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[57] ABSTRACT

{75} Inventors: Donald J: Drake, Rochester; William o multi-color roofshooter type thermal ink jet print-
G. Hawkins, Webster, both of N.Y. head includes a common heater substrate having at least

. . : two arrays of heating elements and a correspondin,
(] Sedgmeer  Kexox Cocpoostivn, Suiio, o number of elongated fied slots, each heater arr:y being
[21] Appl. No.: 442,574 located adjacent its corresponding feed slot. A common
. channel substrate is layered above a heater substrate and
(22] Filed: Nov. 29, 1989 includes arrays of nozzles corresponding in number to
TET0 11 AL o B ———————— B41J 2/05  the arrays of heating elements, each nozzle array com-
ERIIR SR o: K 346/140 R municating with one of the feed slots on the heater
[58] Field of S€arch ...............ooooossreosieeeereerrre 346/140  substrate. Each nozzle array is isolated from an adjacent
= nozzle array and each nozzle of each nozzle array is
[56] References Cited aligned above a respective heating element of a corre-
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sponding heater array. Each of the heater arrays is
individually addressed and driven by switching cir-
cuitry located on the heater substrate adjacent to its
corresponding heater array. The switching circuitry
can be active driver matrices corresponding in number
to the arrays of heating elements. The locations of the
driver matrices preferably alternate with locations of
the feed slots. With this construction, multi-color print-
heads can be efficiently arranged on a single wafer, so
that silicon real estate is conserved. The switching cir-
cuitry can also be used to address an array of heating
elements in a mono-color thermal inkjet printhead. In a
preferred embodiment, inputs of the switching circuitry
extend from sides of the switching circuitry whereby
distances between adjacent feed slots are minimized.

6 Claims, 9 Drawing Sheets
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PRECISELY ALIGNED, MONO- OR
MULTI-COLOR, ‘ROOFSHOOTER’ TYPE
PRINTHEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention involves mono- or multi-color
printheads and particularly heater plates for four color
roofshooter printheads. The present invention also in-
volves the use of switching circuitry for controlling the
actuation of a plurality of heating elements in a mono-
or multi-colored thermal ink jet printhead.

2. Description of Related Art

There are two general configurations for thermal
drop-on-demand inkjet. printheads. In one configura-
tion, droplets are propelled from nozzles in a direction
parallel to the flow of ink in ink channels and parallel to
the surface of the bubble generating heating elements of
the printhead, such as, for example, the printhead con-
figuration disclosed in U.S. Pat. No. 4,601,777 to Haw-
kins et al. This configuration is sometimes referred to as
“edge or side shooters”. The other thermal ink jet con-
figuration propels droplets from nozzles in a direction
normal to the surface of the bubble generating heating
elements, such as, for example, the printhead disclosed
in U.S. Pat. No. 4,568,953 to Aoki et al. and U.S. Pat.
No. 4,789,425 to Drake et al. This latter configuration is
sometimes referred to as a “roofshooter”.

In roofshooters, it is often desirable to supply ink to

the nozzles via a passageway through the heater plates..

This is the most advantageous choice because the prox-
imity of the paper to the printhead makes any other
design approach difficult. In a commercial drop-on-
demand thermal inkjet printer sold by the Hewlett-Pac-
kard Company known as the THINK JET, the print-
head comprises a heater plate and a fluid distributor
plate. The heater plate is a glass substrate having the
heating elements and addressing electrodes formed
thereon with a hole drilled or isotropically etched, so
that the ink can be fed through the heater plate to a
shallow reservoir in the fluid distributor plate which is
made by electroforming a material such as nickel over a
three-dimensional mandrel. The apertures or nozzles in
the fluid distributor plate are provided by thick film
resist spot patterns formed on the mandrel prior to initi-
ation of the electroform process. When the heater plate
and the fluid distributor plate are aligned and bonded
together, the contour of the fluid distributor plate forms
the shallow reservoir mentioned above and the ink
channels to the apertures that serve as droplet emitting
nozzles. The ink travels through the drilled or etched
hole and across the plane of the heater plate, thus also
across the addressing electrodes, to the nozzles. There
are two major disadvantages of this configuration. One
is that it exposes the electrodes to the ink whenever
there are any pin holes in the passivation layer. Se-
condly, the ink reservoir is quite shallow because it
must be formed by the electroform. The shallow reser-
voir tends to permit the ink to dry out in the nozzles,
causing first drop problems.

In the “roofshooter” printhead disclosed in U.S. Pat.
No. 4,789,425 assigned to Xerox Corporation, the print-
head comprises a silicon heater plate and a fluid direct-
ing structural member. The heater plate has a linear
array of heating elements, associated addressing elec-
trodes, and an elongated ink feed slot parallel with the
heating element array. The structural member contains
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at least one recess cavity, a plurality of nozzles, and a
plurality of parallel walls within the recess cavity which
define individual ink channels for directing ink to the
nozzles. The recess cavity and feed slot are in communi-
cation with each other and form the ink reservoir within
the printhead. The ink holding capacity of the feed slot
is larger than that of the recess cavity. The feed slot is
precisely formed and positioned within the heater plate
by anisotropic etching. The structural member may be
fabricated either from two layers of photoresist, a two
stage flat nickel electroform, or a single photoresist
layer and a single stage flat nickel electroform.

The heater plate of the basic roofshooter-type ther-
mal inkjet printhead can be modified to provide a four
color printhead. When fabricating multi-colored print-
heads, the heater plate 28 (FIG. 1) must contain a feed
slot 20 and an associated array of heating elements 34
for each color (usually black, magenta, cyan and yel-
low). When “passive resistor arrays” disclosed in U.S.
Pat. No. 4,789,425 and shown in FIG. 1 are used, the
electrical leads 33 for each resistive heating element 34
must run to the sides of the feed slot 20 and each resis-
tive -heating element 34 requires its own addressing
electrode 32. The common return 35 for the heating
elements also runs to the sides of the feed slot 20 and
terminates at addressing electrodes 37. For multi-colors,
it is desirable to place each color array on the same chip
so that they are well aligned with one another. How-
ever, a problem arises in that each heater array con-
sumes a large amount of surface area (referred to as
silicon real estate) on the upper surface of each silicon
wafer. .

FIG. 2 shows one way of designing a four color
roofshooter printhead using passive resistor arrays
wherein the printhead is divided into two banks, each
bank having two color feed slots (i.e., the first upper
bank in FIG. 2 including black feed slot 20B and ma-
genta feed slot 20M and the second lower bank includ-
ing cyan feed slot 20C and yellow feed slot 20Y). While
this design permits four color arrays to be placed on a
single wafer subunit S, the printer is required to store
information on two scan lines rather than one because
of the two banks. While it would be desirable to place
all four color arrays in a single bank, this is not practical
because the inner color arrays consume considerable
silicon real estate due to the fact that their electrical
leads must all run to the sides.

U.S. Pat. No. 4,746,935 to Allen, assigned to Hewlett-
Packard Company, discloses a method and apparatus
useful for eight level halftone thermal inkjet printing by
printing with droplets of ink having volumes weighted
in a binary sequence. A four color roofshooter-type
printhead which includes sets of three weighted drop
generators for each color permits printing to be per-
formed in eight levels with four colors.

U.S. Pat. No. 4,630,076 to Yoshimura discloses a four
color ink jet printhead which additionally emits white
or transparent ink droplets. This printhead includes
multiple nozzles for each color. The structure for the
present heater plate is not disclosed.

U.S. Pat. No. 4,549,191 to Fukuchi et al. discloses a
multi nozzle ink drop-on-demand type of ink jet print-
ing head which is able to deliver ink drops at a higher
rate of speed through the use of capillary action. This
printhead uses a driving transducer to form the droplets
and does not disclose the multi-color printhead struc-
ture of the present invention.

Canon U.S.A. Ex. 1034 - Page 11
Canon U.S.A,, Inc., and Canon Inc. v. Slingshot Printing, LLC
IPR2022-00313 - U.S. Patent No. 7,594,708



5,030,971

. 3 :
U.S. Pat. No. 4,750,009 to Yoshimura discloses a
multi-color ink jet printhead. This printhead includes a
plurality of orifice groups (or nozzles) with each group
being for a different color. One orifice group consists of

4

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail with refer-
ence to the following drawings, wherein:

a larger number of orifices than the other groupsso that 5  FIG. 1 is a plan view of a heater plate containing a
characters of higher definition can be printed out at a  feed slot and passive resistor array for a single color
higher speed. The present invention is not taught or printhead; .
suggested by this reference. FIG. 2 is a plan view of a heater plate for a four-color
There are also disadvantages to using a passive resis- printhead using passive resistor arrays;
tor array with a mono-color printhead. When a passive 10 FIG. 3 is a plan view of a heater plate for a four-color
resistor array is used to address a plurality of heating roofshooter printhead in accordance with the present
elements 34, as shown in FIG. 1, the leads must be invention;
directed to the sides of feed slot 20. This creates a con- FIG. 3A is a schematic circuit diagram for the
siderable gap “A" between the feed slot 20 and the end switching circuitry of FIG. 3;
of chip 28. When two chips are butted to one anotherto 15 FIG. 4 is a plan view of a four-color “roofshooter”
form an array of chips (i.e.,, in forming a pagewidth  printhead in accordance with the present invention;
printhead) a gap the size of two times “A™ exists be- FIGS. 5A-5G are cross-sectional views of a silicon
tween adjacent feed slots 20. These gaps greatly reduce  wafer and depict the process for producing the heating
the resolution achievable since the number of nozzles element substrate for a single color array;
per unit length is reduced. 20 FIGS. 6A-6C are enlarged schematic plan views
: depicting the process for producing the channel sub-
OBJECTS OF THE INVENTION strate of a roofshooter printhead; and
It is an object of the present invention to provide a FIG. 7 is a plan view of a heater plate containing a
multi-color ink jet printhead suitable for use in high feed slot and switching circuitry for a single color print-
quality, high speed printing operations. 25 head.
vide s mulcalor soofshoom spe. thermal ik i€ DETAILED DESCRIPTION OF THE
ype thermal ink jet PREFERRED EMBODIMENT
printhead wherein the color arrays are well aligned
with each other. The invention is described with reference to a four
It is another object of the present invention to pro- 30 color printhead, but the invention is applicable to one or
vide a multi-color inkjet printhead which conserves more color arrays such as mono- or multi-color arrays.
silicon real estate while still enabling high quality, high FIG. 3 shows a heater plate 28 for a four color roof-
speed printing to be performed. shooter type thermal inkjet printhead of the present
It is another object of the present invention to pro- invention. The heater plate includes feed slots 20B,
vide an inexpensive four-color disposable *‘roofshooter” 35 20M, 20C, 20Y for the passage therethrough of each
thermal ink jet printhead. color (black, magenta, cyan and yellow, respectively)
It is a further object of the present invention to pro- from a source of ink to an ink expelling nozzle. These
vide a mono-color thermal ink jet printhead having fill slots are preferably formed by anisotropic etching,
high resolution capabilities. although other methods may be employed. The upper
40 surface of the heater plate includes arrays of heater
BISERER S ML MR T elements 34B, 34M, 34C, 34Y for each feed slot. When
The present invention makes use of switching cir- the heater plate 28 is assembled to form a complete
cuitry such as an active driver matrix for each color printhead, each heater element is aligned with a nozzle
array which reduces the number of lead lines required so that when the resistor is activated it will vaporize ink
to address each heating element within the color array. 45 in contact therewith and cause a drop of ink to be ex-
Since the resistors and switching circuitry consume less pelled from a nozzle.
surface area than the previously used passive resistor Instead of making use of a passive resistor array in
arrays, the present invention permits four different which each heater element requires is own individual
color printheads to be efficiently arranged on a single addressing electrode (see FIG. 1), the present invention
chip or wafer, so that silicon real estate is conserved. 50 makes use of switching circuitry 15, 25, 35, 45 for each
Since each color array requires less surface area than resistor array. For purposes of the present invention,
the previous color arrays, it is possible to place multi- switching circuitry refers to any means for reducing the
color arrays, for example four color arrays, in a single number of contact pads required for a given number of
bank on one wafer so that the printer need only store heating elements. One type of switching circuitry is, for
information on one scan line at a time. Additionally, 55 example, active driver matrices. These active driver
placement of all four color arrays in a single bank per-  matrices enable each resistive element in each array of
mits them to be well aligned. By reducing the silicon resistors to be addressed but require less addressing
wafer surface area required to fabricate a four color electrodes to do so. FIG. 3 illustrates each driver matrix
high quality, high speed inkjet printhead, fabrication with eight (8) addressing electrodes 32.
costs are lowered so that a disposable four color print- 60  FIG. 3A illustrates one type of switching circuitry
head is possible. Furthermore, the use of switching for a sixteen heater arrangement, each heater having a
circuitry in mono-color ink jet printheads eliminates the  drive transistor with a gate and a source. The left-side of
requirement of running the resistor lead lines to the side the matrix in FIG. 3A has four gate addressing pads P1,
of the chip, enabling the production of printhead arrays P2, P3, P4 addressing groups of drive transistor gates.
having higher resolutions or higher speed operation. In 65 For example, pad P1 switches the gates G1, G2, G3. G4

a preferred embodiment, inputs of the switching cir-
cuitry extend from sides thereof, whereby distances
between adjacent feed slots are minimized.

on drive transistor T1, T2, T3, T4. The right side of the
matrix in FIG. 3A has four source address pads PS5, P§,
P7, P8 addressing groups of drive transistor source
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lines. For example, pad PS5 switches the source lines S4,
S8, S12, S16 on drive transistors T4, T8, T12 and T16.
Thus if it is desired to activate heater H4, address pads
P1 and PS are activated to uniquely activate heater H4.
Groups of drain lines of the drive transistors are also
suitable instead of using groups of drive transistor
source lines as part of the matrix.

For purposes of the present invention, the combina-
tion of an active driver matrix and array of resistive
elements is referred to as an “active resistor array”.
When combined with an array of resistors, the active
driver matrix greatly reduces the contact leads required
and permits them to exit via the sides of the feed slot.
Thus a single color array which includes a feed slot/re-
sistor array, active driver matrix and contact leads con-
sumes less silicon wafer real estate than the previous
color array using a passive resistor array, thereby en-
abling multi-color arrays to be located closer to each
other so that relative drop placement is made easier.

An active driver matrix, such as disclosed in U.S.
patent application Ser. No. 07/336,624, filed on Apr. 7,
1989, now U.S. Pat. No. 4,947,192, or U.S. Pat. No.
4,651,164, the disclosures of which are herein incorpo-
rated by reference, can be used in the present invention.
By using an active driver matrix (which includes at least
one driver chip), an addressing electrode 32 need not be
provided for each resistive heating element 34. Instead,
the electrodes from a plurality of resistive elements are
connected to a first set of leads which are connected to
the output pads of the active driver matrix. A second set
of leads, which are connected to control signal and
ground pads of the active driver matrix, are disposed at
the sides of the feed slot. The second set of leads have
addressing electrodes 32 which are attached to, e.g., a
daughter board on the carriage of a printer which pro-
vides control signals to the active driver matrix and thus
controls operation of the printhead. The number of
addressing electrodes 32 required with an active driver
matrix is about two times the square root of the number
of resistive heater elements controlled (i.e., 81 heaters
requires a 9 by 9 matrix and 18 electrodes). Since the
active driver matrix requires less area than the resistive
heater element leads required when no active driver
matrix is used, considerable silicon real estate is con-
served. In fact, a four-color printhead can be formed on
a single silicon chip even though all four-color arrays
are in a single bank. This permits a four-color roof-
shooter printhead to be produced having a high density
arrangement of nozzle apertures and precisely aligned
heater element arrays. Additionally, the printer need
only store information on one scan line.

The present invention allows construction of a four
color roofshooter type thermal inkjet printhead as
shown in FIG. 4. The printhead includes: a common
heater substrate 28 (FIG. 3) having four arrays of heat-
ing elements (34B, 34M, 34C, 34Y) and four corre-
sponding elongated feed slots (20B, 20M, 20C, 20Y)
with each heater array being located adjacent its corre-
sponding feed slot; and a common channel substrate 14
(FIG. 4) layered above the heater substrate 28 and in-
cluding four arrays of nozzles 12B, 12M, 12C, 12Y, each
nozzle array 12B, 12M, 12C, 12Y communicating with
one of the feed slots 20B, 20M, 20C, 20Y on the heater
substrate 28, each nozzle array being isolated from an
adjacent nozzle array and each nozzle 12 of each nozzle
array being aligned above a respective heating element
34 of a corresponding heater array. (The individual
heating elements 34 or feed slots 20 are not shown in
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FIG. 4 because they are obscured by the channel sub-
strate 14.) Each of the four heater arrays 34B, 34M,
34C, 34Y is individually addressed and driven by a
corresponding one of four active driver matricies 185, 25,
35, 45, each active driver matrix being located on the
heater substrate 28 adjacent to its corresponding heater
array. (Only the eight addressing electrodes 32 of each
active driver matrix are shown in FIG. 4). Each of the
driver matricies can be located on the heater plate to
alternate with the locations of the feed slots, as shown in
FIG. 3.

It can be seen from FIG. 3 that if all the heater and
nozzle arrays 34B, 34M, 34C, and 34Y are all supplied
with the same color ink, the resulting multi-array mono-
chrome printhead can operate at a total drop ejection
frequency four times higher than the maximum fre.
quency of a single array. This is because each of the four
heaters in line with a single scan line in the printhead
scan direction need only address } of the pixels in that
single scan line. This concept is described in U.S. Pat.
No. 4,833,491, granted May 33, 1989, using multiple,
separate ‘sideshooter’ printheads (the disclosure of the
'491 patent is herein incorporated by reference). The
present invention is distinguishable from the "491 patent
in that it proposes that the multiple roofshooter heater
and nozzle arrays are monolithically formed in a single
printhead. U.S. Pat. No. 4,899,181 granted Feb. 6, 1990
now U.S. Pat. No. 4,899,181, describes a monolithic
multi-array, four color or monochrome printhead hav-
ing a ‘sideshooter’ architecture (the disclosure of U.S.
Pat. No. 4,899,181 is herein incorporated by reference).
The present application is distinguishable from that
application in that it relates to ‘roofshooter’ style ther-
mal inkjet printheads.

Alternatively, if each nozzle/heater array is progres-
sively offset in the array direction by } pixel relative to
the next adjacent array, then the monolithic multi-array
monochrome printhead can have four times the maxi-
mum addressable resolution of a single array. For in-
stance, if the maximum of a single array is 200 nozzles
per inch the maximum resolution of a four array, } pixel
staggered monochrome printhead would be 800 nozzles
per inch.

Furthermore, if each of the four feed slots supplies an
array on each side of each feed slot, the total number of
nozzle/heater arrays is eight and the maximum address-
able resolution is eight times that of a single array on
one side of a feed slot. These eight arrays could also be
used to enable a printhead operating frequency eight
times faster than the maximum drop ejection frequency
of a single array, as previously described.

U.S. Pat. No. 4,789,425 to Drake et al, the disclosure
of which is herein incorporated by reference, discloses -
methods of fabricating a roofshooter type thermal ink
jet printheads applicable to the present invention. The
present invention differs from that disclosed by Drake
et al in that incorporation of active driver matrices in
the integrated circuitry which forms the heater element
arrays permits four sets of heater element arrays to be
formed on a single silicon chip. :

FIGS. 5A-5G show a portion of a heater plate made
by the invention wherein only one color array is shown.
It is understood that each color array is identically
formed. A (100) silicon wafer 36 (FIG. 5A) is obtained
and a masking film of silicon nitride 15 is deposited on
both sides thereof. Alignment hole patterns are partially
anisotropically etched through vias 29 into the wafer at
two or three different locations and then the etching is
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terminated when the recessess 38 reach about 2 mils or
50 micrometers deep (FIG. 5B). These alignment holes
are used to precisely align the patterns which form the
feed slots 20 and heater element arrays 34 on the heater
plate (FIG. 5E), thus enabling a plurality of wafer sub-
units (or chips) to be produced from a single wafer. In
the next step (FIG. 5C), a mask having the alignment
marks and ink fill slot patterns is aligned and imaged on
the wafer side which contains the alignment hole reces-
ses 38. The wafer is again anisotropically etched until
the alignment holes 38 etch completely through the
wafer (FIG. 5D), leaving only the substantially trans-
parent masking film 15 covering them, and then the etch
process is stopped leaving the elongated feed slots 20
approximately 2 mils or 50 micrometers short of etching
completely through the wafer. Except for the two or
three alignment holes (covered by the masking film),
the entire wafer surface 30 is solid. Therefore, the heat-
ing elements and active driver matrices can be formed
on the solid surface 30 of the wafer.

A plurality of sets of bubble generating heating ele-
ments 34 (FIG. 5E) are patterned on the masking film
on the solid surface 30 of silicon wafer 36 along with its
associated electrode 33. Since the present invention
does not require as much silicon surface area to contain
the heating element array circuitry as was previously
required, four fill slots and their associated heating ele-
ment circuitry can be formed on a single wafer subunit.
After the electrodes 33 and heating elements 34 are
patterned on the solid surface of the silicon wafer, the
active driver matrices 15, 25, 35, 45 are fabricated on
the surface in a manner disclosed in U.S. Ser. No.
07/336,624 filed Apr. 7, 1989 or U.S. Pat. No. 4,651,164,
For electrode passivation, a 1 micron thick phosphorus
doped chemical vapor deposition (CVD) silicon dioxide
film 27 is deposited over the entire plurality of sets of
heating elements, active driver matrices and addressing
electrodes as shown in FIG. 5E. After the final CVD
silicon dioxide passivation coat is deposited, the wafer is
placed in an anisotropic etch having a slow silicon diox-
ide to silicon etch rate, for example, ethylene diamine
pyrocatechol (EDP). This orientation dependent etch-
ing will complete the ODE etching of the elongated ink
fill troughs 20, so that the bottom of this etched trough
is now covered only by the passivation layer 27 and
masking film 115 (or substituted under glaze layer) as
shown in FIG. 5F. In FIG. 5G, the passivation layer
and masking film are etched off of the terminal ends of
the addressing electrodes 33, the heating elements 34,
the alignment holes 38 and elongated ink fill slots 20.

After the heater plate is formed, a common channel
substrate 14 is formed on the surface of the heater plate
which contains the heating elements. This can be per-
formed in a number of ways as disclosed ir U.S. Pat.
No. 4,789,425. One method is illustrated in FIGS.
6A-6C. A layer of patternable material 21 in dry film
form is applied to the etched silicon heater plate 28.
Patternable materials are those which can be delineated
by photosensitization, exposure, and development or by
wet or dry etching through a pattern mask. For exam-
ple, polyimide materials may be applied in dry film form
as photosensitive layers using such products as DuPont
VACREL, followed by ultraviolet pattern exposure,
development and cure. In FIG. 6B, the cavity wall 22
and channel wall 17 patterns are aligned, imaged and
developed from patternable material layer 21. In FIG.
6C, adry film photoresist 23 is placed on the patternable
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material layer 21 and aligned, imaged, and developed to
form a roof 24, having the array of nozzles 12 therein.

The present invention is also applicable to mono-
color printheads of the sideshooter or roofshooter type.
FIG. 7 shows a heater plate for a mono-color roof-
shooter printhead. The printhead includes a feed slot 20,
an associated array of heating elements 34 and a com-
mon return 35. By using switching circuitry such as an
active driver matrix 55 to address heating elements 34,
the number of addressing electrodes 32 required is
greatly reduced. This reduction of addressing elec-
trodes 32 permits an arrangement whereby none of the
electrical leads 33 run to the sides of the feed slot 20.
This permits feed slot 20 to extend virtually the entire
width of the heater plate which reduces the gap be-
tween feed slots 20 of adjacent heater plates when
butted end-to-end to form large printhead arrays. The
present invention permits longer arrays of nozzles to be
placed on a single chip which results in higher resolu-
tion print quality, while saving silicon real estate. Al-
though the heater plate illustrated in FIG. 7 is for roof-
shooter printheads, switching circuits can also be used
with mono-color sideshooter printheads to achieve
similar advantages.

The invention has been described with reference to a
preferred embodiment thereof, which is intended to be
illustrative and not limiting. Many modifications and
variations are apparent from the foregoing description
of the invention and all such modifications and varia-
tions are intended to be within the scope of the present
invention. For example, the present invention finds use
in any type of multi-color ink jet printhead where it is
desirable to provide a series of well-aligned, closely
packed arrays of nozzles. Accordingly, variations of the
invention may be made without departing from the
spirit and scope of the present invention as defined in
the following claims.

What is claimed is:

1. A multi-color thermal inkjet printhead comprising:

a common heater substrate having at least two arrays
of heating elements and a corresponding number of
elongated feed slots, each heater array being lo-
cated adjacent its corresponding feed slot and ex-
tending along substantially the entire length of its
corresponding feed slot;

a common channel substrate layered above said
heater substrate and including an array of nozzles
for each array of heating elements, each nozzle
array communicating with one of said feed slots on
the heater substrate, each nozzle array being iso-
lated from an adjacent nozzle array and each noz-
zle of each nozzle array being aligned above a
respective heating element of a corresponding
heater array; and

each of said at least two heater arrays being individu-
ally addressed and driven by a corresponding
switching circuitry means, each switching cir-
cuitry means being located on said heater substrate
adjacent to its corresponding heater array, each
switching circuitry means having a first number of
outputs, each output attached to a heater element
in its corresponding array of heater elements, and a
second number of inputs for receiving control sig-
nals, the second number being less than the first
number, and wherein each of said switching cir-
cuitry means includes opposite sides which extend
substantially perpendicular to a direction in which
each feed slot extends, and wherein said inputs
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extend from said sides of their corresponding
switching circuitry means, whereby distances be-
tween adjacent feed slots are minimized.
2. The thermal inkjet printhead of claim 1, wherein
locations of said switching circuitry means alternate

with locations of said feed slots.

3. The thermal inkjet printhead of claim 1, wherein
said switching circuitry means is an active driver ma-

trix.

4. A four color roofshooter type thermal inkjet print-

head comprising:

a common heater substrate having four arrays of
heating elements and four corresponding elongated
feed slots, each heater array being located adjacent
its corresponding feed slot and extending along

- substantially the entire length of its corresponding
feed slot;

a common channel substrate layered above said
heater substrate and including four arrays of noz-
zles, each nozzle array communicating with one of
said feed slots on the heater substrate, each nozzle
array being isolated from an adjacent nozzle array
and each nozzle of each nozzle array being aligned
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above a respective heating element of a corre-
sponding heater array; and

each of said four heater arrays being individually
addressed and driven by a corresponding one of
four switching circuitry means, each switching
circuitry means being located on said heater sub-
strate adjacent to its corresponding heater array,
each switching circuitry means having a first num-
ber of outputs, each output attached to a heater
element in its corresponding array of heater ele-
ments, and a second number of inputs for receiving
control signals, the second number of inputs being
less than the first number of outputs, and wherein
each of said switching circuitry means includes
opposite sides which extend substantially perpen-
dicular to a direction in which each feed slot ex-
tends, and wherein said inputs extend from said
sides of their corresponding switching circuitry
means, whereby distances between adjacent feed
slots are minimized. :

5. The thermal inkjet printhead of claim 4, wherein

locations of said switching circuitry means alternate
with locations of said feed slots.

6. The thermal ink jet printhead of claim 4, wherein

said switching circuitry is an active driver matrix.
Ll
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57 ABSTRACT

A multi-color roofshooter type thermal ink jet printhead
includes a common heater substrate having at least two
arrays of heating elements and a corresponding number of
elongated feed slots, each heater array being located adja-
cent its corresponding feed slot. A common channel sub-
strate is layered above a heater substrate and includes arrays
of nozzles corresponding in nuraber to the arrays of heating
elements, each nozzle array communicating with one of the
feed slots on the heater substrate. Each nozzle array is
isolated from an adjacent nozzle array and each nozzle of
each nozzle array is aligned above a respective heating
element of a corresponding heater array. Each of the heater
arrays is individually addressed and driven by switching
circuitry located on the heater substrate adjacent to its
corresponding heater array. The switching circuitry can be
active driver matrices corresponding in number to the arrays
of heating elements. The locations of the driver matrices
preferably alternate with locations of the feed slots. With this
construction, multi-color printheads can be efficiently
arranged on a single wafer, so that silicon real estate is
conserved. The switching circuitry can also be used to
address an array of heating elements in a mono-color
thermal inkjet printhead. In a preferred embodiment, inputs
of the switching circuitry extend from sides of the switching
circuitry whereby distances between adjacent feed slots are
minimized.
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REEXAMINATION CERTIFICATE AS A RESULT OF REEXAMINATION, IT HAS BEEN
ISSUED UNDER 35 U.S.C. 307 DETERMINED THAT:

The patentability of claims 1-6 is confirmed.
NO AMENDMENTS HAVE BEEN MADE TO
THE PATENT ¥ ox o+ % 4
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