WO 02/ 102597 PCT/ USO1/ 28151 COVPACT | NK JET PRI NTHEAD BACKGROUND OF THE

| NVENTI ON [ 0001] The subject invention generally relates to ink jet
printing,wend/1ommspe particularly to a thin filmink jet prcmuseaesiihavi ng a
hi gh nozzl e packing density. [0002] The art of ink jet printing is
relatively well devel oped. Commercial products such as conputer printers,
graphics plotters, and facsim | e machi nes have been inplenented with ink
j et technol ogy for producing printed fedi a. The contributions of

Hew ett - Packard Conpany to ink jet technology are described, for exanple,
in various articles in the Hew ett-Packard Journal, Vol. 36, No. 5 (Muy
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 ncorporated herein by reference. [0003] Generally, an ink jet image is
formed pursuant to precise placenent on a print mediumof ink drops
emtted by an ink drop generating device known as an ink jet printhead.
Typically, an ink jet printhead is supported on a novable print carriage
that traverses over the surface of the print nmediumand is controlled to
ej ect drops of ink at WO 02/102597 PCT/USO1/ 28151 2 appropriate tines
pursuant to comrand of a m croconputer or other controller, wherein the
timng of the application of the ink drops is intended to correspond to a
pattern of pixels of the imge being printed. [0004] A typical

Hew ett-Packard ink jet printhead includes an array of precisely forned
nozzles in an orifice plate that is attached to an ink barrier |ayer which

in turnis attached to a thin film substructure that
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BACKGROUND OF THE INVENTION

[0001] The subject invention generally relates to ink
jet printing, and more particularly to a thin film ink jet
printhead having a high nozzle packing density.

[0002] The art of ink Jjet 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 various
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 1992); 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 ink 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



i nplenents ink firing heater resistors and apparatus for enabling the
resistors. The ink barrier |ayer defines ink channels including ink
chanber s WpIpOEEsA7 over associated ink firing resistors, &od/ushe2816zzl es
inthe orifice plate are aligned with associated ink chanbers. Ink drop
generator regions are fornmed by the ink chanbers and portions of the thin
filmsubstructure and the orifice plate that are adjacent the ink
chanbers. [0005] The thin filmsubstruCture is typically conprised of a
substrate such_as si £ which are fornmed i.Qus th n. i yers
t hat forn1thlﬁpﬁopﬁﬁaﬁﬁ FWlﬁgp?Eng?grgo C%?%?r Cus & O EﬁaSPPnge? *
resistors, a@&h@kseommtenaem- naetiedns the hmmmnggoﬁaﬁsethpplacetmonvoﬂed
for external el ectri connections, to the printhead. The in barrle
layer is typico&l 1Yk ?@%E? mECETECY Het FRETRR A efCad B r ?l?%1to
the thin fl|@u&@h%tb&ctuée¢ma@d b@1@@5pgﬂ©¢edto be photodeflnable and both
UV and thernally curabl e. an Ink@h?@ prin ad of a slot feed design,
icr

ink is fed frl9%04ne of nﬁV@lFﬁ% r 88 r8afsetfe VAFi odSti nRELAENBEMS

through one qnJmiRs Bk feedysbotsrdofs@ry ifbdhte) sbstiat en 2h0096F 48
exanpl e of the physical arrangenent of the orifice plate, ink barrier

layer, and tBilate |thatsubst pliEeahedi £9 |asiPht Baratiepadevasd ofhide in

Hewl ett - Packanrd Jouw nalQfcHeebrualy d199%h il teth aboye,sEptthere exagpl es
of ink jet printheads are set forth in conmonly WO 02/102597 PCT/ USQ1/ 28151

3 assi gned Uisplpaweafps 47190 u7imgnieasr paedstoss3PRBARP2HRERS of O%hi ch

are i ncor por ahedherelRcbycsstereace. 1hA00FL pansider abiopsqurthcthifcfilm
ink jet print i ncl ude 1 ncreased substrate size and/or substrate

fragility ashamnelisnkirgrlopiigenetakocsaaharsr digloorssd &It saafeciahpfoyed.
There is accqp %!ngin% QQQQSEQESanah@kth%tnozzles in the orifice plate

are aligned with associated ink chambers. Ink drop
generator regions are formed by the ink chambers and
portions of the thin film substructure and the orifice
plate that are adjacent the ink chambers.

[0005] The thin film substructure is typically comprised
of a substrate such as silicon on which are formed various
thin film layers that form thin film ink firing resistors,
apparatﬁs for enabling the resistors, and also intercon-
nections to bonding pads that are provided for external
electrical connections to the printhead. The ink 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. 1In
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 i1llustrated at page 44 of the Hewlett-
Packard Journal of February 1994, cited above. Further

examples of ink jet printheads are set forth in commonly



printhead that is conpact and has a | arge nunber of ink drop generators.
BRI EF DESCRI PTI ON OF THE DRAW NGS The advantages and features of the

di scl osedwpreamsbon will readily be appreci ated by persomsTdisoi/t®di i n t he
art fromthe follow ng detailed description when read in conjunction with
t he draw ng wherein: [0008] The advantages and features of the disclosed
invention wll readily be appreciated gy persons skilled in the art from
the follow ng detail ed description wheil read in conjunction with the

drawi ng_wher el [Q009) Fl Goilris aydinseal ed gcheant pe Lop gl any vhew
illustration~-of tthe 1ayout of 1nk drop ‘generators and prinitive selett of
an ink jet pbothhedd witiath emel aysotriperaitedemteirenn pF0tefeEeGce2 is an

unscal ed sch i-G top plan view, illustration of.the |ayout of ink_drop
generators aﬁg%%gﬁoundC%ﬁ§§€§r8£lpﬁg Wﬁ%%ié lBr%ﬁ%WeéHLo¥e Iﬁflﬁﬁhfﬁgiﬂ
FIG 3 is a sekemrid éncpatkidl $ybbt okea swsy anppiapecbeteaveefrafilbeyi nk

jet printhead of FIG 1. 0012] FIG 4 is an_unscal ed schemat.i arti al
Lop blan i1 PaGPGTTori Tt $REDT HEASRE Tt A D T T4od] GREHT RREE 5 i s
a schematic depictieen of Tgener ald zadcokayeys yofa t heetihisvA i bm suhst jueture
of the printhead of Fl 1. WO 02/102597 PCT/US01/28151 4.[0014] FIG 6
is a partial PEépEERd & gehefFalPgcti Angsthag | aglerndel ApFieroroh ink
represent at ve ol o@iew& togig.cuit array and a ground bus of the printhead of
FIG 1. [0015] FIG 7 is an electrical circuit schematic depicting the

el ectrical connections of a heater resistor and an FET drive circuit of

the printhead of FIG 1. BrRIEF DESCRIPTION OF THE DRAWINGS

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:

[0008] 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:

[0009] FIG. 1 is 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. |

[0010] FIG. 2 1s an unscaled schematic top plan view
illustration of the layout of ink drop generators and
ground busses of the ink jet printhead of FIG. 1.

[0011] FIG. 3 is a schematic, partially broken away
perspective view of the ink jet printhead of FIG. 1.
[0012] FIG. 4 is an unscaled schematic partial top plan
illustration of the ink jet printhead of FIG. 1.

[0013] FIG. 5 is a schematic depiction of generalized
layers of the thin film substructure of the printhead of
FIG. 1.



[0016] FIG 8 is a schematic plan view of representative primtive select
traces of the printhead of FIG 1. [0017] FIG 9 is a schematic plan view
of an ilwosenexspve i nplenentati on of an FET drive circui PCans$oa281§t ound
bus of the printhead of FIG 1. [0018] FIG 10 is a schematic el evati onal
cross sectional view of the FET drive circuit of FIG 9. [0019] FIG 11 is
an unscal ed schematic perspective view of a printer in which the printhead
of the invention can be enployed. DETAI LED DESCRI PTI ON OF THE DI SCLOSURE
In the foll ow nq detail ed description and in the several, figures of_the
I

drawi ng, |ikd0édentsFde Pdehtifi RPMGYH | FRB rRiRP eVdE " nunerarally0020]

In the foll owijng detalied descrhpibee and i thersevstald i garesgpivihe
drawi ng, like elenents are identified with |ike reference nunerals. [0021]
Ref erri ng nowitteufitGarray #ndsehewatindabry off| Fhst pategherdr efnfaFe 1-

unscal ed schemgyicG pl agpH ews; a specd Lvie; Vi ews. pf @ i Nk &hat
print head 103@%5\%i ch@jtl\l?é W;S7nv<r}gsti gﬁ{can ELb(%aﬁlerrp oye%l a%‘g whi c% ge?]e%gl |y
i ncl udes (a) depitchiimof ithm seibstiruictalr ecameali®ldrls cofip i kéagen sabsstate

such as silicgn and _ havi varj. .t hi Blm | s, .for t hereon, (b) an
ink barrier |aél>g‘era i s(,%%svgd c&%%sjﬁét o fﬁh\ﬁgpﬁ){‘%&%@@g ogec#ﬁso /28151 5
filmsubstrudqoole]ll, aild.(6) ianaoscHaénceior piezrzive epl afferéBresantabity
attached to the top of the ink barrier . Q0 The .n film

subst ruct ur epffm&grjrﬁ(ﬁ s';@g‘ea?rjf KCirr‘?tcéa&r z?tfe%%@i lpv[:[&int%%]&iaé1 toﬁlaﬁu ]%%s orned for
exanpl e pursyaotL7]t o cem@&nt i @nak si nteegradgreshLi ¥€ui plarchRiigwes,omndaas

schematically depicted in FIG 5 generally includes a siljcon substrate
llla, an FET%%%H?@%@T%ﬂ%ﬂ%%ﬁ%ﬁm?q n of an FET drive circuit and a

ground bus of the printhead of FIG. 1. |
[0018] FIG. 10 1s a schematic elevational <cross
sectional view of the FET drive circuit of FIG. 9.

[0019] 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

In the following detailed description and in the
several figures of the drawing, like elements are
identified with like reference numerals.

[0020] In the following detailed description and in the
several figures of the drawing, like elements are
identified with like reference numerals.

[0021] Referring now to FIG. 1 - 4, schematically
illustrated therein are unscaled schematic plan views and
perspective views of an ink jet printhead 100 in which the
invention can be employed and which generally includes (a)
a thin film substructure or die 11 comprising a substrate
such as silicon and having various thin film layers formed

thereon, (b) an ink barrier layer 12 disposed on the thin



I11b, a resistor layer Illc, and a first netallization |layer Illd. Active
devi ces such as drive FET circuits described nore particularly herein are
formed i rwOhe/1023p7 portion of the silicon substrate ||| a &ed/ushe2d#ET gat e

and dielectric layer IlIlb, which includes a gate oxide |layer, polysilicon
gates, and a dielectric |layer adjacent the resistor layer Illc. Thin film
heater resistors 56 are fornmed by the respective patterning of the

resistor layer |llc and the first met al |i zati on | ayer I11d. The thin film

substructure further includes co site passivation layer _ Il 1le

conpri si ng fSFJ€k§HBF§r&C§PFPCgH'n? aiéﬁ)l et & OLs e BiFE?dé3
llayer, and aitantal:um Reehamcrlto passite iogn thayenhklbifrAikat 1overlies at
| east the heater resistors 56. A gold conductive layer |I1lg overlies the

tantal um | ayd0923% . [ G&e3] BPHE i AR 1Bar sudstragepre2 1S 1 6PREIEFSa @Ry
film that 'ang%ag{ra%@i Qri%liﬁ:?di%ml’gﬂ%itﬁgst %Hﬂ@gt Rbp ékggbléu{aakguswe 11

and phot odefin o formtherein in mbers 19 di sposed over heater
resi stors 56 tandcinikenchanaeél sirbegtatadbonii ditl thads crpichiyabBadf ops

external e Qeifd:eAl; £AINECHLAASLEKE 107 M8E | N5l Nevdoldh | ayahAldes a
| ongi tudi nal I'y spaced apart, opposite ends of the thin film substructure
11 and are netildower edsuistttate nkl bar raerFET agadre 12nd Byiedgchric] Lagerati ve

hot opol ymer i 111 eonetole TSk patad B ahd pharaiol Srerrars FiPh
obt ai nabl e f demeE | 11ddPontAdiel Wendarscand sCopany oFive OHTN02bgZuits

gglégfoéﬁggagéfé%ﬁggégﬁQ%%npﬁgg%gﬁféﬁ%%ﬁﬁg%%éﬁf?F%]EEJ f%nﬁirﬁﬁ%oﬁggé by

ot her chem c@oyirion deér $heTlsd 1dddn cebpltavée 131lsoapdi Ske, FEGr gakanphd, a

pl anar SUbStB%éﬁé%%y%H:%gyég 111b, which includes a gate oxide layer,
polysilicon gates, and a dielectric layer adjacent the
resistor layer 1llc. Thin film heater resistors 56 are
formed by the respective patterning of the resistor layer
11lc and the first metallization layer 111d. The thin film
substructure further includes a composite passivation layer
llle comprising for example a silicon nitride layer and a
silicon carbide layer, and a tantalum mechanical
passivation layer 111f that overlies at least the heater
resistors 56. A gold conductive layer 1lllg overlies the
tantalum layer 111f.
[0023] The ink barrier layer 12 is formed of a dry f£ilm
that is heat and pressure laminated to the thin film
substructure 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
substructure 11 and are not covered by the ink barrier
layer 12. By way of illustrative example, the barrier
layer material comprises an acrylate based photopolymer dry
film such as the "Parad" brand photopolymer dry £film

obtainable from E.I. duPont de Nemours and Company of



a polymer material and in which the orifices are forned by |[|aser ablation,
for exanple as disclosed in commobnly assigned U S. Patent 5,469, 199,

i ncor por awved2hexsein by reference. The orifice plate can CIaSovqIFi se a
plated netal such as nickel. [0024] As depicted in FIG 3, the ink
chanbers 19 in the ink barrier layer 12 are nore particularly disposed
over respective ink firing heater resistors 56, and each ink chanber 19

i s defined by i nt erconnect ed edges or ®alls of a chanber opening formed in

the barrier 1 The_i channel|,s 29 are, def| by, f enrngs
formed in thgy%ﬂ5f¥iérlIaQ%faﬁ%reand r%lfﬁfeﬁFXil %?néﬂ“#h?#é ?Fve
ink firing chameensplf9duthe sakhchantied s"RiGsapen dreval dsy &lflﬁledndd@EyOf an

adj acent ink feed slot 71 and receive ink fro such k feed,sl ot 0025
The orifice 131“@ T'gden Z’Vu&ég‘e&f: ?Elé§a r Ph7zPes®- 21 ?st’%gaCSvEraL ]

respective lr1ls @wﬁzerseswfos:ue&ambete eacplahnk Eibkbgabeatempresedt 8F 56,
an associ ated i nk chanber an assocrated orifice 21 are alrgned and

and
form an |nkadP@B¥@§ﬁeP§F8Fl§é 2pdcANofPERE hBSt @F1FLSPSt BFE HAE™EY R¥mi na

resistance ofaafed east a£968nohmeorf 0&x&x %I@' e fbaulsc1b2@ or 1430cehBn1gnd
can conprise a segnented resrstor as own in FIG 9, wherein a heater

resi stor 56 P$SEGRSS sBdS - ofFAVR T esi4far 1PEgi OCTROTEEY ¢ Sisrédted? By a

netal | i zati onJRHMR9. THhd SoFesi 8L0p1stEUCLHr @ 1RO HGS 1 dOra apl @skat ance
that is greater than a single resistor region of the sane area. [0026]

Wil e the di §8tededysti Rchédd¥dre described as having a barrier |ayer and

a separate or ofdzqup apg, dbgflc%eeullﬁ becappy aglatief hapehe Rol Ahheads can
be WO 02/ 102597 /US01/ 28151 7 inplemented with an integra

barrier/orifilicek dauiiei elayer 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.

[0025] 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 cen comprise a segmented resistor as
shown in FIG. 9, wherein a heater resistor 56 ie comprised
of +two resistor regions 56a, 56b connected by a
metallization region 59. This resistor structure provides
for a resistance that 1s greater than a single resistor
region of the same area.

[0026] While the disclosed printheads are described as
having a barrier layer and a separate orifice plate, it

should be appreciated that the printheads can be



can be made, for exanple, using a single photopolyner |ayer that is
exposed with a nultiple exposure process and then devel oped. [0027] The

i nk drop wenenexsers 40 are arranged in columar arrays oPCFusapss18L t hat
extend along a reference axis L and are spaced apart from each ot her

| aterally or transversely relative to the reference axis L. The heater
resistors 56 of each ink drop generat 02 group are generally aligned with
the reference axis L and have a predeterm ned center to center spacing or

nozzle pitch,P along.the .reference axis.L. The nozzl.e pitch P can, be 1/600
Teh or " or earEl SREm sy B T R o b T CE oGP Pk op
generators i nehudesmbde, efanpeeardfil= oruginre d B ndrlepphgepppataes (ayer, at

| east 100 ink_drop generators). .[0028]. By way of illustrative ex e, the
Lhim £i1m ooty et St ah b & SE AR Sy e SHRRPES P Bapoes 1 8 0ag8Eh 51
52 thereof arevikeargddaidi nal edges of a |length dinmension LS while

| ongi tudinally spaced ﬁ[part,, opposite edges 53, 54 are of a width or

lateral di medd06dIvs t Hate | PFesSrPRarde i e tehjyt A s3ge t RETERPROF i Fhh
substruct ure bl ymihe alxqggist WA Babuext ent tahitt BerbRbunalbhg gubskevethuee 11

is along the edges 51, whi ch can be parallel to the reference axis L.
In use, the P&iSrdncAxPECLSEARCHePArtgde®™iRITIMRENSS srbeFalty or

referred to asahRedrmdilg Rdwanee 2% sheFekreorwea anes, 1.t herhengkhudi-nal |y
separated ends of the thin filmsubstructure will also be referred_to by

the referenc&eSdfer 530 51 f3el 10k (¥R GV eRACedFoPaPTSUBHNBRASLY
[0029] Wi | e Jhhg ek (RO 1§aNeeakbees 402k se8CANa0hEYBAL pRAEAAYeBhiAkal NK

drop generators are illustrated as being substantially collinear, it
shoul d be apprEddieat efot HERN Ve SPEFEiPAe PRk IMZF3 geReE&hord 20080 afih&rray

of ink drop Q2 1L025%% RCY USRLE281511¢ pitch P can be 1/600 inch or

greater, such as 1/300 inch. Each columnar array 61 of ink
drop generators includes for example 100 or more ink drop
generators (i.e., at least 100 ink drop generators).
[0028] By way of illustrative example, the thin f£ilm
substructure 11 can be rectangular, wherein opposite edges
51, 52 thereof are longitudinal edges of a length dimension
LS while longitudinally spaced apart, opposite edges 53, 54
are of a width or lateral dimension WS that is less than
the length LS of the thin film substructure 11. The
longitudinal extent of the thin film substructure 11 is
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.

[0029] While the ink drop generators 40 of each columnar
array 61 of ink drop generators are illustrated as being
substantially collinear, it should be appreciated that some

of the ink drop generators 40 of an array of ink drop



8 generators can be slightly off the center line of the colum, for
exanpl e to conpensate for firing delays. [0030] Insofar as each of the ink
drop genewatoons2sdD i ncludes a heater resistor 56, the he&CerusogsdiStors are
accordingly arranged in columar groups or arrays that correspond to the
columar arrays of ink drop generators. For conveni ence, the heater
resistor arrays or groups wll be referred to by the sane reference nunber
61. [0031] The thin filn1substructure 1 of the printhead 100 of FIG 1 -
4 nmore particularly includes

the refer encdSREEEHOLS nﬂanaﬁeasﬁ BLi fﬁﬁioéﬁ?gée%l ]%2 englgg gg@ly

relative to doemhgf eenesaamgls lto B&ﬁl};ﬂe@ﬂﬁsaﬁ:@e(fo&{ i1y rdes_@eet_l vely feed
four colums 61 of i nk _drop_ generators respective | ocat ed on oglte
t

y
si des of the [OR30Ink fd&Fdiadt s2F1aChn&Fei ¢ hal n@?ﬂﬁﬂﬁﬁﬂ%F% Har ds

an edge fornmed vl Asgestatedddilstdped sl othbnHha dhifedidiBrs are
substructure. In this manner, opposite edges of each ink feed slot fornms a

feed edge an@ceaciiciiliheafRBNPAR fidedCel BRBAEOMIITNRSs &Y RU2YsdgehRRk

feeding slot . By May@f SPagid i Colidmdenentald ofy {hR arbpt Read-108ref
FIGS. 1 - 4 is a nonochrone printhead wherein both ink feed slots 71

provi des i nk Fofr CRaVeahencsl ot isudieade rbEgsk StOGcRIERYE 81 ITPBAF ¥bldms

61 of ink drep q%rf%rﬁieerscoor&ﬁ% 's%lﬁledrr%%x%fncet hengaire ggol or. [0032] The
columm pitch or spacing CP between colums on either side of an ink feed

slot is |ess [0933 lor eq?@@l tloin 63®llm epbabrecsugpml Y icfe. that pABBENE8d pm),
and the col Uiy RIL GO! SPAC oLP Q?H“@?I‘?M‘g gﬁ&y{@ st gt ahg kobgard

of the ink fee ot's |s ess equa e., at nobst 800
pm . [0033] Eﬂ@tmoﬂﬂeimntchrethélgnagg@atbrUﬁﬁsﬁﬁf&ﬁendﬁeax1s L, and

are spaced apart from each other transversely relative to
the reference axis L. The ink feed slots 71 respectively
feed four columns 61 of ink drop generators respectively
located on opposite sides of the two ink feed slots 71,
wherein the ink channels open towards an edge formed by an
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 Dboth 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.

[0032] 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
of the ink feed slots is less than or equal to 800 um
(i.e., at most 800 um).

[0033] The nozzle pitch, the stagger or offset of the
nozzles from one column to an adjacent column, along the

reference axis L, and the ink drop volume are more



nozzles fromone colum to an adjacent colum, along the reference axis L,
and the ink drop volune are nore WO 02/ 102597 PCT/ US01/28151 9

parti cul awby2am$7 gured to enable a single pass, nonochromeT/u$ot/28pRBCI Ng
along the reference axis L that is 1/4th of the nozzle pitch P which is in
the range of 1/300 inch to 1/600 inch. The drop volunme can be in the range
of 3to 7 picoliters for dye based in@s (as a specific exanple about 5
picoliters), and in the range of 12 to~”19 picoliters of pignent based i nks
(as a speC|f|c xaml e .about 16 picoliters For, a nozzle pitch 1/ 300
heh the. st adger SR Gr A 8PP st B SEheor e e bt Shad s PaecveBh aa Geth
colums of newA epaicing glveH thansyeesenderaets q;ntqmt he 1V4tR06Gfi BRB. In

ot her words, the second, colu romthe left is t by 1/1200
al ong a sel edRFF I PadchoR WEHG% LB e r e reies /gopeP§FPvgot6/Eﬁ5

| ef t most col umsh. Th@htehld@bygolvumumter atar heel afit fuseofrt—m@te bys 1812090 i7nch
al ong the selected direction along the reference axis _,relative to the

second col unPHGIMEEERE T8t AYPhEESGr Rk ScdRSnR FPERLERE PERRPLE 8PPYEL by

1/1200 inch a gnadihecrssl,ectred i recd i e ocng 121etdse19rpm@@1@xé§sLof
relative to the third colunn fron1the | eft. 034] Thus, _a nozzle pitch P

of 1/300 i ncRMWBRARF Sﬁﬁﬁpdelp5ﬁ a (§ingPe 6§§§136F s fEERRG Sof 2BPE5001Pnch

whi ch Corre%qmsltt&sq .Si nere apass kel @tltb@sekuul/goooinéaoehdpstag@e@ozzI e
pitch P of 1/600 inch would provide for a single pass dot spacing

012400 whi ch Oor PESEBRAS YRR SPfigl B5L HEREDr AFit-Sr os o ARTIFTDf 4] ?E@thpl .

[0035] More payitintidl &8 YadZAH1 N 4414 At fih Hpv g af peEt coh uaaﬁrb@rrays
61 each having at |east 100 (e.g 104) ink _drop generators having a

nozzl e pitch 1P 1001/ 300 - | nER, ObReRayOstisi | [Hhst rSaGAne sk, T¥PR FBAgt h
LS of the left is offset by 1/1200 inch along a selected direction

along the reference axis L relative to the leftmost column.
The third column from the left is offset by 1/1200 inch
along the selected direction along the reference axis
relative to the second column from the left. The fourth
column from the left is offset by 1/1200 inch along the
selected direction along the reference axis L relative to
the third column from the left.

[0034] Thus, a nozzle pitch P of 1/300 inch would
provide for a single pass dot spacing of 1/1200 inch which
corresponds to a single pass print resolution of 1200 dpi.
A nozzle pitch P of 1/600 inch would provide for a single
pass dot spacing of 1/2400 which corresponds to a single
pass print resolution of 1/2400 dpi.

[0035] More particularly for an implementation having
four columnar arrays 61 each having at least 100 (e.g.,
104) ink drop generators having a nozzle pitch P of 1/300
inch, by way of illustrative example, the length LS of the
thin film substructure 11 can be about 11.65 millimeters,
and the width WS of the thin film substructure can be about
3.29 millimeters or less, such as in the range of about

2.95 millimeters to about 3.29 millimeters. Generally, the



thin filmsubstructure 11 can be about 11.65 mllineters, and the width W5
of the thin filmsubstructure can be about 3.29 mllineters or |ess, such
as in thewpangesef about 2.95 millineters to about 3.29 mCrlusnE2sass.
General ly, the WD 02/102597 PCT/USO01/ 28151 10 length/w dth aspect ratio
(i.e., LSYW5) of the thin film substructure can be greater than 3.5.

[0036] In specific inplenentations having 100 to 104 ink drop generators
per columm, the printhead has a nozzlél)packing density in the range of

10. 43 nozzl es/ to.12.10 nozzles/mP. K Mre 1y, .the printhead has
2 horzl e palRTRE dSHSEy AL |10 1hiaS: nodSl B8 mib, Pe0FH Thes Pk
drop gener at gi$sti-@ceachk capabkegebabeirnghadr sgven at a nmaxi mum frequency in
t he range of _about 15 kHz to,about 18 kHz by, drive (:,irciitr%.g g§£ exanpl e,

respectivel y [8P%&dent dRdSBRESHEL Gt HEP WPtk F difTaMY dlla of ¥ nk

drop gﬁnerata&%g“ﬁéﬁé&é%%ﬁ@“ﬁérFﬁ%Eﬁﬂﬁﬁ tﬁérgﬁﬁhﬁﬁéﬁwsh§é fzorpeezia the
thin filmsubstructure 11 of the printhead 100, as schematically depicted
in FIG 6 fBRCKIngpPedsitat ilvetbsl GARGE Qir Y -83 BPZEARSAFBD t@ehérafors.

Each FET dri g :Gi1lGYirdm?ar r ay, &1 ddied desy a th@éUFéthMeQB REE dfiNszgi&cuits
85 having drain el ectrodes respectively connected to respective heater

resi stors 56PBykiRcacensiéyi efoptl dadsts18 .- 4As86EFALEI™RH t h each FET drive

circuit arra nd t a Ci i I t QES
col umar gro¥g§§ggs 18?%Fo§a§i%ﬁé§%¥%§¥ﬁ%igsé#%%%?ggegg%?ggglngb%%%aFET

drive circui tsi8&noftt Remaadmoni dreduFETydinvehei renge af ralyody Hp ekiHz

the assocl a 58 gPoua bid 181%exPindoFbagt ¢ At RAFIS  al ong f he Satbb ated.
col umar arr agpspectfivieil dadpaceeneratdor sssandabed atiileashel ongltwménal |y
CO_eXtenSivearrays 61 of ink drop generators 40 are columnar FET drive
circuit arrays 81 formed in the thin film substructure 11
of the printhead 100, as schematically depicted in FIG. 6
for a representative columnar array 61 of 1ink drop
generators. Each FET drive circuit array 81 includes a
plurality of FET drive circuits 85 having drain electrodes
respectively connected to respective heater resistors 56 by
heater resistor leads 57a. Associated with each FET drive
circuit array 81 and the associated array of ink drop
generators 1s 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



with the associated columar array 61. Each ground bus 181 is electrically
connected to at | east one bond pad 74 at one end of the printhead
struct ur ewand/10259at | east one bond pad 74 at the ot her emdTafSot/psast
printhead structure as schematically depicted in FIGS. 1 and 2. [0038] The
ground busses 181 and heater resistor leads 57a are forned in the
nmetallization layer 111c (FIG 5) of WD 02/102597 PCT/US01l/ 28151 11 the
thin filmsubstructure 11, as are the Heater resistor |eads 57b, and the

drain and source el ectrodes of the FET rive circuits 85 described further
herein. [003§PeThEIEET idm v'?éﬁ%ﬁtrrdiﬁttu§9851quf T ¢ ot MR B T a S BT L RET

drive circuitsaage 5ot 1:01d ethd)i 1 rasSRTiRfi8the GOl diiadded &y Se OFET
decoder logic circuits 35 that decode address information on an adjacent

address bus 93¥RafireuitsniecCedcréPapptypriateP66Rdpads 74 (FIG 6). The

address i nfofggaiiogn i deifd frimes dt-heei Bk rdh9PsgeRehat 8h8ht Bt umALE 48rh¢
energized with ink firing energy, as discussed further herein, and is

utilized by phie BeBodkiivogrérceiteuiane 350n6rPdiRdorPY henFETS dp¢tedr cuit
of an addreéaéqmggé%'&%tye%_ﬂ Bl Ei%]@Bdg‘E”%QEQrci[:QQfQL 25 sehematisally

depicted in FI , one term nal each heater resistor 56 is connected
via a printpderessl éafanmadd ano ca Benddiaderd tandresrdives3anthak £8ring
primtive sebgahoshgral +BS. V4 iS BNRehg ShAEe the (prher derm naj o of
each heater resitﬂset or 56 |gs acﬁqﬂr}:n g:tle to thes%lr.ai n terr(ri nal of) an ©
associ at ed FERddeivelsifpeupties, ideémkifles ighensrig@rre psnpravpdedtihatt he

heater resi stor 56, id Lhe-gssoq ied TFE duiuecelialdy | OsocopLsol | ed

by the associ at ecoder iIc circuit Asgt schemati ca

depi cted i n EhGLh8xrf oheaelnepraséntiat i velsbkandry arthey 6¢ceflernkldgbe
generators, .jrcuits 35 to turn on the FET drive circuit of an
addressed or selected ink drop generator.

[0040] As schematically depicted in FIG. 7, one terminal
of each heater resistor 56 is connected via a primitive
select trace to a bond pad 74 that receives an ink firing
primitive select signal PS. In this manner, since the
other terminal of each heater resistor 56 is connected to
the drain terminal of an associated FET drive circuit 85,
ink firing energy PS is provided to the heater resistor 56
if the associated FET drive circuit is ON as controlled by
the associated decoder logic circuit 35.

[0041] As schematically depicted in FIG. 8 for a
representative columnar array 61 of ink drop generators,
the ink drop generators of a columnar array 61 of ink drop
generators can be organized into four primitive groups 6la,
61lb, 61lc, 61d of contiguously adjacent ink drop generators,
and the heater resistors 56 of a particular primitive group
are electrically connected to the same one of four
primitive select traces 86a, 86b, 86c, 86d, such that the
ink drop generators of a particular primitive group are
switchably coupled in parallel to the same ink firing
primitive select signal PS. For the specific example

wherein the number N of ink drop generators in a columnar



the ink drop generators of a columar array 61 of ink drop generators can
be organized into four primtive groups 6la, 61b, 61c, 61d of contiguously
adj acent wol2dexsp? generators, and the heater resistors 5@&cofusal/pasti cul ar
primtive group are electrically connected to the sanme one of four
primtive select traces 86a, 86b, 86c, 86d, such that the ink drop
generators of a particular primtive group are switchably coupled in
parallel to the sane ink firing prim 3 ve sel ect signal PS. For the
specific exanple wherein,the nupber N,of ink drop generators,in a colummar
WO 02/ 102597 PBERYUSEPL/ 28159952 r’r“‘&}%?ﬂﬁn"?nt‘%gr ChuP¥1PLet Bt 47CBRch
primtive grawpRludee udes Nk i akogr ofergeneicdtors. For nefrnence, thae
primtive groups 6la, 61b, 61lc, gld are arrgnged in. sequence fromthe

| ateral pdgePS3T™HoMdSd CREUPSt ePals edyE®s 5421F0044d FRES gaggpaged in

parti cul arly seefusic@r thrdhn SGhenBltidral Qigd B Vievasd oré M btyeasekbagt
traces 86a, 86b, 86c, 86d for an associated columar array 61 of drop
generators and - an associ ated col ummar array 81 of FET drive circuits 85

(FIG 6)as Em@gent el £XHI LD ANACES |} sd e Ho-€h Febahbhaalbon
layer Il11g (FIG 5) that is above and dielectrically separated fromthe
associ at ed aite®yprdanoVieFEPLdpr il yeialestd Grasnam dhas BSD, Fhe,pPPHi tive

| ' a ci u . . o d
select tracgs,863, ,86Rc:86cq 864 g@%}»r g;gggﬁé %%Eyeksﬁt 5@5@&%% gogggcte

B
to the four primtive groups 61a, resiStor [eads
(FIG 8) formeddssatietrd atdivmrannarrayepfll bifc FNd dmites cohpeeitagdhi as

"C 1S DLl Sge, Aivm e R U de sl petpitare il U

| ongi t udi nal mptallddgathier | detyegri Ailove(giGup Bla Hwtr is above and
dielectrically separated from the associated array 81 of
FET drive circuit and ground bus 181. The primitive select
traces 86a, 86b, 86c, 86d are respectively electrically
connected to the four primitive groups 6la, 61b, 6lc, 61d
by resistor leads 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 86a 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 wvias 58 to such heater
resistor 1leads 57b. The second trace 86b includes a
further 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



overlies a portion of heater resistor leads 57b (FIG 9) that are
respectively connected to heater resistors 56 of the first primtive group
6la, and we oeamserted by vias 58 (FIG 9) to such heat er pcedisst/zf1si eads
57b. The second primtive select trace 86b includes a section that extends
al ong the second primtive group 61b and overlies a portion of heater
resistor |leads 57b (FIG 9) that are respectively connected to heater
resistors 56 of the second primtive Jgﬁ'oup 61b, and is connected by vias
58 to such heater resistor |eads 57h. The second trace 86b | ncl udes

further sectiigFsthRTEtehd’ SFOHE t9& fir SPepSiShtivePT ¥R etTe t PG 8Cg6a on

the side of thedd B¥b Al Belhare 1961 8clshabeacan8baihhahel sceppasktetliba
heater resistors 56 of the WD 02/102597 PCT/US01/28151 13 first primtive

group 6la. THE SERGMIPFi hPEPve &l ELFstt F8EEL8BD 9% §Endal PYPASSHEREd

wherein the s86ondpsealitoRe k18RI OWBECt BIGH ditecH S ha58WhicaN t$@Anashko
bypass the first primtive select trace 86a which is narrower than the
wi der secti oislen Fe Lo ®HrihR 15k PEIM it lyCe SSOIFCT [f0044] SPe fir st

and second prigddive sehRetritis2C883868condEh A& BrNeyalddt atralkeastea,
coextensive longitudinally with the first ‘and second primtive groups 6la,
61b, and are 8Gkespeet goreyahpprapricas roswhsectiad tlongéspednpye yboadh pads

74 di sposed at. .t he e j i.S. C t ir a
second prim taclh\/eeh@e]%%%t 5?§a%%g%§%;,a\%%rﬁﬁifeooégfﬁ%e%?&ﬁr Pflk{o’r.i %n&?i ége
sel ect trace B6pesttiondy bppgppudiphallvy caroragtase Fourtdsnrdtiive veogdoup

61d and overl] I of.. h e i st 7h, GE that are
connect ed topl?ec%tsg% gg%%?tg%gsgggg %?l]‘ge&fs%%rét)%gé Sﬁjﬁnﬂﬁc&e lgsr g&ﬁ%iﬁ tE!gnd is
connect ed by bhieag 158t ensuclecdrshterinidsivst ore lesdds 5ites Bie t Fiokd

primtive selgelygqtrace, 86c| NGl HAeS;3:39¢L ofeilal exlendsg@l opg  Lhgsthird

longitudinally along the fourth primitive group 61d and
overlies a portion of heater resistor leads 57b (FIG. 9)
that are connected to heater resistors 56 of the fourth
primitive group 61d, and is connected by vias 58 to such
heater resistor leads 57b. The third primitive select
trace 86c¢c includes a section that extends along the third
primitive group 6lc and overlies a portion of heater
resistor leads 57b (FIG. 9) that are connected to heater
resistors 56 of the third primitive group 61lc, and 1is
connected by vias 58 to such heater resistor leads 57b.
The third primitive select trace 86c¢c includes a further
section that extends along the fourth primitive select
trace 86d. The third primitive select trace 86c 1s
generally L-shaped wherein the second section is 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 86¢c,
86d are generally at least coextensive longitudinally with
the third and fourth primitive groups 6lc, 61d, and are

respectively appropriately connected to respective bond



primtive group 61c and overlies a portion of heater resistor |eads 57b
(FIG 9) that are connected to heater resistors 56 of the third primtive
group 6lcwoOandoisg7 connected by vias 58 to such heater re®CItusor/bsaads 57b.
The third primtive select trace 86¢ includes a further section that
extends along the fourth primtive select trace 86d. The third primtive
select trace 86¢c is generally L-shapef,wherein the second section is
narrower than the first section so as to bypass the fourth primtive

sel ect trace i i rr t kder cgection: .0 higd
primtive selpgc(;até \tpﬁrla?gsg%g. %[Sgﬁg?eTﬁggfkiggdwg% ?%u‘r&%heprllsm' %%\%gsgeréct
traces 86¢c, t88d tdrdedgener flouwtat Husastt iveesedrsity & regrgi Bledin&lO%: wi t h

the third an th primitiv r C 7.an re. . ti

appropri at el 302031t?ﬁect egﬁgyegég%%\%gfg%ngx\%%%ﬁl 1g§§9§rﬁ‘}é§?%§gﬁ§%éi 14
pads 74 di spasectcat ddwe |Hler abcedge o84 fohat ic®lohosestartay téie ¢Hi idkand
fourth primtjve select traces 86¢, 86d. 47]. By way_ of .specific

exanpl e, the dﬁrolpm' PEVRr 3Rt OVF ;Lc}e% %6%, %g‘gb,J@Gcé §éac%%?’ga W uREr
array 61 of igdourdr amsgerseratictedwerih ecidecdBnthd veercay coft snAndrbhe

db iated wth t I ) f ink d . d
2 e contai ned S E TG on it ¢ I ORU I haltY Cooxi SRS e GRER tRE

associ at ed cqlangiafudiamldy 6doekbehbise maningdr , theuragwdatidtiase sellemhatraces
for the four rim'ﬁi vef of, a_col umar ﬁrr
ay t9 it

ay @61 (%f ink dro enerators
extend al ong AHéYaP war S (s B B T thEesd S ?Ib#?ﬁ?& Nbr e
particularlythe fisst paimiefivepriod thveoseheet taraces 60r of finlst dpapr of
primiive Siows gl Gih g pporedi none hall ol the denalt of Lhe,
first pair ofprtRdadve Was;e Whi Méra peeefdularly, a first pair of
primitive select traces for a first pair of primitive
groups 6la, 6lb disposed in one-half of the length of the
printhead substrate are contained in a region that extends
along such first pair of primitive groups, while a second
pair of primitive select traces for a second pair of
primitive groups 6lc, 61d disposed in the other half of the
length of the printhead substrate are contained in a region
that extends along such second pair of primitive groups.
[0048] For ease of reference, the primiti&e select
traces 86 and the associated ground bus that electrically
connect the heater resistors 56 and associated 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 circuits 85 1is
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



pair of primtive select traces for a second pair of primtive groups 61c,
61d di sposed in the other half of the Ilength of the printhead substrate
are cont awped/10259m regi on that extends al ong such secondPpaiusoufsipri mtive
groups. [0048] For ease of reference, the primtive select traces 86 and
t he associated ground bus that electrically connect the heater resistors
56 and associated FET drive circuits 85 to bond pads 74 are collectively
referred to as power traces. Also forl%ase of reference, the primtive

select traces 86 can be referred to as,to the high,side por, non-grounded
power tracesPaF664§PCG?ﬁ§ﬁa%&9F ?H%SﬁﬁFﬁs?t?ﬁr?ﬁgpﬁ?aﬁ%%ﬂ?Fﬁnfﬁré% thS

resi stance) efkreachcoftkhenhkEvalFiye witlcUidss82rd on €nsf pguhedahd the
conpensate for the variatioon in the par?gkﬁggﬂlresist t he

. (ﬁpce pr esent ed é
di fferent FEPRIPSHELS rERSSBSe By RE § FatH G et By the %ower
traces, so agstOselgdueg the vanicat tBe |dohben 0859y ot ovhdedhd 0a 4 hei beat er
resistors. In particular, the power traces forma WO 02/102597

PCT/ US01/ 2815 €S 1% 258 &1t is@ Path Tt Kt V5 &seritel ta Soardld hlee rRRTRFERES to

the FET cirediktisthhal V& i e5eWddudrocats@8s 0ast ie-draidtedntdot hde parasi tic
resi stance of each of the FET drive circuits 85 1is_selected so that the
conbi nati on BFiRe Baraditi asiexi stadde 8f1ERERAYFERIR i W& +REI t9B8P and

the parasiti genk@skstranee Lfothle .pPovelsdiaces asmdrasaned-d o dher&§Ee
drive circuit varies only slightly fromone ink drop generator to, another.

| nsof ar as t R&chaadteplr 8dhpztslably fhe SemeotresiBsenntr aFPy Rier ShhkC

resi stance, theiRRLasit ¢ chesi shangei ot sachuFETsdriyecghs cabd s Butsat hus
configured to conpensate for the variation of the parasitic resistance of

the associ at 8@ FEWEFNER&EeSORS R Setitadd- AT AfhEhedppFesehi cPEs b FaRCe
circuits 85. Jln this OBAREKatEQ PBwer traces as presented to the

different FET drive circuits 85. In this manner, to the
extent that substantially equal energies are provided to
the bond pads connected to the power traces, substantially
equal energies can be provided to the different heater
resistors 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 1lla (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 1llla. Polysilicon gate fingers 91 that are
interconnected at respective ends are disposed on a thin
gate oxide layer 93 formed on the silicon substrate 1lla.
A phosphosilicate glass layer 95 separates the drain
electrodes 87 and the source electrodes 97 from the silicon
substrate 11la. A plurality of conductive drain contacts
88 electrically connect the drain electrodes 87 to the

drain regions 89, while a plurality of conductive source



extent that substantially equal energies are provided to the bond pads
connected to the power traces, substantially equal energies can be

provi ded wo oehe2sdi f f erent heater resistors 56. [0050] RefPemrisSnyg281er e
particularly to FIGS. 9 and 10, each of the FET drive circuits 85
conprises a plurality of electrically interconnected drain el ectrode
fingers 87 disposed over drain region fingers 89 forned in the silicon
substrate Illa (FIG 5), and a pIuraIﬂﬁi of electrically interconnected
source el ectrode fingers 97 interdigitated .or_.interleaved with the ain
el ectrodes 8?08%&‘3&55;? sée%’c r OV oS n%%?’écﬁge*%?%%é‘?% ie
silicon subsbrahe lslduadcePaleysioniscog.gate fingers 91 that are

i nt erconnected at respective ends are%%is osed on _a t gate oxj de, | ayer

H
93 formed onlPReLdi|i cdRSs BT REYRY A BRGEPARGST] Iclrénéfee GHeEE§ aydr 95

separates thg diraidp18l estdiodes By @rd dihe SO @l est rogdes S fapivthe
silicon subsStrate 11Ia. A Iuralltﬁ of conductive drain contacts 88
P

el ectrical | ycésaridét ich@rerarmablact PEdesO87ok8TPhE 18FEI ARRRGPBNSIBIL
whi le a plurglty, ofrcongughmye $ource MO 85102597, PCTEUA8150n 1 4R

contacts 98 el ectrical I%fr.co.nnect the source electrodes 97 to the source
regi ons 99. [Fe@sifrephe G SeeufeddbiveathrFETLEri v& A rexanPis, the

preferably spall..-and e eyl eshshance19tcgach Fit drive cChegittatéa
preferrably | ow, fsor exanple less than or equal to 14 or 16 ohnms (i.e., at
nost 14 or 18 elmEpllehisch requires efficient FET drive circuits. For
exanpl e, the on-resistance Ron can be related to FET drive circuit area A
as follows: Ron < (250, 000 ohns m croneters2) /éA wherein the area Ais in
m cronet ers2 (unRRonTH s(20én 9@ ohmsemicrometers®) /A

wherein the area A is in micrometers? (umz). This can be
accomplished for example with a gate oxide layer 93 having
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 circuilts to be made
smaller than 1f the heater —resistors had a lower
resistance, since with a greater heater resistor wvalue 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 1s 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



acconplished for exanple with a gate oxide |ayer 93 having a thickness
that is less than or equal to 800 Angstrons (i.e., at nost 800 Angstrons),
or a gat ewbengo2sd9that is less than 4 pm Al so, having a R€eatuSn1/28Si st or
resi stance of at |east 100 ohns allows the FET circuits to be nade
smaller than if the heater resistors had a | ower resistance, since with a
greater heater resistor value a great FET turn-on resistance can be
tolerated froma consideration of di st e7r| bution of energy between

parasitics and the heater resjstors a particul a I t he
drain el ect r §§&§TERCCdrihh F% ?Baﬁsogg Ggf(‘?emel tolb%cg %ln% cg7'
regions 99, daRdnt heepabysificgargate® fi 9Q3E§e91el3@@t@®<<ﬂ@n(flr@l&$t aarial 'y

orthogonal Iy or transversely, to thg%iefer nce axjs L and to
| ongi t udi nal SEX¥E&ER THI4He %Ir s d ALYt Joco?ogaE%cﬁ“ﬁﬁrﬁl Peui t

85, the extenrtnofpéheefdraidy regi ans BBeafldJrid’lEtlﬁﬁUfafle E£EEARS IO such
transversely to the reference axis s the sane as extegt of the, gate

fingers tranSverSEty t&sHéy @fsersé’ﬁ@eeéifr‘?nts 85SsHORA PRY BPEFOB, Lihch

defines the extepl-1afkd ke atildqea 8dicoRsnnlransversely to the reference
axis L. For ease of WD 02/102597 PCT/US01/ 28151 17 reference, the extent

of the drain [O088dr ode B Mger 8l lusiria il Yo GG IHiTgéhs 89 resiFEance

el ectrode fingers A7, or SO CoT €91 084 51968 Sl§9lnawlaegy§yl bSH?l@éE@d
fingers 91 can be referred to as the |ongitudinal extent of such™ elenents

i nsofar as sibvh ebehealsiage Yonhglandinudioali rexstentrios- | Lregeh of a
finger-1ike ré%'?l'% eac"%q f]tﬁiﬂ }é’%}litgf:télil usd dﬁ/eo%xagpge J{aﬁ% region

on-resi stance circuits i ndi vidually con gured
by control i rfgmglws,onmu@nmaa @ménnuonsuefngtdmmoré;acdrﬁmmmw is

non'contaCte%e%%gQFn%fOfeﬁ@%t?ﬁ@gﬂ r@@ﬁggcts 88. For example, the

continuously non-contacted segments of the drain region
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 is 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



fingers, wherein a continuously non-contacted segnent is devoid of
el ectrical contacts 88. For exanple, the continuously non-contacted
segnent s wbh othesdrain region fingers can begin at the enasTafSot/pasdrain
regions 89 that are furthest fromthe heater resistor 56. The on-
resistance of a particular FET circuit 85 increases with increasing |ength
of the continuously non-contacted draijﬂ8 regi on finger segnent, and such
length is selected to determne the ~resi stance of a particular FET
circuit. [0054] ,As anqt her exanple, the on-resistance of each EET  circuit
P HE‘L‘?‘EEG% g %f ortge

85 can be coffPFyurEd Sy YsetReITHh &35t IPETSEPPECE .

exanpl e, therexpent ek anTFELicid edirdcuitsafsvehael ythett he cthéeerdseoaxis L
can be selected to .define the.on-resistance. [.00 or._ a typical

i mpl ement at i %E‘ev\ﬁéfaéinn rteﬂéoﬁ’o%élngetrrsa53§ f8F a Bﬁ?glﬁégl §FOI‘EE¥R8 Eﬁfﬂt?r%
are routed byesieaseraldg, direclepagths bo bowrth padsncid Onatbedetosastdof

the longitudinally separated ends of the inthead. structure arasitic
resi stance i Her8aseSWadf E?%n%@e f:ﬁ8 gfiweo&eosoefsttl%?ldi8flg%h1égbp?mﬁead,

and the on- kegasharce fdst e FEE didive helaCuitt®ic8hires decreased  (maki ng
an FET circuit nore efficient) with distance from such closest end, so as
to of fset thdOPREAease Fartpdlietund e bat aspt FOTFES Qfardde® 220 EbeRific

exanpl e, as %l%@%él@%é?%&%gﬁg§gy 2815l di& eontiluausias Banaeantast ed

drain finger segnents o respective FET drive circuits 85 that start
at the ends ePurckhecdesitiodesi 8 PEnfee FEhaAIRGE FUltthes Y F8fM RAELKBat er

resistors 564,Lhe lenglng, ofr sueh seanenis.afe derpeased ow thedsshapee
fromthe closest one of the longitudinally separated ends of the printhead

structure. [@DS6]dFath gEesimsHu8218P9 safdr rde opotheisament Wiates 91
advantageously extend beneath an associated ground bus 181.

This allows the ground bus and FET circuit arrays to
occupy narrower regions which in turn allows for a
narrower, and thus less costly, thin film substructure.

[0057] Also, in an implementation wherein the
continuously non-contacted segments of the drain region
fingers start at the ends of the drain region fingers that
are furthest from the heater resistors 56, the extent of
each ground bus 181 transversely or laterally to the
reference axis L and toward the associated heater resistors
56 can be increased as the length of the continuously non-
contacted drain finger sections is increased, since the
drain electrodes do not need to extend over such
continuously non—contacted drain finger sections. 1In 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.



filmnmetallization |layer as the drain electrodes 87 and the source

el ectrodes 97 of the FET circuits 85, and the active areas of each of the
FET circuwo2amTi sed of the source and drain regi ons 8®CTASOHIRIST he

pol ysilicon gates 91 advantageously extend beneath an associ ated ground
bus 181. This allows the ground bus and FET circuit arrays to occupy
narrower regions which in turn all ows r a narrower, and thus |ess
costly, thin filn1substructure. [0057} Al'so, in an inplenentation wherein

the continu nt t egkon i start
%gf% Act 99@9&&1% tw 9{ urt*ﬁ gkonynbi BYBNRg

at the ends of the |ﬁ regi o ngers t are est'from the heater
resistors 56 butshecem entepfap eé}@l@ gaouhde buegi®n t taasveesekyyortd atkeal |y

to the refer?sk%t en}?ﬁydlf ff% ‘&btstﬂﬁn%ﬁ?ﬁ;/att%% *lee% h@?'%ﬁ&?ﬁ 96 can

be increased e contl nuous non- acted drain Plnger
sections i5|qmntamnaﬂ sagmamtﬂupfchhﬂrdmﬂwmﬂxmﬂegmdo not need to extend

over such ¢ juousl y, non- co d dra lnger ctiaons,. Ln
wor ds, the w é“ﬂtbof §1gr5&%dg%gggiéf can e |ncH§§§ég %OPﬁéPgégsga t he
anount by whh@m%duhuydnﬂuidm&amvee@ieﬁ Bb@meﬁtbl%&a&&ghﬂﬂStMé ¢hésFET

drive circuits 85 dependln n ont i nuous

non- contactea§¥ﬁ A5 e di 6H‘g%§§ﬁ¥?ﬁ§§ %Pﬁﬁ % g&ﬁkgﬁég %Foﬁbggeiﬁgﬁgﬁging
the width Ofréﬁﬂ%ﬂdﬂy(BE(HhﬂﬂmhﬁkéWhat@éohﬂﬁghMS d8lsand cbataasocsated
FET drive circuit arr%%€¥té%ﬁ.ce the increase is ach easl ng

the amount oPBVEA ¢ Gl Bae  AndCERE et e BGPGRECEN t he
FET drive ci rigiéind Staé mgaéﬂow B@T/U&Ql/gﬁﬁjrﬁaheaw Effectdwel,y, tat any
B T Pl 25: o round s s, can, ovey Lap (b et v g or
non- cont act ed 1eHmNtE ©fatien ds Al Phé €0EOMSH 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
clrcuits 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 associated 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 wvalues.



[ 0058] For the specific exanple wherein the continuously non-contacted
drain region segnents start at the ends of the drain region fingers that
are furthweto2fiexsar t he heater resistors 56 and wherei n thecirarsgt/tasof such
continuously non-contacted drain region segnents decrease with di stance
fromthe closest end of the printhead structure, the nodulation or
variation of the wwdth Wof a ground bg@ 181 wth the variation of the
| engt h of the continuously non- contacted drain regi on segnments provides
for a groundbus—havi-ng—a—w-dt-h- W81 tha{—-hereases—w-th—proxmty—+g t he
cl osest end ¢REGIONS THATeadNIAWIMCt ure, apwdepHcted in FIG 8. Since [the
amount of sh@red—Turrents TTICreases Wt [ Proxi m ty to tie pormds pads—{/4,
such shape afV&sti&gesudLedspPdvi des for d35P€5§e85gméﬁﬁ9mﬁﬁ§r§eéP@ﬂance
with proximdy to the bond pads 74. [005B}.Gjeysd Rys)resi stance can fal so
be reduced by—aterattyr—extending—poertieps—ef—thegreounrd—bus—18t—+nto
| ongi t udi nal | FEIpadeduapar 8lar eas bet ween| Rhemdetodéf |Lmgi or ekroosts |35.
For exanpl e, |such portions can extend |a ||y beyond the-actj regj ons
np P §§6d3¥ &Y & éﬁég) g

by the width|of the region in which the '|ng0e§FmP%IT ‘are

formed. [006QkcHae felliewas caiift@uistry pPAbbARS3aSEACHRL edswi (h31
col umar arr gy—ef—+rk—aroep—generators—canrbe—eontarretd—+r—t+espective-
regi ons havi n@rime tfiolel ewilegtwitdelesst B4t pRkoutndPatmdoirn 1EEES.(WE6andl 8 by
the reference designations that Tollow the wdih values. WD 02710259

PCT/ US01/ 28151 20 REQ ONS THAT CONTAIN: W DTH Resi stor | eads 57 About 95
m croneters ﬁ&ﬁsetﬂqu%%é¥V%?fa§EFQﬁf%ﬁPP§°§§li¥ ﬁﬁs%aﬁgéagﬁﬁ &P &PSnost

180 pm for expleidiWdl) 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 jet
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



Decode logic circuits 31 About 34 pmor less (WB1l) Primtive select traces
86 About 290 pmor less (W86) These w dths are neasured orthogonal ly or

| at er al | ywo®2t62597 | ongi t udi nal extent of the printhead sulpsTreoe28ibi ch is
aligned with the reference axis L. [0061] Referring nowto FIG 11, set
forth therein is a schematic perspective view of an exanple of an ink jet
printing device 20 in which the above descri bed printheads can be

enpl oyed. The ink jet printing device %h of FIG 11 includes a chassis 122
surrounded by_a housing or enclosure , 124, typical]ly of a l.ded pl astic
T er il The OSSR 459V E oA B R H IS LK A St SOResE Metdn SRdino
includes a vertdcabupsnel t2322a138heriroref HinidtalmBdi setarect imgi voduakl y
fed through a print zone 125 %// an adaptive rig% medi a_ hand] | ng si{’item
126 that inclSddssS a e PVRY OV IHGA SRy print SRedPbefd? eRFFiAti ng.

The print mediigumy Heeanyityperpt sukbabl erpsi nizhl e sheepridt emeaka such
as paper, card-stock, transparencies, WI ar, and the |I|ike, but for
conveni ence tREGYINGSt SAFFoIBY meltSLlUdRscR i bRYHF 58S usPhg papertEE  the

print medi umpArsefii@s Oforcon¥eskineRat iABt ol ffd &k r il &rs igFcl yeiing a
drive roller 129 driven hy a _stepper notor nmay be used to nove print
nedi a from t FE€¥eed iy iLitd Sthe 159t 20Ae $28SLlOoREFer ShFi-nt FHED t he

drive roller J129 dnkvesgt D@n?th%&ﬁiusﬁﬂﬂ@ﬁ‘ﬁ ORh 03 PRid 20f ehebnagkablbed
out put drying wtrll_%érrenbers 30 which are shown extended to receive a

printed sheetslo i ng menbers 130 hold the newly printed sheet for a WD

02/ 102597 PCT/old¥dly 2818Lc 2L shent ot FRcabpyer amn ¥ 6V AURaL Br batgdesheet s
still drying in an output tray 132 before pivotally retracting to the

si des, as showntypldwrved B¥6ows £8Bemesidropyt he iddwisErafecht edesheed into
the out put t%ﬂ%f%%&oégg%éy)n&igﬁgééd 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 rod 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.



handl i ng system may include a series of adjustnent nechanisns for
accommodating different sizes of print nedia, including letter, |egal,
A-4, envewopedo2setc., such as a sliding | ength adjustnenttcarusol315and an
envel ope feed slot 135. [0062] The printer of FIG 11 further includes a
printer controller 136, schematically illustrated as a m croprocessor,

di sposed on a printed circuit board 1? supported on the rear side of the
chassis verti caI panel 122a. The prin 2r control | er 136 receives

i nstructions rq@ %5 d6V£ ce such as per sonal, ut er éng sho

and controls If per at'i%n T THE T nPE?nF Q&Fndsa HERCEOf be rredl a
through the phHentorzene bal, 10BYeNRM @f mdiRl bRt sCRhitAdesl48raandl to
application of signals to the ink generators 40. [0063] A print

carriage slidé* rband3sth&fi nga Ploé@%d‘i’?lalthﬁxﬁmﬁéﬁ al'reiat ot%aEalllsl age

scan axi s iSpcRRA Led BratBesehag§i snd 201 N1 sd zeakhe SUPRIHGR sP0L
carriage 140 for reciprocating translational novepent or scanning al ong

the carriage lo¢an a&i stherHeedia mxEardnrdgehe 198 sipport31ei s arGasecond

renovabl e i nlo etnpridhiReagh asaf t iH988o%R0.inl521ECac) ObnWh GibdBd be,
sonetinmes called a "pen," "print cartridge," or "cartrldge ) . The print

cartridges 15GTPESELHERFIET @S58t e pr i nt heads 154, 156 t hat

respectively p %\@Jgene@@ﬂ |y dowrves al yn f ﬁ%tcagnm%zlo% thOr HRIgCtd g thak
general |y downwardly onto a portion of the print nmedia that is in the

print zone 125irnthegsiimge c%trqarqame@ hepizaBpahle @gbseopadt Peblapliyot

cl amping |everd T R e T ey B PR 037 1 boBey T BARRL

PCT/ US01/ 2815122a22>JI 0062 clrassi ef eéR@nc e orprasammbedi a-¢ spadvantedorweadgh
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.



the print zone 125 along a nedia axis which is parallel to the tangent to
the portion of the print nedia that is beneath and traversed by the
nozzl es oWotokaoxsartri dges 150, 152. If the nedia axis an@CThEsovza16i age
axis are located on the sane plane, as shown in FIG 9, they would be

per pendi cul ar to each other. [0065] An anti-rotation nechani smon the back
of the print carriage engages a hori tally disposed anti-pivot bar 185
that is formed integrally with the vertiical panel 122a of the chassis 122,
for exanple, to prevent forward inOtb?%Iﬂ% the print carriage 140 about
the slider rod 138. [0066] By way of illustrative exanple, the print
cartridge 150 is a nonochrone printing cartridge while the print cartridge

152 is a tri-col or,printj rtri.dge. [0067] The print carriage 140 is

driven along the gvﬁﬁégjgggﬁﬁ%ﬁ 6%'an endl ess belt 158 which can be driven

in a conventional manner, and a |linear encoder strip 159 is wutilized to
i.nt

detect position Oﬁ.thepgf1nkiﬁ%%rg%g%t%%%dal%?%%ﬁﬁggn qrriage scan axi s,

for exanple in accordance "W conventiondl ni-ques. [0068] Although

t he foregoi ng has been aapddsthieptd enbandatiel () r ahconddhgspepiifirelity

enbodi nents of the Jnyenti various nodifications and changes thereto
o o s i ed 4

can be made by pé) YT He art wit hout departing fromthe scope

and spirit of the inventipdurad idef iofediby bhestdel oviognael arraysW061)
02/ 102597 PCT/USOlQ%Bé%l 23 CLﬁ%yB W@i} i% Cla&ned is: .l An.iEE %gt
printhead, conpri $img“ 8PpriHtHead Substrat e PITTi net uditdg aPpi-tirafrty
substrate and extending along a longitudinal extent;
drive circuits (85) formed in said printhead
substrate for energizing each ink drop generator at a
frequency in the range of about 15 kHz to about 18
kHz;
said printhead substrate having an ink drop
generator packing density of at least 10.43 ink drop

generators per square millimeter.

2. The printhead of claim 1 wherein said plurality
of side by side columnar arrays of drop generators comprise
four side by side columnar arrays of drop generators, each
columnar array of drop generators having at least 100 drop

generators separated by a drop generator pitch P.

3. The printhead of claim 2 wherein said four
columnar arrays of drop generators comprise 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.

4, The printhead of claim 3 further including a
first ink feed slot (71) and a second ink feed slot (71),

and wherein:



of thin filmlayers; a plurality of side by side columar arrays (61) of
drop generators (40) fornmed in said printhead substrate and extendi ng

al ong a |wogetiexdpbnal extent; drive circuits (85) forned i mCFaisdygsisnt head
substrate for energizing each ink drop generator at a frequency in the
range of about 15 kHz to about 18 kHz; said printhead substrate having an
ink drop generator packing density of_ at |east 10.43 ink drop generators
per square millineter. 2. The printheéﬁgof claiml1 wherein said plurality

of side by side columar ,arrays,of dro ener at or onprise four side b
si de coluﬁnar arrays of2dfoflgehera BWgégeﬁﬁﬁay08?u§ﬁ %??%§35?rﬁr%%g d

generators havi ngsatid easbnd08o UheRar genes Atad slreppaent edtbys adtspPsed
generator pitch P. 3. The pri, thegd of, claim 2 mﬂﬁreig siig four, col umar
4] rfay

arrays of drop geR&r &i&R€TcSAARi 8¢ §3ffr Strstofimbre ana@"g second

columar array separ at edifldr eRi rgaebiainhalr Byrat pBsSlr&30gaherLIBLEr Sndand a
third columar array and a fourth columar array separated from each ot her

by at nost 630 mi SPgReERETRACOTHRNST (GHIRAP o TOPaf i ST FEPFRet - PRLFEdi ng a

first ink feed sloh eftheandidesegondibnkeiead shat r&éd) s108nd wherein: WO
02/ 102597 PCT/ US01/28151 24 said first columar array of drop generators

and said second columar array of drop generators disposed on either side

of said first inksfeedrgl0tyraichsaddotehi £0a LRl UMpie & 1RY safi adr §8cond
generators and_ said fourth columar array of drop generators di sposed on

either side 6PLYANGTs@ddRd iHk & ggnprators and said third columnar

array of drop generators are separated by at most 800

micrometers.

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

volume in the range of 12 to 19 picoliters.

7. 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.

8. 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.

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

is greater than 3.5.

10. The printhead of claim 9 wherein WS is about 3.29

millimeters or less.

11. The printhead of claim 9 wherein WS 1is in the

range of about 3.29 millimeters to about 2.95 millimeters.



5. The printhead of claim4 wherein said second columar array of drop
generators and said third columar array of drop generators are separated
by at noswo8@Q@025p1 cronmeters. 6. The printhead of claim 1l wao@grsonmEai d drop
generators are configured to emt drops having a drop volune in the range
of 12 to 19 picoliters. 7. The printhead of claim1l wherein said drop
generators are configured to emt drogzs having a drop volune in the range
of 3to 7 picoliters. 8. The printhea Df claim 1 wherein each of said

drop generators i ud a heat resi stor (56 aving a resi,stance that
is at |east 100 oﬁ%’. gﬁ“%hgrb?gh?ﬁgaao f S (adfren? VWE‘%E?W s&Pd%r PhiK&ad
substrate hagiadwengt edeprand:a wi dth W5, and wherein LS/Ws is greater
than 3.5. 10. The printhead of claim?9 rein W i s about  3.29
mllimeters or |ess. 1f°%ﬂ1f@aﬁr ierftiread ‘:I)ghe)cl%%]n?@Tmi’éir\é? nCWECREEFn (PR
range of about 3. 29 dwdd i nef ersaid abolitRed nbhbsreiess. r¥EH02t108597
PCT/ US01/ 28151 25 12. The printhead of claim1l \£/n§rei n said drive
circuits conprise@P8FHtasdfr §9s WPBEF GFTRET fi JEORi PeUPE_TEBE) aPrgr ned
in said printhead substyrah@d espeeld veElgl) adiacesntesail £ot ypnarcgipays of
drop generators; and ground busses (181) that overlap active regions of
said FET drive ci P(ifuisgsl.d 2T PRV CAtREddSof cl ai m 12 wherein each of said
FET drive circuits has an on-resistance that is |l ess than (250,000

ohm m crometers 2)/A, wherein Ais an area of such FET drive circuit in
m cronet er s2. 13. The printhead of claim 12 wherein each of said

FET drive circuits has an on-resistance that is less than
(250,000 ohnwmicrometersz)/A, wherein A is an area of such

FET drive circuit in micrometers®.

14. The printhead of claim 13 wherein each of said
FET drive circuits has a gate oxide (93) thickness that is

at most 800 Angstroms.

15. The printhead of claim 13 wherein each of said
FET drive circuits has a gate length that is less than 4

micrometers.

16. The printhead of claim 12 wherein each of said

FET drive circuits has an on~resistance of at most 14 ohms.

17. The printhead of claim 12 wherein each of said

FET drive circuilts has an on-resistance of at most 16 ohms.

18. The printhead of claim 12 further including power
traces (86a, 86b, 86c, 86d), and wherein the FET drive
circuits are configured to compensate for a parasitic

resistance presented by said power traces.

19. The printhead of claim 18 wherein respective on-—

resistances of said FET circuits are selected to compensate



14. The printhead of claim 13 wherein each of said FET drive circuits has
a gate oxide (93) thickness that is at npbst 800 Angstrons. 15. The

pri nt headwofo2abzsbm 13 wherein each of said FET drive cir egirttsoiiz85a gate

| ength that is less than 4 mcroneters. 16. The printhead of claim 12
wherein each of said FET drive circuits has an on-resistance of at nost 14
ohns. 17. The printhead of claim 12 rein each of said FET drive
circuits has an on-resistance of at no 16 ohnms. 18. The printhead of

claim12 further .includin wer_ _traces (86a, 86b, 86¢c, 86d nd wherein
the FET dri vé‘c}g3 %ci‘?acruli ucsloar?ecpféoanfz?agﬂarse%%% LOMhERATR FD S%nE%lﬁiath Félg
resi stance ppeset edanessai d power traces. 19. The printhead of claim 18
wherein respective on- resistances of said FET circuits are selected to
conpensate WD 02/102597 PCT/US01/ 28151 26 for variation of a parasitic
resi stance presentad byrsaipgtinpowed facesim?0.9 Wherpihntheadeobrckacm 19

wherein a size of .ea of said FET circuits . is selected to set said
on-resi st anc€F 5344 %ﬁg B?Fﬁ?hgﬁdl%fseclteaﬁ%ﬁ‘i&w e 8atR~6F 388 CRET

circuits includes: drain electrodes (87); drain regions (89); drain _
e (o) o' hrs bl SR Age 2oL 80 Silote o st el
el ectrical | y reannrectduig saind1usie:ce el ectrodes to said source regions; and
wherein said drain regidorr;isfmare e%%r%foid ur e(%7t)o; set
drain regions (89);
drain contacts (88) electrically connecting said
drain electrodes to said drain regions;
source electrodes (97);
source regions (99);
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 wvariation of a parasitic resistance

presented by said power traces.

22. The printhead of claim 21 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.

23. The printhead of claim 12 wherein each of said
columnar arrays of FET drive circuits is contained in a

region having a width that is at most 180 micrometers.

24. The printhead of claim 12 wherein each of said
columnar arrays of FET drive circuits 1s contained in a

region having a width that is at most 250 micrometers.



an on-resistance of each of said FET circuits to conpensate for variation
of a parasitic resistance presented by said power traces. 22. The

pri nt headwofo2abzpm 21 wherein said drain regions conprisecglusagatied drain
regi ons each including a continuously non-contacted segnent having a

| ength that is selected to set said on-resistance. 23. The printhead of
claim 12 wherein each of said coluan% arrays of FET drive circuits is
contained in a region having a width hat is at most 180 micrometers. 24.

The printhead of im mher of sai umar arrays of FET

drive circuits is%%gntgﬁﬁffﬁﬁ? |oﬁ%ﬁiﬂ:¥f (ﬂﬁ F'ft'that is at nost 250

m crometers. WO 02/10259%x?§ﬁhb§@1k&8&51s128 Bﬁ:aﬂhﬁcﬂﬂmmmbﬁadrﬁﬁyglaEn112

wherein: said pIugﬁllty si,de by side, col nnar arraéﬁzof rog generators
5 &

conprise four sid %ﬂ??ﬁﬁ%ﬁ%a?omgf+3§s 8Prdﬁﬁ§e bratde sCOLERRAT
col umar array of actrxta@;s @enerapossnbayt 8gs atei@asdollﬁﬁlair @Qr@@naﬁawb@

separated by a dro en rator i tch and. said p al of colu

arrays of FET dﬂ\é%é%ﬁ% ﬁ%ﬁﬁﬂqséﬁ?ou}e%%WunLgé a?? s BFEREF HFFve
circuits. 26. The syﬁaﬂah%@db@f acldasldp Yenahtereim Saldh feQuandcol utmar arrays
of drop generators conprlse q first, co array and a second col ummar

)
array separated from aliEyio §P? BHafi SrdrdterE Hhbl driferd

columar array and raJioy tdfbr@gghtgmafo@fr@blaﬁ\aa&ata%afyrsoraﬁapﬂfrr otiheke by
at nost 630 microneters. 27. The printhead of claim 26 further including a

first ink feed sl E5CHESnd a second ink feed slot (71), and wherein:

26. The printhead of claim 25 wherein said four
columnar arrays of drop generators comprise 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.

27. The printhead of claim 26 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

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.

28. The printhead of claim 27 wherein said second
columnar array of drop generators and said third columnar
array of drop generators are separated by at most 800

micrometers.



said first columar array of drop generators and said second col umar
array of drop generators disposed on either side of said first ink feed
sl ot; andweardoxshird col ummar array of drop generators anacTdsod2§i6urt h
columar array of drop generators disposed on either side of said second
ink feed slot. 28. The printhead of claim27 wherein said second columar
array of drop generators and said third columar array of drop generators
are separated by at nmpst 800 nicronet@®s. WO 02/102597 PCT/ USO1/ 28151 28
29. The printhead of claim 12 wherein said drop enerators are configured
to emit drops havitty a dtopPredlaradi not h@lrae@ﬁ‘gelgf hexein g s5icol FEeps.
30. The prinifegrd-Hfod abFelZ el fifesaicd dipbe Qﬁ‘?o?'satﬁé§iﬁ§e £opkbgur ed
to emit drops having a drop volune in the range of to 7 picoliters. 31.
The print head 9IRS ain 4 W18 wiedeh tof Shirdicdridigtgener at ors i ncl udes a
heater resistor having a resistance that is at |east 100 ohns. 32. The
printhead of claim 12 wherein said printhead  substrate has a |length LS and
a width W5, and wh¥lei ifhss/ peinthegeeater alve 318, wWeerahke peist hezerof
claim 32 wher@ify MB d.Ss ahout <ch 2% yidd | RBt eLgi OF cil%g%- _Béyidge Priypihead
of claim32 wherein Wo is in the Tange of about 3.29 mllineters to about
2095 mllinmeféedgime in the range of 3 to 7 picoliters.

31. The printhead of claim 12 wherein each of said
drop generators 1ncludes a heater resistor having a

resistance that is at least 100 ohms.

32. The printhead of claim 12 wherein said printhead
substrate has a length LS and a width WS, and wherein LS/WS

is greater than 3.5.

33. The printhead of claim 32 wherein WS is about

3.29 millimeters or less.

34. The printhead of claim 32 wherein WS is in the

range of about 3.29 millimeters to about 2.95 millimeters.



