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NOZZLES BACKGROUND OF THE INVENTION 5 1. Field of the Invention The
present woern40oh relates in general to thermal ink jet (FCOUS@risatheads
and nore specifically to a system and nethod for high-performance printing
having multiple nodes of operation that uses a nonochrone ink jet
printhead having a staggered, high-density arrangenent of ink drop
generators. 10 2. Related Art Thermal ink jet (TIJ) printers are popul ar
and widely used in the conputer field. These printers are described by
WJ. Lloyd and H T. Taub in "Ink Jet Devices," Chapter 13 of Qutput
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printers produce high-quality print, are conpact and portable, and print
qui ckly and quietly because only ink strikes a print nmedium (such as

paper). An i nk BATKGRIOUND OF THEGXYENTION't ed i mage by printing a pattern

of individual _dots &‘&L f(%i xIeI si. at specific defined | ocations of an array.
These dot® | ocatli onst® L¥FHR onveni ently visualized as being small dots

in arectilinear ar Tﬁé’hpreﬁglﬁind@ftﬂoﬂ%legbsym%@ndrﬂﬁ% peirha ik jee(TD) ppiniheidednd The
printing operation, therefore, can be, pictur as th filling of a pattern
of dot Iocati ofPrausperiliaty e e Ptk “}eg'fcogpﬁ%F ﬁ’f%‘f%er FRgCe o n%&‘a%‘}’ cting
a smal | vol une y@fitidi0kndA8¢ of bp&atinl thht usBE A HGhoobrid nkSiep phikthelRVh&hg gUCh as
an ink reservoir, sucgﬁj ies ink to the ink drop generators. The ink drop

1

generat ors ar e S&@&gfrech hisholenyjty Arrangepspi o ddsdion SHeMher 25 control | er and

ej ect inkydrops at pppfARLd ate times upon command by the m croprocessor.
The timng of ink d opee ections generally corresponds to the pixel

pattern of the i mag@htseichinkget (RLBbrintens grernopulpr andhwidelykusgd dp theetpandicsr s

ej ect ink drop I L il | “ L -heating a
aral | vol ume. o bt REE B b L cd A o o P e
The vapori zat i diapter thef Qmkutdiavgepy Pevical (E¢. R.€. Botbeepiridsh ddemsyandiege:

o G £ a8 Fidhs 1597 'aha 'S PN 4 b6 1140dnd SSASEEL - o FR T O7
15 printers produce high-quality print, are compact and portable, and print quickly and
quietly because only ink strikes a print medium (such as paper).

An ink jet printer produces a printed image by printing a pattern of individual
dots (or pixels) at specific defined locations of an array. These dot locations, which
are conveniently visualized as being small dots in a rectilinear array, are defined by

20 the pattern being printed. The printing operation, therefore, can be pictured as the
filling of a pattern of dot locations with dots of ink.

Ink jet printers print dots by ejecting a small volume of ink onto the print
medium. An ink supply device, such as an ink reservoir, supplies ink to the ink drop
generators. The ink drop generators are controlled by a microprocessor or other

25 controller and eject ink drops at appropriate times upon command by
the microprocessor. The timing of ink drop ejections generally corresponds to the
pixel pattern of the image being printed.

In general, the ink drop generators eject ink drops through an orifice (such as a
nozzle) by rapidly heating a small volume of ink located within a vaporization or

30 firing chamber. The vaporization of the ink drops typically is accomplished using an

electric heater, such as a small thin-film (or firing) resistor. Ejection of an ink drop is



WO 02/ 14073 PCT/ US01/ 25912 -2 achieved by passing an electric current
through a selected firing resistor to superheat a thin |ayer of ink

| ocat ed Woh2/moa3 sel ected firing chanmber. This superheati PT/USUEE312 an

expl osi ve vaporization of the thin layer of ink and an ink drop ejection

t hrough an associ ated nozzle of the printhead. 5 Ink drop ejections are
positioned on the print nmediumby a noving carriage assenbly that supports
a printhead assenbly containing the ink drop generators. The carriage
assenbly traverses over the print nedium surface and positions the
printhead assenbly depending on the pattern being printed. The carriage
assenbly inparts relative notion betweenythe printhead assenbly and the

print medium alrzﬁ‘g%eta by?sgs%{h\%fag %%Sﬂn c¥%é£ﬂ9§t%? %lel’eg}%@ﬁrﬂ?%%gisfaqo% #éhé,a a

direction para e pr fumand a sin scan" of
the carriage aﬂ&ehbbyoﬁmhm@mwﬁamﬂmhesdaMmiﬁmmgChmnbanﬁﬂysdu@ﬂkaugsmuhﬂ

print head assenbl Qnce acro appr ¥ .t he w
medi um Bet ween s%/ploswe Yaﬁonza lon Pl gun i ers"ft r§/kp‘?mcanl “31‘ gr(?\gahecp% ué{lll Ve to

the print head asbaagd aoz nadM&qamﬁ&mme axi s" that is perpendicular to the
scan aX|s (and 15 ner al along the | h of the. |nt medi um . As the
pri nt head® assenbl y ﬁ’g ‘ﬁﬁ?/ SRS At RY 10§%(§ﬂ9§%p§m5m§ yo? MOVIRESATHAEE ent
lines are geneagtrbly thitausiope apeigihbadasaibly basening tierifk tiopkndrato®s The eat es
t he appearance as, text r i mage of printed. i nage. Pr.int resolutlon al ong

the media adv&HEASSASINRIY TRYEFEH OYeE RrEIHmF usutfaceAnd ippsjtiogs theringhead
intermttent |aesbBl @pendifte on GhdTBalleth BENADERedXiThe chiibge abRMbRI BRIkt he

density of the intermftent lines in the nmedia advance axis the greater
the print resoFdRiVEAmoBhgTasatheaprintheadawenhnd fheoprint medium geng 2 {¥AR | i nes

al ong t hep medi gxigdVvangenctl fhe (sadﬁda)&msm d H'i‘?ecﬁ@@%éraﬁéi't@ the bv'thh b aRl pHdt on)
can be increased by adjusting t "step" between sequential scans. For

exanpl e, if it mediues and s@visglgg ewzéf efiheseasiaget apseplli rmepns \thaththo agingal t o
the Iength of g, ap7g/ (ﬁsg'{’d'céﬁﬂﬁe ?lﬁr]tg%ﬁ%s‘é’lnto &n@ﬁaﬁ@s@ ?%r@ﬁm{é‘ffthéﬁ ho{)ﬁlés i s

referred to as "two- printi S In IS case wou e of fset
by a dist ancepeqfuat ipp. Betvonen seansdhe prind mpdiunpis tyrigatly edpdncedrelagivg tohibe

(measured al °oP |vefn$<%i }nb{hﬁ ﬁir%?%%{n@‘ethg{ G Rhaich S 1ot KGR adid (i LO e

hal ved. This e
15 generally along the length of the print medium).

As the printhead assembly is moved along the scan axis a swath of
intermittent lines are generated. The superposition of these intermittent lines creates
the appearance as text or image of a printed image. Print resolution along the media
advance axis is often referred to as a density of these intermittent lines along the

20 media advance axis. Thus, the higher the density of the intermittent lines in the media
advance axis the greater the print resolution along that axis.

The density of the intermittent lines along the media advance axis (and thus
the paper axis print resolution) can be increased by adjusting the “step” between
sequential scans. For example, if it takes an average of two steps to cover a swath

25 equal to the length of a nozzle array aligned with the media advance axis, this is
referred to as “two-pass printing”. The swaths in this case would be offset by a
distance equal to a non-integer number of nozzle pitch lengths (measured along paper
axis) to allow the pitch of intermittent lines to be halved. This effectively doubles the

resolution along the paper axis. One major disadvantage, however, of two-pass



resol ution along the paper axis. One mmjor disadvantage, however, of

t wo- pass WO 02/ 14073 PCT/ USO01/ 25912 -3 printing is that the extra passes
greatly oeanza®esthe speed of the printer. For instance, PCWUS@ZRS312pri nting
is about half the print speed of one-pass printing. Such a |arge decrease
in print speed is undesirable for sonme printing operations, but acceptable
in others. 5 Another technique that nay be used to increase the density of
the intermttent 1lines along the nedia advance axis is to increase the
density of the nozzle spacing to provide a high print resolution in
one-pass printing. However, it is quite difficult to manufacture ink drop
generator and nozzle structures that allow the high linear density of
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15 quality print mode in another print application.
SUMMARY OF THE INVENTION
To overcome the limitations in the prior art as described above, and to
overcome other limitations that will become apparent upon reading and understanding
the present specification, the present invention is embodied in a monochrome ink jet
20 printhead capable of multiple modes of operation that includes a high density of ink
drop generators to provide high-resolution one-pass printing. In particular, the
present invention can perform one-pass printing at a paper axis print resolution of
greater than double the resolution of a single row. The present invention addresses at
least one of the problems associated with a high-density array of ink drop generators
25 and nozzles and provides high-quality one-pass printing having a high print
resolution. In addition, the present invention allows for printing in multiple print
modes depending on the desired print speed, print resg)lution and print quality.
The high-performance monochrome ink jet printhead of the present invention

includes a high-density staggered arrangement of ink drop generators disposed on a



The hi gh-performance nonochrome ink jet printhead of the present invention
i ncludes a high-density staggered arrangenent of ink drop generators

di sposed voo 02143 02/ 14073 PCT/ US01/ 25912 -4 printhead stproTwseesosBach i nk
drop generator is a thin-filmstructure forned in the printhead structure
that is fluidically coupled to an ink supply device and has a nozzle. Ink
is supplied to the ink drop generator and at the appropriate tinme heated
and ejected fromthe associated nozzle. The high-density staggered ink
drop generator 5 arrangenent includes a plurality of ink drop generators
arranged al ong each of at least three axes. The three axes are
substantially parallel and are spaced apajt fromeach other. The plurality
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15 pitch (and consequent increase in print resolution) means that fewer scans are needed

to provide a desired print resolution resulting in high-resolution printing at high
speed.
The high-density arrangement of ink drop generators used in the present
invention can be subject to manufacturing artifacts that can impact the print quality.
20 Specifically, the manufacturing process used to form the nozzles may cause a change
in ink drop trajectories. The present invention overcomes this decrease in print
quality by allowing operation in a plurality of print modes, depending on the desired
print resolution, speed and quality. The present invention also includes a method of
high-performance printing in a plurality of print modes using the ink jet printhead of
25 the present invention.
Other aspects and advantages of the present invention as well as a more
complete understanding thereof will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way

of example the principles of the invention. Moreover, it is intended that the scope of



conpl et e understandi ng thereof will becone apparent fromthe foll ow ng
detailed description, taken in conjunction with the acconpanyi ng draw ngs,
il lustratwag2/ibp7svay of exanple the principles of the inveariuse2sder eover
it is intended that the scope of WD 02/14073 PCT/US01/ 25912 -5 the
invention be limted by the clainms and not by the preceding sunmary or the
follow ng detail ed description. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention can be further understood by reference to the follow ng
5 description and attached drawings that illustrate the preferred

enbodi mrent. Qther features and advantages will be apparent fromthe
follow ng detailed description of the preferred enbodi nent, taken in
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schematic pl an whigWldratd)By Py bf dempleths priplessdTaNd brésent iftbdatiodt 111 ustrating
t he staggered i nk drop generator arrangenent,of.thefpresent i nvention.

FIG 6 is another s'rRﬁEﬂ“i“T% B e Hisgrdtadngs ip srel like refiiepsre pumbery, &pFesen i n

pl an vi eygt he uﬂﬁg@bﬁﬁ%§gugqm§&§g@§red arrangenent of nozzles of the
present invention.  Fl 7 is a cross-section of the printhead assenbly

shown in FIG 5 il| Jd6r hisiatdockzipetapeof@n aresall pripting ghstem ipgorpaidinggisuresettur i ng
process. invention.

FIG. 2 is an exemplary printing system that incorporates the present invention

and is shown for illustrative purposes only.

15 FIG. 3 is a schematic representation illustrating an exemplary carriage assembly
of the printing system of FIG. 2 that supports the printhead assembly of the present
invention.

FIG. 4 is a perspective view of the printhead assembly of the present invention
and is shown for illustrative purposes only.

20 FIG. 5 is a simplified schematic plan view of the printhead assembly shown in
FIG. 4 illustrating the staggered ink drop generator arrangement of the present invention.

FIG. 6 is another simplified schematic intended to further illustrate in plan
view the interleaved or staggered arrangement of nozzles of the present invention.
FIG. 7 is a cross-section of the printhead assembly shown in FIG. 5 illustrating

25 the concavity caused by the manufacturing process.

FIG. 8 is an exemplary example illustrating a greatly simplified plan view of the
printhead of FIG. 5 and the arrangement of the primitives. _
FIG. 9 is a cut-away isometric view of the printhead of FIG. 8 illustrating the

various layers of the printhead.



FIG 8 is an exenplary exanple illustrating a greatly sinplified plan view
of the printhead of FIG 5 and the arrangenent of the primtives. FIG 9
is a cut veoayi403dnetric view of the printhead of FIG 8 iPCDES61ZASHITRg t he
various | ayers of the printhead. WO 02/14073 PCT/US01/25912 -6 FIG 10
depicts a top view of a portion of the printhead of the present invention.
with the orifice layer renoved and illustrating the interl eaved or
staggered arrangenent of ink drop generators. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS 5 In the follow ng description of the invention,
reference is made to the acconpanying draw ngs, which forma part thereof,
and in which is shown by way of illustrakion a specific exanple whereby
the invention may b r i ol .
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pitch of the pride FahertidspapmneTon e obtheprsentimventiin ch. St aggering t he
arrangemgmt of 1i Nk depR@apov&iRivors allows for higher resolution printing
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present invention allows quality, speed, or a conbination thereof to be
optimi zed arrangement provides the present invention with high-resolution and high-speed

printing. The present invention has the ink drop generators arranged in at least three

15 groups along at least three axes. An axis group contains a plurality of ink drop

generators that are arranged along the corresponding axis (such as in a columnar

group). Each axis has a centerline that is substantially parallel to a reference axis. An

axis group is staggered with respect to the other. Each axis group has an axis pitch,

and one result of staggering is that an effective (or combined) pitch of the printhead is

20 a fraction of the axis pitch. Staggering the arrangement of ink drop generators allows

for higher resolution printing in fewer passes and provides high print speed at high
resolution by increasing the effective nozzle density in the media advance axis.

By utilizing a printhead design that allows for various printing modes, the

present invention allows quality, speed, or a combination thereof to be optimized

25 according to a particular printing application. The structural and electrical

modifications are discussed in co-pending patent application Hewlett-Packard Docket

No. 10003553-1, serial number entitled “COMPACT HIGH-

PERFORMANCE, HIGH-DENSITY INK JET PRINTHEAD” by Joe Torgerson et

al. and filed on the same date of the present application. When the present invention



25 according to a particular printing application. The structural and

el ectrical nodifications are discussed in co-pending patent application
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and filed on the sane date of the present application. Wen the present

i nvention WO 02/14073 PCT/ US01/25912 -7 is operated in a print node that
maxi m zes quality, the printhead is sensitive to even slight variations in
i nk drop placenent accuracy fromthe printhead onto a print nedia. An
artifact of the printhead manufacturing process is a geonetric variation

wi thin the printhead that can cause ink dyop trajectory variation across

t he printhead. ; j r.r i . . i gh-- i

b e ng. | Powedare i B ine nbag RRER Ao GEARE A frldfied BsBP S
vari ati on may nrlghtbariaidane gn dik dropThlecepreats esvuracy et ittenprindbirad smgs atning | ssue
by providi ng t1 pl ion er.eby different npdes.are

avall abl e depeltsit Sn HES sBthe BRRSE hRRMOGH MRS if EBmaG SBulbr

For exanpl e, asvithirsthepeisitiedduhitiven ciusé oy, drofhieajpetery eatiation\eervss tha piifitheasl.

hav ng. a > medt AHeCRob s Snel pEraes KRR telite, GRereham fE PR, pacs
1200 dpi. Thes@gualitapiintii theoettst @lthiovwartakion pay néteaccepfablehe present invention
exanple. the b di 1 elht IS ARIEE RS B0 bYRTCURORIPIE i A6 axi s
groups at once opéithidreniEtctlyQiffane nfodbEarel bhailbbly ddfenditgl b the @BsifH rifhtpeed,
particular ink drop trajectory errors that are _dependent on the nozzle
Cayout. The sl sehiighewlael. éawam_ﬁgoawwwsé@r@%'ael%;smrﬁ%ﬂt igrenfifle axi s
groups ¢nd al |i§d’él§aﬁl@6f;§rhﬁn§hi a[‘ﬂi%@hﬁél’iﬂfdeﬁe-ﬁéé%idﬂ@&%hﬁ b6y @) imdde RSRRENt

el udes 3 pr 1 meisasrsd hed @ Bl kR Pt Hiberr ek momRts 00 Epes Tisse | nk

I ncluaes a pri | I S 1N
drop gener at or $,6Q6 Hnédek %n_eﬁ%@la&ﬂﬁeaarkﬁ th@greQef,nt fi Rkt ﬁ%ﬁﬁu&d&?&ff e8d 8A¢h
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provi de % reduction due to particular ink drop trajectory errors that are dependent on the nozzle

layout. The slower speed two-pass 1200 dpi mode uses a portion of the axis groups

and allows for the elimination of such nozzle layout dependent trajectory errors.
In a preferred embodiment, the present invention includes a printhead using
black ink and having four pluralities of ink drop generators each arranged along one
20 of four axes that are each parallel to a reference axis and transversely spaced apart
from each other. As explained in detail below, each plurality of ink drop generators
along an axis (or an axis group) has an axis pitch (300 dpi in an exemplary
embodiment) relative to the reference axis, and all four axis groups provide a
combined effective pitch of one-fourth the axis pitch with respect to the reference axis
25 (1200 dpi in a preferred embodiment). Thus, by staggering the nozzles with respect to
the reference axis, the present invention quadruples the effective pitch (and nozzle
density) of the entire printhead. This permits one-pass printing to have the equivalent
print resolution of what could previously be accomplished with four-pass printing

(assuming a single axis group of nozzles). In another preferred embodiment, the



conbi ned effective pitch of one-fourth the axis pitch with respect to the
reference axis 25 (1200 dpi in a preferred enbodi nent). Thus, by staggering
t he nozzIveg@ omi4om3 respect to the reference axis, the presRaT/USONEAL2 on
guadruples the effective pitch (and nozzle density) of the entire
printhead. This permts one-pass printing to have the equivalent print
resol ution of what could previously be acconplished with four-pass printing
(assum ng a single axis group of nozzles). In another preferred enbodi nent,
t he WO 02/ 14073 PCT/ US01/ 25912 -8 printhead uses selected pairs of axis
groups so that the printhead has a conbined effective pitch of one-half
the axis pitch. This enbodi nent provides gwo-pass unidirectional printing
that elimnate 3 ' A ad
ranf act ur i ng. Pl it et hP et A THR APath B Jrinfithd B0 BohBh0ES

resol ution provifeiqe liththf enedulfi e raxisabitshe. THis @nbadiment aprodiesr PiaepasF| G 1
S8 or ook &t gk Bond AL thd BT WELE HEGRUBRLALO0aL AR ofr eSen!
i nvention. The printing use rlnlngana rial,

such as ink omriathgad manmfedurmglom avdditioh manerblmdpamrproﬁtﬂm the isame rpgln$yst em
100 is caupl ed t uch as a conputer or

m croprogé(;ssor)reS ¥ lgnsc%@(%:é r?ééﬁ%??e* ?d%%glft;agove’rhe printing system 100 incl udes
a controller 11D, ajomrals]_ym’hew 120, a print nmedia transport device 125,
a carriage assenbly 0, and ralt of S tc i.n Vi ces 5. The ink
Supply dovi ce 115 EIG B clhoRytiedinb ob R oy A AR sl SRRy e o
sel ectively pr @wdseht igrehtidh. t Thetpridtifg systehemd) daf e iibddyfod pintingem4teridll susedi a

e e I
assenbl y1d.30 suyppRsst Systdde 105 (sithhe @ @ompstsesiithitropRRessayl fR pRotutias ﬁﬂnﬁﬁé&ns to
nove the printhead assenbly 150 to a specific |ocation_over t rint

medi a 102 as i A&¢ Pﬂ’t&tﬂf@cﬁyﬁtﬁmtlﬁg medides %PWPHMGO al'h‘é”%ﬁ?ﬁﬁ%é%wé‘gbﬁﬁql? 150
includes a pri pahosd &wcyqtzyraecalq@&e AfenfdB5 €30 BROa pRPalith ofTQxR/ﬁch@ngt &dvicebel ow,

the printhead structure 160 of the present |nvent| on contai ns (%)urallty

of various |ayd?s Thecinkaunply devican st }Séluéh‘iaﬁmcomﬁﬁ)@ﬂw(%%mmhﬂ By be a

single nonolit t
(preferaply hafvé{:lgcéﬁelwrsﬁ&lﬁg teto the pHRHEI @by $56.t #he Hriftthéfid Rhnsport

device 125 provides a means to move a print media 102 (such as paper) relative to the

printing system 100. Similarly, the carriage assembly 130 supports the printhead
assembly 150 and provides a means to move the printhead assembly 150 to a specific
location over the print media 102 as instructed by the controller 110.
The printhead assembly 150 includes a printhead structure 160. As described
20 in more detail below, the printhead structure 160 of the present invention contains a
plurality of various layers including a substrate (not shown). The substrate may be a
single monolithic substrate that is made of any suitable material (preferably having a
low coefficient of thermal expansion), such as, for example, silicon. The printhead
structure 160 also includes a high-density, staggered arrangement of ink drop
25 generators 165 formed in the printhead structure 160 that contains a plurality of
elements for causing an ink drop to be ejected from the printhead assembly 150. The
printhead structure 160 also includes an electrical interface 170 that provides energy
to the switching devices 135 that in turn provide power to the high-density, staggered

arrangement of ink drop generators 165.



| ow coefficient of thermal expansion), such as, for exanple, silicon. The
printhead structure 160 also includes a high-density, staggered

ar r angensy® ouf4orhk drop 25 generators 165 forned in the pPCHMUREZ39EL ruct ure
160 that contains a plurality of elenments for causing an ink drop to be
ejected fromthe printhead assenbly 150. The printhead structure 160 al so
i ncludes an electrical interface 170 that provides energy to the swtching
devices 135 that in turn provide power to the high-density, staggered
arrangenment of ink drop generators 165. WD 02/ 14073 PCT/ US01/ 25912 -9
During operation of the printing system 100, the power supply 120 provides
a controlled voltage to the controller $§ the print nedia transport
device 125, the | |nth S In
addition, the contrgﬁ¥ﬁg%?%%i)?3g%1 ﬁ%ng tm$?% lg oa %?ggﬁgiﬁﬁ%ﬁ essaystem
105 and processestrdlled wadibge tonthe contraiteern 16 thenphnpinedmftmmmru dmmnHSr thege

data. The processed dat ata an oth and d y
gener at ed dat a G Ee PavTEd B REPTRARH el BPam fuiERgue FRISE oY 1
carriage asserrhlegewbaﬂleamﬁttdbﬁ fiom tHeltesidsyaemerdsl and Ibérefses thef dataCintonprinter

o 2 exelpl ar yPOBFRRIHERSY 4P st e, DR CHp iy GrH B0F PUP Ao,
hi gh-density i r&ﬁdrds»ﬁanrr&mtgmadte@ﬁathra& Roaganb thd\mﬁlme@ra teuEpdriSdeiteuns,f or
illustrative purposes C)q%#ﬁi%bs own in FIG the printing system 200

i ncl udes a trayhooariagsass ar'&rthﬁprlrrbmdéssev%h@ F etficiently spiolingon i s
initiated, the1ﬁg1ﬂﬁ1E§ @ iigo. transported into the printing system 200
fromthe tray 222 pre erably using a sheet feeder 15 226 in a nmedia advance

227 direction. ¢fs then transported in a U- direction within
the prinypng systemg§0, gnd eﬁé&hﬁl&y'pﬁnﬁﬂgesy&%%thﬁofﬁbfaﬁe@%eq{l l%erﬁ%éﬁée
toward an output tray 228. Qher print média paths, such stral

paper path, naﬂnghaqleysityb@kugtenrmth@p@mf &t praseot inventiontand lprShqwri ﬁxg 1@»}8@@@% 200
(e prt el SRR AN 10?9, B b RBA PP goon a0,
present invent |Imtd,mg grinthmadiapv Btheq or pswagnemtyation rio deitiated tpcrprmlnt media is
transported into the printing system 200 from the tray 222 preferably using a sheet feeder
15 226 in a media advance 227 direction. The print media is then transported in a U-
direction within the printing system 200 and exits in the opposite direction of entry
toward an output tray 228. Other print media paths, such as a straight paper path, may
also be used.
Upon entrance into the printing system 200 the print media is paused within a
20 print zone 230 and the carriage assembly 130, which supports at least one printhead
assembly 150 of the present invention, is then moved (or scanned) across the print
media in a scan axis 234 direction for printing a swath of ink drops thereon. The
printhead assembly 150 can be removeably mounted or permanently mounted to the
carriage assembly 130. In addition, the printhead assembly 150 is coupled to an ink
25 supply device 115. The ink supply device may be a self-contained ink supply device
(such as a self-contained ink reservoir). Alternatively, the printhead assembly 150
may be fluidically coupled, via a flexible conduit, to an ink supply device 115. As a

further alternative, the ink supply device 115 may be one or more ink containers



media in a scan axis 234 direction for printing a swath of ink drops
thereon. The printhead assenbly 150 can be renoveably nounted or

per manentw@ ozrowwmi ed to the carriage assenbly 130. In addPCT/OR)1/2ShE
printhead assenbly 150 is coupled to an ink 25 supply device 115. The ink
supply device nmay be a self-contained ink supply device (such as a
self-contained ink reservoir). Alternatively, the printhead assenbly 150
may be fluidically coupled, via a flexible conduit,. to an ink supply
device 115. As a further alternative, the ink supply device 115 nay be one
or nore ink containers WO 02/ 14073 PCT/USO01/ 25912 -10 separate or
separable fromthe printhead assenbly 150;@and renpveably nounted to the

carriage asse ing an
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hi gh- perfornanﬂ@cmhugha@embWﬂﬁ0lnk jet printhead 5 of the present
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notor, transports t cannin carrj 320 along the scan axis 234
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comuni cati on \hrriagd 100 60 ptdvidel Eontcbldformdtig @i prin@iRad &EHBIONS@I 354 i
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position al ong the <B&FCeA%INE cagiage F0is maypabioplons A sigetaptydiectian igihp) ed to
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media 102 increnentally. The print nedia 102 I's noved a pressure

appl i ed bet weefa¥iage gef rﬁlongw@& %an Gisaftf acqprdinge @w@ma seEPR; 8 Nosisigher to
run the el ectrigalorgP PP GRES iLih (t,oﬂﬁnun‘}gahSﬁ Witd the/ %61@1%‘11@1091(1 SUAR fitibh®
carriage notor 350 and the platen notor 362) as well as energﬁ to cause
the printhead &gwfealior §54B@reddad) with memrrydts8e enablpthowpeition byntoler 35300 power
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platen motor 362 (such as a stepper motor) that transports the print media 102

incrementally. The print media 102 is moved by a pressure applied between the print

media 102 and a platen 370. Electrical power to run the electrical components of the

printing system 200 (such as the carriage motor 350 and the platen motor 362) as well

as energy to cause the printhead assembly 150 to eject ink drops is provided by the
20 power supply 120.

A print operation occurs by feeding the print media 102 from the tray 222 and

transporting the print media 102 into the print zone 230 by rotating the platen motor

362 and thus the platen 370 in the media advance axis 227. When the print media 102

is positioned correctly in the print zone 330, the carriage motor 350 positions (or

25 scans) the scanning carriage 320 and printhead assembly 150 over the print media 102

in the scan axis 234 for printing. After a single scan or multiple scans, the print media

102 is then incrementally shifted by the platen motor 362 in the media advance axis

227 thereby positioning another area of the print media 102 in the print zone 230.

The scanning carriage 320 again scans across the print media 102 to print another



transporting the print nmedia 102 into the print zone 230 by rotating the
pl aten notor 362 and thus the platen 370 in the nedia advance axis 227.
When t he wo o2it4omedi a 102 is positioned correctly in the peTasoizsae 330,
the carriage notor 350 positions (or 25 scans) the scanning carriage 320
and printhead assenbly 150 over the print media 102 in the scan axis 234
for printing. After a single scan or nmultiple scans, the print nedia 102
is then incrementally shifted by the platen notor 362 in the nedia advance
axis 227 thereby positioning another area of the print media 102 in the
print zone 230. The scanning carriage 320 again scans across the print
media 102 to print another WO 02/14073 PGR_US01/25912 -11 swath of ink

drops. The pro i 6: t i i ! .

printed on the%§??5?§w%§?§§18§w§$%ﬁﬁﬁ%ﬁ%go.nt&fﬂgﬁ%%ﬁﬁﬁgﬁéﬁﬂgﬁﬁﬁgqﬁgn

ej ected into tipeintedwingie printaged@22B?2 atiwhihipotnh dwcbrist oledindOf us gededlint the

print head of tQﬁﬁﬁfﬁgqﬁk i nvention includes a high-density interl eaved
arrangenent of Pbp generators that provides high-resolution printing
at high speed. Il n Zrintlehé Arddteetabodi nent, a plurality of ink drop
generators are arrapged al,on | east, .t hree axes. Eac lurality of ink
drop gene$ators al ortg® &A™ ?goﬁgﬁ Be5eat JMVgTHsy W@@aﬁnaﬁgngmﬁWt@ﬁﬂ§§§§ured
al on% a refer lemﬁﬁn@;ﬂeﬁt ofﬁﬂd’drep( Qéiiﬁxlatbrr]s thit peovidex ﬁigpiﬁabmtiarmghgretrl’iigm&i)eédae axi s
pitch is equal .to 1/30Qth,. of, an inch., sum ng there are four axi s, groups
h Che ~pr i nt ndid PHRE1STROUEPER BRSOt BT aB Lo R i |
resol ution of 1200adp] Each’blinamyn idkediy abidfors Word dnl &xaC(as aiiegd)upplaafaﬁ ect
print quality, the, present irvention m_tigates this effect by groviding
for multiple oSt mgssated plogs a referensg sxisi REFXMAPIGCR 4N EXen¥ary fnbedggent
printheadpof thg RiGHRALs dghiy e BOIT JTRY iR ARRKAIAHerk BreFow! afs 3tduby orPhe PT i Nt
15 nodes dependlngﬁon the requirements for print speed and qualli%. FIG 4
i s a perspect i wn{ipadathsstaggreed, prangeracnt Pr¥ides 3w affegffve priat igsabusion of 1300 «ln

i on
and i s shown f%tﬂoh%wamg&a&ﬁ?%ﬂaa§ QchdOR! Mrecpiit q%faiﬂ?,d afesEdhPlvaftiorf the
present invention Tollows w

0 _ h reference to a typical printhead assenbly
used with a typhitigdtes this phirct bipreviding for myliiple racdepel aperetion? O6s esplaippddn dptail
However, the pr Nty ! . i NC | i d and
brint or ' cont i gurae e SRR R et iRanbfCRLERY Bhétied T APty BF R

15 modes depending on the requirements for print speed and quality.

FIG. 4 is a perspective view of the printhead assembly of the present invention
and is shown for illustrative purposes only. A detailed description of the present
invention follows with reference to a typical printhead assembly used with a typical
printing system, such as printer 200 of FIG. 2. However, the present invention can be

20 incorporated in any printhead and printer configuration. Referring to FIGS. 1 and 2
along with FIG. 4, the printhead assembly 150 is comprised of a thermal inkjet head
assembly 402 and a printhead body 404. The thermal inkjet head assembly 402 can
be a flexible material commonly referred to as a Tape Automated Bonding (TAB)
assembly and can contain interconnect pads 412. The interconnect pads 412 are

25 suitably secured to the printhead assembly 150 (also called a print cartridge), for
example, by an adhesive material. The contact pads 408 align with and electrically

contact electrodes (not shown) on the carriage assembly 130.



along with FIG 4, the printhead assenbly 150 is conprised of a thernmal

i nkj et head assenbly 402 and a printhead body 404. The thermal inkjet head
assenbl y woR2/eem3 be a flexible material comonly referreBCT@s@ssa2Tape

Aut omat ed Bondi ng (TAB) assenbly and can contain interconnect pads 412.
The interconnect pads 412 are 25 suitably secured to the printhead assenbly
150 (also called a print cartridge), for exanple, by an adhesive material.
The contact pads 408 align with and electrically contact el ectrodes (not
shown) on the carriage assenbly 130. WO 02/14073 PCT/ US01/ 25912 -12

H gh-Density Array of Interleaved Ink Drop Generators FIG 5 is a
sinplified schematic plan view of the printhead assenbly shown in FIG 4
illustrating t i terl ved,lnk enerat or arrangement of the present
i nvention. The=pF ﬁu.eagm "r’l?‘eav S -performance printhead 500
of the 5 present i nVERtS 1sna sh@hﬁn@;s@amhtwr;ﬂin tiyw of theqeinthes! dsddmbdynshoanfinr st

ink feed sl ot ink feed sl ot 53 The ink f sl ots 520,
530 provi de 1 nbfo? (iR G0 rectlied A dher bediite eIt 08 0 FEOTRe 105,
Fl ui Ioli cally COhkNeﬂﬁ)nt OITQMtHaﬁtﬁ ;zdsﬁn‘rgﬂ%cﬁﬂék a Bfgﬁfp%f@hiaﬂclz(etp}ﬁﬂfehd/ 50woft fhe

nozzle 5 is a corres n i ensity, arr in rop ner tors
(not shovxg) THRFeSent iy lq %8 yalpe e %%@Sﬂﬂ:{r@oeeér hm&fserdaﬁlqtg? h. gh 10
resi stance firisg@nd @i fb®kRt ézmt Tﬁmm)ee& ok 92028301 prisvivs ik @ Be ﬁrlkrdraﬁl
chanber supplied by the ink feed slots 520, 530 in order to ef ect an ink

drop from each Sa¥s3¢re frgmghe ik supply desics ikﬁ diluidisally couplsd tp gagh Beazlerd@dnd nt o

groups of ink %f&&aa BRI BlaShe @zaggl@fs oloBA&holdHPRRUERIL BXlyordHIONeS) . The
axes are space a ar transver sel eacC other and with respect to a

reference axis gEﬂGf%@fSém\ﬁhoww ﬁh@ arsay mlﬁ depppeensratprsdacludes entwelitredthighhe
hi gh- perﬁ@r ma”‘}é‘m &é‘&‘ﬁﬁgﬁesé{?ﬂ’ @bt IGPIESRAL i aﬂcﬂ?/ﬁﬂﬁ b Qffin g%ﬁéﬂ%ﬁe?%u 119&”

groups of nozzles each group arrange ong a sEéparate
particular, a fovrtmmlgfe@dpIOtsfSZQ,oiziiQIuesrdméoalectaingldddrap oy eactf nazgle 5aki s 540 a

Second 0, oSSl O DOORS L RSO Gy B 910

nozzles is arr ahngg(dt wasirtgrea ak@Uptik gempsy. The axéS(hrEap}ioecb&pmmeasebswﬁmo
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50, 560, 570 s e%laln ?'esegc(fh Oteg rencara]lgls dKI s shown i Ie:%‘re a
use, the refer e%ge axi’s B ? &4 gne ht Wntlh dira %ﬁfﬁrﬁ%e aX| S
15 embodiment the hlgh-performance prmthead 500 of the present invention includes

four groups of nozzles 510 with each group arranged along a separate axis. In
particular, a first group of nozzles is arranged along a first axis 540, a second group of
nozzles is arranged along a second axis 550, a third group of nozzles is arranged along
a third axis 560 and a fourth group of nozzles is arranged along a fourth axis 570.
20 Each of these axes 540, 550, 560, 570 is parallel to each other and with the reference
axis L. In use, the reference axis L is preferably aligned with the media advance axis
227 shown in FIGS. 2 and 3.
FIG. 6 is another simplified schematic intended to further illustrate in plan
view the interleaved or staggered arrangement of nozzles of the present invention. In
25 a preferred embodiment each axis group or columnar arrangement of nozzles has the
same center-to-center spacing or axis pitch P with respect to the reference axis L. The
four groups of nozzles, 540, 550, 560, and 560 are staggered with respect to each
other such that the combined center-to-center spacing P4 (with respect to the

reference axis L) of all four groups is equal to P/4, or one fourth of the axis pitch P.



227 shown in FIGS. 2 and 3. FIG 6 is another sinplified schematic intended
to further illustrate in plan view the interleaved or staggered

arr angenmsyo oui4onbzzl es of the present invention. In 25 arPgreseraser

enbodi ment each axis group or columar arrangenent of nozzles has the sane
center-to-center spacing or axis pitch P with respect to the reference axis
L. The four groups of nozzles, 540, 550, 560, and 560 are staggered with
respect to each other such that the conbi ned center-to-center spacing P4
(with respect to the reference axis L) of all four groups is equal to P/4,
or one fourth of the axis pitch P. WO 02/14073 PCT/ US01/ 25912 -13 Stated
anot her way, the groups are staggered W g respect to each other to allow
the print head to have ou ff.ec one
particular gro tﬁ %r VARCLH e éﬂ@ rg?éSt%hﬁrea "I’lﬁjtltehﬁ/e tt{o\%&%%ﬁxﬁt@ a@?‘”n%)z/zl es
that are inter pﬁah{@d 500 t@héﬁ\edbun/tehqs th&effimtitd eesolhigon efSaly one partioflaragrousi ngl e
group. G oup 54 group 560 forma first pair of groups that are
staggered with® Ié"&glé%t to each other such that the conbined center-

t 0-center spaci ng PPhéné &b twe s@eof twoqrbupe of ebaies ticae amxintsrltaved tot dffecivelyst pai r
is equal to P/2, or one half_of the axis |tc Li ke 550 and
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each other sucpf gbaps th&terecsuggh@e &ithQespedi ti@each @thee Mich thas ﬂ&momglnlé’& cetitdrh
respect to the reference axis.L of the second pai,r to P/aih or one

hal f of the axioscenier spacme H2,willy respechin the yeletsn ‘E?o‘?xl‘r%ht"% %@wr IS S0 p of a
singl e group Wehhot &RBEES I axik Bii@f I NCiRevANS, Brdupi5S0 etlgbud 970111)131@@&&]:0@& an
inch, providing each group with an effective resol utio % Thus,
either the firBair phEroupyiauye steeswuetwih 6%3‘?56@?3%r°ﬂ?9‘ié“a58’§‘e Sr‘famglé.‘?‘?
(group Spp a”dc&{t&% cerféh) spg@rﬁg_ B %Hi?ésee&* t&fhe%ifeeﬁ&é %8s Bidreke dbdda pagspect

to reference axis equal Oth of an inch he conbi nati on of all

f our staggeredeqlglimﬁf%,c(@ﬂ@halﬁff@hewltchﬁd 570) has a conbined or effective
nozzle pitch with r f hek Gh
provi di ng print headﬁ‘gagl%%m?lh an e? gf?l\?g&ls g&?&f%%ﬁg@%ﬁ@%’c Qslpb& FI G
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resolution of 300 dpi. Thus, either the first pair (group 540 and group 560) or the

15 second pair (group 550 and group 570) has a combined or effective pitch with respect
to reference axis L equal to 1/600™ of an inch. The combination of all four staggered
groups (540, 550, 560, and 570) has a combined or effective nozzle pitch with respect
to reference axis L of 1/1200™ of an inch providing printhead 500 with an effective
resolution of 1200 dpi.

20 FIG. 6 illustrates each axis group (540, 550, 560, or 570) arranged along the
ink feed slots 520, 530. Each ink feed slot has two opposing longitudinal edges, with
an axis group arranged adjacent to each longitudinal edge. As shown in FIG. 6, in a
preferred embodiment the first axis group 540 (group 1) and the second axis group
550 (group 2) are arranged on opposing sides of the first ink feed slot 520 and the

25 third axis group 560 (group 3) and the fourth axis group 570 (group 4) are arranged on
opposing sides of the second ink feed slot 530. While the nozzles of each axis group
are illustrated as being substantially collinear, it should be appreciated that some of
the nozzles of a particular axis group may be slightly off center line, for example to

compensate for drop ejector timing delays.



ink feed slots 520, 530. Each ink feed slot has two opposing | ongitudinal
edges, with an axis group arranged adjacent to each |ongitudi nal edge. As
shown inWO®/19731in a preferred enbodi ment the first axi BChyusumss®0 (group
1) and the second axis group 550 (group 2) are arranged on opposi ng sides
of the first ink feed slot 520 and the 25 third axis group 560 (group 3)
and the fourth axis group 570 (group 4) are arranged on opposing sides of
the second ink feed slot 530. Wile the nozzles of each axis group are
illustrated as being substantially collinear, it should be appreciated that
sone of the nozzles of a particular axis group may be slightly off center
line, for exanple to conpensate for drop4§1ector timng delays. WO
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having a traj ecobiymindtiag theorifipeleyse ith odherarmies layre728 using deatafid pressutsr iThe head
500,11 §1% ek by s 88 bR B B SHIRPAGhtop i O
520, 530. For i nsttaneesoncasfty 700 iy theoodHiod. layey 740f i Tles convhvigr @) atBOgdeabe been
ejected froma ];riajegtgry of an ink drop ejected from an axis group of nozzles arranged along opposing
15 edges of the ink feed slots 520, 530. Thus, instead of having a trajectory that is
perpendicular to the surface of the printhead 500, the trajectory of an ink drop instead
has a component in a direction parallel to the plane of the printhead 500 and toward the
ink feed slots 520, 530. '
For instance, referring to FIG. 7, a first ink drop 730 has been ejected from a first
20 nozzle and a second ink drop 740 has been ejected from a second nozzle. Because of the
concavity 700 in the orifice layer 710, the trajectory of the first ink drop 730 is slightly
angled toward the ink feed slot 520 and the trajectory of the second ink drop 740 is slight
angled toward the ink feed slot 520 with a trajectory change that is opposite the first ink
drop 730. Similarly, a third ink drop 750 from a third nozzle and a fourth ink drop 760
25 from a fourth nozzle have similarly discrepancies. Because of spacing variations
between printhead 500 and the print media, the relative positioning of ink drops on

media coming from drop generators having different angular trajectories has an error

component that is not predictable.



20 nozzl e and a second ink drop 740 has been ejected froma second nozzle.
Because of the concavity 700 in the orifice layer 710, the trajectory of
the firswonkig@rdbp 730 is slightly angled toward the i nkP€B®801gI5012 520 and
the trajectory of the second ink drop 740 is slight angled toward the ink
feed slot 520 with a trajectory change that is opposite the first ink drop
730. Simlarly, athird ink drop 750 froma third nozzle and a fourth ink
drop 760 25 froma fourth nozzle have simlarly discrepancies. Because of
spacing variations between printhead 500 and the print nedia, the relative
posi tioning of ink drops on nedia com ng fron1drop generators havi ng
different angular trajectories has an errggs. conponent that is .not

predi ctable. WO 02/ 1ﬂ@ﬁnﬁgﬁldé§gﬁ)ﬁtﬁgﬂyr%senf 11‘1561’1-{?? operrédﬁ{eg ght?:gé:!t ?éctt he

pr esent invention overcones theSe trajector ects . W ng
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can operate in a ne pas rec e using a our axis
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enbodi nent, the I"nven on €S a &8st
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groups of nozzl oper a.unidir as 200 dpi
node using on|§-§3°¥“§ﬁ6ﬂg %%OOéﬁggﬁﬁg déﬂﬁp§%85®%$6ﬂﬁd%mgg 6ﬁl Uaxi s
gr oijps 550 (gr oanis éxﬁupﬂ)ofagzileSZ& c(pg:ralﬁmgf)aﬂd (2)oa mﬁdlwcﬁlﬂxasﬂmvlﬁgs m(oo dbihxﬁ&lﬁlr f
quality printin ire na node (with a our
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with a simgle mtanarswtgr@mp Db paside QbR Biit HagheF itllity WhtiAs. mﬁ-dlﬁaéﬁdahll ng in
this node there tends to be a trajectory_error between axis 2§£%540

(group 1) rel afieerass 1309 dpianqge Gyith @5@“‘(*’@‘1‘%@6“@")@51}%@“%10%%“0&5& 1% 560

(group 3) rel atipi@whtR of Sovarswilh 24iRgR AdticA bOMHifhd 860 les % PEfeskd tWndnespect
to FIG 7. This results in sone edge _roughness when a vertical line is
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requires four t can
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roughness when a vertical line is printed, among other things.
The unidirectional two-pass 1200 dpi mode requires four motions (since printing
is done in only one carriage scan direction) of printhead over the print media to generate
a full 1200 dpi swath. With this mode, either the first pair of axis groups (groups 540
20 and 560) or the second pair (groups 550 and 570) is used together for each pass of
printhead 500 over the print media. As illustrated by FIG. 7, the nozzles in each pair of
axis groups tend to have the same trajectory errors, or zero relative trajectory errors.
This eliminates an error associated relative nozzle trajectory, reducing the roughness of
vertical lines or the vertical sides of text characters. However, this mode has the
25 disadvantage more than doubling the total time required to print relative to the
bidirectional 1200 dpi mode that uses all four axis groups of nozzles at once. It should
be noted that although FIG. 7 has been discussed using resolutions that are multiples of
300 dpi, it is appreciated that this methodology of increasing resolution can be applied to

any base resolution.



20 and 560) or the second pair (groups 550 and 570) is used together for
each pass of printhead 500 over the print media. As illustrated by FIG 7,
t he nozziveg oz/wogach pair of axis groups tend to have t hePERESO2SAj2ecCt Ory
errors, or zero relative trajectory errors. This elimnates an error
associated relative nozzle trajectory, reducing the roughness of vertical
lines or the vertical sides of text characters. However, this node has the
25 di sadvantage nore than doubling the total tinme required to print
relative to the bidirectional 1200 dpi node that uses all four axis groups
of nozzles at once. It should be noted that although FIG 7 has been

di scussed using resolutions that are nultijgles of 300 dpi, it is
appreci ated that thi . j i r (A MeICE . i ed
Fo" any base resol Utione B 0570 5o FRD e s EAkY HhAtl B AP Rt

exenpl ary exanpthe printhgad pEFIG¢d andythe atrhngegientpdfi the gdmptives. Vihewrinfhead F@D
print head of FlI t FHURARY rint head
500 includes aﬁglﬁlgessfl? g‘f]}esggt8§bgg@§§\%§b l(i?ha?%}oec gﬁ%%(% aéhg%ﬁ% °p|’%}1F ;&Foﬁjt §3n8 &)lrsnk
dr op gener at or sdisphiseploded ntrzles Wl h 0Elr sabstiate(nclides tefiysitand secondink fekdsidih e

first andsecond, | feed slots 5 520, 530 rrying i nk ta.the axis.groups
of ink dro5f) geng%da{g g? g?rryf%lr&ntﬂ HeRy %rPWSSOﬁéﬁ#pﬁgﬁerﬁﬁpg' gﬂ?@%?ﬁeﬂéﬁ%ach
other in a diref20, 680 hreapsied fivm dach diher inaf difeetivheramxvesselto theBRrdnoK axls DP
generators are ef erably are arrange roximate the ink fee | ot s 520,
930t o m i m v Ty BRRoR ShateGel Gt ARACERE SRtk ot SiecnE 68 S0850. 530
and drop gener s300foSminikfizé fuid fove tistael ARSI tHE Bk, feédSlote 1526, 530ndad e sl ot
520 has two | ongitudi nal edges designated by edge 1 and edge 2 and the

second ink feed®®@FBihas simlar edge designated edge 3 and edge 4. For

the first1g nk feed shoi pRffredehbodifRH)$heothQt ARKRDNot SIELA! faNBRdnAdipcent
to longitudinal edges.1l a ,. respectivel For the second ink feed sl ot

d 2 .
530, axis gr oup%dg?:%éeséﬁ*?ateg?ﬁ cdgcel m%&géd‘n%&]eéé@w iplpfoed gt hascmiar ederges 3
15 and 4, res pe&ésigﬁ%&ed%é'gte agmagé ¥ ek & th il FQRH 10t 979 ﬁﬁég%gﬁmb%n&@yo be

used, such as two edge T, rows and two rows arrange ut a center
sl ot. Each of t#e agpegsd gdiseanhtodpagifudimebedgent anddirespediyelyy For thelseepndiime| udes

a nozzle or orgbl el 59, afik %&?ub@%d M 578 PeRtREed £5ASMb 15l ap@ 4 nk.
and a switching circult suc

and 4, respectively. Alternatively, other four row embodiments may be used, such as

two edge feed rows and two rows arranged about a center slot.

Each of the drop generators (locations indicated by circles) includes a nozzle
or orifice for gjecting ink, a heater resistor for boiling ink, and a switching circuit such
as a field effect transistor coupled to the heater resistor for providing current pulses to

20 the heater resistor. The drop generators are further arranged into groupings called
primitives (indicated in FIG. 8 by primitive 1, primitive 2, etc.). One aspect of a
particular primitive is that it has a primitive power lead for providing power to the
particular primitive. This primitive power lead is separately energizable from each of
the primitive power leads for each of the remaining primitives. Thus, a particular

25 primitive power lead is coupled to all of the “power leads” associated with each of the
switching circuits within a particular primitive. In the case where the switching
circuits are field effect transistors (FETs), the particular primitive select lead is
coupled to each of the source or drain connections for each FET within the particular

primitive.



as a field effect transistor coupled to the heater resistor for providing
current pulses to 20 the heater resistor. The drop generators are further
arranged wooi4rdupi ngs called primtives (indicated in FCRUS@/15912
primtive 1, primtive 2, etc.). One aspect of a particular primtive is
that it has a primtive power |ead for providing power to the particular
primtive. This primtive power lead is separately energizable fromeach of
the primtive power |eads for each of the remaining primtives. Thus, a
particular 25 primtive power lead is coupled to all of the "power |eads”
associ ated with each of the switching circuits within a particul ar
primtive. In the case where the svm'tchln _circuits are field effect

transi stors (FETs), Mgheo%rtécgutlt% 1rRrent§Ent' haé el ecérée@?r?ﬁyaqdﬁeg%ged to

each of the source or Connecti onan iy r%aitcul ar
primtive. WO OEAde@i)&dRﬂédHSﬁmbﬂiﬁg fidvice-ih 4 pArtztlaepriaiijvec Wiake thhewitchignt i on
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acti vated one at ating in sequence. a resul , one sw tchi ng
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generators per gmulanepysdy. it is understood that nost pri nt head desi gns WI |
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15 although FIG. 8 depicts the drop generators of each axis group as belng equidistant
from the longitudinal edge (substantially colinear), it is to be understood that some the
drop generators may be placed at slightly varying distances from the longitudinal edge
to compensate for the timing of address pulses and carriage velocity.
In an exemplary embodiment, each of the axis groups is divided into 4
20 primitives. In this exemplary embodiment, there are 26 gate leads. Each of the
primitives each has 26 nozzles, for a total of 104 nozzles per axis group. Each
primitive has at most one address connection for each of the 26 gate leads. Since the
printing system cycles through gate leads during operation, only one drop generator
can be operated at a time within a primitive. However, since most gate leads are
25 shared by the primitives, multiple primitives can be fired simultaneously. In a
preferred embodiment, there are at least three and preferably four primitives that
overlap in the scan axis 234 (that is transverse to the media advance axis 227 and

transverse to axis L) that can be operated simultaneously. This allows for much more

complete and higher resolution coverage in a single scan.



to conpensate for the timng of address pul ses and carriage velocity. In an
exenpl ary enbodi nent, each of the axis groups is divided into 4 20
primtivegootmorhi s exenpl ary enbodi nent, there are 26 gaP€rTNs@ds9I12Each of
the primtives each has 26 nozzles, for a total of 104 nozzles per axis
group. Each primtive has at nost one address connection for each of the
26 gate leads. Since the printing systemcycles through gate |eads during
operation, only one drop generator can be operated at a tinme within a
primtive. However, since nost gate | eads are 25 shared by the primtives,
multiple primtives can be fired sinultaneously. In a preferred

enbodi nent, there are at |east three and_pyeferably four primtives that

overlap in the scan i 4 i S Lt : axi s
227 and transver seF 0] %%ﬁ%nalf@lpﬁg%%?ggng%gﬁg‘%g?%ﬁggws%u@%g%ﬁg 3%5}hi S
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710 and ar r anged0 andwranged sughibpl caglyozee Shbhas 48 vaderlying & dremegFnerater diois

generat ofg | nk fig d@ubt@d fthIRYEHA sl 824 torthd ink QlopigeRFatsrs MheedOis héutddn@di nk
drop generators where it is heated and ejected through the nozzles 510. As

di scussed ear | icisctedithrppghdqnoetless’d0FI G 7, a |anmination process is typically
o ocess tends to dof arerhe “AEFH Aoty ALl Beky Sebialitd
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particular ink Teed slot. us, axis group 540 (‘group as the sane

traj ectony 510. The resultant trajectory alteration tends to be approximately equal and opposite

across a particular ink feed slot. Thus, axis group 540 (group 1) has the same trajectory

change as axis group 560 (group 3), for example, but an opposite trajectory change

relative to axis group 550 (group 2). It should be noted that although FIG. 9 depicts the

barrier layer 720 and orifice layer 710 as being separate discrete layers, they can also be

20 formed in an alternative embodiment as one integral barrier and orifice layer.

FIG. 10 depicts a top view of a portion of the printhead of the present
invention with the orifice layer removed and illustrating the interleaved or staggered
arrangement of ink drop generators. Specifically, the printhead 500 includes ink drop
generators 1000 disposed on the substrate 800. The nozzles 510 overlying the ink

25 drop generators 1000 are arranged into axis groups, including group 1, group 2, group
3 and group 4. The axis groups of ink drop generators are spaced apart from each
other transversely relative to the reference axis L. In a preferred embodiment, the
reference axis L is aligned with the media advance axis 227. A single row of ink drop

generators can be considered to have a certain resolution 1/P (for a single pass of



change as axis group 560 (group 3), for exanple, but an opposite trajectory
change relative to axis group 550 (group 2). It should be noted that

al t hough w0 ®/1973lepi cts the barrier layer 720 and orifi ceCT/Agew2590 as
bei ng separate discrete |layers, they can also be 20 fornmed in an
alternative enbodi nent as one integral barrier and orifice layer. FIG 10
depicts a top view of a portion of the printhead of the present invention
with the orifice layer renoved and illustrating the interl eaved or
staggered arrangenment of ink drop generators. Specifically, the printhead
500 includes ink drop generators 1000 di sposed on the substrate 800. The
nozzl es 510 overlying the ink 25 drop gengpat ors 1000 are arranged into
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1/ P (for a singp@p@sssleofed Wi O2hd Rl akiFEedipdS01/ 25912 - 19 printhead 500
over a print nedia) that is 300 dpi in an exepplary enbodi nent. By using
this stagdered arranisisispiigh Pof poagicelanef a pagieular 88 graya eﬂ@%‘ii‘ﬁf?%‘?{'tp's

increased to 4{dgtemipdi eh @0 WedrBst ahut dlfoﬁlgﬁn@%tbﬁ [H6]84tE6 ont3 ¥E ndhdirahen
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dependi ng . - . . . .
on the desire to optimize print speed, print quality, and resolution.

The foregoing description of the preferred embodiments of the invention has
been presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Accordingly, the
20 foregoing description should be regarded as illustrative rather than restrictive, and it

should be appreciated that variations may be made in the embodiments described by

workers skilled in the art without departing from the scope of the present invention as

defined by the following claims.



on the desire to optimze print speed, print quality, and resolution. The
foregoing description of the preferred enbodi nents of the invention has
been presavrdfdr the purposes of illustration and descrP@TiUSN/25P12 i S not
intended to be exhaustive or to limt the invention to the precise form

di scl osed. Accordingly, the 20 foregoing description should be regarded as
illustrative rather than restrictive, and it should be appreciated that
variations may be made in the enbodi nents described by workers skilled in
the art without departing fromthe scope of the present invention as
defined by the follow ng clainms. WO 02/-284073 PCT/ US01/ 25912 -20- WHAT IS
CLAIMED | S: IWHATIISICLAIMED I$3i ng. apparatus i ncluding an ink supply device
(115) containing Ink of a certain color, conprising:_ a_printhead structure
(160); and 5 a pl dral i & igdictppiting parganwelydins an ok gippbideyicei(lda) | y coupl ed
to the ink  SURRINNIVH Gkl Dlordhpigihged in the printhead structure (160)
and arranged along at |east three axes (540, 550, 560) that are
substantial |y paral | el aangthesd seectrad4PX apd om each other. 10 2. The ink jet
printing apparatus of L JE hﬁnﬁ i } 1 p
generatgrs (165) is -a?kg%é fa oné§%%ﬂﬁmgéggﬂ?ggg%mgg%?kggﬁ?g%QO) that are
subst anti al | ysupgly déviesi(1 & dndsfornesldn the gristheadstudtye Eif6handtatrenged glongiite i nk j et

printing app j j . i i p

gener at or.s (%%M‘SGF %er?gge@" g%%%%%ggggu l:fs{elgtéa{i’lk? Fﬁ‘?iééel%(%(%éc‘gg %E%T j}érggg,cBSGO) are
st aggered wi tdtharespect to each of the axes to decrease an effective
printhead pitch. 4. The ink jet printing apparatus of claim3, wherein the
effective printhead pitch is decreased to |less than half that of a

plural 10y of ink drop Joeikstpriging ifEpatROf abinahgddredd thaplualiyiofiglke axi s. 5.
The ink jet printing a atus of claim2 rein.th lurality of ink
drop gener at d gp%ef%xgsoréz(ﬁ)%mn@p&ﬁagf%a%egwsaggsﬁogggﬁﬂ%@rf: 560, 570) are
staggered W dubstdrisipesiiralleDand 3fdtedfankeiscdx&sh blterdecr ease an effective
printhead pitch to approxi mately

3. The ink jet printing apparatus of claim 1, wherein the plurality of ink
15 drop generators (165) arranged along the at least three axes (540, 550, 560) are

staggered with respect to each of the axes to decrease an effective printhead pitch.

4, The ink jet printing apparatus of claim 3, wherein the effective printhead
pitch is decreased to less than half that of a plurality of ink drop generators (165)

20 arranged along a single axis.

5. The ink jet printing apparatus of claim 2, wherein the plurality of ink
drop generators (165) arranged along the four axes (540, 550, 560, 570) are staggered
with respect to each of the axes to decrease an effective printhead pitch to approximately

25 one-fourth that of a plurality of ink drop generators (165) arranged along a single axis.

6. The ink jet printing apparatus of claim 1, wherein at least some of the
plurality of ink drop generators (165) are arranged along two of the at least three axes in
a staggered manner so as to approximately double a print resolution with respect to a

30 plurality of ink drop generators (165) arranged along a single axis.



25 one-fourth that of a plurality of ink drop generators (165) arranged
along a single axis. 6. The ink jet printing apparatus of claim1l, wherein
at | east womp1f3the plurality of ink drop generators (1BEy/Useesarer anged
along two of the at | east three axes in a staggered nmanner so as to
approximately double a print resolution with respect to a 30 plurality of

i nk drop generators (165) arranged along a single axis. W 02/14073

PCT/ US01/ 25912 -21 7. The ink supply device (115) of claim1, further
conprising a fluid reservoir containing ink that is fluidically coupled to
the plurality of ink drop generators ¢65). 5 8. The ink jet printing
apparatus of claim 6, THeflesupplgdevate (@)ensain 1ofurthakconprisipg gfwidr at or s al ong

each of the three axes .is, axi s, grou avyij n axis, pitch of

appr oxi mat el FeSEVYH BB, H‘tﬂ lsgﬁﬂlg\ﬂﬁ?éﬁ%&%gtfqg%ﬂﬁaﬁ@ﬁ@ﬁd&p%%”% agger ed
adj acent  axi(ggsgr oups have an effective pitch of approximately 1/600 of an
inch. 10 9. The ink jet printing apparatus of claim1l wherein the ink jet
printing apparatus is a disposable print cartridge. 10. The ink jet
printing apparatug of pleahiedprintiié ifpaiatus 6FaMinD, Whereid af aidga@ent asmR DI Y
(130) for inparting relative notion between the 15 printhead sﬁtructure
(160) and a Srapraensigsens alopg eaeh of the thrgsiaxesipnp) axisgaupdevipg angxisnigh af cal | y
coupled to the nl-.urali i O )i ; troller
(110) for confrar Ly 1O0R el B Sl dhackf R EumRlSy LR e i A 11 A
hi gh- per f or makis grouppirnye fit effrstiverpitcl) eftapprokimateba600cd pichi ng:  a pri nt head
structure (160); a high-density array of ink drop generators (165) disposed
on the printhead structure (160), the array conprising: 25 a first

plural i@y of ink @rop Teriek gt pinsingapparatpe df daimnlgwhkerdin theinkggtipsintings f rom a

first axis gragﬁja?augséég 21i;sposable print cartridge.

it

10.  The ink jet printing apparatus of claim 1, further comprising:
a carriage assembly (130) for imparting relative motion between the
15 printhead structure (160) and a print media (102);
an ink supply device (115) fluidically coupled to the plurality of ink drop
generators (165); and

a controller (110) for controlling operation of the carriage assembly

(130).
20
11. A high-performance, monochrome ink jet printhead, comprising:
a printhead structure (160);
a high-density array of ink drop generators (165) disposed on the
printhead structure (160), the array comprising:
25 a first plurality of ink drop generators arranged along a first axis

to from a first axis group (540);

a second plurality of ink drop generators arranged along a second
axis to form a second axis group (550) and staggered with respect to the first axis group
(540);



a second plurality of ink drop generators arranged along a second axis to
forma second axis group (550) and staggered with respect to the first axis
group (MOP21M@3 02/ 14073 PCT/ US01/ 25912 -22 a third plup@risyr/asp12i nk drop
generators arranged along a third axis to forma third axis group (560)
and staggered with respect to the first and second axis groups (540, 550);
wherein the first, second and third axes are generally parallel toa 5
reference axis (L) and spaced transversely apart from one another. 12. The
ink jet printhead of claim 13, further conprising a fourth plurality of

ink drop generators arranged along a fe2th axis to forma fourth axis
group (570) and stagger ed ashitdplirabip @€ink doplehieerdtors sirangsdalonych thindaxishi rd axi s

groups (540, 550, 560) and 10‘£€erein the fourth axis is generally parall el
to the referdh é‘néi}i‘@)af‘ts)gmé‘ﬁés destpeeqy ‘ﬁ%?p?%tlt?/éﬁgéﬁt?n‘%eﬁ’?fl?ﬂé ot her
axes. 13. Therdupk(sh@tsspyi nt head of claim 13, wherein the first and third

axis groups (540, 560) each have an_axjs, pitch neaiﬁred | ong t he
reference axis (L) andWh%gnﬂﬁéh%ﬁﬂéﬁgWVEhﬁf?@ﬁmﬁgaﬁF SREAAfI%DN of the

first a@dht hirgfeheRbtiaRis O YOMB SpacRPtPans VRO abdtt BRRbR¥inbBEEC! y one-hal f of the
axi s pitch.
12.  The ink jet printhead of claim 13, further comprising a fourth plurality of
ink drop generators arranged along a fourth axis to form a fourth axis group (570) and
staggered with respect to the first, second and third axis groups (540, 550, 560) and
10 wherein the fourth axis is generally parallel to the reference axis (L) and spaced

transversely apart from the other axes.

13.  The ink jet printhead of claim 13, wherein the first and third axis
groups (540, 560) each have an axis pitch measured along the reference axis (L) and
15 the effective pitch of a combination of the first and third axis groups (540, 560) is

approximately one-half of the axis pitch.



