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COMMON INK-JET CARTRIDGE
PLATFORM FOR DIFFERENT PRINTHEADS

BACKGROUND OF THE INVENTION

The present invention relates to ink-~jet printers, and
more particularly to improvements in a common cartridge
5 - platform used for different printheads.
Ink-jet printers are in widespread use today for
printing functions in personal computer, facsimile and

other applications. Such printers typically include
replaceable print cartridges which hold a supply of ink and
10 carry the ink-~jet printhead. The cartridge typically is

secured into a printer carriage which supports one or a
plurality of cartridges above the print medium, and tra-

verses the medium in a direction transverse to the direc-

tion of medium travel through the printer. Electrical

15 connections are made to the printhead by flexible wiring
circuits attached to the outside of the cartridge. Each
printhead includes a number of tiny nozzles defined in a
substrate and nozzle plate structure which are selectively

fired by electrical signals applied to interconnect pads to

20 eject droplets of ink in a controlled fashion onto the
print medium. L _

In order to achieve'accurate printing quality, each

removable cartridge includes datum surfaces which engage
against corresponding carriage surfaces to precisely locate

25 the cartridge when inserted into the carriage. In this



printhead includes—a nunber of tiny nozzles defined in a substrate and
nozzl'e pl'ate structﬁte which are selectively fired by electrical signals

applied to intercon
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quality, each renopva

fashion onto the pri

B % ol droplets of ink in a controlled
b l rder to achieve accurate printing
ncl udes datum surfaces whi ch engage

agai nst corresponding carriage surfaces to precisely locate the cgphbhbdge;
when inserted into the carriage. 1In this 2 manner, when a cartridge ink
supply is exhausted, the car- tridge nmay be replaced with a fresh

cartridge,

and the printhead of the new cartridge will be precisely |ocated

relative to the gaffbéAJ6yhen a cartridge ink supply is exhausted, the car-
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tridge may be replaced with a fresh cartridge, and the
printhead of the new cartridge will be precisely located
relative to the carriage.

As improvements have been made in the ﬁrinthead design
or in the ink delivery system for cartridges, it has been
the common design practice to design entirely new printer
cartridges, incurring expenses in the design and tooling
for the new cartridges. Thus, if a new printhead is
developed which has different physical size parameters from
an earlier design of a printhead, advancing for the sake of
example, from a 180 dpi to a 300 dpi resolution, the common
practice has been to develop an entirely new cartridge
platform to support the new printhead, including different
datum surfaces, and indeed, requiring a new printer car-
riage to support the cartridge. | .

It is known, in a one-cartridge printer application,
to change the nozzle firing frequency, along with the width
of the ink feed slots in the substrate die, without chang-
ing the datum structure or ink delivery system in an ink-
jet cartridge, to achieve improved printing performance.

In a series of printers marketed by Hewlett-Packard
Company, the "Deskjet" series, two different cartridges are
available for use in the same printer, one having a rela-
tively lower ink capacity than the other. In this case,
the high and low ink capacity cartridges employ the same
datum structure, but different ink delivery systems.

In one instance, even though the shape and configura-
tion of the nozzle plate and substrate have not been
changed, the size of nozzle plate orifices and substrate
firing resistors have been changed, to adapt a particular
ink-jet cartridge design to a new ink of different viscosi-
ty. . In another instance, an existing cartridge designed
for black ink was modified to operate with color ink, by
changing the nozzle orifice size and substrate firing



As’ |rrproverrents have been made |n the printhead design or in the ink

tesi gn entl reI y new pri nt r ca trgcgiges “incurring expenses in the desi gn

and tooling for thé&h . 1 Thus, if a new printhead is
devel oped which. hasJ i cal size paganmeters froman earli Y932
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5 the same datum structure and ink reservoir system.
Commonly owned U.S. Patent 4,872,027 describes an
ink-jet printer having identifiable interchangeable print-
heads which are interchangeably attachable to the printer
carriage. The heads are provided with individual codes

10 read by the printer control system to reconf:.gure its
control functions to suit the control requirements of the
identified head.

It is therefore an object of this invention to provide
a method for designing a cartridge which incorporates a

15 common datum structure and ink delivery systerm from another

cartridge design to support a different printhead with
"different printing characteristics, thereby allowing the
development expenses and tooling costs for the common
structure to be spread over more than one cartridge.

20 A further object is to provide a family of ink car-
tridges, each of which employs a common datum structure and
common 1ink reservoir system but with physically different
printheads. '

25 S Y o VENTIO

This invention in ‘a general sense is a method for
constructing an ink cartridge for an ink-jet printer,
employing common structure from another ink cartridge to

30 realize a savings in development and manufacturing expens-
es. The method includes the step of selecting a first pre-
existing cartridge design for an ink-jet cartridge, the
first design characterized by a first datum structure, a
first ink reservoir system, and a first printhead struc-

35 ture. The printhead structure includes the ink channel



In a series of printers nmarketed by Hew ett-Packard Conpany, the "Deskjet"
series, two different cartridges are available for use in the sanme printer,
one having a rela- tively lower ink capacity than the other. 1In this case,
the high and low ink capacity cartridges enploy the sane datum structure,
but different ink delivery systens. In one instance, even though the shape
and configura- tion of the nozzle plate and substrate have not bef893
changed, the size of nozzle plate orifices aad substrate firing re5|5%%?
have been changed, to adapt a particular ink-jet cartridge design to a new
I nk of different viscosi- I n anot her instance, an existing cartridge
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t he nozzl e orlflce S Irin
ture, the printhead substrate and nozzle plate, and the

electrical interconnection circuit for providing control
-siqnals to the substrate. The method further includes the
5 step of utilizing the first datum structure and the first
ink delivery system in a second ink cartridge design also
characterized by a second printhead structure, wherein the
first and second cartridge designs share common datum
structures and common ink delivery systems. A new print-
10 head structure is provided for the second cartridge which
is physically different in shape or configuration than the
printhead structure for the first cartridge. In a pre-
ferred application, the new printhead structure is designed
to provide a printing resolution which is greater than the
15 printing resolution provided by the first ink cartridge.
The particular changes which can be made to the printhead
structure to increase the resolution include decreasing the
spacing'between nozzles and increasing the number of active
nozzles; these changes generally, but not necessarily,
20 include a change in the size of the substrate die.

The invention further is characterized by a family of
in cartridges for ink-jet printers having a common plat-
form. The family includes a first ink cartridge, compris-
ing a first registration datum structure for registering

25 the position of the first ink cartridge in a printer
carriage, a first ink reservoir system and a first print-
head structure. A second ink cartridge includes a second
registration datum structure for registering the position
of the cartridge in a printer carriage, a second ink

30 reservoir system and a second printhead structure. The
first and second datum registration structures and the
first and second ink reservoir systems are substantially
identical. The second printhead structure is physically
different in shape or configuration from the first prin-

35 thead structure.
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resi.stor.size, reducing the nunber of active nozzles, and making slight

“di mehsi onal vari ati substrate di e and nozzle plate, in order to
adapt the prlntheadmggwgﬁé rent flurdic properties of another ink, while
usi ng the sane datu dlnk reservoir system Commonly omned

U S Patent 4,872, 0 i nk-jet printer having identifiable
|nterchangeable pri h are interhangeably attachabl 4Q93298~1
printer carriage. The heads are provided with individual codes read by

the printer control systemto reconfigure its control functions to suit the
control requirenments of the identified head. It is therefore an object of
this invention to pr88i @ reswhthoef f Bhedaswgmethod and r cagEridgen systenm,

i ncorporates a smgmméam%awﬁgéum aadeiBpmdati YAHY mANGrARt I IRARYNY
cartridge design orf a ferent printhead with different, printing

char act eri sti csS@ Ph@ﬁa CE}?EﬁﬂngaP the time necessary to bring a new
cartridge to the market with different print characteris-

5 tics can be substantially reduced.
BRIEF DESCRIPTION OF THE DRAWING

These and other features and advantages of the present
10 invention will become more apparent from the following
detailed description of an exemplary embodiment thereof, as
illustrated in the accompanying drawings, in which:
~ FIG. 1 is an isometric view of a first ink-jet car-
tridge employing a given datum structure and ink delivery
15 system with a first printhead structure.

FIG. 2 is a partial, broken-away isometric view of a
second ink~jet cartridge employing the same datum structure
and ink delivery system as in the cartridge of FIG. 1, but
with a different printhead configuration.

20 FIG. 3 illustrates the headland structure of the car-
'tridge of FIG. 1.

FIG. 4 illustrates the headland structure of the car-
tridge of FIG. 2.

FIGS. 5 and 6 are end views showing a simplified

25 nozzle plate attached to the structure of the snout regions
of the cartridges of FIGS. 1 and 2.

FIG. 7 is an end view of the snout region of a third
cartridge employing the same datum structure and ink
delivery system of the cartridges of FIGS. 1 and 2, but

30 with yet another printhead configuration.

FIG. 8 is a plan view of an ink-jet cartridge as in
FIG.1, showing the common structure of the cartridges of
FIGS. 1, 2 and 3, and the printhead headland structure area
which is not common to the three cartridges.



devel opnent experibisShertidasBeelRepigreg0St S for t he commopn structure to be
spread over nore 't H H{dge. A further object is to provide a
famly of ink car- of which enploys a comon datum structure
and common ink reservoir systembut with Bhysically differem®33931t heads.
SUMVARY OF THE | NVENTI ON This invention in a general sense is a nethod for
constructing an ink cartridge for an ink-jet printer, enploying commobn

structure from another inkggaryrifget ogsfShi€fcd Sindrias in1dereadmnt
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" design char act ednpty ihg aHid sinvtdagl ructure, a first ink reservoir

system and a first printhead struc- ture. The printhead structure

i ncl udes the ink channel F1IGS. 10A and 10B are jsometric views of a cartridge
5 peripheral housing structure member illustrating an exemplary

embodiment of datum structures for a cartridge.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 illustrates in isometric view a first ink-jet

cartridge 50, which generally includes a housing 52 which
10 houses an ink delivery system including an ink reservoir (not
shown) .

The housing structure 52 in this embodiment
comprises a peripheral housing structure 52A, fabricated of
a molded engineering plastic. Metal cover plates 52B are

15 assembled to the structure 52A to complete the housing
enclosure. The housing structure 52 defines a number of datum
surfaces, used to precisely position the cartridge 50 within
a printer carriage. The structure 52 is shown in isolation
in the isometric view of FIGS. 10A and 10B. As shown therein,

20 the structure 52 includes three X axis datum structures XI,
X2 and X3, two Y axis datum structures Y1 and Y2, and one 2
axis datum structure. A cartridge employing this datum
structure is described in commonly owned Europeah Patent
application, "Side Biased Pen Datum Scheme for Thermal Ink-Jet

25 cartridge", serial number , filed on the same
date as this application, by the applicant herein, attorney
docket number M . the entire contents of which are
incorporated herein by this reference. The datum structures
typically abut against corresponding datum structures defined

30 on the printer carriage when the cartridge is pushed into
place in the carriage.

The cartridge 50 further comprises a protruding
snout region 56, and a headland region 62 extending at the
snout end on which the cartridge ink-~jet printhead 70 is

35 mounted. The datum structures for the cartridge are located




4 - Replacenment Sheet - 10 July 1996 leading fromthe ink reservoir

-system the headl and struc- ture, the printhead substrate and nozzle plate,
and the electrical interconnection circuit for providing control signals to
the substrate. The nmethod further includes the step of utilizing the { 2§3—1
datum structure and the first ink deliveri systemin a second ink cartn

desi gn al so characterized by a second printhead structure, wherein the

first and second cartridge designs share conmon datum structures and commobn

i nk delivery sgwaprﬁz'ommmhpadmandmetmmt wernitpingivanigtionsido the

second cartri %Téfa 5% ?E%@Idﬁ%ﬂggéwCg%uiféﬁéam%dyffaaﬁldﬂ%a{bogny

than the print ructure tor the rst tri EB erre
appl i cation, t¢n¢ﬁ%mﬁ§tﬂﬁtﬂ§§§-stmﬂﬂﬂﬁnﬁhgﬁﬂegpgﬂ@&hﬂ§ﬁﬁwﬂn in flexdble

resol ution whighybScohR@EiohN@rélift carrier 72 which carries a plurality
5 of electrical interconnection pads 74 which make electrical
contact with corresponding pads defined in the print carriage
socket for the cartridge, when the cartridge is installed in
the socket. The pads 74 are connected via wiring traces
defined in or on the circuit 72 with active ink-jet firing
10 elements comprising the assembly indicated generally as
assembly 76 in FIG. 1. A printhead substrate 76A and a nozzle
plate 76B, schematically illustrated in FIG. 9, are secured
together to comprise the assembly 76. The substrate/nozzle
plate assembly 76 is attached with the flexible carrier 72.
15 1In this cartridge embodiment, the carrier 72 wraps around the
headland region, and is aligned in position during assembly
relative to the datum structure by use of holes 64. Flexible
carriers are attached directly to the headland and housing
structure by thermal bonding, by the addition of bonding
20 materials, such as hot melts and thermal plastic films, or by
_.thermal and UV-set-epoxies.:
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.pr_i' nting resol ution provided by _the first ink cartridge. The particul ar
changes ‘whi ch can be nade to the printhead structure to increase the

Fesol ution i ncl ude—deereasi-ng—the—spaci ng bet ween nozzl es and i ncreasing
the nunber of activg. Rpzzhes.  these, changes generally, but not necessarily,
Ta ' l]ﬁé Substrate d

i‘ntl ude a change in he. The invention fur IS
‘characterized by a f mnimn'l) rtridges for i|;nk-j et printers havi h‘&%iﬁ 1
.cghmon plat- form udes a first ink cartridge, conpris- ing
‘afirst registration datum structure for registering the position of the .
first ink cartrtdge in a-printer carriage, a first ink reservoir system and
~a-first print- head structure. A second ink cartridge includes a second
“régistration datumstructure for registering the position of the cartridge

‘i-a printer carriage, §SeapRdh K FRELTY O] AUSLBINeELIBR01E Wady tRA%he
ustfucture. The first and secon datun1ré?|strat|on structures and the
substrate 76A from the Ink reservoir system 55 comprising
§ ° the cartridge 50, as the flexible circuit carrier 72 is
secured in position to the headland structure, This
provides a means for delivering ink through the ink channel
57 from the reservoir 55 to the substrate/nozzle plate
assembly 76 and to tiny ink-jet nozzles formed in the
10 'nozzle'plate 76B. By selectively activating the active
printhead elements, as is well known in the art, tiny ink-
droplets can be expelled through the nozzles to print onto
the medium.
FIG. 2 is a partial isometric view of a second ink-jet
15 cartridge 100, which includes a housing structure 102 which
is identical to the housing 52 of cartridge 50, with
identical datum structures defined therein. For example,
datum structure X1' of cartridge 100 is identical to datum
structure X1 of cartridge 50, datum structure X3' is
20 identical to datum structure X3, and so on. The. ink
reservoir system for the cartridge 100 is identical to that
of cartridge 50. The features of cartridge 100 which may
differ from corresponding features of cartridge 50 are the
ink channel 117 (FIG. 4) and the printhead structure.
25 In comparison to the pattern of electrical intercon-
nection pads 74 of the flexible carrier 70, the pattern of
pads 124 of the flexible carrier 120 shown in FIG. 2 has a
greater number of pads, i.e., an additional two shortened
rows of pads. This permits a greater number of nozzles
30  comprising the nozzle plate portion 126 to be controlled.
For example, the printhead of cartridge 50 may include a
nozzle pattern for producing a 300 dot per inch print
resolution, and the printhead of cartridge 100 may include
a nozzle pattern for producing a 600 dot per inch print
35 resolution. The number of nozzles defined in the nozzle

-



flrst and second ink reservoir systems are substantially identical. The
second printhead structure is physically different in shape or

configuration fromthe |r t r|n- thead structure. 5'As a result of the
new net hod and cartr i ficant savings in devel opnent and
manuf acturing costs - c #H and the tinme necessary to bring a new
cartridge to the mark n

t print characterls- tics caqg?
substantially reduced. BRI EF DESCRI PTION OF THE DRAW NG These and ﬁ@r”"l
features and advantages of ‘the present invention will become nore apparent
fromthe follow ng detail ed description of an exenpl ary enbodi nent -t her eof,

as plate assembly 126 is greater than the number of nozzles
defined in the plate 76, and the nozzle plate spacing is
different. Moreover, it will be seen that the area of the
substrate/nozzle plate assembly 126 comprising the print-
5 head structure of cartridge 100 is somewhat larger than the
area of the substrate/nozzle plate assembly 76 comprising
the cartridge 50.
The headland surfaces supporting the respective
assemblies 76 and 126 of the two cartridges 50 and 100 are
10 shown in FIGS. 3 and 4, respectively. In FIG. 3, the
headland region 62 comprises a flat peripheral surface area
62A, a recessed flat area 62C bounded by a generally
rectilinear border 62B, and a pair of rib protrusions 62D
extending upwardly from the recessed area 62C. A channel
15 opening 57 provides communication between the printhead
substrate/nozzle plate assembly 76 and the ink reservoir
system 55. The printhead 70 is secured over the recessed
region 62C, and edges of the printhead are bonded all
around the peripheral region 62A to provide a leakproof
20 seal of the printhead to the headland region 62.
In FIG. 4, the headland region 112 of the cartridge
100 includes a generally flat peripheral region 112A,
surrounding a rectilinear recessed region 112C, bounded by
a border 112B. Rib members 112E extend upwardly from the
25 recessed area 112C to support the printhead 120. A tapered
"region 112D tapers down to the ink channel 117. The region
112C of the cartridge 100 is somewhat larger in area than
the region 62C of cartridge 50. The assembly 126 in this
example is somewhat larger in area than the assembly 76 of
30 FIG. 1, and includes a somewhat larger number of nozzles,
thereby also requiring a greater number of interconnect
pads 114 to provide control of the operation of the noz-
zles.
FIGS. 5 and 6 are end views showing a simplified sub-
35 strate/nozzle plate assembly of the cartridges 50 and 100



illustrated in the acconpanying drawings, in which: FIG 1 is an isonetric
view'of a first ink-jet car- tridge enploying a given datum structure and
i nk delivery systemwith a first %rinthead structure. FIG 2 is a partial

br oken- away i sorretThisgheet B Lond i nk-jet cartridge enploying the sane
dat um structure and \“iu “ ! systemas in the cartridge of FIG 1, but
wth a different. pr ] | ration. Fl 3illustrates the g %gl qp
structure of the car- tridge of FIG 1. FIG illustrates the he § %% -1

structure of the car- tridge of FIG 2. FIGS. 5 and 6 are end views show ng
a sinplified nozzle plate attached to the structure of the snout regions of
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datum structures Y1 and Y1' and 118 are shown in these top
views,'further illustrating the commonality of the car-
tridge structure. The printheads 76 and 120 are shown

5 assembled to the respective headland regions. The somewhat
longer length of the nozzle assembly 126 in comparison to
nozzle assembly 76 is evident from FIGS. 5 and 6.
FIG. 7 shows a third example of a cartridge employing
a common platform with cartridge 50 of FIG. 1. The housing
10 152 is identical with housing 50 of FIG. 1, and employs
identical datum structures as those structures comprising
housing 50; e.g., datum structure Y1'' is identical to
. structure Y1. Moreover, the cartridde 150 employs the same
ink reservoir system employed in the cartridge 50. Only
15 the headland region 162 and printhead 170 are changed from
the corresponding elements 62 and 70. In this embodiment,
the nozzle assembly 176 is rotated 90 degrees relative to
the orientation of the nozzle assembly 76 in FIG. 1, e.q.,
to provide a low profile printer. 1In other applications,
20 the nozzle assembly 176 could be oriented at an angle other
than 90 degrees. '
The three ink-jet cartridges 50, 100 and 150 are
configured to be used with three different printers A, B
and C as shown in FIGS. S, 6 and 7. In a typical applica-
25 tion where the cartridges 50, 100 and 150 have physically
different electrical connections, the printers will require
different carriage electrical connection circuitry to
provide the necessary control signals to the different
cartridges 50, 100 and 150.
30 FIG. 8 is a side view of the cartridge 50 of FIG. 1,
showing the structure which is unchanged in the design of
the cartridges 100 and 150. In the three cartridges 50,
100 and 150, the cartridges share the same ink reservoir
system design, the same snout, and the same datum structure
35 design. Only the structure of the headland and the print-



dellvery systemof the cartridges of FIGS. 1 and 2, but wth yet another

-prlnthead configuration FLG 8 is a plan view of an ink-jet cartridge as

in FIG 1, showing. e structure of the cartridges of FIGS. 1, 2 and
3, and the printhea dure area which is not conmon to the

‘three cartridges.| J , iﬂ?hen&tlc diagramillustrating the conmon
and vari abl e struct of cartrldges enbodyi ng this invention.
FIGS. 10A and 10B are isonetric views of a ¢artridge peripheral HAFIZR3-1

structure nenber illustrating an exenplary enbodi nent of datum structures
for a cartridge. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT FIG 1

Il 1ustrates in ﬁég&nﬁéécbgégméﬁaﬁééat '@ke ommonallty of design elements
between the three types of cartridges provides savings in
development costs and time, and in manufacturing costs as
well. Thus, the three cartridges 50, 100 and 150 comprise

5 a family of ink-jet cartridges which share a common car-
tridge platform, but which have printhead structures which
are physically different in shape or configuration to
achieve different printing characteristics.

FIG. 9 is a schematic block diagram illustrating in a

10 functional sense the cartridge 50 of FIG. 1 and an exempla-
ry printer carriage 40. The cartridge 50 is secured within

the carriage by a physical support structure 42 comprising

the carriage 40. The carriage also includes carriage datum
structures 44 which interact with the housing 52. or datum

15 structures of the cartridge 50, to precisely register the
position of the cartridge within the carriage. The car-

riage further includes electrical interconnection circuit

46 to make electrical contact with the flexible intercon-

nect circuit 72 of the cartridge 50. -This electrical

20 interconnection circuitry is a variable structure, in that
its design will be varied, depending on the cartridge

interconnection circuitry configuration.
Still referring to FIG. 9, the common platform com-
prising the cartridge 50 includes the housing structure 52,
25 the datum structure X1, X2, X3, Y1, Y2 and Z, and the ink
reservoir system 55. The variable structure of the car-
tridge 50, which can be modified in shape or configuration
in accordance with the invention to produce new cartridges
.with different or improved printing characteristics, is the
30 printhead structure, which comprises the headland 62, the
substrate 76A, nozzle plate 76B and the flexible intercon-
nect circuit 72. One or all of the variable features may
be physically changed in shape or configuration in accor-
dance with the invention to achieve a desired change or
35 improvement in the printing characteristics of the car-



cartrldge 50, which generally includes a housing 52 which houses an ink

"'~deI|Very syst emnctuding—an—+nk—+eservoir (not shown). The housing

structure 52 in Tﬁé§m§@ﬁ&ﬂkﬂﬁ_ ackONPri ses a peripheral housing structure
52A, fabricated of neering plastic. Metal cover plates 52B
are assenbled to t,ﬂllgﬂmﬁwﬂ%HkZA to conplete the housing enclosure. The
housi ng structure unber of datum surfaces, used to reC|ser
position the cartridge 50 within a printetZarri age. The structi‘ts’rgp

shown in isolation in the isonetric view of FIGS. 10A and 10B. As shomn

therein, the structure 52 includes three X axis datum structures Xl, X2 and
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I nk- Jet Cartr&QQ?easiﬁ&'Qhé“gﬂgging between nozzlesféﬁgdlﬂarggglﬁ%m%he
number of active nozzles.

5 In accordance with one aspect of the invention, an ink
cartridge for an ink~jet printer can be designed, based in
part on the common structure design of another cartridge.
The method includes the following steps:

selecting a first cartridge design characterized
10 by a first datum structure, a first ink reservoir
system, and a first printhead structure;
utilizing the first datum structure and the first
ink reservoir system in a second ink cartridge design
also characterized by a second printhead structure,
15 wherein the first and second cartridge designs share
common datum structures and common ink reservoir
systems, and wherein the second printhead structure is
physically different in shape or configuration from
the first printhead structure; and
20 constructing a second ink cartridge in accordance
with the second cartridge design, the ink cartridge
characterized by a datum structure and ink reservoir
structure virtually identical to the first datum
structure and first ink reservoir system, and wherein
25 the second printhead structure is physically different:
in shape or configuration from the first printhead
structure.
The invention allows the investment in research and
development and manufacturing of the common platform to be
30 leveraged into different sectors of the ink~jet printing
market. The common ink delivery system also lowers the
engineering and manufacturing support costs as compared
with the conventional one-printhead, one-ink-delivery-
system type of design heretofore employed in the design and
35 manufacturing of cartridges. For example, the invention



date as this appl i cati on, by the applicant herein, attorney docket nunber M
, the entire contents of which are incorporated hereln by this_reference.

The datum st ructhi et Q@Ré caout agai nst correspondi ng dat um st ruct ur es
defined on the p mhen the cartridge is pushed into place in

the carri age. | further conprises a protruding snout region
56, and a headland reglon extendlng at t snout end on whichyhh¢ 3-1
cartridge ink-jet printhead 70 i s nount ed. e datum structures for ﬁ
cartridge are | ocated 7 Repl acenent Sheet - 10 July 1996 away fron1the
headl and structure, permtting variations to the headl and structures

wi t hout requirigegnits fieatdabfindsd oftime to design and build a manufac-
turing line to construct the cartridges; indeed the same
line may in some cases be used to build different car-
tridges designed in accordance with the invention. Since
5 the same or similar production equipment for .a given
cartridge production line can be used to produce another
cartridge in the same family, the equipment can typically
be acquired in a shorter time and for less cost than if an
entirely new line were designed and set up.

10 It is understood that the above-described embodiments
are merely illustrative of the possible specific embodi-
ments which may represent principles of the present inven-
tion. The invention is not limited to specific disclosed
embodiments of headland structures, substrate or nozzle

15 plate configurations, interconnect circuits, datum struc-
tures, ink delivery systems, or the like. Other arrange-
ments may readily be devised in accordance with these
principles by those skilled in the art without departing
from the scope and spirit of the invention.

et
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datum structures. A printhead 70 includes a thin flexible interconnection

“@kfcuit-carrier 72 which carries a plurality of el i mmlliuﬂmnect I on
pads 74 which nake el ectrical contact with corresdﬂ“ “Mﬂ“ .y ed in

the print carriage socket for the cartridge, when theccattrtdg

. x
'S

installed in the socket. The pads 74 are connected via wiring traces
defined in or on the circuit 72 with activietink-jet firing el erdft3293-1
conprising the assenbly indicated generally as assenbly 76 in FIG 1. A
printhead substrate 76A and a nozzle plate 76B, schematically illustrated
in FIG 9, are secured together to conprise the assenbly 76. The
substrate/ nozzle plate assenbly 76 is at3ldsHE with the flexible carrier
72. In this cartridge enbodi nent, the carrier 72 waps around the headl and
region, and is aliqged in posilioE during assenbly relative to the datum
structure by use of -4 +*e carriers are attached directly to

t he headl and and housing structure by thermal bonding, by the addition of

bondi ng

10

15

20

1. A family of ink cartridges for ink?jet printers,
characterized by:

a first ink cartridge (50), comprising a first
_registration datum structure (54) for registering the
position of said first ink cartridge, a first print-
head structure (62, 72, 76), and a first ink reservoir
system (55) for delivering ink to said printhead
structure; and

a second ink cartridge (100), comprising a second
registration datum structure (X1', X2', X3', Y1', ¥2°',
Z') for registering the position of said second ink
cartridge, a second printhead structure (112, 120, |
126), and a second ink reservoir system for delivering
ink to said second printhead structure, wherein said
first and second registration datum structures and
said first and second ink reservoir systems are
substantially identical, and said second printhead
structure is physically different in shape or configu-
ration from said first printhead structure so as to
provide an increased printing resolution characteris-
tic of said second ink cartridge in relation to a
printing resolution characteristic of said first ink

cartridge.

2. A cartridge family according to Claim 1, further
characterized in that first and second printhead structures
respectively comprise first and second headland structures
(76, 126), and wherein said first headland structure (76)
is physically different from said second headland structure
(126). '



mat erials, such as hot nelts and thermal pl as&/ii@'M‘I or by thermal and
DAL

UV- set epoxi es. REPLACEVENT SHEET 8 As sho ‘Iﬁu ”,lﬂ”"lw d
system 55

- connection is nmade to the substrate 76A from ddil]

conprising the cartridge 50, as the flexible circuit carrier 72 is secured
in position to the headl and structure. This provides a neans for
delivering ink through the ink channel 57 f¥®»mthe reservoir 55 1993223~-1
substrate/ nozzle plate assenbly 76 and to tiny ink-jet nozzles formed in
the nozzle plate 76B. By selectively activating the active printhead

el enments, as is well_known in the art, tjny ink- droplets cap be expelled
t hrough the nozzles 3o pr%rﬁafﬁﬁfpge famil&vaccord{n to Claim 1 orRClalm
2, further characterized in that said first and second

printhead structures (76, 126) respectively comprise first
and second substrate nozzle plates, and wherein said first
5 nozzle plate is physically different from said second

nozzle plate.

4. A cartridge family according to Claim 3, wherein
said first nozzle plate includes a first nozzle pattern for
producing a first print resolution, and said second nozzle
plate includes a second nozzle pattern for producing a

5 second nozzle resolution which is greater than said first

resolution.

5. A cartridge family according to any preceding
claim, further characterized in that said first and second
printhead structures (76, 126) respectively comprise first
and second flexible interconnection circuits (72, 120), and

5 wherein said first interconnection circuit (72) is physi-
cally different from said second interconnection circuit
(120).

6. A cértridge family according to any preceding
claim, further characterized in that said first cartridge
(50) is adapted for use with a first printer (A), and said
second cartridge (100) is adapted for use with a second,
5 physically different printer (B).

7. A cartridge family according to Claim 6, wherein
said first printer (A) includes a first carriage for
accepting and making electrical contact with an ink car-
tridge made in accordance with said design, and said second

5 printer (B) includes a second carriage for accepting and
making electrical contact with said second cartridge, said



the medium FIG 2 is a partial isonetric view of a second ink-jet
cartridge 100, which includes a housing struct i iyl i dentical to
t he housing 52 of cartridge 50, with identi cal|mmﬂml“ﬂlu'l' m defined
therein. For exanple, datum structure [err] of <tarttritdg® 190 §s |dent|ca

to datum structure X1 of cartridge 50, datﬁg1structure X3 is 'd%&gjﬁﬂ
datum structure X3, and so on. The i nk servoir systemfor t

cartridge 100 is identical to that of cartridge 50. The features of
cartridge 100 which may differ from correspondi ng features of cartridge 50 -

are the ink Ch@é{ﬁ%r‘d“c;ar_(ﬁ e b 1?@"5»519‘%185&&%“ gf%% ft r%om | 1910'?1%'@0”

to the pattern o ectrlca necti o the exl bl'e
carrier 70, theriateyr casrigaes 124 of the erX|bIe carrier 120 shown in
FIG 2 has a greater nunber of pads, i.e., an additional two.short.ened-rows

of pads. This pernits aggreaje e@ﬂggefogfcgﬁéékﬁitlng an ink cartridge
for an ink-jet printer, employing common structure from
another ink cartridge to realize a saving in development
and manufacturing expenses, said method comprising a
5 sequence of the following steps:
selecting a first cartridge design for an ink-jet
cartridge (100), said first cartridge design charac-
terized by a first datum structure (X1, X2, X3, Yi,
Y2, 2), a first ink reservoir system (55), and a first
10 printhead structure (62, 72, 76); .
utilizing said first datum structure and said
first ink reservoir system in a second ink cartridge
design also characterized by a second printhead
structure, wherein said first and second cartridge
15 designs share common datum structures and common ink
reservoir systems, and wherein said second printhead
structure is physically different in shape or configu-
ration than said first printhead structure, said
physical differences to achieve an increase in a print
20 ) resolution characteristic of said second cartridge
design in relation to a print resolution characteris-
tic of said first cartridge design; and
constructing a second ink cartridge (100) in
accordance with said second cartridge design, said ink
25 cartridge characterized by a datum structure (X1',
X2', X3', Y1*, Y2', 2') and ink reservoir system
virtually identical to said first datum structure and
said first ink reservoir system, and wherein said
second printhead structure (112, 120, 126) is physi-
30 cally different in shape or configuration from said
first printhead structure, and provides increased
printing resolution.



conprising the nozzle plate portion 126 to be controlled For exanple, the

prlnthead of—taf%frdge—5e—ﬁ&y~kﬂclude a nozzle pattern for producing a 300

h print resolution, a e printhead of cartridge 100 may

dot
i ncl ude a noz r‘ﬂ H l Iu :um’odum ng a 600 dot per inch print resol ution.
The nunber n the nozzle 9 plate assenbly 126 is

great er than the number of nozzles defined 1% the plate 76, and X0@323%¥7le
pl ate spacing is different. Mdreover, it will be seen that the area of the
substrate/ nozzle plate assenbly 126 conprising the print- head structure of
cartridge 100 is sonewhat |arger than the area of the substrate/ npzzle

pl ate assenbly 76 c@&wpri & nBegHQdca‘I“t”?‘PH@U“BO to Claim 8 wherein said

printhead structure of said first and second cartridge
designs comprises a headland structure, a substrate, a
nozzle plate, a flexible interconnection circuit and an ink

5 channel, wherein said printhead structure of said second
cartridge design varies from said printhead structure of
said first design in at least one of said headline struc-
ture, said substrate, said nozzle plate and said intercon-
nection circuit and said ink channel.

10. A method according to Claim 9, wherein said
headland structure (126) of said second cartridge is
physically different from the headland structure (76) of
said first cartridge design.

11. A method according to Claim 9 or Claim 10 wherein
said substrate of said second cartridge (100) is physically
different from the substrate of said first cartridge design
(50) .

12. A method according to any of Claims 9, 10 or 11,
wherein said nozzle plate of said second cartridge (100) is
physically different from the nozzle plate of said first
cartridge design (50).

13. A method according to Claim 12 wherein said first
and second printhead structures respeétively comprise first
and second nozzle plates, and wherein said second nozzle
plate 1is oriented orthogonally at said second printhead

5 structure in relation to an orientation of said first
nozzle plate at said first printhead structure.

14. A method according to Claim 13 wherein said
second nozzle plate is oriented at an offset angle relative
to an orientation of said first nozzle plate.



5The headl and surfaces supporting the respective assenblies 76 and 126

of .the two caLLLLQQQﬁ_%Q and 100 are shown in FIGS. 3 and 4, respectively.
In FIG 3, the headl and regionm 62 conprises a flat peripheral surface area

62A, a recess ?, ounded by a generally rectilinear border
62B, and a paie’ "mnﬂ"ﬂmﬁuﬁﬁgrons 62D extending upwardly fromthe recessed
area 62C. A channel epenin provi des cofguni cati on between t h@opriont-head
substrate/ nozzle plate assenbly 76 and the ink reservoir system 55. The
printhead 70 is secured over the recessed region 62C, and edges of the

printhead are bonded all around the peripheral region 62A to provide a
| eakpr oof seal of tH&.pritnt meghotdo aheohddnly arb r @givon of2. CllaimsG 12-1dhe

headl and regi 0%%&%%-3{ N9 4% giedgqaigookngwéefiesaemﬁkahwtyiat;e §50)
peripheral region 112A, surrounding a rectilinear recegssed regjon~112C
bounded by a bdn@dudes2 B RAFZThSHEAStEIDE f0% cRYCHPGARG yaf (T SthePrint

resolution and said nozzle plate of said second ink car-

5 tridge (100) includes a nozzle pattern for producing a

. second print resolution which is greater than said first
print resolution of said first cartridge.

16. A method according to any of Claims 9-15, wherein
said flexible interconnection circuit of said second
cartridge (100) is phfsically different from said flexible
interconnection circuit of said first cartridge design

5 (50) .

17. A method according to any of Claims 9-16, wherein
said ink channel of said second ink cartridge (100) is
physically different from said ink channel of said first
ink cartridge (50). ' '

18. A method according to any of Claims 8-17, wherein
said datum structures of said first and second ink car-
tridges are disposed well away from said printhead struc-
ture, permitting modifications to said first printhead

5 structure without corresponding modifications to any of
said datum structures.

19. A method accbrding to any of Claims 8-18, wherein
said first cartridge design (50) is adapted for use with a
first printer (A), and said second cartridge (100) is
adapted for use with a second, physically different printer

5 (B) .



recessed area 112C to support the printhead-120—A tapered region 112D
tapers down to the ink channel 117. The region 112C of the cartridge 100 is

sonmewhat |arger in area than the region 62C gﬂlmumnﬁﬁﬂﬂmmhe assenbly
126 in this exanple is somewhat |arger in ar : ly 76 of FIG
1, and includes a somewhat |arger nunber of nozzl%s, tMer&by* al so requiring
a greater nunber of interconnect pads 114 %% provi de control ofiG3¥93~-1
operation of the noz- zles. FIGS. 5 and 6 are end views showi ng a

sinplified sub- strate/nozzle plate assenbly of the cartridges 50 and 100

10 of FIGS. 1 and 2, respectively. CDrrgspondigg{identical dat um .
structures Y1 and Y¥P-: afy 1¢8hafe agrA%Aing t h@sCipp 19, whereln said

first printer (A) includes a first carriage for accepting
and making electrical contact with an ink cartridge made in
accordance with said design, and said second printer (B)
5 includes a second carriage for accepting and making elec-
trical contact with said second cartridge, said second
carriage being physically different from said first printer

carriage.



- views, further illustrating the conmmonality of the car- tridge structure.

The printheads 76 and 120 are shown assenbled to the respective headl and
- regi 6ns. The sonewhat |onger |length of the nozzle assenbly 126 in
conparison to nozzle assenbly 76 is evident fromFIGS. 5 and 6. FIG 7
shows a third exanple of a cartridge enploying a coomon platformwth
cartridge 50 of FIG 1. The housingdﬂyzfis I dentical with housing 50 of
FIG 1, and enploys identical datum structures as those structures
conprising housing 50; e.g., datumstructure Y1'' is identical to structure
Y1l. -Moreover, the cartridge 150 enploys the sanme ink reservoir system
enployed in the cartridge 50. Only the headl and regi on 162 and print head
170 are changed fromthe corresponding elenents 62 and 70. In this

enbodi ment, the nozzle assenbly 176 is rotated 90 dggrfgg;rela ive to the

orientation of thf:ﬁfzzie ﬁﬁsenbly 76 in FIG 1, e. réwi de a | ow
profile printer. {1In & 'applications,
| | "2 -

100

/02




the nozzl e assenbly 176 could be oriented at an angle other than 90 .
degrees. The three ink-jet cartridges 50, 100 and 150 are configured to be
~used with three different"printers A, B and C as shown in FIGS. 5, 6 and 7.
In a typical applica- tion where the cartridges 50, 100 and 150 have
physically different electrical connections, the printers will require
~different carriage electrical connegygh circuitry to provide the necessary
control signals to the different carfridges 50, 100 and 150. FIG 8 is a
side view of the carfridge 50 of FIG 1, showing the structure, which is
unchanged in the desjgn of the tridges 100 and 150. 1In the three
cartridges 50, 100 and 150, e cartm™gdges share the me i nk reservoir
system design, the sane s ructure design. Only
the structure of the hea i




11 head.has been changed. The commonal ity of design el ements between the
three types of cartridges provides savings in devel opnent costs and tine,
and in manufacturing costs as well. Thus, the three cartridges 50, 100 and
150 conprise a famly of ink-jet cartridges which share a common car - _
tridge platform but which have printh structures which are physically
different in shape or configuration to hi eve di fferent printing
characteristics. FIG 9 is a schematic block diagramillustrating in a
functi onal sense the Qartridgeigg of FIG 1 and an exenpla- ry printer
carriage 40. The cartridge 50 i ecured within t carriage by a physi cal

support structure 42 conprising t carriage 40. carriage al so includes
carriage datum struct yres 44|Mh|ch |1 ==ahousi ng 52 or datum
I4
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.Structures of the cartridge 50, to precisely register the position of the
carfridge within the carriage. The car- riage further includes electrical

i nterconnection circuit 46 to make el ectrical contact with the flexible
intercon- nect circuit 72 of the cartlkﬁ e 50. This electrical

I nterconngction circuitry is a vari abfa tructure, in that its design wll
be varied®N depending on the cartridge interconnection circuitry

configura n. Still referring to FIG 9, the common platformcom prising

-

the cartri Q_LnnLudes.Lhe.hﬁusLng.sLIucLuLe_SZ,_Lhe.daluanLLucﬁure X1,
X2, X3, + Y2 and Z, anq t he ihk reservoir system 23, Jhe variable' :
strupturpgf the car- tridge 50' V\hl;& :can be F-eld 4N shape or i
confi gur on in"accordance with thegigfvention [{ &jpriddiee new cartri,dges
with dif ent Omnidkgg oved, prin i Q Wracteri g E% ] s the printhedd
- structur ich_‘fw | sesyQ he f\s%g%% 62, thg tlrate 76A, nozzle plate
76B and ?ﬁ?leg.lb—rgnter;bn- Iv\gﬁ gg §§{ gt\l & e h%%
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nect Ggircuit 72. One or all of the variable features may be physically
‘changed in shape or configuration in. accor- dance with the invention to
achi eve a desired change or inprovenent in the printing characteristics of
t he car- 12 tridge. A preferred printing characteristic which is
inproved is the printing resolution, agiMsved e g., by decreasing the
spaci ng between nozzles and increasing the nunber of active nozzles. In
accordance with one aspect of the invention, an ink cartridge for an
ink-jet printer can be designed, based in part on the common structure
design of another cartridge. The nethod includes the foll ow ng steps:

k.




Hy_é first datumstructure, a first ink reservoir system and a first

| “printhead structure; utilizing the first datumstructure and the first ink

reservoir systemin a second ink cartridge design also characterized by a
second printhead structure, wherein the first and second cartridge designs
share comon datum structures and comon ink reservoir systens, and wherein
t he second printhead structure is physica@Qy different in shapd93293-1
configuration fromthe first printhead structure; and constructing a second
ink cartridge in accordance with the second cartridge design, the ink
cartridge characterized by a datum structure and ink reservoir structure
virtually identical to the fi MR JHEIETCARFRINEE i rst ink reservoir

system and wherein the sprcansopsi POREPUFEBERENT UPRINSHRARSI cal |y different
in shape or configuration fromthe first printhead

ABSTRACT OF THE DISCLOSURE

A method for designing a second ink-jet cartridge
(100) characterized by a datum structure, an ink reservoir
5 system and a printhead structure, given a first cartridge
design (50), wherein the printhead structure of the two
cartridges are different. The method uses a common datum
structure and ink reservoir system for both the first and
second cartridges, to save on development and tooling
10 expenses. The cartridges (50, 100) differ in the shapes or
configurations of the headland structures, the flexible
interconnect circuits, the nozzle plates, the ink channels

or the printhead substrates.

(Fgs. | + 2)




. biRw-4. Teos
structure The invention allows the investnent in research and devel opnent

and manufacturing of the common platformto be |leveraged into different
sectors of the ink-jet printing market. The comon ink delivery system al so
| owers the engdineering and manufacturing support costs as conpared with the
conventional one-printhead, one-ink-delivery- systemtype of design

her et of ore enpl oyed in the desi gn and manuf act uReplacenient heeti €@ July ¥96
exanpl e, the invention permts the sayings of tine to design and build a
manuf ac- turing line to construct the cartridges; indeed the same |ine may

| goke EIfE SNE used to build different car- tridges designed in
a by the i nvent i O [SIFGEEREF SMEEIS Si 86| ar | producti on

efui ment for p given ® Description : paged .1.. to paged .2
12 JUL 1996 [3 Claima(s) :paged ... to paged....
{1 Drawing(s) : paged ..... to paged ...

[ Abstract  : paged ..... to paged .....

DATE OF RECEIPT..D%........

COMMON INK-JET CARTRIDGE
; PLATFORM FOR DIFFERENT PRINTHEADS

BACKGROUND O INVENTIO

The present invention relates to ink-jet printers, and
more particularly to improvements in a common cartridge
platform used for different printheads. .

Ink~jet printers are in widespread use today for
printing functions in personal computer, facsimile and
other applications. ~ such printers typically include
replaceable print cartridges which hold a supply of ink and
carry the ink-jet printhead. The cartridge typically is
secured into a printer carriage which supports one or a
plurality of cartridges above the print medium, and tra-

o verses the medium in a direction transverse to the direc-
tion of medium ‘travel through the printer. Electrical
connections are made to the printhead by flexible wiring
circuits attached to the outside of the cartridge. Each
printhead includes a number of tiny nozzles defined in a
substrate and nozzle plate structure which are selectively
fired by electrical signals applied to interconnect pads to
eject droplets of ink in a controlled fashion onto the
print medium.

In order to achieve accurate printing quality, each
removable cartridge includes datum surfaces which engage
against corresponding carriage surfaces to precisely locate
the cartridge when inserted into the carriage. 1In this



¢
*

cartridgéfprodu:tRBHﬁEEMENEé%EEE'
sdane famly,. the EGUTT
e

urp
o f I - th i [,r
nder Sro0d et | e 30 BT
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sed to produce another cartridge in the
ically be acquired in a shorter tinme and
_ new | i ne were designed and set up. It is
understood that|th d enbodi nents are nmerely illustrative of
- s which may represent principles of the
present inven- }ion. The inventi i s not2lim tReplacementethdet c 1§ By 4924
enbodi nents of A€agra S, substrate or nozzle plate
configurations, interconnect circuits, datumstruc- tures, ink delivery
systens, or the like. Qther arrange- nents may readily be devised in
accor dance wnahneitgs¥hen accprsridge: Hade sippliyed s exhaushed .y Ehguear-

departing freomiRe SeAPeLaNGePldddd Okithe d N¢eBEhOartridge, and the
printhead of the new cartridge will be precisely located
relative to the carriage. _ |

As improvements have been made in the printhead design
or in the ink delivery éystem for cartridges, it has been
the common design practice to design entirely new printer
cartridges, incurring expenses in the design and tooling
for the new cartridges. Thus, if a new printhead is
developed which has different physical size parameters from
an earlier design of a printhead, advancing for the sake of
example, from a 180 dpi to a 300 dpi resolution, the common
practice has been to develop an entirely new cartridge
platform to support the new printhead, including different
datum surfaces, and indeed, requiring a new printer car-
riage to support the cartridge. '

It is known, in a one-cartridge printer application,
to change the nozzle firing frequency, along with the width
of the ink feed slots-in the substrate die, without chang-
ing the datum structure or ink delivery system in an -ink-
jet cartridge, to achieve improved printing performance.
| In a series of printers marketed by Hewlett-Packard
Company, the "Deskjet" series, two different cartridges are
available for use in the same printer, one having a rela-
tively lower ink capacity than the other. In this case,
the high and low ink capacity cartridges employ the same
datum structure, but different ink delivery systems.

In one instance, even though the shape and configura-
tion of._the nozzle plate and substrate have not been
changed, the size of nozzle plate orifices and substrate
firing resistors have been changed, to adapt a particular
ink-jet cartridge design to a new ink of different viscosi-
ty. In another instance, an existing cartridge designed
for black ink was modified to operate with color ink, by
changing the nozzle orifice size and substrate firing




14 |
I nk cartridges

~CLAI M5 What is clainmed is: 1. A famly of
REPUATEMENT $HEERt brs, characterized by: a first ink .

cartridge (50)) gerpristmg~a THr$t registration datum structure (54) for

regi stering thd siftifon of said first ink cartridge, a first

orint- head strudtul@ .élélzﬁ% 74), and g first ‘ink reservoir syste:ln?§$5)
c

for delivering|ink to said pr#tHead str t ur e;ReplagementeShged -i 19kTudy dge
(100), conprisijng a second 10 regi stration datum structure (X1',
X2', X3, ¥Y1', M eeg—for—TEgiStering the position of said second ink

cartridge, Re§e608% Qriizla_t,hﬁau%ﬂdqitt&ﬁ@ AdhBerldt alA0lve 2Rdz2128G0hd Nk

reservoir systemfor delivering jnk to said second printhead structurge,

wher ei n Sailgakje.ng slig%t dimensional variatlons to the substrate die
and nozzle plate, in order to adapt the printhead ¢to
different fluidic properties of another ink, while using
the same datum structure and ink reservoir syst_em.

. - Commonly owned U.S. f'atent 4,872,027 describes an
ink-jet printer having identifiable interchangeable print-
heads which are interchangeably attachable to the printer
carriage. The heads are provided with individual codes
read by the printer control system to reconfigure its
control functions to suit the control requirements of the
identified head.

It is therefore an object of this invention to provide
a method for designing a cartridge which incorporates a
common datum structure and ink delivery system from another

- cartridge design to support a different printhead with
"different printing characteristics, thereby allowing the
development expenses and tooling costs for the common
structure to be sp'read over more than one cartridge.

A further object is to provide a family of ink car-
tr-idges ¢ each of which employs a common datum structure and
common ink reservoir system but with physically different
printheads. '

SUMMARY OF THE INVENTION

This invention in a general sense is a method for
constructing an ink cartridge for an ink-jet printer, :
employing common structure from another ink cartridge to
realize a savings in development and manufacturing expens-
es. The method includes the step of selecting a first pre-
existing cartridge design for an ink-jet cartridge, the
first design characterized by a first datum structure, a

first ink reservoir system, and a first printhead struc-
- ture. The printhead structure includes the ink channel



5 FFEST) EW fgistration datumstructures and said first
and second i RKR L eSE 5 are substantially identical, and said

second print ejamstfu§tu$§ § physically different in shape or configu-
ration frém daild iz d ?nt egd structure so as to 20 provi de an
|ncreased pri [ i

tion charact eri Replacenfiens eSheef + 18 thulynk996
cartrislge. 2. G , amly according to Claim1l, further
characterized Tn that first and second printhead structures respectively
conprise first and second headl and structures (76, 126), and wherein said
first headl ake¢adtingctfinom (thed ik reseryhixgi wﬂeymdimeermdlaom s&ruc-

second headl gggleSt rited UpeitABhd substrate and nozzle plate, and the
electrical interconnection circuit for providing control
..signals to the substrate. The method further includes the
step of utilizing the first datum structure and the first
ink delivery system in a second ink cartridge design also
characterized by a second printhead structure, wherein the.
first and second cartridge designs share common datum
structures and common ink delivery systems. A new print-
head structure is provided for the second cartridge which
is physically different in shape or configuration than the
printhead structure for the first cartridge. In a’ pf:e-
ferred application, the new printhead structure is designed
to provide a printing resolution which is greater than the
printing resolution provided by the first ink cartridge.
The particular changes which can be made to the printhead
structure to increase the resolution include decreasing the
spacing between nozzles and increasing the number of active
- nozzles; these changes generally, but not necessarily,
include a change in the size of the substrate die.

The invention further is characterized by a family of
in cartridges for ink-jet printers having a common plat-
form. The family includes a first ink cartridge, compris-
ing a first registration datum structure for registering
the position of the first ink cartridge in a printer
carriage, a first ink reservoir system and a first print-

- head structure. A second ink cartridge includes a second
registration datum structure for registering the position
of the cartridge in a printer carriage, a second ink
reservoir system and a second printhead structure. The
first and second datum registration structures and the
first and second ink reservoir systéms are Substantially
identical. The second printhead structure is physically
different in shape or configuration from the first prin-
thead structure.




15 3. A cartrid g to Aaiml or Claim2, further
characterized in E%iggé%Ewggﬁand second printhead structures (76, 126)

respectively, conpfipe first and sedond substrate nozzle plates, and wherein
said first 5 hog z |42 gukt ©9%s [physically different fromsaid second
nozzle plate. 4. A cartridge family ac%ording to Caim3, wherein said
first nozzle platp IT'st] nozzPe pat Replacenaent Shsetucl@duly 1996st

print resolution,|and said second nozzle plate includes a second nozzle
pattern for producing a 5 second nozzl e resolution which is greater

brecedi ng ol ai m At nEPSRRE, 26 SREHAY HHEnod ank A6HAIGe ByBEkn,

printhead ssigoifisantyavizgys rigs siavelannentand seatufacturing costs
can be achieved, and the time necessary to bring a new
cartridge to the market with different print characteris-
tics can be substantially reduced.

BRIEF DESCR ON_OF THE WING

These and other features and advantages of the present
invention will become more apparent from the following
detailed description of an exemplary embodiment thereof, as
illustrated in the accompanying drawings, in which:

FIG. 1 is an isometric view of a first ink-jet car-
tridge employing a given datum structure and ink delivery
system with a first printhead structure.

FIG. 2 is a partial, broken-away isometric view of a
second ink-jet cartridge employing the same datum structure
and ink delivery system as in the cartridge of FIG. 1, but
with a different printhead configuration.

FIG. 3 illustrates the headland structure of the car-

' tridge of FIG. 1.

FIG. 4 illustrates the headland structure of the car-
tridge of FIG. 2.

FIGS. 5 and 6 are end views showing a simplified

" nozzle plate attached to the structure of the snout regions
of the cartridges of FIGS. 1 and 2.

FIG. 7 is an end view of the snout region of a third
cartridge employing the same datum structure and ink
delivery system of the cartridges of FIGS. 1 and 2, but
with yet another printhead configuration.

FIG. 8 is a plan view of an ink-jet cartridge as in
FIG.1, showing the common structure of the cartridges of
FIGS. 1, 2 and 3, and the printhead headland structure area
which is not common to the three cartridges.
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circuit (72) is physi- cally different fromsaid
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di;g"'claim f her charactegized in that said first cartridge
(50) is ad use with a first printer (A), and said second cartridge
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maki ng el esmbpdaﬂlngorﬁu(ﬁ imventiang second cartridge, said

FIGS. 10A and 10B are isometric views of a cartridge
peripheral housing structure member illustrating an exemplary
embodiment of datum structures for a cartridge.

D LED DESCRIPTION OF TH REF ODI

FIG. 1 illustrates in isometric view a first ink-jet
‘cartridge 50, which generally includes a housing 52 which
houses an ink delivery system including an ink reservoir (not
shown) . _ _

The housing structure 52 in this embodiment
comprises a peripheral housing structure 52A, fabricated of
a molded engineering plastic. Metal cover plates 52B are
assembled to the structure 52A to complete the housing
enclosure. The housing structure 52 defines a number of datum
surfaces, used to precisely position the cartridge 50 within
a printer carriage. The structure 52 is shown in isolation
in the isometric view of FIGS. 10A and 10B. As shown therein,
the structure 52 includes three X axis datum structures XI,
X2 and X3, two Y axis datum structures Y1 and Y2, and one 2
axis datum structure. A cartridge employing this datum
structure is described in commonly owned European Patent
application, "Side Biased Pen Datum Scheme for Thermal Ink-Jet
Cartridge", serial number -, filed on the same
date as this application, by the applicant herein, attorney
docket number M , the entire contents of which are
incorporated herein by this reference. The datum structures
typically abut against corresponding datum structures defined
on the printei-: _carriage when the cartridge is pushed into
place in the carriage. '

The cartridge 50 further comprises a protruding
snout region 56, and a headland region 62 extending at the

snout end on which the cartridge ink-jet printhead 70 is -
mounted. The datum structures for the cartridge are located



16 _ 1093293-1 second carri age being physically different
fromsaid first printer carriage. 8. A nethod for constructing an ink
cartridge for .an i.nk-jet printer, enploying common structure from anot her
ink cartriflge to realize a saving in devel opment and manufacturing
expenses, said nethod conprising a 5 sequence of the follow ng steps:
selecting a first cartridge design for an ink-j eReplagement! $he¢t1-000 Julyalidd6

first cartridge design charac- terized by a firsf datumstyucjure (X1, X2,
X3, V1. v2awsY £xom fbe RARALang SErUCtYEe e RemERItting VAT ations to the

printhead gidddidnce §6Puctiresblitldut zreguiringf modti fiatations utbuaayand

said Tt Jold CRELYSL 2Xst o 10 4, H0000%7 b oAU S EREROT12R e
interconnection circuit carrier 72 which carries a plurality
of electrical interconnection pads 74 which make electrical
contact with corresponding pads defined in the print carriage
socket for the cartridge, when the cartridge is installed in
the socket. The pads 74 are connected via wiring traces
defined in or on the circuit 72 with active ink-jet firing
elements comprising the assembly indicated generally as
assembly 76 in FIG. 1. A printhead substrate 76A and a nozzle
plate 76B, schematically illustrated in FIG. 9, are secured
together to comprise the assembly 76. The substrate/nozzle
plate assembly 76 is attached with the flexible carrier 72.
In this cartridge embodiment, the carrier 72 wraps around the
headland region, and is aligned in position during assembly
relative to the datum structure by use of holes 64. Flexible
carriers are attached directly to the headland and housing
structure by thermal bonding, by the addition of bonding
materials, such as hot melts and thermal plastic films, or by
thermal and UV-set epoxies.

REPLACEMENT SHEET

12 JUL 1996




structure, wherein said first and second cartridge 15 desi gns
share common datum structures and comon ink reservoir systens, and wherein
sai d second ' e is physically different in shape or
confi gu- 'r aff-Qa; ,-" [ t printhead structure, said physica

di fferences it Q- ease in a grint 20 resol ution
characteri st} c of iﬁbg WO d cartridge desi gnReplacamient iSheet o 1@ Jpbyi H96
resol uti on chaladt tic ofy said first cartridge design; and
constructingla sec i dge (100) in accordance with said second
cartridge de |gn said ink 25 cartridge characterized by a datum
structure (Xl d2=—xX3 Y2, 7 ) and ink reservoir.systemvirtually
identical to said first datumstructure and said first ink reservoi.r
system and wher gish shaiwh Sler @D%.pra ntahetlnh id resnneet{oh? isl dddel A tise

physi- 30 ubstratd1én Bdds" €0s 1Hk5928%r%%f¥“”§é%231h%”éHﬁ%?fEing
"  the cartridge 50, as the flexible circuit carrier 72 is
secured in position to the headland structure. This
provides a means for delivering ink through the ink channel
57 from the reservoir 55 to the substrate/nozzle plate
assembly 76 and to tiny ink-jet nozzles formed in the
" nozzle plate 76B. By selectively activating the active
printheéd elements, as is well known in the art, tiny ink-
droplets can be expelled through the nozzles to print onto
the medium.

FIG. 2 is a partial isometric view of a second ink-jet
cartridge 100, which includes a housing structure 102 which
is identical to the housing 52 of cartridge 50, with
identical datum structures defined therein. For example,
datum structure X1' of cartridge 100 is identical to datum
structure X1 of cartridge 50, datum structure X3' is
identical to datum structure X3, and so on. The  ink
reservoir system for the cartridge 100 is identical to that

. - of cartridge 50. The features of cartridge 100 which may
differ from corresponding features of cartridge 50 are the
ink channel 117 (FIG. 4) and the printhead structure.

In comparison to the pattern of electrical intercon-
nection pads 74 of the flexible carrier 70, the pattern of
pads 124 of the flexible carrier 120 shown in FIG. 2 has a
greater number of pads, i.e., an additional two shortened
rows of pads. This permits a greater number of nozzles
comprising the nozzle plate portion 126 to be controlled.
For example, the printhead of cartridge 50 may include a
nozzle pattern for producing a 300 dot per inch print
resolutioh, and the printhead of cartridge 100 may include
a2 nozzle pattern for producing a 600 dot per inch print
resolution. The number of nozzles defined in the nozzle
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defined in the plate 76, and the nozzle plate spacing is
different. Moreover, it will be seen that the area of the
substrate/nozzle plate assembly 126 cdmprising the print-
head structure of cartridge 100 is somewhat larger than the
area of the substrate/nozzle plate assembly 76 comprising
the cartridge 50. _

surfaces

The headland supporting the respective
assemblies 76 and 126 of the two cartridges 50 and 100 are
shown in FIGS. 3 and 4, respectively. In FIG. 3, the

headland region 62 comprises a flat peripheral surface area
62A, a recessed flat area 62C bounded by a generally
rectilinear border 62B, and a pair of rib protrusions 62D
extending upwardly from the recessed area 62C. A channel
opening 57 provides communication between the printhead
substrate/nozzle plate assembly 76 and the ink reservoir
system 55. The printhead 70 is secured over the recessed
region 62C, and edges of the printhead are bonded all
around the peripheral region 62A to provide a leakproof
seal of the printhead to the headland region 62. '

In FIG. 4, the headland region 112 of the cartridge
100 includes a generally flat peripheral region 112A,
surrounding a rectilinear recessed region 112C, bounded by
a border 112B. Rib members 112E extend upwardly from the
recessed area 112C to support the printhead 120. A tapered
"region 112D tapers down to the ink channel 117. The region
112C of the cartridge 100 is somewhat larger in area than
the region 62C of cartridge 50. The assembly 126 in this
example is somewhat larger in area than the assembly 76 of
FIG. 1, and includes a somewhat larger number of nozzles,
thereby also requiring a greater number of interconnect
pads 114 to provide control of the operation of the noz-
zles.

FIGS. 5 and 6 are end views showing a simplified sub-
strate/nozzle plate assembly of the cartridges S0 and 100
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cartridge desi gn. e accordlng to daim9 or Caim1l0 wherein

sai d substrat.e gffsald second claritridge (100) is physically different from
the substrate’of f@tﬂﬁsﬁﬁﬂbr rj dge design (50). 12. A method according
to any of Claing 9, 10 or 11, etein said nozzle plate of said second
cartridge (100) : cally diflerentyd rom t HReplasement Sheste K Julgpil@96i rst
cartridge desig 1 A pet+hrod according to Caim 12 wherein said
first and second o'|nt ead structures respectively conprise first and
second nozzl e plates, and wherein said second nozzle plate is oriented

ort hogonal b§ #IGShi dl sendnad pMeupEnthibly stbm@gspbﬁdnmfl&Héﬁnitalan
orientatio S z| € rinthead structure.
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14. A nethod accor efelh sat &
views, further illustrating the commonal:.ty of the car-

tridge structure. The printheads 76 and 120 are shown
assembled to the respective headland regions. The somewhat
longer length of the nozzle assembly 126 in comparison to
nozzle assembly 76 is evident from FIGS. 5 and 6.

FIG. 7 shows a third example of a cartridge employing
a common platform with cartridge 50 of FIG. 1. The housing
152 is identical with housing 50 of FIG. 1, and employs
identical datum structures as those structures comprising
housing 50; e.g., datum structure Y1''  is identical to
.structure ¥l. Moreover, the cartridde 150 employs the same
ink reservoir system employed in the cartrldge 50. Only
the headland region 162 and printhead 170 are changed from
the corresponding elements 62 and 70. In this embodiment,
the nozzle assembly 176 is rotated 90 degrees relative to
the orientation of the nozzle assembly 76 in FIG. 1, e.qg.,
to provide a low profile printer. In other applications,
the nozzle assembly 176 could be oriented at an angle other
than 90 degrees.

The three ink-jet cartridges 50, 100 and 150 are
configured to be used with three different printers A, B
and C as shown in FIGS. 5, 6 and 7. In a typical applica-
tion where the cartridges 50, 100 and 150 have physically
different electrical connections, the printers will require
different carriage electrical connection circuitry to
provide the necessary control signals to the different
cartridges 50, 100 and 150.

FIG. 8 is a side view of the cartridge S50 of FIG. 1,
showing the structure which is unchanged in the design of
the cartridges 100 and 150. 1In the three cartridges 50,
100 and 150, the cartridges share the same ink reservoir
system design, the same snout, and the same datum structure
design. Only the structure of the headland and the print-
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second nozzle naﬁ%ﬁw%V8¥Teﬁ¥eﬂ t an offset angle relative to an

orientation offs ﬂ”TTFst nozz| et pl at e. 18 1093293-1 15. A net hod
accordi ng to.aky Of?ﬁj -441 wherein said nozzle plate of said first
ink cartridge cludes a mok¥zle pattern for producing a first print

elof said second ink car- ©tridge

for prpguci ng Replasewent §h¢eﬂit- H=bdy d996n
first print resolution of said first cartridge.
16. A method according to any of Clains 9-15, wherein said flexible

I nterconnection circuit of said second cartridge (100) is physically

di fferent head fhaisd Hderxidanged.er Menerinmonal ity df ddeshign éléﬁénts

cartridge ge%w%en the three types of cartridges provides savxngs in
development costs and time, and in manufacturing costs as
well. Thus, the three cartridges 50, 100 and 150 comprise
a family of ink-jet cartridges which share a common car-
tridge platform, but which have printhead structures which
are physically different in shape or configuration to
achieve different printing characteristics.

FIG. 9 is a schematic block diagram illustrating in a
functional sense the cartridge 50 of FIG. 1 and an exempla-
ry printer carriage 40. The cartridge 50 is secured within
the carriage by a physical support structure 42 comprising
the carriage 40. The carriage also includes carriage datum
structures 44 which interact with the housing 52 or datum
structures of the cartridge 50, to precisely register the
position of the cartridge within the carriage. The car-
riage further includes electrical interconnection circuit
46 to make electrical contact with the flexible intercon-
nect circuit 72 of the cartridge 50. -This electrical
interconnection circuitry is a variable structure, in that
its design will be varied, depending on the cartridge
interconnection circuitry configuration.

Still referring to FIG. 9, the common platform com-
prising the cartridge 50 includes the housing structure 52,
the datum structure Xi, X2, X3, Y1, Y2 and Z, and the ink
reservoir system 55. The variable structure of the car-
tridge 50, which can be modified in shape or configuration
in accordance with the invention to produce new cartridges

. with different or improved printing characteristics, is the
printhead structure, which comprises the headland 62, the
substrate 76A, nozzle plate 76B and the flexible intercon-
nect circuit 72. One or all of the variable features may
be physically changed in shape or configuration in accor-
dance with the invention to achieve a desired change or
improvement in the printing characteristics of the car-



5 (50). 17. A net hndqzu;ﬁv&?di ng to any of Clainms 9-16, wherein said ink
chanriel of alﬁdwé QT dgarftri dge (100) is physically different from -
' F satt .Tist ink cartridge (50). 18. A nethod according

to any of Cdigijns 8-17 %gﬁ said datum structures of said first and
second ink chrt t%3 db’&-s e (difsposed wel|l away from said printhead struc-

ture, permit}iphg nodifications}to saiyg first pReplacasent Sheet - 40 Julyt 1A%

wi t hout corrgspondi ng m)dlflcatlons to any of said datum structures. 19. A
met hod accor I ms 8- 18, wherein said first cartridge design
(50) is adapted for use with a first printer (A), and said second cartridge

(100) i sertippbed fr preferrleda geiAtiingphykaratterdstier emighi ni€r 5
(B). improved is the pr:.nt:l.ng resolution, achieved e.g., by
decreasing the spacing between nozzles and increasing the
number of active nozzles.
~ In accordance with one aspect of the invention, an ink
cartridge for an ink-jet printer can be designed, based in
part on the common structure design of another cartridge.
The method includes the following steps:
selecting a first cartridge design characterized
by a first datum .structure, a first ink reservoir
system, and a first printhead structure;
utilizing the first datum structure and the first
ink reservoir system in a second ink cartridge design
also characterized by a second printhead structure,
wherein the first and second cartridge designs share
common datum structures and common ink reservoir
systems, and wherein the second printhead structure is
physically different in shape or configuration from
the first printhead structure; and
constructing a second ink cartridge in accordance
with the second cartridge design, the ink cartridge
characterized by a datum structure and ink reservoir
structure virtually identical to the first datum
structure and first ink reservoir system, and wherein
the second printhead structure is physically different:
in shape or configuration from the first printhead

structure. : _

The invention allows the investment in research and
development and manufacturing of the common platform to be
leveraged into different sectofé of the ink-jet printing
market. The common ink delivery system also lowers the
engineering and manufacturing support costs as compared
with the conventional one-printhead, one-ink-delivery-
system type of design heretofore employed in the design and
_manufacturi'ng of cartridges. For example, the invention
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1093293-1 20. A nethod according to Caim 19, wherein

contact with an ink cartridge nade in accordance with said

design, and said second printer (B) includes a second carriage for
accepting and neking elec- trical contact wth said second cartridge,
second carriage being physically different froReplacdmbnt Shegdr-i It By 1996

S carriage.

permits the savings of time to design and build a manufac-
turing line to construct the cartridges; indeed the same
line may in some cases be used to build different car-
tridges designed in accordance with the invention. Since
the same or similar production equipment for a -given
cartridge production line can be used to produce another
cartridgé in the same family, the equipment can typically
be acquired in a shorter time and for less cost than if an
entirely new line were designed and set up.

It is understood that the above-described embodiments
are merely illustrative of the possible specific embodi-
ments which may represent principles of the present inven-
tion. The invention is not limited to specific disclosed
embodiments of headland structures, substrate or nozzle
plate configurations, interconnect circuits, datum struc-

tures, ink delivery systems, or the like. Other arrange-

ments may readily be devised in accordance with these
principles by those skilled in the art without departing
from the scope and spirit of the invention.
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said first printer (A) includes a first carriage for accepting and maki ng

sai d



