ﬁljﬁRELIABLE CONTACT PAD ARRANGEMENT ON PLASTI C. PRI NT CARTRI'DGE %p FI ELD OF
THE | NVENTI ON 15 - The present .invention generally relates to g
printers and, nore particularly, to the -grrangement of contact pads on a
print cartridge. BACKGROUND OF THE | NVENTI ON | nk-j et printheads operate by
ejecting a droplet of ZHeirkstBreogPaeTneAd ARARNGHMENTA onecor di ng medi um
such as a-sheet of paper. VMgﬁpﬁ nfnbﬁr of nozzles are arranged in a :
pattern, such as one or nore 85+Ca $£§E,CPBER6PGEbr|y sequenced ej ection
of ink fromeach nozzl e causes characters or other inmages to e printed on
the paper as 25 the printhead is noved relative to the paper. The paper is
typically shifted each tinme the printhead has noved across the paper. The
printhead is usually part of a disposable print cartridge containing a
supply ofgink, where the print cartridge is easily installed in and 30
renoved fromthe printer. In one design of a thermal ink-jet print
cartridge, the print cartridge includes: 1) an ink reservoir and ink -2-
channels to supply ink proximte to each of the nozzles; 2) a nozzle plate
in which the nozzles are formed in a certain pattern; and 3) a substrate
attached to a bottom surface of the nozzle plate, where a series of thin
film5 heaters are fornmed on the substrate, generally one bel ow each
".nozzle. Each heater includes a thin filmresistor and appropriate current

| eads. To print a single dot of fnk, an electrical current from an external
power sugpply i s passed through a selected heater. The heater is 10
ohmcally heated, in turn superheating a thin layer of the adjacent ink.
This results in explosive vaporization of

FIELD OF THE INVENTION

15 The present invention generally relates to ink
printers and, more particularly, to the arrangement of
contact pads on a print cartridge.

BACKGROUND OF THE INVENTION
Ink-jet printheads_operate by kjecting a droplet of

20 ink through a nozzle and onto a recording medium, such as
a‘ sheet of paper. When a number of nozzles are arranged
in a pattern, such as one or more linear arrays, the
properly sequenced ejection of ink from each nozzle causes
characters or other images to be printed on the paper as

25 the printhead is moved relative to the paper. The paper
is typically shifted each time the printhead has moved
across the paper. The printhead is usually part of a
disposable print cartridge containing a supply of ink,
where the print cartridge is easily installed in and

30 removed from the printer.

In one design of a thermal ink-jet print cartridge,
the print cartridge includes: 1) an ink reservoir and ink
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t.he «ink.causing a droplet of ink to be ejected through an associ ated nozzle
onto the paper. One exanple of this type of print cartridge is shown 15 in
Fig. 1 as print cartridge 10. Print cartridge 10 generally includes a body
12 which acts as an ink reservoir. Body 12 may have fornmed on it one or

nore projections, such as projection ¥32 to enable print cartridge 10 to be
secured in place within an_ink printer. 20 The printhead portion 14 of

print cartﬁgégéels tacsueedyYa Froxinate faeachs 9k e ROZZRFU- coat ed

ni ckel pl aﬁy%‘_a %%ﬁhﬁh?ilak\téﬁmawr%!cﬂi tﬁi%&ﬁe@%@ leﬁoﬁl?etfoir.iféﬁi_ init
usi ng conventl ona oll oqr apni c chni ques. Z7Z a 1 S
httached bEeERSAANBREREER ARt 3 ) A SEAYRA LR BHESREES 1R S RTRShni ch

i ncl udes heareaceesiEs thes npaizied plidte catlerd 4 eriory |ef thin Ailmxi bl e

i nsul ati pg,.tape_18_has forned on it u r.. of S i rmnate
In conta thﬁﬁggrfo.ar?hgo%fn%‘ér ogn&?eo%ﬁ%?}gac}:r?duge%& a%%wllg%ér‘g :

connect ed, e86hunpagleape Eacho ineaderh dmtiluggsTAB)th i Hilvtresistaem t he

Substr 2t e o ICBELRE 1GRA! L8t Jady Ok 1 o xh e 100 801 <

carri age o? n printer, "oa Cor respon ectrodes on
t he ink-jeink;i aneelaptzicald suplent HrahaniexhernrkiRFHES SWPRKE vari ous

heat er reSiétgéé.z.ga &h%oagltaﬁtgr% ectiR) H¥dtlr N TrHd hdatdr ape - 3- scans

print cartrid acr oss th of a sheet, of paper, and the_paper is

" i ncremehPaphpigaddy peateddi dm Fmmn superheaddng @ Jthinviaxsr of e nt

cartridge é&?abanﬁi 9nkl. TRIR FAXs aqﬂ%:aéloyiezé'afa%:dimom &t ni ddl e
portion of astic body 12. This _m. ddle pqrtion of bo ‘%n I S prone to
si nki ng dquﬁglPKeCPHFéBﬁi &n IreRdiety 9 das £URR 189 l'btmfgﬁ_an

Typi cal | y, akBbeihtbar askziel loritoc it grhper s he middl e portion of body 12 is
approximatel y 7oHL'%x%%% e o e%n%@'ﬁyﬁé”é iﬁ¥¥%€‘%£§%ridge is shéwn
15 in Fig. 1 as print cartridge 10. Print cartridge 10
generally includes a body 12 which acts as an ink
reservoir. Body 12 may have formed on it one or more
projections, such as projection 13, to enable print
cartridge 10 to be secured in place within an ink printer.
20 The printhead portion 14 of print cartridge 10 includes a
metal nozzle plate 16 (such as a gold-coated nickel
plate), which has two parallel arrays of nozzles 17 formed
in it using conventional photolithographic techniques.
Nozzle plate 16 is attached by an adhesive to an
25 underlying substrate (not shown) which includes heater
resistors paired with each of the nozzles 17.

A flexible insulating tape 18 has formed on it a
number of conductors which terminate in contact pads 20.
The other ends of the conductors on tape 18 are connected,

30 using tape automated bonding (TAB), to electrodes on the
substrate. :

When print cartridge 10 is properly installed in a
moveable carriage of an ink-jet printer, pads 20 contact
corresponding electrodes on the ink-jet printer which

35 supply the energization signals to the various heater
resistors on the substrate. When printing, the carriage
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10 i-nstalled in an ink printer, the contact pads 20 located in this valley
do not. press on the corresponding ink printer electrodes with as nuch force
as ‘the contact pads 20 located toward the sides of body 12. Thus, the
preci se- degree of electrical contact between the printer 15 el ectrodes and
the centrally located contact pads 208 difficult to predict.

Additionally, if the sinking in the mddle portion . of body 12 |s

suf fi ci ent SCRRE PEAREaCRF d & AfRRSS p‘ﬁb% %fﬁo? %Q%ﬁ£nﬁ£e

el ectri cal papeirgCtand thet papet serimiaidmtelly dibved pérpendibéalaprinter,

four separate,print _cacrtridges 10 are typicalldy. u rescarried by the

sane carrig et§€r§§§3Fﬁé°§h§§fWﬁ%ﬁﬁﬁﬂﬁ.é%nﬁﬁ%§§I§%§%£QQ%$ f%é four

cartridges cont ann¥igl.adk isome mubasst Eadsi2aG ayanlicktednoedrracont ai ns

magent a ignk . [ Vel in | Qs 2314 s.khe

pert i none B3ARLS, B8p18h PR RTAL IF By ! Lot thidale PAEERECQELC ),

25, 26, and$ogy ddcdsepranehite sinikigie duringdhacinizetionanaddingnoved

al ong stat| r 1¢ha t4h acr : 0 rs 2 in the
g pRRdeks’ Aded! BATOEN by 11 ACTAASI dd1 30 NS 1 3HELEE

di rection y the arrow \ e ) S the position of paper
sheet 32 a¥addeyegreptednincthe middds martion 9f%RedY w2 sbiiced rollers

are used t@ppex@matRey FhaQls3dded.be WwHe i odeieidgéniocastri dges
24-27 are scanngq f.or, prlntlag. 35 Eggh of tkEi£N4rn2éa£trlgggs 24- 27
may havdOndPstadled dp gn pk; Prambss s FPEATH P29 2Lx RGP ESY300 dot s
1093421  indthier vadtey( dp hoth pray cihagie Tbmtespmprdimxi dnker pendi cul ar
to arrow 34._. This t.hat nozzl e I d i |y
every 3 m P 1§|];Sﬁge§§§§%8d a?’g‘% h ngﬂc&?ﬁ%c%%#e@i?@%?%ﬁ% g&&g I n
col or prin2ondocattedv&owasrd thieorsddedotaf baijucdt byThassh thietprecdse print
cartrldgesd%%}%L b2 B18ctsi¥al contact between the printer
15 electrodes and the centrally located contact pads 20 is

difficult to predict. Additionally, if the sinking in the

middle portion of body 12 is sufficient, the centrally

located contact pads 20 may not even make electrical

contact with the printer electrodes.

20 In a color printer, four separate print cartfidges 10
are typically used and are carried by the same carriage
across the sheet of paper. Typica%ly, one of the four
cartridges contains black ink, another contains cyan ink,
another contains magenta ink, and another contains yellow

25 ink. _

Fig. 2 illustrates the pertinent portion of a color
ink-jet printer with four print cartridges 24, 25, 26, and
27 secured within a single carriage 30. Carriage 30 is
moved along stationary rod 31 back and forth across the

30 paper sheet 32 in the direction shown by the arrow 34. A
roller 35 shifts the position of paper sheet 32 as needed.
In an actual embodiment, at least two spaced rollers are
used to cause paper sheet 32 to be flat along where print
cartridges 24-27 are scanned for printing. '

35 Each of the print cartridges 24-27 may have nozzles
17 (Fig. 1) arranged so as to print, for example, 300 dots
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sel ectively overlapped to create crisp images conposed of virtually any
color of the visible spectrum To create a single dot on paper sheet 32
having a color which requires 10 a blend of two or nore of the colors

provided by print cartridges 24-27, thegnazzle plates 16 on each of the
cartridges 24-27 nmust be precisely aligned so that a dot ejected froma

sel ect ed npgzl Qn&ﬁ l(apﬁmeoﬁaphpeégeh@éer |3@p$a16bni;>tar91£ﬁ§d froma

correspondlng noa #o ano g trld q}s reqm#ref h of the

nozzl o pl 2P BLPTRASRERRF O AFEPRAY ms4ie Ahaheh WPEAL? chbect to

one anothenustthenphaéed/appronimatenynevatwemlmmlg]alumgjmedzle carriage

30. In the P&{grler Bp&egrtﬁt?gﬁwkbédgﬁ b%gies 12 of 20 Fig. 1 were nade
t "t

i dentical ¥o°6ne ano € print cartridges 10 were
installed in cakni agbomprnnmpg» ntheavariidys molicsed Xoks epreducedi gned

ith t [ t ‘th
' 90 091 Gt BeCeRA! e HrtEECSHERUANE S AV Bl HGTERlaBf o
nozzl e pl aselectivepyi mfecéappedgtomrgatteha:rmzlmg;etat@@nmeeqbosft i oned
in ideal lyy iP@uéfg? Sﬁgaéb rOBfakhetgisW@Té) éﬂﬂfﬁmfm”fékgﬁgi engzzle

plate 16 is ty I C osition on print cartridge ative
to a nol deSing %Ié@?l@ndaﬁHﬁffﬁ fef 32 havipg @ QQ%QRlWEkﬁmdﬁ9QQQr$¥self

This al mrﬁmﬁieﬂaosgsgwaaaramsrenbtl gaat c@l@wcﬂ&dﬂawtby fhkesive
curing process gcauses_nozzle ate 16 to_slig htu% shift as the adhesive is

bei ng cur AT HRL ﬁﬁ?t?ﬁ'27nDFg€d“Pﬁz§Fr8§§$§ﬁ t&31h| AFH CkaFR®i dge body
12 cause sdaaftri)@geé mezplmagth&oﬂreda&eng A1 gril red thet g @eocess.
Si nce thls ED b astant redICtaqH§E t hi s al i gnnent
and gl ui ng %ﬁ%ﬁ%@s 'R 5n§§ ﬁ?gﬁ EoﬁF l%aﬁﬁfﬁﬂﬁﬁf d9%zz1 e plates
wer e posi toveelaps andatcepjactedf £86mnaccorresponding nozzle 17 in
15 another cartridge. This requires each of the nozzle
plates 16 on print cartridges 24-27 to be allgned with
respect to one another within a few tens of microns after
being installed in carriage 30.
In the prior art, the print cartridge bodies 12 of
20 Fig. 1 were made identical to one another so that, when
multiple print cartridges 10 were installed in carriage
30, the print cartridge bodies 12 wererall aligned with
one another in carriage 30 irrespective of any
misalignment of the nozzle plates 16 secured to the print
25 cartridge bodies 12.
To align nozzle plate 16 on print cartridge 10 so
that nozzle plates are positioned in ideally the same
location on all the various print cartridges, nozzle plate
16 is typically glued in position on print cartridge 10
30 relative to a molded-in plastic datum formed on the print
cartridge body 12 itself. This alignment process has a
significant drawback in that the adhesive curing process
causes nozzle plate 16 to slightly shift as the adhesive
is being cured. In addition, molded-in stresses in
35 plastic cartridge body 12 cause shifting of the plastic
body during the thermal curing process. Since this

LADMS\MLLIIVTEL_0L0V0059417.01 1093421



5 . O her, nbre expensi ve techni ques have been used to achi eve hi gher

al ignment precision. One of these techniques automatically detects any

m sal i gnnent of the nezzle plates once the print Tartridges have been
installed in a carriage and then'neghganally adj usts the 10 positions of
the print cartridges in the carriage. “"Using another relatively expensive
met hod, an_ink. R AWi- 0 an [+ | Ot agyk&amkhe | ocation
of a droB‘°8Fm&“g‘E?H§d%i%??%%§?’[Eé\rgl&éﬂ rr%‘ €] edcl’trgét_ ]Ifé(;'me%hg%zzﬁie,e- ang a software
al gori t handoglariswyt processacpanriordlyl grasiucefprint 16antridges ¥hese Both of
these teghni,ques,1Sivaa & 1 n%ﬁ? csdurbetrhgei nk printer. Thus,
what is g’g’e&é“% i%s}%é:%%i ?é"%%g s??é\}gl% rg:lqlﬂa%.fe met hodyand structure for

i mpr ovi ng3Bhaiguapsyent of nozzle plates (or other forms of nozzle menbers)

on pri §t 20 CcyendrdIgRrie Expendd ve) ta R iqudle Rdivle aBekfiPugead thr i Nt

cartridge caontact pad arragngenent for.lmprovigﬁlthe rghiability of
el ect ri cachdgvien higher,adigmmento REQGisIAR- afihe| @€t FBEEE on a printer.

SUMVARY  @achif gudé-MlitoMatically Betduty amiy meilsabigampntnbfcgheri dge are
formed on a flexible tape. ch of, the uifz)rg%qﬁgace contact pads is

pr ef er abPP2% L& Plates: & PFhn &% Y& B8 ni ni num di stance
to ptovi dastadledinme dardtivdge) andrethen mecteanidaliyahtigustsothe

| at i | l.ar. 30 m | i t_ _bet th [ t] He ft : t act
bade Mo HARIGIER & SR SHORG cabmTiceRs | 1n Nere: SRR Saots JRiEEY o
el ectri canothemaelattinedly texperaritvar tmedzitted arain t ipkpdicapedetlegtorodes. The
tact . . d. the flexib I d
por t ons Vi T G B ke eagtinel i Eifocssf8h) ot 8"drbl o8 0P
gener al | pjfdctted timka\afiteer loe ipayl e jeritad | oo cal ngzz&e.sa_nkl_en mi ddi e
portion Qs didfa 0 Mgo¥i¥h dinpdddd el & snyUh 18915 BAnkALCSE RBe

15 nozzle plates. Both of these techniques significantly

increase the cost of the ink printer.
a Thus, what is needed is an inexpensive and reliable
method and structure for improving the alignment of nozzle
plates (or other forms of nozzle members) on print

20 cartridges installed in a carriage and an improved print
cartridge contact pad arrangement for improving the
reliability of electriggl.contact between the contact pads
and electrodes on a printer.

+ SUMMARY OF THE INVENTION
25 The contact pads of a print cartridge are formed on a

flexible tape. Each of the uniformly spaced contact pads
is preferably a square separated from an adjacent square
by a minimum distance to provide each contact pad with a
maximum area. This allows for a .relatively large

30 misalignment between the positioning of the contact pads
and the printer electrodes, while still maintaining the
proper electrical contact between the contact pads and the
printer electrodes.

The contact pads are arranged on the flexible tape
35 only along the edge portions of the plastic print
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nmol di ng process used to fformthe body. This inproves the 5 reliability of
the interconnection between the pads and the printer el ectrodes. BRIEF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a perspective view of a prior art ink
cartridge. 10 Fig. 2 illustrates g color printer having a novable
carriage in which are |nstalled a numb&r “of print cartridges for printing

car r 1 age SRERBHRIR,oRY Pikxe Brgt Hoay 38 RRFHAITY Fiat S kS afolfRVE0! ©
front perthecpads beengoﬂoa:armaalﬂnetdm rst:axyemmad‘l@rpqﬂmnmtthelges

installe a portlons of
the pri n?bc%?f §§f§g c%lltg?%%@egl ;{%%ﬁﬁ% trﬁe%?@orﬁ% t e carriage. 20
Fi'g. 4a.|m0bdbaqkppe¢s§§cps¢d oe ozt KW@ bodyi.ag&hdis HRpraves tthehe print
cartri F | f riage of
Fi g. 4ggge\nfe%fgﬁigg}:¥n%ﬁc§§?r |131§%§1&?,?11§% e%glegl‘:a:t\éfee\gia é)usétﬁt%zda pri nt
cartri dgethe HEéBE&EnGéeESIWﬁ@ﬁ-the invention prior to the datum

proj ections being machined. Fig. 5b illustrates the print cartridge of Fig.
5a after the datun1-ro ectlons have been machined. Fig. 5c is a different

per spect i BRLEY _DESCRIPILON, OF, THE DRAWINGS g 5p showi ng the arrangement of
contact pads. Fig. idJ.BSaaFéﬁ:@ib%nth Y¥ied OFJal ipidok Arth . 5cC
illustrating further detail of the arrangenent of contact pads on the print
cartri dge“dF “Ft+g9esc. -7- Fi.gs. 5e and 5f illustrate in greater detai
an actial enbopigent Qﬂ.lulstralte%elare@lmﬂmhtmdmmmkut flexible
circuit Qéé@%lgoealgrlg %r%e&%%taﬂﬁn Ctaenumber of

print

cartridges for printing different colors of ink.
Fig. 3a is a front perspective view of a movable
carriage without any print cartridges installed.

15 _ Fig. 3b is a front perspective view of a movable
‘carriage with four print cartridges installed, in
accordance with the invention, revealing snout portions of
the print cartridges which protrude through the front of
the carriage.

20 Fig. 4a is a back perspective view of the carriage of -
Fig. 3 with the print caﬁpridges removed. '

Fig. 4b is a back perspective view of the carriage of
Fig. 4a with the print cartridges installed.
Fig. 5a illustrates a print cartridge in accordance

25 with the invention prior to the datum projections being
machined. '

Fig. 5b illustrates the print cartridge of Fig. Sa
after the datum projections have been machined.
Fig. S5c is a different perspective of the print

30 cartridge of Fig. 5b showing the arrangement of contact
pads.

Fig. 54 is a cross-section along line A-A in Fig. 5S¢
illustrating further detail of the arrangement of contact
pads on the print cartridge of Fig. Sc.
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to the flexible circuit. 5 Fig. 6 illustrates one enbodi nent of a
machi ni ng mechani sm and process for accurately machining the datum
pfojections on the print cartridge of Fig. 5a. F.g. 7 is a flow chart
illustrating the basic steps used in the preferred process for machining
the datuns on 10 the print cartridge bf-Fig. 5a. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Fig. 3a is a front perspective view of the
carriage 30 iRigsg. 5S¢ %F@hégtlb%955¥$ﬁ? itnrereatey Astdl & 15 Fi g:

3bis a éé@@hpsﬁseaﬁéﬁe z«sfet\hef i—aseﬁaéaleaﬂtaetl pakd @na.-.m@emmau ng four
26, and 27 imlar_to rint

separ at rint cart

cartridd@gza EhB%AD; ﬁ g?§°“55 pﬁ% shaut BE*?F% 42119 QﬁPn%ﬁ€e§5 of the
four CafﬁdlﬂﬂQSfaéﬂlbméwﬂlﬁCQltudlng through 20 openlngs 46, 47, 48, and
49, respectivgly, 30, Fi sh pQrtj .. spout 42 of
print artrid€é¥246e§ £ﬁgg??oﬂV% g??%%émgﬁg ﬁ%zglgﬁo #é% 2, 53, 54,
and 55, rmedhahismyahd pnoceaS|ﬁoalaueunatebgzmecpnaueEn‘thaQﬁtmmed to

cartr agRoTeRBighS BRokhd P inbreaPet IoB SEPERSE BHC0 T L
openi ngs 46- 4Eigue7aiSeaté&obych&ntselbustnetmaghthﬁn@aﬁleﬁtmpﬁrOJectlons
for med &eiﬂrgﬂg g@&kggﬁaghgrQQ% aeﬁlhﬁﬂgd%ﬂﬁﬂdﬁﬁﬁﬁQté nl S shown

in Flg as"a I'S urged agal nst an upper wal |
of opkhithye peing carteidge Oﬁer95|5$0n of each of nozzle plates 52-55 in
the Y direction shown by the arrow 60. The proper nachining (or grinding
down) of thIS Y datun158 35 on a print cartrldoe causes t he nozzle plate to
be prRE ED, REREZON; OF BREEERBED; EMBODIMENL. openi ng 46-49 in

the Y d'rectlﬁmg A@Q'EéoaakraﬁﬁhpéﬁgpéétﬂﬂéDVQbﬁCbEOMhéCNn?d on one
carriage 30 in Fig. 2 without any print cartridges
installed.
15 Fig..3b is a front perspective view of the carriage

30 in Fig. 2 containing four separate print cartridges 24}
25, 26, and 27, each similar to the print cartridge 24
shown in Fig. S5b. The snout portions 42, 43, 44, and 45
of the four cartridges are shown protruding through

20 openings 46, 47, 48, and 49, respectively, in carriage 30. .
Fig. 2 shows a portion ofjsnout 42 of print cartridge 24
extending from carriage 30.

Nozzle plates 52, 53, 54, and 55, (which may be
conventional metal nozzle plates) are affixed to snouts

25 42-45, respectively. Using the preferred embodiment print
cartridges, the positions of each of the nozzle plates 52-
55 within openings 46-49 are affected by the selective
machining of datum projections formed on the print
cartridges.

30 One of the datum projects is shown in Fig. 3b as a Y
datum 58. The Y datum 58 is urged against an upper wall
of openings 46-49 to define the position of each of nozzle
plates 52-55 in the Y direction shown by the arrow 60.

The proper machining (or grinding down) of this Y datum 58

35 on a print cartridge causes the nozzle plate to be
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side of .each print cartridge will be described with 5 respect to Figs. b5a
and 5b. The proper machining of these additional datuns cause nozzle plates
52-55 (Fig. 3b) to be-precisely aligned in the X direction (arrow 61) with
virtually zero skew. Fig. 4a is a perspective view of the back of carriage
10 30 prior to print cartridges being Tnserted into carriage 30. Carriage

30 i's prg&%a@éiai PRSid 00n 08! eeh a1 10sePELPEELi Ve Bhatlilage Thi s produces
a plastiC carriade™w th very consistent features. Carriage 30 has four
stal | s 69pegEdnds@64R By, thach diregkieBeei ving one print cartridge, such

as print cart pgge iZhShadch inéd Odabbm FR6Hebtibhe Forimed @h ©@hd s
i dentical ,.except that stall 64, ended for g black-ink cartridge,

being int
cont ai ns 498295 @AGH BRdnterFREFCIAGE Wbl RecAegrEdRsd Y3 or-ink print
cartri @g‘i‘ffs‘p%tl 2&%&?1&1’ [@@Ivgﬁcll;esbly i'néeptegei:nhacﬁtmlﬂg?lbf uheh‘dé 1;3 $r ent
pattern of slqts color-ink print cartridge.s .65, , an are
f or med té%?‘@ﬁ\a]a‘iﬂ i?&“ﬁ%r’gﬁ’?ﬁ 8 Piﬁﬁ?ﬁegﬁﬁgsnéi\}@r‘t @%%I 9 nsert ed
i nto st albes prediselynta igmed| Ent thasx diebctiopnr ¢peebwodd)7diith Fi g. 5b,
are 25 fonngg qfthe bIﬁ@é ink cartridge body to enable the black-ink

cartridggﬁ? %n%%f? F¥Y¥2d into stall 64. A different patt'ern of
proj ecti ons 7¥Fizy.e d0ri=mda gperspecbive- vikwcaft theégbacko ofl Iaarnirge

| or i t ' . N : ' | z 30
Eoch 3" At ¥ pEgRe Shrbfidles bbingl tifebPed Srtd TditiGe
rect anguBgr. oS@anmiggel6300is npreferabiy3dniessiprnt B@lfiech UsddW of the

talls 64,64 [ chs L h t ' | 42 of
stalls %g%ﬁﬂ%%ﬁ%l tﬂ!ﬁé%hé.e PHPE %ggaﬁggg ﬁepngtiﬁp%hﬂ¥¥ﬁdé”‘ 0

Fig. 5b) cartridge exte so shown in Fig. 4a are
machi ned wd&humerys eanmkstent dEQArNres.of stalls 64-67 and on the upper

wal | of - 9caRENUGYS3 ¢ n4S- £BLs8LadRi4NB4 7668 c eBBCRANBEGHO ddd each

15 for receiving one print cartridge, such as print cartridge
24 shown in Fig. Sb. Each of the stalls 64-67 is
identical except that stall 64, being intended for a
black-ink cartridge, contains a particular pattern of
slots 70 which prevent a color-ink print cartridge from

20 being inadvertently inserted into stall 64. A different
pattern of slots 72 in color-ink print cartridge stalls
65, 66, and 67 are formedrto prevent a black ink cartridge
from being inadvertently inserted into stalls 65-67.
Mating projections, such as projections 73 in Fig. S5b, are

25 formed on the black ink cartridge body to enable the _
black-ink cartridge to be fully inserted into stall 64. A
different pattern of projections 73 are formed on the
color-ink cartridges to allow these color-ink print
cartridges to be fully inserted into stalls 65-67.

30 Each of the stalls 64-67 has an identical width W.
Shown are the rectangular openings 46-49 in carriage 30
associated with each of the stalls 64-67 through which the
snout portion (e.g., snout portion 42 of Fig. Sb) of the
print cartridge extends.

35 Also shown in Fig. 4a are machined datums 76 along a
sidewall 77 of stalls 64-67 and on the upper wall of
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af stalls 64-67 provides substantially identical supporting surfaces to
print cartridges 24-27. Machined datuns 76 are contacted by the three
datuns 58, 100, and 5-102 (discussed in detail later with respect to Fig.
5b) on print cartridges 24-27. Accordingly, any variances in the nolding
process for formng carriage 30 mnll “ndt ~af f ect the carrlage s ability to
provi de an |dent|c ppo Q! t_ for gy a dges
24-27. 10°P Egcﬁs ?Ht‘he&%‘r car (r?esne easmaa ;u)irq‘of{ec I on %6 %%‘)éir'rled on
it, as shofnstalksg6§4-563 meV5@ﬁaMauh$hanﬁmaﬁlxnn§$n§AQ&#|ng | oaded arm 82

pr ot r udi ngué bBEL2nGOLLRFLRNL! RE° plint! AdrtaHidet 1AL McRihed

cartridge agal nst ront wa carri age to fictional

secur e t hdatumsr 7§garencpniastegadly Shesitdinee 61@1'61?"% S sbo%qui“@%ed with a

flexiblg QbQCg&QQ%u.S.EEHC&W feRh it dir it SEgRIUG ippgbuses 8a for
contactin correspond |ngcg3uare contact pads 86 (Fig. 5C) on the print

cartrldgepr¥ﬁ§ FPE%FBﬁEe§t? ree QFQQE dHngldradny ariane’$| +anthReans,
such as anbyaRfig sedceaad%ﬁ ieorh ity é e caNdUGidt cabpast 85

agai nst cont act g gl@&l rlnt cart 4]%{m aligbunﬂg thﬁ Y datun158
(B o5, “Bhs; rerEingersoe qyp\éﬁ B

preferr edeggﬁﬁdhﬁﬁﬂt ﬁbrntefa@hr Uﬁ rﬂ:‘ldﬁrﬂiz%?éﬂﬂ z?-mbst rate (not ﬁhown)
is conp cted t of _nozz at e pre err u rate has
heat er esistoggcgopgegg8n P ﬁﬁ@%ﬁ%ﬁ% %?%)I%Pdgﬁultiplexer

al so for medrmedt ba ithsasashowhhd.rsiRjes.s iii)amblﬁhe,d whiclonisict pads 86 are
mul tipl ex hat r ively §ew aC equi red
to provi dggpﬁgc&iggeEgarsﬁkﬁhpoﬁ'r%dl‘%n "‘@i’% sp‘?{o(}%ﬁg]b%tg%#EOﬁ

sel ecti vebyréacegpfesthd lsc et 7r dxi sinyes theoprigtt peaictBidgee connected to
el ect rOdeﬁcr;QE!nEEetﬁFbi%ﬁﬁ:ew‘é'ﬂ o ‘ié%%ﬂ-‘;i%g% S d %Lrﬂﬁdc&rk cEkbRag1{ape 87.

One of ordrnar I'n the t nay fabri‘cate s strate 1nhcluding
15 secure the cartridge in place.

Each of stalls 64-67 is also equipped with a flexible
electrode structure 84 which has raised conductive bumps
85 for contacting the corresponding square contact pads 86
(Fig. 5c¢) on the print cartridge. The flexible structure

20 84 preferably has a resilient means, such as a rubber pad,
under it so as to urge the conductive bumps 85 against
contact pads 86 on the print cartridge and also urge the Y
datum 58 (Fig. 3) againé% the upper wall of an opening 46-
49,

25 In the preferred embodiment print cartridge 24 of
Fig. Sb, a substrate (not shown) is connected to the back
of nozzle plate 52. The preferred substrate has heater
resistors formed on it connected to the outputs of a
demultiplexer also formed on the substrate. The signals

30 applied to contact bads 86 are multiplexed so that a
relatively few number of contact pads 86 are required to
provide the necessary information signals to the substrate

- to selectively energize the heater resistors. Contact
pads 86 are connected to electrodes on the substrate via

35 conductors formed on flexible tape 87. One of ordinary
skill in the art may fabricate such a substrate including
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- 10 - a multiplexer or other decoder using conventional techniques. A .
spring-l oaded arm 88 (Figs. 3a and 4a), which nay be netal or plastic, is
provi ded for each stall 64-67 to 5 urge the print.cartridge agai nst datum
surfaces 76 on sidewall 77 (Fig. 4a) of the stall. Carriage 30.is al so
provided with a rod receiving hole 90 x1d-ig. 3b) for. receiving rod 31 (Fig.
2) to enable carriage 30 to only be novable in the X direction across a 10
sheet of papeltsplekey. ofbothews delcodenr Nsigg ®ofertiipnala with four print

cartridge 26, and 27 installed. In a conpleted carriage 30, a
printed c ?%ﬁ?fqgﬁﬁrd woul d be affixed to a bottom surface (in the
orientation 15AoépFigg-dapdefl azm Bigd Figsanda s &dd tWhigh MA%xi bl e

el ectrod t i
this i nv??.%%%%rs élgge‘i@\’eﬁs P ffdi“'e%cﬁi ISHH 1Y Y6406 BE00 part of

een el 1.m nat ed for Si i cit Each_of the print
cartri djearge phevpPEERtWFRRtEAEGH 293iMst %sﬁﬁ}y ;] S 58, gs shown
Lgrflg i%%dghg?ﬁ dqtqp?grouﬁqtgqn&na%gﬁgxmmd |Ptegral mnth the plastic
i on 0 e.print _cartridge ref erab n nol ded
usi ng englneerFﬁﬁrbg8§t98 1pnals, ﬁF@?@f&ﬁg 4 r%#%fgl wal | s 108
oftLhe Pgh5132§ofqpigldgb)aferotememumngutdduai ﬁﬂﬂgu 2)Thescenabbeal | s fit
W thin e injecti tiQ f i dgey r ot ect
a reservoPfE E AgSi ﬁp §D| &gygglen? Q’agpqlan(%trh o %(ﬁrn%ﬁiééhe eﬁ%llgrg print
cartri gygeshedy of papertﬁan nmol ded. 30 An ink fill-hole 110 is shown

for filling th?ésrl OUS 98 \@até% %\?Weotgqq tr‘?/a ofitiesdatuns 100,

102, and 58 de ﬁlnes e preci se positi o the print cartridge
wi thi n caprinecagtridgesl 24as 28y 26evand) 3 Bwtakledrtridge, since

datums 100 andy}03 dohpileed Urdadlii3gp o prtfiited ARiréeigTBoapasi deval

would be affixed to a bottom surface (in the orientation

15 of Fig. 4a) of carriage 30 and connected to the flexible
electrode structure 84; however, such electronic circuitry
forms no part of this invention and has been eliminated
for simplicity.

Each of the print cartridges is provided with datum

20 projections 100, 102, and 58, as shown in Fig. 5a. These
datum projections are formed integral with the plastic
portion 106 of the print cartridge, which is preferably
injection molded using ehgineering plastic. In the
preferred embodiment, the sidewalls 108 of the print

25 cartridge are of a stamped sheet metal. These sidewalls
fit within the injection molded portion 106 of the print
cartridge and protect a reservoir containing liquid ink.
In another embodiment, the entire print cartridge body is
injection molded.

30 An ink fill-hole 110 is shown for filling the print
cartridge with ink.

The geometry of the datums 100, 102, and 58
determines the precise X and Y position of the print
cartridge within carriage 30, as well as any skewing of

35 the cartridge, since datums 100 and 102 directly contact
datums 76 (Fig. 4a) formed on sidewall 77 of each of
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stal-ls 64-67 (Fig. 4a), and datum 58 contacts datum 76 (Fig. 4a) fornmed on
an upper wall of each of the openings 46-49 forned in the front surface of
carriadge 30 (Fig. 3b).-5 More specifically, the heights of datumnms 100
and 102 affect the positioning of nozzle plates 52-55 (Fig. 3) along the X
direction wt hi n carriage 30 whi | et H& rel ative hei ghts of datuns 100 and

102 with res an con t he _gkew | at es
52-55. 105t al! {J ngﬁgﬁ) W?ﬂé gﬁﬁ F? ﬁng% It% d%%m% directly
affects tmu.quJ,a) ofvrmedfomani | eppent walEﬁZeBSeanht b€ the lcmﬁnms si nce
this end portio Y 76 ¢( r n the upper
wal | of t'ﬂ% %épeph?%s 4’81-‘43?82%?8$é gﬁ%gg&gyggeFégﬁléglkyfz?achl r?ong dat uns
100, 102,3knd 58 to renpve portlons of these datuns, the X, Y, and skew
positiofing ofyd e {@é&#ﬁé&ﬁgs Sﬁewgwasr 8gPaskund 180 la¥ee 192 may be
e Zl e plate

adjusted to precis res%ect tqQ one :
anot her . @pfect thw Qoﬂﬁm&feﬁaﬁﬁﬂe Eﬁ-aEFFnﬁzc’éﬁt (FdGe 34 of Fig. 5a

after datafgnd Ofhe 11@%%@&:9%&&%%&2&%@@3& waduee thieei r di nensi ons
so as to cause nozzle plate 5 print cartridge. 24, after taL&(pgﬁ_{nstalled

in carri Fplapive d‘%bg}b'i%c‘?gé?t%% tP8nand, épat wiEh respes
Fig. 5C siwyéhér %éﬁt@f@nttwrgﬂ@@tbfetné RbzBleC platiedgs2245f Fig. 5b,

reveal j ng the cpntact ads 6 rint .cartri.dge 24.far exi bl e tape
87. Eath of tHEEInitRr &5 dtlgﬁn?ﬁgt pﬁ'ﬁ °36°%s t&‘reeggr%é‘g‘}n ygda squar e
sep?r a: edi{jf@dﬂtm aﬂtmwtthslbyonlngnbﬁ‘umzﬁlei plates tﬁz-;ﬁﬁné\drde each
contact p i rge

m sal i gnn@h? B’Ee h’é%(ﬁ %’é’ p%%ﬁ?oﬁﬁfﬂa *‘a go#@f?npa S ggqf?o\éﬁ!eé/co%duct ive
bunps 85 datuhe 76 eFibye 44 pcformedsonuther upperi waddr ofadhe80, while still
mai nt ai ni e'&{ﬁ grgé)g{? 35 electrical contact between the conductive bunps

85 and co ads Prior art contact pads are typi cal I&/
Thus, by selectively machining datums 100, 102, and

58 to rempve portions of these datums, the X, ¥, and skew
positioning of the nozzle plates 52-55 with respect to
carriage 30 may be adjusted to precisely align nozzle
plates 52-55 with respect to one another.

20 Fig. 5b shows an example of print cartridge 24 of
Fig. Sa after datums 100, 102 and 58 have been machined to . .
reduce their dimensions gp as to cause nozzle plate 52 on
print cartridge 24, after being installed in carriage 30,
to be precisely positioned relative to carriage 30.

25 Fig. Sc shows a different perspective of print
cartridge 24 of Fig. Sb, revealing the contact pads 86 of
print cartridge 24 formed on flexible tape 87. Each of
the uniformly spaced contact pads 86 is preferably a
square separated from an adjacent square by a minimum

30 distance to provide each contact pad 86 with a maximum
area. This allows for a relatively large misalignment
between the positioning of contact pads 86 and the
.conductive bumps 85 on the flexible electrode structure 84
in carriage 30, while still maintaining the proper

35 electrical contact between the conductive bumps 85 and
contact pads 86. Prior art contact pads are typically
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" - 12 - circular, which allows for nmuch | ess m salignnment tol erance than
wi.th square contact pads. O course, in an actual product there would be
many nore contact pads 86 and nozzles formed in nezzle plate 52 5 than
shown in the drawi ngs. The specific nunper of contact pads 86 and nozzles
wi || depend on the specific requirene of the printhead portion of the

print car n | e cyitr e substrate. 10
Addi ti ona +{’|§'/89 as]@Sﬂ%i\}\nElghng%gacr?ss g@gﬁ g‘r? (%lnﬁga%itgn along line A-A
in Fig. BSeelerenaedthanpwithosquareheoptast @aphs.nt cartridge body 106 is

rone to sinki the LAl EH&:'?;? a valley
I5)12 appr oxi mat e yé%‘ﬁi—g& ﬁ pp‘ QE:tt'u%ﬁ. Pglru% &rh%e%i?’%uaﬁrl d bod

Cont act Me%oaﬁécﬁriaéﬁgeﬁ%ﬁnﬂl @ﬂztgllést feamed dm AR B
portions €Han hﬂx@@ﬂhﬂoéhe"\ﬁfhﬁﬂ%@/ 199 SpeRieid Inundbett of O av0| d pads

86 being located in_valley his inproves the reliability, of the
i nt erconrﬁ%‘?ﬁﬁ)ﬂtbﬁﬁ%eﬁ‘spaﬁg Bezﬁllr&scéfﬁd-l}cﬁe@@%% the Spefifie flexible

el ect r oder&dni 6éméRtS 4ot NtRAS bt&ﬁ%h%%d Pogiilne dfarthe prit be glued to the
print cartridge, bod %06 usi n i tabl,e adhesive or eatoéﬁaked to body
106 at scrEEEiAge; 41d they BRLtAplenins’ einchitey: famedn Fhect pad 86
arrangenmub@nreﬁea front surface of an actual enbodi nent of flexible tape
87 as vi de acturer. such ag 3M Corporati.on. This,front

surf ac face&gﬁgl??ﬁﬁYHeaﬁr PREWEAATY i &Secﬁ'(? RS %%*%‘secur ed
to a prirBd ccakendatondi yineéf Ashown mg.rSwers:hsmgidife tppek 830 @k posi ng
30 the v 1 nt.ac 7 may be
formed Of{%&;@g&&f&%@%ﬁt 2.' #d &fbfge;% &’%r@hseﬁrﬁp% i val ent .
Spr ocket dwit g 1meaxejé9tmd molﬁa,ugl pracess.andbdst efusepa 87 (typically
provided o feyepl) $0ptBRuinheley87 HAPAMFCIH kife Ydifter of the

15 cartridge body. Contact pads 86 are arranged on flexible
tape 87 qnly along the side portions of the body 106,
where body 106 is generally flat, to avoid pads 86 being
located in valley 112. This improves the reliability of
the interconnection between pads 86 and conductive:bumps

20 85 on the flexible electrode structure 84 in carriage 30.
Flexible tape 87 may be glued to the print cartridge body
106 using any suitable adhesive or heat-staked to body 106
at selected points on tépe 87.

Fig. Se illustrates the contact pad 86 arrangement on

25 a front surface of an actual embodiment of flexible tape
87 as provided by a manufactﬁurer, such as 3M Corporation.
This front surfaces faces away from the print cartridge
body when tape 87 is secured to a print cartridge.

Fig. 5f shows the reverse side of tape 87, exposing

30 the various conductors 114 connected to contact pads 86.

Tape 87 may be formed of a polymer such as Kapton™,
Upilex™, or their equivalent. Sprocket holes 113 are
formed to facilitate transpbrt of tape 87 (typically
provided on a reel) so that tape 87 may be used in a step-

.35 and-repeat process for bonding substrate electrodes to the
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35 and-repeat process for bonding substrate el ectrodes to the - 13 -
conductors 114 (Fig. 5f) on tape 87. The edge portions of tape 87
contalnlng sprocket hotes 113 are later- cut off. Contact pads 86 are shown
bei ng ‘substanti ally square shaped and havi ng si'des approxi mately 0. 06
inches (1.52 5 nm long. In the enboﬁiﬁgnf of Fig 5e, two parallel colums

adi acent  coMTNRCarE G Ty G leth (4858 85, 0TS BBl poltine W 1N
conduct or stafiel 8D eontenih g vm’nc)mt abwlqaadtl%aag ih&m ot @€ fvagni fi ed

10 portion of Rdpeale ;ﬁa i é&ewﬁggebﬂg%gi;&zgma&r v's@mfen tape

87 to facilitat |gnnent acenl contact pads

86 in the shapegdrand éla\tmmrﬁﬂ@%ﬁ cappyRximateby Pe96 tlﬁéﬁeépr!rloﬁzmat ely

0.25 s T Morgpars |0l HNERIRNE SPOFLENCEe?OLYBNpaia1aRAr OXI matel y
4.5 nn1to avoi d any_ pads 86 being |ocated | n"val eg 112 qf F'%ﬁt§$@
o pads 86

tape 87 i CHLERSPE cf:%nﬁﬂ%tpa&ﬁt%o@@e ehaWncPBr Bothy sifgs:
are preferc"é&tyezeopmé G, ddhdttd Othd Cadlj acaﬂeybbuuﬁheoa&er)sm@myhave 20

e o Tk £l e Pk e 467 tsgﬁ?ﬁ%eés dopduksts dah 3 pads 86 on
t he front mér&taooﬁwéape:c&?ta(& pade) 86 has eshownt ihether magnilfiedgh t ape
The ot i BRI AR FE- 12471 cad to w ndow 137 for bonding to
el ectrodes of aA mumitdreanf stdxslimy choFesf Habaye phovidedt imatapeb 87 at e
nunber of SEARTER Rt AR K L onERECbs " £3R8 80% 2 el (o
m ni mum f or receljacentnddnrcx quads | 86 hiendtheetgozpagaiﬂ.gﬂ.alcslumqa eferred
-enbodi mntaf?tg%éﬂeéeﬂfqégglﬁ%an approximately 0.25 mm. The
15 separation between the two inner columns is approximately
4.5 mm tQ avoid any pads 86 being located in valley 112 of
Fig. 5d when tape 87 is secured to a print cartridge.
Conductors 114 and contact pads 86 are preferably
copper or an alloy (e.g., beryllium copper) which have
20 been formed on the back surface of tape 87 (Fig. 5f) using
a conventional plating and photolithographic etching
process. To expose contact pads 86 on the front surface
of tape 87 (Fig. S5e), h&les must be formed through tape
87. The exposed contact pads 86 are preferably then
25 plated with gold.
The other ends of conductors 114 lead to window 117
for bonding to electrodes of a printhead substrate.
Preferably, the printhead substrate incorporates a
demultiplexer connected to heater resistors so that the
30 number of required contact pads.86 and conductors 114 may
be held to a minimum for receiving multiplexed printhead
energizing signals.
A preferred embodiment method for selectively
machining datums 100, 102 and 58, after assembly of the
35 print cartridge has been fully completed, will now be
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machi ning datuns 100, 102 and 58, after assenbly of the 35 print cartridge

has been fully conpleted, will nowbe - 14 - described with respect to
Figs. 6 and 7. This nmethod is suitable for high-volune manufacturing. Fig.
6 illustrates the basic nmechani sns whi,gh _are used to nmani pul ate the

position of print cartridge 24 so 5 as to align target markings on nozzle

plate 52 &é&fﬁ&&'@ﬁﬂr%&ﬁe&en&a' ?QQs' Ngaa{AMYY. THIGL ndtthddr oot

mar ki ngs are a print ‘cartridge is moved past a rotating router
bit 116 mﬁ?éﬁahhehﬁﬂﬁs dgbovelyms, méozfaﬁgussnso have the required

di mensi ongo V\PPﬂngBtf(iﬂ?llﬁsﬁf:aﬂtés1Qh§abhéh.§9ﬁ§clﬁéﬁ1fs|ﬂ£@1 wHisdtldwesl i n |
carri age OSL U] e vall, ous 0zzl,e _pla reci se Yy
o Gned viewd: B Banipylite tar, PaROCARE Rt AEABL, car b dan A FR:

first pesagieoi amlgnbtarqa& markfngs ohi abzzag baa& r&zatﬂhténmpcg@ an
angl e or ghift rection with por.t I le 124.

din the X e
The rotat 3ﬁg3€sp83P#FbﬂﬁﬁglPaﬁlQeTQBYand PF% %hef%ﬂﬁ§ﬂ rection
(shown byareradidgiéd, apeintcoaptiritigd DRy uhemosedobasmwa)rbhhtumbservo

di recti on Byt eRebLgo 5P Bl Ha8n 1 AR5y anti o0 Mt Al gk " 11
individuahayecbhernequdrb§ dimenpioes.13Fhen moldipds pminithg t abl es 120
and 12907 E4PLLYALE SHEPRREn! SNEEaitda TR carriB3e AADIGS2 provides an

air bearin or su 4°td ow support table
124 to rmDeSithgnSyoﬁ thei varipus pgna\m p}a&emmM)bwmm¢ t to base

table 132a1ganaaewitﬁss:egg,%&o&ot BRePEaL?ia Teoamewﬁﬁl YedBsdbee g0 dat ums

100, 102 an a print cartridge 24 is re froma conveyor belt (not
shown) byeaFBrOtkﬁﬁple a robotic arm (not shomn) and placed in a

receptacl e 1355 first positioning table 120 is shown which may be

15 rotated through an angle or shifted in the X direction
with respect to a support table 124.

The rotation of positioning table 120 and its
shifting in the X direction (shown by arrow 125) are
accomplished by the use of servo 126 and servo 128.

20 A second positioning table 129 may only be shifted in
the X direction by the use of servo 130. Servos 126, 128, -
and 130 are 1nd1v1dually controlled by a computer 132 to
move positioning tables 120 and 129 relative to support
table 124.

25 Base table 132 provides an air bearing and a guide
means for support table 124 to allow support table 124 to
move in only a Y direction (shown by arrow 134) with
respect to base table 132.

In the first step of the process to precisely machine

30 datums 100, 102 and 58, a print cartridge 24 is removed
from a conveyor belt (not shown) by, for example, a
robotic arm (not shown) and placed in a receptacle 135
secured to positioning table 120. Receptacle 135 is
designed to securely retain print cartridge 24 such that

35 stresses are applied against the print cartridge 24 body
that are similar to those that would be experienced by
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secured.to positioning table 120. Receptacle 135 is designed to securely
retain print cartridge 24 such that 35 stresses are applied against the
print cartridge 24 body that are simlar to those that woul d be experienced -
by - 15 - print cartridge 24 mhen_iaﬁtalled in carriage 30 (Fig. 4b).

This step is illustrated as step 1 in e flow chart of Fig. 7. Next,

canmera 152 detects n.'na ;of a firs d.of 5 pI and canera
154 det ectBFHAE| %rgrbv#g% p%%%?tén%ﬁﬁfg?d nb?z?ggéﬁ'gge %t e(ﬁ ?%pt i cal
system 16Gth)ks. us'EhiJL$os’depers ihtusprated asestep tadpr&bhelFlowhehmztto t he
proper|mmgéc¢? of,nozzle plate 52. Nozzle plate 52 has formed init a

0

first targe e 10 T1 in one corner of nozzle plate 52 and a second
target hole T2 Nextedcamera bppodetectsraerimagacef| a fizss =nd Pfese

target @'&%Jﬂeaﬁﬁaif@ 55C ZRR' CxmERACLY4 1datéct§ dhama@re yrd af e for med
usi ng the same pask that Is used to formthe nozzles 161 in nozzle plate 52

so that tZRRIsite h%‘l‘%soq_lna?lﬂlq'th?Eel $her PR 9PEF-F§ﬁe§Y\ﬁtﬁ’P N 1%% 161.

The imgagsdiet €6t @frbit CERE CR%ﬁtiéglaQﬁeéwfaéQméﬁﬁéﬂlsn QREs 152 twed 164,
respectlvell%/%1 The i mage on 162 shgﬁ1eihe right end of nozzle plate 52
r

cont ai ni ndFH&rREPPEH °ﬁ§1?ﬂ5tﬂ€ Bott E%r f nozzle plate *52. CRT 164
20 shows the | nmgezDé phetéest easd pérmeazir ptaaefiPstomarigethhdla get

hole T h f | e. 52. .Th T2,
ne det & f i SRS oSHREE" o€ nBRELr caLBEE L5 Braoe, sheP I Eea O
pOSitIFN](ﬁOkEIQ% fdemedpxnnancapposdge cetner veft nozalecpliditte BIL. t o

det or m ne WIS C LU0tk erT2hd £5 1 P2 CaibEOctRECRTLECRAT L 0ot

posi tion. ni que performng stc arison are
convent i ordaiammlegeandaarq formed cuping Wlleh$ﬂma naskt tblat"— ksppaedrenory,

StOring thg, PobR@Es 3751890 6101k ASz 414 pTaBe 585088 RatmmRsLE

15 holes T1 and T2 are inherently aligned with nozzles 161.
The, images detected by cameras 152 and 154 are shown
on CRTs 162 and 164, respectively. The image on CRT 162
shows the right end of nozzle plate 52 containing target
hole T2 in the bottom corner of nozzle plate 52. CRT 164
20 shows the image of the left end of nozzle plate 52
containing target hole T1 in the upper corner of nozzle.
plate 52. ;
The position of taféet T2, as detected by camera 152,

is compared to a stored reference target position of an

25 ideal print cartridge relative to router bit 116 to
determine whether target hole T2 is aligned with the
reference target position. Techniques for performing such
an alignment comparison are conventional and generally
compare bits within a first bit-mapped memory, storing the

30 target T2 image, to bits within a second bit-mapped
memory, storing the reference target position. The
difference in the bit positions corresponding to the
target T2 and the reference target position is then
~determined.

35 If the target T2 is not aligned with the reference
target position in the X direction, computer 132 provides
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nmenory,. storing the reference target position. The difference in the bit
positions corresponding to the target T2 and the reference target position
is then determ ned. 35 - If the target T2 is not aligned with the
reference.target position in the X dirggtion, conputer 132 provides
signals to servo 126 to push or pull positioning table 120 the required
ZmouEt SOsiBﬁhlhheot aefvo 126 tW%ﬁ @ulne gﬁﬂrmm% alts)@me posot |1 22

t the sa 03|t|on of_.t ef ecte ner a

i s conpar 68°%t 5eghr"§?§r gﬁ@émt arfet h&%s%%eo}ad:fgezﬁsngeﬁ Tﬁ'i:?ﬁ'g%a Pridge

rel ati ve ther vaferebce th&gﬁ& petsdrtriiome mhether target Tl on nozzle plate
52 is out of ahltg@ggnga t& g%e r(i,;erp%r;?% SJétl: l{gtarget Tl is

r T I servo 17810

out of alignnent, ot posi tioni ng
t abl e 120dehectequbye§amm@nt15§o tnmpqtmag:@td TP & zeﬁﬁe}rmlcw target

ref er encepé,eia%npe%' tahoadeétl g@ﬁw@a@m%@ deSive Tlo @RGuter shoul d be

precisely ali tion wmth respect to 15 support table 124

and with Pé§pgé§ FS QeFF%@énﬁoHP@Fhégéé#EBFtiﬁﬁ'°ﬂnﬂ9%ﬁ¥ﬁ)?%§§%o§% as step

2 in Fig. id. oReUbEr a2sgnmank %l%m@xfee&%@e\eéﬁwrmgaé@%@@wwnbearI ng so
t hat the rotatlngFroute bit 116 pr,oduces V|rtua%*§ano Vi brati

The novabft SaPEEEL Thapfe O¥34 ofs aldignneited SAFRR |¥%§ﬂ§%ﬁP§§§ shomn by
arrow ﬂ@%et@ocmlsetar rau:aet&r bblsdgﬂoZﬁ thifde NI@EtHY f@mffem t 116 in

order to nachi d 10 to the .r i,red h ht so that when
orint carfRPURE sk Fuaf, ¥itger ) BeL G TS DA eiedes w1 "be
al i gned itargetXpdsie¢bnon and have V|rtuaIIy zero skew. This step is shown
as step 3 in er t w_nachi 8 [ nozzl e plate
52 in the vl PE:ERER Rethty pet 25rdane 39,58 B2 Sldurd 80

precisely aligned in the X direction with respect to

15 support table 124 and with respect to a fixed router
assembly,172. This step is shown as step 2 in Fig. 7.
Router assembly 172 preferably incorporates an air
bearing so that the rotating router bit 116 produces

virtually no vibration.

20 The movable support table 124 is then moved in a Y
direction (as shown by arrow 134) to cause print cartridge -
24 to pass rotating router bit 116 in order to machine the
datums 100 and 102 to the required height so that when
print cartridge 24 is installed in carriage 30, nozzle

25 plate 52 will be aligned in the X direction and have
virtually zero skew. This step is shown as step 3 in
Fig. 7.

In order to now machine datum 58 to align nozzle

plate 52 in the Y direction within carriage 30, support

30 table 124 is shifted into its initial position, and a
robotic arm (not shown) turns print cartridge 24 ninety
degrees and places print cartridge 24 into receptacle 174
secured to positioning table 129. Thié step is shown as
step 4 in Fig. 7. Receptacles 135 and 174 may incorporate

35 an air cylinder to apply a proper amount of pressure
against a side of print cartridge 24 to emulate the
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30 table 124 is shifted into its initial position, and a robotic arm (not
shown) turns print cartridge 24 ninety degrees and places print cartridge
24 into receptacle 174 secured to positioning table 129. This step is shown
as step 4 in Fig. 7. Receptacles 135 and 174 may incorporate 35 an air
cylinder to apply a proper anmount of-pgessure against a side of print
cartridge 24 to enulate the - 17 - pressure print cartridge 24 woul d
experi enceressatrel prifit- ca¥tidge 44) wounldlexpegdeiite Arefsttally , 64~

ot uns. 1007 abf 902 8. tn et Eaabkaatia By eratabiyr AR T A camera
180 then ¢ontadetsodahums| 300! and 3P2sont patintacgetridges 24reginten CRT 182.
(1magi N9 gLl b 02boTAna2h8a0wBUIA BY antrazged B gyps}&t b N sol twar e,

woul d be equival ent to inmaging target er 132 then sends
si gnal s3te25¥+392130-t 0 cause positioning table 129 to be pushed or pulled

in the X directignchfiefaUsgot 8hAR! £5eulsesToNC Ro2 218 Y1 FATLSt PoSi tion
stored in_nenor deal, print cartrlgge relative to router bit 116.

of an_i
Thi s stepthétsﬁ%me’&s'fét &f 3maged,op; GRT7 182z e (IBAGANITPE £aHIYhed with
t he ref erengealengewiphsahiyOfecesgary wdjusinehtst bl ecktirare shifted in
the Y direct%gn SO0_as.to.ca Sﬁ pr.int .car ridgg %ﬁ éo.pass the router bit
116 to mtAthe PReeERIVAIPRF oA maging 5819 i*d step is shown as step 6

in Figlo7. TheComputéerny3prthencsehdsdgdgnidlis tbheerversad Yo wause
000! 00 R E0L 43 0 R1A%: B5° LRS! LR AR pRATAR e 1S, SO el
i dent i caldSechiont tonsause thegetnT2hed match aarefiedencd cargdthe
machi ni ng, gL DEES: stBE¥a?if henbeY be A ThaLTCpPRRLNEh LR o U
relative to router bit 116. This step is shown as step 5
15 in Fig. 7.

Once target T2 is aligned with the reference target
position in memory, support table 124 is shifted in the Y f
direction so as to cause prinﬁ cartridge 24 to pass the
router bit 116 to machine the end portion of datum S8.

20 This step is shown as step 6 in Fig. 7.

The resulting print cartridge 24 is then removed from -
positioning table 129 ug%pg the robotic arm and placed
back on the conveyor belt. The robotic arm then takes
another print cartridge and performs the identical

25 operations.

As the finished print cartridges leave the machining
process, they are tested to determine whether the datums
100, 102, and 58 have been correctly machined with respect
to the nozzle plate. This testing is performed by

30 effectively placing a finished print cartridge in a
simulated carriage 30 stall and comparing the positions of
targets T1 and T2 on the nozzle plate to the positions of
corresponding reference targets on an ideal print
cartridge. Such a comparison is performed using two

35 cameras to detect targets Tl and T2. This step is shown
in step 7 of Fig. 7. |
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~-100; 1Q2, and 58 have been correctly machined with respect to the nozzle
‘plate. This testing i's perforned by 30 effectively placing a finished print
cartridge in a sinmulated carriage 30 stall and conparing the positions of
targets T1 and T2 on the nozzle plate to the positions of correspondi ng
reference targets on an ideal print ?mﬁ%f?dge. Such a conparison is

perf orried_usi ngnb i, B30 81 e URLRG! bhALUEES cL BB4s Elon e Slep |5

shown in step y recurring erences ween t he
posi ti on mbzzhe pdakecopl the ectund prinkl cprinidger anddgd &Me on the idea

cartridge; dpgyf eﬁfleg‘i& £0 ARk hak ZtEHthgutéﬁ 189S iNEQigTRLg On is then
used by conputer 13 tg 5 automatically change the reference target
posi ti onsThasndpfPymagiesnpenthea nsed: h¥sEoRPEELE A§2diErf erences. This

feedback getoMatiea1RyO¥hdAge! @hkheeFarBhBENda#gBR! BbYS tAond Gin 6
conpensates for any nmechani Cal wear and tear or "ot her changes which
nat ur al | yR@RPEXE Pt FOBpeBsatRifarusBesenrecurEpngsdifibdfrenseSep 8 of Fig.

7. Accor drngkYfestbabR! byriréetidne pFeeitedngopenei maeAininggi nt ai ned over
the life of the _apparatus shown in Fig. 6_ Nunerous other ¢chining

appar at UsSEPARACHE! R6AE 1 Fay b EOMEER RS fn ERF na Y hESEAPIAE 10202, and 58
to provi dend5teae propethezl chamges ehithenatcnrhélpl ardseowitabl tiple print

cartrigge IyN | | egly.is reiage Agcordingly,..cagiavel, print
cartri%§é§§ rﬁg?ﬁré%gé quﬁ%d%?S% g%iﬁﬁgﬁﬁ %gz%?égpka ggFg Hnﬁ%iple print
cartri dgebceprdingdycaviciyellynthe semeonatbininghpresdsieonddisuins on a

print carjgiflge; Raneobeen cesakieledsl Bndebabha Wikl EnBan! intlEYg enpodi ment s
of the present invention have Beeq shown a gescribed, it w1 be obvious
to those skil | Bdmprongeckher: Rachdningeaprnagakarsi andi Besheds maymde

W thout de@ansbAdth! AHthRhe kR¥eRbitARs! Robl S1Bh02dRl 38 @PPricvialel
therefore, the appendeq clains are to ;
15 the proper alignment of the nozzle plates on multiple
print cartridges when installed in carriage 30. '
Accérdingly, a novel print cartridge structure, a
method for aligning nozzle plates of multiple print
cartridges within a carriage, and a method for machining
20 datums on a print cartridge have been described in detail.
While particular embodiments of the present invention -
have.been shown and described, it will be obvious to.those
skilled in the art thatféhanges and modifications may be
made without departing from this invention in its broader
25 aspects and, therefore, the appended claims are to
encompass within their scope all such changes and
modifications as fall within the true spirit and scope of
this invention. For example, any type of nozzle plate may
be used with this invention, including polymer nozzle
“30 members formed in a flexible TAB circuit.
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enconpass w thi | e all such changes and nodifications as fal

within th spirit and scope of this invention. For exanple, any type
of nozzl ia@m&mmuﬂﬂmﬂed with this invention, including polynmer nozzle
L

30 nenbe L exible TAB circuit9 - - 19- CLAIMS What is
clainmed is: 1. print cartridge (24) conprising: a plastic print
cartridge body (106) which has 5 been injection nolded, said print

cartridge bo@LAIMS6) including a first side having a depressed valley (112)
toward a m oghgePPst EPRinEasqsd first side due to said mddle,portion
sinking during an injection nolding, process to formsaid print 10
cartridge body (136); AnBrant| exrbradger (3f) COMPYIS&INEI on at | east said

first side of said priatptasticdgeiRedrattbiigesdody |(@04) aneidlthds (87)

havi ng confact pads (86).forned theregn for contacting correspondi ng 15

el ect rodes> ( 85) iﬂeﬁﬁ ?Aleﬁi?ﬂPeW?fgﬁgd pRLQ Brd 'ﬁﬁhﬁrﬂégﬁrﬁﬁé&ng
condUﬁtige trage?(lesgimnblﬂgihq aaf$rﬁﬁn§adb na@iq?ﬁa dépr@mmmtctiog LO ?
pri nt head, sai yble,circupt (8 avi a_w dt.h | arger_ ¢ .awdth o
said val | ey (112)l’$§i§¥i 4Esaf J°°“’£Fﬁ;r§tm§?‘ggeo?°§ Qe ‘i]taf’r % body
(106) so as to exsikdd duebtbhsaidemiddlleapdrtdbhnesinkliyy datihgam act pads
(86.) on said fl ey LLcul 87).not hei f.ar e r |d flexible
circuit (87) over##iésgg#é @3#?&93(553?925598 forﬂ(lgﬁfésﬁﬁﬁ%t cartridge
of d ai m10wher ei nazbrildgenbady (a06) { 88hdare substantially square shaped.

3. The print cartridgeep x%i\%?%}cgg}:g(é\?irg!egu??ﬁ ogﬂ(rjg@cfegga@ssa(ﬁ&)

are arranged along.sides.o sard Tlexi cuit not over said
val l ey (112) so irst side of said print cartridge body (106),

said flexible circuit (87) having contact pads
(86) formed thereon for contacting corresponding

15 electrodes (85) in an ink printer, said flexible
circuit (87) having conductive traces terminating in
said contact pads (86) for connection to a printhead,

said flexible circuit (87) having a width
largef than a width of said valley (112) in said

20 - first side of said print cartridge body (106) so as
to extend to both sides of said valley (112), said
contact pads (86)/on said flexible circuit (87) not
being formed where said flexible circuit (87)
overlies said valley (112).

25 2, The print cartridge of Claim 1 wherein said
contact pads (86) are substantially squafe shaped.

3. The print cartridge of Claims 1 or 2 wherein said
contact pads (86) are arranged along sides of said _
flexible circuit (87) and not over said valley (112) so

30 that when said print cartridge (24) is inserted into an
ink printer, all of said contact pads (86) will be in a
substantially single plane so as to provide more reliable
contact with corresponding electrodes (85) in said ink
printer. '
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30 t'hat

en said print cartridge (24) is inserted into an ink printer, al
of sai d“ Hmamufm) will be in_agsgubstantially single plane so as to
provi de h I ntact with correspondi ng el ectrodes (85) in said
ink printer. 20 . *The print cartridge of Caim3 wherein said contact

pads (86) are separated from an adjacent contact pad (86) by a m ni num

di stance to all ow,for Lk contact. pa 2D . print

‘cartridge of d ai it 3 @%ﬁ?e?%réﬁﬁgggo%égﬁgﬁgdg Fgg?‘eé'rne %g'rdmad in

paral | el col centach pads (B6psave sepdrakedefromi2n adjacent contact
pad (86) by a minimum distance to allow for a maximum
contact pad area.

5 5. The print cartridge of Claims 3 or 4 wherein said

contact pads (86) are formed in parallel columns on both
sides of said valley (112).
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