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PRI NTHEAD DESI GN BACKGROUND OF THE | NVENTI ON [ 0001] The subject invention
gener al | ywoahase®2to ink jet printing, and nore particul arpyptQipsshan film
ink jet printhead having FET drive circuits configured to conpensate for
parasitic resistances of power traces. [0002] The art of ink jet printing
is relatively well devel oped. Commercial products such as conputer
printers, graphics plotters, and facsiml|e machi nes have been i npl enented
with ink jet technol ogy for producing printed nedia. The contributions of
Hew ett - Packard Conpany to ink jet technol ogy are described, for exanple,
in various articles in the Hewett- Packard Journal, Vol. 36, No. 5 (May
*1985); Vol. 39, No. 5 (Cctober 1988): Vol. 43, No. 4 (August 1992); Vol.

ﬁﬁcorNgorgt ((ageﬁggge‘mmmwmmmm o [OgSSJNOGenérgre\mﬂmmm “mmwmt ?lrrlage IS

‘formed pursuant to pregise placenent on a print nmedi wgdi+i nk 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 WO 0210(i11(92 2 PCT/US01/2811~7 the print
mediumand is controlled to eject drops of ink at appropriate tines
pursuant to command of a m croconputer or

ENERGY BALANCED PRINTHEAD DESIGN
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 FET drive «circuits configured to
compensate for parasitic resistances of power traces.
[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 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 1ink drop generating device known as an ink Jet
printhead. Typically, an ink jet printhead is supported on

a movable print carriage that traverses over the surface of



other controller, wherein the timng of the application of the ink drops
is intended to correspond to a pattern of pixels of the inmage being
printed. WoOQAkoed2typi cal Hew ett-Packard ink jet printheggdishuees an
array of precisely formed nozzles in an orifice plate that is attached to
an ink barrier layer which in turn is attached to a thin film substructure
that inplenments ink firing heater resistors and apparatus for enabling the
resistors. The ink barrier layer defines ink channels including ink
chanbers di spasegOtes nasBoe afred isnkoht FbDUelesbséPest @bshd e naazlas in
the orifice plate are aligned with as%ogt:i ated in cganbe.rs. | nk dre?fg
generator refRBHELRT s HP U Ak FehGRPBREYaRt HGTRETE L %S e Fthi n

'filmsubstructner asht el st f i e Bl eddalingirgy adi asentagple chitk cphajiber s.
[ 0005] The thin fil g}hsubst ructure i Sqé%/pl cally conprised of a substrate
such as sili it ohnPaYPEr ek F ot MEIRE | bBs SRR SPOPRY 158/ ef sSPRREETFo/ t hi n

"filmink firigikdrsist offfe BRHGE abatsnd Pranadding the resistors, and al so
i nterconnections to bondi ng pads. that are provided for external electrijcal

connections tiPRYE pri M heaPiahe BRI iEaCasfer 10 t yfitcaPry-"&BSEY ner

material that;{$ | nat ed-»as, ardp¥ebl kBN L0cbBRGM A £1 480 SURsT Hegturg  and
is designed to be photodefinable and both UY and thermally curable. In an

ink j et pri iR Bhah disotaFadiafesignani Akl PFEH 5 oh?ve WR1ABr &1 nk

reservoirs toghe vasi oysthbkeghapbers tBroHghreng OkuBRLS Rk rbeed rslot s
formed in the substrate. ' [0006] An exanple of the physical arrangenent of

the orifice piBREEMITKS baPKi Elriageneadsd 1T I59F sebdt ARRRLREUPS for
ilTustrated ainpagehd4cid tde: Hew et t Hagkand Jpuwmalr afaJegbiidanhek99%k

cited above. Further” exanples of ink jet printheads are’set forth in
comonly  Warrels cleg2uprgusoly zhamper 581 gpeded) Svepapesro 4 atredl 477

and U.S. Pal efy S 3L 345 o Dot i Of i Glh Ao d 1GAN P a4l disteaich. Bl o o

reference. [000/7] Constderations with thin filmink jet printheads |nclude
i ncreased sub®te ated igned and/tdy agsociatedf r gkl i ehamendre | dlekdr glyop

generators ?’g’ér‘f’é:éﬁﬁrfg‘%ﬁ&nﬁ&? Sa3ke £IRhOYed,, Theke igkacopmiiddly 4 feed
for an ink jet printhead t'hat is conpact and has a | arge nunber of ink drop
gener at ors. SRINNERYOF oFHECh WVERTRON Jl0008Eb FTheudtsetosed | Benoxsf lice

directed to g ik fiedc PEEatDapdohiy s offif chieifpdigater resi stor

energi zing F drive circuits at are contigured to conpensate for

vari ations i nL@RA%kI ti cThedikimfdde shbporerturaces.t BRIER IDESCRPRTsE OF
THE DRAW NG5S of a substrate such as silicon on which are formed various
thin film layers that form thin film ink firing resistors,
apparatus 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 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 ptiwo ozhersoz ead in conjunction with the draw ng whermimysolB8lo] Fl G

| Ais 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 invention. [0011] FIG 1B is an unsgaled schematic top plan view
illustration of the layout of ink drop generators and primtive select of

an ink j et préé‘éi‘c@ﬁé’dt@a]% epRkays. Mh91'9”\4@’7t 88 tJ(%m%atFénCE 24515 Alg,

unseal ed schenat| an view ill'ustfation of the l'ayout of 1nkK drop
generators arﬂ@o@ho@f\mmae@rgfmﬁ@rpmar@@ peraincad veieTenceA

*(12/11C(1192 U S1d]3, gf@! s[&t].%%

top plan vi e\/\fl ?ﬁitratl oné @%%tiﬁgg%?ﬂ ﬁg&hﬁg fdISlonch)lrELgrgpn tg&s and ground
busses of theihuku@etirpxﬁ&ﬁém&c&ﬁs'd—ﬁﬁe sBze[ 80dAPr Bubs3¥ats fararheimt i c,
‘partially bro ef SREGLI v i f_th k] prd nt hea f FI 1A
[0015] FIG 3 is °a scjzellr;natdl%cEj § %{engégr%ro%&r{%awa%l]ﬁerfsepeeégt| 389w ew%
the ink jet pempldny:adi of Thé&xe 1Bs [Cd6Rd Ty 4A irseenh dbsearediskheimtic

partial top pI tration of helnk t r|nt of FIG 1A 17]
FIG 4B is anfu 1%% é‘ 5égfinlen1ajt|cc(%) cf%la gp % arf h‘F %?rafmoﬁrofo theq{

jet print headdn:prq;GJeﬂ&o{:@OlS] FI G 5 is a schematic depiction of
generalized |ayers of the thin filmsubstructure of the printheads of FIGS.
1A and 1B. [0019] FIG 6 is a partial top plan view generally illustrating
the | ayout of a representatve FEMARY v&F CTHEUINVENTEON and a ground bus of
the printheads of FIGS. 1A and 1B. [0020] FIG 7 is an electrical circuit
schematic depicting the electrical connections of a heater resistor and an
FET drive cir¢od08df thBherdingdibasksd adfnvdr@S orllAsandréBted to an ink jet

printhead having efficient heater resistor energizing FET
drive circuits that are configured to compensate for

variations in parasitic resistances of 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. 1A 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.

[0011] FIG. 1B 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.

[0012] FIG. 2A is an unscaled schematic top plan view
illustration of the 1layout of ink drop generators and

ground busses of the ink jet printhead of FIG. 1A.



[0021] FIG 8 is a schematic plan view of representative primtive sel ect
traces of the printheads of FIGS. 1A and 1B. [0022] FIG 9 is a schematic
pl an vi ewyofp2@uebd | ustrative inplenmentation of an FET dri wetaidugsdys and a
ground bus of the printheads of FIGS. 1A and 1B. [Q23] FIG 10 is a
schematic el evational cross sectional view of the FET drive circuit of FIG
9. [0024] FIG 11 is an unseal ed schemgtic perspective view of a printer in
whi ch the printhead of the invention can be enpl oyed. WO 112/11Cr11@02
PCT/ USLLL/ 2R bola 15 DETAIG-EDDESCRLRTLEN QR oFHs R GBURRo 0028 b clihe
foll owi ng detailed description and 1n the several figures of the draw ng,

li ke el enent §ldnestinddnitarf i ed vilteh Liakeuitef ef edek ndrep algengdxe]s Raher ri ng

rnow to FIGS A BB eheaylaall v J i rat ggd heein are

-

unseal ed sch&matic plan Vi ews and perspective views of ink jet printheads
100A, 100B i rioMii4dh t helichwedri ds cansbeewabloyetaantd avidivc hoxyeren abivway
includes (a) _a thin filmsubstr ure qr die 11 riy si S trate such
as silicon aﬁ&rﬁmcﬁd‘(/ear‘floel}vs Qtfﬁ?ctrl{lefi nﬁn( IjaeyterperTngC%%éi t%hf;r%elg;n', ) an ink
barrier |ayer[0bAsfi sposEl:.on3Bhest b nséhkmasibst paettird 111 . branen ( evagn

orifice or nozzle plate 13 |lam.narly attached to the to he i nk barrier
12. [0027] TRE BERSE T Tan TS AR ™ %Eé‘e:%?t i"%gEthr‘Iat ci rcui t
die that is fioowmd for ExaNlze iBULS UaHE ch De @ OsEsA oA Ip & v iedr &topd piamc Ui t

techni ques, and as schematically depicted in FIG Sjgener ally includes a
si licon substddtstretglon P FEheydid aff Reiddtsdt aaydC 124, a resistor

layer 11lc, ghigzifirstpiet alg Ezabhofnsayeed lddibmetd v e ICeS s pakhnas

drive FET circuits described nore particularly herein are formed in the top

portion of tHelsistrson eubst rdiee 11K & efh i iEEd gt §énd del ectric | ayer
111b, which i es a e oxide_l | yshdd Gt 8%, BRd 214 zed
dielectric | rbe(ar:l}égdj ace%taé't hg %gsfs%c?{ﬁmaé;%ré/lql%f@%hﬁ ??I % Eegt erl'Ze

resi stors 56 lanvedoraidthy tinen rEsphecsibetpacterai of bhet heinebistsr dfayer
111c and theFf'Grsst 1rEt‘_ja}lmlli tion layer 111d. The thin film substructure
further includes 'a Conposite passivation |ayer 1l1le conprising for exanple
a silicon nitpaodes) ayerFEhd & sisi @onpzatbatie Haggyeplaandrisew agealerally

mechani cal pe:‘LS.LS_LiuvsactJ_iaotnir!léayecrhel1Haytor1.]1%t 8¥eréi ersepalresleenatsa:[t\;ehe Elllﬁat Yrive
circuit array and a ground bus of the printheads of FIGS.
1A and 1B.
[0020] FIG. 7 1is an electrical circuit schematic
depicting the electrical connections of a heater resistor
and an FET drive circuit of the printheads of FIGS. 1A and
1B.
[0021] FIG. 8 is a schematic plan view of representative
primitive select traces of the printheads of FIGS. 1A and
1B.
[0022] FIG. 9 dis a schematic plan view of an
illustrative implementation of an FET drive circuit and a
ground bus of the printheads of FIGS. 1A and 1B.
[0023] FIG. 10 is a schematic elevational cross
sectional view of the FET drive circuit of FIG. 9.
[0024] FIG. 11 is an unscaled schematic perspective view
of a printer in which the printhead of the invention can be

employed.



WO 02/ OC11(~92 G PCT/ US111 /2811-47 resistors 56. A gold conductive |ayer
1119 overlies the tantalum | ayer 111f. [0028] The ink barrier layer 12 is
formed ofwa wdnyosb2 | mthat is heat and pressure |am nated tppeig@ihiiga film
substructure 11 and photodefined to formtherein ink chanbers 19 di sposed
over heater resistors 56 and ink channels 29. Gold bondi ng pads 74
engagabl e for external electrical connections are formed in the gold |ayer
at longitudinally spaced apart, opposite ends of the thin film substructure
11 and are not covered dAMe ] HeRNTIEON eI pRBerRyEd 11 1ustrative
exanple, the barrier |layer material conprises an acryl ate based

phot opol ynmer dry filmsuch as the "Parad" brand phot opol yner dry film
"obt ai nable fr . d d r WL " l,.awar e.
Simlar dry fi rr%% ncl ﬁgn‘%t}%gfrﬁg%ﬁ% g%égcc?%rgsaasfwﬁec%ral ttltr?enn' (a;tlélr?'e'\t rand
dry film and sroyedfal nefigdeeby ofherthehemdx=mdingy,ovi Heks. Ehementhi cand ate
*13 conpri ses,, faor_exanple, .a pl.anar substrate co i sed of a polyner

mat eri al and Jiéner%/ﬁﬁ%%g?h%l%} ilfjikceesrea ?%rb?%eraxﬁ%/f%{aés'er abl ation, for

exanpl e as dip2sErd | rRefsmminy assi gned WIKS.Patlentdzy, 469,ah89, 1B-4B,

i ncorporated herein p eference, The orifice plate can alsq conprise a

bl 2t en ot af St Lot ET88s81 Pag GHTEeH 36 FreRca SRS ard BEA D | nk
chanbers 19 igldeviieksbadrid epekaypettiZeareidwy eoparinkcul @t | prdingprseis over

respective i iri heat er ,resistors 56, ,and each ink .chanber 19.is
Gof Tned by | MURor I o Sa465. bRevanF b ch Cranbs TSN o 6t M dth « he
barrier |ayergéiardheyi tkcDidewels) 29 shendef inedubytiucthee eperiirgsil
formed in the barrjer layer 12 and are integngl.lg j oi ne tQ respective ink
firing chambéfTRGSHRZ 7 nRIRREFAET s596" 0B8N St onaPHs 28% B8Y 188 33+
1127 0( 11092 7 BT/ 11l 2i1a7 (00301 The orifico plate 151 noludes o

[ a he orifice plate i ncl.ude
orifices or 79 L8P%%eq; 9Bo§£8 53’@1“ r@gﬁ%c?‘il%W‘h tl&:‘??an%%r sa1g, c{é:ﬁch"‘ri hat
each ink firidw head &br MRESOH198e AR A5H06R2N §dat DicEEAMBErtHO, tdhdan
associ ated orifice 21 are aligned and forman ink drop generator 40. Each
of the heat erth®siR¥ oP3rhsRy onmi nal resistance of at |east Z00 ohns, for
exanpl e about[d@@mr 13Phohmen i@k Can AP S segnEnt %ﬂf&qis%é)r @5
shown in FIG 9, erein a heater resistor 56 is conprised of two resistor

regi ons 56a, HEEEORMREISH Byt Het ANazas Frimasl demexammle peshnt
structure prové desd«Rin@ drRSl StareeLhaly | e1gEgatertibgn; gussNglgndesdstor
region of the same area._j0031] Whi'le the_disclosed printheads are
described as $RRATRELCHEEY | SeRigFed ahB aF Kepartat 8°BPFaféE plagkudes shoul d
be appreci at edi 1 fabnt hgupLiphbeadsiganahe rFeAPlarented Wilkh 2 dint egralr
barrier/orifice structure that can be made, for exanple, using_a single
phot opol ymer }elRr eha¥essstdposaueni th e mukdfplde Bkposumetar BEeL1]
then devel opeth {0034 1he | Akt 848D RRNYVA 05 ScKHO 28" 1A ANERE id .l umnar
arrays or groups 61 that extend along a reference axis L and, are_spaced
apart from edt®se¥iheed| BPERaPRYtaAC U AZAYY Y@ IP et foEmed LRe thef dr¥hce

axis L. The heatelohest Std Ss 6 &n eAQLH Al Arop HeNR! Ay FHOWYR &Y &nd
generally aligned with the reference axis L and have a predeterm.ned center

to center spdtineetrheziiechi tehop uhbnh ERElpdper angataxioxide Ay sozzl e
pitch P can hbeolly 6001 bB8h Rk B, ead e, aSughe 88cidtBE0 15%&- Eaglcent un

array 61 of ink drop generators includes faor exanple 0 or nore _ink drop
generators (it®Sisher|éayeriddicnk dfdprgdidfatheidder [Des3BFtayswap Gre

illTustrative exafphepyt Bﬁetbbﬂ?éhk%éuBﬁ%H%%e Lk car hedieelangul Wx

wherein opposite edges 51, 52 thereof are |ongifudinal edges of a |€ngth

di mensi on LS Whi¢eandrgia fdinsdl mptagddeatdpar Laveppdiitde elitRstizmn Hylm
substructure further includes a composite passivation layer
1lle 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



WO 112/11fill (92 8 PCT/US(I1/28(1-47 are of a wdth or lateral dinension W5
that is less than the length LS of the thin filmsubstructure 11. The

| ongi t udiwelo2exicent of the thin filmsubstructure 11 is alpeagdoiesrgdges 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 nedia
advance axis. For convenience, the |longitudinally separated ends of the
thin filmsubstructure will also be referred to by the reference nunber 53,
54 used to re:@@%iét?o QeSque% @of&cg%x?ﬁG?ti\g%Ogé%g\P' Il?tl heo\)erljﬁ.i%rs()pche
generators 40 0of each columar =array of 1n rop géenérators are
illustrated asabedbgnsldgeantlidfly collinear, it should be appreciated that

-sonme of the i p geperators, 4 a of _ i p.gene an
be slightly oP&#%g ceﬁﬂé‘% %Zb%?r?%’é 2%?%%?/2 for f&aﬂ%‘?eogoyc%%g%?aﬁe
for firing detlags. isO0BBat| nsod aprassaech démihatedk s ofhgenehahorsi Ko

| ncl udes a hegler, fesistor 56, Lhe DRALEL AN OLS ALg ACOORAIDOlY 4oy
arranged in corunmar groups or arrays that ¢correspond to theé columar
arrays of i nkcldamipegendrtat dispoberd coverenheater thesheiades riési ahdr iark ays
or groups wll, be referged y .t .Sa ref ere er 03 The
thin film sub%l??lﬁ%?g eéél o%geﬁebﬁgﬁ&?wgggd%ogﬁ o%‘%ﬁ%égiﬁfogé%%
nore parti cul aréytrihcdlidesnnlecdd dik deed folroksl 7int hat axelal Llgyed vat h
the reference, axis, L,.and. are spaced apart from._each other {ransver
relative to al?légje?é%:c%ag% ssﬁ’_?gﬁ‘%eaff F SBE T s SPLSr 82&%%?@%}1} fﬁéﬁ
three ink dropuigetenatwre griaupsndlaranchgt byowayeadf biyl | tisé r dhikv éoaxxaigt e
are |located on_the me side of the i, dr.q enerator_grou t hat_the
respectively $%%%; Iﬁ% t hi is;’yrrd"rﬁ?’er?%eégﬁudsft%ﬁgvienke’fae%%g%f ol&ée#l}aafrerejd%yi nk
al ong a si ngl kajeednedgel a Bicongyr ide s peciatcrglaexanphsedeplobt ofoljreer nkryf eed
slots provides,ink of .a color,that.is_ .. 02/(10C0192 9 .PCT/USQ112811~7

di fferent frofﬁ‘i’rﬂe Tsitor 25t {:Pig i n&aﬁ?%vy\ger(? %8 SPHé'IymieEk &Egd éﬂjﬂs
such as cyan, oyehlosbdad fmgental.[ 0@3FdnThelet embitsn it compane 1df of
t he printhead_100B of FIG}. 1% 2B, 3B,, 4 rmrg gar Ji.cul ar.I\E/li acl udes two
i nk feed sl ot 1R IRBEP ar PSHANTHS wi tHEHEDT ef BY erfceBiki S PEFUGRd Arer

spaced apart fupsheagfodides sucmsvenssl yYriekah'verkadt Beyr ef eheamce @xys L.
The ink feed gl,@tes 71 respectively feed iour colums 61 of ink, dro
) nge?it%l ots

generators re DRI PYCALRGT o SPPORT tREQT ST Df tHS t Wt F ke 1

71, wherein the tokpehedag! soppeRanpel ds Blaelf esdind et bycaip asseti &f ed
ink feed slot in the thin filn}rsubgtructur . ln this fanner, o osi%e%edges
of each ink f2eBP5YREr B hRT 421 eBR9etfeRhe 5t VFLTHEST vk § mC TR RY ot s
conpri ses a duakeedgshldakidepedi figr Sldtammye way ofiispeestdc implesmmndaly on,
the printhead 100B of FE . 1B, 2B, 3B, _4B.ls a.monachro rint head

wher b1 n bot h PRRZFBED d-0is TRE5PGvi Ab6F koSt CRB ORI T br PR TasY

bl ack, such thafeadicéour Ttel wmistide oplatk dawpafedekatmprs spr eduska tedk
drops of the salf're col of - L0038 espectively adjacent and associated with
the col urmar QFFaysS85"of°i RkCEFSp generators 40 are col umar FET drive
circuit arrayso629fornmersi dephetehi inf FIEESUBStaet BB 2 e ofinit hen et deads
100A, 100B, as_schemati call epicted in FIG_6 for a representative

col umar arra§9611rbf thRKk 4R p%fe‘?féea‘{ or8YSEackt FEFSIr POESci RRLFICWFEY 81
includes a pl giapbb¥dobvEET rydpeactaiveuins 8brhayi heattea n-&iedigradess,
respectively connected,to reslgective heater resistors 56 br)( heat er resi stor
| eads 57a. As@BEi 86l WEnCRIBRCSEET aiFveeEinedi Y aPbsr 82l apet ¢heedges

associ ated ar 6@YWQﬁ.lisnl§fd%0léhgaﬂmﬁratcgie%ﬂn$; F GRlTia] OO Upkh- PSSy 18dyd o
whi ch the source el ectrodes of all of the FET drive circuits 85 of ,t}ﬁe

associ at ed FEF2dri v@ecitmtui thanrads 81 apécef8Eipralyy LHHmst ePeEeds
‘col ummar arr ayo8hedl 1RETHE b rGidiCuidyfeANG t he ASH0C| Bt €y 85 DD Hused 81

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.



WO 02/ 0fi0C92 10 PCT/U S(11 /280 7 extend longitudinally along the

associ ated columar array 61 of ink drop generators, and are at | east

| ongi t udiwelobMeuwor ext ensive with the associ ated col utmar aigTasedisesEach
ground bus 181 is electrically connected to at | east one bond pad 74 at one
end of the printhead structure and to at |east one bond pad 74 at the other
end of the printhead structure as schematically depicted in FIGS. | A and
1B. (0039] The ground busses 181 and heater resistor |eads 57a are forned

in the metal ligpgdpn | apes oirlilﬂde%];@at@ 16f mbwa@g Nofifiessbst neciaress 11,

as are the heat er resistor | eads 57b, and the drain and source el ectrodes
of the FET drdlelidinaigd ©v85 despechadef ankhehambespnl9| 00a®) that FECHri ve

‘circuits 85 gﬁcol fbrm!;uaea&egrlrr%% gftoEEEéir'é(ﬁ‘ §LEEUELBear gnﬁowagmceg@eby

an associ ate umar “array ecoder lTogic circuits 35 that
addr ess i nf orifht i andoanarssdicaesrd addrfsse bk 33t Adignedcandedoath tan

‘appropriate blg{sgocgﬁggghi%éﬂ% 6{) The, addsess,d rrie%ri&t L i dentd fijgs 4 he

i nk drop genera are e energized wih ink firing energy, as
di scussed furdmeinakreésistamcs olitdl ilmabhyl theoevod@r laxgimpls @hrus 35

to turn on t cFEJﬁgmeoﬁfngcuamEaance fAgressed Qggeleeted ol dno

generator. (0041] schenmat | ca epi ct one term nal (F% each
heater resistagrows i Ebhnett ethadeim prigaty e sl dar thtdes empdrH pad

74 that receiyes ap.i nl%efé ird g pr ﬂnyg selggct sjgnal . HG e dfed hi ggmargler
a to the

since the ot her termn each ter resistor 56 is connected .
drain term namemlhnza‘ss@nlla%@uom@ drilrel giresiigt@s, stinuctfung m@f@ﬁéi@ﬁ/ PS

is providedt i S64i S9¢d 2t gd
is ON as contro Iedrlgeastﬁ%cangcs%szécﬁ%e d[g g%e%fogl cﬁc?rggﬁglg \é% 42 As
schemati cal | yre;tymnteﬂ thhe Fb@ne 8af®r. a representative columar array 61 of

i nk drop gene , the | p r r lu r aof . 1 nk
arop w0 02/ (T0F oz bt R eI EREkE, SednceaRs B R e
into four primative gr mmi@ra,laﬁ,ﬂér Sﬂd a61$bp)ira:lrmt oguﬁuséypadjtaacertttl nk
g oup ar o ol GRPTERI | Pocorte e 1o hotBafe GS of CFBUF BHIh t P8 sdrect
traces 86a, 8:&bpl<816@nt86d41’&udm uhabgtrbe bakrdenrﬁogéﬁecatm:su@tfu:ae that
particular primt,ive asg%ou are SWi chab g coupl e jc araII erthe Same
ink firing pridf 7% &L ed® e&ﬁ'B‘P Bs. UB5MF% ﬁesyﬁ% ? O T ST ETh t he
nunber N of ittka€rop gepesatiowsthnaamudiumlar expodyiries pawdedseginal thei i pl e
of 4, each prl m t roup includes N4 ink drop generators. For reference,

the primtive %Y%%ﬁ@e la, 61b, 61c, 61d are arranged in sequence fromthe
| at eral edge p&oseypard the |ﬂﬁEr&thﬂg@e5@rators 40 are arranged in

columnar arrays or groups 61 that extend along a reference
axis L and are spaced apart from each other laterally or
transversely relative to the reference axis L. The heater
resistors 56 of each ink drop generator group are generally
aligned with the reference axis L and have a predetermined
center to center spacing or nozzle pitch P along the
reference axis L. The nozzle 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).

[0033] By way of illustrative example, the thin film
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



[0043] FIG 8 nore particularly sets forth a schematic top plan view of
primtive select traces 86a, 86b, 86c, 86d for an associ ated columar array
61 of dropogemersdt ors and an associ ated col umar array 81 mfr/fdoiglisrve
circuits 85 (FIG 5) as inplenmented for exanple by traces in the gold

nmetal lization layer 111g (FIG 5) that is above and dielectrically
separated fromthe associated array 81 o#f FET drive circuit and ground bus
181. The primtive select traces 86a, 86b, 86c, 86d are respectively

el ectrically gaonggt gdwtl‘atthh%rf Ol t ¥ d 11 ddrVeh SHOVPRS 648a161R 165G Gk by
resistor |leads 57b (FI G 8% formed in the netallization |layer 111d and

i nt er connect i Hee vilgaosd (FPGoD) thRatthidt efid lBet SRRFLFRELBEE nildi-ve ddiect

‘traces and thefesidofal eadsentb.od 0914&1 thRg fdinst phbstih¥eusel ggt {4 ace
86a extends longitudinally al ongat he first primtive group_6la and overlies

a portion of hER@r thesi SHEES| ealls 54 PREEN 9¥aR hdte aParpddgdct Fveltpe

‘connected to f@?éféné@sh§t1%rsl. 56 ah the fifpd PeFBrbhve AU0UP flagnankis
connected by vias 58 (F 9) to such heater resistor |eads 57b. The second

WO (12/0( 1l ( %lq%mmsmm?l%r PAPEFrIelEerederimesc £B6BS| fdEudeasia

section that gxygnds akgag.the sle&pndc@ﬁwﬂéa@egrO%efiltl&mﬂ@mrﬂalqsya
portion of heater resistor leads 57b (FIG 9) that are respectively

connected to $RRAERte@seREsr 9f56h6f thhe $édBngupsitmuctyEegrodg GUSO ARl i s
connect ed by i’é?@ré@dt@o :é&fhcﬁl@a_fte%rexre‘?ﬁéhghb'e%agé 53@ ndh8 £8CAUKL L race

86b includes a further s ion that extends al ong the first primtive
sel ect trace BBa ®#deneati dechbferfé-first prinitive select trace 86a that

ccorBos = NSERL o igsL s B e iabol 1y oo Bla T

second primtrv b i's gene aped Wher el N the second
section is nazroaer elhad timk fdrep generamosd aset@lbsapassntteueafs neting

primtive sel h e t he
second prim t?@%s%é ?§f§acei§%5é§fbgl4%%%ﬁfgdf ?rgs%géﬁ#ggégﬁd%érf%%%

sel ect traceSOBGa,heBGi:nlar ergeneyaiéyatatrd ed8t orfoea(merasir\a@r | ofgiihkdichadp vy
with the first_an n tive gr a, .6lb, and are res ctlvely
appropriately %%%%%€$ %I) %gpresSecstll tgtg};dogéd thﬁ ‘&e%g gealzan[e Eg Iaq eral
edge 53 whi chcm]suxmhpsésr ¢pambeef tostompensaconfopr firinyedskbest traces
86a, 86b. [004 e fo rth rlmtlve select.trace 86d exte

Pongi tudi nal |§083%hg t HEPFBERFN 5t 194G veE g Bip 6o ngbovErrTEsor= Y i on
of heater resistbDidéeads Hedtdifl ﬁessaastbha156are:r@nheated resieabes are
resistors 56 of the.fourth imtive group 61 and i s connected by .vias 58
o such heat efCPRERLPStY| dateiBad 'Sna THtPR AR | AFPRBE B CRrTEvac iR
includes a secotrpaspbatl ext ehds callamgatrhertrhiysd o;fr |m1¢|daa>;grgmm:ﬁa]imm.d
overlies a poif;ti on of heater I’Eﬁl stor. | eads 57b t hat are (of0) ct ed

to heater resf3for¥ BB BF rRe Hhera prPhitTvE 5 r’é"i% Ahd? T¥%on
by vias 58 tobsu;cénféeaéértoebystbe lsemelsréfd-areﬂ'dae nhmbdrps'&l:ritl ve sel ect

trace 86¢ inc a her . sect ext ends al ong .t fourth
prinmtive sel L@éjgﬁ ace @%8 D ¢ E}?srﬁrﬁ%%eel i@t %lfr Fdndeadyp
02/010C92 13 P@'AUoileiIdSZ.80117 g@.r)erﬁl | yad - :ﬁba@e@a\mgrc@llraxﬂ@e iSRCAME S
section is narrower,than the first__section soiil 5}61838 t he fﬁourth
primtive SolBLToE 1 HEE ERRA G P (TS RBRLOREF B aanf-ﬂ eFheecqfenfe t he
third primtiggiselectntrage &@ace[dl%'é]rtﬂfe:otxmleratrarwtﬁ&urﬁfhrpewémé
sel ect traces 86c¢c, L 86d are 9?%”"” at | east coextensive Iogglé;éudl na@iI

y

with the thir8aAELYButth r AT EEGRCEr GifgS d1c, 6106 HHH APEYr sdpdet

appropri at el yregpseet ed1{orbead tpads Mkdld&la@sg@rﬁratﬂ& i edgearsd

that is closest to the thllrd and, fourth primti've select traces 86c,, 86d.
by way of illustrative example are located on the same side
of the ink drop generator groups that they respectively
feed. In this manner, each of the ink feed slots 71 feeds
ink along a single feed edge. By way of specific example,

each of the ink feed slots provides ink of a color that is



[0048] By way of specific exanple, the primtive select traces 86a, 86b,
86c, 86d for a columar array 61 of ink drop generators overlie the FET
drive cirwoiccscmprl t he ground bus associated with the col pmarsoapg@ay of i nk
drop generators, and are contained in a region that is longitudinally
coextensive with the associated columar array 61. In this manner, four
primtive select traces for the four prgmtives of a columar array 61 of
ink drop generators extend along the array toward the ends of the printhead
substrate. Nbcﬁfff’@féhﬁ“f@éﬁxythé EbiéE Bl khef 1915 ertowee%e'bgﬁttﬁé for a
first pair of primtive groups 6la, 61b disposed i'n one-hal engt h
of the print heaid §©%§t$h@*e5ar%u@1@m%u apani nyall@‘glil)fhdtmge@mends aI ong

‘such first patgoghy pri Thidvengnous, Wile aaeaant pabe G Pl Tdine.

-

sel ect traces second pair o prl mtive groups I'spose

t he ot her halI00B ¢heF1&NhgtlB,0L2B, h&Bpr KBt head 1sanblsi¢1a1@rhyelm©mwmeﬂmn a

region that e n C QUDS. For

ease of referie(‘ﬁl]gegéef:ﬁ gf%%ﬁv?%‘gréej%%)a% %t é’%l (}\{—f%geassoem a e?:lground
bus that el ectri cmdyacrennepacwe dpatter gl stork SBclaend dssociwmzbeIRET

drive circuit bopd, pad e L t4 vel owef

traces. Also %?g,%%g% g? F ge?g%ér% %h Oél}lrlﬁ‘l |ve¥héﬁ&1%f?lf?’%§%

PCT/ US(I | / 28(tespestieelyt faeds f@@rcmlbenrrsef@r refl fokasirop tgmuemagimss de

or non-ground C | p t| .4 651 stang (or

onr esi st ance)gg eac%"‘g‘“;gf;1 ﬁgc#ie?gdg é%:%%(t g @% |§f?§or}1 i gur eaxh? e

conpensate fosléobhe Vari athexminn the pakaghtalrmerlesicgiemceOpaedenmd etd);é he

different FET_dri ircuits_85 the .parasjti ath .forped .t he

races. so as e B aaRe ThelodrrRE roH K hEtadcriBtnisli tha cbirne Hllter

resistors. |nspastrootare.thEnpoivts taaces ,f oppozifnar asigeisc qfatdadhaink

presents a pagasiti |stance FET circuits th varies Wt

| ocation on t %e%atc’ﬁ oty n8rfnﬁe%£ ascft?% ?e%ngt%%%% 8% gégha%’fot I'—%Ie%ri ve

circuits 85 islsebecbtagrsseshat chizd caigs natk ofeeditdiespatasi Biyc weasist ance

of each FET drive.clrcu and the parasitic re5| t of, po

races as presRAEaet o PRACREFEREE 0B, L it T RIS B oGt 1 ome

i nk drop genelBf OBB} 04BNDE fwrmoﬂcﬁtsmf@ﬁe aﬁrilhﬁlét&atvﬂfeﬂ’@&i Shonts bk afsedl |

of substanti al {3‘% the sale SI st nce he para&il C resj staQ?Cf of each FET
CP s R PeOF of Uthe?

drive circuit® d”q&' ofpBfis& GFor ¥ t he

parasitic restsa&angel Ofoametoalsﬁrﬁm Fled Ponkrr drbpcesn@taPo £s et efude® e
different FET_drive cuits 85. |n this manner, to the extent that

subst anti al | y2EGR&I © gn PYi & %m%reo#a?’ém ded to the bond pads connected to the
power traces, [eubsyantmd;éyeequaélenercgjaﬁt&r&anabe prsadddectdd wwhehdidHer ent
heat er resi storf [ 0051 Ref Lfng nore particularly to FIGS. 9 and 10,

each of the FEY H’F‘P(’}E EFF%&Fté R (96 ge&e&raglor{éy% ae’ieec‘f‘ﬂ‘%f%ﬁﬁ
:cnt er conggc; eEiE'ﬂ(rjadfh\Géheeilrr?aﬂﬂ.tfl aggegzsmsmfmﬁ (C)i\mr dhai gthﬁzgl OJ.nlelm
I ngers or I N e Ssiill.con u rate an ural It
of gl ectrical Py FHFBF%Bﬁﬁeclleld s%%r czﬁ’gl edth gerga% t]'@ro%’gl t&T eé
or interl eaveécmmhtlbﬁlﬂyalde;ﬁlcﬁﬁéd odes 8Icands dlf&@osed e SOK L1 F&gi 0N

fingers 99 forned in the silicon_ |, 02/111(1C92 15 PCT/I 111 /2811. 47
CUboty ot o 11150 PBROE! PFERK Bar BEf Aereop) SERETAE0R S o EAGH I S Gy

respective endsratetdaspopeti ahd dddd gatereiide bayerT 93ries nedtrom tHe
silicon subst gte 11]a. quJghpsphom | icate glass |ayer 95 separates_the

drain electro RIVIRG t Js%ur"cjee%?’e&l‘?%de’éeme?trjo‘fﬁ]t%e e ubs?r at e

111la. A pluratékyeoticentuciicre :@E@i@t@@@t @tst soﬁ8heée§irlreelllsxto&0n1@§ast he
drain electrodes 87 _to the drain regions ile g plurality of

_ conducti ve soufee cHRFacteted BiER: FRch IF@ (9t¥r3ré7(,et FREEIGurE B &t rRés 97

"to the sourcethegb@B®c99ted 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 8l are electrically connected. Each columnar array

81 of FET drive circuits and the associated ground bus 181



[ 0052] The area occupi ed by each FET drive circuit is preferably small, and
the on-resistance of each FET drive circuit is preferrably |ow, fox exanple
| ess t hanwomeeéed to 14 or 16 ohns (i.e., at nost 14 or Joraiwesldseshi ch
requires efficient FET drive circuits. For exanple, the on-resistance Ron
can be related to FET drive circuit area A as follows Ron < (250, 000
ohmsm cronmeter2) /A wherein the area Afs in mcroneters2 (un2). This can
be acconplished by for exanple with a gate oxide |ayer 93 having a

t hi ckness thalktehd essndMang fia enpad 1400 800 ARgsbEQEB (I celumaarrras_t:a%OO
Angstroms), %g{a){gate |'ength that is less than 9 um Als havi ng a_heater
[

resistor res é-rdf dditOH SN TEFPTShmeNEl P&Rs atthéePE‘F éPPS&FFglPGlBQ nmade
-smal ler thandf_dheheaferyiesi 8har $s8aeiatk@ic st aeay SEDCCEWicHh a
greater heater resistor value a greater FET turn-on resi stance can be

tol erated fr@marsbrieigletBli a8 GflegitsdceBddy GiPratediRet dio bt weensSpaPasi ti cs
‘and the heat or{(?e?aﬁ 048 ¢l @%%né\soe &%téﬂﬂ*@{e%w&ctdﬂ? MR at

el ectrodes 8 in regions 89, source el'ectrodes 97, source regions 99,

and the pol ydigastorerat Bonringads 61 %tanteszt ehier \WDd 19§ 18k ( prinshpetr U
S(11 /280-47 sybstiatd ald ys&tértwmly Rpidansval selos t oA hed efer ence

axis L and to the |ongitudinal extent “of the ground busses 181. Also, for
each FET cirdfa3sds5, tHEhex3eeundfoyszesiridh ‘F‘@@I BA3tED &AELERETrsdEREE
1 0NS 90 LR VSl LAIP (IR SR0G0 12015 dn 1R/ 193 (BT GG o O
the gate fingers transversely to the reference axi as shown in FIG 6,
whi ch def i neshehe et efntlmfsulheta@@tweerbg; ons Bransver bepyeroresastor

o erence X kdus Mofp a8 0L b O8na DEuPXLEDY LA bR b2 Pne! i ode
fingers 87, drain region fingers source el ect |n ers 9 source
region fingerdri98 imdcyiols s i descigdied fiungeresr Qﬂewm.be referred to as

the | ongi tudi t ent,,of h, el enment.s | of I nts _ar ong
and narrow i rﬂgd‘;s rip- I?}kee Es#ffcilrrfgveer SH5E nngggt af[s(%%j“] cgl%gl% Ola%r%))
illustrative examglre, dtbhee orczrleﬁjmsaneeeofccﬁﬂrﬁblo]fed hbyFEaTn CIaB(SUiCtlﬁt%i is

i ndi vidually canfigured i n |tud|nl t Ienth of
a conti nuougl Cﬁﬁ‘mfgac]b %rc%/ d?g %ﬁeérﬁ Ogjf alcr?‘rr %&%;B %S‘@lts ein a
conti nuously arm;tr@mtmtf@ﬂnaegmncbnl sn ded padent e&ambescahscelt abbs 8& For
exanpl e, the continuously non-cont act:ed se nts of éheﬁg egl o#
fingers can BEYIHFEeE hdendEPEPPTHRG furt &
fromthe heatiddesd simfro:ﬁt@tiﬁae 1@remeaifstte&ntﬁeoina edh igaﬂeacratEﬁE ¢ibvadui t

85 i ncreases WI th in rea5| n e conti nuouslé non-cg_int act ed &ﬂal n
regi on fingerfegh®nf® Hﬂ&‘n skttt @deI6 dét effi & (HE =S
on-resi stancefuﬁttee:partteixcaﬂra,r EEB cis cmﬁlli[z(BIBS]oyAstheotdtmjocmqarrnloeg,lct he

on-resi stance_of eaih E T glt 85 ca be gurled Itg% sel ecti ng t the
size of the FETF¢11elit> BB 21t Hd'extdtit SFLER FEr e teui
transversel y dddtdesedf er esteee@xes inlc adrdye c;@hemmlrt o define the

on-resi stance 6] F r a t cal | enent at n the RQer t-races
for a parti cuiooélpj T c %Lﬁ(th lr%tdgé’lﬁ} gggll ftr?zt inal

of each heater re51stor 56 1is 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.

[0042] As schematically depicted in FIG. 8 for a
representative columnar array 61 of ink drop dgenerators,

the ink drop generators of a columnar array 61 of ink drop



17 PCT/U S(11 /280 7 reasonably direct paths to bond pads 74 on the cl osest
of the longitudinally separated ends of the printhead structure, parasitic
resi stancwoimer@ases w th di stance fromthe closest end ofpdigsifkdyhead,
and the onresistance of the FET drive circuits 85 is decreased (naking an
FET circuit nore efficient) with distance fromsuch closest end, so as to
of fset the increase in power trace par@agitic resistance. As a specific
exanpl e, as to continuously non-contacted drain finger segnents of the
respective Figbrlitaieo€d Iddi be 82ghRatedt 8ht oaf oliN NS Ofe iR AIEN o0 ONn
fingers that ‘are furthest fromtﬁe heater resistors, 56, the | engths of such
segments ar e Ybr &dsed 4t REJFSEERERCEF b %ﬁka%‘?%%e’srtk Sireropepgeators,

‘I 'ongi t udi nal Iahsenar apd andesektbhe BEi 8 Neash STty ©rid@3tle EaGup
ground bus 181 is fornmed of the sane thin filmnetallization |ayer as the

drain el ect r G&s FAME PRI EHURBEMIET odds F%F e FERSCi Pui £S5,

‘and the acti g jafieasvel sepsb: of ridhes FEdari s6bi t seepnpeseduch thatsewee
and drain regions 89, 99 and the polysilicon gates 91 advant ageously extend

beneath an asddti @FeR FERRTRUNFS 1. a TR tHAGWE tRTE okt BESUBNEUSET

circuit arrays,H1-acipy d@ﬁl?’l%\&erir!i e@-0R3 1 Chol eIl Badk! OMBK @ 3 ng
narrower, and thus |ess costly, thin filmsubstructure. [0058] Also, .i'n an

i npl ement at i AT MHETETH SiFe-SE6nt $HARAS | ¥ Shon- 6t abted FeRfehts 6KafRd &drai n
regi on fingengmstadd @het REMSBASN Ob£t DRKARALR HRAEPALErBICHS ot Rl v r
furthest fromthe heater resistors 56, the extént of each ground bus 181
transversely T3t &faPPy 5 egRals Bdidide Hb s¢4 anaht BRAMETLNE S5SUA at ed
heater resisti{s pfgam e iner eased genthetbength ebrt he contiduiousiye
noncontacted drain finger sections is’increased, since the drain el ectrodes
do not need tRFIE&TEHE oVBIOWRRh 6édnt | RkBus| §1Ron- Bbit RKed EAIEd ngér
sections. In égcfllf‘énc‘!\é’rﬂ%mtbﬁe"‘léjﬁé‘rﬂ ofqge0k9uURdyHYE 18L gancha)i REiRased
by WO 112/0fi1112 18 PCT/ USOL/ 280~7 i ncreasi ng the anount by which t'he
ground bus ov#*dies the active regions of the FET drive circuits 85,
dependi ng upo | eng of gt | (e]aPNsTalgl d_drahn, r.egi.on
segnents. Thi I'rsbclhg:'?]achi e%/g% V\?tﬂgﬂfoﬁ%ié?ggg?%gl?hgegmgd%ﬁ% ?heS%F%grgnlag:%CO
occupi ed by a&ap quirah buissWl 8 amdmitivasseteatetdr&#&ds dtbae &b, cWibc,aftay 81

since the in se | j j i te:gcmgﬂrg f I tween
t he ground bﬁé%n%t%%%%%%%gr%dgﬁg%ﬁ% I—ééT ri vetpci(&recr:l%:‘lft%;tog‘%. Gt

Ef fectively, at amyopartedukaluRriEdrciereaiyt 885,0f hBEYr duhdebasrcanteveédd ap
the active regj t pangyet e f axi,s suhs tiglly the
| engt h of the%ﬁboﬁ?a%eéﬁg%%%n %goFéghg&gﬁgﬁﬁ %rs gfc(%ﬁgﬁéés[toﬂgng'gFgqu]“t%e
speci fi c examiealherathonhelaysn i Addgs| yFAGn- cont athad drsi mbatg orend
segnents starj. . o] i .regi fi t fyunt t
fromthe heat&elr@%eeé?%g%gf%&%gga é?e?rl{ot e en%gt]%gé%gés.%c%%%%t ?%ugﬁil y
non- cont act edF&l adxi vegiiorewidg ot grdvodebyve Wlh di aiauiftrion sied asttosest

end of the prgfgg% dgglr Ui gyl €, gghe. '@‘3@“'&@%109 QEe}éﬁElf?&%O’él%fcttﬂl%a"ﬁh h W
of a ground bus 1 with the 'variation of 't eFe gth o he cont i nuously
noncont act ed eerectedi on sbgnEous prowmidévef groapgr 6dad 1Bdb, h&dicng GloM dt h
WL81 that in ;W i g he; clasest d .qf (T

structure, agﬁ%g%%%%%&?ﬁ%@ rg8fgS{E;tcC§e't )e armunc% e'Lo tgﬁaﬁ%gzag&rl%tgﬁgoql

i ncreases wi tleyroxihidand imterisongdsecfday v4assb8h(ERaped adveait aga@rs y

cases . . . 3pe lad
pads 74. [866*5’?5“0 e B T R R R R R sber

ext endi ng por¥ilons of the gr ound bus 181 into |ongitudinally spaced apart

extend Tateral{ ST ond P Habty P EREL 5A2%h S T B TR R o
whi ch the decbueyitodisatlycuiltang3stlas e FfiarstedprimNDiR/ Yiov@ i 62a 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



19 PCT/USFI 1/28f1.17 [0061] The following circuitry portions associ ated
with a columar array of ink drop generators can be contained in respective
regi ons hwgoigedce follow ng widths that are indicated in gchaxo18s@rd 8 by
the reference designations that follow the wi dth values. REA ONS THAT
CONTAI N: W DTHResi stor | eads 57About 95 m croneters (um)or |ess (W7)FET
circuits 81At nost 350 um or 220 unfor iprinthead 100A, and atnost 250 um or
180 um forprinthead 100B (WB1) Decode logic circuits 31About 34 ~.mor |ess
(VB1) Primtiversel ettvet saTest 86ADoIt 8 8901 ndl idie $ &SSse(chﬂ@n Hiese anthss are
measured ortho onaII or laterally to the Ion%irlbudl extent of the,

pri nt head sub@fPRPethihi/{ra A4 Vi 9F QMR OLEf BPENCEC LA ES 12 RO

"Referring nowotoh&d€er Idesiseiodf Arddud emei(FIics 8) SEhLEBitE NEESPECiveary Vi ew
of an exanple of an_ ink j in which the above descri bed

prlntl deV|ce
print heads caf°Beeehpfoyad n‘Reg?Je?t‘b?sr ngg gtaébecsesprgt primityve

'includes a Ch?ﬁétq@ 22 suamuri@edc@fm@c‘ﬂ@aswg ﬁa§n5b0% eshf, Eé@&@ﬁ' l'y
of a nolded plastic material. Ihe chassis 122 |s formed for exarrp e

sheet netal ah@SiREPHdeLa S ertPeal patfel 585939 Sherts &°Hor LR H€8Fa @re

ihndij?/! dual l'y f@ﬁiggfoﬁlﬂtt&c@fl ghazor%tmﬁyaa?ggdf&mé V@l@léltntpf@ﬁjiﬁlv%
an 1 ng syste t hat udes, a 1ee or storin rint. nedl a
bt or 6 ot Lot i FBLeehet hern ShRdrS Fas BLdangfliRs T P et

sheet materiatrsgehsas paper a.sC@lp@O%tl(t%k,thter FRSpArenesAstdNE Fe @ndcide
| i ke, but for _convenience the illustrated enbodi nents described as using
paper as the BFFRE REdMdMiVE FrGH: 6fa- wERa2FeTend(PermdsiFer/Imshadt

/2811-47 convephiengbp s Qe+ eDyr DLERESed NEhaEl 119 BhdlrddCor @l &kt 129
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cartridge, " ?r SgrP%?dggpﬁLdgge%pﬁ%ﬁtngatﬂg% ef%end%é%léhg the PLA ta
primitive group 6lc and overlies a portion of heater

resistor leads 57b (FIG. 9) that are connected to heater
resistérs 56 of the third primitive group 6lc, and is
connected by vias 58 to such heater resistor leads 57b.
The third primitive select trace 86c includes a further
section that extends along the fourth primitive select

trace B86d. The third primitive select trace 86c¢c is



WO 112111GUC92 21 PCT/ US111/2811~7 cartridges 150, 152 include respective
printheads 154, 156 that respectively have generally downwardly facing
nozzl es fwo wjoewbi ng i nk generally downwardly onto a portiper/@eikiigrprint
media that is in the print zone 125. The print cartridges 150, 152 are nore
particularly clanped in the print carriage 140 by a | atch nechani smt hat
includes clanping |levers, latch nenbersgzor Iids 170, 172. [0065] For
reference, print media is advanced through the print zone 125 along a nedi a

axi s which i yparA18) 10stdised angentihorhhespebhéo8eof 14he 1 pr hatrRdia
that is beneath and traversed by the nozzles of the cartridges 150, 152. |f
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ground bus associated with the columnar array of ink drop
generators, and are contained in a region that is
longitudinally coextensive with the associated columnar
array 61. In this manner, four primitive select traces for
the four primitives of a columnar array 61 of ink drop
generators extend along the array toward the ends of the
printhead substrate. More particularly, 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.
[0049] For ease of reference, the primitive 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



WO 02! (1((1C92 23 CLAIMS What is clained is: PCT/USOL/280~7 1. An ink jet
printhead conprising: a printhead substrate (11) including a plurality of
thin fil nwoagessy2a col umar array (61) of drop generator o188 ned in
said printhead substrate and extending along a | ongitudinal axis L; each
drop generator having a heater resistor (56) having a resistance of at

| east 100 ohns; a columar array (81) FET circuits (85) forned in said
pri nt head substrate and respectively connected to said drop generators,
cald FET oLl eiiiend neldl DG actiy e d elans £ach catm S50 g oflf duar gyl ons
(89), source regions (99), and a gate | sposed on a gatg oxi de layer
(93), each FEPrcigmuintddhwoneartmawessi stance that is | ess than (250, 000

"ohmmi cr onet er ,  Wher ej IS an.are FEL circuit i _

m cronmet er sZ;ﬁ%C%)g r trgtfr:eeljéé]’f‘@ga}?’ 82>£bh(,3é 8%63@8?3&%1 8 )escésr?r?g’c eede35 s&Pd dr op
generators angsiathriktel) drdfveeachcuwf s;thand FEGI ddFE¥edreveceit<uigs is
‘configured to cquensq#qifor a variation arasjtic, resistance

oresented by ST GG 1 4oBPenFate 5O e AR HTL0R diintP S REr AR S d
gate oxide ' deniertdrace pidiarigwBsoothat diDseér8R0 ANYsdrions .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
drive circuilt wvaries only slightly from one ink drop
generator to another. Insofar as the heater resistors 56
are all of substantially the same resistance, the parasitic
resistance of each FET drive circuit 85 is thus configured
to compensate for the variation of the parasitic resistance
of the associated power 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.

[0051] 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



3. The printhead of claim1 wherein each of said FET circuits has a gate
|l ength that is |ess than 4 m croneters. WO 02/ (11 @2 24 PCT/ USO1
1 280- 47 4woTbeeqepi nt head of claim 1 wherein each of said Fgh/@oissisbs has
an on-resistance of at nost 16 ohns. 5. The printhead of claim1l wherein
each of said FET circuits has an on-resistance of at nost 14 ohnms. 6. The
printhead of claiml wherein said colugpar array of FET circuits is
contained in an FET region having a width that is orthogonal to said

| ongi t udi nal | St Lo 800 i dth %ﬂc\;%laltccgps 2320 fllﬁﬁf@t &S +¥atr There

printhead of clarm wherein sai mmar arayo CII‘CUItS I's
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and wherein said povver i nclude primirive se races
85c, 86d) resgezinvekgiocosnd®™,ediitidesad dpMipalityi vé grooupstive Skherce
printhead of cla
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of said Mpritwmtthe sehect tregtessag®.electrically connected to bond pads

(74) at one OIO&Q&P endéheag%egh%%%hgl%%p ereacg PETSgrlve circuit 1is
preferably small, and the on-resistance of each FET drive
circuit is preferrably low, for example less than or egual
to 14 or 16 ohms (i.e., at most 14 or 16 ohms), which
requires efficient FET drive circuits. For example, the
on-resistance Ron can be related to FET drive circuit area

A as follows:

Ron < (250,000 ohmsemicrometer?)/A

2 (umz). This can be

wherein the area A is in micrometers
accomplished by 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 um. Also, having a heater resistor
resistance of at least 100 ohms allows the FET circuits to
be made smaller than if 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.

[0053] 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



WO 112/ 111 (If 92 PCT/U 5111 /2811-17 25 primtive select traces are
electrically connected to bond pads (74) an another of said ends. 12. The
pri nt headwofozebémbim 11 wherein Mis four. 13. The print heagpcafuswhasgyy 10
wherein said Mprimtive select traces overlie an associated col utmar array
of FET drive circuits. 14. The printhead of claim1 wherein said drop
generators are spaced apart by at |eastgl/ 600 inches along the |ongitudinal
reference axis Z. 25. The printhead of claim 14 wherein said drop

generators ar&,;$paced; Spaf %ﬁoﬂﬁ%lf%@%réh@ggrég§yl eogitddidiarence

reference axis Z. 16. The printHead of" claim 1l wherein said heater resistor

resi stance i s2%is |leatd 10 WifslongA tudhidak | it tfedd off lsaigholnthdres s Sai d
‘heat er resi stpgy 1 esilancesds abcheasiy 130-0b08. 538. (The priatbead ofngl aim

1 wherein respective onfesistances of said FET circuits are selecied to
corrpensat e f rajn i 2adion 8l gt 4819 i ouees s&%@élspr%éﬁtaétﬁwss%hd ower

‘traces. pﬁ‘:le Lheadeofy olaim 18 wher eig,@ agz% necaC@fofchga'ggatF%al .

ci rcui tS IS S ecte to set said on-resistance. . The pri nt hea
18 wherein eakingfrsatvameErersetvi £8 thel méég.redf:au AxéBeltr ddesha@an) :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 297,
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.

[0054] By way of illustrative example, the on-resistance
of each of the FET circuits 85 i1s individually configured
by controliing the longitudinal extent or 1length of a
continuously non-contacted segment of the drain region
fingers, wherein a continuously non-contacted segment is
devolid of electrical contacts 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.
[0055] 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.

[0056] For a typical implementation wherein the power

traces for a particular FET circuit 85 are routed by



WO U2/ (1 CUC92 26 PCT/ US01/28U~7 drain contacts (88) electrically connecting
said drain electrodes to said drain regions; source electrodes (97); source
cont acts wodalsertrically connecting said source el ectrogegnigaisgiyd source
regions; and wherein said drain regions are configured to set an

on-resi stance of each of said FET circuits to conpensate for variation of a
parasitic resistance presented by saidipower traces. 21. The printhead of

cl aim 20 wherein said drain regions conprise elongated drain regi ons each

including a %&é@wyﬂzydma@cﬁolﬂaaﬁéeeosggﬁanbaaavnmgoa k@RI skt it
selected to set said on-resistance. .AL2.
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"E. Al "R A9Y7. Ag@rf$t@9é Alz¥asitic re51stance increases with_ distance
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resistance of the FET drive circuits 85 1is 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.

[0057] Each ground bus 181 is formed of the same thin
film metallization layer as the drain electrodes 87 and the
source electrodes 97 of the FET circuits 85, and the active
areas of each of the FET circuits comprised of the source
and drain regions 89, 99 and the polysilicon gates 91
advantageously extend beneath an associlated 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.
[0058] 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. In other

words, the width W of a ground bus 181 can be increased by
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proximity to the bonds pads 74, such shape advantageously

provides for decreased ground bus resistance with proximity
to the bond pads 74.

[0060] 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.
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[0061] 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.

REGIONS THAT CONTAIN: WIDTH

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

FET circuits 81 At most 350 pym or 220 um
for printhead 100A, and at
most 250 pm or 180 pm for
printhead 100B (W81)

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

Primitive select traces 86 About 290 pm or less (W86)

These widths are measured orthogonally or laterally to the
longitudinal extent of the printhead substrate which is
aligned with the reference axis L.

[0062] 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
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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.
[0063] 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.

[0064] A print carriage slider rod 138 having a
longitudinal axis parallel to a carriage scan axis is
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
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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.

[0065] 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 is
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. 11, they would be
perpendicular to each other.

[0066] An anti-rotation mechanism on the back of the
print carriage engages a horizontally disposed anti-pivot
bar 185 that is formed integrally with the vertical panel
122a of the chassis 122, for example, to prevent forward
pivoting of the print carriage 140 about the slider rod
138.

[0067] 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.
[0068] 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.

[0069] 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
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and spirit of the invention as defined by the following

claims.
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What is claimed is:

1. An ink jet printhead comprising:

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

a columnar array (61) of drop generators (40)
defined 1in said printhead substrate and extending
along a longitudinal axis L; |

each drop generator having a heater resistor (56)
having a resistance of at least 100 ohms;

a columnar array (81) of FET circuits (85) formed
in said printhead substrate and respectively connected
to salid drop generators, said FET circuits including
active regilons each comprised of drain regions (89),
source regiocns (99), and a gate (91) disposed on a
gate oxide layer (93), each FET circuit having an on-
resistance that is less than (250,000
ohnvmicrometersz)/A, wherein A is an area of such FET
circuit in micrometers?;

power traces (86a, B86b, 86c, 86d, 181l) connected
to said drop generators and said FET drive circuits;
and

said FET drive circuits configured to compensate
for a variation in a parasitic resistance presented by

said power traces.

2. The printhead of claim 1 wherein said gate oxide

layver has a thickness of at most 800 Angstroms.

3. The printhead of claim 1 wherein each of said FET

circuits has a gate length that is less than 4 micrometers.
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4, The printhead of claim 1 wherein each of said FET

circuits has an on-resistance of at most 16 ohms.

5. The printhead of claim 1 wherein each of said FET

circuits has an on-resistance of at most 14 ohms.

6. The printhead of claim 1 wherein said columnar
array of FET circuits is contained in an FET region having
a width that is orthogonal to said longitudinal axis L,

said width being at most 350 micrometers.

7. The printhead of claim 1 wherein said columnar
array of FET circuits is contained in an FET region having
a width that is orthogonal to said longitudinal axis L,

said width being at most 250 micrometers.

8. The printhead of claim 1 wherein said power
traces includes a ground bus (181) that overlaps said

columnar array of FET drive circuits.

9. The printhead of claim 8 wherein said ground bus
has a width transversely to the longitudinal reference axis

L that varies along the longitudinal reference axis L.

10. The printhead of claim 1 wherein each of said
columnar arrays of drop generators is organized into M
primitive groups (61, 61lb, 6lc, 61d) and wherein said power
traces include M primitive select traces (86a, B86b, 86c,

86d) respectively connected to said M primitive groups.

11. The printhead of claim 10 wherein said printhead
substrate includes longitudinally separated ends, wherein
M is an even number, and wherein M/2 of said M primitive
select traces are electrically connected to bond pads (74)

at one of said ends, and wherein another M/2 of said M
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12. The printhead of claim 11 wherein M is four.

13. The printhead of claim 10 wherein said M
primitive select traces overlie an associated columnar

array of FET drive circuits.

14. The printhead of claim 1 wherein said drop
generators are spaced apart by at least 1/600 inches along

the longitudinal reference axis L.

15. The printhead of claim 14 wherein said drop
generators are spaced apart by 1/300 inches along the

longitudinal reference axis L.

16. The printhead of claim 1 wherein said heater

resistor resistance is at least 120 ohms.

17. The printhead of claim 1 wherein said heater

resistor resistance is at least 130 ohms.

18. The printhead of claim 1 wherein respective on-
resistances of said FET circuits are selected to compensate
for variation of a parasitic resistance presented by said
power traces.

19. The printhead of claim 18 wherein a size of each

of said FET circuits i1s selected to set said on-resistance.

20. The printhead of claim 18 wherein each of said

FET circuits includes:

drain electrodes (87);
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drain contacts (88) electrically connecting said
drain electrodes to said drain regions;

source electrodes (97);

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

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

presented by said power traces.

21. The printhead of claim 20 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.



