;e3eG'HA :1"6<"T"\e*10 June 2004 FLUI D EJECTI ON DEVI CE W TH DR1VE Cl RCU TRY
PROXI MATE TO HEATI NG ELEMENT FI ELD OF THE | NVENTI ON The present invention
relates to fluid ejection devices sad) nore particularly, to proxinate
positioning of drive circuitry with respect to heating elenents of fluid

ej ection devices. BACKGROUND OF THE INVENTION In a printhead of as ink jet
printer, a drive babble is formed with head fluid or ink #hﬁt eﬂ%?es a
droplet of fluid to be ejected froma nozzle or orifice o printhead
towards the nmedia The fluid is heated by resistors that are activated in
response to associated transistors. The resistors and transistors are often
formed over a silicon substrate. In sone MOS transistors that nay 6e used
to fire a resistor, polycrystalline silicon, also known as polysilicon, is
| ayered over the thermal isolation undarlayer and is used as a high

resi stance) not quite insulating, conductor that acts as the gate of the
transi stor. Wien current is passed through the transistor gate, an electric

field is established WuUID EYBOTION DEVECE WITHORIVERIRCOMR w@\ﬁtween the source
it.

and the drain of the tranymﬁmmlm w en current is
fumed off to the transistor gate, the electron ow stops) nursing off the

transistor. A very thin thermal isolation underlayer, for exanple a silicon
oxide layer) is often applied to the silicon substrate of the printhtad,

l'yi ng between the heating resi st pgmﬁﬂ substrate. The
underlayer protects the silicon SuUBS e firing pul se of -the
resi stor. BecauseThpresentinvedtiongela®d tooflid ejdctioncdéticed dnd mare]&m]c'dgﬁ 2004
often very thi 36 an.electrjc f|eId generated by the gafe can In {fence t he

nmoverrent of t hd® @FOXUPRE positigning of @F%%WMWMM|mmtsaofS| stors
have been | ocaiflafli dectibAievics. from the resistors to protect the transistors
from bei ng exposed frequently to high heat, and thus shortening the
operating lives of the transistors. Anot her reason for the distance between

the transistors and resistor Wl t he _nmechani cal poundi ng of
the drive transistors by theWE?&%Sh@’@}’%%m Nubbl es when the fiuid
i s heated. D SCLUalgrintHead &fan ik feiphifiet, Adi’l"lé’btﬂ)bfdxg?&lngﬁ'

are descri B 'gd n one

pri nt head, and a, od of form ng such devi ces :
embodi nent, th& androplgtaf ﬂ!ndtobmgeﬂtdaﬁ'bmra fiozale osturifioe bfat ed 1 uid

is ejected. Th r stor, that heats fluid in the
firing chanber‘ Ee %orﬁ?ﬁmﬁi&] qﬁ“ Qﬁag’sdtl? MW@@FWl%"‘E eddnfiring
chamber. The pmpmmmm&emawdne xisﬁté@@ﬁdﬁ'&xﬁ E@J&?Mcoum ed
with the reS|stor flﬁlge transi stor also forned in the substrate. e
transistor is P E’fﬂ"’éﬁ(lrnatetothe resistor and at a distance within
60 m crons theren{so e i t hat rresponds t.o the

di stance between thenTr &%ﬁiﬁﬁdﬂﬁhﬁbﬁ‘%&‘?m & N OF THE
DRAW NGS The Mmd&@mmmm isdiyeted @veti the thecnmdl isolatiGmindenaysd | |

Garai | b0 decorant et i RHieR Kfete B qarf e v, onfbcior i senas e R o1 -
FIG 1is an wfshatresistahoWhéd curfeaPisia mmu aistedd &-gQ:@ BMLJ&% | ayout of

an ink jet pr| QYysS_an e odj ment of the present 1nvention.
FIG 2 is a scC wnﬁgf%ghsg ‘f’ﬁ}é*’ Qfslecirensbeteen the squrcenndthet he i nk
j et drain of the transistor, embhshmg a circuit. When current is tumed off to the

transistor gate, the electron flow stops, tuming off the transistor.

A very thin thermal isolation underlayer, for example a silicon oxide layer, is
often applied to the silicon substrate of the printhead, lying between the heating
resistors and the silicon substrate. The underlayer protects the silicon substrate
during the firing pulse of the resistor. Because the thermal isolation underlayer is



printhead of FIG 1. FIG 3 is an unscal ed schematic partial top plan
illustration of the ink jet printhead of FIG 1. FIG 4 is a partial top
pl an view generally illustrating a first enbodi nent of the |ayout of an FET
drive circuit array and an associ ated ground bus taken fi om section 4 of
the printhead of FIG 1. 10 June 2004 2a FIG 4Ais a pﬂﬁu%lgb dppP plan
view generally illustrating a second gnbodi ment of the |ayou ? an FET
drive circuit array and an associ ated ground bus taken from section 4 of

t he pri nt b8en Vcn’y thinGan tlecricGield Benesatad parthé gite cap influsnce/ihe whgerrnel | y
iIIustratl g ird. EHbOdI rrent the |l ayout of an FET drive circuit array
and an asg oﬁsr‘&} Taken from section 4 of the printhead of FIG
1. FIG 5 lSOﬁéh eheativé %}mﬁbfs%vte BRER §5akddCa ARBUnEE i tHEre ?sﬁo&é id cal
connections of a heater resistor and an FET drive circuit o e printhead
of FI G 1protect(thg mansizons frons bdng sxpogedafrequently oo highr bedty endBlugr i ve

CII’CUItS ad, t he assoc e d bus.of the fjrst enbodinent of thtt d of
FI G ?_lng ﬁg oé’e]ﬁ?%q\}% fnllﬁ ?Ib‘bﬁt%ea@%d‘?fe{em Ff‘hFeR’é‘iaP%ﬁctl ta and
the assocw%enmeowmlsmﬁaﬁﬂrésﬁeo@%?% t%rmﬂﬂh%'i'ﬁe Hiecﬁdﬂ?capgl i d of FIG

1. FIG GBls plan view of representative FB'T drive circ d the
associ at e@ &Foé‘ﬂ?? Harsiverst bye thengxplpsians oofi the rfluid foubbles whentthe didfs FI G 1.
FIG 7 is £l evational cross sectional view of a reprtaemative FET drive
circuit o t%e printhead of FIG1. FIG $ is a plan view of plea view
depicting an illustiativa itnple~m-rtation of an FET drive circuit array
associ at ed ground bus of _the Bda ~ed of FIG1. FIG 9 is an tnsscaled c

p~a~vc view of a is whi cPISGEOSHRIGOKIHE BYVENIIQN nt head of the invention

can be enpl oye ~ f ai.| ed
description an% tlh#\l@% C-Eﬁéll\gggg%§ Eu’ggésag %mi %rﬁeg%élwanfla%“flgggaﬁg TRt s are
i denti f i edrevdeséribeidk elnr mfeeemh&hmamnﬂteabﬁnth&lf mthidaga Mgt chambeSfrom and 2)

schemati ca il ted th s, an uascal ed schematic_ perspective view
of an ink% ]Ihlé% }EPWH&{“I’\@&FJ‘(% @P@Qt#@dn@mwe&m é‘pﬂt&é@&ﬂﬂbﬂ m nt er

conponnatin i g utalier, ”tl’x@%élﬁﬂr Cf@:%ehouﬁapéu%&e hddiNiRD METRAY Y | noTxka
(a) a thin fihwsubsttuan<e or npsisiag a su esuc as silicon

sad havi nghamher oJé‘letminﬂldadIfmtlltaymluddsmm[kmd)lecleun%lrybc)omledlwnith e rier

| ayer 12 d on the thi structure_11, and an orifice or
nozzl e pl gc[sg R yal*fsﬁ? g] B e {tFfmSIs ‘%QP?IF‘%‘PC d12. The

thin fil nbﬁi;tﬂﬁité lﬁ‘}iﬂérr€s1§ltér éu§i Jt%rdlﬁ%o@%l’rl Bb rhifron® e Gials léf%s%%?egr at ed

circuit techaiquea, cad includes thin filmheater rasrators

theren. Thes 4 widthythat tarespendsto iR distarfce heteten thearesistyr find the tiansistos heat and
pressure lamnatal to the thin filmsubstructure 11 and photodefined to
formtherein ink chanbers 19 and ink channels 29 which are di sposed over

resistor regions in whi CBRIEEDESERIPTION OH PHE BRAWIRGEED. Col d bondi ng
pads 74 engagl abie for external electrical connections sre disposed at

| ongi t udi nal | yTBpAduantagsarand fnapwes o t@d&scwed limventiom will readilpster uct ure 11

and are n?@r&&%ﬁ& %g g&sotng%gg%ﬁ 1gat51” # fr tl ﬁow n% H@%]eaf delsl:rll]l){;sc}nr ative

exanpl e)
when read in conjunction with the drawing wherein:

FIG. 1 is an unscaled schematic top plan view illustration of the layout of an
ink jet printhead that employs an embodiment of the present invention.

FIG. 2 is a schematic, partially broken away perspective view of the ink jet
printhead of FIG. 1.

FIG. 3 is an unscaled schematic partial top plan illustration of the ink jet
printhead of FIG. 1.

FIG. 4 is a partial top plan view generally illustrating a first embodiment of
the layout of an FET drive circuit array and an associated ground bus taken from
section 4 of the printhead of FIG. 1.



barrier layer material conprises an acrytate based photopol yner dry 51m
such as the "Pared" brand photopol yner dry 81m obtainable fromE.|. duPont
de Nenours and Conpany of WImngton, Delaware. Simlar dry filns include
ot her duPont products such as the "Riston" bread dry 81lmand dry filnms nade
by other chem cal providers. The orifice plate 13 conpriaﬁE? fgﬁgfxanple) a
pl anar substrate conprised of a polygpr material and in 1*¢Re orifices
are formed by | aser ablation, for ex ﬁple as disclosed in commonly assi gned
U. S. Patent 5, BBS, #99,is i acrfislr adpe hliervaéw cf e IReStin ifjce plate
can al so cogg(i.i se a ﬁl{gait ed ngt al psatcjbch as, ni'g?(hel gxgldepi ct%g;is‘r%&ﬁdeu 3) the
i nk chanb&PEodBIent,of the laygut of aniFET feyeeiraut aray anst an pssociated|ground di sposed

over respbgstakéh froth sbétionMCoftES| Fqrgapd each ink Chanber 19 is defined
by interconnectedd&gges or Jﬁf?@ﬁﬁéﬁg chghEEr opening formed is the barrier

| ayer 12. The FKF cnpastisl 2P plameviewe fdenerdilpVildstiafittes darRPGBSimERAr Med in
t he barriﬁk]%ﬁ%fr 123Tég .era. integrally joined to respective ink or fluid
firing chambets b an HEA( Y§ ciscutt3rTay and i assgeiated gr s takemfsbm a sl ot
fed jet ﬂkﬁﬂﬁh@@ﬂwwﬁﬁﬂﬁhﬂofpﬁihpk channel s open towards an edge formed by
an ink feed slot in the thin 8lm substructure, whereby the edge of the ink
fed slot fornsFi. fdean eldgeicalKireuid scHemeatic depictingl the icetritd ESorRbtidns €S OF

nozzl es 2 i over, r tive ink_chanbers 19, such that each ink
firing reﬁﬁ%&é%%t%{ﬁng@m V§ qnﬁklteﬁﬁ‘ﬁﬂﬂm@@? ofRlG.ds associ ated orifice
21 are aligned and formas ink drop generator 40. While the disclosed
pri at head has been described as having a barrier |ayer sad a separate
orifice plate, it should be appreciated that the invention can be

i npl omented in printheada having an integral barrier/orifice structure that
can be made using a single photvpolynt. layer that is exposed with a

mul tipl e exposure process and then devel oped. ' The ink drop generators 40
are arranged in three columar arrays or groups 61, 62) 63 that are spaced
apart fromeach other transversely relative to a reference axis L. The
heater resistors 56 of each ink drop generator 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. By way of illustrative
exanple) the thin fil msubstructure is rectangul ar and opposite edges 51,
52 thereof arc |ongitudinal edges of the |length dinension while

| ongitudinally spaced apart, opposite edges 53, 54 are of the width 10
June 2004 di nmension which is less than the | ength di nension of the
printhead. The |ongitudinal extent of the thin filmsubstructure 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
medi a advance axis. Wile the ink drop generators 40 of each ink drop
genenttor group are illustrated as being substantially collinear) it should
be appreciated that some of the ink drop generators 40 of an ink drop
generator group can be slightly off the center line of the colum, for
exanpl e to conpensate for Bring delays. Insofar as each of the ink drop
generators 40 includes a heater resistor 56, the heater resistors are
accordingly arranged in groups or arrays that correspond to the ink drop

generators For conveni ence the heater testator arrays or groups wll be
referred to by the sanme reference nenbers 61, 62) 63. The this film
substructure 1 i~ of the printhead of FIGS. 1, 2 and 3 nono particularly

includes ink feed slots 71) 72) 73 that are aligned with the reference axis
L, sad are spaced apart fromeach other transversely relative to a
reference axis L. The ink feed slots 71, 72, 73 respectively feed the ink

drop generator groups 61, 62, 63) and by way of illustrative exanple are
| ocated on the same side of the ink drop generator groups that they
respectively feed. By way of illustrative exanple) each of the ink feed

slots provides ink of a different color, arch as cyan) yell ow sad magent a.
The thin filmsubstructure 11 further includes drive transistor circuit
arrays 81, 82, 83 forned in the thin film substructure | | sad | ocated

adj acent rva ink drop generaoor groups (61) 62, 63). Each drive circuit
array (81) 82, 83) includes a plurality of FET drive circuits 85 connected
to respxtive hearse resistors 56. Associated with each drive circuit array
(81, 82, 83) is a ground bus (181, 182, 183) to which the source termnals
of all of the FET drive circuits 85 of the adjacent drive circuit array
(81, 82, 83) are electrically connected. Each ground bus (181) i82, i83) is
electrically interconnected to at Least one bond pad 74 at one end of the
printhead structure and to at | east one contact pad 74 at the other end of

' T T | .y B A R L T B . - 1 o~ M N



In one enbodi nent, the width of the polysilicon gate 91 is increased. In a
particul ar enbodi nent) the increased gate width creates | ess heat sad/or

renders a snaller resistance over the whole transistor 85 as conpared with
the structure of FIG 6. In the enbodi gent shown in FIG ®Ajuidepes are no
contacts of the transistor 85 that extend under the conductive vi a 200. In

t he extended are f _the transistor re. a frrs arja under

conductive via 285? Giscp plan Miew, #@’Mﬁﬂh ﬂ‘@&@ﬁﬂ“’?‘ﬁ he first

area) and d :H%h&?eaﬁdaaﬂa:ama farmerrbod' ment. In one 10
odi ment

June 2004 e h transistor e~ciency Is attainable oven w thout
contacts in the ﬂﬁﬂhmmmwmbﬁmpmmﬁvammcmnwmththsodated/e

o5 i oned (Franf B bAbEfekorkl eptifielbeRt BERIR BEFIRL. (03 Lo i event . Edges
odges of riKﬁ heat L he ol orat o et ar e e ot Loular enbadi ment)
thg drive ci%&i’!’i&‘g‘%g‘é Mﬂé%&ﬂ%ﬂ’@ lgl d 30 microns fromthe
heating el ement. fifg Pis B Bleifiohdl (Crdss sectiBhl Vg of b r%}ﬁ‘seﬂﬁh%el’ﬁ’t Avd try is

posi ti oned aboir mcrons fromthe heating elene I'n one enbodi nent) as
shown i n FI @ircuit'of thegrintlidad of [FIedt i ng res; ato~ is arranged is s std fashion

?'ei{‘&é?eaﬁﬁb?téﬁissb@en%i asﬁtg%rr«tﬁ 8 ARG FRRRBP 5 om abour
1 to about GRFETAHEE sfGar.e in a

substantially straight row The th| rd embodi rrent of the present invention
is illustrated iRIGY issan ungcaledischemativiperspentivel viawefis priwter inswhichencant i al | y

wih Che fi rstﬁﬁ%%*&?‘&?mﬁ%% Hlh oGRS (Ve i ruitry or

transistor 85 is shifted in a direction towards the resistors 56 or drop
generators 61. In one enbodi WWf he transi stor 85 may

i ncrease. The di stance batRre i nk drop gener ator and the
transistor is th 9&# detailbd Ges éﬁﬁﬁﬂ & ka;glgj ﬂﬁgsc ve. In one
enbodi nent) the %o fﬂq n gate 1s’s |?‘n ghﬁowar c;resrstor As shown

in FIG 6B) hkhdemmwﬁmﬁc@nﬂnhbde&mmmm resi stor such that the

conductive vi a~ 0. 1S _positi t_l.cas arti ve area of the
transi stor. Eanwtt?t%?ﬁg ? i F@%&%ﬁt lﬂ'ﬁ%@ﬁ& B the
di stance batxmaed séhematiopetstrttivecyiow afmﬁktétthm daejaumat&estantl ally
the sane in each enbodinent. In the errbolerrent of FIG tB) the substrate or

die 11 of t Rereplacesbleprinter corapagens) dn which the,invention caa be emplayes aad ikt ant i al | y

rggngtr?vgl ﬁ%@?#@* Ené‘t’% Wgen%fat]ﬁo%rﬁ S capa%ﬂe o:‘Na[)grsnigt >

reduced subsﬂ:eoﬁmdlﬂaymgmmmﬂﬂame‘mmdmmh.@hmtnka:miestamsuSS of
drive circuifr rrﬁl\ﬁstgig 82,, 83 of FTG are i ned towar,ds Sherr

respective ofim sibstpcre “Bé’&‘at@ a8 T RarEls plate 43 s o

relatively xRy atechedid th@foplofthek baiibedgl) saving mat erial in the
manufacture is a _great_colt savi ngrl Dependi ng upon i npl ement ati on, the

heat er resi st or sTHsthisy Ol substrpctyre 4t if fprmed pRrsiant &p senyeoatipngl iptegdted 62, 63)
can be arr aggst techniyuél, BhdinchadesQhinfilinHehte1R5ifoR BB Tombd Ah@bif. Theink NK dr op
generators of a particular primtive are switchably coupled mgggrallel to

the sane |nham¢rrlmgl piis formed ef asdry &im that igrhett)and preswwe lasninataddo osed in

neor por at cHR PERTHCRF rﬁﬁéﬁh@g@ﬁg%ﬁm @ﬁ?ﬁrﬁ#ﬁ# B BE e rer

-drive ci rCUbﬂaﬁndl§293hﬁiéhrar§ﬁ§ﬁo¥emmﬁ§t6dre§@nﬁﬁ vighohe heate sésitorpbred ground
bus (181) 187, 183). For ease of _reference the conductive traces including

t1xe conducformed  [Gald boeding gads,24 grsapshie B extomal eleckical onaections . ¥hnect a
neat er T oxXi ARl 16 AR BREH @Y opibielkidi B ik Hlm Sskaapend pads 74

are collectively neferced to as omer aces. for ease of r~farance,

t he eondst e#1d\ase potgoxered GYM@’WFN‘)EC!% @Ya‘ga)t‘!f ‘l‘WﬁY@ﬁ“S’P&em&r noshes
power traces. Ge~alUy, the parasitic resistance (or on-resistance) of each
of the F8T drive circuits 85 is configured to conpensate for the variation
in the parasitic resistance presented to the different FET drive circuits
85 by the parasitic path formal by the power traces) so as to reduce the
variation in the ~r pnvided to the heater resistors. In particular) the
power traces foama parasitic path.that presents a parasitic resistance to
the FET circuits that varies with location nr the path) sad the parastic
r~i st~ce of each of the FET drive circuit: 85 is selected so that the
conbinati ~ of the parasitic resistance of each FET drive circuit 85 sad the
parasrtrc resrstance of the power traces as presented to the FET drrve

______ e Yo~ o Y




Referring nore particularly to FIGS. 6 and 7) each of the FET drive
circuits 85 conprises a plurality of electrically interconnected drain
el ectrode 5agers 87 di sposed over drain region fingers 89 forned in a
silicon substrate 111, and a plurality, of electrically |n5w{con8ﬁﬁ}ed
source el ectrode fingers 97 interdigitated or interleaved € drain

el ectrodes Syaragdad &sﬁf ?ﬁhﬁ’ 0, ' the
silicon substrate %%ﬁ Po ydsalf I con gate I N ghétbwdﬁp%ﬂrneﬁl n erconnect ed
at respect i viPamdd drand phatopplymeridryrfilm obm:ubgnaﬁ'emtﬁd dePdnt de Nefidusanded on t he

silicon subsigrate 1 hosphosi | i r 9S separates the drain
el ectrode 8 %Wﬁtwgt@nésaw%dg@'ﬁ’igvﬁ‘ﬁ#ﬁ & otherdyRont prduetst e 111. A
plurality of "Rt e drain

el ectrodes 85?6??1?!% dr ﬁk%r?gg%éﬂ% 6&M%pur a% oi’&;c"é" uctive
source cont a'BIOSOQ&eePb@t 13 @amppses,aﬁmwmmpb acphmesﬁsﬂﬂtrwﬂpmeﬁ?ofto t he

source r-egi | tive gxa t he, drai p el ectrodes 87)
drain regi o?ﬁb%@g% source e dlgl ngees %‘of?f’ﬁ elQ'T P phe
pol ysi | i con agadmlokadtuemmdnlymmtml Pmrsmp.atnwrpm mﬁ:v sely to

the reference, axis to the |.on |tud|nal extent of the ground busses
181) 182, 18§‘f%“§%)+h°(9pg ek aspickst "t he drain

129, 00, 20 200 LK ﬁ%?ﬁﬂwgg'?i“ﬁ‘ig‘é@i&iansverséﬁﬂy@’t?ﬁi B L "o

shown is FI mmwmmbmmtmem&ﬁnwma&mﬂwh@ chambb:rmavacsel y
el ectrode o 6 JyER S inbaeseRieeRe it or 5SS of 4 <hbmbet aperine e o 88 o7) |
scarce regi darrisetpyer m)mmm@mlzpmm W@uﬁigscﬁﬂnda%%f erred oo
as the |Ongltudli‘|‘§.ér sxtent of smch .el anents |nsof ar as such el emgants are

| ong and na jgip Wﬁylﬁhﬁh@ﬂdmm

iIlustrati v I #ﬁ%ﬂﬂ@‘bﬁﬁﬁ le{ﬂﬁﬁl Ui ts 85 is
i ndi vi dual | ﬁ?ﬁgﬁ?g trgﬁkl ng tﬁ ongf@dé‘}‘g@w%or | engt h of
a cont i nuoudnk channe apetammdssugndgetfouhedhyeadrmk feedegiotoin thedds filmherein a
contlnuousléu % cont cted se neﬂt&l E*i?% ﬁ of electrical contacts 88. For
exanple) th ll? they ghthe ink £ §E’§ Sf%g“!ﬂe drain regi on Ragas
can begin at therwsbﬁef plizh 13 Ghichidls bAifikeR 87 nbZich 21 aishbiea vl bl O ¢ he

heater resistor 56. The "onresi stanc a partlcul
i ncreases winkehpmbers 49, such M@chllﬂﬁﬁmmm&ammm it chambeer 19)0us| y

non- cont act ﬁhﬂ abed uch I is selected to
det erm ne tﬁlgj‘o{n resi s%ﬁ%igw%ﬁwmfnﬁg As anot her
exanpl e, the on- mmmmsdp:ﬁnwﬁﬁhmmm&deﬁmﬁzmnf@m&éwaed by
selecting the size of the FET circuit. For exanple, the extent of an FET

circuit traﬂ§m8 %EM@bmmmﬂshamemmmmmmefl ne the

ggrtleiotsa?nﬁ%n%ﬂ{‘gﬁl t‘h@ are tf% reg@gﬁg‘of@‘)%%ﬁggﬁé‘%oabond

pads 74 on single phatepalymasflayen that mraypasudiwﬁthlalmulﬁlﬂpaxmmd prooeks and thehne

pri nt head s&crv? Pﬁ{ .parasitic resistance increases wth distance fromthe
cl osest end o e printhead, and the on-resistance of the FET drive
circuits 85 is stndaé'equnemtomQOmaﬁﬁi&edmthxcetolumn&a&ijsioc'gmﬂﬁa)ﬂw th

di st ance fr&nin6 E clsose t e S0, a 0 offs ltphe i ncrease I n povver trace

parasitic redi facho mmﬁs“’ fiveto Arefpnarsg axis L.

non- cont actmu&mmi&ﬁo&%rofmrma@p Rénciabif? gfoRp BRGehetfllydlifnddwiihe! r CUi LS 85
that start af the ends of the drain region fingers that are furthest from

‘the heat er TEESE a¥is Lgnd hayga predetermined centerdtp csréqm ernezzlepitaBed with

or i nthead <o E A eRE R T el SRl HISBE. o et R EbBRARRE", 1. cane

thin film clemwleﬂeandagpeosmsedghesldﬁa:hcmf setlang(tedmﬂ‘édmabftﬂedemmr ce

el ectrodes n | reas ch of the
FET circui t‘gglgoﬁnprﬁb@eegﬁ?&{d%wg%ﬁfgd}mﬁﬁgpaﬁﬁ % g#éor? @9 gﬂh t he

pol ysilicon gates 91 advant ageously extend beneath an associated ground bus
(181, 182, 183). This allows the ground bus and FET circuit arrays to
occupy narrower regions, which in turn allows for a narrower, and thus |ess
costly, thin filmsubstructure. Also, in an inplenentation wherein the
continuously non-contacted segnents of the drain region forgers start at
the ends of the drain region forgers that are furthest fromthe heater
resistors 56, the extent of each ground bus (181, 182, 183) transversely or
|aterally to the reference axis L and toward the associ ated heat er
resistors 56 can be increased as the length of the continuously

non- contacted draln forger sectlons |s |ncreased S|nce the drain
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The printer of FIG. 9 fiuthcr includes a controller 13b) schematically
Illustrated as a m croprocessor, disposed on a p~riated circuit board 139
supported on the rear side of the chassis vertical panel 122a. The printer
controller 136 recxives instructions f¥om a host device §Uglhea50@ pPa~sona
cunpater (not shown) and controls the operation of the printer inciudiag

advance of gimenbionWAich ik [8s than tHe l&fgtiediteéhsion o7 AR rinﬁi&d.ofheﬂo%hﬁﬁmpa”' age

140, and application of signals to the ink dro enerators A print

carriage sl Fxtent of the thincfilmusubsigucture isralang tha adges Hx %Wbl&hmbqpﬂldlehwcarrl age

zgﬁpi :geslilQNWecﬁ%r dc%&gﬁégﬁnaﬁ%%%%%ﬁ&%gékﬁ%’ﬂg al ong t he
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of FET drive circuits 85 connected to respective heatsr resistors 56. Associated with

each drive circuit array (81, 82, 83) is a ground bus (181, 182, 183) to which the

source terminals of all of the FET drive circuits 85 of the adjacent drive circuit array

(81, 82, 83) are electrically connected. Each ground bus (181, 182, 183) is electrically

interconnected to at least one bond pad 74 at one end of the printhead structure and to

at least one contact pad 74 at the other end of the printhead structure.

As schematically shown in FIG. 5, the drain terminal of each FET circuit 85 is
electrically connected to one terminal of the adjacent heater resistor 56 which receives

at its other terminal an appropriate ink firing primitive select signal PS via a



a firing chanber fromwhich heated fluid is ejected; a resistor that heats
fluid in the firing chanber, the resistor fornmed in a substrate underlying
the firing chanber; and a transistor electrically coupled with the
resistor, the transistor also forned ip the substrate; mﬂ%r?in %Qe

transi stor is positioned proximate to the resistor and at a 4% fice within
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. heating resistor 56. The heating resistor is fired and heated fluid is ejected from the
firing chamber in response to the printing command.

The second embodiment of the present invention is illustrated in FIGs. 4A and
6A. As compared with the first embodiment shown in FIGs. 4 and 6, the width of the
drive circuitry or transistor 85 is extended in a direction towards the resistors 56 or
drop generators 61. In one embodiment, the transistor 85 is extended between the
gold metallization layer 202 and the metal trace 57.

As shown in FIG. 6A, the transistor is moved towards the resistor such that the
conductive via 200 is positioned at least partially over an area of the transistor. As
compared with the first embodiment shown in FIG. 6, the distance between the
conductive via and the resistor remains substantially the same in these two
cmbodiments.

In one embodiment, the width of the polysilicon gate 91 is increased. In a
particular embodiment, the increased gate width creates less heat and/or renders a
smaller resistance over the whole transistor 85 as compared with the structure of FIG.
6.

In the embodiment shown in FIG. 6A, there are no contacts of the transistor 85
that extend under the conductive via 200. In the extended area of the transistor, there
is a first area under the conductive via 200, and a second area. Contacts do not extend
in the first area, and do extend in the second area, in this embodiment. In one



a ground bus coupled to the drive circuitry, wherein the ground bus has a
| ength corresponding to the length of the non-contacted segnent of the
drain region. 6. The conponent of claim5 wherein the drive circuitry is
positioned within 60 mcrons of the heating element. 7. The cquonent of
claim6 wherein the drive circuitry is' positioned betweeh® d886t“%P*and 30
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arranged in a staggered fashion along the substrate. In this embodiment, the distance

“d" between each resistor and its respective transistor remains in the range of from

about | to about 60 microns. In another embodiment, the resistors are in a

substantially straight row.

The third embodiment of the present invention is illustrated in FIGs. 4B and
6B. The third embodiment is substantially similar to the second embodiment, except
as described herein. As compared with the first embodiment shown in FIGs. 4 and 6,
the drive circuitry or transistor 85 is shifted in a direction towards the resistors 56 or
drop generators 61. In one embodiment, the width of the transistor 85 may increase.
The distance between the edges of the ink drop generator and the transistor is the same
as for the second embodiment described above. In one embodiment, the polysilicon
gate is shifted towards the resistor.

As shown in FIG. 6B, the transisior is moved towards the resistor such that the
conductive via 200 is positioned at least partially over an area of the transistor. As
compared with the first embodiment shown in FIG. 6, the distance between the
conductive via and the resistor remains substantially the same in each embodiment.

In the embodiment of FIG. 6B, the substrate or die 11 of the printhead is
capable of being reduced in width substantially the same distance that the transistor 85
of the die is shifted towards its respective resistor. In another embodiment, the die is
capable of being reduced substantially more in width when each of the transistors 85
of drive circuitry arrays 81, 82, 83 of FIG. 1 are shifted towards their respective



12. Afluid ejection cartridge conprising: a fluid chanber; a substrate
having a plurality of fluid firing chanbers with a fluid heating resistor
in each fluid firing chanber, wherein the fluid heating resistors are

arranged along a top surface of the sgbstrate, wherein thefldidofiring
chanbers are positioned at a distance of |less than 60 m crons from

respective gdsisitis. C Bedaukd thehd 8iefid 9 éx? ehsive Sasti o @&qhm?ei n the
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non-contacted s nt of a drain region that is.devoid of conductive drain
contacts: aﬁaeotet%gme.&eco&cﬂwm%%mbemfamdmubthehighsideor

non-grounded power traces. )
Genenally, the parasitic resistance (or on-resistance) of each of the FET drive
circuits 85 is configured to compensate for the variation in the parasitic resistance
presented to the different FET drive circuits 85 by the parasitic path formed by the
power traces, so as to reduce the variation in the energy provided to the hester
resistors. In particular, the power traces form a parasitic paﬂl'thntpments a parasitic
resistance to the FET circuits that varies with location on the path, and the parssitic
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 circuit varies only slightly from one ink
drop generator {6 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. ‘



formng a ground bus that is coupled to the drive circuitry, wherein the
ground bus has a length that corresponds to the length of the non-contacted
segnent of the drain region. 17. A nmethod claim 16 wherein the heating

el ement is positioned in a range of abput 1 to 30 mcronsgyffQm ths
associ ated drive circuitry. 18. A nethod for fabricating a resistor-drive
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US@E* 7 ot conductive source contacts 98 electrically connect the source electrodes 97 to the

source regions 99. By way of illustrative example, the drain electrodes 87, drain

regions 89, source electrodes 97, source regions 99, and the polysilicon gate fingers 91

extend substantially orthogonally or transversely to the reference axis L and to the

longitudinal extent of the ground busses 181, 182, 183. Also, for each FET circuit 85,

the extent of the drain regions 89 and the source regions 99 transversely to the

reference axis L is the same as extent of the gate fingers transversely to the reference

axis L, as shown in FIG. 6, which defines the extent of the active regions transversely

to the reference axis L. For ease of reference, the extent of the drain electrode fingers

87, drain region fingers 89, source electrode fingers 97, source region fingers 99, and

polysilicon gate fingers 91 can be referred to as the longitudinal extent of such

clements insofar as such elements are long and narrow in a strip-like or finger-like

manner.
By way of illustrative example, the on-resistance of each of the FET circuits
85 is individually configured by controlling the longitudinal extent or length of a
continuously non-contacted segment of the drain region fingers, wherein a
continuously non-contacted segment is devoid of electrical contacts 83. For example,
the continuously non-contacted segments of the drain region fingers can begin at the
ends of the drain regions 87 that are furthest from the heater resistor 56. The on-

resistance of a particular FET circuit 85 increases with increasing length of the



Jf X
c7~-B~ytoje [V]ca
cay caljcal) ca) céfngaLSa][ call oaUl caul cal ca bovai) L o el ealealeal eal
9 ~ vpj Tj e [ VU ca] ca] cal] cal] cal] ca
]SgglsJ]gﬁaU] cal] ca] caU] ca] caU] cal] ca] c% cal] ca] caﬂ caiﬂc;?z:gja]ggﬁ:ﬂﬁggg%ga%?
2 <~<<<gARMAT it onpdcee dZdhi rédibr Tinked seghdeota hudibichdgngtijsslested] caU] ca] cau

] ca] ca] cal| ca] caU] cal] cal] ca] ca] c
HEHHH | ol defert “L OB FEHTHSRRIT PEGHEN T BRTHURT o\ vy o [ VU] ] o8] ca] ca] cal cal ca

] cal] caU] ca] c U] ca ca

cal] ca] cal] ca& bﬁb %Ia{r%)fekﬂxga(%nnnoooo p%ppp#q%%(gg%ﬁmﬁﬁﬁ?{lf&?é][ S/ﬁl} i:gg]Ll]Cgll
] cal] ca] gaidenpdicni bdating dhe sike ot Hiral KR hrai].  of| eamplethapsany ofdncal] ca] cal]
oy 2UDKFBT st [oapeversiy Ca6q%§%%e§%ra§§k&}aéhse¥f{e§of%ﬁ““§*} ]

U] cal] ca%tﬂ{s S?%n\/\fq cal] cal] caU] cal] caU} ca] cal] cal] cal] caglygyyy ca]EJ] catjcatlca

zezzz{k{ |]]}h}y~~"Sw ] }xsni d_Za] c] ca] ca] ca] ca]. ca] ca ca] ca J cajcalJcalc

?Lgﬁ} ga]zgaz:i:ggs?gcﬁhﬂahembm whérei| the powbrtadess for4 pasticu: T &rest 1 A1 n?p4_ CN
a

cal ca ggp%aqr@ma% Balea R gd W?@%ﬂa&%}’?%?‘&c@’fﬁ O | o] oa] oal

ca] ca] ca %@5@@0/& ) - flO%& ()- ?ﬁmg%/% ()3 3y %poxil(imkmhw] cal cal cal

&10%& () iriczéddBedkivith -didbance Froda thearasest( m;”(u} early ang) the on-resistance

10! vL&10% () 1L 0%

3t XdBr sawof tRoFED %‘%%Eg qi/%ﬁ%%% (prkingoaneFET cirewl o%re S5 Me e () - gx

c?dEr sS40l
0% (vglfh]-? gghﬁcé li'orﬁ9 i%(gib/%&?egsi ;ﬁd;gsg&éfs SE?I ?gi% %1)%‘ increase in power trace

S5nL0% & p(aitasﬂl]:@%&mqe. A09mEectijc exaomi ap Yo co m%é;)' P)m-contactcd drain

L LR g e

18;/35&( §) ra draih@ /BB& )i%gg?/gg%ﬁé‘ﬁﬁo@tﬁé@%ﬂ@mﬁ@%ﬂ&l gtbsaof( such
- & 09 -
U& ()-s mgzments are decreased with dlsgance (g‘ t}%&c oses‘LtS lE)ne\cl) e g/rolgli{ug& aflgr fs10%

separated ends of the printhead structure.

Each ground bus (181, 182, 183) is formed of the same thin film conductive
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
associated ground bus (181, 182, 183). 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.

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, 182, 183) 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,
182, 183) can be increased by increasing the amount by which the
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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,
182, 183) and its associated FET drive circuit array (81, 82, 83) since the increase is
achieved by increasing the amount of overlap between the ground bus and the active
regions of the FET drive circuits 85. Effectively, at any particular FET circuit 85,
the ground bus can overlap the active region transversely to the reference axis L by
substantially the length of the non-contacted segments of the drain regions.

For the specific example wherein the continuously non-contacted drain
region segments start at the ends of the drain region fingers that are furthest from
the heater resistors 56 and wherein the lengths of such continuously non-contacted
drain region segments decrease with distance from the closest end of the printhead
structure, the modulation or variation of the width of a ground bus (181, 182, 183)
with the variation of the length of the continuously non-contacted drain region
segments provides for a ground bus having a width W 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.

While the foregoing has been directed to a printhead having three ink feed
slots with ink drop generators disposed along only one side of an ink feed slot, it
should be appreciated that the disclosed FET drive circuit array and ground bus
structures can be implemented in variety of slot fed, edge fed, or combined slot and
edge fed configurations. Also, ink drop generators can be disposed on one or both
sides of an ink feed slot.

Referring now to FIG. 9, 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.
9 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 prit zone 125 by an adaptive
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motor-driven rollcrs 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 cutput tray
132. The print media handling system may include a series of adjustment mechanisms
for accommodating differsnt sizee of print ‘medie, including letter, legal, A-4,
envelopes, etc., such as a sliding length adjustment arm 134 and an envelope feed slot
135.

The printer of FIG. 9 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 spplication of signals to the ink drop
generators 40.

A print carriage slider rod 138 having a longitudinal axis parallel to a carriage
scan axis is supported by the chassis 122 to sizably support a print carriage 140 for
reciprocating transnational 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
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An illustrative example of a suitable print carriage is disclosed in commonly
assigned U.S. Application Serial No. 08/757,009, filed 11/26/96, Harmon et al.,
Docket No. 10941036.

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
thecamageaxisarelocatedonthesamcphnc,asshowanIG 9, thcywonldbe
perpendicularto each other. ‘

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.

By way of illustrative example, the print cartridge 150 is a monochrome
printing cartridge while the. print cartridge 152 is a tri-color printing cartndge that
employs a printhead in accordance with the teachings herein.

The print carriage 140 is driven along the slider rod 138 by an endless belt
158, and a linear encoder strip 159 is utilized to detect position of the print carriage
140 along the carriage scan axis.

Although the foregoing has been a description and illustration of specific.
embodiments of the invention, various modifications and changes thereto can be made
by persons skilled in the art without departing from the scope and spirit of the

invention as defined by the following claims.
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What is claimed is:

1. A printhead comprising:

a firing chamber from which heated fluid is ejected;

a resistor that heats fluid in the firing chamber, the resistor formed in a substrate
underlying the firing chamber; and

a transistor electrically coupled with the resistor, the transistor also formed in
the substrate;

wherein the transistor is positioned proximate to the resistor and at a distance
within 60 microns thereof, and wherein the substrate has a width that corresponds to the

distance between the resistor and the transistor.

2. The printhead of claim 1 wherein the transistor is positioned between

about 1 and 30 microns from the resistor.

3. The printhead of claim 1 wherein the transistor is positioned about 5

microns from the resistor.

4. The printhead of claim 1 further comprising:
a via coupled to the resistor; and
conductive traces coupled to the via, the conductive traces for routing firing

signals to the resistor, wherein the via is positioned at least partially over an area of the

transistor.
5. A printer component comprising:
a substrate;

a firing chamber from which heated fluid is ejected;

a heating element that heats fluid in the firing chamber;
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drive circuitry for the heating element, the drive circuitry comprising drain
electrodes coupled by conductive drain contacts to drain regions;

a conductive via electrically coupled with the heating element and positioned at
least partially over an area of the drive circuitry, wherein the conductive drain contacts
do not extend into the area of the drive circuit overlapped by the conductive via,
forming a non-contacted segment of a drain region that is devoid of conductive drain
contacts; and

a ground bus coupled to the drive circuitry, wherein the ground bus has a length

corresponding to the length of the non-contacted segment of the drain region.

6. The component of claim 5 wherein the drive circuitry is positioned

within 60 microns of the heating element.

7. The component of claim 6 wherein the drive circuitry is positioned

between about 1 and 30 microns from the heating element.

8. The component of claim 7 wherein the drive circuitry is positioned about

5 microns from the heating element.

9. A fluid ejection device comprising:

a firing chamber from which heated fluid is ejected;

a heating element that heats fluid in the firing chamber, the heating element
formed in a substructure underlying the firing chamber; and

drive circuitry for the heating element, the drive circuitry also formed in the
substructure, wherein at least part of the drive circuitry is positioned at a distance within
60 microns of the heating element and wherein the substructure has a width that is

selected according to the distance between the heating element and the drive circuitry.
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10.  The device of claim 9 further comprising;

a via coupled to the heating element; and

conductive traces electrically coupled to the via, the conductive traces for
routing firing signals to the heating element, wherein the via is positioned at least

partially over an area of the drive circuitry.

11.  The device of claim 9 wherein the drive circuitry is positioned between

about 1 and 30 microns from the heating element.

12. A fluid ejection cartridge comprising:

a fluid chamber;

a substrate having a plurality of fluid firing chambers with a fluid heating
resistor in each fluid firing chamber, wherein the fluid heating resistors are arranged
along a top surface of the substrate, wherein the fluid firing chambers are positioned at
a distance of less than 60 microns from respective drive circuitry for the fluid heating
resistor and wherein the substrate has a width corresponding to the distance between the
fluid firing chambers and the respective drive circuitry; and

a fluid channel fluidically coupling the fluid chamber to the fluid firing

chambers.

13. The cartridge of claim 12 wherein the fluid firing chambers are

positioned between about 1 and 30 microns from the respective drive circuitry.

14.  The cartridge of claim 13 wherein the fluid firing chambers are

positioned about 5 microns from the drive circuitry.
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15.  The cartridge of claim 12 wherein the fluid heating resistors are arranged

in a staggered fashion with respect to distances from the respective drive circuitry.

16. A method of manufacturing a fluid ejection device comprising:

forming a heating element within a firing chamber upon a first surface of a
substrate;

positioning drive circuitry for the heating element in an area over the first
surface, the drive circuitry comprising drain electrodes coupled by conductive drain
contacts to drain regions;

electrically coupling a conductive via with the heating element;

positioning the conductive via at least partially over the area of the drive
circuitry, wherein the conductive drain contacts do not extend into the area of the drive
circuitry overlapped by the conductive via, forming a non-contacted segment of a drain
region that is devoid of conductive drain contacts; and

forming a ground bus that is coupled to the drive circuitry, wherein the ground
bus has a length that corresponds to the length of the non-contacted segment of the

drain region.

17. A method claim 16 wherein the heating element is positioned in a range

of about 1 to 30 microns from the associated drive circuitry.

18. A method for fabricating a resistor-drive transistor architecture in a
printing system, comprising:

positioning a plurality of fluid heating resistors on a substrate;

arranging a plurality of fluid firing chambers on the substrate that are associated

with the plurality of fluid heating resistors; and

10G
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heating resistors on the substrate, wherein each one of the plurality of drive transistors

is at most a distance of 60 microns from a corresponding one of the plurality of fluid

heating resistors to minimize resistance for the respective drive transistor and wherein

the substrate has a width that corresponds to the distance between the drive transistors

and the fluid heating resistors.

19.  The method of claim 18 wherein the plurality of fluid heating resistors

are arranged in a staggered fashion with respect to distances from respective drive

transistors.

20.  The method of claim 19 wherein each of the plurality of fluid heating

resistors is distanced from their respective drive transistors in a range

micron to about 60 microns.
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