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ELECTRICALLY 1H~L,A.TE1~ ~~'~'~ The present invention ralaies pensrally to
It~jt printing devices. In particular, the invasu~n mlates to an ittlcjet
print head l~'or th~al ir,~jet printing devices that incozporates
~rru~lciple address bus de~lti~ples~~ circuitry for driving the drop
ejector heater resistors. The a~t~t of Let psg for is ~r wall develeped.
Co~ercia! pr~adroa~ aueh as cc~pntsr ~) gra'pl`iics plet~rs) oapiers, end
8~sin~le maahincs suomass~ly s~la~y i;~et te~ology for producing herd onpy
prir~td out. The basics of t~t~c ia~r Isaira been dlsalosed in various
articlms in tl~ea HawallaCt Pa~ard loumal) Vol. 3rd, h(o. 5 (ltr~ay 19$5))
Vol. 39, No. 4 (August 19$$), Vol. 39) 1%1o. 5 (actober 1 g88)) Vol. 43,
I~o. 4 (Muguat 1992)) Vol. 43) No. 6 (December 1992) srrd Vol. 45, hfo. 1
(Febr~ry 1994) editions. Inkjet devices have also been described by W.J.
Lloyd and H.T. Taut in Output Harrdeapy Devices (R.C. Durbeck and S. Sherr,
ed.) Academic Press, San D~rgo) 19~$) r 13). A ~ iret pri~'~r 5or i~j.~
pFir~tin$ typically iaela~d~s one or iaore t~mslatinr~ly rsa~ipracx~g
p~rir~t cartridges in wh~icth small drops of ielc, are ojectsd by
therrtta~l energ~r ~con~ a drop gette~~tor) towards a cn~iro~ upon wl~ieh
it is deaia~ed eo pi~see ~orri~c charac~Bsrs, ~pltics, or images. Such
oaxttidgss tylaieaCty include a print head ha~r~g an orifice rnmrnber or
plate that has a plurality of small noaales Ehmrrgh which the ink drops are
ejected. Beneath the nozzles are ink firing chambers, which are enclosures
in which ir~lc resides prior to ejection through a nozzle. Irk is supplied
to the ink firing chambers through ink channels that are in fluid
communication with an ink reservoir, which may be contained in a reservoir
portion of the print cartridge or in a separate ink container spaced apart
from the print head. Ink drop ejection through a nozzle employed in a
thermal inkjet printer is accomplished by quickly heating the volume of ink
residing within the ink bring chamber    16 August 2002 2 with a
selectively energizing electrical pulse to a heater resistor ink ejector
positioned in the ink firing chamber. At the commencement of the heat
energy output from the heater resistor, an ink vapor bubble nucleates at
sites on the surface of the heater resistor or its protective layers. The
rapid expansion of the ink vapor bubble forces the liquid ink through the
nozzle. Once the electrical pulse ends and an ink drop is ejected, the ink
firing chamber refills with ink from the ink channel and ink reservoir.
Thermal inkjet ink can be corrosive. Prolonged exposure of electrical
interconnections of an ink cartridge to the ink, will frequently result in
a degradation and failure of the print head because the transistors that
fire the heater resistors are effectively cut off from their source of
power or from their control signals. In some print head designs, the
transistors that fire the heater resistors are addressed (controlled) from
a single electrical connector. If this one connector is electrically
disabled because of chemical attack from the ink and its constituents) a
large part (or all) of an ink cartridge can fail, adversely affecting print
quality. The heater resistors of a conventional inkjet print head comprise
a thin film resistive material deposited on an oxide layer of a
semiconductor substrate. Electrical conductors are patterned over the oxide
layer and provide an electrical path to and from each thin film heater
resistor. Since the number of electrical conductors can become Large when a
large number of heater resistors are employed in a high density (high DPI -
dots per inch) print head) various multiplexing techniques have been
introduced to reduce the number of conductors needed to connect the heater
resistors to circuitry disposed in the printer. See, for example, United
States Patent No. 5,541,b29 "Print head with Reduced Interconnections to a
Printer" and despite its good conductivity, imparts an undesirable amount
of resistance in the path of the heater resistor. Individual transistors
are typically addressed using combinations of electrical signals applied to
the drain, source and gate terminals. These combinations of signals can
effectively control when individual transistors will be in their "on"
state) thereby allowing a droplet of ink to be ejected onto the print
medium. Multiplexing the function of the various lines through the
semiconductors allows a large number of individual transistors to be
addressed using a relatively small number of address line conductors.   16
August 2002 Multiplexing techniques have helped reduce the total number of
conductors necessary to energize the heater resistors. Notwithstanding the
improvements in addressing, more improvement is needed, however, to
reliably address each transistor to avoid catastrophic failure of a print
head caused by a single fault on an address bus. In addition, there is a
need to provide printheads that have a flexibility to accept different
input signal configurations. 



SUMMARY OF THF INVENT><ON A print head for an inkjet printer includes a
substrate upon which is disposed a plurality of heater resistors. The
heater resistors are electrically ordered into a first group and a second
group; they are physically arranged about the opposing sides of an
elongated slot (an inh aperture) through which ink flows from an ink
reservoir to ink firing chambers of the ink jet print head. The resistors
are heated by electrical current that is directed by switching devices such
as three-terminal current switching field-effect transistors or FETs.
Electrical control signals to the various FETs (which allow the heater
resistors to be energized) are coupled into the print head using two (2)
connectors on opposites of the substrate. One electrical connector disposed
on a first side of the substrate is provided with electrical paths between
the contacts of the connector and the gate inputs of the various firing
transistors that are electrically coupled to only a first group of ink
firing elements (resistors) that coincidentally are proximate to a first
portion of the ink aperture. A second electrical connector disposed on a
second side of the substrate that is opposite the first side, is provided
with electrical paths between the second connector and the gate inputs of a
second group of transistors that are used to fire a second group of heater
resistors. Stated alternatively, the control inputs for the several
transistors are divided into two groups where each group is electrically
coupled to one of two edge connectors. A fault on one of the address lines
controlling one of the transistors will disable only that transistor or
other transistors coupled to that same address line. The control signals
from the other connector, which are electrically isolated from the first
connector, are not affected by ground (or other) faults adversely affecting
signals on the opposite connector. Using two   16 August 2002 4 cdgc
connectors to control inputs to the transistors significantly increases the
print head reliability in that functionality of at least some of the ink
ejectors is retained, even if a group of ether ink ejectors is disabled.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. lA is a block diagram of a printing
system employing the present invention. FIG. 1 B is a simplified block
diagram of the functional organization of the elements of a print head
employing the present invention. FIG. 2A is an isometric drawing of an
exemplary printing apparatus employing the present invention. FIG. 2B is an
isometric drawing of a print cartridge carriage apparatus employed in the
printer of FIG. 2A. FIG. 2C is a schematic representation of the functional
elements of the printer of FIG. 2A. FIG. 3 is a magnified isometric cross
section of an ink drop generator employed in the print cartridge print head
of the printer of FIG. 2A. FIG. 4 is a schematic diagram of a single FET,
heater resistor and electrical connections of the FET employed in a
"primitive" switching device that can be employed in 



the present invention. FIG. SA is a topographic view of a print head of the
present invention. FIG. SB is an enlarged view of one ink aperture and the
placement of heater resistors proximate to the ink aperture. FIG. GA shows
a topographic view of a major surface of a three-color ink jet print head.
FIG. GB illustrates the address activation sequence. DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENT FIG. 1 A is a block diagram of a printing
system incorporating the present invention. The printing system 10 can be
used for printing on any suitable material, such as paper media, transfer
media, transparency media, photographic paper and the like. In general) the
16 August 2002 5 printing system communicates with a host system 12, which
can be a computer or microprocessor that produces print data. The printing
system 10 includes a printer assembly 14, which controls the printing
system, a print head assembly 16 that ejects ink and a print head assembly
transport device 18 that positions the print head assembly 16 as required.
The printer assembly 14 also includes a controller 20, a print media
transport device 22 and a print media 24. The print media transport device
22 positions the print media 24 (such as paper) according the control
instructions received from the controller 20. The controller 20 provides
control to the print media transport device 22, the print head assembly 16
and the print head assembly transport device 18 according to instructions
received from various microprocessors within the printing system 10. In
addition, the controller 20 receives the print data from the host system 12
and processes the print data into printer control information and image
data. This printer control information and image data is used by the
controller 20 to control the print media transport device 18, the print
head assembly 16 and the print head assembly transport device 18. For
example, die print head assembly transport device 18 positions the print
head 30 over the print media 24 and the print head 30 is instructed to
eject ink drops according to the printer control information and image
data. The print head assembly 16 is preferably supported by a print head
assembly transport device 18 that can position the print head assembly 16
over the print media 24. Preferably, the print head assembly 16 is capable
of overlying any area of the print media 24 using the combination of the
print head assembly transport device 18 and the print media transport
device 22. For example, the print media 24 may be a rectangular sheet of
paper and the print head assembly transport device 18 may position the
paper in a media transport direction while the print head assembly
transport device 18 may position the print head assembly 16 across the
paper in a direction transverse to the media transport direction. The print
head assembly 16 includes an ink supply device 26 that is fluidically
coupled to the print head 30 for selectively providing ink to the print
head 30. The print head 30 includes a plurality of ink drop delivery
systems) such as an array of inkjet nozzles or drop generators. The ink jet
nozzles are comprised of orifices through an orifice plate through which
ink is ejected when the ink is heated to boiling. As discussed further
below,   16 August 2002 6 each ink drop delivery system forms a printed
image by ejecting droplets of ink onto the print media 24 according to
instructions from the controller 20. 



FIG. 3 shows an isometric view of the top of a substrate 313 on which is
formed a barrier layer 315 that is shaped to direct ink to flow through a
passage 307 into an ink firing chamber 301. At the "bottom" of the ink
firing chamber 301 is a thin film heater resistor 309 that is covered by a
protective dielectric layer (not shown). When current is forced through the
heater resistor 309, ink in the firing chamber 301 is boiled causing the
ink to be expelled through an orifice 303 in the orifice plate or top plate
30S that is placed over the barrier layer 315. By capillary action, ink is
retained in the firing chamber 301 until electrical current to the heater
resistor heats the ink. The electrical current through the heater resistor
therefore determines when ink is ejected from the orifice 303. Fig. 1 B is
a simplified block diagram depicting print head or substrate 30 of the
present invention in greater detail. For the purposes of the illustrative
example in FIG. 1 B, element 30 may be considered to be a semiconductor
substrate such as a silicon substrate that incorporates inkjet drop
generators and associated circuitry. Alternatively, element 30 can
represent a combination of a rigid semiconductor substrate and a flexible
circuit for carrying signals between a printing system and the drop
generators on print head 30. Substrate 30 is divided into two regions, 30-1
and 30-2. Alternate embodiments of the invention disclosed herein would of
course include a substrate divided into more than two regions. Each region
shown in FIG. 1 B contains a set of primitives. Hereinafter, a "primitive"
is comprised of a collection of transistors (FETs) that are turned on (and
off) by voltages applied to (or removed from) control lines coupled to the
FETs. All of the FETs in a primitive typically have their drain (or source)
terminals coupled to a common ground; all of these FETs typically have
their sources (or drains) coupled to a power source through individual and
corresponding thin film heater resistors on the surface of the substrate.
The power is a "primitive select" signal on a "primitive select" line
discussed below. Alternate embodiments would also include using unique
grounds for the FETs. Each FET then has its gate coupled to an address
line) the voltages of which control the FET individually. The FETs, heater
resistors and "lines" to and from the FETs and external connection points
(connectors) all are considered to be fabricated "on" the substrate 30. The
"lines" are   16 August 2002 7 typically comprised of conductive traces
fabricated on the substrate using appropriate semiconductor fabrication
techniques. ' One of the control lines to the primitive is considered to be
a primitive control line not shown in FIG. 1B but shown in FIG. 4 as the
primitive select lead 404. This primitive control line (404 in FIG. 4)
applies V+ (or ground) to the source or drain terminals of the FETs in a
primitive (through the heater resistor 400 in FIG. 4). The other control
line of an FET in a primitive is an address line coupled to the FET's gate,
identified in FIG. 4 by reference numeral 406. The gate of each FET of a
primitive is coupled to a unique address line permitting the FETs of a
primitive to be individually activated. When the primitive control line to
a primitive is active (primitive select line 404 in FIG. 4) and an address
line (406 in FIG. 4) to a FET gate in the same primitive is active, that
FET (402 in FIG. 4) will carry current through the corresponding heater
resistor (400 in FIG. 4), causing ink to be ejected from the print head.
The sequence of turning "on" and "off' the transistors is important. If a
transistor is "on" and conducting current, and thereafter the address line
on the gate is turned "off ' prior to the primitive control line being
turned "off' the transistor can be damaged by avalanche breakdown) as well
as other semiconductor failures. In the preferred embodiment, the address
line is turned "on" prior to the primitive control line being turned "on."
The address line should stay "on" until after the primitive control line
has been tamed off to avoid semiconductor failures. FIG 4 shows a single
FET switching device 402 of a "primitive" and which acts to control current
flow through a heater resistor 400 used to eject ink onto a print medium.
The FET 402 of FIG. 4 is but one transistor of several such devices that
make up a "primitive." Several such FETs would be coupled together sharing
a common ground and having their source coupled to V+ through a
corresponding heater resistor. The relative direction and/or source of
current through an FET is a design choice. Alternate embodiments would of
course include coupling the FET source directly to V+ with the FET drain
coupled to ground through the heater resistor. Still other embodiments
would include coupling the FET source to ground through the heater resistor
and coupling the FET drain to a negative-polarity voltage.   16 August 2002
8 The address lead 406 corresponds to (and is connected to) the FET gate.
In the embodiment shown, power is applied to the FET primitive select lead
404, which in turn is coiuiected to the FET through the heater resistor
400. The ground connection 403 provides the return path for current through
the FET 402 such that when the gate is active and power is applied to the
primitive select lead 404, current flows through the resistor, through the
FET to ground. Only when both the primitive select and the address line on
the gate are both active will the current flow through the resistor,
through the FET to ground. In a print head "primitive," which is a group of
FETs coupled to a primitive select lead 404 through separate heater
resistors 400 on the substrate, a11 of the FETs have power applied to them
simultaneously. The FETs in the group are all connected to the common
ground but each of the FETs in the group has its gate 406 coupled to an
address line. Individual FETs in a group or "primitive" can be fired
separately if the FET's primitive select lead 404 and gate 406 are active
at the same time. Accordingly, a combination of a primitive select Iead 404
and an address select lead (gate) 406 individually control each FET in a
matrix fashion. An ink jet print head can be made more reliable when the
several primitives on an ink jet print head substrate (which surround or
are proximate to an ink aperture) are organized into groups or clusters and
when these groups of primitives are addressed by electrically separate
address and primitive control lines. In the preferred embodiment, the
primitives on a substrate are divided in half along a line transverse to
the ink aperture. Primitives on one side of this line are addressed by one
address bus; primitives on the other side are addressed by a different
address bus. A fault on one address bus will therefore not affect
primitives controlled by the other address bus. Although the depiction of
FIG. 1 B shows only two primitives per region, alternate embodiments would
include virtually any number of primitives on a substrate. Moreover, the
primitives might be organized into more than two groups. Three or more
groups might be controlled by three electrically separate address busses.
Each primitive shown in FIG. 1 B (P 1 - P 1') includes a plurality of
heater resistors, also known in the art as drop generators D or D', and
associated multiplexing circuitry M or M') including the FETs described
above. The multiplexing circuitry receives signals from a 



16 August 2002 9 plurality of power or primitive select or primitive
control lines (not shown in FIG. 1 B) and address select lines A or A'. The
primitive control lines and the address lines together actuate the drop
generators D or D' by firing the FETs, the current of which acts to eject
droplets of ink during a printing operation. In order to properly activate
a particular drop generator, a combination of a primitive select lines and
an address select lines that is unique to that drop generator must be
activated. A primitive select line connects to the source/drain of each
transistor by way of the drop generator within the primitive associated
with the primitive select line. An address select line 32 or 32' connects
to the gate of one transistor in each of the primitives within region 30-1
or 30-2. It is well known in the art that the gate of an FET can control
when the device conducts. Alternate embodiments of the invention would
include using other types of threeterminal current switching elements
besides FETs including, but not limited to devices such as bi-polar
transistors, SCRs, TRIACs and the like. In the case of a bi-polar
transistor for example) controlling the base voltage would control when the
device conducts. FIG. 6A is a schematic plan view of a major surface of a
three-color print head. In operation, yellow, magenta and cyan inks would
flow upward, i.e. out of, the plane of the FIG. 6A through the ink
apertures 670, 672 and 674 into firing chambers (shown in FIG. 3)
distributed along both sides of the ink apertures G70, 672 and 674. Shaded,
rectangular areas on opposite sides of the ink apertures (602, 604, 606,
608, 6.10, 612, 614, 615, 616, 618, 620, and 622) denote primitives. (Not
shown in FIG. 6A, but existent in a preferred embodiment are twelve ( 12)
additional primitives, each of which is adjacent to the enumerated
primitives that are shown and the ink apertures, so as to provide a total
of 24 primitives on the substrate. Each of the ink apertures therefore has
eight primitives adjacent to it. Each of the eight primitives is comprised
of 18 transistors.) As shown, the ink aperture 670 has four primitives 602,
604, 615 and 616 that are located about the ink aperture 670. One
primitive, 615, schematically depicts the several FETs and heater resistors
connected to them) proximate to one end and adjacent to one side of the ink
aperture 670.   16 August 2002 10 Each of the FETs of the primitive 615 is
coupled to a ground bus 630 represented by a heavy line that can be seen on
each of the primitive areas shown in the figure (602, G04, 606, 608, 610,
G12, 614, 615, 616) 618, 620) and 622). A first address bus 640 is
comprised of several conductors (individual conductors not shown), at least
one of which is extended to each gate of each FET in the first set of
primitives shown (614, 61 S, 616, 618, G20, and 622) in the upper or top
portion of the substrate GOO shown in FIG. 6A. A second address bus G50 is
comprised of several conductors (individual conductors not shown) at least
one of which is extended to each gate of each FET in the primitives shown
(602) 604, 606, 608, 610, 612) of a second set of primitives along the
lower portion of the substrate 600 shown in FIG. 6A. The first and second
address busses 640 and 650 are electrically isolated from each other but
are accessible from the connectors 660 and 662 on the edges of the
substrate 600. In the preferred embodiment, each FET of a primitive has its
gate terminal coupled to an address line 642. There are therefore a number
of address lines "N" in an address bus 640, 650 that is equal to the number
of drop generators (and FETs) in each of the primitives shown (602, 604,
606, 608, 610, 612, 614, 615, 61 G, G 18, 620, and 622). The address lines
to the gates of the FETs of one set of primitives shown (602, 604, 606,
608, 610, 612) are electrically isolated from the gates of the FETs of the
other set of primitives shown (614, 615, 616, 618, 620, and 622). (In an
alternate embodiment, the two sets of address lines may be indirectly or
directly coupled together.) The FETs in any set of primitives will not fire
if those FETs are deactivated by their corresponding primitive control
lines, depicted in FIG. 6A as the "P" lines 690. The address lines are
therefore effectively multiplexed to reduce the number of address lines
needed to control numerous transistors in several primitives while allowing
for individual selectability (addressability) of the drop generators. The
only exception to this would be if one or more truncated primitives P (with
less than N drop generators) is utilized. During a printing operation, the
printing system cycles through the address lines such that only one of the
address lines A1 through AN is activated at a time. (See FIG. 6B.) Thus,
within a primitive, only one drop generator can be activated at a time.
However) all of the drop generators in the various primitives associated
with a particular address can be fired simultaneously.   16 August 2002
Referring back to FIG. 1 B, each of the two regions 30-1 and 30-2 has its
own set of separate address lines that control the firing of FETs in the
corresponding region and which are preferably electrically isolated from
each other so as avoid a fault on one line affecting a11 of the primitives
that it is connected to. Thus, region 30-1 has a first set of address lines
A 1, A2,...,AN, terminating on the substrate in a set of address pads 32.
Region 30-2 has a second set of addresses A 1',A2',.. .,AN', separate from
the first set and terminating in a separate set of address pads 32'. As
suggested earlier, one embodiment of print head 30 may be a combination of
a silicon substrate and a flexible substrate. In a first embodiment, the
address pads 32 represent flexible circuit connections that connect to
electronics in the printer assembly 14 when the print head assembly 16 is
installed into printer assembly 14. Alternatively, in a second embodiment,
the address pads 32 represent the bond pads on a silicon substrate.
Intermediary circuitry such as a flexible circuit can be used to connect
the bond pads to circuitry in printer assembly 14. One method for
connection to such bond pads is known in the art as TAB bonding, or tape
automated bonding. In a third embodiment, the number of addresses
A1,A2,...,AN in region 30-1 is equal to the number of addresses
A1',A2',...,AN' in region 30-2 (although alternate embodiments would
include using different numbers of address lines in each region.) In the
third embodiment) jumpers or conductive traces on print head 30 or a
flexible circuit attached to the print head 30 electrically connect the
address A1 to address A1') address A2 to address A2',...,address AN to AN',
etc. Thus, whenever address A is activated in section 30-1, a corresponding
address A' is activated in section 30-2. By providing these separate
connections for each address pair A and A', the crucial address connections
are maintained even if a connection to one of them is Lost. This assures
that the proper signals are provided to print head 30 even if one of the
address connections to print head 30 is lost. 



In a fourth embodiment, the addresses in the sections 30-1 and 30-2 are
electrically isolated. This allows the printer assembly to operate the
print head in two modes. The printer can activate pairs of addresses A and
A' simultaneously, allowing for a higher printer speed. One way to do this
is might include having the printer assembly circuitry   16 August 2002 12
electrically couple the address lines in pairs. Alternatively, the printer
can operate the addresses A and A' independently while combining primitives
between region 30-1 and 302 in pairs. This lowers printer cost, but
sacrifices speed. An exemplary inkjet printing apparatus, a printer 101,
that may employ the present invention is shown in outline form in the
isometric drawing of FIG. 2A. Printing devices such as graphics plotters,
copiers, and facsimile machines may also profitably employ the present
invention. A printer housing 103 contains a printing platen to which an
input print medium 10S, such as paper, is transported by mechanisms that
are known in the art. A carriage within the printer 1 O1 holds one or a set
of individual print cartridges capable of ejecting ink drops of black or
color ink. Alternative embodiments can include a semipermanent print head
mechanism that is sporadically replenished from one or more
fluidically-coupled off axis ink reservoirs, or a single print cartridge
having two or more colors of ink available within the print cartridge and
ink ejecting nozzles designated for each color, or a single color print
cartridge or print mechanism; the present invention is applicable to a
print head employed by at least these alternatives. A carriage 109, which
may be employed in the present invention and mounts two print cartridges
110 and 111, is illustrated in FIG. 2B. The carriage 109 is typically
supported by a slide bar or similar mechanism within the printer and
physically propelled along the slide bar to allow the carriage 109 to be
translationally reciprocated or scanned back and forth across the print
medium 105. The scan axis, X, is indicated by an arrow in FIG. 2A. As the
carriage 109 scans, ink drops are selectively ejected from the print heads
of the set of print cartridges 110 and 111 onto the medium 105 in
predetermined print swatch patterns, forming images or alphanumeric
characters using dot matrix manipulation. Conventionally, the dot matrix
manipulation is determined by a user's computer (not shown) and
instructions are transmitted to a microprocessor-based, electronic
controller within the printer 101. Other techniques of dot matrix
manipulation are accomplished by the computer's rasterizing the data then
sending the rasterized data as well as print commands to the printer. The
printer interprets the commands and rasterized information to determine
which drop generators to fire.   16 August 2002 13 As can be seen in FIG.
2C, a single medium sheet is advanced from an input tray into a printer
print area beneath the print heads by a medium advancing mechanism
including a roller 207, a platen motor 209, and traction devices (not
shown). In a preferred embodiment, the inkjet print cartridges 110, 111 are
incrementally drawn across the medium 105 on the platen by a carriage motor
211 in the X direction, perpendicular to the Y direction of entry of the
medium. The platen motor 209 and the carriage motor 211 are typically under
the control of a media and cartridge position controller 213. An example of
such positioning and control apparatus may be found described in U.S.
Patent No. 5,070,410 "Apparatus and Method Using a Combined Read/Write Head
for Processing and Storing Read Signals and for Providing Firing Signals to
Thermally Actuated Ink Ejection Elements". Thus, the medium 105 is
positioned in a location so that the print cartridges 110 and 111 may eject
drops of ink to place dots on the medium as required by the data that is
input to a drop firing controller 215 and power supply 2 17 of the printer.
These dots of ink are formed from the ink drops expelled from the selected
orifices in the print head in a band parallel to the scan direction as the
print cartridges 110 and 111 are translated across the medium by the
carriage motor 211. When the print cartridges 110 and 111 reach the end of
their travel at an end of a print swath on the medium 105, the medium is
conventionally incrementally advanced by the position controller 213 and
the platen motor 209. Once the print camidges have reached the end of their
traverse in the X direction on the slide bar, they are either returned back
along the support mechanism while continuing to print or returned without
printing. The medium may be advanced by an incremental amount equivalent to
the width of the ink ejecting portion of the print head or some fraction
thereof related to the spacing between the nozzles. Control of the medium)
positioning of the print cartridge, and selection of the correct ink
ejectors for creation of an ink image or character is determined by the
position controller 213. The controller may be implemented in a
conventional electronic hardware configuration and provided operating
instructions from conventional memory 216. Once printing of the medium is
complete, the medium is ejected into an output tray of the printer for user
removal. A single example of an ink drop generator found within a print
head is illustrated in the magnified isometric cross section of FIG. 3. As
depicted, the drop generator comprises   16 August 2002 14 a nozzle, a
firing chamber) and an ink ejector. Alternative employ more than one
coordinated nozzle, firing chamber, generator is fluidically coupled to a
source of ink. In FIG. 3, the preferred embodiment of an ink firi
correspondence with a nozzle 303 and a segmented heater Many independent
nozzles are typically arranged in a pred~ plate 30S so that the ink drops
are expelled in a controlled ~ is maintained in a position which is
parallel to the plane of plate. The heater resistors are selected for
activation in a p input from an external computer or other data source
coupl .ments of a drop generator ink ejectors. The drop chamber 301 is
shown in or firing resistor 309. 



pattern on the orifice Generally) the medium external surface of the
orifice that involves the data to the printer in association with the drop
firing controller 215 and power supply 217. I is supplied to the firing
chaJnber 30I via opening 307 to replenish ink that has been expelled from
orifice 303 following the creation of an ink vapor bubble by heat energ
released from the segmented heater resistor 309. The ink firing chamber 301
is bounded ~by walls created by the orifice plate 30S, a layered
semiconductor substrate 313, and barri embodiment, fluid ink stored in a
reservoir of the cartridge to fill the firing chamber 301. A more-reliable
ink jet print head of the present iw supports heater resistors that provide
heat pulses for ejectir As depicted schematically by Fig. 4, each heater
resistor 4( separate switching device 402, which is preferably a field E
switching device 402 has a primitive select lead 404 for tra select lead
406 for opening and closing the switching devic allow current to flow
through the resistor 400. Thus, in orc 400, the particular resistor's
associated switching device 4( 404 and address lead 406 active
concurrently. In the print head of the present invention, the resi to the
resistors are arranged into groupings called primiti on each substrate.
Each primitive has a separate single layer 315. In a preferred ing flows by
capillary force ition includes a substrate that droplets of ink onto a
medium. is individually controlled by a :ect transistor, or FET. Each
emitting power, and an address 402 through the FET gate to r to heat a
particular resistor must have its primitive lead and associated FETs
coupled There are several primitives itive select lead that provides power
to all of the resistors in the primitive. Each primitiv~ has a ground lead
coupled to   16 August 2002 15 the ground connections of every switching
device in the primitive. To reduce the required number of connections
required to connect to the substrate, the same ground lead can be cbupled
to multiple primitives. Each switching device (FET or other transistor
device) within a particular primitive 



is coupled to an independent or separately energizable address select lead.
During operation, the address leads are actuated one at a time in a
sequence such that only a single switching device in a primitive is
actuated at a time. To reduce the required number of connections to the
substrate, address lines are shared between primitives. The substrate of
the present invention is divided into various topographic regions that each
contain at least one primitive. Within each region, the address lines are
shared; each primitive has its own unique primitive select Iine. Alternate
embodiments however might provide each region on the die with its own
separate set of address lines. A schematic diagram of the present invention
is illustrated in FIG. SA. A substrate 500 has three ink feed slots or ink
apertures 502 through which ink from an ink reservoir feeds to firing
resistors adjacent to the feed slots. Alternate embodiments would include
substrates providing only a single-color aperture or other colors as well.
There are three ink feed slots, one slot 502Y providing yellow, one slot
502M providing magenta, and one slot 502C providing cyan ink to the
resistors. (The yellow feed slot 502Y, shown greatly enlarged along with a
few firing resistors numbered 1-5, is depicted in FIG. SB) The resistors
are arranged into 24 primitives along the feed slots 502, indicated in the
figure by the numbers 1-24. For example, along the ink feed slot providing
yellow irtk, primitives 2, 4) 6, and 8 are arranged along one side of the
feed slot, and primitives 1, 3, 5, and 7 are arranged along an opposing
edge of the feed slot 502Y. In the preferred embodiment, each primitive
includes 18 firing resistors (with each coupled to a separate
current-controlling FET) .with a single primitive select line shared
between the 18 resistors within each primitive. Alternate embodiments would
of course include larger as well as smaller numbers of firing resistors and
transistors per primitive. Thus) for the substrate of the present
invention, there are 24 independent primitive select lines PS 1 to PS24
(only PS4 and PS2 shown) corresponding to the 24 primitives.   I6 August
2002 16 Each primitive select line routes to a connector pad located along
one of two outer edges 504N or 504S of the substrate. In order for each
resistor within a particular primitive to'be separately energized, each
resistor is connected to a current-controlling transistor, each having a
separate address line (not shown). During a printing operation, the printer
cycles through the addresses as depicted in FIG. 6B such that only a single
one of the 18 firing resistors within a particular primitive is operated at
a time, i.e. sequentially. However, resistors in different primitives may
be operated simultaneously. For this reason, and to minimize a number of
contacts required, primitives share address lines. Thus, for a given set of
primitives sharing address lines, there are 18 address lines to allow for
independent operation of addresses for a particular primitive. To improve
reliability and to allow multiple modes of operation, the primitives of the
substrate are segregated into groups. One group of primitives is addressed
by a first set of address lines for the primitives in the group. A second
group of primitives is addressed by a separate set of address lines for the
second group. The two groups of primitives are divided into regions that
are designated as north SOON and south 500S for purposes of identification.
In this example, half of the primitives are contained in region 500N
closest to substrate edge 504N. The other half of the primitives are
contained in region 500S closest to the substrate edge 504S. Alternate
embodiments include dividing the primitives in uneven groups spread across
the substrate in any ratio. One set of 18 address select lines, referred to
as A1N, A2N,...,A18N, provide address select signals to the switching
devices in the region SOON. Another set of 18 address select lines,
referred to as A1S, A2S, ...A185 provide address select signals to the
switching devices in the region 504S. Providing separate north and south
(or upper and lower) address leads to the transistors in the primitives in
the north and south regions provides several benefits. First, the
susceptibility to losing an address connection is reduced by one half.
Second, by having independent sets of address leads for the separate groups
of primitives, multiple firing modes are enabled for the same print head.
As discussed before, print heads are operated by   16 August 2002 17
cycling tluough address lines as is indicated by Fig. 6B. By having north
and south primitives, the print head can be operated as having either 24 or
having 12 primitives. ' Address pairs of the north and south groups can be
eletrically or functionally "tied" together by appropriate circuitry so
that combinations of transistors in any combination of groups can be fired
together. In one such embodiment, each time a particular north address is
activated (for example A 1 N), the corresponding south address is
simultaneously activated (for example, A 1 S). This can be done by making A
1 N electrically common with A 1 S, A2N electrically common with A2S, etc.
using any appropriate circuitry. This allows for higher speed or higher
frequency printing, because it takes less time to cycle through the
addresses (again view FIG. 6B). On the other hand, the print head can also
be operated as having 12 primitives. This can be done by serially cycling
through all of the south addresses and then a11 of the north addresses.
Although slower, this provides the opportunity to make pairs of primitive
select lines electrically common but keeping the address lines electrically
isolated. This reduces the cost of the switching electronics required to
energize the primitives, reducing the cost of the printing system.  



16 August 2002 g 18 5 1. A ~ (1~ a ~~r (~A~, ~la; i~t and smaond sets Of
olea~l~ly ~SV~at~d.a~s 1~~.(a~a~, ~v3 err ~~ a haaa (~4)) said ~t and
s~co~aa of al~_ guy isoa~~ras odd of a plurality of adds lh~; a pit ~.~ (1
~: amd to a r~aal~,u(1~ ~: a e~, Q13) 510) due) t~~h wl~iah axe a.flulcl
(5, Ef'91i) ~ d'~) osaal ea w~m~ fe a t v (1-4) 9-l~) 17-~D, 6I4) 115)
6'1~, 61~, f~0, 8,~, sadd i: ~ oompn~e~t mf a l~c sst of erl~ 15 lees f, a
fist mdm~l (4dDl~ of eaiah for davi~ crf sit set of ~-a113 tra~iabor
devices being coupled to a pted~ adds line of said first sot of address
lines (640); and a seoc~a~d primitive (5-8,13-16, 21-24) 602, 604; 606,
6U8, 6I0, 612), said sad p~ittv berg comprised of a second sot of
curreat-oorttraving 20 her ale, a it t~ of sash :,ramsls~tor de~ri~ of said
said set ef am~~n~ gistr gees 6e~ eou~t~rd to a pr~Ite~asd a$ds li8e
of'soid seeencl set of all~ea (6d0, said ilr$t aad s~oa~d s~ of addt~ lymsa
he~~g a~le$l~r isoiatmal ~c~ sash over; said morttxo~ar be~8 con~ble to
oprata and control said first and second 25 sets of addrea~s lins in a
first mode wherein piedte~~aed ones of mid flit set of address lines era
electrically coupled to correspon~lin8 predebannined ones of said second
set of adc~re~ lines and in a second mode wherein predterinind ones of said
first set of address lines is electrically isolated from said second set of
address lines, whereby each tra~istor in said f r9t prirnitive and each
tr~tsistoc in said second 30 primitive can be selectively activated by way
of control signals on said first and second sets of address lines in each
of said first and second modes.   18a 16 August 2002 2. A fluid ~jct~ion
device (16, 30) coining: 



a s~~xlast~ate (313, S00, 600) including a first regiop (SOON and a scond
regin 5 (5000; a flit set of primitives (1-4, 9-12, 17-20, 614, 615, 616,
618, 620, 622) within said first region and a second set of primitives
(5-8, 13-16, 21-24, 602, 604, 606, 608, 6l0, 612) electrically isolated
from said first set of primitives, within said second region, ouch
primitive of said first and second sets of primitives having a plurality of
10 electrically isolated resistors (1-5, 309, 400) and associated
multiplexing circuitry (M, M'), the multiplexing circuitry directing
electrical current through the resistors, hue' fl~.d is iected by the
resistors; and a first set of address conductors (640) electrically coupled
only to the multiplexing circuitry in the first region and a second set of
address conductors (6S0) 15 electrically coupled only to the multiplexing
circuitry in the second region, said first and second sets of address
conductors extending to first and second sets of contacts pads (32) on said
substrate. 3. A fluid ejection device (16,30) comprising: 20 a substrate
(30, 313, 500, 600) through which extends a fluid feed aperture (S02, 670,
672, 674); a first primitive (1-4, 9-12, 17-20, 614, 615, 616, 618, 620,
622) formed onto the substrate, the first primitive having a first set of
current-controlling transistors (402), a first terminal of each transistor
of said first set being coupled 25 to at least one address line in a first
set of address lines (640); a second primitive (5-8, 13-16, 21-24, 602,
604, 606, 608, 610, 612) formed onto the substrate, said second primitive
having a second set of current controlling transistors (402), a first
terminal of each transistor of said second set being coupled to at least
one address line in a second set of address lines (650), 30 said second set
of address lines being electrically isolated from said first set of 



address lines; whereby each transistor in said first primitive can be
activated independently of each transistor in that said second primitive by
way of control signals on at least one address line of said first and
second set of address lines. 35   1~ 16 August 2002 4. A fat (16,1 l~,11 i)
Wig: a ~~id ~i~ std a ~D, ~ 1 ~) , Q00) 1~: s d ~~t, 6, ~') tip) ~ vh ~t~aa
a 5 . flwld reaer~~r ~ a y of did ol'a<~~ts (L.S) Q09, 400), a P~of
ttfivae, ~h of wldoh is pl~r~taflY sa~~ucemt to'ae~d fluid oa seta! e~b~r~"
sit pl~aa~t~y ofwas bed s~ativ~dacl ~to: a i~st sat c~'pt~p~i(1-4) !-12)
1?-Z~, 6t4, dlS, 6l6, 618, 620, d32 ~soh paws mlaald i~t ~bset of prl~idvas
bai~g IO oasd of a sat aft~.aa~~ ors (402), a 1~ bah;,,, of c~h tco~al~~ag
i~amr f~tag ool to an aaaool~d fluid adsmsZtt (1-s, , ) a seomnd fat of sad
bed $~d fi d end ~tra dal dal of sash her bad oto a prsctd adds lies in a
first salt of adds lfiums 1S (640); a second subset of primltive9
(5-8,13l6, 21-24) 602) 604, 606, 608, 6l0, 612), oaolz prim~tivs of said
scond subset of pri~mltivss big coa~pr~d of a set of cun~ttrcontrolli~ng
traagiston~ (402), a 8sst t~,t~al of sash currsut-con t~istor bafn~g
couplacl co a-n assnd ~,tfd 20 slst (1-S) 3~, 4~), a stead ~1 of eat
t~svtor berg ct~3ad to grouad asd ~ end ~ of easb traaais~r bmling
co~tglacl to a aed s lip la a secoad sat of addt~s lips (63C1), said first
set of liaes beln~g electrically isolated i~om said scond set of address
liaes. 25 5. A printing system ( 10) comprising: a fluid ejection device
(16, 30) having: 



a substrate (30) 313, 500, 600) including a.first region (SOON and a second
region (300S)) 30 a first set of primitives (1-4, 9-12) 17-20) 6l4, 6l5,
616, 618, 620, 622) within said First region and a second set of primitives
(5-8, 13-16, 21-24, 602, 604) 606, 608, 610, 612) electrically isolated
from said first   19 16 August 2002 set of prtn~itiv~s, within said acorid
re~i~on, ee~ch pri~it~ve of said fist and eaoond swts of primitives havi~ a
p~lura~lity of electricaJiy isoi~~d 5 resistors arid associated
multiplexxing circuitry (M, M'), the multiply circuitry directing
electrical current through the resistors, y~ar~n yc~~d by the rsssetors)
and a first set of address conductors (640) electrically coupled only to
the multiplexing circuitry in the first region and a second set of address
10 conductors (6S0) electrically coupled only to the multiplexing circuitry
in the second region, said first and second sets of address conductors
extending to first and second sets of contacts pads (32) on said substrate;
and a controller (20) operating the first and second set of address lines
and having: 15 a first mode wherein predetermined ones of said first set of
address lines are electrically coupled to corresponding predetermined ones
of said second set of address lines, and a second mode wherein
predetermined ones of said first set of address lines is electrically
isolated from said second set of address lines; 20 whereby each transistor
in said first primitive and each transistor in said second primitive can be
selectively activated by way of control signals on said first and second 



sets of address lines in each of said first and second modes. 6. A printer
(101) comprising: 25 a controller (20); a print media transport (18); a
print head assembly ( 16) comprised of a substrate (30, 313, 500, 600)
through which extends a fluid aperture (502, 670, 672, 674) and on which is
foamed: 30 a first primitive (1-4, 9-12, 17-20, 614, 615, 616, 618, 620,
622), said first primitive being comprised of a first set of
current-controlling transistors, a first terminal of each transistor of
said first set being coupled to at least one address line in a first set of
address lines (640); a second primitive (5-8, 13-16, 21-24, 602, 604, 606,
608, 610, 612), 35 electrically isolated from said first primitive, said
second primitive being   16 August 2002 c~~ a seated eat o~f iaita  y ef
sand tsls~ ~' ~s~s 1aad t~ a~ ~ lllae is a sod of atld~s lams ~d~ emd pct
crg~s 1l~ a~~ l~ab~ad ~ a a~ off,' ; 5 ~r ~h r ~ said lit ws r~ be acted
~den~y of ~h star in i~t aafd sacoad pr~tive by way of ooatsol eis on at
leapt one edd~as 1~ of said lift aad seooad set of address lit~s~. 7. 'Ths
app of ct~ms 1, 3 or 6 a numbr of Qurcos 10 traastsbsra a~f eald ~t we amcl
a t~umb~ of c~~aa~.oont,~all~ ors of seed sitiva eso ~ ~. g. Tlre
apparratus of elai~a 2, 4 or 5 vvlte~in a numsbar of p~d~iws of said it set
of pr~ig~ is t From a mmaber of prhmitiva of said se~ad st of 15 ~~. The
apparatus of claim 1, 3 or 6 flu~thr oomprisiag at least a ttrird picas)
comprised of a third set of Gur~contmlling transistors, a first temoinal of
r of mid tg~ird set of transletor9 boi~g coupled to at least ogs addr~,s
line of 



20 either of said first or seooad seta of ~ ll~s. 10. The apparatus of
claim 1, 3 or 6 vvh~eia a 8cst transistor in maid first set of
curreat-controlling tra~i8tors and a saoond tr~istor in said second set of
current controlling transistors are fird subally simultaneously. 25 11. The
apparatus of claim 1, 3 or 6 wherein a first transistor in said fast set of
current-controlling transistors and a second transistor in said second set
of current controlling transistors are fired sequentially. 30   lib 16
August 2002 la. ~ err. ~ ~o): a ~(~1~) d'~o, d~'Z, i"li) tea (~, 3 i 3)
~01~, ~~ ms's (1-4) i.12) 1'~~0, 61~) 613, i16, Ql~, ~~dl, ) S . of a t smt
bf t leg ~ () oa said eobst~abm; oowa ~imu~l (4A~ of ~h tranalsoor of said
Brat amt rto at Lead o~ adds lf~e la ~ fist amt o~add~ lfrtse (6~1); ~ m
~aued d~~ (5-~ 13-16, 21-2a, 60~, 6Q~, i06) 608, 610, sly) of a eaoond spot
arf vm~d ~g ~s E02) on sadd ~; 10 g m 8xat ~ (d8~ o~e~h star of seld emoand
~t ~ nt least one adds ~ a ammomd sot of adds yes (); many isarl~l~m~g std
std smt c~'add~s lea l~o~ s~dd t s~ of ld~ such pmt emah isbor to said i~t
p~3tivc oar bs amt~ed v! oa nt least o~ a~ddrmas i'i~s of said ~t au~d
smaond sues of addtmss lf~s. 
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