; e3eMHHI <K. j KvL6LTMgx, WO 112/ 0C(1(9( 1 PCT/US01/281181 NARROW INK JET
PRI NTHEAD BACKGROUND OF THE | NVENTI ON [ 0001] The subject invention
general | ywoabab®sst 0 i nk jet printing, and nore particul ardef g1 2sdaar r ow
thin filmink jet printhead. [0002] The art of ink jet printing is
relatively well devel oped. Commercial products such as conputer printers,
graphics plotters, and facsim | e nmachi Ades have been inplenented with ink
j et technology for producing printed nmedia. The contri butions of

Hew ett - Packard Conpany to ink jet technol ogy are described, for exanple,
in various articles in the Hewl ett-Packard Journal, Vol. 36, No. 5 (May
1985); Vol. 39, No. 5 (Cctober 1988); Vol. 43, No. 4 (August 1992); Vol.
+43, No. 6 (Decenber 1992) and Vol . 45, No. 1 (February 1994); al

i ncor por at ed hereln b ce. [ 0003] Cenerally, an ink jet inmage is
formed pursuant t cenent on a print mediumof ink drops emtted
*by an ink drop gen deV|ce known as an ink jet ypi cal ly,
an ink jet printhead |s\5 hpported on a novabl e prlntUB%m MMH@“"W

traverses over the surface of the print mediumand is copfyalled to eject
drops of ink at WO 02/0((1(9C 2

NARROW INK JET PRINTHEAD
BACKGROUND OF THE INVENTION

[0001] The subject invention generally relates to ink
jet printing, and more particularly to a narrow thin film
ink jet printhead.

[0002] The art of ink jet printing is relatively well
developed. Commercial products such as computer printers,
graphics plotters, and facsimile machines have been
implemented with ink jet technology for producing printed
media. The contributions of Hewlett-Packard Company to ink
jet technology are described, for example, in wvarious
articles in the Hewlett-Packard Journal, Vol. 36, No. 5
(May 1985); Vol. 39, No. 5 (October 1988); Vol. 43, No. 4
{August 1992); Vol. 43, No. 6 (December 1922); and Vol. 45,
No. 1 (February 1994); all incorporated herein by
reference.

[0003] Generally, an ink jet image is formed pursuant to
precise placement on a print medium of ink drops emitted by
an 1ink drop generating device known as an ink Jjet
printhead. Typically, an ink jet printhead is supported on
a movable print carriage that traverses over the surface of

the print medium and is controlled to eject drops of ink at



PCT/ USQL/ 28( 181 appropriate times pursuant to command of a m croconputer or
ot her controller, wherein the timng of the application of the ink drops |s
i nt ended Wommmmmspond to a pattern of pixels of the i magedraiseg28usint ed.
[0004] A typical Hew ett-Packard ink jet printhead includes an array of
precisely formed nozzles in an orifice plate that is attached to an ink
barrier layer which in turnis attache@ to a thin fil msubstructure that
inplenents ink firing heater resistors and apparatus for enabling the
resistors. ThepnHpmEtd drimesy prrdepniiesoi aRmbwadnef @ micinationputee or
chanbers dis la 1 fird I z| in
Re$RA Qe+ AFSQG Vt\hﬁﬁlt%h A Tl Rg il%?k%tfot & ?Elﬁ%%t ‘r%gmp S

the orifice plate are aligned assocl ate cha

-gener at or regihensiak edropﬁedSbwrtth‘elderﬂ( t:thanbenfssanudpctrq i dnsabtetrhe athin

film subst ru&tlg(reﬁ_ﬁarbc% tggqee[ Ofrﬁa{qjc%en_l. t}pﬁtﬁaare adj acent the ink chanbers.
pica

[ 0005] The t ructure 1's y conprised of a substrate
s_uch as sili de®wo#] whi ¢h mﬁwﬂmdiawalatctu@atdharrdl limK ayierts phrahtmm t hi n

fllmlnkfiX|(r51% Gls)elstors bl%gthe{emstors g

i nt er connect i* Sbc?ﬁldlaﬁd‘agpg Pﬁ%‘flﬁ?% TR T 07k t'dt A &t &tcrel cal

connecti ons tdatthe {phHant hea&ttﬁhﬁednltdoaaml enkl deriex typyeal wlahpahyrrer

mat eri al that |slamnated%a%$ % fllrri:ltothe hlnf'lmsu struct r and
e t

i s designed t{0'Be phbt ofetd d Bot FPHY and1PhePREPIFYUEGRAGI e &

ink j et printhoasheftaa shiot fieedgdesga.r Ixréslls&d‘l%d di@NMaPPLr QL uBDIR 1 nk
reservoirs to the various ink chanbers t hrough one or nore 1 nk feed slots

formed in th&NSdsitihttd e [HRFIET AT -ex IS én@f b@ﬁélﬁﬁyélaé@lr SREARGSMERK of

the orifice @kétrﬁuelsnkubélluﬁﬁlﬁ%eaﬂﬁr chaftheldd nufdpsasubsheuchukedisted
illustrated at page 44 of the Hew ettPackard Journal of February 1994,

cited above. it tHeti ek HiRf IS QS i fRY dheprofZAEsdd Natdes or ifdcen pilgte

comonly V@ 113LEHE wikET/ 9§géé&a§@a1 SnRsSskighRsets S Pat@nt qrop
4,719,477 and U.S. Patent 5,317,346, both of which are incorporated herel n

by reference IYGOFHCCoRSIdONSt | BHS iXHIRM| M i EALI nkhk etChsmiiatfeagsd

i ncl ude increpsed sibshEalgSi ‘Eglﬁm(qulfn SHRSE £ Ab 8t fiF8Tidid Ythe 8% B@d NK
drop generators and/or ink feed slots are enployed. There is accordingly a

need for an |9=?-I@’Cj€ettf¥?rﬁ rmifeaf 1arant Sheorpdetchaitbaiss: a | arge nunber of ink
drop. gener at GpndUMAR £ THELWENTL QL 000B) The g s osedpyand on |

dlrectedtoanarrowm ren avi ng four col'umar "arra
drop gener at @fs accmihsgmaext fsorchr[aamocshrlammrsinglmlp:asar}er ifiotrmeg &t rdomsi nt

el Ut on hagln PGS B S0 SRACLAL.! Lyl Shes3 A s ey
speci fi ¢ aspegipaofative f@neahabﬁ];nghehprmttmeax:bnmclml@samsgh inésirstomnce
e ems £ S h CER PR Eufh T A st te |
BRI EF DESCRIEmaaﬁﬂﬁéém%idﬁﬂéﬂﬁiﬁhs to the printhead. The 1nk barrier
layer is typically a polymer material that is laminated as
a dry film to the thin film substructure, and is designed
to be photodefinable and both UV and thermally curable. In
an ink jet printhead of a slot feed design, ink is fed from
one or more ink reservoirs to the various ink chambers
through one or more ink feed slots formed in the substrate.
[0006] An example of the physical arrangement of the
orifice plate, ink Dbarrier layer, and thin film
substructure is illustrated at page 44 of the Hewlett-
Packard Journal of February 1994, cited above. Further

examples of ink jet printheads are set forth in commonly



[ 0009] The advantages and features of the disclosed invention will readily
be appreciated by persons skilled in the art fromthe follow ng detail ed
descri pt iwo opgised ead i n conjunction with the draw ng whempgimusok8ke] FI G
1 is an unseal ed schematic top plan view illustration of the [ayout of ink
drop generators and primtive select of an ink jet printhead that enploys
the i nvention. WO 02/11 CFI1 O(i PCT/US(11/28081 4 [0011] FIG 2 is an
unseal ed schematic top plan view illustration of the layout of ink drop
gener at ors aaésgometd buSsseBatognt e, Thk, 4 ét andnth8adPeteREGS, B17], GA12]

FIG 3is a ' narti Lx;gﬁgh - i Vj of the ink
jet print heag%gﬁngﬁe%hf@.[ Oé()tiejﬁl]:L %%\,&;#e&%@gﬁ% J'As/e&eefma T partial top
-plan il ustrd0ioe]of tHensildgmettipmantwhiedd tdfi nFIEG1ml ink0ge4] pELGtheads a
schematic depiction of generalized |ayers, of the thin filmsubstruycture of
The: pri Nt heador EEGLNET SPGB ISP CRPEr 25S S AITAGH TS PIhE SF BRdcnSt al | y
il usgrgti ngfatshanéﬁyomnhmf gao?em@ﬁ@f&tﬁx\& ERd/dEi vienlei Eekidt lsalcs@e/ @.{1@3 a
groun us of the prjnthe of FIG_1. [QO01 FIG 7 is_an electrica
circuit schef#F @y%§gicti ]F%elélé%F?F@&ngghﬁ%cpﬁﬁﬁ% BT adReatef PES stor

and an FAT dipnveteidzelithat the qompaldteathdfhdit Ga LadROIAmEdS 08 iinlka
schematic plan view of representative primtive select traces of the
printhead of %P8 IENYHFFESFIG 9 is a schematic plan view of an
illustrative inplenentation of an FET drive circuit and a ground bas of the

printhead of FIG Z. [0019] FIG 10 is a schematic el evational cross
sectional view of the FET dri W&BARIICE FHEFIEVEYNTION020] FIG 11 is an

unseal ed schemati c perspective view of a printer in which the printhead of

t he invention can be enpl oyed. DETAI LED DESCRI PTI ON OF THE DI SCLOSURE
[0008] The disclosed invention is directed to a narrow

ink jet printhead having four columnar arrays of ink drop
generators configured for monochrome single-pass printing
at a print resolution having a media axis dot spacing that
is less than the columnar nczzle spacing of the ink drop
generators. In accordance with a more specific aspect of
the invention, the printhead includes high resistance
heater resistors and efficient FET drive circuits that are
configured to compensate for variation in parasitic

resistance presented by power traces.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The advantages and features of the disclosed
invention will readily be appreciated by persons skilled in
the art from the following detailed description when read
in conjunction with the drawing wherein:

[0010] FIG. 1 1is an unscaled schematic top plan view
illustration of the layout of ink drop generators and
primitive select of an ink jet printhead that employs the

invention.



[0021] In the follow ng detail ed description and in the °~ several figures

of the drawing, like elenents are identified with |ike reference nunerals.
[ 0022] Rewememéigosiow to FIG 1 - 4, schematically ill ustragicadudolhesmgin are
unseal ed schematic plan views and WO 02/AllllC5 PCT/U S111 /281181

perspective views of an ink jet printhead 100 in which the invention can be
enpl oyed and which generally includes ¢ga) a thin filmsubstructure or die
11 conprising a substrate such as silicon and having various thin film

| ayers fornedooitther eorId.b)2 ansi rn batsdcered a}BEheﬁlatdiCS[IQSp?dpD@nt ke ewhi n
filmsubstructyre 11 and n orcifice or le plate 13 lamnarly
attached to ﬁﬁlgut%ba&fl%e %Z\kﬂt?ar P¥PUt2 °F 06 Zé‘ TﬂgoPm?]erF?lFE?ﬁ%%staﬂ?cture
11 conpri sesgabunit egisaead oof el tind & dthadriirs Heardredk frore exanpl e pur suant

to conventi onal | nt egr at ed CI rcuit techniques, and as schematically
depicted in EPRL23 gendrl&-l y3i i@ uleSAMAGiGn BabsLRrALY 1aNRKeRN BBV gat e

‘and di el ect rgcr'sﬁ)é%rtljvjel%eﬁv [8St$0n riayelt bhliGy g gyeffslcﬂ;ﬁ{) tallization

| ayer 111d. tive devices such as dr| ve FET circuits nor e
particul arly[ROA8In ar &IfCor rfed si ant e stceg egosichemadh ot pe rdiilailc dwprs pdstr at e

111a and thellﬁ Sgataetlaﬂld O%I ecl eectrl Céll gyg ]htn ‘2 C%M; fct]_,ié‘ncl udes a gate

oxi de | ayer, olys iicon ates yer ent t he
resistor | aygooljc. Tmm; fis m‘aeat esrchreamtslcorcse;ﬁﬁctaimfOIfmgénI@xtathi&ed

respective tterning.of the re 11c and_the fi
oo Ll vati oaevEsE B Ohnd TER LB R R e (DR e hBr i PRBrade o

conposite passevaulon | ayer 111e conprising for exanple a silicon nitride
| ayer and a silicon carhide |ayer, and a tantal um nmechani cal passivation

layer 111f tAQP1&Ver|iddGat Pedst BhePebtzt te¥l sPopE s6le gergrally
conductive | aanls%l_ﬂa&lql\@er It'h%s &Q%h@ntg};urgl W r el a d PO24lpTThey ik

barrier layer 12 is forned diy filmthat 1s heat and pressure
| ami nat ed t oCHEEULRI @IfrlaIYmasflSib@t lg@t@ﬂllulldebll@ &dd thlsotgdetinead tof £diGm tlher ei n

i nk chanbers é@ %Aspos%chpver es% ‘?‘Eélé 1a”glkﬂp ‘Ehag'&‘ﬁl ?t%.c Gol d

bondi ng pads gagabl'e for ex erna rrcal connéecti ons are ormed in
t he gol d | aydepattiomngithedialad dbyr ispelc etbrapaert  cwpposi tehenderofretishiaticri n
film  wo °2é9803%~’gw drive circuit of the printhead of FIG. 1.
[0017] FIG. 8 i1s a schematic plan view of representative
primitive select traces of the printhead of FIG. 1.

[0018] FIG. 5 1s a schematic plan view of an
illustrative implementation of an FET drive circuit and a
ground bus of the printhead of FIG. 1.

[0019] FIG. 10 1s a schematic elevational cross
sectional view of the FET drive circuit of FIG. 9.

[0020] FIG. 11 is an unscaled schematic perspective view

of a printer in which the printhead of the invention can be

employed.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0021] In the following detailed description and in the
several figures of the drawing, like elements are

identified with like reference numerals.
[0022] Referring now to FIG. 1 - 4, schematically

illustrated therein are unscaled schematic plan views and



6 PCT/ U S111 /28081 substructure 11 and are not covered by the ink barrier
| ayer 12. By way of illustrative exanple, the barrier |ayer material

conpri seswemaeyd at e based photopol ynmer dry film such as pcheysobagosggd” brand
phot opol yzner dry film' obtainable fromE. T. duPont de Nenours and Conpany
of WImngton, Delaware. Simlar dry filnms include other duPont products
such as the "Riston" brand dry filmand dry filns made by other chem cal
providers. The orifice plate 13 conprises, for exanple, a planar substrate
conpri sed of parppleotErvaratienisalo farg iimkwiieth prfietordafd a@9 dme wharsred Hey

| aser abl atiqgn, fqr, exanple as di.sclosed jn.co nly assigned_U. S. Patent
5 260, 199, | NCVESOraed RS ST e AR 41 Fhe SOTEEPe YpRaEaUdE? dPdo

-conprise a plhated nedidlm ssighs tisudti kel or [ @025] 1 Asoflpplieti g bn shibetraitd he

“

i nk chanbers 19 in the_.ink barrjer layer 22 are nore rticul arly di sposed
over respectSVEN M@ Aty ThédCe Pavedids '6rs 56, tardd gﬁ R ilAR STRafit&mery s

defined by i rhereornectnd adaask asamelés DiyarchanBespepeni B taema i the
barrier layer 12. The ink channels 29 are defined by further openings

d
formed in théigdr FEs b rer Llangndr 6C1 nte et $iC% e 2% & &3pd& ive i nk

firing chambersit@rilhedindaLhamalne 23 PRan divards vhdeed edge of an
adj acent ink feed slot 71 and receive ink fromsuch ink feed slot. [0026]

The orifice giORR3113 i Mlaudédiar i fliides subsdzrcdsre dilspeseprdves an
respective i %E&rgﬁ . chyath a i filqi I esi r..5G
an associ ate lfl|tn c gr%ecgl%lcéﬁ%an%&teaﬁkggsgg éf{&grgegr if;&iqc%%%i"%éree%glri%té%@ and
forman ink dropcgenendtionad(. iEbetiratethecheatet riestlmioyeethas aanchorisnal
resi stance of, _at far arﬂﬂ,e ahou 13 and can
conprise a sg’é:?n%errf{agg rael;iggt grggggtg ov\%‘(i nFl'G QQ,&%%%ggg%ya%%‘e%tme%ésr e% stor
56 i s conpri sedigfort wsulsstisdtor TrbhonsnS5BAT §6becendedtiedebyrac layer

netallization.rnegio 9. .This resjstor . structure_provides s

02/ 1(~1 11 01 B et Erriatu Foreh ity ande phatt 1< grestar iertion

si ngl e resi stlayareglbhdof thet saedaveacs|[ GORE &¥Bi ldxritvee BEBclkdsediits
printheads arg described as hayin barrier layer and a separate orifice
AR Dt o R o R R A T e e
with an integioatt ilear rdferdhoy ifiildeost rsutistre tehdtl leamnke thrd EETH ofatexamal e,
ooonted s e SOBRL YR o4 S TR0 EAPERe e, BeBe Tt g
in col unngr @rmtq)ss?mrccgr OEESte tafra% exltclﬂir@n@dmmc alagbelremyﬁ@et(ﬂns Ittr@nflh
are spaced apart, fromeach o r latera ,0r transversely relatjiye to the
reference axic€LSEffe ﬁ%ﬁ?@rﬂggi'st r56¥6$me ER NStk T tg%?%ré%orar& oup
are general | ¥oaiegnes, wiid tdspsetevenseraxisihgand have raspeedet anyigred
novzl € pi toh 1P IGanPe HFEe00 R ReH=GR Lo GAELPT SAERE abl K300 e LERdHD
col umar ar r ayutEk rafcdute diohgenenatatssi Actailess {06 Exaple 100 1eryayor e
i nk drop gener. teors i%ies.itrh%t?%faes}%ﬂ%o %igkf;glﬁ]gga eplg-i %EL%S ay 3029] LI%y way
of illustrati e ; Tn ubs e claé]ﬁlg ar,
wher ei n opposiitid ceiges cakbide t hesgef, ar erldnght udived 2 Bgiges melchaniengt h
OO LS L S U D21 Ly, 3PESd, 330, opPost | . edagp, 59, h.or e
thin film subslgikatdare 34. Theglﬂﬂglddtﬂidlﬁdi@(tw&e@fllmg bherlikckMthe
SUbStrUCtureté%_gaS]{q%{ &Qagvélglﬁelelr es 51, 52 which can be parallel to the

ref erence axi . , erence axis L can be aligned with what is
general |y refygzen) to asd he, e advanse @axis 1 Falc 4R eNedy than

| ongitudinally separated ends of the thin filmsubstructure will "al so be

_referred to ByratheiPefkpehceantunbErssgresslameeptedr dicer the tHeleddes mat

such ends.  gypstructure 11 and photodefined to form therein ink
chambers 19 disposed over heater resistors 56 and ink
channels 29. Gold bonding pads 74 engagable for external
electrical connections are formed in the gold layer at

longitudinally spaced apart, opposite ends of the thin film



WO (12/(1(A9G 8 PCT/ U SIl11 /28081 [0030] Wiile the ink drop generators 40
of each columar array 61 of ink drop generators are illustrated as being
subst ant iwbloyoeabd i near, it shoul d be appreciated that sometaisoihgsi nk drop
generators 40 of an array of ink drop generators can be slightly off the
center line of the colum, for exanple to conpensate for firing del ays.

[ 0031] Insofar as each of the ink dropeégenerators 40 includes a heater
resistor 56, the heater resistors are accordingly arranged in col ummar
groups or ar isays truatt woer r espand tard haotolammearedarbgyshef imk @ramler
generators. FEaqr conyeni ence, the at [ esi tor arra [ s w,l |
referred to By Yfe same P%fe‘qu%eor}ﬁuh’gie Sgi. 1093572 ﬁ%@ t’hlvﬁh % rrier
-substructurel.’la]_yeaf mhm@rﬂrailnt:bm@dlfsa@ 91‘1 &tSy1ldte Hhgwd epmmdpcﬂmn&rﬂ Yiry

i ncludes two g, feed, slots 71 t th the reference S

and are spacg&qﬂbaﬂl SPr oAF ed b' @rrat anb&gpg E\E%?J‘éﬁ’%?f%efo ‘f% rfaé‘?jé‘l' ence
*axis L. The ioptdfierthisd oFgoml Ee_spe@upwlty deedidrifr cobHmSC&dpHiy | RIE drop
generators respectively | ocated on opposite sides of the two ink feed slots
71, wherein tHeMiREtIannBPS2YRER - towgllﬁé lan ege £oLmsd HYCHAas S84k ed

ink feed sl OlguEd it @ i fd lsMcsuBSt £HE UR €5t bA" L SndBREr 51 0PRES te-edges
of each ink feed slot forns a feed edge .and each of the two ink feed slots

conpri ses a dddMmsedgéls my foéé’(ﬁrng:hﬁnﬁicalB)Pﬁﬁé’}d@ﬂ sspediti CLifdcEmBIEdS on,
the print heaCi31QQm@>frlFsJe<§ fJor e‘kdnﬁbl% mn@q@rn%rfe s%swaec%d MRARIde DY | nk

feed slots 71 praovides ink he same col'or such as bl ack, such that all

f our col urms a8 Pogfymedk Htﬁt@&lg’éné%% o Wisdudds orifiess e Fersmek bool or .

[0033] The caliygy piztah QlorsPa¢hhg Qﬁaﬁgiwegscqil%ﬁa eifther i@ 19f an
ink teed slot i's less than or equal mcronmeters (unm) (i.e., at “nost
630 um), and atsﬁé%kﬂchnﬁ §| t chrlegnpdeidhd @GP 9 beineerreketed umseihatovar e
i nboard WO (12 / 1 t n | gt S, 4i Ss
t han or equal to 8 ~Zm ?hgc.g%y%%%o??%g%o Cﬁafr%%d &&g?gSé ? %}lasceloe
metal such as nickel.
[0025] As depicted in FIG. 3, the ink chambers 19 in the

ink barrier layer 12 are more particularly disposed over
respective ink firing heater resistors 56, and each ink
chamber 19 is defined by interconnected edges or walls of
a chamber opening formed in the barrier layer 12. The ink
channels 29 are defined by further openings formed in the
barrier layer 12, and are integrally joined to respective
ink firing chambers 19. The ink channels 29 open towards
a feed edge of an adjacent ink feed slot 71 and receive ink
from such ink feed slot.

[0026] The orifice plate 13 includes orifices or nozzles
21 disposed over respective ink chambers 19, such that each
ink firing heater resistor 56, an associated ink chamber
19, and an associated orifice 21 are aligned and form an
ink drop generator 40. Each of the heater resistors has a
nominal resistance of at least 100 ohms, for example about
120 or 130 ohms, and can comprise a segmented resistor as
shown in FIG. 9, wherein a heater resistor 56 is comprised
of two resistor regions 56a, 56b connected by a

metallization region 59. This resistor structure provides



[ 0034] The nozzle pitch, the stagger or offset of the nozzles from one
colum to an adjacent columm, along the reference axis L, and the ink drop
vol une arwommesparticul arly configured to enabl e a singl ecpasei2gm@nochr one
dot spacing along the reference axis L that is 1/4th of the nozzle pitch P
which is in the range of Z/ 300 inch to 1/600 inch. The drop vol une can be
in the range of 3 to 7 picoliters for dye based inks (as a specific exanple
about 5 picoliters), and in the range of 12 to 19 picoliters of pignent
based i nks (&»ra speesistaszanpatabidut gkbapeeoltinaer & . singla mezzlse gy tch
of 1/300 inch the st r or_offset along the reference axis L between
adj acent col dm¥s 5f o%%ees%\n}? &%i%en transverse direction can be 1/1200
-inch. I'n othgposords, tig 1second €odemdsdd oprimenseds bseoblibseliBrdl/zk200
inch along a selected direction along the reference axis L relative to the
| ef t nost  col BAVITPhed t RRFELES| YT otRE hd SePRredeofdseti®y R12980 ilrfch

‘al ong the selgehag diggct ia?ﬁr%'c@@ﬁetdhe drefier epge ayss dielealds/e tant hee
second colum fromthe left. The fourth columm fromthe left is offset by

1/ 1200 i nch &eHgmerdesbMadnedndireeyTah kA onE L fer ¥ies afdaabyre that
relative to i ;col g e | T £ 1R P
of 1/300 inc%ﬂﬁbﬁﬁhﬁgsgéigggf%%Qgégghg+§{%%§%Q%%ﬁhébggﬁﬁﬁég?S?%%Q&%y%%Qh
whi ch correspdwds itso expigrfl ev s sa prohtipkeobxpponref PI206sdprndAthezr| e
pitch P of IQ@%%f@&Qimould provi de for a single pass dot spacing of |/2400
whi ch corresponds to a single pass print resolution of 1/2400 dpi. [0036]
More particul[®J281 or d&hhd nplndnentapi ogehavahgrout 0 catamarmnrggds 6Gh each
havi ng at |east, 100 ink dro ener at or s.-havi_ng a.nozzl e pitch P of 1/300
nch, by way CoF FTIS (46 Drdisi B° (e TaTgER TP IR Enif FHRCE wo
02/ oroc~c 10 aRCF USOANR84 181 spubetr uplatrte firbrcagndie abbatr 1458@apiy and t he
wi dth WS of %he thin filn1s%p%pructur can about ZQOOIPnl ?Ep ra%%&, t he
| engt h/ wi dt h tETSHiYo TG VALY Cof S7E NI FitmsubStFu SR € can
beI great er t&@‘si&tbrfs! 5[6&637ha8ﬁspﬂktdiﬂ@ﬂ>ygaﬁﬁmﬁm lgmmlmm@cig@hed:amltyh t he
columar arrays, 61 of in rop generators 40 _are columar FET drive ciycuit
arrays 81 forfnednaf tHdh filte fHITRLEnss Adctulte 2F fpVEhéE Brefehesds A,
100B, as schemattidal ky depheded dgading 6rf Ao YE&pHasemt abi L8 &of Uy
array 61 of ink drop generators. Each FET dnizﬁlcircuié arD%é 81 includes a
plurality of TEPTHISR Tirtdits 8% ﬁ’aﬂﬁzﬁtf &R & & SFed /OGN QY

connect ed to gresnect, eadiealern /309 shehs Sbably deRimfar estsdprol eads kra.
Associ ated with each FET drive cjrcuit_array 81 an?8 he associ gted array of

in k drop gefBioRt HSL L Himardef ottt BERTRES WAF AL Re 186ufe@P

el ectrodes ofgaaldrfodde FRlL drdve gddicuide 8k afrdheyassaciated FET drive
circuit array 81 are electrically connected, Each columar array 81 of FET

drive circui tEP%R t he BissBeVattdd Htbimer busvagexamPefd |'6tRyi FRERnd3H0

al ong the assogiatgbGildiMmarcA 1Y Rht@hdulk 4" AmeIeRe oS i NS R at
| east longitudinally co-extensive with the associated col umar array 61.

Each ground Bis B81thergodcariecaphgicvfhaal eddyos a2 L | dan Wite BHedspED 74
at one end of Al UG t | e 7 t
&Jé %@é %Eaﬁa%% G Y %B@(@@d Q}g%ﬁghaf’}?ﬁo e gegdrgﬂ%sge 4@

the other end of the printhead structlre as sc cally c in FIGS.
1 and 2. [0038]e Tk grwuAtdhbossdsateghlarminangian réSi that Leadess74hare

formed in th t l.zati | aye 116 «(Fl & 1 5) L Fikhm
substructure%¥%? g%hgﬁg fﬁg ﬁg%té?érggpgfo%%ﬁ@adﬁﬁgégfhéﬁy'1:hgldraigw§%d
sour ce el ect rlodesl wfdirtel FeEXtdntvefcithai thigs fddscrsWest fugties hér disn.

along the edges 51, 52 which can be parallel to the
reference axis L. In use, the reference axis L can be
aligned with what is generally referred to as the media
advance axis. For convenience, the longitudinally
separated ends of the thin film substructure will also be
referred to by the reference number 53, 54 used to refer to

the edges at such ends.



[0039] The FET drive circuits 85 of each columar array of FET drive
circuits are controlled by an associ ated columar array 31 of decoder |ogic
ci rcui ts 86 oehatsvsdecode WD 02/0(>11 PG | 1 PCT/ US111/ 28f ¥/ adinass
information on an adjacent address bus 33 that is connected to appropriate
bond pads 74 (FIG 6). The address information identifies the ink drop
generators that are to be energized with ink firing energy, as discussed
further herein, and is utilized by the decoder logic circuits 35 to turn on
the FET drivdooiaoduit ofhidre atdr eakedrop sehecsedrs ko dsHpregenecaiginar

[ 0040] As schematically_depjcted in FIG 7, one termnal of each heater
resistor 56 i%“@@nr@ctéﬁ v g THP BRASFE T ALY r At tUF BT atBBNESp&RE M t hat

‘receives an ighosfdamitic 10 Hollild@esel,eet shenak RS adprddd sto@MRIs e
the other term nal of each heater resistor 56 i s connected to the drain
ternminal of & asReciatedFET drrf&atrreuidl 88t idtk #refkg Tnetdl PEAR

‘provi ded to e herlals reshsty 5@igfqtl§}e AEB0¢hat egbiEdr dnijwe ChfCuUite IS
ON as controlled by the associated decoder logic circuit 35.  [004Z] As
schemat i cal | Fodépiet €4 PIEMRLS Forcuanradadse ol s e umrlatray 61 of

i nk drop genaiyigans, theddia.drop GsRer AOrensl ;A CUMMALALERYLBL ofg | Nk

drop generators can be organized into four primtive groups 5la, 61b,
61d of conti gnodsidesady abeaternkarigy: gengbat 6he, haaiatherbeasboreesirstors

56 of a parti Jr 4t p .are e nnect t ane
one of four Sg:ltgr%%{ql\%edl?el é%?aEé%gesﬁ%g&g@t‘%%a},g%, %gucﬁpﬁg? R%lea i nk
drop gene~~atconsresfpoamdard itthe arojummart i ¥ergysupfalieksdirophaeng rediupdsed i n
parallel to S i firi rimtiyv el ect_ si | PS. For the.

specific ex a%%e c%nrﬁgreerﬂnl%r%cﬁé nncgl%ehre Nl E\rien ls&rod:psag%n%g’rsatogr NPT Yo lulrmar
array is an ibet egrfalrmad tipley dfhed,saeechrgid martcevenugntmap 6 el udes N 4 i nk

drop generatars...kor reference he primtive grou 61a, ,61b, GQlc, 61d are

arranged in (518 F&lce f(ra%}ﬁt iR a%é(raﬁl S@?&%r%tg&ﬁaﬁglt%’g Fgﬁe}?§|ln%5§@0g4_

WO 112/11( U190 bx RGRU S(114/ ﬁBiéB@ake@éalaEL? i8cionespaibi gulkardeeset s
e

forth a schematic top EI an view (r;)Lf, rimtive select _traces 86a, 86b, 86c,
86d for an asd§iSated trtnAsf 2 955‘6611 WIf-Taridle gefeRatore aKndSakr and

associ at ed celrdMmayacdd BpBd: of rdfETe8EhVEtBEFCHEEEs§0rEETG rBlladSve to
i npl enented for exanple by traces in_ the, nmetallization |layer 111g

he gol d .
(FIG 5) thatthies ZofGRENGR A6t det ri BRI §1KepaPat 84OFForhlt KE SRS VA laY
array 81 of HeEdriser ctétuhhsand @rountk basod 8hendhgtBikMrkisye ckahadty
traces 86a, 86b, 86c, 86d are respecti vel% el ectrically connected to the
four priniti V@G GHsCB18PPeEbteerddemiPhythesit¥forinieati’es76lPEFG 1)

formed in theHmBiall iZal 110k |A¥emehkl ol ddMBLOMEEd ST raeHE | BIG._8)

that extend between the primtive selecCt traces and the resistor |eads 57b.
associated ink feed slot in the thin film substructure. 1In
this manner, opposite edges of each ink feed slot forms a
feed edge and each of the two ink feed slots comprises a
dual edge ink feeding slot. By way of specific
implementation, the printhead 100 of FIGS. 1 - 4 is a
monochrome printhead wherein both ink feed slots 71
provides ink of the same color such as black, such that all
four columns 61 of ink drop generators produce ink drops of
the same color.
[0033] The column pitch or spacing CP between columns on
either side of an ink feed slot is less than or equal to

630 micrometers (pm) (i.e., at most 630 pm), and the column

pitch or spacing CP’ between the columns that are inboard



[0043] The first primtive select trace 86a extends |ongitudinally al ong
the first primtive group 6la and overlies a portion of heater resistor

| eads 57bwOhbsos®) that are respectively connected to heatpf/igshsisers 56
of the first primtive group 6la, and is connected by vias 58 (FIG 9) to
such heater resistor |eads 57b. The second primtive select trace 86b

i ncludes a section that extends al ong the second primtive group 61b and
overlies a portion of heater resistor leads 57b (FIG 9) that are
respectivel y ggontiest @ehit of hedt efloresiisd 01 &6s56 tofart her seguad prd MBYOVengr oup
61b, and is connected by vi Qpr58 to such heater resistor |eads 57b. The
second trace 885 i@ %aEfS tH&r* section that extends al ong the first

primtive selpgiz4y ace B2 gvzihe pidenof thle fddedrdi bEysesebectHa ace

-

86a that is opposite the heater resistors 56 of the first primtive group
6la. The sec@RFZIESi iF¢R SBFefPliFacd V6 i 3dyReRRhl F9lUMBhape@nghédd n
the second seulddgiicy napiianer, t handl henbi T shiSegtbon # % L & lyPaRsd he
first primtive select trace 86a which 1s narrower than the w der section
of the secon®asttiimulamlseloadiigurase teepnablue (U WES G S8 PONAGSOPMe
/281181 [004 otT@[fba%'irr;:{ a1, %ﬁ%“?.e%%.%‘&:%"ﬁxi@' ECE%AE aces, pha, S e
general ly at lTeast coextensive [ongitudinally wth the first and second
primtive grouwrszlEl@iteib P ahdcar ésréspebei vahge aphrbp3dGtisigh donrdedEd to
respective b ads dj S th ater e 'cFi cl.gsest to
the first ang%%gg'ond Tpfel m&??{?eq’%é%e& ?Ilécﬁgg ?@5, qggb%sa[r%é% fTﬁge JFgurth
primtive selpdctoltirtaess m~€igteerhjsséd)rﬁgil¢mdﬁa;nalal ysraadrfg. o rmcaﬁtml]!et lrbout
primtive gr .6 verl ] es. ti eatet _resi st.or 4l 57
(FIG 9) tha;%uggrlecjoglo%%c ed %‘116§hle§tg$ér5é§ﬂ§§092 g% r(%ip ?%e%floﬁrltlﬁc%%fsl Mtive
_?_Louph_filg, amgngercu)nrtaﬁl el biynkas gg(a&ﬁ talo spetr iHfeiat erexaeg lst orabloe,a:dds JETb.
e third prinmitive select trace 86¢ . ncl.udes e n _that .extends al ong
the third pr iprﬁq()llvle egf‘rso?u'p 1¢ and’ Oozvzelrﬁ ipelgcdcg1 &;%r ts‘]“lft;‘gtndogflrhceattehre resi st or
| eads 57b (Fid@ Offekat arengoruiect edfepeheat exxiresilstiosiswdén ofadjlaednt rd
primtive grogcﬂI 61c, and is_Y]c/onnect ed by Vi as 58 to _such Ah%%t.er resistor
| eads 57b. THE THIH Cﬁ)gir?ﬁ’%’r @5 stl'eft ItV §Re CBRESVREPGSS e FGPPhéF s & i on
t hat ext ends 1al 1m0y theck our tth pribrrt iwe-dsl egie t sacen86dolTha trhriokd the
primtive select trace_86c¢ is gengrally L-shaped wherein the second ,section
i s narrower t the PF%E?%E&M § 2 ByPadsat ﬁ?lfaff%regh P T
sel ect tracela&_&mg W eC It el f2 Heige0o Wei st Inaflememége? titeé:'ﬁlidﬁtnm‘sﬂ hﬁ)ltdit}ri’.d
primtive sel ect trace 86¢c. [0046] The third an rt rimti sel ect
traces 86c¢, arty ngf’jtluFSL/‘ dc'rrc{“éa&e cgg;geﬁﬁ \%foﬁjstﬁifglk?iﬁd?ﬁg%@ Wit t he
third and ff)lﬁjldhgpr 'n:miiegi velgeeups &iltechish ; @O}dm@r e’éheSpﬁ@:géN@icye alxis |
appropriately connected to respective hond pads 7 i se the | atera
edge 54 that qe;%lo‘éeesJ‘fotBhFhéeFﬁPFjd C&ﬂ‘d‘%tﬁ‘tcﬁn pé"r‘?ri fggg'se&b&
86c, 86d. [O0Q4AlurBy ¥eymoOknhspewfd cigxampker the 1/iaud i vecseheehgt raees
86a, 86b, 86c, 86d for a col umar arra% 61 of ink drop generators overlie
the FET driveisifd <SBRCEHhen gfbohd blis A886EPAFEd AL PN [t K& Lediiigndre
array of ink t{ORhi MNQOZEI] GXBG e P£4 ) S(11/ 28081 generators, and are
contained in a region that is longitudinally coextensive with the
associ ated col i ar rEYA%s1. A nnPREdenarkers oulriprithPPPvel et edtotthhces
for the four prdyidd vesy of & GoldImals Atk i9fg Id¥K 10rom @eRRIALA S h
extend al ong F'Ftade‘/nﬂarér ai;ért oward the ends of tsk%]cplrignt heagrsubstrate. I\J/b're
particul arly,carfasmndaito of Pridie iRassaPat trerefiom 0§ ikZi0 shdr. of
prim tive or oins,flpe SiPcHl sPozed /EDo0BECRALLLAN HioiRRIE Ok Witgle.
printhead substrate are contained in a region that extends along such first
pai r of primpdsse deouppacwhil efa 5l waigh ofopresponge el @ctsidHees
for a Seco”drﬁ%gt;ﬁl{iﬂ!f@ L¥& gL oups H18,0618,di sposed in the other half

of the |engt printhead substrate are contained in a region that

_extends al onglGBA] secofurpaprrofcplamilyi Vo mraupsmpled48k aEoprnedeeviofy

reference, th rimiive select traces_8 nd.the_assaci at gr. d, bus
that electri c%f&y cc%fn recT t At hdat g? r S&ﬁ%?’%“%aaﬁn eé—i‘é?g’og"l%gt elgH{gglro rive
circuits 85 taerortqasishardiey e caldAet ipdelch Pebér Ldd00oiashponerway aces.
Al so for ease of reference, the primctive, select ac C referred
to as to the J'hJi S%Jf%%l%? necﬁ?-“&) o%ndghepo%\%?gﬁgac%s. O[P%ogg‘f &nl?l%?al lylf-%];the
parasitic resistance (or onresistance) of each of the FET drive circuits 85
is configured to conpensate for the variation in the parasitic resistance
presented to the different FET drive circuits 85 by the parasitic path
formed by the power traces, so as to reduce the variation in the energy
provided to the heater resistors. In particular, the power traces forma
parasitic path that presents a parasitic resistance to the FET circuits

o, . o L -, Y R 1



WO 021(1 G Ol 9l ~ 15 PCT/US(11/28(181 drive circuit varies only slightly from
one ink drop generator to another. Insofar as the heater resistors 56 are
all of suwetanticas |y the sane resistance, the parasitic ragstaiessef each
FET drive circuit 85 is thus configured to conpensate for the variation of
the parasitic resistance of the associ ated power traces as presented to the
different FET drive circuits 85. In thi8 manner, to the extent that
substantially equal energies are provided to the bond pads connected to the
power traces,sussistiariturad |31 egualbeerdragites 1EDD e, praond déck twd dtthe Wl fffer ent

heater resistors .. ] 0050] Referring nore particularly to, Fl 9 and 10,
each of the daﬁvglci?%%wtssg SEOMSTHEEs fﬁﬂLﬁéﬁit%b%?telggppicﬁqﬁ/

i nt er connect edkrdrraiil gl edta odendtinget $tiB7ashhsposedt overn ideal, NLSFHSON of
fingers 89 fornmed.i,n the silicon substrate 111la (FIG 5), a plurality
of electri ca&l'xfa ?Cﬁjtl& c%ﬁﬁ%ﬁw%‘tﬁ%‘éreel%a& #f)@degé?%tgee’? sgk?in {Eﬂt—g'r di gi t at ed
‘or interl eavgdosdh therahmidtetent r adgac8itanthdi spesed a@vwar $OUK Ca&HeLgi on

fingers 99 formed in the silicon substrate 11la. Polysilicon gate fingers
91 that are GREFEGIMET R a6} eSpetPkvEreRdgeBRE2EPSE048d 28R Soliagat e

oxi de | ayer Q1f oppegeOncteyst! i £oPpabsir atrg rhila. 1A phosphasid | ¢atig,
gl ass layer 95 separates the drain electrodes 87 and the source el ectrodes

97 fromthe SV FWRrate 1pfa. Wl urairEhesscoddifdti veldPBin as
contacts 88 \?hc?fetgfa;ﬁ a{lylyfp'al%?ﬁ]bt%@e draigyel egtredes 87 gie?r%%%nﬁ%%‘i’?ze

regi ons 89, plurdlity of conductive source conta electrically
connect the swirgwag! eptraiest 97ft onkhdrgpugeereragpbovas 98ach0GET] dHierear ea

oceupi ed by eAGh ST AP o0l aUILakS BrS1GEAD]Yy SR dgy A Qs roui s
on-resi stance of each FE rive circuit is pre efra 'y 1 ow, for exanple

| ess than or 8qudlevingl4 dsrire clesibodes aespesttivelyr Denglemd)rd whiicch
requires efficj dy, ) i reuists. e £X I e / | {>9( ~
16 PCT/ U SO 11%/ 8(§:§ELEV}n-fﬁ%é?%%ar%%lli(%r?{sgns)%eggglrgetaeg torﬁg}l’@é?lgv%d%uit
area A as fold7ews: Frrci{2s0, wi0D oarenFEf odeiveseiriait array 81 and

the associated array of ink drop generators is a columnar
ground bus 181 to which the source electrodes of all of the
FET drive circuits 85 of the associated FET drive circuit
array 81 are electrically connected. Each columnar array
81 of FET drive circuits and the associated ground bus 181
extend longitudinally along the associated columnar array
61 of ink drop generators, and are at least longitudinally
co-extensive with the associated columnar array 61. Each
ground bus 181 is electrically connected to at least one
bond pad 74 at one end of the printhead structure and to at
least one bond pad 74 at the other end of the printhead
structure as schematically depicted in FIGS. 1 and 2.
[0038] The ground busses 181 and heater resistor leads
57a are formed in the metallization layer 1llc (FIG. 5) of
the thin film substructure 11, as are the heater resistor
leads 57b, and the drain and source electrodes of the FET
drive circuits 85 described further herein.

[0039] The FET drive circuits 85 of each columnar array
of FET drive circuits are controlled by an associated

columnar array 31 of decoder logic circuits 35 that decode



wherein the area Ais in mcronmeters2 (unR). This can be acconplished for
exanple with a gate oxide |layer 93 having a thickness that is |ess than or
equal to wWOM2An@st¢rons (i.e., at nost 800 Angstroms), or EatR1LGRELN that
is less than 4 um Also, having a heater resistor resistance of at |east
100 ohns allows the FET circuits to be made smaller than if the heater
resistors had a | ower resistance, sincelwth a greater heater resistor

val ue a greater FET turn-on resistance can be tolerated froma

consi der at i oadalfredisstir foutnaoni @f @nexgyadtiveect padasssi basansd thethaat er

resistors. [0052] As articul ar_exanple, the drain el ectrodes 87, drain
regi ons 89, §88P%5téfgcEPod%%p59Pr%%E?c§x¥§%i8ﬁ3599,4aﬁ§%i e 6rysiﬁgﬁbn
gate fingersaQlirearn extemthasulst anthal Fyeerthegomaldyo®iydraana i et o
the reference axis L and to the Ion%itudinal,extent of the ground busses

181. Also, f6FSedch FETSRPFEUFEIgHIthd Extiehii N SPeTYY ai ASr EiS6HES8Y and

‘the source reagir@ner99nkiansyersedy 19 Lhe 1refes eﬁge e S dedctdhe 1331R: as
extent of the gate fingers transversely to the reference axis L, as shown
in FIG 6, WRldRUdEMS nes the eXtent B the afElvedF§f ol ¥¢dksverseldn to
the referencecariessled ker Rasetq rigfiergnge gdha-d.ent of the drain

el ectrode fin%srs 87, drain region fingers 89, source electrode fingers 97,
source regi of%0éQders 95 sghgmpsiysililvceargatedf ingets. 91, cae berméherdr ed
to as the | opg tudina n f: enen [ r As, syc s are
| ong and nar?gwé%?%;é???%?lﬁf%lgﬁgilgiﬁ?$ikén%§§2%?.€¥%M#(§5ﬁb%ﬁy%ﬁ 17
PCT/ US( 11/ 286£8&Ct0053ceBy-anay lodnd |past T4t tvet exaoplieest he onkr ddirstnance
of each of the.EET.cjrcui 5 s i_ndiyd dual i gure y controlling
the | ongitud %&E g%ﬁ%htg%%é?gnéﬁﬁnép éﬁ%bntﬂkﬁoggﬁé %%%gg%%ta%%g eséﬁﬁ%nt
of the drai notégirort drmigerls, o veaeh nheattent rasbssdy bénisonbacktedesegrent
is devoid of _ele i.cal,. cont s. 88, _For anpl e, e .conti nuausl,

non- cont act e ?fbéﬁéﬁﬁé‘b Fﬂgggfgfna?e%?%ﬁé%gﬁﬁgrgﬁgaﬁlﬁgﬁiﬁléFuﬁﬁe8§ﬂds of
t he drai n redningi8dnichanearyy R tilsepirofiridmd he hbaat dratesi skei shor Biee

onr esi st ance ,qQf parti cul_ar ircuit 85 increas w th increasin

| engt h of thé%égﬁfiﬁ&gﬁﬁ;f%ﬁgﬁﬁggﬁﬁﬁépgdQ&E%u %réﬁigﬁ FFn&SPt§8§ﬁ€ﬁt%Yénd
such | engt h itheselsasciodd tteal dtcerdamed ddie an-rasitstzce of a particul ar FET

circuit. [00 anot her exanpl e, the on-resistance of_ _each FETL circuit
85 can be coiﬂoéﬁrﬁed b%sselsgﬁﬁ%:‘tcﬁeﬂéﬁ zéieé’flc’tt‘r?éfFl%f1 cifi&ui t 8 FéPYexanpl e,
the extent ofepitehEhteitielichlimaasyvarsakyel oot henk ef @ieRER eitD s ,Cahbe
selected to de iqfqthe on-resi stance. [00%5] For a typical inplenmentation

r

wherei n the povertiTRcEENEEATRTFardd cail &P HEPad r2EFRY 881ard rbukeXBpP

reasonably digeget-apairiis cbe bendrpafdsz<44 oncd hesel @sasti wofvd k@ oups 61a,
IongitudinaII§F§egarated ends of the printhead structure, parasitic
ea

resi stance i ¢S wPlR of SEANCETFP R Y IRF B s tiendlIor 9eRRé asPmshead,
and the onresinst aReenehtbherEEIsdbk¥es6is£U s B3 dis Hepraased kg an
FET circuit nore efficient) with distance fromsuch cloSest end, so asS to
of fset the i R&Fea§d STt ig6\Rerl Y r &OETS&TES t it r ddicsst &Ee A% SfecifPive
exanpl e, as L,eigARLRUQUSId-NO £ agded gl NngEbNggEaseduent shak the
respective FET drive circuits 85 that start at the ends of the drain region
fingers that 1&ke FURR hesPerpsRTEhe ettt BATEESNIRSr PIHIL THee | ghQERs 8F such
segnents ar e 4geleasad Webipdkat ancephramihe £€50sex! QRO fie £ ring

| ongi tudinally separated ends of the printhead structure. WO 02/11(11(9C
18 PCT/ US111PFA808L0058] cEhcH Hithd FBus 184 sther mpoifihe egamplchi n
f'|”1”Eta||'%%%&%Qn!%ﬁﬂ'ﬁﬁhﬁé%*ﬁ”é&rHﬁ%g&iBBdsénQZaQBQStEﬁ 20U 8mnar

el ectrodes 97 of the FET circuits 85, and the active areas of each of the

FET circuitsaggapr ilse®bf irhegsalr aelaneler aifn $egeapl BYIMY9idad gmeap

pol ysi | i con gatas &k agyantageousl e%éﬁé‘ﬂa@@f‘@?t h agr-assoelaleds or aypd bus
181. This allows the groun us and FET circult arrays to occupy nharrower
_regi ons whi clrilmitdrie aldrowesf obla,naftbwer 6land ¢hdis duss agganiged t Him
f11m subst ruglien JDUSn AliS0. 1416 Al T ORLETEY! 8L 9B ARLEHALERE] eqge
continuously non-contacted segnents of t drain region fingers start™ at
the ends of ©He drain region fingers that are furthest fromthe heater
resistors 56, the extent of each ground bus 18| transversely or laterally
to the reference axis L and toward the associ ated heater resistors 56 can
be increased as the length of the continuously noncontacted drain finger
sections is increased, since the drain electrodes do not need to extend
over such continuously non-contacted drain finger sections. In other words,
the width Wof a ground bus 181 can be increased by increasing the anount
by which the ground bus overlies the active regions of the FET drive
circuits 85, depending upon the | ength of the continuously non-contacted

e N o o Y M



[ 0058] For the specific exanple wherein the continuously non-contacted
drain region segnents start at the ends of WO 02/11T~fl~I( 19

PCT/ USOL/ R&¥F ck@bodohe drain region fingers that are furthestpdfogiilhgheat er
resistors 56 and wherein the | engths of such continuously non-contacted
drain regi on segnents decrease with distance fromthe cl osest end of the
printhead structure, the nodul ation orlgariation of the width Wof a ground
bus 181 with the variation of the length of the continuously noncontacted

drain regi on EIAENtS provi desmboe pagtoundably BavisnFoatn di hs M ¢ hat
increases with proximty to the closest end of the printhead structure, as
depicted in Fi AIGVHEY Ofe PEABGAL VEF SShEFEJTERFRENE 82T nBPlRastRC i § 4R

proxi mty to fde dpndssfads: d cSUGThshaper AfVENT SO eOus) Yo dH oM 1d8ss f iy
decreased ground bus resistance with proximty to_the bond pads 74. [0059]
Ground bus r &4t stafRelzhfdaresupBareddcey Rl | 2f eFET| gravee sdineg ifcr t§ns

of the ground s 181 49t onbobabhUSANELLY cBRAGEd BRAKLRRAs Dalyper,1de

decoder logic circuits 35. For exanple, such portions can extend erally
beyond t he adtqtAl ik tobrn byl awfr wildthe of(File r &¢i ohhfh whe chrldres desudier

|09iC_CirCUiHﬁéﬁ%éﬂfﬁééﬁf@dseﬁQQQQ&dTEQOEPMH@Mé@%&éf§yéér¥gggg“§¥¥%f .
associated with a columar™ array of 1nk drop generators can be Contained in
respective r &gl iveyicdigatie old ewongdwbuehs8lhat The e i Ctedsd e GS.
o i, NS ELERae e st ong el oL Lt bhe 1 i, FES 1
circuits 8lAcqmsictk8d tm 250 fepropramihbye groups 6la, 61b, 6lc, 61d
by resistor lead§ 57b (FIG. 8) formed in the metallization
layer 11lc and interconnecting vias 58 (FIG. 8) that extend
between the primitive select traces and the resistor leads
57b.
[0043] The first primitive select trace B86a extends
longitudinally along the first primitive group 6la and
overlies a portion of heater resistor leads 57b (FIG. 9)
that are respectively connected to heater resistors 56 of
the first primitive group 6la, and is connected by vias 58
(FIG. 9) *to such heater resistor leads 57b. The second
primitive select trace 86b includes a section that extends
along the second primitive group 61b and overlies a portion
of heater resistor leads 57b (FIG. 9) that are respectively
connected to heater resistors 56 of the second primitive
group 61b, and is connected by vias 58 to such heater
resistor leads 57b. The second trace 86b includes a
fﬁrther section that extends along the first primitive
select trace 86a on the side of the first primitive select
trace 86a that is opposite the heater resistors 56 of the
first primitive group 61la. The second primitive select
trace 86b is generally L-shaped wherein the second section
is narrower than the first section so as to bypass the
first primitive select trace 86a which is narrower than the

wider section of the second primitive select trace 86b.



for exanple (WB1l)Decode logic circuits 31About 34~mor less(WBl)Primtive
sel ect traces 86About 290 um or | ess(\W86) WO 112/1111119C 20 PCT/ USO1
/28(181 Twesr/veqdt hs are measured orthogonal ly or | ateral lpcityosdiPgosi
| ongi tudi nal extent of the printhead substrate which is aligned with the
reference axis L. [0061] Referring nowto FIG 11, set forth thereinis a
schemati c perspective view of an exanplie of an ink jet printing device 20
in which the above described printheads can be enpl oyed. The ink jet
printing devipE£d) of Frse AilrimandlescanchpesmstZ?2 sal¢eoundes-dy &6a,
housi ng or enS(S:é osure 124, t@ﬁi cally of a nol ded fl astic material. The
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chassi s 122 %P4 offed SPERTOIAMRE bFAEheePSFEERP Rl ORel RLnal bertt el

‘panel 122a. Sheet si ekt plant é_@@@l@daF;@iinm@E*ébdl@%‘du%asfe@lé}_“@!’égb Ankf | e ZONE
125 by an adaptive print nedia handling system 126 that includes a teed
tray 128 for ATHIHg FRint SHEFCR BTGl pFPREERESIATH® preAPeRbdva Rende

any type of siidfble prdgiabl esheet 1gREeRhabggHCh3aghPaRels CRLLs St 0ck,
t ransparenci es, and the |ike, but for convenience the illustrated

| ar,
enbodi nent s cre‘s%'r\%lﬂbwt AndsTeeepApRY imktite peiect nkarens A6zerel. of
conventional gy driven. rellers ingddi ng asdniye r@%@é é%%-dé}&efeg@%tyoa

st epper notor nmay be used to nove print nmedia fromthe feed tray 12

the print zonern@siudinratlyriadvingg,thchefduive polimertiv29 girowes 6flde gord nt ed
sheet onto a paiJt;.of.ret e Qut.out, drying. W rs-130 whi ch,are
shown ext endeog?%%llr escelgvgggttgrglhntogg }g%eteetq"r .“#%leg\&wg%g@ngﬁ’%er%g%ﬁg\ﬁ%l gb)t he
new y print edlsheetréorcoanshdared ticorehabbee arpiptevrisoudsd yohr kheed wheet s

still drying . in an output tray.132 befare pivotally retracti to the
i des, a5 ShOWTBLE Sl VHORP TSI 1430 05 TSN Dl y " BRPneBd Shetic nt o
t he out put trleaatlld?. rébespoirntlewmds ashandl | Dhesydtierd nayimbcltde s lseft es

of adjustnment_nmechanisns_for accomudating, different sizes of .print nedia,
Phcl utling | et TRES el A ia2EndePanesRarRat Satange 2Tty MG

adj ust nrent arpmindid anel ayrenvelkope &eéd statlildd. a WOro26001G4( Heatler
PCT/ US(11/28( 181 [,0062] The print, f El 11 further includes r.inter
control | er 13@535‘4(:1}1%%%’?3 Pl g”h I‘Ers-‘rtc}qat do WY AL 8?88?8%5?3%9, E}b‘éjastpeoléed
on a printed migicatidrbodnd AB9 tuupponied qrintieivear gsodp ofld heaghasss s
vertical panel 122a. The printer_controller 136 receives instructio from
a host devi cec%%g%%gagﬁeﬁ’%ﬁaISEgogﬁutséﬁc H5t3 SHowh T S ARECE otEAGSs %lﬁ%
operation of tHe phipberpdincliidings@ivencerateprddyd Reiadébr aughudtreeprint

zone 125, novenent of a print carriage 140, and application of signals to
the ink drop %ﬁﬁﬁﬁgﬁ(ﬁqgago_extends along the fody%h primitgve éélect

trace 86d. The third primitive select trace 86c 1is
generally L-shaped wherein the second section i1s narrower
than the first section so as to bypass the fourth primitive
select trace 86d.which is narrower than the wider section
of the third primitive select trace 86c.

[0046] The third and fourth primitive select traces 86c,
86d are generally at least coextensive longitudinally with
the third and fourth primitive groups 6lc, 61d, and are
respectively appropriately connected to respective bond
pads 74 disposed at the lateral edge 54 that is closest to
the third and fourth primitive select traces B86¢, 86d.
[0047] By way of specific example, the primitive select
traces 86a, 86b, 86c, 86d for a columnar array 61 of ink
drop generators overlie the FET drive circuits and the

ground bus associated with the columnar array of ink drop



[0063] A print carriage slider rod 138 having a | ongitudinal axis parallel
to a carriage scan axis is supported by the chassis 122 to sizeably support
a print ogornbegred 40 for reciprocating translational novemgRiui268anni ng
al ong the carriage scan axis. The print carriage 140 supports first and
second renovable ink jet printhead cartridges 150, 152 (each of which is
sonetines called a "pen,"” "print cartrigige,” or "cartridge"). The print
cartridges 150, 152 include respective printheads 154, 156 that

respecti vel y geaee agener,al landlovawar dtontfaihed) nozzl es tegienecthag il

general |y downwar.dly..ont.a a portion of the pri media that is in the print
zone |125. Th Oﬁ‘rgil%ﬂydéﬁ’i'atlﬂiydgggef%ﬁ?sfﬁﬁ éfjetqhogéepaai’sﬁoccfﬂagw% SIOEHH‘(?@I{)n
‘the print camrrage 6140 by 8hiatménmneshafosmghiadi tiine udbdsad arpiceg lfever s,

| at ch menmbers or Lids |70, ,172. [0064] For, reference, print nmedia is
advanced t hr &gh ‘W%rpPFﬁPlf&Ngslég?a%oﬁ@%&Wﬂ%ﬂef%ﬁﬁ% i G i s parfdoPel to

‘the tangent tgenlhe ard idnaidtheoRyi Bhemedirayt hlwdrel beeathqandrt raver sed
by the nozzles of the captridges 150, 152. If the nedia axis and

t he
carriage axi ®rAPEhFchtBP It salferpl 2318818 dMn it FHest opatkepinoul d

be perpendi cyamitq RACHe0EREr .+ fHA6D] £AR ant iFineiat banr Meshapi-S /i en vishe
back of the print carriage engages a hprlzontallg dlsggsed anti - pi_ vot WO
112/ 11( 0C91 9xpupeT/adas11aly zgmomql ygsoretats Phriee iLRRe§RaPLy thiet h

the vertical panehkePa ¥fs i £Ra%SicHntdd ndon nexamale orl @nBke¥eReniar ward
pivoting of the print carriage 140 about the slider rod 138. [0066] By way

of illustratdJengkarsite, LRt 3+t @&rPFiByel 15097 8URS noNBEARoRe SEEORE ng
cartridge whij.g t hgePrppinCalfLi dga 32 t3adellizopl @r Qébeﬁangagiaftwfdge-
[0067] The print carriage 140 is driven along the slider rod 138 by an
endl ess bel t PEE8IWHIwEh ar@upise 6dciveAdi diaresndeht i il ot hahmalf the

a1 age 140 STSNG Do TLar P A06 S oan e 5 or earpl ST i hceaPHaRge % th
conventi onal thechrexpersis [00688] sAlathaggonchedior egfoimg ridst treerraups .
vari ous nodi CeARTons SO cRERSesEher of 5t San be THile 16y Do Vane SEeRted i n
the art w t hautactepadd i angd f tloen absostaped agdospddr btisoththe elleventican 1as
defined by t@%&ﬁ%ééw%ﬁg ﬁégkg§'res!gkggé”gglgé&aggé%géated FET drive
circuits 85 to bond pads 74 are collectively referred to as
power traces. Also for ease of reference, the primitive
select traces 86 can be referred to as to the high side or
non-grounded power traces.
[0049] Generally, the parasitic resistance (or on-
resistance) of each of the FET drive c¢ircuits 85 is
configured to compensate for the variation in the parasitic
resistance presented to the different FET drive circuits 85
by the parasitic path formed by the power traces, so as to
reduce the variation in the energy provided to the heater
resistors. In particular, the power traces form a
parasitic path that presents a parasitic resistance to the
FET circuits that varies with location on the path, and the
parasitic resistance of each of the FET drive circuits 85
is selected so that the combination of the parasitic
resistance of each FET drive circuit 85 and the parasitic

resistance of the power traces as presented to the FET



CLATMS What is clainmed is: PCT/US01/28(181 1. An ink jet printhead,

conprising: a printhead substrate (11) including a plurality of thin film

| ayers; fwa@roaiemeeby side columar arrays (61) of drop genarpiSiizsdstO)
formed in said printhead substrate and extending al ong a | ongitudi nal
extent; each columar array of drop generators having at |east 100 drop

generators separated by a drop generatop pitch P, said four columar arrays
of drop generators conprising a first columar array and a second col umar

array separ atdqd g omieanti ot brat-iby a(onmastsﬁ;’zﬁmﬂm_\,er @RIer sneandn tdudsl

columar array and a fourth col umar arr% g gfrom each ot her b at
%eﬁb? dﬁ n 9?49

most 630 nmicr THOT B PP bpShenerAf s SR Td i G5e SGO % o
predet er mi necix@0laQrl afdshakiagtaadigptuel sléﬁ]i&etf@élﬁf‘@@d:@ﬁ Shé P2 PASS1 ¢

monochrome printing of a resolution that is 1/(4P) dpi along a print axis
parallel to %%q%ﬁﬁq Lfﬂff RAck ﬁ%té“avr?d Fiduriidol Gimit Brisayeisgumd FET

drive circui g (Bapdmyamd figr sakdvhkiBtheadosubisd r;@éz&aé’ﬁ@:p@ﬁiééﬁeslﬁ’ance
adj acent said columar arrays of drop generators for energizing said

col umar arr &% dMUr GF RAFERDr LOWBL THE 3Gt Head RIEFHGA 1 Fur tHe

including a fiirsteddic feed akove(él)candsassecont,ipkifepdnsket 6l)snhand

wherein: said first columar array of drop generators and said second
col umar arr 8F M tdr bprhesebatersiaildgossiaon K1t FEresi aseoProgider risq

feed slot; ande YMAHIKL IdHRected to the power traces, substantially
equal energies can be provided to the different heater
resistoxrs 56.
[0050] Referring more particularly to FIGS. 9 and 10,
each of the FET drive circuits 85 comprises a plurality of
electrically interconnected drain electrode fingers 87
disposed over drain region fingers 89 formed in the silicon
substrate 1llla (FIG. 5), and a plurality of electrically
interconnected source electrode fingers 97 interdigitated
or interleaved with the drain electrodes 87 and disposed
over source region fingers 99 formed in the silicon
substrate 1lla. Polysilicon gate fingers 91 that are
interconnected at respective ends are disposed on a thin
gate oxide layer 93 formed on the silicon substrate 1llla.
A phosphosilicate glass layer 95 separates the drain
electrodes 87 and the source electrodes 97 from the silicon
substrate 1lla. A plurality of conductive drain contacts
88 electrically connect the drain electrodes 87 to the
drain regions 89, while a plurality of conductive source
contacts 98 electrically connect the source electrodes 97
to the source regions 99.
[0051] The area occupied by each FET drive circuit is
preferably small, and the on-resistance of each FET drive
circuit is preferrably low, for example less than or equal
to 14 or 16 ohms (i.e., at most 14 or 16 ohms), which

requires efficient FET drive circuits. For example, the

i nk



PCT/U SI'l11 /28(181 24 said third columar array of drop generators and said
fourth columar array of drop generators di sposed on either side of said
second i mkofeemaosds ot . 3. The printhead of claim2 wherein waigsosassmnd
columar array of drop generators and said third columar array of drop
generators are separated by at nost 800 m croneters. 4. The printhead of
claim1l wherein Pis in the range of 11800th inch to 1/600th inch. 5. The
printhead of claim1 wherein said drop generators are configured to emt
drops havi ng can-dregyi sicdnme Ron tden renges laft kP o FFY plciotd teinsuif abhea
print head of _cl_ai %Vyhergin said drop generators are configured to emt

dr ops havingAa%ﬂlg? ol''e in the range of 3 to 7 picoliters. 7. The
printhead of claim1 wherein each of said drop generators includes a heater
resistor (56) havinhg a resist e that is at |east ,J00 ohns. 8. The

print head of claiﬁ¥%1Fﬁrﬁﬂ%f'$£§IQRW§EF%&Q9&%§eEEé§é§ (181) that overlap
active regions of said FET drive circuits. 9. The printhead of claim1l

wherein each of said FET drive circyits has an on-resistance that is |ess
t han (250,Ooﬁgﬁﬂﬁﬁfbr%m%t@F%?)FA}SWH@réPﬁ?QWQ§@§ﬁ2aﬁ€§ of SsUBRSFERTIAS e

circuit in magiiersded £V Quskdild @ilie H yadh REHASIELZ8Bhaving
a thickness that is less than or equal to 800 Angstroms
(i.e., at most 800 Angstroms), or a gate length that is
less than 4 pm. Also, having a heater resistor resistance
of at least 100 ohms allows the FET circuits to be made
smaller than 1f the heater resistors had a lower
resistance, since with a greater heater resistor value a
greater FET turn-on resistance can be tolerated from a
consideration of distribution of energy between parasitics
and the heater resistors.
[0052] As a particular example, the drain electrodes 87,
drain regions 89, source electrodes 97, source regions 99,
and the polysilicon gate fingers 91 can extend
substantially orthogonally or transversely to the reference
axis L and to the longitudinal extent of the ground busses
181. Also, for each FET circuit 85, the extent of the
drain regions 89 and the source regions 99 transversely to
the reference axis L is the same as extent of the gate
fingers transversely to the reference axis L, as shown in
FIG. 6, which defines the extent of the active regions
transversely to the reference axis L. For ease of
reference, the extent of the drain electrode fingers 87,
drain region fingers 89, source electrode fingers 97,
source region fingers 99, and polysilicon gate fingers 91
can be referred to as the longitudinal extent of such
elements insofar as such elements are long and narrow in a

strip~like or finger-like manner.



10. The printhead of claim9 wherein each of said FET drive circuits has a
gate oxide (93) thickness that is at nost 800 Angstrons. 11. The printhead
of cl ai m@owheswbsr each of said FET drive circuits has a gateudiengish that
is less than 4 mcroneters. 12. The printhead of claim1l wherein each of
said FET drive circuits has an on-resistance of at nost 14 ohns. 13. The
printhead of claim1 wherein each of savrd FET drive circuits has an
on-resi stance of at nobst 16 ohns. 14. The printhead of claim1 further

i ncl udi ng pov@ns3jaces KB6ay 86bilBost r8tilve 18damp Bad tihergi-relshethmbedri ve
circuits are configured to conpensate for _a parasitic resistance presented

by said powerPit Of sthanglihr FRERBAES 0B SRS ANT4 VWRBRSILY COBFdSILaAs

-onresi stancegf csat@okEIng rend t 9 odig telietliedekPcfOMansatagtar yariation
of a parasitic resistance presented by said power traces. 16. The printhead
of claim 15 WREEMS, eNBR-688R261dai PRI dui F88) J&iecteédiad set

'sai d on-resi gianeas 17whdbei RN bntdead foud 8} MdS- ¥heF £thegasbgRbnsaid FET
circuits includes: drain el ectrodes (87); drain regions (89); graln
contacts (88Xeacd¢ ricdal By ecErAcedi n§osarEtar aPR- el edPdeamPlsai d tdyaai n

regions; Soules 18h I LALSHoALlonEQHEECE TR 98} th P2 ARl 26

fingers can begin at the ends of the drain regions 89 that
are furthest from <+the heater resistor 56. The on-
resistance of a particular FET circuit 85 increases with
increasing length of the continuously non-contacted drain
region finger segment, and such length is selected to
determine the on-resistance of a particular FET circuit.
[0054] As another example, the on-resistance of each FET
circuit 85 can be configured by selecting the size of the
FET circuit. For example, the extent of an FET circuit
transversely to the reference axis L can be selected to
define the on-resistance.

[0055] For a typical implementation wherein the power
traces for a particular FET circuit 85 are routed by
reasonably direct paths to bond pads 74 on the closest of
the longitudinally separated ends of the printhead
structure, parasitic resistance increases with distance
from the closest end of the printhead, and the on-
resistance of the FET drive circuits 85 1s decreased
(making an FET circuit more efficient) with distance from
such closest end, so as to offset the increase in power
trace parasitic resistance. As a specific example, as to
continuously non-contacted drain finger segments of the
respective FET drive circuits 85 that start at the ends of
the drain region fingers that are furthest from the heater
resistors 56, the lengths of such segments are decreased
with distance from the closest one of the longitudinally

separated ends of the printhead structure.



PCT/ U SO1 /281181 source contacts (98) electrically connecting said source
el ectrodes to said source regions; and wherein said drain regions are

conf i gur e@otmnsmbe an on-resi stance of each of said FET ci riguiishiigo81
conpensate for variation of a parasitic resistance presented by said power
traces. 18. The printhead of claim~7 wherein said drain regions conprise
el ongated drain regions each includingl& continuously non-contacted segnent
having a length that is selected to set said on-resistance. 19. The
printhead of [Olo&ien ~. \Hwstei greach biissasd Q@Iwmumedudﬂysh@fsEEE dHive
circuits is cqntalned i.n a.re |gn having a width t is at nmopst 180
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drain electrodes do not need to extend over such

continuously non-contacted drain finger sections. In other

words, the width W of a ground bus 181 can be increased by

increasing the amount by which the ground bus overlies the

active regions of the FET drive circuits 85, depending upon

the length of the continuously non-contacted drain region

segments. This is achieved without increasing the width of

the region occupied by a ground bus 181 and its associated

FET drive circuit array 81 since the increase is achieved

by increasing the amount of overlap between the ground bus

and the active regions of the FET drive circuits 85,

Effectively, at any particular FET circuit 85, the ground

bus can overlap the active region transversely to the

reference axis L by substantially the length of the non-

contacted segments of the drain regions.

[0058] For the specific example wherein the continuously

non-contacted drain region segments start at the ends of
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10%&'()-xhxztheps¢ain region fingers that are furthest from the heater

resistors 56 and wherein the lengths of such continuously
non~contacted drain region segments decrease with distance
from the closest end of the printhead structure, the
modulation or variation of the width W of a ground bus 181
with the variation of the length of the continuously non-
contacted drain region segments provides for a ground bus
having a width W181 that increases with proximity to the
closest end of the printhead structure, as depicted in FIG.
8. Since the amount of shared currents increases with
proximity to the bonds pads 74, such shape advantageously
provides for decreased ground bus resistance with proximity
to the bond pads 74.

[0059] Ground bus resistance can also be reduced by
laterally extending portions of the ground bus 181 into
longitudinally spaced apart areas between the decoder logic
circuits 35. For example, such portions can extend
laterally beyond the active regions by the width of the
region in which the decoder logic circuits 35 are formed.

[0060] The following circuitry portions associlated with
a columnar array of ink drop generators can be contained in
respective regions having the following widths that are
indicated in FIGS. 6 and 8 by the reference designations
that follow the width values.

REGIONS THAT CONTAIN: WIDTH

Resistor leads 57 About 95 micrometers (um)
or less (W57)

FET circuits 81 At most 250 um, or at most
180 um, for example (WB1)

Decode logic circuits 31 About 34 pm or less (W31)

Primitive select traces 86 About 290 pm oxr less (W86)
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These widths are measured orthogonally or laterally to the
longitudinal extent of the printhead substrate which is
aligned with the reference axis L.
[0061] Referring now to FIG. 11, set forth therein is a
schematic perspective view of an example of an ink Jjet
printing device 20 in which the above described printheads
can be employed. The ink jet printing device 20 of FIG. 11
includes a chassis 122 surrounded by a housing or enclosure
124, typically of a molded plastic material. The chassis
122 is formed for example of sheet metal and includes a
vertical panel 122a. Sheets of print media are
individually fed through a print zone 125 by an adaptive
print media handling system 126 that includes a feed tray
128 for storing print media before printing. The print
media may be any type of suitable printable sheet material
such as paper, card-stock, transparencies, Mylar, and the
like, but for convenience the illustrated embodiments
described as using paper as the print medium. A series of
conventional motor-driven rollers including a drive roller
129 driven by a stepper motor may be used to move print
media from the feed tray 128 into the print zone 125.
After printing, the drive roller 129 drives the printed
sheet onto a pair of retractable output drying wing members
130 which are shown extended to receive a printed sheet.
The wing members 130 hold the newly printed sheet for a
short time above any previously printed sheets still drying
in an output tray 132 before pivotally retracting to the
sides, as shown by curved arrows 133, to drop the newly
printed sheet into the output tray 132. The print media
handling system may include a series of adjustment
mechanisms for accommodating different sizes of print
media, including letter, legal, A-4, envelopes, etc., such
as a sliding length adjustment arm 134 and an envelope feed
slot 135.
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[0062] The printer of FIG. 11 further includes a printer

controller 136, schematically illustrated as a
microprocessor, disposed on a printed circuit board 139
supported on the rear side of the chassis vertical panel
122a. The printer controller 136 receives instructions
from a host device such as a personal computer (not shown)
and controls the operation of the printer including advance
of print media through the print zone 125, movement of a
print carriage 140, and application of signals to the ink
drop generators 40.

[0063] A print carriage slider zrod 138 having a
longitudinal axis parallel to a carriage scan axis 1is
supported by the chassis 122 to sizeably support a print
carriage 140 for reciprocating translational movement or
scanning along the carriage scan axis. The print carriage
140 supports first and second removable ink jet printhead
cartridges 150, 152 (each of which is sometimes called a

"pen, "print cartridge," or "cartridge"). The print
cartridges 150, 152 include respective printheads 154, 156
that respectively have generally downwardly facing nozzles
for ejecting ink generally downwardly onto a portion of the
print media that is in the print zone 125. The print
cartridges 150, 152 are more particularly clamped in the
print carriage 140 by a latch mechanism that includes
clamping levers, latch members or lids 170, 172,

[0064] For reference, print media is advanced through
the print zone 125 along a media axis which is parallel to
the tangent to the portion of the print media that 1is
beneath and traversed by the nozzles of the cartridges 150,
152. If the media axis and the carriage axis are located
on the same plane, as shown in FIG. 9, they would be
perpendicular to each other.

[0065] An anti-rotation mechanism on the back of the

print carriage engages a horizontally disposed anti-pivot
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pivoting of the print carriage 140 about the slider rod
138.
[0066] By way of illustrative example, the print
cartridge 150 is a monochrome printing cartridge while the
print cartridge 152 is a tri-color printing cartridge.
[0067] The print carriage 140 is driven along the slider
rod 138 by an endless belt 158 which can be driven in a
conventional manner, and a linear encoder strip 159 is
utilized to detect position of the print carriage 140 along
the carriage scan axis, for example in accordance with
conventional techniques.
[0068] Although the foregoing has been a description and
illustration of specific embodiments of the invention,
various modifications and changes thereto can be made by
persons skilled in the art without departing from the scope
and spirit of the invention as defined by the following

claims.
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CLAIMS

What is claimed is:

1. An ink jet printhead, comprising:

a printhead substrate (11) including a plurality
of thin film layers;

four side by side columnar arrays (61) of drop
generators (40) formed in said printhead substrate and
extending along a longitudinal extent;

each columnar array of drop generators having at
least 100 drop generators separated by a drop
generator pitch P;

said four columnar arrays of drop generators
comprising a first columnar array and a second
columnar array separated from each other by at most
630 micrometers, and a third columnar array and a
fourth columnar array separated from each other by at
most 630 micrometers;

said drop dgenerators producing ink drops of a
same predetermined color and having a drop volume that
enables single pass monochrome printing of a
resolution that is 1/(4P) dpi along a print axis
parallel to said longitudinal extent; and

four columnar arrays (81l) of FET drive circuits
(85) formed in said printhead substrate respectively
adjacent said columnar arrays of drop generators for

energizing said columnar arrays of drop generators.

2. The printhead of claim 1 further including a

first ink feed slot (71) and a second ink feed slot (71),

and wherein:

said first columnar array of drop generators and
said second columnar array of drop generators disposed

on either side of said first ink feed slot; and

10T
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saild third columnar array of drop generators and
said fourth columnar array of drop generators disposed

on either side of said second ink feed slot.

3. The printhead of claim 2 wherein said second
columnar array of drop generators and sald third columnar
array of drop generators are separated by at most 800

micrometers.

4. The printhead of claim 1 wherein P 1s in the
range of 1/300th inch to 1/600th inch.

5. The printhead of claim 1 wherein said drop
generators are configured to emit drops having a drop

volume in the range of 12 to 19 picoliters.

6. The printhead of claim 1 wherein said drop
generators are configured to emit drops having a drop

volume in the range of 3 to 7 picoliters.

7. The printhead of claim 1 wherein each of said
drop generators includes a heater resistor (56) having a

resistance that is at least 100 ohms.

8. The printhead of claim 1 further including ground
busses (181) that overlap active regions of said FET drive

circuits.

9. The printhead of claim 1 wherein each of said FET
drive circuits has an on-resistance that 1s less than
(250,000 ohmemicrometers?) /A, wherein A is an area of such

FET drive circuit in micrometers?.
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traces (86a, 86b, 86c, 86d, 181), and wherein the FET drive
circulits are configured to compensate for a parasitic

resistance presented by said power traces.

15. The printhead of claim 14 wherein respective on-
resistances of said FET circuits are selected to compensate
for variation of a parasitic resistance presented by said

power traces.

16. The printhead of claim 15 wherein a size of each

of said FET circuilits is selected to set said on-resistance.

17. The printhead of claim 15 wherein each of said
FET circuits includes:
drain electrodes (87);
drain regions (89);
‘ drain contacts (88) electrically connecting said
drain electrodes to said drain regions;
source electrodes (97);

source regions (99);
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source contacts (98) electrically connecting said
source electrodes to said source regions; and

wherein said drain regions are configured to set
an on-resistance of each of said FET circuits to
compensate for variation of a parasitic resistance

presented by saild power traces.

18. The printhead of claim 17 wherein said drain
regions comprise elongated drain regions each including a
continuously non-contacted segment having a length that is

selected to set said on-resistance.

19. The printhead of claim 1 wherein each of said
columnar arrays of FET drive circuits is contained in a

region having a width that is at most 180 micrometers.

20. The printhead of claim 1 wherein each of said
columnar arrays of FET drive circuits is contained in a

region having a width that is at most 250 micrometers.

21, The printhead of claim 1 wherein said printhead
substrate has a length LS and a width WS, and wherein LS/WS

is greater than 3.7.

22. The printhead of claim 21 wherein WS is about

2900 micrometers.



