SG6-9

~A2, ~A6 SG1-10, SG2-10 ... SG6-10

~A2, ~A7 SG1-11, SG2-11 ... SG6-11

~A3, ~A4 SG1-12, SG2-12 ... SG6-12

~A3, ~A5 SG1-13, SG2-13 ... SG6-13
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address lines 206a-206g. In one embodiment, the address lines 206a-206g are electrically coupled to one or more
address generators provided on printhead die 40. In other embodiments, the address lines 206a-206g are electrically
coupled to external control circuitry by interface pads.
[0051] Pre-charge lines 210a-210f receive pre-charge signals PRE1, PRE2 ... PRE6 and provide the pre-charge
signals PRE1, PRE2 ... PRE6 to corresponding fire groups 202a-202f. Pre-charge line 210a is electrically coupled to all
of the pre-charged firing cells 120 in FG1 202a. Pre-charge line 210b is electrically coupled to all pre-charged firing cells
120 in FG2 202b and so on, up to and including pre-charge line 210f that is electrically coupled to all pre-charged firing
cells 120 in FG6 202f. Each of the pre-charge lines 210a-210f is electrically coupled to the gate and drain-source path
of all of the pre-charge transistors 128 in the corresponding fire group 202a-202f, and all pre-charged firing cells 120 in
a fire group 202a-202f are electrically coupled to only one pre-charge line 210a-210f. Thus, the node capacitances 126
of all pre-charged firing cells 120 in a fire group 202a-202f are charged by providing the corresponding pre-charge signal
PRE1, PRE2 ... PRE6 to the corresponding pre-charge line 210a-210f. In one embodiment, each of the pre-charge lines
210a-210f is electrically coupled to external control circuitry via a corresponding interface pad.
[0052] Select lines 212a-212f receive select signals SEL1, SEL2 ... SEL6 and provide the select signals SEL1, SEL2 ...
SEL6 to corresponding fire groups 202a-202f. Select line 212a is electrically coupled to all pre-charged firing cells 120
in FG1 202a. Select line 212b is electrically coupled to all pre-charged firing cells 120 in FG2 202b and so on, up to and
including select line 212f that is electrically coupled to all pre-charged firing cells 120 in FG6 202f. Each of the select
lines 212a-212f is electrically coupled to the gate of all of the select transistors 130 in the corresponding fire group 202a-
202f, and all pre-charged firing cells 120 in a fire group 202a-202f are electrically coupled to only one select line 212a-
212f. In one embodiment, each of the select lines 212a-212f is electrically coupled to external control circuitry via a
corresponding interface pad. Also, in one embodiment, some of the pre-charge lines 210a-210f and some of the select
lines 212a-212f are electrically coupled together to share interface pads.
[0053] Fire lines 214a-214f receive fire signals or energy signals FIRE1, FIRE2 ... FIRE6 and provide the energy
signals FIRE1, FIRE2 ... FIRE6 to corresponding fire groups 202a-202f. Fire line 214a is electrically coupled to all pre-
charged firing cells 120 in FG1 202a. Fire line 214b is electrically coupled to all pre-charged firing cells 120 in FG2 202b
and so on, up to and including fire line 214f that is electrically coupled to all pre-charged firing cells 120 in FG6 202f.
Each of the fire lines 214a-214f is electrically coupled to all of the firing resistors 52 in the corresponding fire group 202a-
202f, and all pre-charged firing cells 120 in a fire group 202a-202f are electrically coupled to only one fire line 214a-214f.
The fire lines 214a-214f are electrically coupled to external supply circuitry by appropriate interface pads. All pre-charged
firing cells 120 in array 200 are electrically coupled to a reference line 216 that is tied to a reference voltage, such as
ground. Thus, the pre-charged firing cells 120 in a row subgroup of pre-charged firing cells 120 are electrically coupled
to the same address lines 206a-206g, pre-charge line 210a-210f, select line 212a-212f and fire line 214a-214f.
[0054] In operation, in one embodiment fire groups 202a-202f are selected to fire in succession. FG1 202a is selected
before FG2 202b, which is selected before FG3 and so on, up to FG6 202f. After FG6 202f, the fire group cycle starts
over with FG1 202a.
[0055] The address signals ~A1, -A2 ... ~A7 cycle through the 13 row subgroup addresses before repeating a row
subgroup address. The address signals ~A1, -A2 ... ~A7 provided on address lines 206a-206g are set to one row
subgroup address during each cycle through the fire groups 202a-202f. The address signals ~A1 ~A2 ... -A7 select one
row subgroup in each of the fire groups 202a-202f for one cycle through the fire groups 202a-202f. For the next cycle
through fire groups 202a-202f, the address signals ~A1, -A2 ... -A7 are changed to select another row subgroup in each
of the fire groups 202a-202f. This continues up to the address signals ~A1, -A2 ... -A7 selecting the last row subgroup
in fire groups 202a-202f. After the last row subgroup, address signals ~A1, -A2 ... ~A7 select the first row subgroup to
begin the address cycle over again.
[0056] In another aspect of operation, one of the fire groups 202a-202f is operated by providing a pre-charge signal
PRE1, PRE2 ... PRE6 on the pre-charge line 210a-210f of the one fire group 202a-202f. The pre-charge signal PRE1,
PRE2 ... PRE6 defines a pre-charge time interval or period during which time the node capacitance 126 on each drive
switch 172 in the one fire group 202a-202f is charged to a high voltage level, to pre-charge the one fire group 202a-202f.
[0057] Address signals -A1, -A2 ... -A7 are provided on address lines 206a-206g to address one row subgroup in each
of the fire groups 202a-202f, including one row subgroup in the pre-charged fire group 202a-202f. Data signals ~D1,
-D2 ... -D8 are provided on data lines 208a-208h to provide data to all fire groups 202a-202f, including the addressed
row subgroup in the pre-charged fire group 202a-202f.
[0058] Next, a select signal SEL1, SEL2 ... SEL6 is provided on the select line 212a-212f of the pre-charged fire group
202a-202f to select the pre-charged fire group 202a-202f. The select signal SEL1, SEL2 ... SEL6 defines a discharge
time interval for discharging the node capacitance 126 on each drive switch 172 in a pre-charged firing cell 120 that is
either not in the addressed row subgroup in the selected fire group 202a-202f or addressed in the selected fire group
202a-202f and receiving a high level data signal ~D1, ~D2 ... ~D8. The node capacitance 126 does not discharge in
pre-charged firing cells 120 that are addressed in the selected fire group 202a-202f and receiving a low level data signal
~D1, -D2 ... ~D8. A high voltage level on the node capacitance 126 turns the drive switch 172 on (conducting).
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[0059] After drive switches 172 in the selected fire group 202a-202f are set to conduct or not conduct, an energy pulse
or voltage pulse is provided on the fire line 214a-214f of the selected fire group 202a-202f. Pre-charged firing cells 120
that have conducting drive switches 172, conduct current through the firing resistor 52 to heat ink and eject ink from the
corresponding drop generator 60.
[0060] With fire groups 202a-202f operated in succession, the select signal SEL1, SEL2 ... SEL6 for one fire group
202a-202f is used as the pre-charge signal PRE1, PRE2 ... PRE6 for the next fire group 202a-202f. The pre-charge
signal PRE1, PRE2 ... PRE6 for one fire group 202a-202f precedes the select signal SEL1, SEL2 ... SEL6 and energy
signal FIRE1, FIRE2 ... FIRE6 for the one fire group 202a-202f. After the pre-charge signal PRE1, PRE2 ... PRE6, data
signals ~D1, -D2 ... -D8 are multiplexed in time and stored in the addressed row subgroup of the one fire group 202a-
202f by the select signal SEL1, SEL2 ... SEL6. The select signal SEL1, SEL2 ... SEL6 for the selected fire group 202a-
202f is also the pre-charge signal PRE1, PRE2 ... PRE6 for the next fire group 202a-202f. After the select signal SEL1,
SEL2 ... SEL6 for the selected fire group 202a-202f is complete, the select signal SEL1, SEL2 ... SEL6 for the next fire
group 202a-202f is provided. Pre-charged firing cells 120 in the selected subgroup fire or heat ink based on the stored
data signal ~D1, -D2 ... -D8 as the energy signal FIRE1, FIRE2 ... FIRE6, including an energy pulse, is provided to the
selected fire group 202a-202f.
[0061] Figure 8 is a timing diagram illustrating the operation of a non-claimed example of firing cell array 200. Fire
groups 202a-202f are selected in succession to energize pre-charged firing cells 120 based on data signals ~D1, -D2 ...
~D8, indicated at 300. The data signals ~D1, -D2 ... -D8 at 300 are changed as needed, indicated at 302, for each row
subgroup address and fire group 202a-202f combination. Address signals ~A1, ~A2 ... -A7 at 304 are provided on
address lines 206a-206g to address one row subgroup from each of the fire groups 202a-202f. The address signals
~A1, -A2 ... -A7 at 304 are set to one address, indicated at 306, for one cycle through fire groups 202a-202f. After the
cycle is complete, the address signals ~A1, ~A2 ... -A7 at 304 are changed at 308 to address a different row subgroup
from each of the fire groups 202a-202f. The address signals -A1, -A2 ... -A7 at 304 increment through the row subgroups
to address the row subgroups in sequential order from one to 13 and back to one. In other embodiments, address signals
~A1, ~A2 ... -A7 at 304 can be set to address row subgroups in any suitable order.
[0062] During a cycle through fire groups 202a-202f, select line 212f coupled to FG6 202f and pre-charge line 210a
coupled to FG1 202a receive SEL6/PRE1 signal 309, including SEL6/PRE1 signal pulse 310. In one embodiment, the
select line 212f and pre-charge line 210a are electrically coupled together to receive the same signal. In another em-
bodiment, the select line 212f and pre-charge line 210a are not electrically coupled together, but receive similar signals.
[0063] The SEL6/PRE1 signal pulse at 310 on pre-charge line 210a, pre-charges all firing cells 120 in FG1 202a. The
node capacitance 126 for each of the pre-charged firing cells 120 in FG1 202a is charged to a high voltage level. The
node capacitances 126 for pre-charged firing cells 120 in one row subgroup SG1-K, indicated at 311, are pre-charged
to a high voltage level at 312. The row subgroup address at 306 selects subgroup SG1-K, and a data signal set at 314
is provided to data transistors 136 in all pre-charged firing cells 120 of all fire groups 202a-202f, including the address
selected row subgroup SG1-K.
[0064] The select line 212a for FG1 202a and pre-charge line 210b for FG2 202b receive the SEL1/PRE2 signal 315,
including the SEL1/PRE2 signal pulse 316. The SEL1/PRE2 signal pulse 316 on select line 212a turns on the select
transistor 130 in each of the pre-charged firing cells 120 in FG1 202a. The node capacitance 126 is discharged in all
pre-charged firing cells 120 in FG1 202a that are not in the address selected row subgroup SG1-K. In the address
selected row subgroup SG1-K, data at 314 are stored, indicated at 318, in the node capacitances 126 of the drive
switches 172 in row subgroup SG1-K to either turn the drive switch on (conducting) or off (non-conducting).
[0065] The SEL1/PRE2 signal pulse at 316 on pre-charge line 210b, pre-charges all firing cells 120 in FG2 202b. The
node capacitance 126 for each of the pre-charged firing cells 120 in FG2 202b is charged to a high voltage level. The
node capacitances 126 for pre-charged firing cells 120 in one row subgroup SG2-K, indicated at 319, are pre-charged
to a high voltage level at 320. The row subgroup address at 306 selects subgroup SG2-K, and a data signal set at 328
is provided to data transistors 136 in all pre-charged firing cells 120 of all fire groups 202a-202f, including the address
selected row subgroup SG2-K.
[0066] The fire line 214a receives energy signal FIRE1, indicated at 323, including an energy pulse at 322 to energize
firing resistors 52 in pre-charged firing cells 120 that have conductive drive switches 172 in FG1 202a. The FIRE1 energy
pulse 322 goes high while the SEL1/PRE2 signal pulse 316 is high and while the node capacitance 126 on non-conducting
drive switches 172 are being actively pulled low, indicated on energy signal FIRE1 323 at 324. Switching the energy
pulse 322 high while the node capacitances 126 are actively pulled low, prevents the node capacitances 126 from being
inadvertently charged through the drive switch 172 as the energy pulse 322 goes high. The SEL1/PRE2 signal 315 goes
low and the energy pulse 322 is provided to FG1 202a for a predetermined time to heat ink and eject the ink through
nozzles 34 corresponding to the conducting pre-charged firing cells 120.
[0067] The select line 212b for FG2 202b and pre-charge line 210c for FG3 202c receive SEL2/PRE3 signal 325,
including SEL2/PRE3 signal pulse 326. After the SEL1/PRE2 signal pulse 316 goes low and while the energy pulse 322
is high, the SEL2/PRE3 signal pulse 326 on select line 212b turns on select transistor 130 in each of the pre-charged
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firing cells 120 in FG2 202b. The node capacitance 126 is discharged on all pre-charged firing cells 120 in FG2 202b
that are not in the address selected row subgroup SG2-K. Data signal set 328 for subgroup SG2-K is stored in the pre-
charged firing cells 120 of subgroup SG2-K, indicated at 330, to either turn the drive switches 172 on (conducting) or
off (non-conducting). The SEL2/PRE3 signal pulse on pre-charge line 210c pre-charges all pre-charged firing cells 120
in FG3 202c.
[0068] Fire line 214b receives energy signal FIRE2, indicated at 331, including energy pulse 332, to energize firing
resistors 52 in pre-charged firing cells 120 of FG2 202b that have conducting drive switches 172. The FIRE2 energy
pulse 332 goes high while the SEL2/PRE3 signal pulse 326 is high, indicated at 334. The SEL2/PRE3 signal pulse 326
goes low and the FIRE2 energy pulse 332 remains high to heat and eject ink from the corresponding drop generator 60.
[0069] After the SEL2/PRE3 signal pulse 326 goes low and while the energy pulse 332 is high, a SEL3/PRE4 signal
is provided to select FG3 202c and pre-charge FG4 202d. The process of pre-charging, selecting and providing an
energy signal, including an energy pulse, continues up to and including FG6 202f.
[0070] The SEL5/PRE6 signal pulse on pre-charge line 210f, pre-charges all firing cells 120 in FG6 202f. The node
capacitance 126 for each of the pre-charged firing cells 120 in FG6 202f is charged to a high voltage level. The node
capacitances 126 for pre-charged firing cells 120 in one row subgroup SG6-K, indicated at 339, are pre-charged to a
high voltage level at 341. The row subgroup address at 306 selects subgroup SG6-K, and data signal set 338 is provided
to data transistors 136 in all pre-charged firing cells 120 of all fire groups 202a-202f, including the address selected row
subgroup SG6-K.
[0071] The select line 212f for FG6 202f and pre-charge line 210a for FG1 202a receive a second SEL6/PRE1 signal
pulse at 336. The second SEL6/PRE1 signal pulse 336 on select line 212f turns on the select transistor 130 in each of
the pre-charged firing cells 120 in FG6 202f. The node capacitance 126 is discharged in all pre-charged firing cells 120
in FG6 202f that are not in the address selected row subgroup SG6-K. In the address selected row subgroup SG6-K,
data 338 are stored at 340 in the node capacitances 126 of each drive switch 172 to either turn the drive switch on or off.
[0072] The SEL6/PRE1 signal on pre-charge line 210a, pre-charges node capacitances 126 in all firing cells 120 in
FG1 202a, including firing cells 120 in row subgroup SG1-K, indicated at 342, to a high voltage level. The firing cells
120 in FG1 202a are pre-charged while the address signals ~A1, -A2 ... -A7 304 select row subgroups SG1-K, SG2-K
and on, up to row subgroup SG6-K.
[0073] The fire line 214f receives energy signal FIRE6, indicated at 343, including an energy pulse at 344 to energize
fire resistors 52 in pre-charged firing cells 120 that have conductive drive switches 172 in FG6 202f. The energy pulse
344 goes high while the SEL6/PRE1 signal pulse 336 is high and node capacitances 126 on non-conducting drive
switches 172 are being actively pulled low, indicated at 346. Switching the energy pulse 344 high while the node capac-
itances 126 are actively pulled low, prevents the node capacitances 126 from being inadvertently charged through drive
switch 172 as the energy pulse 344 goes high. The SEL6/PRE1 signal pulse 336 goes low and the energy pulse 344 is
maintained high for a predetermined time to heat ink and eject ink through nozzles 34 corresponding to the conducting
pre-charged firing cells 120.
[0074] After the SEL6/PRE1 signal pulse 336 goes low and while the energy pulse 344 is high, address signals ~A1,
-A2 ... -A7 304 are changed at 308 to select another set of subgroups SG1-K+1, SG2-K+1 and so on, up to SG6-K+1.
The select line 212a for FG1 202a and pre-charge line 210b for FG2 202b receive a SEL1/PRE2 signal pulse, indicated
at 348. The SEL1/PRE2 signal pulse 348 on select line 212a turns on the select transistor 130 in each of the pre-charged
firing cells 120 in FG1 202a. The node capacitance 126 is discharged in all pre-charged firing cells 120 in FG1 202a
that are not in the address selected subgroup SG1-K+1. Data signal set 350 for row subgroup SG1-K+1 is stored in the
pre-charged firing cells 120 of subgroup SG1-K+1 to either turn drive switches 172 on or off. The SEL1/PRE2 signal
pulse 348 on pre-charge line 210b pre-charges all firing cells 120 in FG2 202b.
[0075] The fire line 214a receives energy pulse 352 to energize firing resistors 52 and pre-charged firing cells 120 of
FG1 202a that have conducting drive switches 172. The energy pulse 352 goes high while the SEL1/PRE2 signal pulse
at 348 is high. The SEL1/PRE2 signal pulse 348 goes low and the energy pulse 352 remains high to heat and eject ink
from corresponding drop generators 60. The process continues until printing is complete.
[0076] Figure 9 is a schematic diagram illustrating one embodiment of a pre-charged firing cell 150 configured to latch
data, according to the present invention. In one embodiment, pre-charged firing cell 150 is part of a current fire group
that is part of an inkjet printhead firing cell array. The inkjet printhead firing cell array includes multiple fire groups.
[0077] Pre-charged firing cell 150 is similar to the pre-charged firing cell 120 of Figure 6 and includes drive switch 172,
firing resistor 52 and the memory cell of pre-charged firing cell 120. Elements of pre-charged firing cell 150 that coincide
with elements of pre-charged firing cell 120 have the same numbers as the elements of pre-charged firing cell 120 and
are electrically coupled together and to signal lines as described in the description of Figure 6, with the exception that
the gate of data transistor 136 is electrically coupled to latched data line 156 that receives latched data signal -LDATAIN
instead of being coupled to data line 142 that receives data signal -DATA. In addition, elements of pre-charged firing
cell 150 that coincide with elements in pre-charged firing cell 120 function and operate as described in the description
of Figure 6.
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[0078] Pre-charged firing cell 150 includes a data latch transistor 152 that includes a drain-source path electrically
coupled between data line 154 and latched data line 156. Data line 154 receives data signals ~DATAIN and data latch
transistor 152 latches data into pre-charged firing cell 150 to provide latched data signals ~LDATAIN. Data signals
~DATAIN and latched data signals ~LDATAIN are active when low as indicated by the tilda (-) at the beginning of the
signal name. The gate of data latch transistor 152 is electrically coupled to pre-charge line 132 that receives the pre-
charge signal of the current fire group.
[0079] In another embodiment, the gate of data latch transistor 152 is not electrically coupled to the pre-charge line
132 of the current fire group. Instead, the gate of data latch transistor 152 is electrically coupled to a different signal line
that provides a pulsed signal, such as a pre-charge line of another fire group.
[0080] In one embodiment, the data latch transistor 152 is a minimum sized transistor to minimize charge sharing
between the latched data line 156 and the gate to source node of data latch transistor 152 as the pre-charge signal
transitions from a high voltage level to a low voltage level. This charge sharing reduces high voltage level latched data.
Also, in one embodiment, the drain of the data latch transistor 152 determines the capacitance seen at data line 154
when the pre-charge signal is at a low voltage level and a minimum sized transistor keeps this capacitance low.
[0081] Data latch transistor 152 passes data from data line 154 to latched data line 156 and a latched data storage
node capacitance 158 via a high level pre-charge signal. The data is latched onto the latched data line 154 and the
latched data storage node capacitance 158 as the pre-charge signal transitions from a high level to a low level. The
latched data storage node capacitance 158 is shown in dashed lines, as it is part of data transistor 136. Alternatively, a
capacitor separate from data transistor 136 can be used to store latched data.
[0082] The latched data storage node capacitance 158 is large enough to remain at substantially a high level as the
pre-charge signal transitions from a high level to a low level. Also, the latched data storage node capacitance 158 is
large enough to remain at substantially a low level as an energy pulse is provided via the fire signal FIRE and a high
voltage pulse is provided in select signal SELECT. In addition, data transistor 136 is small enough to maintain a low
level on the latched data storage node capacitance 158 as the gate of drive switch 172 is discharged and large enough
to fully discharge the gate of drive switch 172 before the beginning of an energy pulse in the fire signal FIRE.
[0083] In one embodiment, multiple pre-charged firing cells use the same data and share the same data latch transistor
152 and latched data signal ~LDATAIN at 156. The latched data signal ~LDATAIN at 156 is latched once and used by
the multiple pre-charged firing cells. This increases the capacitance on any individual latched data line 156 making it
less susceptible to switching problems and reduces the total capacitance driven via data line 154.
[0084] In operation, data signal ~DATAIN is received by data line 154 and passed to latched data line 156 and latched
data storage node capacitance 158 via data latch transistor 152 by providing a high level voltage pulse on pre-charge
line 132. Also, storage node capacitance 126 is pre-charged through pre-charge transistor 128 via the high level voltage
pulse on pre-charge line 132. Data latch transistor 152 is turned off to provide latched data signals ~LDATAIN as the
voltage pulse on pre-charge line 132 transitions from the high voltage level to a low level voltage. The data to be latched
into pre-charged firing cell 150 is provided while the pre-charge signal is at a high voltage level and held until after the
pre-charge signal transitions to a low voltage level. In contrast, the data to be latched into pre-charged firing cell 120 of
Figure 6 is provided while the select signal is at a high voltage level.
[0085] In another embodiment, the gate of data latch transistor 152 is not electrically coupled to the pre-charge line
132 of the current fire group. Instead, the gate of data latch transistor 152 is electrically coupled to a pre-charge line of
another fire group. Data signal ~DATAIN is received by data line 154 and passed to latched data line 156 and latched
data storage node capacitance 158 via data latch transistor 152 by providing a high level voltage pulse on the pre-charge
line of the other fire group. Data latch transistor 152 is turned off to provide latched data signals ~LDATAIN as the voltage
pulse on the pre-charge line of the other fire group transitions from a high voltage level to a low level voltage. Storage
node capacitance 126 is pre-charged through pre-charge transistor 128 via the high level voltage pulse on pre-charge
line 132. The high voltage pulse on pre-charge line 132 occurs after the transition of the voltage pulse on the pre-charge
line of the other fire group from a high voltage level to a low voltage level.
[0086] In one embodiment, the gate of a data latch transistor, such as data latch transistor 152, of a first pre-charged
firing cell in the current fire group is electrically coupled to a first pre-charge line of a first fire group that is different than
the current fire group. Also, the gate of a data latch transistor, such as data latch transistor 152, of a second pre-charged
firing cell in the current fire group is electrically coupled to a second pre-charge line of a second fire group that is different
than the first fire group and the current fire group. Data line 154 provides data during the high voltage levels of the pre-
charge signals of the first and second fire groups. Data latched into the first and second pre-charged firing cells is used
via the pre-charge and select signals of the current fire group. In one embodiment, data line 154 is not electrically coupled
to every fire group in the inkjet printhead firing cell array.
[0087] In one embodiment of pre-charge firing cell 150, after the high level voltage pulse on pre-charge line 132,
address signals ~ADDRESS1 and ~ADDRESS2 are provided on address lines 144 and 146 to set the states of first
address transistor 138 and second address transistor 140. A high level voltage pulse is provided on select line 134 to
turn on select transistor 130 and storage node capacitance 126 discharges if data transistor 136, first address transistor
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138 and/or second address transistor 140 is on. Alternatively, storage node capacitance 126 remains charged if data
transistor 136, first address transistor 138 and second address transistor 140 are all off.
[0088] Pre-charged firing cell 150 is an addressed firing cell if both address signals ~ADDRESS1 and ~ADDRESS2
are low, and storage node capacitance 126 either discharges if latched data signal ~LDATAIN is high or remains charged
if latched data signal ~LDATAIN is low. Pre-charged firing cell 150 is not an addressed firing cell if at least one of the
address signals ~ADDRESS1 and -ADDRESS2 is high, and storage node capacitance 126 discharges regardless of
the voltage level of latched data signal ~LDATAIN. The first and second address transistors 136 and 138 comprise an
address decoder and, if pre-charged firing cell 150 is addressed, data transistor 136 controls the voltage level on storage
node capacitance 126.
[0089] Figure 10 is a schematic diagram illustrating one embodiment of a double data rate firing cell circuit 400
according to the present invention. The double data rate firing cell circuit 400 latches in two data bits from each of the
data lines at each high voltage pulse in the pre-charge signal. Thus, twice the number of firing resistors can be energized
without increasing the firing frequency or the number of input pads. The number of drop generators per input pad can
be increased, such as by increasing the number of drop generators on a printhead and using the same number of input
pads or using the same number of drop generators on a printhead and reducing the number of input pads. A printhead
with more drop generators typically prints with higher quality and/or printing speed. Also, a printhead with fewer input
pads typically costs less than a printhead with more input pads.
[0090] The double data rate firing cell circuit 400 includes a plurality of fire groups, such as fire group 402, and a clock
latch circuit 404. The fire group 402 includes a plurality of pre-charged firing cells 150 that are configured to latch data
and a plurality of row subgroups, such as row subgroup 406. The row subgroup 406 includes pre-charged firing cells
150a-150m.
[0091] Each of the pre-charged firing cells 150 in fire group 402 is electrically coupled to pre-charge line 408 to receive
pre-charge signal PRECHARGE, select line 410 to receive select signal SELECT and fire line 412 to receive fire signal
FIRE. Each of the pre-charged firing cells 150a-150m in row subgroup 406 is electrically coupled to first address line
414 to receive first address signal ~ADDRESS1 and to second address line 416 to receive second address signal
-ADDRESS2. The pre-charged firing cells 150 receive signals and operate as described in the description of Figure 9.
[0092] Clock latch circuit 404 includes clock latch transistors 418a-418n. The gate of each of the clock latch transistors
418a-418n is electrically coupled to a clock line 420 to receive data clock signal DCLK. The drain-source path of each
of the clock latch transistors 418a-418n is electrically coupled to one of the data lines 422a-422n to receive one of the
data signals ~D1-~Dn, indicated at 422. The other side of the drain source path of each of the clock latch transistors
418a-418n is electrically coupled to pre-charged firing cells 150 in fire group 402 and in all the other fire groups in double
data rate firing cell circuit 400 via corresponding clock data lines 424a-424n. Having all of the pre-charged firing cells
150 in one data line group electrically coupled to a single one of the clock latch transistors 418a-418n ensures that there
is enough capacitance on clocked data lines 424a-424n to ensure that charge sharing by clocked data signals ~DC1-~DCn
is small enough to maintain a minimum high voltage level in data latched into the pre-charged firing cells 150 as the pre-
charge signal transitions to a low voltage level and as the data clock signal DCLK at 420 transitions to a low voltage level.
[0093] In other embodiments, each of the clock latch transistors 418a-418n and corresponding clock data lines 424a-
424n can be split into multiple transistors and multiple data lines. In one embodiment, one of the multiple transistors that
corresponds to one of the clock latch transistors 418a-418n and one of the multiple data lines that corresponds to one
of the clock data lines 424a-424n is coupled to nozzles of the fire group on one side of a fluid channel. Also, another
one of the multiple transistors that corresponds to the same one of the clock latch transistors 418a-418n and another
one of the multiple data lines that corresponds to the same one of the clock data lines 424a-424n is coupled to nozzles
of the fire group on another side of the fluid channel. In one embodiment, each nozzle can be coupled to a separate one
of the multiple transistors via a separate one of the multiple data lines.
[0094] Clock latch transistor 418a includes a drain-source path that is electrically coupled at one end to data line 422a
to receive data signal ~D1. The other end of the drain-source path of clock latch transistor 418a is electrically coupled
at 424a to the pre-charged firing cell 150a and all of the pre-charged firing cells 150 in the same column or data line
group as pre-charged firing cell 150a, including pre-charged firing cells 150 in fire group 402 and in other fire groups in
double data rate firing cell circuit 400. The drain-source path of clock latch transistor 418a is electrically coupled to data
line 154 and the drain-source path of data latch transistor 152 in each of the pre-charged firing cells 150 in the corre-
sponding data line group. Clock latch transistor 418a receives data signal ~D1 at 422a and provides clocked data signal
~DC1 at 424a to the data line group that includes pre-charged firing cell 150a.
[0095] Data line 422a is also electrically coupled to the pre-charged firing cell 150b and all of the pre-charged firing
cells 150 in the same column or data line group as pre-charged firing cell 150b, including pre-charged firing cells 150
in fire group 402 and in other fire groups in double data rate firing cell circuit 400. The data line 422a is electrically
coupled to data line 154 and the drain-source path of data latch transistor 152 in each of the pre-charged firing cells 150
in the corresponding data line group. The data line group that includes pre-charged firing cell 150b receives data signal
~D1 at 422a.



EP 2 089 230 B1

13

5

10

15

20

25

30

35

40

45

50

55

[0096] Clock latch transistor 418b includes a drain-source path that is electrically coupled at one end to data line 422b
to receive data signal -D2. The other end of the drain-source path of clock latch transistor 418b is electrically coupled
at 424b to the pre-charged firing cell 150c and all of the pre-charged firing cells. 150 in the same column or data line
group as pre-charged firing cell 150c, including pre-charged firing cells 150 in fire group 402 and in other fire groups in
double data rate firing cell circuit 400. The drain-source path of clock latch transistor 418b is electrically coupled to the
data line 154 and drain-source path of data latch transistor 152 in each of the pre-charged firing cells 150 in the corre-
sponding data line group. Clock latch transistor 418b receives data signal- D2 at 422b and provides clocked data signal
~DC2 at 424b to the data line group that includes pre-charged firing cell 150c.
[0097] Data line 422b is also electrically coupled to the pre-charged firing cell 150d and all of the pre-charged firing
cells 150 in the same column or data line group as pre-charged firing cell 150d, including pre-charged firing cells 150
in fire group 402 and in other fire groups in double data rate firing cell circuit 400. The data line 422b is electrically
coupled to data line 154 and the drain-source path of data latch transistor 152 in each of the pre-charged firing cells 150
in the corresponding data line group. The data line group that includes pre-charged firing cell 150d receives data signal
~D2 at 422b.
[0098] The remaining clock latch transistors 418 in clock latch circuit 404 are similarly electrically coupled to pre-
charged firing cells 150 in double data rate firing cell circuit 400, up to and including clock latch transistor 418n that
includes a drain-source path electrically coupled at one end to data line 422n to receive data signal -Dn. The other end
of the drain-source path of clock latch transistor 418n is electrically coupled at 424n to the pre-charged firing cell 150m-
1 and all of the pre-charged firing cells 150 in the same column or data line group as pre-charged firing cell 150m-1,
including pre-charged firing cells 150 in fire group 402 and in other fire groups in double data rate firing cell circuit 400.
The drain-source path of clock latch transistor 418n is electrically coupled to the data line 154 and drain-source path of
data latch transistor 152 in each of the pre-charged firing cells 150 in the corresponding data line group. Clock latch
transistor 418n receives data signal -Dn at 422n and provides clocked data signal -DCn at 424n to the data line group
that includes pre-charged firing cell 150m-1.
[0099] Data line 422n is also electrically coupled to the pre-charged firing cell 150m and all of the pre-charged firing
cells 150 in the same column or data line group as pre-charged firing cell 150m, including pre-charged firing cells 150
in fire group 402 and in other fire groups in double data rate firing cell circuit 400. The data line 422n is electrically
coupled to data line 154 and the drain-source path of data latch transistor 152 in each of the pre-charged firing cells 150
in the corresponding data line group. The data line group that includes pre-charged firing cell 150m receives data signal
-Dn at 422n.
[0100] Each of the data lines 422a-422n charges up latched data line nodes via data latch transistors 152 in pre-
charged firing cells 150 that are in the fire group that is receiving a high voltage level pre-charge signal. Also, each of
the data lines 422a-422n charges up clocked data lines 424a-424n at each high voltage pulse in data clock signal CLK
and the attached latched data line nodes via data latch transistors 152 in pre-charged firing cells 150 that are in the fire
group that is receiving a high voltage level pre-charge signal. The data nodes being charged via data lines 422a-422n
have somewhat higher capacitances than the gate capacitances of non-double data rate firing cell circuits.
[0101] In this embodiment, substantially half of the pre-charged firing cells 150 are coupled to receive clocked data
signals ~DC1-~DCn and substantially half of the pre-charged firing cells 150 are coupled to receive data signals ~D1-~Dn.
Also, every other pre-charged firing cell 150 in a row subgroup is electrically coupled to receive clocked data signals
~DC1-~DCn and the others are coupled to receive data signals ~D1-~Dn. In other embodiments, any suitable percentage
of the pre-charged firing cells 150 can be coupled to receive clocked data signals ~DC1-~DCn and any suitable percentage
can be coupled to receive data signals ~D1-~Dn. In other embodiments, the pre-charged firing cells 150 can be coupled
to receive clocked data signals ~DC1-~DCn and data signals ~D1-~Dn in any suitable sequence or pattern or no sequence
at all.
[0102] Each of the data signals ~D1-~Dn includes a first data bit during the first half of the high voltage pulse in pre-
charge signal PRECHARGE and a second data bit during the second half of the high voltage pulse. Also, clock signal
DCLK includes a high voltage pulse during the first half of the high voltage pulse in pre-charge signal PRECHARGE.
[0103] In operation, pre-charge signal PRECHARGE and clock signal DCLK transition to high voltage levels and each
of the data signals ~D1-~Dn includes a first data bit that is provided to the corresponding clock latch transistor 418a-
418n during the high voltage pulse in clock signal DCLK. The clock latch transistors 418a-418n pass the first data bits
to the corresponding data line group of pre-charged firing cells 150a, 150c, and so on up to 150m-1. As the high voltage
pulse in clock signal DCLK transitions to a low voltage level, the clock latch transistors 418a-418n latch the first data
bits in to provide clocked data signals ~DC1-~DCn. The first data bits are also provided to the corresponding data line
group of pre-charged firing cells 150b, 150d, and so on up to 150m.
[0104] Next, each of the data signals ~D1-~Dn includes a second data bit that is provided to the corresponding clock
latch transistor 418a-418n and the corresponding data line group of pre-charged firing cells 150b, 150d, and so on up
to 150m, during the second half of the high voltage pulse in pre-charge signal PRECHARGE. The clock latch transistors
418a-418n are turned off via the low voltage level of clock signal CLK, which prevents the second data bits from passing
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to the corresponding data line group of pre-charged firing cells 150a, 150c, and so on up to 150m-1.
[0105] The clocked data signals ~DC1-~DCn and the second data bits in data signals ~D1-~Dn are received by all
pre-charged firing cells 150 in the corresponding data line groups in double data rate firing cell circuit 400. In fire group
402, the clocked data signals ~DC1-~DCn and the second data bits in data signals ~D1-~Dn are received by data lines
154 in the pre-charged firing cells 150 and passed to latched data lines 156 and latched data storage node capacitances
158 via data latch transistors 152 and the high level voltage pulse in the pre-charge signal PRECHARGE. Also, in fire
group 402, the storage node capacitances 126 are pre-charged through pre-charge transistors 128 via the high level
voltage pulse in the pre-charge signal PRECHARGE. Next, in fire group 402, the data latch transistors 152 are turned
off to latch in the clocked data signals ~DC1-~DCn and the second data bits in data signals ~D1-~Dn to provide latched
data signals ~LDATAIN as the pre-charge signal PRECHARGE transitions to a low level voltage.
[0106] In one embodiment of the pre-charged firing cells 150, after the high level voltage pulse in the pre-charge signal
PRECHARGE transitions to a low voltage level, address signals ~ADDRESS1 and -ADDRESS2 are provided to select
row subgroup 406 and a high level voltage pulse is provided in select signal SELECT to turn on select transistors 130.
In row subgroup 406, the storage node capacitances 126 either discharge if latched data signal ~LDATAIN is high or
remain charged if the latched data signal ~LDATAIN is low. In the row subgroups that are not addressed, the storage
node capacitances 126 discharge regardless of the voltage level of latched data signal ~LDATAIN. An energy pulse is
provided in fire signal FIRE to energize firing resistors 52 coupled to conducting drive switches 172 in row subgroup 406.
[0107] In one embodiment, energizing pre-charged firing cells 150 in double data rate firing cell circuit 400 continues
via clocking in first data bits and pre-charging firing cells 150 in another fire group. The clocked data signals and second
data bits are latched into the pre-charged firing cells 150 via the falling edge of the pre-charge signal and address signals
are provided to select a row subgroup. A high voltage level pulse in a select signal and an energy pulse in a fire signal
are provided to energize conducting pre-charged firing cells 150 in the other fire group. This process continues until
ejecting fluid is completed.
[0108] In other embodiments, the firing cell circuit can include any suitable number of clock latch circuits, such as
clock latch circuit 404, to latch in any suitable number of data bits, such as 3 or 4 or more data bits, at each high voltage
pulse in the pre-charge signal PRECHARGE. For example, the firing cell circuit can include a second clock latch circuit
that clocks in a third data bit via a second data clock and the firing cell circuit latches in the first, second and third data
bits as pre-charge signal PRECHARGE transitions from the high voltage level to the low voltage level, such that the
firing cell circuit is a triple data rate firing cell circuit.
[0109] Figure 11 is a timing diagram illustrating the operation of one embodiment of the double data rate firing cell
circuit 400 of Figure 10. The double data rate firing cell circuit 400 includes a first fire group FG1, a second fire group
FG2, a third fire group FG3 and other fire groups, up to fire group FGn. The double data rate firing cell circuit 400 receives
pre-charge/select signals S0, S1, S2 and other pre-charge/select signals, up to Sn. The pre-charge/select signals S0-
Sn are used as pre-charge signals and/or select signals in the double data rate firing cell circuit 400.
[0110] The first fire group FG1 receives signal S0 at 500 as a pre-charge signal and signal S1 at 502 as a select signal.
The second fire group FG2 receives signal S1 at 502 as a pre-charge signal and signal S2 at 504 as a select signal.
The third fire group FG3 receives signal S2 at 504 as a pre-charge signal and signal S3 (not shown) as a select signal
and so on, up to fire group FGn that receives signal Sn-1 (not shown) as a pre-charge signal and signal Sn (not shown)
as a select signal.
[0111] The clock latch circuit 404 receives data clock signal DCLK at 506 and data signals ~D1-~Dn at 508 and
provides clocked data signals ~DC1-~DCn at 510. The fire groups FG1-FGn latch in the data signals ~D1-~Dn at 508
and clocked data signals ~DC1-~DCn at 510 to provide latched in clocked data signals and latched in data signals,
which are used to turn on drive switches 172 to energize selected firing resistors 52. Each of the fire groups receives a
fire signal that includes energy pulses to energize the selected firing resistors 52. In one embodiment, an energy pulse
starts substantially toward the middle or end of the high voltage pulse in the select signal of the fire group to energize
selected firing resistors 52 in the fire group.
[0112] The first fire group FG1 latches in data signals ~D1-~Dn at 508 and clocked data signals ~DC1-~DCn at 510
to provide latched first fire group clocked data signals FG1C at 512 and latched first fire group data signals FG1D at
514. The second fire group FG2 latches in data signals ~D1-~Dn at 508 and clocked data signals ~DC1-~DCn at 510
to provide latched second fire group clocked data signals FG2C at 516 and latched second fire group data signals FG2D
at 518. The third fire group FG3 latches in data signals ~D1-~Dn at 508 and clocked data signals ~DC1-~DCn at 510
to provide latched third fire group clocked data signals FG3C at 520 and latched third fire group data signals FG3D at
522. The other fire groups also latch in data signals ~D1-~Dn at 508 and clocked data signals ~DC1-~DCn at 510 to
provide latched clocked data signals and latched data signals similar to fire groups FG1-FG3.
[0113] To begin, signal S0 at 500 provides a high voltage pulse at 524 in the pre-charge signal of the first fire group
FG1 and data clock signal DCLK at 506 provides a high voltage pulse at 526 during the first half of the high voltage
pulse at 524. Clock latch circuit 404 receives the high voltage pulse at 526 and passes data signals ~D1-~Dn at 508 to
provide clocked data signals -DC1-~DCn at 510.
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[0114] During the first half of the high voltage pulse at 524, data signals ~D1--Dn at 508 include the first fire group
clocked data signals 1C at 528 that are passed through clock latch circuit 404 to provide the first fire group clocked data
signals 1C at 530 in clocked data signals ~DC1-~DCn at 510. Also, the first fire group clocked data signals 1C at 530
are passed through data latch transistors 152 in pre-charged firing cells 150 of the first fire group FG1 to provide the
first fire group clocked data signals 1C at 532 in latched first fire group clocked data signals FG1C at 512. The first fire
group clocked data signals 1C at 530 are latched in as clocked data signals ~DC1-~DCn at 510 as the high voltage
pulse 526 transitions to a low logic level. The first fire group clocked data signals 1C at 528 must be held until after the
high voltage pulse 526 transitions below transistor threshold values.
[0115] During the second half of the high voltage pulse at 524, data signals ~D1-~Dn at 508 include first fire group
data signals 1 D at 534. The first fire group data signals 1 D at 534 are passed through data latch transistors 152 in pre-
charged firing cells 150 of the first fire group FG1 that are attached to data lines 422 to provide the first fire group data
signals 1 D at 536 in latched first fire group data signals FG1D at 514. The first fire group clocked data signals 1C at
532 and the first fire group data signals 1 D at 536 are latched into pre-charged firing cells 150 in the first fire group FG1
as the high voltage pulse 524 transitions to a low logic level. The first fire group data signals 1 D at 534 must be held
until after the high voltage pulse 524 transitions below transistor threshold values.
[0116] Address signals are provided to select a row subgroup and signal S1 at 502 provides a high voltage pulse at
538 in the select signal of the first fire group FG1 and the pre-charge signal of the second fire group FG2. The high
voltage pulse at 538 turns on select transistors 130 in the pre-charged firing cells 150 of first fire group FG1. In the
addressed row subgroup, the storage node capacitances 126 either discharge if the latched first fire group data FG1C
at 512 and FG 1 D at 514 is high or remain charged if the latched first fire group data FG1C at 512 and FG1D at 514 is
low. In the row subgroups that are not addressed, the storage node capacitances 126 discharge regardless of the voltage
level of latched first fire group data FG1C at 512 and FG1D at 514. An energy pulse is provided in the first fire group
fire signal to energize firing resistors 52 coupled to conducting drive switches 172 in the addressed row subgroup.
[0117] Data clock signal DCLK at 506 provides a high voltage pulse at 540 during the first half of the high voltage
pulse at 538. Clock latch circuit 404 receives the high voltage pulse at 540 and passes the data signals ~D1-~Dn at 508
to provide the clocked data signals ~DC1-~DCn at 510.
[0118] During the first half of the high voltage pulse at 538, data signals ~D1--Dn at 508 include the second fire group
clocked data signals 2C at 542 that are passed through clock latch circuit 404 to provide the second fire group clocked
data signals 2C at 544 in clocked data signals ~DC1-~DCn at 510. Also, the second fire group clocked data signals 2C
at 544 are passed through data latch transistors 152 in pre-charged firing cells 150 of the second fire group FG2 to
provide the second fire group clocked data signals 2C at 546 in latched second fire group clocked data signals FG2C
at 516. The second fire group clocked data signals 2C at 544 are latched in as clocked data signals ~DC1-~DCn at 510
as the high voltage pulse 540 transitions to a low logic level. The second fire group clocked data signals 2C at 542 must
be held until after the high voltage pulse 540 transitions below transistor threshold values.
[0119] During the second half of the high voltage pulse at 538, data signals ~D1-~Dn at 508 include the second fire
group data signals 2D at 548. The second fire group data signals 2D at 548 are passed through data latch transistors
152 in pre-charged firing cells 150 of the second fire group FG2 that are attached to data lines 422 to provide the second
fire group data signals 2D at 550 in latched second fire group data signals FG2D at 518. The second fire group clocked
data signals 2C at 546 and the second fire group data signals 2D at 550 are latched into pre-charged firing cells 150 in
the second fire group FG2 as the high voltage pulse 538 transitions to a low logic level. The second fire group data
signals 2D at 548 must be held until after the high voltage pulse 538 transitions below transistor threshold values.
[0120] Address signals are provided to select a row subgroup and signal S2 at 504 provides a high voltage pulse at
552 in the select signal of the second fire group FG2 and the pre-charge signal of the third fire group FG3. The high
voltage pulse at 552 turns on select transistors 130 in the pre-charged firing cells 150 of second fire group FG2. In the
addressed row subgroup, the storage node capacitances 126 either discharge if the latched second fire group data
FG2C at 516 and FG2D at 518 is high or remain charged if the latched second fire group data FG2C at 516 and FG2D
at 518 is low. In the row subgroups that are not addressed, the storage node capacitances 126 discharge regardless of
the voltage level of latched second fire group data FG2C at 516 and FG2D at 518. An energy pulse is provided in the
second fire group fire signal to energize firing resistors 52 coupled to conducting drive switches 172 in the addressed
row subgroup.
[0121] Data clock signal DCLK at 506 provides a high voltage pulse at 554 during the first half of the high voltage
pulse at 552. Clock latch circuit 404 receives the high voltage pulse at 554 and passes the data signals ~D1-~Dn at 508
to provide the clocked data signals ~DC1-~DCn at 510.
[0122] During the first half of the high voltage pulse at 552, data signals ~D1-~Dn at 508 include the third fire group
clocked data signals 3C at 556 that are passed through clock latch circuit 404 to provide the third fire group clocked
data signals 3C at 558 in clocked data signals ~DC1-~DCn at 510. Also, the third fire group clocked data signals 3C at
558 are passed through data latch transistors 152 in pre-charged firing cells 150 of the third fire group FG3 to provide
the third fire group clocked data signals 3C at 560 in latched third fire group clocked data signals FG3C at 520. The third
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fire group clocked data signals 3C at 558 are latched in as clocked data signals ~DC1-~DCn at 510 as the high voltage
pulse 554 transitions to a low logic level. The third fire group clocked data signals 3C at 556 must be held until after the
high voltage pulse 554 transitions below transistor threshold values.
[0123] During the second half of the high voltage pulse at 552, data signals ~D1-~Dn at 508 include third fire group
data signals 3D at 562. The third fire group data signals 3D at 562 are passed through data latch transistors 152 in pre-
charged firing cells 150 of the third fire group FG3 that are attached to data lines 422 to provide the third fire group data
signals 3D at 564 in latched third fire group data signals FG3D at 522. The third fire group clocked data signals 3C at
560 and the third fire group data signals 3D at 564 are latched into pre-charged firing cells 150 in the third fire group
FG3 as the high voltage pulse 552 transitions to a low logic level. The third fire group data signals 3D at 562 must be
held until after the high voltage pulse 552 transitions below transistor threshold values.
[0124] This process continues up to and including fire group FGn that receives signal Sn-1 as a pre-charge signal and
signal Sn as a select signal. The process then repeats itself beginning with the first fire group FG1 until ejecting fluid is
completed.
[0125] Figure 12 is a schematic diagram illustrating one embodiment of a pre-charged firing cell 160 that can be used
in multiple data rate firing cell circuits, according to the present invention. The pre-charged firing cell 160 is similar to
the pre-charged firing cell 120 of Figure 6 and includes drive switch 172, firing resistor 52 and the memory cell of pre-
charged firing cell 120. Elements of pre-charged firing cell 160 that coincide with elements of pre-charged firing cell 120
have the same numbers as the elements of pre-charged firing cell 120 and are electrically coupled together and to signal
lines as described in the description of Figure 6, with the exception that the gate of data transistor 136 is electrically
coupled to latched data line 166 that receives latched data signal ~LDATAIN instead of being coupled to data line 142
that receives data signal -DATA. In addition, elements of pre-charged firing cell 160 that coincide with elements in pre-
charged firing cell 120 function and operate as described in the description of Figure 6.
[0126] Pre-charged firing cell 160 includes a data latch transistor 162 that includes a drain-source path electrically
coupled between data line 164 and latched data line 166. Data line 164 receives data signals ~DATAIN and data latch
transistor 162 latches data into pre-charged firing cell 160 to provide latched data signals ~LDATAIN. Data signals
~DATAIN and latched data signals ~LDATAIN are active when low as indicated by the tilde (-) at the beginning of the
signal name. The gate of data latch transistor 162 is electrically coupled to data select line 170 that receives a data
select signal DATASEL.
[0127] In one embodiment, the data latch transistor 162 is a minimum sized transistor to minimize charge sharing
between the latched data line 166 and the gate to source node of data latch transistor 162 as the data select signal
transitions from a high voltage level to a low voltage level. This charge sharing reduces high voltage level latched data.
Also, in one embodiment, the drain of the data latch transistor 162 determines the capacitance seen at data line 164
when the data select signal is at a low voltage level and a minimum sized transistor keeps this capacitance low.
[0128] Data latch transistor 162 passes data from data line 164 to latched data line 166 and a latched data storage
node capacitance 168 via a high level data select signal. The data is latched onto the latched data line 164 and the
latched data storage node capacitance 168 as the data select signal transitions from a high voltage level to a low voltage
level. The latched data storage node capacitance 168 is shown in dashed lines, as it is part of data transistor 136.
Alternatively, a capacitor separate from data transistor 136 can be used to store latched data.
[0129] The latched data storage node capacitance 168 is large enough to remain at substantially a high level as the
data select signal transitions from a high level to a low level. Also, the latched data storage node capacitance 168 is
large enough to remain at substantially a low level as an energy pulse is provided via the fire signal FIRE and a high
voltage pulse is provided in select signal SELECT and a high voltage pulse is provided in pre-charge signal PRECHARGE.
In addition, data transistor 136 is small enough to maintain a low level on the latched data storage node capacitance
168 as the gate of drive switch 172 is discharged and large enough to fully discharge the gate of drive switch 172 before
the beginning of an energy pulse in the fire signal FIRE.
[0130] In one embodiment of a double data rate firing cell circuit using pre-charged firing cells 160, each of the data
select lines 170 is electrically coupled to a pre-charge line, a first clock or a second clock. In some fire groups, the first
clock is electrically coupled to data select lines 170 in some pre-charged firing cells 160 and the fire group pre-charge
line is electrically coupled to data select lines 170 in the other pre-charged firing cells 160. In other fire groups, the
second clock is electrically coupled to data select lines 170 in some pre-charged firing cells 160 and the fire group pre-
charge line is electrically coupled to data select lines 170 in the other pre-charged firing cells 160. The first clock includes
a high voltage pulse in the first half of each high voltage pulse in pre-charge signals of fire groups coupled to the first
clock. The second clock includes a high voltage pulse in the first half of each high voltage pulse in pre-charge signals
of fire groups coupled to the second clock. Thus, in some fire groups the first clock and pre-charge signal latch in two
data bits during each high voltage pulse in the pre-charge signal and in other fire groups the second clock and pre-
charge signal latch in two data bits during each high voltage pulse in the pre-charge signal. In other embodiments of
multiple data rate firing cell circuits that use pre-charge firing cells 160, any suitable number of clock signals can be used
to latch in multiple data bits, such as three or more data bits, during the high voltage pulse of a pre-charge signal.
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[0131] In a multiple data rate firing cell circuit that uses pre-charged firing cells 160, some data lines charge up latched
data line nodes in one fire group at a time, where each fire group receives the high voltage level in the pre-charge signal
of the fire group. Other data lines charge up latched data line nodes in a number of fire groups, where a number of fire
groups receive the high voltage pulse in a clock signal.
[0132] In operation of pre-charged firing cell 160, data signal ~DATAIN is received by data line 164 and passed to
latched data line 166 and latched data storage node capacitance 168 via data latch transistor 162 by providing a high
voltage pulse on data select line 170. Storage node capacitance 126 is pre-charged through pre-charge transistor 128
via a high voltage pulse on pre-charge line 132. Data latch transistor 162 is turned off to provide latched data signals
-LDATAIN as the voltage pulse on data select line 170 transitions from the high voltage level to a low level voltage. The
data to be latched into pre-charged firing cell 160 is provided while the data select signal is at a high voltage level and
held until after the data select signal transitions to a low voltage level. The high voltage pulse in the data select signal
occurs either during the high voltage pulse in the pre-charge signal or it is the high voltage pulse in the pre-charge signal.
In contrast, the data to be latched into pre-charged firing cell 120 of Figure 6 is provided while the select signal is at a
high voltage level.
[0133] In one embodiment of pre-charge firing cell 160, after the high level voltage pulse on data select line 170,
address signals ~ADDRESS1 and ~ADDRESS2 are provided on address lines 144 and 146 to set the states of first
address transistor 138 and second address transistor 140. A high level voltage pulse is provided on select line 134 to
turn on select transistor 130 and storage node capacitance 126 discharges if data transistor 136, first address transistor
138 and/or second address transistor 140 is on. Alternatively, storage node capacitance 126 remains charged if data
transistor 136, first address transistor 138 and second address transistor 140 are all off.
[0134] Pre-charged firing cell 160 is an addressed firing cell if both address signals ~ADDRESS1 and -ADDRESS2
are low, and storage node capacitance 126 either discharges if latched data signal ~LDATAIN is high or remains charged
if latched data signal ~LDATAIN is low. Pre-charged firing cell 160 is not an addressed firing cell if at least one of the
address signals ~ADDRESS1 and -ADDRESS2 is high, and storage node capacitance 126 discharges regardless of
the voltage level of latched data signal ~LDATAIN. The first and second address transistors 136 and 138 comprise an
address decoder and, if pre-charged firing cell 160 is addressed, data transistor 136 controls the voltage level on storage
node capacitance 126.
[0135] Figure 13 is a timing diagram illustrating the operation of one embodiment of a double data rate firing cell circuit
using pre-charged firing cells 160. Each of the data select lines 170 is electrically coupled to a pre-charge line, a first
data clock or a second data clock. The double data rate firing cell circuit includes a first fire group FG1, a second fire
group FG2, a third fire group FG3 and other fire groups, up to fire group FGn. The double data rate firing cell circuit
receives pre-charge/select signals S0, S1, S2 and other pre-charge/select signals, up to Sn. The pre-charge/select
signals S0-Sn are used as pre-charge signals and/or select signals in the double data rate firing cell circuit.
[0136] The first fire group FG1 receives signal S0 at 600 as a pre-charge signal and signal S1 at 602 as a select signal.
The second fire group FG2 receives signal S1 at 602 as a pre-charge signal and signal S2 at 604 as a select signal.
The third fire group FG3 receives signal S2 at 604 as a pre-charge signal and signal S3 (not shown) as a select signal
and so on, up to fire group FGn that receives signal Sn-1 (not shown) as a pre-charge signal and signal Sn (not shown)
as a select signal.
[0137] The double data rate firing cell circuit receives a first data clock signal DCLK1 at 606 via the first data clock
and a second data clock signal DCLK2 at 608 via the second data clock. The first data clock is electrically coupled to
the data select lines 170 of substantially half of the pre-charged firing cells 160 in odd numbered fire groups, such as
first fire group FG1 and third fire group FG3. The pre-charge line of each fire group is electrically coupled to the data
select lines 170 of substantially the other half of the pre-charged firing cells 160 in the odd numbered fire groups. The
second data clock is electrically coupled to the data select lines 170 of substantially half of the pre-charged firing cells
160 in even numbered fire groups, such as second fire group FG2 and fourth fire group FG4, and the pre-charge line
of each fire group is electrically coupled to the data select lines 170 of substantially the other half of the pre-charged
firing cells 160 in the even numbered fire groups.
[0138] The first data clock signal DCLK1 at 606 includes a high voltage pulse in the first half of each high voltage pulse
in pre-charge signals of fire groups coupled to the first data clock and the second data clock signal DCLK2 at 608 includes
a high voltage pulse in the first half of each high voltage pulse in pre-charge signals of fire groups coupled to the second
data clock. Data lines provide data signals ~D1-~Dn at 610, wherein each of the data lines provides one of the data
signals ~D1-~Dn at 610 and a first data bit during the first half of the high voltage pulse in a pre-charge signal and a
second data bit during the second half of the high voltage pulse in the pre-charge signal. Each data line is electrically
coupled to pre-charged firing cells 160 in all fire groups. Also, each data line is electrically coupled to pre-charged firing
cells 160 in a fire group that have data select lines 170 coupled to the first or second data clock and to pre-charged firing
cells 160 in the fire group that have data select lines 170 coupled to the pre-charge line of the fire group.
[0139] In odd numbered fire groups the first data clock signal DCLK1 at 606 and a pre-charge signal latch in two data
bits during each high voltage pulse in the pre-charge signal. In even numbered fire groups the second data clock signal
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DCLK2 at 608 and a pre-charge signal latch in two data bits during each high voltage pulse in the pre-charge signal. In
other embodiments of multiple data rate firing cell circuits that use pre-charge firing cells 160, any suitable number of
data clock signals can be used to latch in multiple data bits, such as three or more data bits, during the high voltage
pulse of a pre-charge signal.
[0140] The fire groups FG1-FGn latch in the data signals ~D1-~Dn at 610 to provide latched in clocked data signals
and latched in pre-charge data signals, which are used to turn on drive switches 172 to energize selected firing resistors
52. Each of the fire groups receives a fire signal that includes energy pulses to energize the selected firing resistors 52.
In one embodiment, an energy pulse starts substantially toward the middle or end of the high voltage pulse in the select
signal of the fire group to energize selected firing resistors 52 in the fire group.
[0141] The first fire group FG1 latches in data signals ~D1-~Dn at 610 to provide latched first fire group clocked data
signals FG1C at 612 and latched first fire group pre-charge data signals FG1 P at 614. The second fire group FG2
latches in data signals ~D1-~Dn at 610 to provide latched second fire group clocked data signals FG2C at 616 and
latched second fire group pre-charge data signals FG2P at 618. The third fire group FG3 latches in data signals ~D1-~Dn
at 610 to provide latched third fire group clocked data signals FG3C at 620 and latched third fire group pre-charge data
signals FG3P at 622. The other fire groups also latch in data signals ~D1-~Dn at 610 to provide latched clocked data
signals and latched pre-charge data signals similar to fire groups FG1-FG3.
[0142] To begin, signal S0 at 600 provides a high voltage pulse at 624 in the pre-charge signal of the first fire group
FG1. During the first half of the high voltage pulse at 624, first data clock signal DCLK1 at 606 provides a high voltage
pulse at 626. Data signals ~D1-~Dn at 610 include the first fire group clocked data signals 1C at 628, which are passed
through data latch transistors 162 coupled to the first data clock in the first fire group FG1 to provide the first fire group
clocked data signals 1C at 630 in latched first fire group clocked data signals FG1C at 612. The first fire group clocked
data signals 1C at 630 are latched in as the high voltage pulse 626 transitions to a low logic level. The first fire group
clocked data signals 1C at 628 must be held until after the high voltage pulse 626 transitions below transistor threshold
values.
[0143] During the second half of the high voltage pulse at 624, data signals ~D1-~Dn at 610 include first fire group
pre-charge data signals 1 P at 632. The first fire group pre-charge data signals 1 P at 632 are passed through data latch
transistors 162 that are coupled to the pre-charge line of the first fire group FG 1 to provide the first fire group pre-charge
data signals 1 P at 634 in latched first fire group pre-charge data signals FG1 P at 614. The first fire group pre-charge
data signals 1 P at 634 are latched into pre-charged firing cells 160 in the first fire group FG1 as the high voltage pulse
624 transitions to a low logic level. The first fire group pre-charge data signals 1 P at 632 must be held until after the
high voltage pulse 624 transitions below transistor threshold values.
[0144] Address signals are provided to select a row subgroup and signal S1 at 602 provides a high voltage pulse at
636 in the select signal of the first fire group FG1 and the pre-charge signal of the second fire group FG2. The high
voltage pulse at 636 turns on select transistors 130 in the pre-charged firing cells 160 of first fire group FG1. In the
addressed row subgroup, the storage node capacitances 126 either discharge if the latched first fire group data FG1 C
at 612 and FG1 P at 614 is high or remain charged if the latched first fire group data FG1C at 612 and FG1P at 614 is
low. In the row subgroups that are not addressed, the storage node capacitances 126 discharge regardless of the voltage
level of latched first fire group data FG1C at 612 and FG1 P at 614. An energy pulse is provided in the first fire group
fire signal to energize firing resistors 52 coupled to conducting drive switches 172 in the addressed row subgroup.
[0145] During the first half of the high voltage pulse at 636, second data clock signal DCLK2 at 608 provides a high
voltage pulse at 638. Data signals ~D1--Dn at 610 include the second fire group clocked data signals 2C at 640, which
are passed through data latch transistors 162 coupled to the second data clock in the second fire group FG2 to provide
the second fire group clocked data signals 2C at 642 in latched second fire group clocked data signals FG2C at 616.
The second fire group clocked data signals 2C at 642 are latched in as the high voltage pulse 638 transitions to a low
logic level. The second fire group clocked data signals 2C at 640 must be held until after the high voltage pulse 638
transitions below transistor threshold values.
[0146] During the second half of the high voltage pulse at 636, data signals ~D1-~Dn at 610 include second fire group
pre-charge data signals 2P at 644. The second fire group pre-charge data signals 2P at 644 are passed through data
latch transistors 162 that are coupled to the pre-charge line of the second fire group FG2 to provide the second fire
group pre-charge data signals 2P at 646 in latched second fire group pre-charge data signals FG2P at 618. The second
fire group pre-charge data signals 2P at 646 are latched into pre-charged firing cells 160 in the second fire group FG2
as the high voltage pulse 636 transitions to a low logic level. The second fire group pre-charge data signals 2P at 644
must be held until after the high voltage pulse 636 transitions below transistor threshold values.
[0147] Address signals are provided to select a row subgroup and signal S2 at 604 provides a high voltage pulse at
648 in the select signal of the second fire group FG2 and the pre-charge signal of the third fire group FG3. The high
voltage pulse at 648 turns on select transistors 130 in the pre-charged firing cells 160 of second fire group FG2. In the
addressed row subgroup, the storage node capacitances 126 either discharge if the latched second fire group data
FG2C at 616 and FG2P at 618 is high or remain charged if the latched second fire group data FG2C at 616 and FG2P
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at 618 is low. In the row subgroups that are not addressed, the storage node capacitances 126 discharge regardless of
the voltage level of latched second fire group data FG2C at 616 and FG2P at 618. An energy pulse is provided in the
second fire group fire signal to energize firing resistors 52 coupled to conducting drive switches 172 in the addressed
row subgroup.
[0148] During the first half of the high voltage pulse at 648, first data clock signal DCLK1 at 606 provides a high voltage
pulse at 650. Data signals ~D1-~Dn at 610 include the third fire group clocked data signals 3C at 652, which are passed
through data latch transistors 162 coupled to the first data clock in the third fire group FG3 to provide the third fire group
clocked data signals 3C at 654 in latched third fire group clocked data signals FG3C at 620. The third fire group clocked
data signals 3C at 654 are latched in as the high voltage pulse 650 transitions to a low logic level. The third fire group
clocked data signals 3C at 652 must be held until after the high voltage pulse 650 transitions below transistor threshold
values.
[0149] During the second half of the high voltage pulse at 648, data signals ~D1-~Dn at 610 include third fire group
pre-charge data signals 3P at 656. The third fire group pre-charge data signals 3P at 656 are passed through data latch
transistors 162 that are coupled to the pre-charge line of the third fire group FG3 to provide the third fire group pre-
charge data signals 3P at 658 in latched third fire group pre-charge data signals FG3P at 622. The third fire group pre-
charge data signals 3P at 658 are latched into pre-charged firing cells 160 in the third fire group FG3 as the high voltage
pulse 648 transitions to a low logic level. The third fire group pre-charge data signals 3P at 656 must be held until after
the high voltage pulse 648 transitions below transistor threshold values.
[0150] This process continues up to and including fire group FGn that receives signal Sn-1 as a pre-charge signal and
signal Sn as a select signal. The process then repeats itself beginning with the first fire group FG1 until ejecting fluid is
completed.
[0151] Figure 14 is a schematic diagram illustrating one embodiment of a two pass transistor pre-charged firing cell
180 according to the present invention. The pre-charged firing cell 180 can be used with the pre-charged firing cell 160
of Figure 12 in multiple data rate firing cell circuits. In one embodiment of a multiple data rate firing cell circuit that uses
only the pre-charged firing cells 160 of Figure 12, some data lines charge up latched data line nodes coupled to data
latch transistors 162 that receive a high voltage pulse in a data clock signal, including latched data nodes in all of the
fire groups that receive the data clock signal. In these multiple data rate firing cell circuits, the two pass transistor pre-
charged firing cell 180 can be used in place of pre-charged firing cells 160 that receive data clock signals. The two pass
transistor pre-charged firing cells 180 reduce data line capacitance, such that data lines charge up latched data line
nodes in only the one fire group that is receiving a high voltage pulse in the pre-charge signal of the fire group.
[0152] The pre-charged firing cell 180 is similar to the pre-charged firing cell 120 of Figure 6 and includes drive switch
172, firing resistor 52 and the memory cell of pre-charged firing cell 120. Elements of pre-charged firing cell 180 that
coincide with elements of pre-charged firing cell 120 have the same numbers as the elements of pre-charged firing cell
120 and are electrically coupled together and to signal lines as described in the description of Figure 6, with the exception
that the gate of data transistor 136 is electrically coupled to latched data line 182 that receives latched data signal
~LDATAIN instead of being coupled to data line 142 that receives data signal ~DATA. In addition, elements of pre-
charged firing cell 180 that coincide with elements in pre-charged firing cell 120 function and operate as described in
the description of Figure 6.
[0153] Pre-charged firing cell 180 includes a clocked data latch transistor 184 and a pre-charge pass transistor 186.
The clocked data latch transistor 184 includes a drain-source path electrically coupled between the drain-source path
of pre-charge pass transistor 186 and latched data line 182. The drain-source path of pre-charge pass transistor 186 is
electrically coupled between the drain-source path of clocked data latch transistor 184 and data line 188. The gate of
data latch transistor 184 is electrically coupled to data clock line 190 that receives a data clock signal DCLK and the
gate of pre-charge pass transistor 186 is electrically coupled to pre-charge line 132 that receives pre-charge signal
PRECHARGE. Data clock signal DCLK at 190 includes a high voltage pulse during the high voltage pulse in pre-charge
signal PRECHARGE. Data line 188 receives data signals ~DATAIN and clocked data latch transistor 184 latches the
data into pre-charged firing cell 180 to provide latched data signals ~LDATAIN. Data signals ~DATAIN and latched data
signals ~LDATAIN are active when low as indicated by the tilde (~) at the beginning of the signal name.
[0154] Data line 188 receives data signals ~DATAIN and pre-charge pass transistor 186 passes data from data line
188 to clocked latch transistor 184 via a high voltage pulse in the pre-charge signal. Clocked latch transistor 184 passes
the data to latched data line 182 and a latched data storage node capacitance 192 via a high voltage pulse in the data
clock signal. The high voltage pulse in the data clock signal occurs during the high voltage pulse in the pre-charge signal.
[0155] The data is latched onto the latched data line 182 and the latched data storage node capacitance 192 as the
data clock signal transitions from a high voltage to a low voltage level. The latched data storage node capacitance 192
is shown in dashed lines, as it is part of data transistor 136. Alternatively, a capacitor separate from data transistor 136
can be used to store latched data.
[0156] The latched data storage node capacitance 192 is large enough to remain at substantially a high level as the
data clock signal transitions from a high level to a low level. Also, the latched data storage node capacitance 192 is large
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enough to remain at substantially a low level as an energy pulse is provided via the fire signal FIRE and a high voltage
pulse is provided in select signal SELECT and a high voltage pulse is provided in pre-charge signal PRECHARGE. In
addition, data transistor 136 is small enough to maintain a low level on the latched data storage node capacitance 192
as the gate of drive switch 172 is discharged and large enough to fully discharge the gate of drive switch 172 before the
beginning of an energy pulse in the fire signal FIRE.
[0157] In one embodiment of a double data rate firing cell circuit using pre-charged firing cells 160 and two pass
transistor pre-charged firing cells 180, each fire group includes substantially half pre-charged firing cells 160 and sub-
stantially half two pass transistor pre-charged firing cells 180. The data select lines 170 of all pre-charged firing cells
160 in a fire group are electrically coupled to the pre-charge line of that fire group. Also, the pre-charge pass transistors
186 of all pre-charge firing cells 180 in a fire group are electrically coupled to the pre-charge line of that fire group. A
first clock is electrically coupled to all data clock lines 190 in pre-charged firing cells 180 in some fire groups and a
second clock is electrically coupled to all data clock lines 190 in pre-charged firing cells 180 in other fire groups. The
first clock includes a high voltage pulse in the first half of each high voltage pulse in pre-charge signals of fire groups
coupled to the first clock. The second clock includes a high voltage pulse in the first half of each high voltage pulse in
pre-charge signals of fire groups coupled to the second clock. Thus, in some fire groups the first clock and pre-charge
signal latch in two data bits during each high voltage pulse in the pre-charge signal and in other fire groups the second
clock and pre-charge signal latch in two data bits during each high voltage pulse in the pre-charge signal. In this multiple
data rate firing cell circuit that uses pre-charged firing cells 160 and two pass transistor pre-charged firing cells 160, data
lines charge up latched data line nodes in the fire group receiving a high voltage level pre-charge signal.
[0158] In operation of pre-charged firing cell 180, data signal ~DATAIN is received by data line 188 and passed to
clocked data latch transistor 184 via pre-charge pass transistor 186 by providing a high voltage pulse in the pre-charge
signal. Clocked data latch transistor 184 passes the data to latched data line 182 and latched data storage node capac-
itance 192 via a high voltage pulse in the data clock signal. The high voltage pulse in the data clock signal occurs during
the high voltage pulse in the pre-charge signal.
[0159] Storage node capacitance 126 is pre-charged through pre-charge transistor 128 via the high voltage pulse in
the pre-charge signal. Clocked data latch transistor 184 is turned off to provide latched data signals ~LDATAIN as the
high voltage pulse in the data clock signal transitions from a high voltage level to a low level voltage. The data that is
latched into pre-charged firing cell 180 is provided while the data clock signal is at a high voltage level and held until
after the data clock signal transitions to a low voltage level, which occurs during the high voltage pulse in the pre-charge
signal. In contrast, the data to be latched into pre-charged firing cell 120 of Figure 6 is provided while the select signal
is at a high voltage level.
[0160] In one embodiment of pre-charge firing cell 180, after the high level voltage pulse in the data clock signal,
address signals ~ADDRESS1 and -ADDRESS2 are provided on address lines 144 and 146 to set the states of first
address transistor 138 and second address transistor 140. A high voltage pulse is provided on select line 134 to turn
on select transistor 130 and storage node capacitance 126 discharges if data transistor 136, first address transistor 138
and/or second address transistor 140 is on. Alternatively, storage node capacitance 126 remains charged if data transistor
136, first address transistor 138 and second address transistor 140 are all off.
[0161] Pre-charged firing cell 180 is an addressed firing cell if both address signals ~ADDRESS1 and -ADDRESS2
are low, and storage node capacitance 126 either discharges if latched data signal ~LDATAIN is high or remains charged
if latched data signal ~LDATAIN is low. Pre-charged firing cell 180 is not an addressed firing cell if at least one of the
address signals ~ADDRESS1 and ~ADDRESS2 is high, and storage node capacitance 126 discharges regardless of
the voltage level of latched data signal ~LDATAIN. The first and second address transistors 136 and 138 comprise an
address decoder and, if pre-charged firing cell 180 is addressed, data transistor 136 controls the voltage level on storage
node capacitance 126.
[0162] Figure 15 is a timing diagram illustrating the operation of one embodiment of a double data rate firing cell circuit
using pre-charged firing cells 160 and two pass transistor pre-charged firing cells 180. The double data rate firing cell
circuit includes a plurality of fire groups and each fire group includes substantially half pre-charged firing cells 160 and
substantially half two pass transistor pre-charged firing cells 180.
[0163] The double data rate firing cell circuit includes a first fire group FG1, a second fire group FG2, a third fire group
FG3 and other fire groups, up to fire group FGn. The double data rate firing cell circuit receives pre-charge/select signals
S0, S1, S2 and other pre-charge/select signals, up to Sn. The first fire group FG1 receives signal S0 at 700 as a pre-
charge signal and signal S1 at 702 as a select signal. The second fire group FG2 receives signal S1 at 702 as a pre-
charge signal and signal S2 at 704 as a select signal. The third fire group FG3 receives signal S2 at 704 as a pre-charge
signal and signal S3 (not shown) as a select signal and so on, up to fire group FGn that receives signal Sn-1 (not shown)
as a pre-charge signal and signal Sn (not shown) as a select signal.
[0164] The double data rate firing cell circuit receives a first data clock signal DCLK1 at 706 via a first data clock and
a second data clock signal DCLK2 at 708 via a second data clock. The first data clock is electrically coupled to all of the
data clock lines 190 in pre-charged firing cells 180 in odd numbered fire groups, such as first fire group FG1 and third
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fire group FG3. The second data clock is electrically coupled to all of the data clock lines 190 in pre-charged firing cells
180 in even numbered fire groups, such as second fire group FG2 and fourth fire group FG4. The data select lines 170
of all pre-charged firing cells 160 in a fire group are electrically coupled to the pre-charge line of that fire group. Also,
the pre-charge pass transistors 186 of all pre-charge firing cells 180 in a fire group are electrically coupled to the pre-
charge line of that fire group.
[0165] The first data clock signal DCLK1 at 706 includes a high voltage pulse in the first half of each high voltage pulse
in pre-charge signals of fire groups coupled to the first data clock and the second data clock signal DCLK2 at 708 includes
a high voltage pulse in the first half of each high voltage pulse in pre-charge signals of fire groups coupled to the second
data clock. Data lines provide data signals ~D1-~Dn at 710, wherein each of the data lines provides one of the data
signals ~D1-~Dn at 710 and a first data bit during the first half of the high voltage pulse in a pre-charge signal and a
second data bit during the second half of the high voltage pulse in the pre-charge signal. Each data line is electrically
coupled to pre-charged firing cells 160 and two pass transistor pre-charged firing cells 180 in each of the fire groups
FG1-FGn.
[0166] In odd numbered fire groups the first data clock signal DCLK1 at 706 and a pre-charge signal latch in two data
bits during each high voltage pulse in the pre-charge signal. In even numbered fire groups the second data clock signal
DCLK2 at 708 and a pre-charge signal latch in two data bits during each high voltage pulse in the pre-charge signal. In
other embodiments of multiple data rate firing cell circuits that use pre-charge firing cells 160 and two pass transistor
pre-charged firing cells 180, any suitable number of data clock signals can be used to latch in multiple data bits, such
as three or more data bits, during the high voltage pulse of a pre-charge signal.
[0167] The fire groups FG1-FGn latch in the data signals ~D1-~Dn at 710 to provide latched in clocked data signals
and latched in pre-charge data signals, which are used to turn on drive switches 172 to energize selected firing resistors
52. Each of the fire groups receives a fire signal that includes energy pulses to energize the selected firing resistors 52.
In one embodiment, an energy pulse starts substantially toward the middle or end of the high voltage pulse in the select
signal of the fire group to energize selected firing resistors 52 in the fire group.
[0168] The first fire group FG1 latches in data signals ~D1-~Dn at 710 to provide latched first fire group clocked data
signals FG1C at 712 and latched first fire group pre-charge data signals FG1 P at 714. The second fire group FG2
latches in data signals ~D1-~Dn at 710 to provide latched second fire group clocked data signals FG2C at 716 and
latched second fire group pre-charge data signals FG2P at 718. The third fire group FG3 latches in data signals ~D1-~Dn
at 710 to provide latched third fire group clocked data signals FG3C at 720 and latched third fire group pre-charge data
signals FG3P at 722. The other fire groups also latch in data signals ~D1-~Dn at 710 to provide latched clocked data
signals and latched pre-charge data signals similar to fire groups FG1-FG3.
[0169] Signal S0 at 700 provides a high voltage pulse at 724 in the pre-charge signal of the first fire group FG1. During
the first half of the high voltage pulse at 724, first data clock signal DCLK1 at 706 provides a high voltage pulse at 726.
Data signals ~D1-~Dn at 710 include the first fire group clocked data signals 1C at 728 that are passed through pre-
charge pass transistors 186 coupled to the pre-charge line of the first fire group FG1 and clocked data latch transistors
184 coupled to the first data clock in the first fire group FG1 to provide the first fire group clocked data signals 1C at 730
in latched first fire group clocked data signals FG1C at 712. The first fire group clocked data signals 1C at 730 are latched
in as the high voltage pulse 726 transitions to a low logic level. The first fire group clocked data signals 1C at 728 must
be held until after the high voltage pulse 726 transitions below transistor threshold values.
[0170] During the second half of the high voltage pulse at 724, data signals ~D1-~Dn at 710 include first fire group
pre-charge data signals 1P at 732. The first fire group pre-charge data signals 1 P at 732 are passed through data latch
transistors 162 that are coupled to the pre-charge line of the first fire group FG1 to provide the first fire group pre-charge
data signals 1 P at 734 in latched first fire group pre-charge data signals FG1 P at 714. The first fire group pre-charge
data signals 1 P at 734 are latched into pre-charged firing cells 160 in the first fire group FG1 as the high voltage pulse
724 transitions to a low logic level. The first fire group pre-charge data signals 1 P at 732 must be held until after the
high voltage pulse 724 transitions below transistor threshold values.
[0171] Address signals are provided to select a row subgroup and signal S1 at 702 provides a high voltage pulse at
736 in the select signal of the first fire group FG1 and the pre-charge signal of the second fire group FG2. The high
voltage pulse at 736 turns on select transistors 130 in the pre-charged firing cells 160 and select transistors 130 in the
pre-charged firing cells 180 of first fire group FG1. In the addressed row subgroup, the storage node capacitances 126
either discharge if the latched first fire group data FG1 C at 712 and FG1 P at 714 is high or remain charged if the latched
first fire group data FG1 C at 712 and FG1 P at 714 is low. In the row subgroups that are not addressed, the storage
node capacitances 126 discharge regardless of the voltage level of latched first fire group data FG1 C at 712 and FG1
P at 714. An energy pulse is provided in the first fire group fire signal to energize firing resistors 52 coupled to conducting
drive switches 172 in the addressed row subgroup.
[0172] During the first half of the high voltage pulse at 736, second data clock signal DCLK2 at 708 provides a high
voltage pulse at 738. Data signals ~D1--Dn at 710 include the second fire group clocked data signals 2C at 740 that are
passed through pre-charge pass transistors 186 coupled to the pre-charge line of the second fire group FG2 and clocked
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data latch transistors 184 coupled to the second data clock in the second fire group FG2 to provide the second fire group
clocked data signals 2C at 742 in latched second fire group clocked data signals FG2C at 716. The second fire group
clocked data signals 2C at 742 are latched in as the high voltage pulse 738 transitions to a low logic level. The second
fire group clocked data signals 2C at 740 must be held until after the high voltage pulse 738 transitions below transistor
threshold values.
[0173] During the second half of the high voltage pulse at 736, data signals ~D1-~Dn at 710 include second fire group
pre-charge data signals 2P at 744. The second fire group pre-charge data signals 2P at 744 are passed through data
latch transistors 162 that are coupled to the pre-charge line of the second fire group FG2 to provide the second fire
group pre-charge data signals 2P at 746 in latched second fire group pre-charge data signals FG2P at 718. The second
fire group pre-charge data signals 2P at 746 are latched into pre-charged firing cells 160 in the second fire group FG2
as the high voltage pulse 736 transitions to a low logic level. The second fire group pre-charge data signals 2P at 744
must be held until after the high voltage pulse 736 transitions below transistor threshold values.
[0174] Address signals are provided to select a row subgroup and signal S2 at 704 provides a high voltage pulse at
748 in the select signal of the second fire group FG2 and the pre-charge signal of the third fire group FG3. The high
voltage pulse at 748 turns on select transistors 130 in the pre-charged firing cells 160 and select transistors 130 in the
pre-charged firing cells 180 of second fire group FG2. In the addressed row subgroup, the storage node capacitances
126 either discharge if the latched second fire group data FG2C at 716 and FG2P at 718 is high or remain charged if
the latched second fire group data FG2C at 716 and FG2P at 718 is low. In the row subgroups that are not addressed,
the storage node capacitances 126 discharge regardless of the voltage level of latched second fire group data FG2C
at 716 and FG2P at 718. An energy pulse is provided in the first fire group fire signal to energize firing resistors 52
coupled to conducting drive switches 172 in the addressed row subgroup.
[0175] During the first half of the high voltage pulse at 748, first data clock signal DCLK1 at 706 provides a high voltage
pulse at 750. This turns on clocked data latch transistors 184 in odd numbered fire groups, including the clocked data
latch transistors 184 in the first fire group FG1. As the clocked data latch transistors 184 in the first fire group FG1 turn
on, data in the latched first fire group clocked data signal FG1C at 712 becomes indeterminate at 752.
[0176] Data signals ~D1-~Dn at 710 include the third fire group clocked data signals 3C at 754 that are passed through
pre-charge pass transistors 186 coupled to the pre-charge line of the third fire group FG3 and clocked data latch transistors
184 coupled to the first data clock in the third fire group FG3 to provide the third fire group clocked data signals 3C at
756 in latched third fire group clocked data signals FG3C at 720. The third fire group clocked data signals 3C at 756 are
latched in as the high voltage pulse 750 transitions to a low logic level. The third fire group clocked data signals 3C at
754 must be held until after the high voltage pulse 750 transitions below transistor threshold values.
[0177] During the second half of the high voltage pulse at 748, data signals ~D1-~Dn at 710 include third fire group
pre-charge data signals 3P at 758. The third fire group pre-charge data signals 3P at 758 are passed through data latch
transistors 162 that are coupled to the pre-charge line of the third fire group FG3 to provide the third fire group pre-
charge data signals 3P at 760 in latched third fire group pre-charge data signals FG3P at 722. The third fire group pre-
charge data signals 3P at 760 are latched into pre-charged firing cells 160 in the third fire group FG3 as the high voltage
pulse 748 transitions to a low logic level. The third fire group pre-charge data signals 3P at 758 must be held until after
the high voltage pulse 748 transitions below transistor threshold values.
[0178] During the first half of a high voltage pulse in signal S3 (not shown), second data clock signal DCLK2 at 708
provides a high voltage pulse, indicated at 762. This turns on clocked data latch transistors 184 in even numbered fire
groups, including the clocked data latch transistors 184 in the second fire group FG2. As the clocked data latch transistors
184 in the second fire group FG2 turn on, data in the latched second fire group clocked data signal FG2C at 716 becomes
indeterminate at 764. The process continues up to and including fire group FGn that receives signal Sn-1 as a pre-
charge signal and signal Sn as a select signal. The process then repeats itself beginning with the first fire group FG1
until ejecting fluid is completed.
[0179] Although specific embodiments have been illustrated and described herein, it is intended that this invention be
limited only by the claims

Claims

1. A fluid ejection device (22) comprising at least:

a first group (402) of firing cells(150, 160, 180) the first group having a first fire line (124, 412), adapted to
conduct a first energy signal including first energy pulses, data lines (DATAIN, ~D1--Dn, ~DC1-~DCn) adapted
to conduct data signals that represent an image, each firing cell comprising latch circuitry to latch the data
signals and first drop generators configured to respond to the first energy signal to eject fluid based on the
latched data signals,



EP 2 089 230 B1

23

5

10

15

20

25

30

35

40

45

50

55

a second group of firing cells the second group having a second fire line adapted to conduct a second energy
signal including second energy pulses, data lines adapted to conduct data signals that represent an image,
each firing cell comprises latch circuitry to latch the data signals, and second drop generators configured to
respond to the second energy signal to eject fluid based on the latched data signals,
wherein some of the firing cells of each group have switches (418) controlled by clock signals, the switches
being arranged to allocate some data signals to the said some of the firing cells based on the clock signals,
other data signals being otherwise allocated to others of the firing cells.

2. The fluid ejection device of claim 1, wherein one of the first energy pulses includes an initiation time and an end
time and one of the second energy pulses is initiated between the initiation time and the end time.

3. The fluid ejection device of claim 1, wherein the first fire line is electrically isolated from the second fire line.

4. The fluid ejection device of claim 1 (22), wherein each firing cell (150, 160, 180) comprises:

a firing resistor (52);
a drive switch (172) configured to enable the firing resistor to respond to the energy signal;
a first data switch (152, 162, 184) configured to receive a said data signal and to latch the data signal to provide
a latched data signal; and
a second data switch (136) configured to receive the latched data signal and control the drive switch to enable
the firing resistor to respond to the energy signal and heat fluid to be ejected based on the latched data signal.

5. The fluid ejection device of claim 4, wherein:

in the said some of the firing cells, the first data switch (152, 162) is configured to latch the data signals based
on the clock signal; and
in the said others of the firing cells, the first data switch(152, 162) is configured to latch the data signals via a
pre-charge signal.

6. The fluid ejection device of claim 5, wherein each of the said some of the firing cells comprises a third data switch
(186) configured to pass the data signals to the first data switch based on the pre-charge signal.

7. A method of operating a fluid ejection device (22), the fluid ejection device comprising a first group (402) of firing
cells(150, 160, 180) the first group having a first fire line (124, 412), data lines (DATAIN, ~D1-~Dn, ~DC1-~DCn)
adapted to conduct data signals that represent an image, each firing cell comprising latch circuitry and first drop
generators configured to eject fluid,
a second group of firing cells the second group having a second fire line, date lines adapted to conduct data signals
that represent an image, each firing cell comprising latch circuitry and second drop generators configured to eject
fluid based on the latched data signals,
wherein some of the firing cells of each group have switches (418) connected to a clock line,
the method comprising:

conducting a first energy signal including first energy pulses via a first fire line (124, 412) to the firing cells of
the first group;
conducting a second energy signal including second energy pulses via a second fire line to the firing cells of
the second group; and
within each group
conducting the data signals via the data lines, and
conducting a clock signal via the clock line to the said switches of said some of the cells,
the said switches of the said some of the firing cells allocating some data signals to some of the cells to be
latched based on the clock signals, others of the data signals being otherwise allocated to others of the cells
to be latched,
the latch circuitry receiving the data signals, latching the data signals, and responding to the energy signal to
eject fluid based on the latched data signals.

8. The method of claim 7, wherein latching the said some of the data signals comprises latching some of the data
signals via the said switches subject to the clock signal, and latching the others of the data signals subject to a
pulsed charge control signal to provide the latched data signals.
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9. The method of claim 8, wherein latching the said some of the data signals further comprises passing the data signals
via a pass switch (186) based on the pulsed charge control signal.

Patentansprüche

1. Fluidausstoßvorrichtung (22), die zumindest umfasst:

eine erste Gruppe (402) von Zündzellen (150, 160, 180), wobei die erste Gruppe eine erste Zündleitung (124,
412), die eingerichtet ist, um ein erstes Energiesignal, das erste Energieimpulse enthält, zu leiten, Datenleitungen
(DATAIN, ~D1-~Dn, ~DC1-~DCn), die eingerichtet sind, um Datensignale zu leiten, die ein Bild repräsentieren,
wobei jede Zündzelle eine Halteschaltung umfasst, um die Datensignale festzuhalten, und erste Abstoßgene-
ratoren aufweist, die eingerichtet sind, um auf das erste Energiesignal zu reagieren, um Fluid auf Basis der
festgehaltenen Datensignale auszustoßen,
eine zweite Gruppe von Zündzellen, wobei die zweite Gruppe eine zweite Zündleitung, die eingerichtet ist, um
ein zweites Energiesignal, das zweite Energieimpulse enthält, zu leiten, Datenleitungen, die eingerichtet sind,
um Datensignale zu leiten, die ein Bild repräsentieren, wobei jede Zündzelle eine Halteschaltung umfasst, um
die Datensignale festzuhalten, und zweite Abstoßgeneratoren aufweist, die eingerichtet sind, um auf das zweite
Energiesignal zu reagieren, um Fluid auf Basis der festgehaltenen Datensignale auszustoßen,
wobei einige der Zündzellen jeder Gruppe Schalter (418) aufweisen, die von Taktsignalen gesteuert werden,
wobei die Schalter angeordnet sind, um einige Datensignale zu den einigen der Zündzellen auf Basis der
Taktsignale zuzuweisen, wobei andere Datensignale anderweitig zu anderen der Zündzellen zugewiesen wer-
den.

2. Fluidausstoßvorrichtung nach Anspruch 1, wobei einer der ersten Energieimpulse eine Initiierungszeit und eine
Endzeit enthält, und wobei einer der zweiten Energieimpulse zwischen der Initiierungszeit und der Endzeit initiiert
wird.

3. Fluidausstoßvorrichtung nach Anspruch 1, wobei die erste Zündleitung von der zweiten Zündleitung elektrisch isoliert
ist.

4. Fluidausstoßvorrichtung (22) nach Anspruch 1, wobei jede Zündzelle (150, 160, 180) umfasst:

einen Zündwiderstand (52);
einen Antriebsschalter (172), der eingerichtet ist, um zu ermöglichen, dass der Zündwiderstand auf das Ener-
giesignal reagiert;
einen ersten Datenschalter (152, 162, 184), der eingerichtet ist, um ein Datensignal zu empfangen und das
Datensignal festzuhalten, um ein festgehaltenes Datensignal bereitzustellen; und
einen zweiten Datenschalter (136), der eingerichtet ist, um das festgehaltene Datensignal zu empfangen und
um den Antriebsschalter zu steuern, um zu ermöglichen, dass der Zündwiderstand auf das Energiesignal reagiert
und auszustoßendes Fluid auf Basis des festgehaltenen Datensignals erhitzt.

5. Fluidausstoßvorrichtung nach Anspruch 4, wobei:

der erste Datenschalter (152, 162) in den einigen der Zündzellen eingerichtet ist, um die Datensignale auf Basis
des Taktsignals festzuhalten; und
der erste Datenschalter (152, 162) in den anderen der Zündzellen eingerichtet ist, um die Datensignale über
ein Vorladesignal festzuhalten.

6. Fluidausstoßvorrichtung nach Anspruch 5, wobei jede der einigen der Zündzellen einen dritten Datenschalter (186)
umfasst, der eingerichtet ist, um die Datensignale auf Basis des Vorladesignals zum ersten Datenschalter weiter-
zuleiten.

7. Verfahren zum Betreiben einer Fluidausstoßvorrichtung (22), wobei die Fluidausstoßvorrichtung umfasst:

eine erste Gruppe (402) von Zündzellen (150, 160, 180), wobei die erste Gruppe eine erste Zündleitung (124,
412), Datenleitungen (DATAIN, ~D1-~Dn, ~DC1-~DCn), die eingerichtet sind, um Datensignale zu leiten, die
ein Bild repräsentieren, wobei jede Zündzelle eine Halteschaltung umfasst, und erste Abstoßgeneratoren auf-
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weist, die eingerichtet sind, um Fluid auszustoßen,
eine zweite Gruppe von Zündzellen, wobei die zweite Gruppe eine zweite Zündleitung, Datenleitungen, die
eingerichtet sind, um Datensignale zu leiten, die ein Bild repräsentieren, wobei jede Zündzelle eine Halteschal-
tung umfasst, und zweite Abstoßgeneratoren aufweist, die eingerichtet sind, um Fluid auf Basis der festgehal-
tenen Datensignale auszustoßen,
wobei einige der Zündzellen jeder Gruppe Schalter (418) aufweisen, die mit einer Taktleitung verbunden sind,

wobei das Verfahren umfasst:

Leiten eines ersten Energiesignals, das erste Energieimpulse enthält, über eine erste Zündleitung (124, 412)
zu den Zündzellen der ersten Gruppe;
Leiten eines zweiten Energiesignals, das zweite Energieimpulse enthält, über eine zweite Zündleitung zu den
Zündzellen der zweiten Gruppe; und
innerhalb jeder Gruppe
Leiten der Datensignale über die Datenleitungen, und
Leiten eines Taktsignals über die Taktleitung zu den Schaltern der einigen der Zellen,
wobei die Schalter der einigen der Zündzellen einige Datensignale, die es festzuhalten gilt, zu einigen der Zellen
auf Basis der Taktsignale zuweisen, wobei andere der Datensignale, die es festzuhalten gilt, anderweitig zu
anderen der Zellen zugewiesen werden,
wobei die Halteschaltung die Datensignale empfängt, die Datensignale festhält und auf das Energiesignal
reagiert, um Fluid auf Basis der festgehaltenen Datensignale auszustoßen.

8. Verfahren nach Anspruch 7, wobei das Festhalten der einigen der Datensignale das Festhalten einige der Daten-
signale über die Schalter, die dem Taktsignal ausgesetzt werden, und das Festhalten der anderen der Datensignale,
die einem gepulsten Ladereglungssignal ausgesetzt werden, um die festgehaltenen Datensignale bereitzustellen.

9. Verfahren nach Anspruch 8, wobei das Festhalten der einigen der Datensignale ferner das Weiterleiten der Daten-
signale über einen Durchgangsschalter (186) auf Basis des gepulsten Ladereglungssignals umfasst.

Revendications

1. Dispositif d’éjection de fluide (22) comprenant au moins :

- un premier groupe (402) de cellules de propulsion (150, 160, 180), le premier groupe ayant une première ligne
de propulsion (124, 412), apte à conduire un premier signal d’énergie comprenant des premières impulsions
d’énergie, des lignes de données (DATAIN, ~D1-~Dn, ~DC1-~DCn) aptes à conduire des signaux de données
qui représentent une image, chaque cellule de propulsion comprenant des circuits de verrouillage pour verrouiller
les signaux de données et des premiers générateurs de gouttes configurés pour répondre au premier signal d’
énergie et pour éjecter du fluide sur la base des signaux de données verrouillés,
- un second groupe de cellules de propulsion, le second groupe ayant une seconde ligne de propulsion apte à
conduire un second signal d’énergie comprenant des secondes impulsions d’énergie, des lignes de données
aptes à conduire des signaux de données qui représentent une image, chaque cellule de propulsion comprenant
des circuits de verrouillage pour verrouiller les signaux de données, et des seconds générateurs de gouttes
configurés pour répondre au second signal d’énergie pour éjecter un fluide sur la base des signaux de données
verrouillés,

dans lequel certaines des cellules de propulsion de chaque groupe ont des commutateurs (418) commandés par
des signaux d’horloge, les commutateurs étant agencés pour attribuer certains signaux de données auxdites cer-
taines cellules de propulsion sur la base des signaux d’horloge, d’autres signaux de données étant autrement
attribués à d’autres cellules des cellules de propulsion.

2. Dispositif d’éjection de fluide selon la revendication 1, dans lequel l’une des premières impulsions d’énergie comprend
un temps de déclenchement et un temps de fin et l’une des secondes impulsions d’énergie est déclenchée entre
le temps de déclenchement et le temps de fin.

3. Dispositif d’éjection de fluide selon la revendication 1, dans lequel la première ligne de propulsion est isolée élec-
triquement de la seconde ligne de propulsion.
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4. Dispositif d’éjection de fluide selon la revendication 1 (22), dans lequel chaque cellule de propulsion (150, 160, 180)
comprend :

- une résistance de propulsion (52) ;
- un commutateur de commande (172) configuré pour permettre à la résistance de propulsion de répondre au
signal d’énergie ;
- un premier commutateur de données (152, 162, 184) configuré pour recevoir un signal de données précité et
pour verrouiller le signal de données afin de fournir un signal de données verrouillé ; et
- un deuxième commutateur de données (136) configuré pour recevoir le signal de données verrouillé et contrôler
le commutateur de commande pour permettre à la résistance de propulsion de répondre au signal d’énergie et
de chauffer du fluide à éjecter sur la base du signal de données verrouillé.

5. Dispositif d’éjection de fluide selon la revendication 4, dans lequel :

- dans lesdites certaines cellules de propulsion, le premier commutateur de données (152, 162) est configuré
pour verrouiller les signaux de données sur la base du signal d’horloge ; et
- dans lesdites autres cellules des cellules de propulsion, le premier commutateur de données (152, 162) est
configuré pour verrouiller les signaux de données par l’intermédiaire d’un signal de précharge.

6. Dispositif d’éjection de fluide selon la revendication 5, dans lequel chacune desdites certaines cellules de propulsion
comprend un troisième commutateur de données (186) configuré pour transmettre les signaux de données au
premier commutateur de données sur la base du signal de précharge.

7. Procédé de fonctionnement d’un dispositif d’éjection de fluide (22), le dispositif d’éjection de fluide comprenant :

- un premier groupe (402) de cellules de propulsion (150, 160, 180), le premier groupe ayant une première ligne
de propulsion (124, 412), des lignes de données (DATAIN, ~D1-~Dn, ~DC1-~DCn) aptes à conduire des signaux
de données qui représentent une image, chaque cellule de propulsion comprenant des circuits de verrouillage
et des premiers générateurs de gouttes configurés pour éjecter du fluide,
- un second groupe de cellules de propulsion, le second groupe ayant une seconde ligne de propulsion, des
lignes de données aptes à conduire des signaux de données qui représentent une image, chaque cellule de
propulsion comprenant des circuits de verrouillage et des seconds générateurs de gouttes configurés pour
éjecter du fluide sur la base des signaux de données verrouillés,

dans lequel certaines des cellules de propulsion de chaque groupe ont des commutateurs (418) connectés à une
ligne d’horloge, le procédé comprenant :

- la conduite d’un premier signal d’énergie comprenant des premières impulsions d’énergie par l’intermédiaire
d’une première ligne de propulsion (124, 412) jusqu’aux cellules de propulsion du premier groupe ;
- la conduite d’un second signal d’énergie comprenant des secondes impulsions d’énergie par l’intermédiaire
d’une seconde ligne de propulsion jusqu’aux cellules de propulsion du second groupe ; et

à l’intérieur de chaque groupe :

- la conduite des signaux de données par l’intermédiaire des lignes de données, et
- la conduite d’un signal d’horloge par l’intermédiaire de la ligne d’horloge jusqu’auxdits commutateurs desdites
certaines cellules,
- lesdits commutateurs desdites certaines cellules de propulsion attribuent certains signaux de données à
certaines des cellules pour qu’ils soient verrouillés sur la base des signaux d’horloge, d’autres parmi les signaux
de données étant autrement attribués à d’autres cellules pour être verrouillés,
- les circuits de verrouillage reçoivent les signaux de données, verrouillent les signaux de données et répondent
au signal d’énergie pour éjecter du fluide sur la base des signaux de données verrouillés.

8. Procédé selon la revendication 7, dans lequel le verrouillage desdits certains signaux de données comprend le
verrouillage de certains des signaux de données par l’intermédiaire desdits commutateurs soumis au signal d’hor-
loge, et le verrouillage des autres signaux de données soumis à un signal de commande à charge pulsée pour
fournir les signaux de données verrouillés.
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9. Procédé selon la revendication 8, dans lequel le verrouillage desdits certains signaux de données comprend en
outre le passage des signaux de données par l’intermédiaire d’un interrupteur (186) sur la base du signal de com-
mande à charge pulsée.
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