
;e3eG"G4 :!"6<"T"\e*10 June 2004 FLUID EJECTION DEVICE WITH DR1VE CIRCUITRY
PROXIMATE TO HEATING ELEMENT FIELD OF THE INVENTION The present invention
relates to fluid ejection devices sad) more particularly, to proximate
positioning of drive circuitry with respect to heating elements of fluid
ejection devices. BACKGROUND OF THE INVENTION In a printhead of as ink jet
printer, a drive babble is formed with head fluid or ink that causes a
droplet of fluid to be ejected from a nozzle or orifice of a printhead
towards the media The fluid is heated by resistors that are activated in
response to associated transistors. The resistors and transistors are often
formed over a silicon substrate. In some MOS transistors that may 6e used
to fire a resistor, polycrystalline silicon, also known as polysilicon, is
layered over the thermal isolation undarlayer and is used as a high
resistance) not quite insulating, conductor that acts as the gate of the
transistor. When current is passed through the transistor gate, an electric
field is established which "opens" the flow of electrons between the source
and the drain of the transistor, establishing a circuit. When current is
fumed off to the transistor gate, the electron flow stops) nursing off the
transistor. A very thin thermal isolation underlayer, for example a silicon
oxide layer) is often applied to the silicon substrate of the printhtad,
lying between the heating resistors and the silicon substrate. The
underlayer protects the silicon substrate during the firing pulse of the
resistor. Because the thermal isolation underlayer is   2 10 June 2004
often very thin, an electric field generated by the gate can influence the
movement of the electrons in the transistor. Often, the drive transistors
have been located a distance from the resistors to protect the transistors
from being exposed frequently to high heat, and thus shortening the
operating lives of the transistors. Another reason for the distance between
the transistors and resistors may be to minimize the mechanical pounding of
the drive transistors by the explosions of the fluid bubbles when the fluid
is heated. DISCLOSURE OF THE INVENTION A fluid ejection device or
printhead, and a method of forming such devices, are described. In one
embodiment, the printhead includes a firing chamber from which heated fluid
is ejected. The printhead also includes a resistor that heats fluid in the
firing chamber, the resistor formed in a substrate underlying the firing
chamber. The printhead further includes a transistor electrically coupled
with the resistor, the transistor also formed in the substrate. The
transistor is positioned proximate to the resistor and at a distance within
60 microns thereof. The substrate has a width that corresponds to the
distance between the resistor and the transistor. BRIEF DESCRIPTION OF THE
DRAWINGS The advantages and features of the disclosed invention will
readily be appreciated by persons skilled in the art from the following
detailed description when read in conjunction with the drawing wherein:
FIG. 1 is an unscaled schematic top plan view illustration of the layout of
an ink jet printhead that employs an embodiment of the present invention.
FIG. 2 is a schematic, partially broken away perspective view of the ink
jet 



printhead of FIG. 1. FIG. 3 is an unscaled schematic partial top plan
illustration of the ink jet printhead of FIG. 1. FIG. 4 is a partial top
plan view generally illustrating a first embodiment of the layout of an FET
drive circuit array and an associated ground bus taken fi om section 4 of
the printhead of FIG. 1.   10 June 2004 2a FIG. 4A is a partial top plan
view generally illustrating a second embodiment of the layout of an FET
drive circuit array and an associated ground bus taken from section 4 of
the printhead of FIG. 1. FIG. 4B is a partial top plan view generally
illustrating a third embodiment the layout of an FET drive circuit array
and an associated ground bus taken from section 4 of the printhead of FIG.
1. FIG. 5 is an electrical circuit schematic depicting the electrical
connections of a heater resistor and an FET drive circuit of the printhead
of FIG. 1.   10 June 2004 FIG. 6 is a plan view of rapretive FBT drive
circuits sad the associated ground bus of the first embodiment of thtt d of
FIG. l . FIG. 6A is a plan vicar of represeatativa F$T drive cirettita and
the associated ground bus of the second embodiment of the printhead of FIG.
1. FIG. 6B is a plan view of representative FB'T drive circuits and the
associated ground bus of the third embodiment of the printhead of FIG.1.
FIG. 7 is an elevational cross sectional view of a reprtaemative FET drive
circuit of the printhead of FIG.1. FIG. $ is a plan view of plea view
depicting an illustiativa itnple~m~rtation of an FET drive circuit array
associated ground bus of the pda~ed of FIG.1. FIG. 9 is an tmsscaled c
p~a~vc view of a is which one embodiment of the printhead of the invention
can be employed.  DflTAILBD DESGR>PTI0~1 In the following detailed
description and in ~e several figures of the drawing, like elements are
identified with like reference numerals. Referring now to FIGS. 1 and 2)
schematically illustrated therein is an uascaled schematic perspective view
of an ink jet prirrthead (or fluid ejection device or replaceable minter
componnat) is which the invention can bo employed ~d which genaally inchxka
(a) a thin fihwsubsttuan~e or die 11 compsisiag a substrate such as silicon
sad having various thin film layers fomsed thereon) (b) an ink barrier
layer 12 diaposod on the thin 81m substructure 11, and (c) an orifice or
nozzle plate i3 laminarly attached to the top of the ink barrier 12. The
thin film substructure 11 is formed pursuant to conventional integrated
circuit techaiquea, cad includes thin film heater rasiators Sb fomaed
thcren. The ink barrier layer 12 is formed of a dry film that is heat and
pressure laminatal to the thin film substructure 11 and photodefined to
form therein ink chambers 19 and ink channels 29 which are disposed over
resistor regions in which the heater resistors are formed. Gold bonding
pads 74 engaglabie for external electrical connections sre disposed at
longitudinally spaced apart) opposite ends of the thin film substructure 11
and are not covered by the ink barrier Layer 12. By way of illustrative
example) the   4 10 June 2004 



barrier layer material comprises an acrytate based photopolymer dry 51m
such as the "Pared" brand photopolymer dry 81m obtainable from E.I. duPont
de Nemours and Company of Wilmington, Delaware. Similar dry films include
other duPont products such as the "Riston" bread dry 81m and dry films made
by other chemical providers. The orifice plate 13 comprises) for example) a
planar substrate comprised of a polymer material and in which the orifices
are formed by laser ablation, for example as disclosed in commonly assigned
U.S. Patent 5,469,199, incorporated herein by reference. The orifice plate
can also comprise a plated metal such as nickel As depicted in FIG. 3) the
ink chambers 19 in the ink barrier layer 12 are more particularly disposed
over respective ink firing resistors 56, and each ink Chamber 19 is defined
by interconnected edges or walls of a chamber opening formed is the barrier
layer 12. The inlc channels 29 are defined by further openings formed in
the barrier layer 12, and era integrally joined to respective ink or fluid
firing chambers 19. FIGS. 1) 2 and 3 illustrate by way of example a slot
fed  jet printhead wherein the ink channels open towards an edge formed by
an ink feed slot in the thin 81m substructure, whereby the edge of the ink
fed slot forms a feed edge. The orifice plate 13 includes orifices or
nozzles 21 disposed over respective ink chambers 19, such that each ink
firing resistor 56, an associated ink chamber 19, and as associated orifice
21 are aligned and form as ink drop generator 40. While the disclosed
priathead has been described as having a barrier layer sad a separate
orifice plate, it should be appreciated that the invention can be
implomented in printheada having an integral barrier/orifice structure that
can be made using a single photvpolymc. layer that is exposed with a
multiple exposure process and then developed. ' The ink drop generators 40
are arranged in three columnar arrays or groups 61, 62) 63 that are spaced
apart from each other transversely relative to a reference axis L. The
heater resistors 56 of each ink drop generator group are generally aligned
with the reference axis L and have a predetermined center to center spacing
or nozzle pitch P along the reference axis L. By way of illustrative
example) the thin film substructure is rectangular and opposite edges 51,
52 thereof arc longitudinal edges of the length dimension while
longitudinally spaced apart, opposite edges 53, 54 are of the width   10
June 2004 dimension which is less than the length dimension of the
printhead. The longitudinal extent of the thin film substructure is along
the edges 51, 52 which can be parallel to the reference axis L. In use) the
reference axis L can be aligned with what is generally referred to as the
media advance axis. While the ink drop generators 40 of each ink drop
genenttor group are illustrated as being substantially collinear) it should
be appreciated that some of the ink drop generators 40 of an ink drop
generator group can be slightly off the center line of the column, for
example to compensate for Bring delays. Insofar as each of the ink drop
generators 40 includes a heater resistor 56, the heater resistors are
accordingly arranged in groups or arrays that correspond to the ink drop
generators For convenience the heater testator arrays or groups will be
referred to by the same reference members 61, 62) 63. The this film
substructure 1 i~ of the printhead of FIGS. 1, 2 and 3 mono particularly
includes ink feed slots 71) 72) 73 that are aligned with the reference axis
L, sad are spaced apart from each other transversely relative to a
reference axis L. The ink feed slots 71, 72, 73 respectively feed the ink
drop generator groups 61, 62, 63) and by way of illustrative example are
located on the same side of the ink drop generator groups that they
respectively feed. By way of illustrative example) each of the ink feed
slots provides ink of a different color, arch as cyan) yellow sad magenta.
The thin film substructure 11 further includes drive transistor circuit
arrays 81, 82, 83 formed in the thin film substructure I I sad located
adjacent rva ink drop generaoor groups (61) 62, 63). Each drive circuit
array (81) 82, 83) includes a plurality of FET drive circuits 85 connected
to respxtive hearse resistors 56. Associated with each drive circuit array
(81, 82, 83) is a ground bus (I81, 182, 183) to which the source terminals
of all of the FET drive circuits 85 of the adjacent drive circuit array
(81, 82, 83) are electrically connected. Each ground bus (181) i82, i83) is
electrically interconnected to at Least one bond pad 74 at one end of the
printhead structure and to at least one contact pad 74 at the other end of
the printhead structure. As schematically shown in FIG. 5, the drain
terminal of each FET circuit 85 is electrically connected to one terminal
of the adjacent heater resistor 56 which receives at its other terminal an
appropriate ink firing primitive select signal PS via a   10 June 2004
conductive trace 86 that is routed to a contact pad 74 at one and of the
printhead structure. The conductive tracos 86 concise, for Gxaatpl~ traces
in a gold metallization layer 202 (FIG. ~ that would be above sad
dielectrically separated from the matallizatioa layer in which the ground
busses 181, 182) 183 era formed. l7ie conductive traces 86 are electrically
connected to the heater resistors 56 by conductive vies 200 and metal
traces 57 (FIG. ~ formed in the same metallization layer as the ground
busses 181) 182, 183. Also) the conductive trace 86 for a particular heat
resistor can be generally routed to a bond pad 74 on the and that is
closest to that heater resistor. Conductive via 200) as shows in Fig. 5) is
the contact betvraen the gold metallization layer 202 and the motel' fracas
57. In ~oiie embodiment, print commands are cant throb ol~ttioal signets to
the drive circuitary 85 of an associ~d heating resistor 56. The heating
resistor is fired and heated fluid is eyaxed from the firing chamber in
response to the printing command The second embodiment of the ion is
illustrated in FIGs. 4A ~d 6A. As compared with the first embodiment shown
in FIGS. 4 sad 6) the width of the drive circuitry or transistor 85 is
extended in a direction towards the resistors 56 or drop generators 61. In
one embodiment, the transistor 85 is extended between the gold
metallization layer 202 and the metal trace 57. As shown in FIG. 6A) the
transistor is moved towards the resistor such that the conductive via 200
is positioned at least partially over an area of the traasiator. As
compared with the first embodiment shown in FIG. 6, the distance between
the conductive via and the resistor remains substantially the same in these
two rmbodimeats. 



In one embodiment, the width of the polysilicon gate 91 is increased. In a
particular embodiment) the increased gate width creates less heat sad/or
renders a smaller resistance over the whole transistor 85 as compared with
the structure of FIG. 6. In the embodiment shown in FIG. 6A, there are no
contacts of the transistor 85 that extend under the conductive via 200. In
the extended area of the transistor) there is a first aria under the
conductive via 200) and a second area. Contacts do not extend in the first
area) and do extend in the second area) in this embodiment. In one   10
June 2004 embodiment) high transistor e~ciency is attainable oven without
contacts in the first In one embodiment, at least part of the drive
circuitry (or transistor) of the heating element (or resistor) is
positioned proximate to and within 60 microns of the heating element. Edges
of the drive circuitry 85 is positioned in a range of 1 to 60 microns from
edges of the heating element or resistor 56. In a particular embodiment)
the drive circuitry is positioned between about 1 aid 30 microns from the
heating element. In a more particular embodiment) the drive ciratitry is
positioned aboirt 5 microns from the heating element. In one embodiment) as
shown in FIG. 4A, each fluid heating res;ato~ is arranged is s std fashion
along the substrate In this ambodime~) the distance "d" between each
resistor and its respective transistor ra~maina is the range of from about
1 to about 60 microns. In another ambodiaumt, the resistor are in a
substantially straight row. The third embodiment of the present invention
is illustrated in FI(is, 48 sad tB. The third embodiment is substantially
similar to the second embodiment) except as described herein. As compari
with the first embodiment shown in FIGs. 4 and 6, the drive circuitry or
transistor 85 is shifted in a direction towards the resistors 56 or drop
generators 61. In one embodiment, the width of the transistor 85 may
increase. The distance batRrear the edges of the ink drop generator and the
transistor is the same as for the second embodiment described above. In one
embodiment) the polyailicon gate is shifted towards the resistor. As shown
in FIG. 6B) the transistor is moved towards the resistor such that the
conductive via~200 is positioned at Icast partially over an area of the
transistor. As compared with the first embodiment shown in FIG. 6, the
distance batwaert the conductive via and the resistor remains substantially
the same in each embodiment. In the embodiment of FIG. tB) the substrate or
die 11 of the printhead is capable of being reduced in width substantially
the same distance that the transistor 8S of the die is shifted towards its
respective resistor, In another mnbodixaent) the din is capable of being
reduced substantially more in width when each of the transistors 85 of
drive circuitry arrays 8 i, 82, 83 of FTG. 1 are shined towards their
respective   8 10 June 2004 resistors. Because the priathead die is a
relatively expensive part of the printhead) saving material in the
manufacture is a great colt saving:. Depending upon implementation, the
heater resistors 56 of a particular ink drop generator group (61, 62, 63)
can be arranged is a plurality of primitive groups) wherein the ink drop
generators of a particular primitive are switchably coupled in parallel to
the same ink firing primitive select signal) as for example disclosed in
commonly assigned U. S. Patents 5,604,519; 5,638,101; and 3,568,171,
incorporated herein by reference. 'The source terminal of tech of the FET
drive circuits is electrically connected to as adjacent associated ground
bus (181) 18Z,183). For ease of reference the conductive traces including
tlxe conductive trace 86 and the gcoimd bun that elec4rically connect a
heater rexiator 35 and an associated F8T drive circuit 85 to bond pads 74
are collectively neferced to as power traces. Also for ease of r~farance,
the eondstetive fracas 86 esa be nfmraed to as to the high side or noshes
power traces. Ge~aUy, the parasitic resistance (or on-resistance) of each
of the F8T drive circuits 85 is configured to compensate for the variation
in the parasitic resistance presented to the different FET drive circuits
85 by the parasitic path formal by the power traces) so as to reduce the
variation in the ~r pmvided to the heater resistors. In particular) the
power traces foam a parasitic path.that presents a parasitic resistance to
the FET circuits that varies with location mr the path) sad the parastic
r~ist~ce of each of the FET drive circuit: 85 is selected so that the
combinati~ of the parasitic resistance of each FET drive circuit 85 sad the
parasitic resistance of the power traces as presented to the FET drive
circuit vales only slightly from one ink drop generator t6 another. Insofar
as the heater resistors 56 are all of substantially the same resistance,
the parasitic resistance of each FET drive circuit 85 is thus configured to
compensate for the variation of the parasitic resistance of the associated
power traces as presented to the different FET drive circuits 85. In this
manner, to the extent that substantially equal energies are provided to the
bond pads connected to the power traces, substantially equal energies can
be provided to the dif~arent heater resistors 56.   9 10 June 2004 



Referring more particularly to FIGS. 6 and 7) each of the FET drive
circuits 85 comprises a plurality of electrically interconnected drain
electrode 5agers 87 disposed over drain region fingers 89 formed in a
silicon substrate 111, and a plurality of electrically interconnected
source electrode fingers 97 interdigitated or interleaved with the drain
electrodes 87 and disposed over source region fingers 99 formed in the
silicon substrate 111. Polysilicon gate fingers 91 that are interconnected
at respective ends arc disposed on a thin gate oxide layer 93 formed on the
silicon substrate 111. A phosphosilicate glass Iayer 9S separates the drain
electrode 87 and the source electrodes 97 from the silicon substrate 111. A
plurality of conductive drain contacts 88 electrically connect the drain
electrodes 87 to the drain rergioas 89, while a plurality of conductive
source contacts 98 electrically caamxt the source electrodes 97 to the
source regions 99. Hy way of illustrative example the drain electrodes 87)
drain regions 89) source electrodes 97, source regions 99, and th
polysilicon gate 191 extend substantially orthogonally or transversely to
the reference axis L and to the longitudinal extent of the ground busses
181) 182,183. Also) for each FET circuiit 85, the extent of the drain
regions 89 and the source regions 99 transversely to the reference axis L
is the same as extent of the gate 5agers transversely to the ~ axis L, as
shown is FIG. 6) which defines the ext~ of die active regions tranavacsely
to the reference axis L. For ease of reference) the extent of the drain
electrode s 87) drain region fingers 89, source electrode fingers 97)
scarce region Sagas 99) and polysilicon gate i~ngers 91 can be referred oo
as the longitudinal extent of such elanents insofar as such elements are
long and narrow in a Grip-like or finger-like manner. By way of
illustrative example, the on-resistance of each of the l:'ET circuits 85 is
individually configured by controlling the longitudinal ~rteat or length of
a continuously non-contacted segment of the drain region Sagas) wherein a
continuously non-contacted segment is devoid of electrical contacts 88. For
example) the continuously non-contacted segments of the drain region Ragas
can begin at the ends of the drain regions 87 that arc furthest from the
heater resistor 56. The onresistance of a particular FET circuit 85
increases with increasing length of the   10 June 2004 10 continuously
non-contacted drain region finger segment, and such length is selected to
determine the on-resistance of a particular FET circuit. As another
example, the on-resistance of each FET circuit 85 can be configured by
selecting the size of the FET circuit. For example, the extent of an FET
circuit transversely to the reference axis L can be selected to define the
on resistance. For an implementation wherein the power traces for a
particular FET circuit 85 are routed by reasonably direct paths to bond
pads 74 on the closest of the longitudinally separated ends of the
printhead structure, parasitic resistance increases with distance from the
closest end of the printhead, and the on-resistance of the FET drive
circuits 85 is decreased (making an FET circuit more efficient) with
distance from such closest end, so as to offset the increase in power trace
parasitic resistance. As a specific example, as to continuously
non-contacted drain finger segments of the respective FET drive circuits 85
that start at the ends of the drain region fingers that are furthest from
the heater resistors 56, the lengths of such segments are decreased with
distance from the closest one of the longitudinally separated ends of the
printhead structure. Each ground bus (181, 182, 183) is formed of the same
thin film conductive layer as the drain electrodes 87 and the source
electrodes 97 of the FET circuits 85, and the active areas of each of the
FET circuits comprised of the source and drain regions 89, 99 and the
polysilicon gates 91 advantageously extend beneath an associated ground bus
(181, 182, 183). This allows the ground bus and FET circuit arrays to
occupy narrower regions, which in turn allows for a narrower, and thus less
costly, thin film substructure. Also, in an implementation wherein the
continuously non-contacted segments of the drain region forgers start at
the ends of the drain region forgers that are furthest from the heater
resistors 56, the extent of each ground bus (181, 182, 183) transversely or
laterally to the reference axis L and toward the associated heater
resistors 56 can be increased as the length of the continuously
non-contacted drain forger sections is increased, since the drain
electrodes do not need to extend over such continuously non-contacted drain
finger sections. In other words, the width W of a ground bus (181, 182,
183) can be increased by increasing the amount by which the   10 June 2004
11 ground bus overlies the active regions of the FET drive circuits 85,
depending upon the length of the continuously non-contacted drain region
segments. This is achieved without increasing the width of the region
occupied by a ground bus (181, 182, 183) and its associated FET drive
circuit array (81, 82, 83) since the increase is achieved by increasing the
amount of overlap between the ground bus and the active regions of the FET
drive circuits 85. Effectively, at any particular FET circuit 85, the
ground bus can overlap the active region transversely to the reference axis
L by substantially the length of the non-contacted segments of the drain
regions. For the specific example wherein the continuously non-contacted
drain region segments start at the ends of the drain region fingers that
are furthest from the heater resistors 56 and wherein the lengths of such
continuously non-contacted drain region segments decrease with distance
from the closest end of the printhead structure, the modulation or
variation of the width of a ground bus ( 181, 182, 183) with the variation
of the length of the continuously non-contacted drain region segments
provides for a ground bus having a width W that increases with proximity to
the closest end of the printhead structure, as depicted in FIG. 8. Since
the amount of shared currents increases with proximity to the bonds pads
74, such shape advantageously provides for decreased ground bus resistance
with proximity to the bond pads 74. While the foregoing has been directed
to a printhead having three ink feed slots with ink drop generators
disposed along only one side of an ink feed slot, it should be appreciated
that the disclosed FET drive circuit array and ground bus structures can be
implemented in variety of slot fed, edge fed, or combined slot and edge fed
configurations. Also, ink drop generators can be disposed on one or both
sides of an ink feed slot. Referring now to FIG. 9, set forth therein is a
schematic perspective view of an example of an ink jet printing device 20
in which the abovedescribed printheads can be employed. The ink jet
printing device 20 of FIG. 9 includes a chassis 122 surrounded by a housing
or enclosure 124, typically of a molded plastic material. The chassis 122
is formed for example of sheet metal and includes a vertical panel 122a.
Sheets of print media are individually fed through a print zone l25 by an
adaptive   12 10 June 2004 print media hamlling system 126 that includes a
foed tray 128 for storing print media before printing. Tlie print media may
be any type of suitable printable sheet material such as paper, card~ck)
transparencies) Mylar) and the like, but fir convenience the illustrated
embodiments described as using paper as the print madiam. A series of
motordriven rollers including a drive roller 129 driven by s stepper motor
may be used to move print media from the feed tray 128 into the print zone
125.. After printing, the dtiva roller 129 drives the printed sheaf onto a
pair of retraceable output drying wing members 130 which are shown extended
to receive a printed sheet. The wing members 130 hold the newly printed
sheet for a short time above say previously printed sheets still drying in
an o~put tray 132 before pivatai~r rig to the sides) as shown by atrc~va
133) to drop the aawly printed thaat into the output tray 132. The print
media handling system may include a series of acct mechanisms for
accommodiea~t sizes of print ~ media, g lamer, legal, A-4) envelopes,
etic.) :inch a: a sliding length adjustment amr 134 a~md an aatvelope food
slot 135. 



The printer of FICi. 9 fiuthcr includes a controller 13b) schematically
illustrated as a microprocessor, disposed on a p~riated circuit board 139
supported on the rear side of the chassis vertical panel 122a. The printer
controller 136 recxives instructions from a host device such as a pa~sonal
cumpater (not shown) and controls the operation of the printer inciudiag
advance of print media the print zone 125, movesrtent of a print carriage
140, and application of signals to the ink drop generators 40. A print
carriage slider rod 138 having a longitudinal axis parallel to a carriage
scan axis is supported by the chassis 122 to sizably support a print
carriage 140 for reciprocating trananational movement or scanning along the
carriage scan axis. The print carriage 140 supports first and second
removable ink jet printhead cartridges 150, 152 (each of which is sometimes
called a "pen," "print cartridge," or "carnidge'~. 'The print cartridges
150, 152 include respective printheads 1S4, 156 that respectively have
genaraHy downwsrdly facing nozzles for ejecting ink gaierally downwardly
onto a portion of the print media that is in the print zone 125. The print
cartridges 150) 152   13 10 June 2004 are more particularly clamped in the
print carriage 140 by a latch mechanism that includes clamping levers,
latch members or lids 170,172. An illustrative example of a suitable print
carriage is disclosed in commonly assigned U.S. Application Serial No.
08/757,009) filed 11126/96) Iiarrrton et at.) Docket No. 1094t036. For
reference) print media is advanced through the print zone 125 along a media
axis which is parallel to the tangent to the portion of the print media
that is beneath sad traversed by the nozzles of the cartridges l50,152. If
the media a~cis and the carriage axis are located oa the same plane) as
shown in FIG. 9) they would be perpeadicular to each other. ~ ' ~ ' An
anti-rcuation mechanism on the bade of the print carriage engages a
horizontally disposed anti-pivot bar 185 that is forms integrally with the
vertical panel 122a Qf the chassis 122, for example to prevent forward
pivoting of the print carriage 140 about the slider rod 138. By way of
illustrative example, the print cartridge 150 is a monochrome printing
cartridge while the. print cartridge 152 is a tri-color printing cartridge
that employs a priathead in accordance with the teachings heroin. The print
carriage 140 is driven along the slider rod 138 by as endless belt , 158,
and a linear encoder strip 159 is utitized to detect position of the print
carriage 140 along the carriage scan axis. Although the foregoing has been
a description and ilhrstration of specific " embodiments of the invention,
various modifications sad changes thereto cau be made by persons skilled in
the art without departing from the scope and spirit of the invention as
defined by the following claims.   10 June 2004 14 What is claimed is: 1. A
printhead comprising: 



a firing chamber from which heated fluid is ejected; a resistor that heats
fluid in the firing chamber, the resistor formed in a substrate underlying
the firing chamber; and a transistor electrically coupled with the
resistor, the transistor also formed in the substrate; wherein the
transistor is positioned proximate to the resistor and at a distance within
60 microns thereof, and wherein the substrate has a width that corresponds
to the distance between the resistor and the transistor. 2. The printhead
of claim 1 wherein the transistor is positioned between about 1 and 30
microns from the resistor. 3. The printhead of claim 1 wherein the
transistor is positioned about 5 microns from the resistor. 4. The
printhead of claim 1 further comprising: a via coupled to the resistor; and
conductive traces coupled to the via, the conductive traces for routing
firing signals to the resistor, wherein the via is positioned at least
partially over an area of the transistor. 5. A printer component
comprising: a substrate; a firing chamber from which heated fluid is
ejected; a heating element that heats fluid in the firing chamber;   10
June 2004 15 drive circuitry for the heating element, the drive circuitry
comprising drain electrodes coupled by conductive drain contacts to drain
regions; a conductive via electrically coupled with the heating element and
positioned at least partially over an area of the drive circuitry, wherein
the conductive drain contacts do not extend into the area of the drive
circuit overlapped by the conductive via, forming a non-contacted segment
of a drain region that is devoid of conductive drain contacts; and 



a ground bus coupled to the drive circuitry, wherein the ground bus has a
length corresponding to the length of the non-contacted segment of the
drain region. 6. The component of claim 5 wherein the drive circuitry is
positioned within 60 microns of the heating element. 7. The component of
claim 6 wherein the drive circuitry is positioned between about 1 and 30
microns from the heating element. 8. The component of claim 7 wherein the
drive circuitry is positioned about 5 microns from the heating element. 9.
A fluid ejection device comprising: a firing chamber from which heated
fluid is ejected; a heating element that heats fluid in the firing chamber,
the heating element formed in a substructure underlying the firing chamber;
and drive circuitry for the heating element, the drive circuitry also
formed in the substructure, wherein at least part of the drive circuitry is
positioned at a distance within 60 microns of the heating element and
wherein the substructure has a width that is selected according to the
distance between the heating element and the drive circuitry.   10 June
2004 16 10. The device of claim 9 further comprising_ a via coupled to the
heating element; and conductive traces electrically coupled to the via, the
conductive traces for routing firing signals to the heating element,
wherein the via is positioned at least partially over an area of the drive
circuitry. 11. The device of claim 9 wherein the drive circuitry is
positioned between about 1 and 30 microns from the heating element. 



12. A fluid ejection cartridge comprising: a fluid chamber; a substrate
having a plurality of fluid firing chambers with a fluid heating resistor
in each fluid firing chamber, wherein the fluid heating resistors are
arranged along a top surface of the substrate, wherein the fluid firing
chambers are positioned at a distance of less than 60 microns from
respective drive circuitry for the fluid heating resistor and wherein the
substrate has a width corresponding to the distance between the fluid
firing chambers and the respective drive circuitry; and a fluid channel
fluidically coupling the fluid chamber to the fluid firing chambers. 13.
The cartridge of claim 12 wherein the fluid firing chambers are positioned
between about 1 and 30 microns from the respective drive circuitry. 14. The
cartridge of claim 13 wherein the fluid firing chambers are positioned
about 5 microns from the drive circuitry.   10 June 2004 16a 15. The
cartridge of claim 12 wherein the fluid heating resistors are arranged in a
staggered fashion with respect to distances from the respective drive
circuitry. 16. A method of manufacturing a fluid ejection device
comprising: forming a heating element within a firing chamber upon a first
surface of a substrate; positioning drive circuitry for the heating element
in an area over the first surface, the drive circuitry comprising drain
electrodes coupled by conductive drain contacts to drain regions;
electrically coupling a conductive via with the heating element;
positioning the conductive via at least partially over the area of the
drive circuitry, wherein the conductive drain contacts do not extend into
the area of the drive circuitry overlapped by the conductive via, forming a
non-contacted segment of a drain region that is devoid of conductive drain
contacts; and 



forming a ground bus that is coupled to the drive circuitry, wherein the
ground bus has a length that corresponds to the length of the non-contacted
segment of the drain region. 17. A method claim 16 wherein the heating
element is positioned in a range of about 1 to 30 microns from the
associated drive circuitry. 18. A method for fabricating a resistor-drive
transistor architecture in a printing system, comprising: positioning a
plurality of fluid heating resistors on a substrate; arranging a plurality
of fluid firing chambers on the substrate that are associated with the
plurality of fluid heating resistors; and   10 June 2004 16b positioning a
plurality of drive transistors associated with the plurality of fluid
heating resistors on the substrate, wherein each one of the plurality of
drive transistors is at most a distance of 60 microns from a corresponding
one of the plurality of fluid heating resistors to minimize resistance for
the respective drive transistor and wherein the substrate has a width that
corresponds to the distance between the drive transistors and the fluid
heating resistors. 19. The method of claim 18 wherein the plurality of
fluid heating resistors are arranged in a staggered fashion with respect to
distances from respective drive transistors. 20. The method of claim 19
wherein each of the plurality of fluid heating resistors is distanced from
their respective drive transistors in a range from about 1 micron to about
60 microns. /NL/N /N :/Npg/N/N0F/N/N/Nm/N/NLY/Njy/N4/N,"/N4/N/NZ/N/N*
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