10

1 PRI NTHEAD W TH ELONGATE NOZZLES Field of the
I nvention 5 The present invention relates to the field
of mcro-el ectronechani cal systens (MEMS) devices and
di scl oses an inkjet printing system using MEMS
techni ques. Cross References o Related Applications
Various nethods, systems and apparatus relating to the
present invention are disclosed in the 10 follow ng
US Patents/ PatBRINTREAD PATHIAONGABENZLES appl i cant
or assignee of the present invention: 09/517539
6566858 09/112762 6331946 6246970 6442525 09/517384
4354 09/517608 09/ 505147 10/ 203564

E‘171/5 Bkt 15&8&5/119&%3&3 tho 31311 oﬂﬁfcﬁaleriﬁrﬁmebﬁdnﬂﬁPjEﬁ?ns](m% H&fces and
636263..10/.636283 10/ 8 10/ 902889 10/ 902833
%ﬁf'@ifé%%‘%‘g STYFBS %}ﬂ@%@% B9S2 162 10/ 727163

10/ 727245 10/ 727204 10/ 727233 10/ 727280 10/ 727157
%é%@%@. ire gtggégghcgt%;z?zs? 10/ 727238 10/ 727251

7179 10/ 727192 10/727274
Mﬂ?%?ﬂmhpdi cfywrrsmf apparatgsrelghing) by the presget iRyFRfien mugdisclosed in the

¥Mo4StOG8 Palkidb/ TPaled? Apdiailotd Il BPAHSApPRANt1dY 2kiBncd0 the present
10/ 296522 6795215 10/296535 09/575109 10/ 296525

097838110 09/ 607985 6398332 6394573 6622923 6747760
109/5]8’93% 0 63MRW348BY1 LD A 3BAA4 0/ 04DWOD 11/6883856 09/517384

AL R B s s oo

1@745521503 09/6}784U 5322976585 419363560/ 83WB3367 018626288  10/866608
104/804497 13/002854490/940¥5 8544932550/ 854/537131L0/185451k2  10/727163

TR 1B cON TGP beabtR el padiens 1 qPHRIE, 1020
100/854589 10/QI 785U 490/7105 85 40027150/ 85X/4LV180L0/1853BI8  10/727192
L 3Bl ARl A" TEAS Al e
100852502 19/637861 5 1893728 5 43 22,78 93WR¥B2P FIIWLE  10/296535
104/329804 18/9966289 93/5101 7 288RHB75k8/ 728834 10/6888790 6622923

10/ 728884 10/ 728970 10/ 72 0/ 7 10/.728925
1674758842 19/b94 383 9/8843, 81%3391% éé’%gg“ 1dﬂ%’$§f‘f§9 117123011
101/7228204 111!0)447@3198/148213‘773}])@92&146/ 71692849 0/10/83221  10/854522

1 5300 G4 g0 J9B3Rot ) J0R3G0 | Jpasadll; tossuse

100/95A3978 7 10/87439R 2 00/83400F 7 304510/ 71985412 0/19/834G8  10/854526
10/854516  10/854508  10/854507 10/854515  10/854506 10/854505  10/854493

10/854494  10/854489  10/854490 10/854492  10/854491 10/854528  10/854523
10/854527 10/854524  10/854520 10/854514  10/854519 10/854513  10/854499
10/854501  10/854500 10/854502 10/854518  10/854517 10/934628 PLT046US
10/728804  10/728952 10/728806 10/728834  10/729790 10/728884  10/728970
10/728784  10/728783  10/728925 10/728842  10/728803  10/728780  10/728779
10/773189  10/773204 10/773198 10/773199  10/773190 10/773201 10/773191
10/773183  10/773195 10/773196 10/773186  10/773200 10/773185 10/773192
10/773197 10/773203  10/773187 10/773202  10/773188 10/773194 10/773193
10/773184 11/008118 11/060751 11/060805  11/188017 6623101 6406129
6505916 6457809 6550895 6457812 10/296434 6428133 6746105
10/407212  10/407207 10/683064 10/683041 6750901 6476863 6788336
11/097308 11/097309 11/097335 11/097299  11/097310 11/097213 11/210687

'_




5

10/ 773184 11/008118 11/060751 11/060805 11/188017
6623101 6406129 6505916 6457809 6550895 6457812

10/ 296434 6428133 6746105 10/407212 10/ 407207

10/ 683064 10/ 683041 6750901 6476863 6788336 11/097308
11/ 097309 11/097335 11/ 09729%211/ 097310 11/097213

T0/07EA 271 TR0 AT o (TR o BB 02y foneouss

10/
110/ 766212 1 6 1 TOFF0 2 287608167 6 62 4823D)/ 76@169%4610}%6@%1&3 10/760243

i%%g%%g élq/%}iog%gig%éb%gzg@%&z@g /7%@91Cl)wmﬂ£825 10/760194
1617880863 10 G0 TR0 1 4TS0B 760 0RP K 7A5S 1By AR, torrsuns2
1W7-66@_’2001@%07@019@7@@907600/9&01&1)/ 70227101 7B0207 10/760181

QG575 gt ¥tot 1985804 0) RIGE [R)GNIRT Jromiasna

11@/5&1373’801@@/3318337@91_15@809139’?5331?)/ olsBEI761 01 YBFY 10/936402
111/1%% 1211%%‘42%17528191712%141728/@;637361/ 0913(70%@541149&%8&4 11/003418

03418 ~11/003334 11/ 003
TH/Q96341 o 4056037 S0P 003 LB/ 0bAY 1 1HOA 5 1usoussts
11/@B8i337 1144038936 9800bsgN 0342420/ 00BEBE21 11 D0B6PY 11/071473

14/ 8b830, 1 palc o hodEignd 1) BRURR? | ARRE, 11roseo

1nm66)12101(1:@3023102@(27@@1076@/9602@2)/ 780971 OAFESRHY  10/760249
%@ﬁ;@% 1%&0; % 019@/75094 77698460239/ 76073641 0A /G284 10760245

24510/ 760222 10/ 760248 10/ 7
1@/775@@5%?921@[@50?@02(3@/7%?67669@@ 23/ 76856803 1 @%8@"(3)6 10/760205
i%b;fgsﬁﬂ%gz 1@%0/2@7231@763@#07 gﬁafi@m@g /7&0%2)1711(1)/10/6@2756 10/760274
1O 85E i 538 1t 1 19801sd D) SRAER 1 20AREE S 1voneres
1/QLABA 7 1 140140484 76 L/OMIAD 14 TODA761 / 014037601 1 ADRWT79n  11/014714
11}1/(8[1;4 13 11}1%4 ﬁ;ggoﬂa% ‘111/%1147%5/ 0114(?12@561 14 %ﬂﬁ% 11/014759

/58 11/ 014725 11/ |
1I_LIIQL4253381h!9.’/“@%ﬁ7317/01_l?fi$3)14?@@547ﬁ/ 01494237 11}/811?2%612 11/014745

1/ %4hL5 1 1d1491s4 7910k 0147804724 / 0114'6@4341 1A O0BT71D  11/014750

AL O 730K 0K 1) D798 TIRKEES vonarse

1{li/8A 44556 6 11/01404A 7400 14Y6O 1 ATR0A74E/ 0 1WTE3201 1/1 Dow7sY  11/014752

1R 7 a7 ot oA 158 ) SGOTT I PRRER, wwoiene

111_1/f®g73285 11/01404% 1 8 W/OP3H% 751897185/ 5?3&27584 09873959 09/575195
/@7%@93209/91}55?251%3 ysP955 7 BhAG5 109/ 56’&3’%@3@9/05/3551165 09/575153

0@/%;211@58 ogjg%g%iéélsgggégﬁ 5%1149 o 33/?%511?9 0% bRIEE 6681045
6728000  09/575145 09/575192 09/575181  09/575193  09/575156 09/575183
6789194  09/575150 6789191 6644642 6502614 6622999 6669385
6549935  09/575187 6727996 6591884 6439706 6760119  09/575198
6200349 6428155 6785016  09/575174  09/575163 6737591  09/575154
00/575129 09/575124 09/575188 09/575189  09/575162 (09/575172 09/575170
09/575171  09/575161

The disclosures of these applications and patents are incorporated herein by reference.

Backeround of the Invention
The present invention involves the ejection of ink drops by way of forming gas or vapor bubbies in

a bubble forming liquid. This principle is generalty described in US 3, 747,120 (Stemme). Each
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BT DB R A RARE 7 PR oPifd i Ftes. tn reccot
skasscinkjstiprietingdks beharesdincagapits RopelpaHE Al dupigtits fregpensive and versatile
F:R&Qr Mﬁ%ﬂp%ﬁ&ks%@%qﬁﬁﬁﬁ R Mkt prifBRg ke denidd of delal @ the
nventi on The present invention involves the ejection
G‘?OV‘P??RssdﬁrfWeqfsj)"’W“of form ng gas or vapor bubbles in

5 a bubble formng liquid. This principle is generally

escrihed jn. US 3 747 . 1 Beaddl ediifle on
NRatasp e tg e P TPt P s B ool Ebcdfly on e
ptie r&spluﬁnnraad fahﬁ:auinmz‘.zéftagsm VigW f)ﬁtbig,éhﬁre argy @gpgl,g eﬂfqﬂ,g jidifcrease nozzle
?%ckﬂ% 0G5 QLA Gl G5 883 Hud PRk Aon BifubddBd dediite Bhd Spacing

I'Ts I'nexpensive and versatile n&ture ] n b milark
Hétweemedingeninoprist g peh FRERITISD B PhTlonEriRy ‘&%ﬁ%ﬂ Fepggrilacy
Aofatte SiklejcBiRE abtiat6ted Rédce 1B sgabify bebbey adjsenszzicef Bovavearegecting

docunents. 5 Nozzl e packing densit r . s
AP Rmerion aEe o g B et L p DU S Bl
hieauliplossed. Toewercartd thase mrrek, fha betiagatifs Moreenergy to CFeaty p gigssure
aof, L.hi i . f [ B RRRyY Y B Ipfnthead
e e e
sstlowee than emsachipter B @At geneeed embesduce the spaci ng

bet ween adj acent nozzl es. One such configuration uses

an el ongated i.nk chanber and simlarly 10 el ongated
ﬁ\h@%‘?@%ﬁ?—@ﬁ%uator to reduce the spacing between
adjoadisgdy, the pEzdnemventiovyewddes arsipigetipringead gomprisingrant i al
proportjon .of ' 40 hahsa :ocf@ihe ifk
nozzI% afrar?'vog I%\l/(é:}s&gqe}éﬂ%ﬁ ﬂ%&_’ﬁ%}a ki Zyg/lg’ %gtﬁlﬁ?% | oss grs%ogﬁg

twewt tneoxzlseskerdipsses, the actuator uses nore energy

t 0 Crfal 818nde LESSHEAE shaPdhkiBiBitsi1heldRRenkiBkalighaitwithshat of the elongate
sufficient to eject a drop. Therefore, the overall

8f¥4' % ency of the printhead is lower than an actuator

IBY cRndaffSthehdi1e ajdetigiiprnbiar the deba®t tiveozzlashape rore closely

I nvent i on cordi ngl th ' ' Vi
L i
chearieraulse weirctinlvihrogetethempzzle more gsilis| Thedutravlislesies g ess

b Qe kR G s bikhed M%M PiBse RQEHER to [V Bifidic Arag it &j6s through
nozzl e has a}ﬁ el ongate shape with its | ong. di MeNgl.on 4 cad
appzgleadthgisinilar fhage. Fhis.imEmdmgEeyesihe operational eificiency of the printhead.
Preferably the nozzle is elliptical. In a further preferred form, the actuator is a thermal actuator

with an elongate heater element that generate a vapour bubble to eject in through the nozzle. In
some embodiments, each ink chamber in the array has a plurality of elongate nozzles aligned with
the elongate actuator. Optionally, each ink chamber in the array has a plurality of elongate nozzles
corresponding to a plurality of elongate actuators respectively.

In a first aspect the present invention provides an mkjet printhead comprising:

an array of ink chambers, each having a nozzle, an elongate actuator for gjecting ink

- through the nozzle; wherein,

the nozzle has an elongate shape with iis long dimension aligned with that of the elongate

actuator.
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actuator. By elongating the nozzle and aligning it
wWith the actuator, the nozzle shape nore closely
corresponds with the shape of the pressure pul se that
the actuator creates in the ink. This allows the
pressure pulse to eject ink Ehrough the nozzle nore
easily. The hydraulic | osses are | ess 25 because the
i nk bei ng pushed by the pressure pulse is subject to
Ogiosally) the mhizzde Welligticals it ejects through a nozzle with
a simlar shape. This, in turn inproves the
operational efficiency of the printhead. . Preferab
Pptionaiiythe astvpter ig p fheysal gospator Wﬁhaawﬂ%ﬁ%f%ﬁte ?@F@F‘ft‘%&eﬂfﬁ%"@‘m
Hufble &S edah BkoukSthandZa8r Mal actuator with an el ongate
heater el enment that generate a vapour bubble to eject
in through the nozzle. In sone enbodi ments, each ink
OftipilisT eathnink dtember tathe freey hes aplualis dfelpngate wopdeghignsd with the
825% &Fﬁkigned with 30 the el ongate actuator.
%ﬁglona ', each ink chanmber in the array has a
plurality of elongate nozzles corresponding to a
Bhtitnalyl da¥h BE cHRmEG SRk ardts hibal phirslity ERpRgd Metlys.colpading to a
first "aspect the present invention provides an inkj et
HPWW?H@%%*@B%%PPE&WE?mX Yarray of ink chanbers, each

havi ng a nozzle, an el ongate actuator for ejecting ink

5 ough_.the. ANN j . v
P i e 8 1AL WOEEy B ead S B e WRGriB arve
titvattry &fr ptoviding h@jﬁpgmdéve sigaplp wp gpair of eleﬁpfiias&‘ﬁ%ﬂaf%ctuﬁtﬂgespectwely,
ARZ&h Bie hSuabird drdibhbrid] actubdis] 8dhHaliy arl ddoREhddR} ElémenBexgending

thermal actuator with an el ongat eater ele

e QSRR Pt ERRS SPg ot st o S i) plaar
pagatee. Optionally, each ink chanber in the array has
a plurality of elongate nozzles aligned with the

el ongate actuator. 10 Optionally, each ink chanber in
tCptiomtly, ayreivh stehedphtor the HiiYopireitteaxtsndheaveppthy plerirodes.
corresponding to a plurality of elongate actuators
respectively. In a further aspect there. is. provided an
mkpratly, it e ol SBE08 G PRELDSPOESTIRFEr B e

Ci I Clhd deathQinmEashsll dj@sandthiaiighrall deinverles ofthatlembira a
pair of electrodes for each actuator respectively, 15
wherein the actuators are thermal actuators, each
apiibmt]y, &ichef tha (phcanterm biave ted ozgleft ext endi ng bet ween
two contacts on the pair of electrodes wherein the

thermal actuators are all unitary pl ana structyures.
Qutiowinitheyozzies i eaplethagbes e TG EUT £ fies Qfﬁﬁl@é" @*F e f’f‘ﬁe heater
EinER d5h e LaneaIkxdsbe the h&slet DelRGularlydPaced along the heater element.

Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts. _

Optionally, the drive voltage of the drive FET is 2.5 Volts.
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Optionally, each of the ink chanbers have a plurality
of nozzles; wherein during use, the actuator

simul taneously ejects ink through all the nozzles of
the chanber. Optionally, each of the ink chanbers
have two nozzles. 25 Cptlonally, the nozzles in each

PR Bl DR e TRoRMEMEL ohrkbiEy bl

emnen entral axes_ of
teowz! thenawle phie gud thy infertsireceerhapkconfit hﬁ@af"eﬁ“m‘b@é\%‘%aﬂ‘m
v%@tthn% ngﬁ&alwgﬁ%ka{aﬁbggl i ptical. 30 Optionally,
t jor axes of the elliptical nozzles are aligned.
Optionally, the drive circuitry has a drive field
ﬁﬁfﬁﬁ—gﬁr Jsﬁe@ﬂ’iﬁeiréiﬁ Qxbwﬁ&ﬁ'ﬁ)inkﬁdﬁ priipadfuefior bémprising p platality of ink inlets
ffﬁé ﬁ- 5 %@ %% vol tage of the drive FET being
%157 YBYPS VS8t i onal |y, the drive vol tage of
t he dadhogthyEE chrgius iSin\twid commenication. pithatAeastopref thedpisialets for
I S, et printhead further
r%%ﬁ);'pﬂ:gl SI ng Pgtr%'t Emgg]?%ﬂ&ﬂs bet ween the nozzle plate
and the underlying wafer, the ink conduit being in
(ﬁl%tiéhﬂlycéaﬁﬁﬂfﬁﬁeqﬁdoﬁuﬂuts Wit uid dvenneipieion gath ofo of sl inle iplktst y
the ink chanbers. 5 In a further aspect there |s
provided an inkjet printhead further conprisin
htionally] dayh affibeiinkidinibte hastag inkgerfrieptgeitcdprand heentiged so t {the susface
1;?: USPQ%E,E‘ Al i m%s%ﬁsea'cﬁss tﬁ?\gﬁt ﬁéveﬁtpﬁk hagl %@ﬂéintdﬁnﬂgilsé n

contruni cat [ east one of the ink "
i nl eths mcmermenfémp\ﬁuﬂ@s g2 kuhb%ss topRoIey HgreRE Vi o aimosphere.
chanbers. 10 Optionally, each of the ink conduits is

in flui cation with two of . the
Qpicriiabe ROBES Give e foh spL e o G ddivelstre tong
@Eﬁm&tﬂe ethtzs,apd e opeainy &m blleiizasiok toaefilliibe cherhler isin ¢ng@Bthe long
n%#on of an i nk neniscus across the vent prevents
eakage wherei n during use, the ink perneable
trap directs gas bubbles to the vent where they vent

%ﬁhﬂpﬁp REL16s are ARnddR b QRS kel thail thEhol2M<ceBilfes ER@bindanAA the

el ongat e shape such thaé t wo_ of thg sidewal I s are
15Hg P1tqhé4°8$ ‘Fa%mt”ds gtprter thap 4P moleg PEAX R o heni ng f or
allowing ink to refill the chanber is in one of t he
on I de I
gV?%%@éﬁm?%%?%ﬁgméﬁ?ﬁﬁFﬂg?%%%érﬁ%ﬁgfgﬁ%%“§r Bs are
col | ammay ofnoezleshe nozzle pitch along each row is

gr eat aelglurgﬁ}?gf a?ﬂggcgrs R %J%!:tﬁl% Jﬂﬁﬁmﬁgﬂ@ﬁb nozzles such that a bulb of ink attached

to a droplet stem forms prior to drop separation when the stem breaks;

a plurality of droplet stem anchors positioned between adjacent actuators; wherein during

use,
the adjacent actuators eject ink simultaneously and the droplet stem anchors combine the
ink simultaneously ejected by the adjacent nozzles into a single drop.

Optionally, the adjacent actuators are two thermal actuators ejecting ink through a single oval
shaped nozzle.

Optionally, the thermal actuators are both heater elements connected in series for simultaneous

actuation and ejection.
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In a second aspect the present invention provides an
i nkj et printhead conprising: an array of nozzles; 25
a plurality of actuators for ejecting ink through the
nozzl es such that a bulb of ink attached to a droplet
stemforns prior to drop separation when the stem
breaks; a plurality of droplet st L dol ;
OpEerB e B SR O AR O A S RRE G s
cadljaa€ gfmidpbditkat ors ej ect i nk sinultaneously and the
dropl et stem anchors conbine the 30 ink
simul taneously ejected by the adjacent npzzles into a.
Cuitivgpllly, toiy hoger s@mentokmt # {Fpered rectivavae AEcAR] GHTBPY™ gfgnaimun
tadO) fhe BlagiGhinigsistaide sediiotuigh a singl e
%%@?Mﬁ’{aﬁfﬁé‘%ﬁ%ﬁe. 35 Optionally, the thernmal
actuators are both heater elenments connected in serjes
gbna‘ﬁb,rfhd Heatae:Miafents &re buiayipbsia siderchf thie droplebstem gichor so that the
tionall the RaAdorPdf ik ejected b
S T B R R S
thatheaheaier elemeht.poi nt. Optionally, the heater el enments

have a tapered section where electrical resistance is
at a maxi num 5 such that vapour  bub S J i tiate @t .
@niienatinyihokeaier dameas %%%ﬁ%ﬁ%@b&ﬁ% ﬁlgldf"&f?{ s et en
JARAliS vothd@AENt s are on opposite sides of the droplet
stem anchor so that the trajectory of the ink ejected
by one heater elenment intersects with the trajectory
Oftionally, b Broteedenippts atclies vugidpk phagbdr el ement. 10
Optionally, the heater elenents are in adjacent ink
chanmbers with the droplet stem angchqgr at an. | 0 ni.ng.
AR ML b A Y T R S
single ink chanber. 15 Optionally, the ink ejected by
t he j acent actuators is.i i d comruni cation prior
92}1%%3)“%{5}??54??%3‘&‘%&&@}%6@?0‘?% eater elements are
formed fromTi AIN. 20 Optionally, the nozzles are -

LLiptigal. Eﬂ"ﬁ“l)” the maj or axes of the
§P 9 p%’%gfmrz]%‘}zri}es are ali gned. Optionally, the drive
circuitry has a drive field effect transistor (PET)

c nBRC he Bhijok BEs $tiRTelMlical RBzlackewipasds, the drive
voltage of the drive FET being less than 5 Volts.

Optjonally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volis.

Optionally, the drive voltage of the drive FET is 2.5 Volts.

Tn a further aspect there is provided an inkjet printhead further comprising an ink conduit between
the nozzle plate and the underlying wafer, the ink conduit being in fluid communication with the

openings of a plurality of the ink chambers.

Tn a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets
defined in the wafer substrate; wherein,
each of the ink conduits is in fluid communication with at least one of the mlc inlets for

receiving ink to supply to the ink chambers.
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Optionally, the drive voltage of the drive PET is 2.5
Volts. In a further aspect there is provided an inkjet
printhead further conprising an ink conduit between
30 the nozzle plate and the underlying wafer, the ink
conduit being in quid cormu |cat|on Wi th the

openi ngs . of it : K sty of 1A iuf inlets.
qpt}?taﬂéga%s"ﬁﬁlet&ﬁﬁ% o lf]\éﬂgr OVI ﬁ%ﬁﬁgt brint head
further conprising a plurality of ink inlets defined

dcptmxgci:!ﬂ? eXﬁf o? {he ?J?Etg s G i PEMEILR trad Emﬁa&ﬁt sﬁ:fad dohieit thérburface

conmuni cat .l O east one

terkion h@n.uﬂ«mtnwp@tasrowéte Vet gpexyld pigle %ﬁ t"’ ef% B‘Bnﬁ "o the

| Nk GbaIgHSable/rap@@écs@actubdles 16 &2 Rerd fvhérh they vekt to efdenhers.
is in fluid communication with two of the ink inlets.
Optionally, each of the ink inlets has an ink

- (Aftionatigaheinit cmbﬁnhhvam@qnsateshému@dh@ Hreet of theeideyalls &g fong

Lensio CURB WG HASS relfill theCBMMbeRiE B\AET3he long
Iela'ﬁvemﬁf(%erggnvdt in %I%rl ngﬁ%se 5 the i nkeper neabl e

sidewgisdi rects gas bubbles to the vent where they vent
to atnosphere. Optionally, the ink chanbers have

| ongat e sh h. t hat )
aneﬁa%ggtg? %F?l?ﬁg’?e?ﬁﬂ%e m&?‘%sespgh zge c%ﬁt%g?tﬁ k1 eQ[f 2 th

@A OMich Glohgdach owriedreatdr thpin E000 hembepermhl n one of the
long sidewalls. 10 Optionally, the nozzles are
arranged in rows such that the nozzle centres are
collinear and the nozzle pitch along each rowis

95 a8 kpebt iR brdOf %vegﬁz bieAdRaA ﬂq%ﬂﬂhnthlﬂ dotapasidghi 1 d

aspect Hhe prese |nv ntion i des a tor i
P AT TG G B 0 Y PR PR ctitor for
&Ebugmtheﬁ@leejdnd,aperture a nozzl e and an

l 8 C 1stance
f Fb.uifffﬁtdf@sw e S B A t"%ﬁ’effﬁ?"’fﬁﬁf. e

rec |ng val ve aperture
focuk fomdngiiatp thy chaabsr thapdwlefiaving qupafitierchielsT t o i nk .
R araﬂfauf doBMitRGd Qsd:f:onﬁiry tdnéuit and at

%&Wé%m{ﬁ})&h%ﬁ%mﬁe rec%1 al.ve . Jn?c?lxﬁam

Wswoﬁwoﬁ%tnw}é%‘%@“?g U %‘% ﬁ%‘g f}mg%eﬁ & u?’f and
Abw ald928don QRENGLEOIEA el flos ¢ qut ittlercbimberie paagndary Bow is
i nk flgvgvt}%t of . t he ctlgggbtelr m%hgwt into a min flow

gamflop S5 4 '8 S8 fth en ink flows out of

the chanber the secondary flowis conbined with the

@lﬁcﬂl&]y Tée‘i’a 0 B38abG borldfies, SBdpBoshtk Sdés oPdbe main conduit.
a e Tes

a val-ve has two secondary
conduits, on opposite sides of the nmain conduit.

ﬁdn litlriﬁﬁ uSHvheAGn KRR inedXRE c]iaﬁhker;f th@ti}ﬁ’a'damtopemﬁm of the secondary

oo b AT LSRRG ER RS he A EEBURY drct oy
addcndatydlod@araidl hﬁﬁt&!}a@@ﬁhlﬂngﬁom thezngin egnguit downstream opening.

Optionally, the downstream openings of the secondary conduits during ink flow out of the chamber

are on opposing sides of the main conduit face transversely to the flow direction through the main

conduit.

Tn 2 further aspect there is provided an inkjet printhead further comprising drive circuitry for
providing actuator drive signals via a pair of elecirodes for each actuator respectively, wherein the
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secondary flow parallel and adjacent to flow fromthe
mai N conduit downstream opening. 30 Optionally, the
downst r eam openi ngs of the secondary conduits during
ink flow out of the chanber are on opposing sides of
the main condurt face transvegrsely to the flow

d ea & X1 cen two
o grg%rlet eer L I S%'Ps Efllﬁggglgr?m CQEz%g{eth t§§1 Jn@nt@ tgﬂd[ﬂglﬂ@tﬁr twr

r oVl an in t printhead further
amutmmsr angheargirdf q:qug'o@qs wherein fhe tiegpal aﬁraéﬂrfr ¢ ey glapag structares.
drive signals via a pair of electrodes for each

actuator respectively, wherein t tor are
Puvioraisn 2 trgeqh pieher} it Taegloike HIRy §’¢%Pﬁ B&%‘*"ﬁg‘i"' sitpfocks,
el enent extending between two contacts on the par r of

%ﬂe c élyo des % 5ﬁ{{ger eyn. geh %a%e eﬂl'g%pf{ M%%&r&& &Giridk bse,

roct a trench
ot Chee sitwtan sieilandeisiyeiech m@@hr@qu a%sbﬁeﬁ?akes pibgRaRb T he
el ectrodes. 5 Optionally, each of the ink chanbers
have a plurality of nozzl es; erein during use, the

QptionallyRachsgf Mg IK-AHRRFS VB BP&IF K t hrough al | t he

nozzl es of the chanber. Optionally, each of the ink

ha er e .two, nozz | es t YA
éﬂm é’rle"g'f‘gh “&r ?raaﬁegﬁ%% %dlﬁ@ gwar T{ﬂ;@ oltbt%%?aater
tiangt rmmﬁe ¢ehigal lvea bEthe nceﬂmregwrtrrmcﬁbal@eﬁhhﬁrtﬁmﬂtof
the nozzles are regularly spaced al ong the heater
el ement. Optional Iy, the nozzles are elliptical. 15
qunéhaﬂhmozzltﬂ%?éeﬂf]ﬁ}“@? axes of the elliptical nozzles
are aligned. Opti onal I y the drive circuitry has a

drive field eff st for each of the
Pﬂt&ni‘rﬁfthe’%’f’{%?so hl‘f Carhj’rxfz\%}‘ésa\g‘/o age of the drive FET

bei ng I ess than 5 VoI ts. 20 Optionally, the drive
otlmtn %gn\lelgﬁcuﬂgyj né€a EI‘EVE flefl e?t‘ec'istr%isfoﬁ(FE fofeakh! b tRthermal

ere 1s provi an | nkj et pr|{1 ead further
wmm @lﬁdrgfea’nltﬂgﬁkftéWEFFTB‘?}?&\!é%FFmtsﬁ@ Yhozzl e plate

and the underlying wafer, the ink conduit being in

fluid corrrrunl catio openi ngs of a
priiqually: g ‘PVPWEPE‘Q\A%WS%EPSZSZ?% a further aspect
there is pr oVi ded an inkjet printhead further

g&aafr?é?ﬂ I PI'%J{}] 81&]61! ep%?]l LI i ot libinef i bohi between

eren the I nk condurtslsﬂ:lth
ite nﬁ:rzurputa@gm m@éﬁnmafm thhm&rondeﬁérm&fﬂ Euigeomygunigagign with the

oﬂgnﬁksc‘offa Qlurality of the ink chambers.

In a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets
defined in the wafer substrate; wherein,
each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.
Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.
Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface

tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.
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30 receiving ink to supply to the ink chanbers.
Optionally, each of the ink conduits is in fluid
comuni cation with two of the ink inlets. Optionally,
each of the ink inlets has an ink perneable trap and a
vent sized so that the surfgge 35 tension of an ink
meni scus across the vent prevents jnpk le e erein
Oy s chawers YR b apiseliol Py sph Byt PURc e T ok
rdisivd {38he\oRias, AN BE Bpdnlg Yor Wltdtting ink @irefiigxubamber B in one of the long
Optionally, the ink chanbers have an el ongate shape
§ “that two of the sidewalls are long relative to
the others, and the opening for allowing ink to refil

! | Se oz |labeSeoliiBear an
0 u%eniaﬁ£ %@P%le% %eér&n&ast’n Qs LRE taOROnozAé et lateseo d the

( nozzles are arrag%gd in rows such that
nozale phdwaiing exsh ris greaterdhaa PO 19alE PEARF Y he  nozzl e pitch

al ong each row is greater than 1000 nozzl es per inch.

In_a fourth aspect the present_.invent| -.Qyi.des an
I ahfoyundhh aspiFs tﬂ‘? e TSP Pls%i“ﬁas: anénrlfjeg?rrng{f Ldg‘%m%%i’éé hamber s,
each havinagayaf ik 2hdnbers sach lmplogt nozelen dapish 8 agslorand am 0

ctu 1.6 [ ' ; nozzl e; wherein
a%ﬁ?f%%%ﬁg%?&%ﬁ%&%%gggpecfggaéggﬁgfhgfnozzl is . 4
at t atheéd ciegfed frmn te ayrleds dacked 1 #@tﬁ*ﬁﬂplebife“éﬁcﬁ‘ﬁ IL?Y &1 {gfyftemn vat
bk breal 8 1t GO0} ARAUMS0SR alsiratatcldicp. €] ected ink forns a
separate drop. 6ptional|y, the droplet stemanchor is
a columar feature with one proximate the nozzle. 15
O briaby @eldyoplet daen @chas isafcolumpardeatint with e proximsteitesrnogaly
the central axis of the nozzle are collinear.
Optionally, each ink chanmber has two actuators, eagh
Cpbionadly, dresxih af therrigortet e eaghorang the sentpigras obbinayEe mgglﬁnear—
vapour bubble to eject ink through the nozzle, and the

dropl et stem anchor bein 20 .posi tioned hetwe

R AR o A
gPhotitial b vapod butlbRab ect alkeenph shemordveatidies draplepeiern pichor being
WL h I 0S raci,n structure extendi ng between the
Iﬂ%ﬁ?§$w%W%ﬁ%ﬁg?%r#ﬁgﬂ%?oss braci ng structure al so
providing the droplet stemanchor. 25 Optionally, the
(%;‘fi‘bﬁﬁ&%e AR odiCs ﬁ]@%ﬁt? bt 1RhiS B efits béhnRAdddh peedllcivich o d&s bracing

ross bracing structure is a_  single beamwth a ...
sguetirg extenilipg beguden redater slepgnts fiig of f%ﬂ”éﬁ?“é‘i““%aﬁsé’rﬁ“’““mg the
&gﬁ@g@@&mmhn a further aspect there is provided an
i nkj et printhead further conprising drive circuitry
for 30 providing actuator drive signals via a pair of
@jteadllyahlestuitarhaemothedartelenens inperiid and thedress diapiag BUAERR
qu%gﬁ’g%?[gﬁh@& aée'%‘?{gﬂﬁﬁty@&foua@étﬁé Gopl@3GR aBaxbNg an

ater el'ement extendi ng between two

Tn, a further aspect there is provided an inkjet printhead further comprising drive circuitry for
providing actuator drive signals viaa pair of electrodes for each actuator respectively, wherein the
actuators are thermal actuators, each having an elongate heater element extending between two-

contacts on the pair of electrodes wherein the thermal actuators are all unjtary planar structures.
Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,
the actuator simultaneously ejects ink through all the nozzles of the chamber.
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contacts on the pair of electrodes wherein the thernal
actuators are all unitary planar structures.
Optionally, a trench etched into the drive circuitry
ext ends between the el ectrodes. 35 Optionally, each of
the ink chanbers have a plurglity of nozzles; wherein
during use, the actuator sinultaneously ejects ink
through all the nozzles of the chanber. 10

Oppibriatiy abdhyf the ink khapfbers baveitwiknogfesnber s have two nozzl es.
Optionally, the nozzles in each chanber are arranged

inaline parallel to the length of the heater .5
Cotiemin Ao BAFs it DR P FRBEC o HpepeFiioi 1 (s ey O e heatr
cle8@ntlvathline SRACHEs FiRngzAds tre halitty spadted mng the heater element.

Optionally, the nozzles are elliptical. Optionally,

the maj or axes of the elliptical nozzles are aligned.
Clifiokally, ite@kAlog aretelliptia@l.i ve circuitry has a drive field

effect transistor (FET) for each of the thernma

actuators, the drive voltage of the drive FET being
Opeigmally.Hegmaorgessofthe elfipticelmardss aeel@edy j ve vol tage of
the drive FET is 2.5 Volts. 15 In a further aspect

there is provided, an j.nkj rint hea r.t h

oA AR EGHERY T bR (e it o ot
adfiattid AR drivk aeltapedfere drivd EET helogdendien I Vélei ng in fluid
communi cation with the openings of a plurality of the
i nk chanbers. 20 In a further aspect there is provided
Quiionatly; the drive Folegreddherdiye s 26/¥9fY sing a plurality of
ink inlets defined in the wafer substrate; wherein,

each of the ink conduits.is.i Luid communi cati .

To g ssregibre SR i Ftaf S SRR ERL bt epween
do@zlSplip hnd ah @ndetiging wifercthaivk esmsinit BSnsQp flrid perhrhynicadanctithghe

the in ongui 1S 4 uid communi cation with two of
"cpﬁ%nﬁsr?taﬁﬁ?%ﬁhﬁe@ﬁaglﬁéa Iy, each of the ink inlets

has an ink perneable trap and a vent sized so that-the

"y 'i’l;rﬁlgleaspeikﬁtgé% R BroMde P AU piRtRkad GitBerd6rBie b BRraUIOF ink inlets

prevents eakage; ,wherein during use, the ink
dsEnaddn e waler whstdier BSF® gas bubbl es to the vent where
t hey @it tHe GukabaRAIB B fiuid cotithutipition with btysasttoneofi tirkink inlets for

chanbers have ap el o te shape such that two of the
@W?@ﬁﬁ?ﬁ@Sﬂ?ﬁ”?%ﬁﬁmcﬁgﬁgFive to the others, and the
opening for allowing ink to refill the chanber is in

8&%11:9{3(, éag? otl S wﬁ&uﬂ?% ﬂlﬁd communication with two of the ink inlets.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.

In a fifth aspect the present invention provides an inkjet printhead comprising:
an array of ink chambers, each having a nozzle and an actuator for gjecting ink through the nozzle;

wherein during use,
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35 In a fifth aspect the present invention provides an
i nkj et printhead conprising: an array of ink chanbers,
each having a nozzle and an actuator for ejecting ink
t hrough the nozzle; wherein during use, 11 the
actuator initiates a quadruggle pressure pulse that is

symmetri cal _about t rt hogonal ax 4 :
plangmaﬁmFﬁémﬁﬁffﬁgﬂg?ﬁ% orth ﬁ%%%P%%¥§§ i te%?%%?%ﬂﬁwm

oRhdPahall ek paraliel tb Haghnadf tabszleetht erfebizeny! w3k pigtyprtiphpmutually
centre of the nozz I , the actuator is a

t¥ﬁ§?ﬁ§?ﬂ‘g Jéﬁ%r(ﬁ?ﬁﬁeﬁgéggPQg?%%%nts that generate

vapour bubbles to eject the ink. Optionally, the

(%%Eﬁéﬁ}, Qe BRSOl IVPHBHABcSr Wikh He@Bi eld@Rhis thatdehdraté vapour bubbles to
eater elenents connected in series along each

gogrthespE path for initiating the quadrupol e pressure

pul se. 10 Optionally, the heater elenents include

bubbl e nuc] eat,ion s i Rk BHn¥ectdd @series

S5 S ot e AL BBty wE o (IR, ket

diitlp bdck curteed retitforgnitistivg the apasTupple PrEstR@BlC-sect i ons of the

current path with greater 15 thermal inertia.

Optionally, the bubble nucleation sectipn [ '
o e e oGPGOV PP 58] Bl Lol than oter
Lhhs Fdlectidnt pioWdi ng around the tight radius curves
generates nore resistive heating than the |arger

radi us curves. 20 Optionally, the heater elenents are
Sptpeigabebubbls mdeatidnseatinasmseieiweeptcrtinga pf the cuprerl pafh Witfy gig7ier
@gs é%gss braci ng structure extendi ng between

nternedl ate points on the parallel current paths. 25
Optionally, the cross bracing structure provides

b&ﬁ)&zﬁ@ﬁﬁsﬂb&’ﬁ@ hﬁ@daﬁéﬂb@fﬂibhﬁrem;@t ©dibg cuoenindetrer lyge audps curves
current path. Optio Ve 1 : tHoGhan the
e A T e i e
Regpaadinstcheese i s provi ded an inkjet printhead further
conprising drive circuitry for providing actuator

drive signals via a pair of electrodes for each

apticualtyothe heatepeemqniserasusppped Wi te ghamPEs yat or s ar e

thermal actuators, each having an el ongate heater

(e);pt?or[ngl{]yf thee ;.(c}tuea?og Ihar:]sga c?o%g I;Arle?c?nré s%ru\l\éalre extending between intermediate points on the

(D

parallel current paths.

Optionally, the cross bracing structure provides increased thermal inertia where it connects to each

current path.

Optionally, the cross bracing structure provides a droplet stem anchor.

In a further aspect there is provided an inkjet printhead further comprising drive circuitry for
providing actuator drive signals via a pair of electrodes for each actuator respectively, wherein the
actuators are thermal actuators, each having an elongate heater element extending between two

contacts on the pair of electrodes wherein the thermal actuators are all unitary planar structures.

Optionally, a trench etched into the drive circuitry extends between the clectrodes.
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contacts on the pair of electrodes wherein the thernal
actuators are all unitary planar structures. 35
Optionally, a trench etched into the drive circuitry
ext ends between the electrodes. 12 Optionally, each
of the ink chanbers have a pjurality of nozzles;

R A Ua;pHJEah%' b 180 SRS Yur@ip 64 S

e nozzles of the chagvg

th i cu:mabtnayor sigalttneonlyieets ink kreugh athiBs AL heRiE: 7| es.
5 Optionally, the nozzles in each chanber are arranged

inaline parallel to . the |length of the heater

eptéanallyt cagh o I"’Petlﬂ‘é’h?:‘%]t?fsrbﬁt’etgﬁﬁgzglﬁ? the nozzles are

regul arly spaced along the heat er el ement.

&téon%& ?Xo’galge;;lg g nﬁ)zlﬁ e%n’é'l ek #Q%gﬁgmllel]tgth%%@ Bﬁiﬂa l¥eatcr

nozzl es are a

| emmwﬂt theycentrdh exedl pf thenogilescp regulprly spaced alopg the beatep plgment.

effect transistor (FET) for each of the thernma
actuators, the drive voltage of the drive FET being
Optiogaliyyhpnogzlessre Aiptigd Opt i onal Iy, the drive vol tage of
t he drlve FET is 2.5 Volts. Optionally, the nozzles
-gozzl e centres are

gg’il‘ln e Qﬂﬁﬁt"é elhsucpn&zq%éhe El&ong each row is

greater than 1000 nozzles per inch. 20 In a sixth

6?190 ED &R ESE R hal NUKRHER OFFRE @ILESSFBT) fbriekfhe the thermal

éad conprising: an_array o chanbers each
W%%Wfﬂ@éﬂ%%‘v?ﬁ@%glﬁéthﬁ%?gP % or generating

vapour bubbles to eject ink through the nozzle;

mher he t.her c a pair of contacts
y’ih% ?V?%e@ea‘ﬁ” #@turren ‘pat hs between 25
the contacts, each of the current paths having a

Egtg({)nf?ﬂgl {h&o@;}em eﬁ i Q tosh I ihd HeeH ERbikdd Gre RoMMBROAME the

tionally, heat er elenenhs nucl eate their
pezgio eidhialppe t@elb@PVé%gfsatt‘??ﬂW A0 PR every
activation of the actuator. 30 Cptlonally, t he

actuator has two parallel, K curren
ot sercbhene R pa i eleafoofiptilag 1°
CUr r eRtrdgal ik chambers, each having a nozzle and a thermal actuator for generating vapour

bubbles to gject ink through the nozzle; wherein,
the thermal actuator has a pair of contacts and at least two parallel current paths between

the contacts, each of the current paths having a plurality of heater elements for nucleating a vapour

bubble.

Optionally, the heater elements nucleate their respective bubbles simultaneously with every

activation of the actuator.

Optionally, the actuator has two parallel current paths with two heater elements connected in series

along each current path.

Optionally, the heater elements include bubble nucleation sections that heat more rapidly than other

sections of the current path.
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Optionally, the heater elenments include bubble

nucl eation sections that heat nore rapidly than other
35 sections of the current path. 13 Optionally, the
bubbl e nucl eati on sections are between sections of the
current path wwth greater thermal inertia.

Optional ly, the bubble nucleati.on AN ' :
qm%%@m&Wﬁﬁ%@%mFﬁm%%fﬁﬁgﬁarhrgeﬁwggggﬁé&gﬁﬁeg%ﬁ?hﬁuchm
drdagk therifal ivettia. cr owdi ng around the tight radius curves
generates nore resistive heating than the |arger

radi us curves. Optionally, the heater e|enen

s are.
m@]ﬂdwuh]ﬂ@ picleationseckipps arsdieht xicéusaﬁv'ssdﬁ TtTvgfntlatt%eé ra%.ms curves

J Beh iRl Atk Mk ardiabthatigk R9Rs Qi @S kagraks moe resiséve heating than the
extendi ng between internediate points on the parall el

largerradits ofE®hs. Optional Iy, the cross bracing structure
provi des increased thermal inertia where it connects

Q. e urren Ao L he cross
é?g%gﬁgh%%?%%%ﬁ%ggg%g$?%§g£§1dro%#%%b%ten1anchor.
Optionally, the actuator initiates a quadrupole

tRASH e Mbtniciiidthal Scrdy BRRing btwdiureai@atlingtbatreen intermediate
orthogonal axes parallel to the plane of the nozzle,
wﬁ%SQﬁ@Wﬂﬂﬁ%ﬂﬁwﬁﬁgﬁgmintersecting a nutually 20
ort hogonal axis extending through the centre of the

0zzl.e. tionall [ . {aSwHeR i Bafkects to cach
R S L e S S
sundeptbthpr i nt head further conprising drive circuitry
for 25 providing actuator drive signals via a pair of

el ectrodes for each actuator &eﬁgectiv%ky, wherein the
Qeticalbpths orgss ErapRB TIEIIe AR BYEP SRRV ng an

el ongate heater el enment extendi ng between two

contacts on the.pair of WhR r&lAmihen iHeer el
Getpalofe ShpleBiPlt APl OLRER A0 AR L Bplinlais .
Gtk amabixbsparatiel to themimeaf thh oeiziertheorihpgonalaxes daterseeting apypually
exten le&Eit-Q8@s nozse. Optional Iy, each of

£ g'F%E“%%% e gﬁﬁg%eea pfural??y of nozzl es; wherein
during use, the actuator sinmultaneously ejects ink
b)) 8 kDR 0RGZ Blf@mcdfoh IAIKhanber .~ Opti onal Iy,

each of the ink chambers have two nozzles. 35

Optionally, the nozzles in each chanber are arranged

i'a Rrther Bpecpriralisl peovided art dnljetl peintyedd festher dompriving dsive circuiitry for

el enent Wi ih- r XRSrdals B HeHdha8spadiively, wherein the
Prodmar Arledinaf DL L By YBA MR i

r space e heater el enent, .
actuators are t>l/1ermgl actuators, each having an elongate heater ngent extending between two

contacts on the pair of electrodes wherein the thermal actuators are all unitary planar structures.
Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,
the actuator simultanecusly ejects ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.

Optionally, the nozzles in each chamber are arranged in a line parallel to the length of the heate;

element with the central axes of the nozzles are regularly spaced along the heater element.
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14 Optionally, the nozzles are elliptical.

Optionally, the najor axes of the elliptical nozzles
are aligned. 5 Optionally, the drive circuitry has a
drive field effect transistor (FET) for each of the
thermal actuators, the dri%§ vol tage of the drive FET
being less than 5 Volts. In sevent h aspect the
present invention provides an inkjet printhead

Opioqally, shengzzlct Brealliptek ay of i nk chanbers, each having a
nozzle and a plurality of heater elenments for
generating vapour bubbles to eject jnk through the
Optignallp theirhpjor e pEdke dinsisgl gezelepdr A Sspended f or
imrersion in the ink, and, a cross bracing structure

for maintaining the acl t

oerin g Ca Sty PTG o e Ry UL RE AR be e permel,
abfagbre, tieaRipeedlirgeat tha lititedETdemp lessthraadadlty Wit h every
activation of the actuator. Optionally, the ink
chanmber has a pair of contacts with two, parallel

T & saventit aspest The Presenidp@nting Proides aadpid gt Rtead toqRPEns o ach
curr g{gmgg{_tﬂgk HavMbeng egth\@agﬁlfg atn!i&lehﬁfiﬁ ﬂﬁraﬁdyh efmwb:seh lements for
connected in series,, ion t he .
SRR T PP Bibi Bk e iy P AR} Bline uepended fr
iaeRioh aphelny: abdjan ot her sections of the current path.
Optiognal ly, .th aTiTol I QR: i ai& cRetmeen
sect i*6HS° %?C’qgﬁgm?%? ?’Leﬁt pat E&&\nsﬁimg ?éeig%eg?ﬁ e ther mal
inertia. Optionally, the cross bracing structure is

%ﬁ%ﬁ&&,%é Mot Ol FRps hddite ke répdete RbRERMuNaR O] yoxhenets
e

2tweeén I nternmedi ate points on the parallel current
aetaien of iy 3eiPonal |y, the cross bracing structure
provi des sections of greater thermal inertia in the

urr ent t.hs ti endin
R i
imyweee the bantots dadhusurrenhpath lyving o dhe heatw slopapingopracted i PRS-
pl ane of the nozzle, the orthogonal axes intersecting
a mutually 35 orthogonal ~.axis_extendjng,through th
Guivenls (b PepeelmsBS HERAE I FAEFYon T PR S Egr pa o
aRéhnt benlontmeds are formed from Ti AIN. 15
Optionally, the cross bracing structure provides a
dropl et stem anchor. Optionally, the actuator )
Optichil Bt the bubblg nadeatipoeeiopy asketivasn prgtions of thegurpng path with greater

&&gﬁﬁ&&&&al about two

Optionally, the cross bracing structure is integrally formed with the hater elements and extends

between intermediate points on the parallel current paths.

Optionally, the cross bracing structure provides sections of greater thermal inertia in the current

paths.

Optionally, the heater elements initiate a quadrupole pressure pulse that is symmetrical about two
orthogonal axes parallel to the plane of the nozzle, the orthogonal axes intersecting a mutnally
orthogonal axis extending through the centre of the nozzle.

Optionally, the thermal elements and the contacts are formed from TiAIN.
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5 orthogonal axes parallel to the plane of the nozzle,
the orthogonal axes intersecting a nutually

ort hogonal axis extending through the centre of the
nozzle. In a further aspect there is provided an

i nkj et printhead further coggrising drive circuitry
for providing actuator dri signals via a pair of

el ectrodes for each actuator respectively, wherein the
Ctibrisfly, BeSrodd iRadidpasiridire potidatdroplet #acdmchayvi ng an

el ongate heater el enment extending between two 10
contacts on the pair of el ectrodes wherein the thernal
Qptionslly. dresictaater inifidtes prauadppple proasieerpulse thafds symastrical about two

ofthd goﬁuil Bleb ymazﬁl th ERHeRe &{tﬁeh:%gzlé e @rtﬁd@@naﬂ'&deé’ﬁte&b&ﬁ%& afithally
exten s en_t he é_ectro es. tionally, each of

GropghBe et PR of nozzl es; wherein
Iﬂhlfulrtﬁtﬁ akp‘é& therelidprotidedan inkizt @Tnt]:ﬁadﬁﬁﬂteacmmishg/drbde eieduttryifork

u the npzzl es
T e

acthaornm thews dctnatosse tack baying en clongate hpateg plgent pxiending bﬁ@een two
cRRLA dnlle phf? of eﬁE%h‘!)d%@ 9’5&6}9 fhe Eﬂaﬁlahﬁﬁiaﬁfs areZddl V@t RV B Rdar Whbtires.
the central axes of the nozzles are regularly spaced
al ong the heater elenment. Optionally, the nozzles are
Ophibraf, la@hch efchdd iftD Meldyive dird@tryTBtedls R¥eSn ME elbdi@des.
elliptical nozzles are aligned. 25 Optionally, the
drive circuitry has a drive field effect transistor
QpEemk)ly, feach oéthe mkohantes hoteapivedlity o oozgles; ovhereintdhrngdrse, v e
vol t
Cpt i Ao Pl SRLAET o o B RSl A BBl 5 5
Vol ts. 30 In an ei ghth aspect the present invention
RienAlLE RSchdthe BlikjchLibeR hbviiReRez160Npr i sing: an array of
i nk chanbers, each having a nozzle and an actuator for
ej ecting ink through the nozzle; wherein, the nozzle
Cpéanatly, tigzoiztes in cvlogfinbrr mg amangelia b énapeﬂlbh}v e ength of the heater

I o n
o B R i E A iRl Mty Sl b iR 1O
Cptlonally, the localized irregularity is a droplet

ﬁ@&ﬁ@b&ﬁ@%kﬁiﬁ&@d so that a droplet stem wll
attac toit in preference to any other point on the
nozzle rim QOptionally, the localized irregularity is
Gibtibrdlg; el magqp dxes @Rihe sltiptivgf norres ab Rlignadz z| € aperture from
the 5 nozzle rim Optionally, the actuator is a

thermal actuator with a suspended beam heater el ement
Ciptionallyytherdsivegircuity haspadriverfield effect transistor (FET) for each of the thermal

actuators, the drive voltage of the drive FET being less than 5 Vols.

Optionally, the drive voliage of the drive FET is 2.5 Volts.

In an eighth aspeot the present invention provides an inkjet printhead comprising:

an array of ink chambers, each having a nozzle and an actuator for ejecting ink through the
nozzle; wherein,

the nozzle has a nozzle rim defining a nozzle aperture and a localized irregularity on the
nozzle rim extending toward the centre of the nozzle aperture.
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Optionally, all the spurs in the array are parall el
and have the sane position relative to the heater 10
elenent. In a further aspect there is provided an

i nkj et printhead further conprising drive circuitry
for providing actuator drivggsignals via a pair of

%%ﬁgnta?}p 91% %00!11&5(1 iﬁ[@?ﬁﬁgﬁg Y 611081& I G %ﬁér\ﬁ@éﬂonem%a@h Hrobl@t%tem

ors are t actuators, each having an
e‘fﬂbﬁ@dﬁe1tﬁHH?f€Pn°éF@I¥¥ﬁﬂle@@tﬂé?MPﬁb°zﬁéFﬁeen two 15
contacts on the pair of electrodes wherein the thernal

act.uators_ are njtar anar_struc

it e oz el e ke e et B ERips e gom e
am&&nﬁs between the el ectrodes. Optionally, each of
the i nk chanbers have a plurality of nozzles; wherein
during use, 20 the actuator sinultaneously ejects ink
Optienalih thepetuatdrés athormplastuper wille sesmegdpdhean rue{fﬁﬁalﬂf?f}mmerswn
eagbinef the ink chanbers have two nozzles. Cptlonally,
t he nozz| i n _each chanbe a |
ol s e DD LH dng  BF S potfear g sy Ppestr
ekee@entral axes of the nozzles are regularly spaced
al ong the heater element. Optionally, the nozzles are
elliptical. Optionally, the major axes of the
a1 4 fugher ewpbet thote 19 peevided an kictmiathead fatherypmpgving drive cigqyiry for

?fdviﬁﬁa %tﬁa@dil %@%1@% vida 95& mlef:ﬁ'cﬁkﬁ‘oﬁéa&ﬁ&hatbf 1@§b‘ébt§r€19 I'wherein the
FET) for each of the thernal Euators t he d

B B AT BT 31 P ELS I e UGG beveen o
Chiftacana e yair st cteddesehere thathernaf actuhtersard all @nifaryplimsr @ubiures.
Volts. 35 17 In a further aspect there is provided

an inkjet printhead further conprising an ink conduit
(Optiovalin a trbnsh plohed linto i dibee ciremitry xtendmhgverythpgjeaiiadesr | t he
ink conduit being in fluid communication wth the

enings of a plurality of the ink cha 51n a
ﬂ@ﬁm@x e3¢l plthe ink phapabers Bavg A glprality pf norzies, n?%ffmﬂm&“ﬁ% ad

f ur t hed ackpPidngisf@usy Gbdaw ialt fatoyghodil theHozilel ofihs chatibbd ned
in the wafer substrate; wherein, each of the ink
conduits is in fluid conmunication with at | east one
@fptibrially, ieavk of the ik shafnbers have et naizzles. i Nk t o supply to the
i nk chanbers. 10 Optionally, each of the ink conduits
isin fluid communication with two of the ink inl

Optivnghw fheypozzies inpaghfchyrpler pra Rrrangeddp 8 linpparalig] tq g length S he heater

RRMER ith the L&l RS the WM es B pHladiPsphddd blohd tBe Bdafef @ertont.
tension of an ink nmeniscus across the vent prevents

i nk | eakage; wherein during use, the ink perneable
Optgnally, Eleabzlegas eliptidal. es to t he vent where they vent
to at nosphere.

Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts.

Optionally, the drive voltage of the drive FET is 2.5 Volts,
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15 Optionally, the ink chanbers have an el ongate shape
such that two of the sidewalls are long relative to
the others, and the opening for allowing ink to refil
the chanber is in one of the long sidewalls. 20
Optionally, the nozzles are ranged in rows such that

the. nozzl e entre oII

1y afesasprt S‘WS P§°V51? “ harf nf n 0771 omggzlggl agll%c#)ﬁ&t
Fdvecop tiembiriathteand tie dndegmgawafbrethqa ind eondinibleingdndd ewymugication
Qiltﬁl{h%:%}éetn sogfa[ﬂ h'%zmeﬂﬁcﬁ\ﬁwersas a chanber and one or

refeme correspondi ng to each nozzle. The
smal | est repeating units of the 25 printhead will have
B fuftier SURP e isPhRided SBEIjAPrintAed fipthanemptsingpmrality of ink inlets
chanbers. a%[he ent| r nozzl e array is fornmed by

@@B@HHQﬁY 1I?:iual units. Such an individual

uni t éash sfsiednic @ddl.‘ﬁtsns liveflved eprargmicatioh owith et lesel due of tiag igkinlets for
e.ter in ' dR signify any ejectable

f?%ﬁ?‘?ﬂgﬁ s not imted to 30 conventional inks

contai ning col ored dyes. Exanples of non-colored inks
DPEdElE edch ¥Ahd B Sondii®d iy i@fluid eshrABisatidaevithitak st the ink inlets.
functionalized chem cals, adhesives, biologica

fluids, nedicanents, water and ot her solvents, and so
Qﬁtion]ﬂ]]ﬁ edch s tBe mbjn&tsthasbinénld fiecpusiable tbrsamd B E@dSiwdtSO that the surface

. Ee%é ?e)S mﬁ(%le cus ?g%g S ldnY prfve ellt's gﬂ%&kage%re HRMrgaRE Al N a

& on"6r parti ref Descrlptlon of
the Dheink mseabip @ﬁleq‘weetd gas Wﬂ’éﬁs Hshe eenigyheefheyypRidasiposphere.
invention will now be described by may of exanple only

with reference to_the acconp h;
uones e ok pHETRRA=% ap AFTERSTP FALPRLRY B it Ay Btk
LB vaMBMR JiRAZ4ne R lopaing dar alovng ink toerelil the:@ambhr irgn oxte@f thia dong
gaeéﬁgt invention, the unit cell being section along

* Figure 3; 5 Figure 2 shows a perspective of the
partially fabricated unit cell of Figure 1; Figure 3

r?{ ey, Bg n@%ﬁ ar8 mgéd% ﬁ)@s Wich haf BEnphIE Ebn@és aBNin@a kT the

tren gure is a ?ectloned vi ew of the
mﬂzkpﬁéqlonéﬁ%céfoﬂlﬁéfe@?réwﬂ% GEEles et 10 Figure 5 is
a perspectlve V|em10f the unit cell shown in Fig 4;

FI g . eg:d[ ag?or%%t[) gq% Anven! S6181 8(%['%},%13%% ﬁmﬁ’hjé’ of Iﬂngfég Qgé«'ﬂgs%%hﬂber and
5’neSdim Helver elemietts comlebpondingsp edch go@]gp@gq qiablgst rgpeating umts of the

gnr‘tﬁéazl W‘fﬂ ile B sgﬁﬁﬁ inft fe&%%lﬁlbm ¥ $rnoRAhhrhiRks. The entu‘e nozzle

argeiments o et ween t he edg@s of t b
st orpid rapeetik fosse TaEkBILS | 6h Fndrg *“DE‘IH%“’ erred to herein as
b FGRCR,

Also, the term “ink” is used. o signify any ejectable liquid, and is not limited to
conventional inks containing colored dyes. Examples of non-colored inks include fixatives, infra-
red absorber inks, functionalized chemicals, adhesives, biological fluids, medicaments, water and
other solvents, and so on. The ink or ejectable liquid also need not necessarily be a strictly a liquid,

and may contain a suspension of solid particles.

Brief Description of the Drawings

Prefarred embodiments of the present invention will now be descnbed by way of example only

with reference to the accompanying drawings, in which:
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Figure 8 is a perspective of the unit cell shown in
Fig 7; 20 Figure 9 shows the unit cell follow ng the
reflow of the sacrificial photoresist to close the
gaps along the side walls of the trench; Figure 10 is
a perspective of the unit ngl shown in Fig 9; 25
Figure 11 is a section view show ng the deposition of
the heater material |layer; Figure 12 is a perspective,
Fifiret1 RBowr plrtialB) fabrivhredwmiticell ¢fitige MEMS 30pzfejagray @ 2ipginthe drapeording
sk associ at Wt R #Fildas; heat er
IR RIPCR VG O\%hetg‘f %mtﬁ%%eggsﬁgﬁ%%}ﬁre 14 is a section
vi ew showi ng the netal etch to shape the heater
- 45 iR tEEaEaRiticsbof@Flguteie unit cel |
Fgﬁ%%ﬁigﬁéfrg$%ﬁ%ﬁﬂ35pFigﬁfe 16 is the mask associ at ed
wth the etch shown in Fig 17; 19 Figure 17 shows the
FIRROShéw Qe Bfrk hhviddiotihtiesichof hehater derens titnsBquent
etch of the ink inlet to the passivation [ayer on top
of the CMOS drive |ayers; Figure 18 is per spective
Fafurd Aiea seofidned wibw ofthewnit cplhafer e qigh of the epefly 0 19 shows
the oxide etch through the passivation and CMOS | ayers
to the underlying silicon. wafer Figure 20 is a
FigyrasTie & perepsciyf viewof hanat el piove fifiR % n Fig 19; 10

Figure 21 is the deep anisotropic etch of the ink

inlet, into the sjli far. ' : k&st 8hown in Figure 7;
TG B Rk B1ooBRA MU LE SR Sl PRt oj i Figr
Figure 23 is the mask associated with the photoresi st
gteh shown .0 Eidad e dBlotiHECor3brisiigipBotbias praeh orithias bl
et Ch' 16 for m openi ngs for the ch er . fdﬁ;@?id@?#vfi of the
entedements ¢t geps bEUV‘*'F”s“h%\edé%*r@B%é‘W%‘é‘ ﬁatel“%lgmum ce F
@%@ﬂn in Fig 24; 20 Figure 26 shows the deposition of
the side wall and risk material; Figure 27 is a
perspective of the unit cell shown in Fig. 26; 25

Fingels B apSspestiteéthmasicchsoveinlied wi th the nozzle rim
etch shown in Fig 29;

Figure 9 shows the unit cell following the reflow of the sacrificial photoresist to close the gaps
along the side walls of the trench;

Figure 10 is a perspective of the unit cell shown inFig 9;

Figure 11 is a section view showing the deposition of the heater matetial layer;

Figuré 12 is a perspective of the unit cell shown inFig1l,

Figure 13 is the mask associated with the metal etch of the heater material shown in Figure 14;
Figure 14 is a section view showing the metal etch to shape the heater actuators;

Figure 15 is a perspective of the unit cell shown in Fig 14;

Figure 16 is the mask associated with the etch shown in Fig 17;



Figure 29 shows the etch of the roof layer to formthe
nozzl e aperture rim Figure 30 is a perspective of

the unit cell shown in Fig 29; 30 Figure 31 is the

mask associated with the nozzle aperture etch shown in
Fig 32;, Figure 32 shows the%ptch of the roof materia

to formthe elliptigcal nozzl : ' ;

HigreylTs ?“?B@c PV%‘OB?{}?%e uni t ngqﬁ&gsﬁ%ﬁ mildnsa%ie‘gdeg%?cg ot nk

ifikigolthe padivaioniager bh top okhg EMOS divatayere| ease etch of the
first and second sacrificial layers; 20 Figure 35 is

a perspective of the unit cell shown in Fig 34; Figure

Bgrs Hinsparspectivmefithesait celbpedtinfigd 7y | ease etch, as wel |

as the opposing side of the wafer; 5 Figure 37 is a
erspective of, the unit . cell. sho i j habl T
s B e ool e st B e o DR Dbt sicon

waferFi g. 39; 10 Figure 39 shows the reverse etch of

the ink supply channel into the wafer; Figure 40 is a
perspective of unit cell shown in Fig 39; Figure 41

Eboed) is nperpptivaplibe wit celhdbovpindie 18y packsi de et chi ng;

15 Figure 42 is a perspective of the unit cell shown

in Fig 41; Figure 43 is.a .parti.al pspectdve of the
iewag oo Aerp steoph ke B ap bl SRS e
present invention; 20 Figure 44 shows the plan view

f a.unit cell: FEigur Shpws, A . ber spective of the
%ﬁ'f‘?z%éf?msq%%)dﬁoﬁh%tge]ﬁ%o 25\% glre 46 is schematic
plan view of two unit cells with the roof |ayer

fiE\H-P yed sl sICREdcRic wiR b phdidet ctftaRbwit @ FigHown i n
odtl1ne only; Figure 47 Is schematic plan view of two
unit cells with the roof |ayer renoved but the nozz|e
PRAB NG WSRO PMDraisDedhl th foem Opnings fBOh¢rhgmbes rad andssidg walls;
partial schematic plan view of unit cells with ink
inlet apertures in the sidewall of the chanbers;
Figaya 22is 4 Derbrective hbteeditcceh piafn W BH2Hf a unit cells with
the roof |ayer renoved but the nozzle

Figure 26 shows the deposition of the side wall and risk material;

Figure 27 is a perspective of the unit cell shown in Fig. 26;

Figure 28 is the mask associated with the nozzle rim etch shown in Fig 29;

Figure 29 shows the etch of the roof layer to form the nozzle aperture rim;

Figure 30 is a perspective of the unit cell shown in Fig 29;

Figure 31 is the mask associated with the nozzle aperture etch shown in Fig 32;

Figure 32 shows the etch of the roof material to form the elliptical nozzle apertures;

Figure 33 is a perspective of the unit cell shown in Fig 32;

Figure 34 shows the oxygen plasma release etch of the first and second sacrificial layers;
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35 openings shown in outline only; 21 Figure 50 is a
partial plan view of the nozzle plate with stiction
reducing formations and a particle of paper dust;
Figure 51 is a partial plan view of the nozzle plate
with residual ink gutters; 54Figure 52 is a partial
section view show ng the deposition of SACl
photoresist in accordance with prior art techniques
Fegaee 30 ds appppegtivtal thegait ecll sipvin BigB% i s a parti al

section view show ng the deposition of a |ayer of

eat er terial onto the 10 SAM photoresist .scaffol
ipiscloobis i vt el lens i sl ot oo e F i s
schematic plan view of a unit cell wth nmultiple
I ' t..the chanbers; 15

|gurﬁzs%gg?%ﬁ%éégh?é&g%ﬂesﬁogﬁq%h Pg’ss sections of the

i nk chanber shown in Fig 44 at sequential stages of
AR 38R thAR AssSiALAVENL P rbirsB oS BWRIN 16 BEr Specti ve of
a nozzle with droplet stem anchor as shown in Fig 61;
20 Figure 61 is a plan view of nozzle apertures wth
FTpnier3glshoys ehie sgyerseelchit dialisid susiledhametibio tig; wafdsi gure 62 i s
schematic plan view of a unit cell wth the roof |ayer
renoved showing a sinple “theta' heater elenent; 25
Figtperd€ isgPessproties ofunitrell shawednt Bg 3%l ement with a sudden
reduction in cross section on the cross bar to |ocate
the droplet stem Figure 64 shows a theta heater
Efgredh shofs ths thinning of the wafer bpaghside tclip®t  on on the cross

bar to locate the droplet stem 30 Figure 65 shows a

ual har, four Ki.nk heat.er el.epent; Figure 66 is
s A Bapeispilie S B Br R SRR T L 10 2 vl ve
to rectify the ink flow through the chanber inlets;

?&gne 43R a,%'aﬁbirp@rsﬁeai‘}e%f the %mﬂzﬁs M%ﬁfe&&/a%ccgémf?to the present
nozzle with a spur extending Into the nozzle aperture
myFatioBont rol | ed drop misdirection. 22 Detail ed
Description of the Preferred Enbodi nents

Figure 44 shows the plan view of 2 unit cell;

Figure 45 shows a perspective of the unit cell shown in Fig 44;

Figure 46 is schematic plan view of two unit cells with the roof layer removed but certain roof

layer features shown in outline only;

Figure 47 is schematic plan view of two unit cells with the roof layer removed but the nozzle

openings shown in outline only;

Figure 48 is a partial schematic plan view of unit cells with ink inlet apertures in the sidewal! of the
chambers;

Figure 49 is schematic plan view of a unit cells with the roof layer removed but the nozzle

openings shown in outline only;
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In the description than follows, corresponding
reference nunerals relate to corresponding parts. 5
For conveni ence, the features indicated by each
reference nuneral are listed below. 1. Nozzle Unit
Cell 2. Silicon Wafer 3. Tgpnost Al um ni um Met al
Layer in the CMOS netal |ay 4, Passivatiop Layer
Figgre 0 isavEtieSEEer A BF IE7 | i QY B SRR T GORR CPEREepLe
picdimbsbrmdet al Layer 3. 7. Pit Opening in Topnost

Al um nium Metal Layer 3. 8. Pit 9. Electrodes 15 10.
SAClI Photoresist Layer 11. Heater Material (Ti AN
Fikre STiserpamibh] potvisatobthe 4@ zle Platstvotbacsidupl inkogugiers;1 4. | nk

I nl et Opening Etched Through Photo Resist Layer 20

15. Ink Inlet Passage 16. SAC2 Photoresist Layer 17. .
Fighe /3D isre paitidleefign ViewOReR g e dea%l.mﬁ?ffﬂﬁ‘ﬁ %‘ﬁ%ﬁ Y“Wf"ﬁﬁaﬁ%f with
pliGalt WokhiqubQuseBR vdi®dridgers;mat i on at Ink Inlet 25 20.

Chanber %bof Layer 21. Roof 22. Sidewalls 23. Ink

Conduit 24. Nozzle Chanbers 30 25. Elliptical Nozzle
Figinns3 25(patial sactien vikw prowBig (iv)desition of 4 lpyepef hegigs ategal onto the

Sﬁe? E)ﬁo%rgsist fhsrold %os'ﬁ&{ﬁﬂ h?)gm%@,n nel

Figure 54 is a partial schematic plan view of a unit cell with multiple nozzles and actuators in each

of the chambers;

Figures 55 to 59 are schematic cross sections of the ink chamber shown in Fig 44 at sequential
stages of drop ¢jection;

Figure 60 is a schematic perspective of 2 nozzle with droplet stem anchor as shown in Fig 61;
Figure 61 is a plan view of nozzle apertures with centrally disposed droplet stem anchors;

Figure 62 is schematic plan view of a unit cell with the roof layer removed showing a simple

‘theta’ heater element;

Figure 63 shows a theta heater element with a sudden reduction in cross section on the cross bar to

locate the droplet stem;

Figure 64 shows a theta heater element with a formation in cross section on the cross ba}' to locate

the droplet stem;
Figure 65 shows a dual bar, four kink heater element;

Figure 66 is schematic plan view of a uhit cell with a Tesla valve to rectify the ink flow through the
chamber inlets; and,

Figure 67 is a schematic perspective of a nozzle with a spur exiending into the nozzle aperture for

controlled drop misdirection.
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35 28. Contacts 29. Heater Elenent. 30. Bubbl e cage
23 32. bubble retention structure 34. ink perneable
structure 36. bleed hole 38. ink chanber 5 40. dua
row filter 42. paper dust 44. ink gutters 46. gap
between SAC | and trench sid [l 48. trench sidewal
10 50. raised lip of SAM arotind edge of trench 52.
thlnner |ncI|ned section of heater material 54. cold
g s$onipti pefe sisheat er el enments 56.
nozzle plate 58 col umar prOJectlons 15 60. sidewal

i nk openln%E@ ink refill qgpening i nk
Buibsiceerigtion thamfeflows °PWP%€‘H$ wepace %*ewfﬁtf relptg fo 06{5?55011?12% patts.

ﬂ&&@&v@&e@& &8 féAuresdiidifaled by GbieRfeRhtcaninefanire Pdddbklow.7 6.
ozzI gt%lne 78. drop msdirection 25 80. drop
rop 84. droplet stem anchor

cQmEaiy

2. Sﬂlcon Wafer
3 Topmost Aluminium Metal Layer in the CMOS metal layers
4 Passivation Layer
3 CVD Oxide Layer
6. Ink Inlet Opening in Topmost Alnminium Metal Layer 3.
7 Pit Opening in Topmost Aluminium Metal Layer 3.
8 Pit
9. Electrodes
10. SAC] Photoresist Layer
11. Heater Material (TiAIN)
i2. Thermal Actuator
13. Photoresist Layer
14. Ink Tnlet Opening Etched Through Photo Resist Layer
15. Ink Inlet Passage
16. SAC?2 Photoresist Layer
17. Chamber Side Wall Openings
i8. Front Channel Priming Feature
19. Barrier Formation at Ink Inlet
20. Chamber Roof Layer
21. Roof
22, Sidewalls
23. Ink Conduit
24. Nozzle Chambers
25. Elliptical Nozzle Rim.
25(a) InnerLip
25(b) Outer Lip
26. Nozzle Aperture
27. Ink Supply Channel
28. Comntacts
29. Heater Element.
30. Bubble cage
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86. maxi mum resi stance section or "hotspot' 88. shots
ei ther side of droplet stemanchor 30 90.
sem -circular current path 92. “cold spot' 94.
central bar 96. larger radius curve 98. fight radius
curve 35 100. outside edge of,,tight radius curve 102.
iL,nsid f tight radius rve 104. ink refil
ggert ?@gg%mgTﬁﬁygwgctifying val ve (Tesla val ve) 108.
Ahi n obpetmedblelirctuwrgecondary conduit 112. lateral spur
hgom pozizl,e rim 5 MEMS Manufacturing Process The MEMS
manuf act uri ng process builds up nozzle structures on a
384 i ckckiber after the conpletion of CMOS
Ro.OCeaslfg.fitki gure 2 i s a cutaway perspective view of
nozzl e Qit cell 1 10 after the conpletion of CMOS
g%oceggﬁ and before MEMS processing. During CMOS
pgt.ocedbiguigisof the wafer, four netal |ayers are
dgPos kb 3dvelitht b bchQaugfier 2. with the metal
|'ayers~bei ng I nterspersed between interlayer
d8el ettneh sderilD) | ayers. The four netal layers are
561 er @6k fgof8ACMuouddedzd@waid M | ayers and are built

up sequentially on the wafer. during 15 CMOS
B?oce ﬂd¢%$ﬁé§gm%ﬂﬁﬁ@?ﬁvg?gpprovide all the drive
Git.r cutdld gpotdrtvebrogtics chmectepientat dlaagntshe print head. In
e c d printhead, each heater el enment actuator
Fg co%%g%?%§ to the CMXS via a pair of electrodes
d&f i neqlunoar priyectignt er nost M4 | ayer. Hence, the M4 CMOS
lsgy er sibivall B oh@sHadat i on for 20 subsequent MEMS
processi of .the wafer. The M4 | ayer al so defines
ﬁ%ndiﬁgﬁggﬁgmgﬁong a | ongi tudi nal edge of each
p&i nt lmead i ntegrated circuit. These bondi ng pads (not
%EomnﬁigkIOM/the CMOS to be connected to a
nm croprocessor via wire bonds extending fromthe
6&ndi Psipidkmenipfjures 1 and 2 show the al umi ni um M4
haver i,8ul@vi Ng a passivation |ayer 4 deposited

t her eon.

72. droplet stem

74. droplet stem attachment point
76. nozzle centre-line

78. drop misdirection

80. drop

82, satellite drop

84. droplet stem anchor

86.  maximum resistance section or ‘hotspot’
8. shots either side of droplet stem anchor
90. semi-circular current path

92. “cold spot’

94. central bar

96. {arger radius curve

98. tight radius curve

100. outside edge of tight radius curve

102.  inside edge of tight radius curve

104, ink refill aperture
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25 (Only MEMS features of the M4 [ayer are shown in
these Figures; the main CMOS features of the M |ayer
are positioned outside the nozzle unit cell). The M4
| ayer 3 has a thickness of 1 mcron and is itself
deposited on a 2 mcron IayeF 40f CVD oxide 5. As shown
Fi qur.e ayer 3 has an ink inlet
6%%n|%g %%%%gﬂ%&gpenlngs 7. These openi ngs define
tdte pogihtinddis of the ink inlet and pits forned
$itPsequGRs Yonlttt t he MEMS process. 30 Before MEMS
iroce55|ng of the unit cell | begins, bonding pads

12onglasmel SRR MEART ™ edge of each print head
integrated circuit are defined by etching through the
Lyat i l.a This etch reveals the M4 |ayer 3
gﬁﬂi%ééﬁ%%%Tﬂdﬁ%a%é%OSItIOnS The nozzle unit cell 1
is conpletely masked with photoresist for this step

E'Héjhﬁm NeBnfadnBiny Pﬁﬁés@&ﬁlﬁguﬂl%ﬁlé&u&ﬁ@%n a%ﬁlca_mmﬂﬁgeﬁtﬁb

|gures to 5, e first sta
roon o TGS BoRFMGIHE R & LS AP P G i ol 1
tam tHo\binplatiod f CMPS proGessitlguind befboreMEMS p,tecfesmd u sing a
| ayer of photoresist (not shown) 25 exposed by the
dark tone pit mask shown in Figure 3. The pit 8 has a
DeritdCIMOS Bropissinennd the vater, fors awstal BYprearesiepesiied quigy siicon wfer 2, with
Qq% 2BV B ers?’beuétmtérgbgrsme%ﬁ ARr&%r 846D kh@e:@ ITthe &our metal layers
ectro es ar e deflned on either side %E EEVPf dﬁh
p@rr%fpraﬂdltcyasﬁéb M1 M3 goc ik Jags qdyres busk up RRapeRgRL by gt water during
RRESH PradehsDia. THe@MOSHayekdprotide aticirpikied dtuitrp 2@l legic fr operating the
he er. element is suspended across the pit 8 between
Dflectrodes 9. 5 In the next step (Figures 6 to
8) the pit 8 is filled with a first sacrificial |ayer

n (86 Som le)ced% inth AR @R emt®: actuidr iofhiceRd loadaTMOE viia@hir of
VI SCOSI't notoresist Is first spun onto the ferﬁﬁp%ﬁm

ehetrpdesaleprsd intheatiargost M8 laysr Kegcp i MaSHOSuf® |
Qubsddiéht m ReRn@ S 6é wiflr. Thy WS lafer akaddfinésthofidinig pads along a

subseque eposi.t| on e. he er
e b 5 D5 B B e oa35958 st e
OMGER e tdnhytted kd a misropwpessdr sia twire h@dmnpihmfr@m theibgrdingpads.

has a pl anar upper surface that is flush wwth the
upper surface of the el ectrodes 9. At the sa

ti,
Fraeres @1 o B elsminiunyd dayeichisiiae epajsiyatipn lave f gepﬁmnﬁ fereon.
t(@nl?l(/gil\ﬁjs festhirbd oF gﬁfhﬁt layek al@@ﬁtgdﬁ(ﬁ 1hise Fipaié; ee nitidi @VIOA features of the
ext endi ng across i it an
Sl i Besgnes oty B furt et MR e &ifa ot apcon
rah@is aﬁeﬂaeﬁdsueauoh a Es:meclm af(WID oxidedp 8s howh & Bigotsdraad 2.ghe M4
e L I I OSI
?Ihlgg il l_p?(z opedids Zg%@%gy{)énﬂﬁé)ﬁe%ﬁ% 1A B t10ns of the ink

mﬂaranhpﬁsmed auh@q@fl@fle th"v‘zMWﬁ progsst-j ngers' in
subsequent deposition steps Fbmever this techni que

results in a raigsed (or s r|n1 f . phot ore
#WW@%@F‘P&%W‘@“&FQ h g’ jalong a Eongltu%mal

%Qﬁ&drhﬁ@rz@ed%&ﬁw&ﬁieﬁned by etching through the passivation layer 4. This etch reveals
the M4 layer 3 at the bonding pad positions. The nozzle unit cell 1 is completely masked with

bt

edge of each

photoresist for this step and, hence, is unaffected by the etch.

Turning to Fignres 3 to 5, the first stage of MEMS processing etches a pit 8 through the passivation
layer 4 and the CVD oxide layer 5. This etch is defined using a layer of photoresist (not shown)
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in a subsequent deposition step, material is deposited
unevenly onto the raised rim- vertical or 20 angled
surfaces on the rimw |l receive |ess deposited

material than the horizontal planar surface of the
photoresist filling the trengh. The result is

?,%gs%{i y}%ﬂ D68 {Jﬁé %Pﬁ&&s shobil id €di %gnw@ qrhepmtu@aldéﬂm 462 microus, s

eposit shown in Frgure 7, resen

praswed o leitdnet Be M4jaresch H4 B8 Wﬂgﬁmﬁlﬁ%& Byl St 9 e
&éﬁé&j& eﬁtﬂ& sidgof tﬁ%ﬁ‘;ﬁt‘ b@'ﬁ&rﬁﬂly\&aleﬁlﬁlg 6ife M41Rydp B thréhgh e gasszvatlon layer

e e eoy et e oA g e ph o o clhoodes,

phot oresi st 10 and av0|ds any spi ked regi ons of

tn%;cte BZIE ﬁg{e:s O? g)( fl}@ &éﬁ%{ﬂllm a fﬂs&&fﬁc{aﬁ@y&ﬂ“ﬁA@l”) of

er ex phot or esi st

ymmsem ¢t 2 inironddyprofbigh Wyconahpiags sisti Pt ey pgtoiferafog god then
B!fa%eg LESY BE deAl dofW¥Bask Sholvl irf Bige §. Thé BECYEHotogesidf 10t ais P bdaffold for

R
pb:aapﬁnﬂypimﬁmﬁdmﬁtam:esm ghoteredis 10 hassiplandriupper tultfecemlpp!e flush with
gllé I{lép%’g feurtgce otf Hn% #\z/kkrodg%e%t tﬁess)&%g ltlﬁlg tﬁé)ém sﬂhbﬁreﬁgt %Etrcgﬂ%&ely fill

OW ng phot ore
thapied tcquﬁommans orﬁaqmwmheawae% sxtending acrpsy the pih gnd;shsting out
SUkRafdey deposition step of heater material. 35
Figures 11 and 12 show the unit cell after deposition
of the 0.5 mcrons of heater material 11 onto the
Bhidanp MO fiking ﬁfénc}ie@ witiDpttcraist, ltds teedstaguio prrosaligphotorcsist outside

88 %éﬁll %8f@\k/)§?ﬂeh i or to%g‘stu% '{rﬁﬁo? i\ ﬁﬂs]agélt?st a8 walls of the trench

I n a a er ver
aidetilbne@cbesvogi amgetSh@ s'S;emerﬁ Hemosifiensieps. P@@yeverr#es te‘f’Pé‘ﬁP"e‘FS““S ina

la@sH Bf peidibies b theARhéh. mm ufidekitaBle b
Hef &gilk Sucb&gg{af%llaﬁl TNCT AN CTIALS N o bocaHse

wb%ﬂueh@av@womfpewtsw Héﬁ%ﬁtﬂdu“a?veﬂy g the 3 @“‘i‘“n\YS’i‘ o1
QR ondl(f&}ﬁﬁwml 1@Bive fessatiepok M6l nhat@abitiar thy/lexizatal Jlavdt surface of

Al fur.ther 10
b e Gengh Thoptopis i bt s, W FELEe bippe
Redledapbstigd.t 0 Fi gures 13 to 15, in the next step, the
| ayer of heater material 11 is etched to define the
thermal actuator 12. Each actuator 12 has cogtacts
i showadn Bigwrp rihemiesent piopess deiboratelyi AuRorss 81 SAGT Phofeprise ] e e
?Lrﬁﬁgté'r Q8BS0 rheQM 8244 Rﬁﬁm@lsdﬁc@fls) hﬁ@ tﬁAﬁas& s]ﬂiwﬁrong&b 61 This

0. A heater el enmen

SR P RTRg: BOE AL PeSAal Shriresia LY T o piket rpgons of
bBot&Esish fropliabapeasétatrin( ofdie piit8own) exposed usi ng t he

dark tone mask shown in Figure 13. As shown in Figure

15, the heater elenment 12 is a |inear beam spanni .
BéEvreersutclobihe BACH phwforasisicl®; thepfestoresist isgrfleved by heting. h%%l"@’%“g the

?L&SEEJL& allcivs WY 6% foSh itk Xﬁﬁ%ﬂ@ Eﬂﬁlg @tkily. Figures 9 and 10 show the
onflggratlons 15 such as gs scri bed s flush with

BAGH phojpresisg 1W“P§ﬂ‘é“ht'rhﬁ|§h°t‘€e“’7% é@gaﬂa&“ﬁger e mgps

YlRiugher kG faBed elierM4 layer 3, which forms the electrodes 9. Following reflow, the SAC1

photoresist 10 is U.V. cured and/or hardbaked to avoid any reflow during the subsequent deposition

step of heater material.

Figures 11 and 12 show the unit cell after deposition of the 0.5 microns of heater material 11 onto

the SAC1 photoresist 10. Due to the reflow process described above, the heater material 11 is
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I ncorporated by reference. For exanple, heater el enent
29 configurations having a central void may be
advant ageous for mnimzing the deleterious effects of
cavitation forces on the heater material when a |
bubbl e col I apses during ink dectl on. O her forms of

t t t t
g‘?\‘{fitﬂ% aﬁﬁlg %@gﬂﬂ%lgi%sg"a%tgf " 6%%43\6/5?%}1% él%I%At%? Iphotg?remst f0. The
Eﬁlﬂmt@ﬂl\mayaae conprid@l ofemegbentnducivh miatprelssugh & TiAL TiN, TIAIN,

ﬂé@:&i\z%«? '\ﬁggﬁl%%%t@ nljlalténgl ﬁ%{?sﬁ%{ ?‘H&Seg%ﬁe{e}l r%\%ﬁg'fs&fger{hgi%posmon ofa
10R 4. seadileveer GETHAL h250R Sdaerofi AN whveber d ¢} & 6gH laptrgt TiAL and finlly a

ﬂa@&ggm@mgg@r$ﬁx§m4 t he oxi de Iayer 5 and the

silicon wafer 2. During CMOS processing, each of the

nmetal layers had an ink inlet opening (see, for

msfmny t@Figapelsi ta g5, tn themexheepMie lagey of hedier matézial Ui ie et@ed to define the
G 055 Chl Al Pés%otﬂsc%%%t és%kéh% clodtis {olection to

ers er wth

newp@wgfimtrs@a 9 i Ejtepsjdsrof the SMS} ?h@f@@h#o A} Jrgter %‘?metﬂr?é SPARK

ﬁeme@ﬁﬁsdaﬁ&?@nmnge&m&bsfrom seeping into the CMOS
| ayers erring to Figures 16 to 18, a relatively

thick |ayer of photoresist 13 is spun onto the wafer
BHiCktch@sde€itad by usayag)f pinsorebt (Wottsheven) ag®kedsikioguhe dank Enguarsk shown
h|ckne p
RIS b PR Sty 1o PPl fpts il el sadbetdeco e
letroﬁel(cDRIeEy Heweyer, ﬁle beateh elﬁth@t 1 3mas ﬁ\lﬁe@ﬁﬁ‘fe\?\ﬁfﬁwﬁ efhericppéigurations,
dnlH £ thoRREBE lﬁﬂpﬂﬁgﬂtﬁ e P'a@ntt}fbefi P4R0400) rtﬁesdoﬁkntl@whﬁ:m herem
wafer 1S ready he, subsequent. et ¢ st eg :gra? 4
ipgopRopated b FriessiSp ?%Pﬁ@?’ésheifgf *z’é)m GBS ?‘&gtar“’ vor
)R &@vaﬁtpg’tsﬁsl fm&hjlnﬂﬂmﬁg’m@delcfbn&mms ﬁfeahmy{cmrforc%n Be heaie

Ig%t%lh dhea a bub coh eﬁ ?nnsglﬁkl & E?E]V\@ﬂ?er F it n&ﬂ%’&wﬁ%@éﬁ péotectmn may be
asismﬂ suchias "duhble h@usg ewtthie wb eﬁse@p@ptw(tmg gaveras. JThesgsapitption

4ha eﬂ%nt't&h:ﬁ%l%e} e iR led REHall B @4 4gRent LB kibA ﬁﬂrﬂo&@f Qrceb1Us).

0 epth 25 mcrons, using the Sanme phot oresi st
mask 13. Any standard anisotropic DRIE, such as the
lﬁ‘ﬁ%glgxt Géqﬁéhcé Len Bﬁhﬂd‘ﬁ for e Bozzf2, 15@%11.68 ﬂﬁougmﬂe passivation layer 4,
4 e us tc Fol

AL D0, T IS AT N T I
ansinkmampeﬂngc(yeepfoampla@hﬂmxg 6 i the 4t leer BivBiguse 19 gtchadieerethrough
pleloto ity 1oAY \"‘%n‘ﬁﬁl OS] B it BB RROR tver,
fopn o¥ealiring qufthem@nlsmnewnm %%eealeg intodha MO I2%EF-on
| ayer 4. The SAC2 photoresist 16 will serve as a

s 7 BEBES 16 1o B Sty SPrOnel T8 TP B bl P Sapoghe vater and
@{b@m[n.g tieelbukitoricgsk shov iy igpe: 183 Thoth@Egesseof phdforesisc Fomquired
‘f'iﬂée%‘? gn t%e seg:c . \t/:&‘ e & é&XctiQQ %L g{aﬁ ﬁ)(lﬁfi) lllsis.d RID @ %{%et With

osed u tone mas
dnrink xﬂpfgmprengzla deﬁeedsmtbwhotorﬁsﬁ 1§uthegalos pady forhe %uh@qwatsqtch
ﬁ%goses sidewal | openings 17 in the SAC2 photoresi st
1

In the first etch step (Figures 19 and 20), the dielectric layers (passivation layer 4 and oxide layer
5) are etched through to the silicon wafer below. Any standard oxide eich (e.g. O2/C4F; plasma)

may be used.
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corresponding to the positions of chanber sidewalls
and sidewalls for an ink conduit. In addition, 15
openi ngs 18 and 19 are exposed adjacent the plugged
inlet 15 and nozzl e chanber entrance respectively.
These openings 18 and 19 mﬁ% be filled with roof

material in the subse of .
quhwmé etahﬁt@@g‘ga%{ Iﬂngg?ssanl n ’fﬂﬁ fﬂgg f‘ghl: eh 81901%{1 e mﬂﬂ)g wafer 2
16 8¢ 2539@611.4 s ltleysamd llilﬁtoremptelmlng?s g sppdardegisolrapls DRIE,

SbrSilis dtéh.
stma RS B GeR s pRRm Aok B0 i%’%%t”%@‘?éﬁ%%ﬁf’%ﬁ s
Felfomtrgetchind bt iblsinkie S i peadorpsirt lgra 41 B FompEE ﬂplaa'aﬁ e
The openings 19 20 filled with roof material act as
filter structures and fl uidic crgfs t al k

InTthersaxt Stap) tbe lpk ek b is plygged B Bhotyest :81%]& Sesond sacr:rfﬂc:{a][]ﬁyer (“SAC2”)

I'n
PbrekeistaB @mﬁm B B offihb BAEE Bhapras1fragd pa;slmsn lppandr FoeHhC2

the thermal ac ator 12 I
p}acﬁﬂes??lé SRR £ SRRl éor dsubsechex%t %Lp%glfrﬁn!g? aJr?ngt'eﬂéri C\)rg?ch%ﬁms a
rdo ke sidaallR o oavh polegHATESr. MH@F@FT%'%3§? 25 & ~§ypigsprrrst of

e SisfeR pgg@f% B Qd o bl R 0BRD LS Tk o M b in

oresist 16 to formnozzle chanbers 24
FrgaweiZdg a roof 21 and sidewalls 22. An ink conduit 23
for supplying ink into each nozzle chanber is al so

formed duri of th ofofbsi
A SFRCR LA 8 S0 S
céxﬁ’daﬁonailag thihe ;ms;fﬁmg uf chemBs sidevehlls 2 sidewalls fos prisky copduij. fa addition,
op%%n& E{ a8 19 22 &ﬁf ﬁac%n%i ecﬁﬁl@lr 1BSRONH1 GhalnBer@nirance

IVG HOZ

n acr.os
respeciively. Thespronspingsi 1ﬁ apd %‘Wﬂtbﬁ ﬁﬁ?&*ﬂﬁhégf’? Benst %‘é S“ﬁ%) %‘iﬁ“pmf
B Ribn stéfyhﬁd 9afe unﬁk Gdvaithge? B tidyeste neolegesignetpecficalinghe

%;nggg 18 gl}efiwgg ;:f)lo?@%tw# % 0 @msmgql tl q&uxgs, {t}in%]; ésgggt 'in é:la%Q 248 from the

umnitride
Jﬁaﬁs lrftd 836h AoRz)E-tigibers TR istdescHiged i greatqn dstail @ioag éfha eﬁemﬁé%l 9

o 0 esehelp preven
%}ﬂhlla %9\% 9 as%%ltgr S &%Jgsf’anh Flm&@%r Es%f{bfgﬁerQYI'h 2 lpp t

n1crons rootr materi al 20 Thi s
alirsbulohdds |ﬁnm(¢mumglﬂge rpzileghembe ang 4iREE SSFSEe PRINTELH f‘é\%ﬁ ?“
éﬁﬁﬁﬁ Mat he dark tone rimmask shown in Figure 28.
|pt|cal rim25 conprises two coaxial rimlips
25a and 25b, positioned over their respective thernal

TGl Pighds 26384 2Refo@sxtistagy depost Tpuicwss Froof gaggal 20 pato the
S{jﬁ?étqhg B}%gﬁ 19 g)bbﬂi:\?% ?ﬂ:e roclf In:f?i%eh%l@b ﬁﬂsotﬁg J)ﬁmﬁ&qm I-Braﬁd PHin iR

Ar ough
Smﬂﬁjhabngstﬂﬁuffomoeﬂc diamﬁ@s 2viena 8 %’*&ﬂ aé%w aHﬁzz?r Hig ik

065 uft%% for S%iy%ﬁo B O§:h g@zzleréﬁﬂnﬂéﬁ's Rigo ﬁrrﬁeﬁ)ﬂ&ﬁngﬂfeposmon of the roof

expose rk ton
maierial ). ém&mmmnww%gewg %?%F?Ségfﬁ shovipn B ﬁgﬂfgs% and
fzig Erre'i‘?d%ﬁlgd g fhel |sa§neﬂﬁ%d Theﬁﬁﬁg %IQ w2h cctrha@otldhm tralrespastiveatogile chamber
, i gur.e . 7 .
Fsauios MO Oy PRI A PR g borbidfou b B2 roof
M mkday%%pr{sbd)ﬁ@n}e@ntdﬂe thatgriah, §uch @ salwan nigidg,iligon oxide, silicon

as sh res 34 to 35). After ashing, the
? f@ Tn &5{%% 12 is suspended in a single plane
over the pit 8. The copl anar deposition of the

ﬁm%zgaés 28 to 30, the next stage defines an elliptical nozzle rim 25 in the roof 21 by
etching away 2 microns of roof material 20. This etch is defined using a layer of photoresist (not

shown) exposed by the dark tone rim mask shown in Figure 28. The elliptical rim 25 comprises
two coaxial rim lips 25a and 25b, positioned over their respective thermal actuator 12,
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and the heater elenent 29 provides an efficient

el ectrical connection with the electrodes 9. Figures

36 and 37 show the entire thickness (150 m crons) of
the silicon wafer 2 after ashing the SAClL and SAC2
phot oresi st |ayers 10 and 15 Referring to Figures
38 to 40, once frontside processi ng of the wafer
is conpleted, ink supply channels 27 are etched from

rdihEnBEkSken 1043, Hoomahgprdefites medliptistl mpricifeeriuAcSih he gt 21

15 usin r%mﬁﬂu!n Qo ARESa BRWECch Eibbsndbbigkad e 25.
e L B R e
Shg‘g%‘ﬁ-lt‘h dgiKr bﬁ Yal 66218 Bfdrturd 6 iFjoRiGonRd bietiihel thcrn@l)acmator 12,as

ecton’ bet

en the backside of the wafer and the
shpwiinHigueg3- 15. Finally, and referring to Figures 41

and 42, the wafer is thinned 135 microns by backsi de

W;tgglgihggﬂ?' gzg a3 Eot\}r %ogﬁe%ethggdx?%@ tendoPMShed¥AC] and SAC2

ectlve view of a CBJJ%‘EI et A
pHtordaistiages 10 lande@rbatce glagnare@ g (Figazes B4 1050 Sxftehashns:due egm
aq%{agoe ?f 18 %{ hé{ﬁe lafslﬁéf@]miﬂé o@&@lﬂﬁﬁﬂ 8. 3he @b‘plaw dépogjti@bof teapgjacts 28

['ying ink to a ra

archthetosterieniont 28 QNP CIPIGEF G %?Elc?lﬁf"g‘f’%"n b be s glf""d"ﬁé% &
supply ink to the ink conduit 23 for each row, vvlth
each nozzl e chanber cei mi :Ebn VRGN Bflerlafting the
Figuriel3f %ﬂd%?m?’ tmtf’SW"%Fé‘Sa{ﬁaQ%é&a %g\%ﬁ{nages of &
sRel hidsA@phioteda lagent®Gan806.Di scussed bel ow, under
appropri ate sub-headings, are certain specific

features of enbodi ments of

e | nvent .
R e 1 Retnes FRRAMEVS PRE Y BA Rcier o s e
glﬂﬁdh&%@% z%r@et!t?hﬁéi Bbrh €3 bbéks1dﬁbﬂ theofafiér tremett with theink mlets';J 15 fmg a
al nin 0 LOBLENR
REAGRI AR NLER N

relate
lRsdd iR (ﬂjkweﬁigﬂc shpecinFigoe 38y Thedfkspprberhagnel %ganl_(w idic

Loss_ El ectrades LN Fhobk &aetdis. and 42, the
CP@Q‘E@FI’W@H%% Aﬁ?éﬁ%\lﬁaﬁé%ﬁed within the chamber.
This ensures that the heater elenent is immersed in

1411{1 T{,\M}f @fe}r&ﬁ AR ahda2Dihe B}Bﬂr is (Biaﬁiﬁdl B atigroiBd®y backside etching.

eater e in |
Fignps GV 9P W@’éB‘LW PP BT PRERRTF (o8 of oqmplsd
FinBSidiRb@fted oitwt. Bivh rowoliobaids hes a/vasfpeq‘twg@b g{pp]@nchang@ Zﬁﬁyft@ldmg

a?&g%t?@paﬂ%?smﬂvﬂgﬁ% by oliSey, if%é‘ﬁ’%&?ﬁ%ﬁ‘ﬁ%&“?f Tgfﬁgg‘ﬁf;m
S

supifty B R theink candyit Beon sadrrow ovigh AApRACEZIE FhamRet BGEIRES
“ré’?ﬁ’lﬂl%e?“ktcﬁ lﬁ_ﬁ&_gl‘nim,gssent| ally, the contacts at either

eater el enent can, have vertical or
Faatiresvad Adsaniageppfarirulas SmbotimeRl | espect i ve
el ectrodes on the CMOS drive to the el ement at an
el evated position. 58! fetlireflGRABbAiRELS of
Biscupssd pelewy uadsr aHPFPQF?tﬁ?\g%S L}ggegéeﬁém%ﬂﬁl nner than 0D jation
the invention, and the advantages of these features The features are to be considered in relation to

:%p:

all of the drawings pertaining to the present invention unless the context specifically excludes

certain drawings, and relates to those drawings specifically referred to.

Low Loss Electrodes .
As shown in Figures 41 and 42, the heater clement 20 is suspended within tbe chamber. This

ensures that the heater element is immersed in ink when the chamber is primed. Completely
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hori zontal surfaces. To avoid undesirable resistive

| osses fromthe thinner sections, the contact 10

portion of the thermal actuator needs to be relatively

| arge. Larger contacts occupy a significant area of

the wafer surface and [imt %he nozzl e packing

density. .Tq | Ters he heat resent.. 0y

Wﬁ&ﬁf hﬁ‘i(‘%?r CPeRt R e"ﬁl%: h 8 bet wS&ER: F%auf? DN %5&% BHotency.

Mndhjest haat digsipeies mfo thehvgdegliiagivefer fubsiigie so mgredf e ity eeprey is used to
ROV the Butlnfl qgﬁs aafi ficial photoresist (SAC) 10 15

%%ee gure %§ ep03|ted in the trench to provide a

scaffold for the heater el ement. However, depositing

ﬁﬁﬁsp’e@d ﬂlahetat&eettxﬁﬁﬂ £h8 céhtadR tha béﬁﬂ;bd{to&ﬁppeﬁ t leintnt Wl ifs Paigtd

EVE MY RN RO AT -

sitibeyalcbmed Seadspactie eteptendmnShe(@QOS pm@w the sibryen@l GES@ elevatad
]%?91%1{3 I—?q'ﬂe@é’ll HoQer thaBhih %elzosﬂ:ed-gg %ergﬁaﬁ’& IIléi}lE.éH sQﬁ"nc@sL@ Binhlbr thad on

recrse e mask wth the sjdes

Tpizonind surfaesncho @omwtraraw reswrr\eq«roasrrefmﬁ»&&%nﬁs POty s)tﬂact
ﬁo?ncﬁ)épﬁ§ &Qma?&hiaﬁ?ne@@ﬁ@be"r@latﬁ@fy%r@@ tnaRecohtids &9 2 sighificant

the nd Whe . heater material |ayer is
°F@g¢ C?WQF ?ﬁ@?@ gg *Porm “stringers' (as

they are known). The strlngers remain in the trench 8

'lag ié:r%{eﬁ;g B:\% h %e pg{zsgtﬂ ie az{t etc?d%?? @‘?orttggchmn tﬁé &%ﬁme); 9to

@—

ease renove he SAC
@m thelgeal sf theghagybes flporc élﬁﬂutseti #heves a leyenof sagrificiphphojopesist (SAC) 10

{5&' ﬂ@u‘ ftéﬂtn?th@tr&ldﬁ)@'pﬁ)wdgﬁ seﬁlﬂblﬂlfﬁ'gherh@&tértcﬁmgﬁtg Hb®ever,

2 and ional ' techn avo
‘i‘“’P?W‘éét\Q 1pi iy SRSy R 1 B rer QPR o ead o
ﬂﬁmtnb én tﬁ#@psata bgtwvietnthd)$ O &0 arkdhirsidewdis #8 efithdire@ch § fae

frifpos

0 W
Rt gt iR D, WPhp) B B 1R Bl iy
waelstbeimick it Gio SirscUf reash 8 ODSHeli WEPUHO MASKRBAOIHE i cxposed
tﬂ@é’a&@ﬁé f&ﬁﬁ Hhib@h e %}ié‘sfoféaé pit SndGRPOSCE, tREEn (RSt nHE 153) is

hi nner on the vertical or inclined surfaces 52
«tﬁ»posetrr’e it rﬁilbthee gapAftherm ‘pirjager (a3 fheg prefnoyy ThetERgeEs Epqp n the
Bch HaREMhE htgrﬁl étdhmthit@lidﬁ&tthd:ﬂ&&eﬁmﬂeﬁtﬂmdlﬁeaﬂ&se etts(e finally remove
ecause c [ S
*P%gl‘éf gﬁ%%tmgﬁ? §§De ?’mblo ﬁe ant{& he 6 p%"'rl zﬁg fg oﬁl%g

heater and typically reduce heater life. As dlscussed

'%81%}{ now-1 %1%‘3& hﬁ"d%@tthp%di{l&luﬁ @Lcﬁrh:ﬁk er 9&0’1&%‘@ sﬂ'glgérk'ﬁ e ased.

oses gaps bet ween

Byvaalkingdhq VY gesk toat P@O%%ﬂi‘ﬁ ﬁé? éllﬂ}lﬂr Plgeer ﬂ%ths ffsqctl i 34fe10 will be
&P&ét&?ov&nﬁé $id waB£43U8 61 nolgdps 135, tOnfien bl MES prodd& a raised hp 50

anar ruct of the th a t or. t
Boma ettt yoierserte s 18 dtpier Briiere 2dtis
taﬁdersm thp eartedl ot inditedrsuélces i of the 8p S& \fied ﬁle hetplsynbtagd release etch

?delf %rmagg ISE?&' fand rj:a l h&%gts’sﬁéEJugqueslo Hﬁhlaﬁﬁmﬂghﬁcreases

PSOTEN be“mich sna tructures wt
las;sic@pt Stk hivtpatscefioes she gperation of thehegter 4nd typisgliireduce gpfer life.
resistive | osses preserves the efficient operation of

a suspended _heater eI the. s ont ct sjze
lﬁ%dx@&qgeﬂéhp@ntpe fpplicant Bag %I'{EILOLP <§ e gaps JIGZ 50 that
B¢ ichtdEBBween Mdlelettpkie 9I\b®zip&&1}f fout. 'Hﬂ{:dﬂoﬁhtﬁﬂhﬁre thermal actuator 12
to be planar. The planar siructure of the thermal actuator, with contacts directly deposited onto the

CMOS electrodes 2 and suspended heater element 29, avoids hotspots caused by vertical or

inclined surfaces so that the contacts can be much smaller structures without acceptable increases
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Referring to Figure 49, the unit cell shown has two
separate i nk chanbers 38, each chanber having heater
el enent 29 extendi ng between respective pairs of
contacts 28. Ink perneable structures 34 are
positioned in the ink refillsgpenings so that ink can

SNl o] 4 8esC g Welsifve (]:] QUL UPON aedbiRdsiiRybifididdEoperation of a suspended
structures provi de enough hydraulic resistance ta

hesttudemantand fevaplbentrtsie S POMPRIF Y foE clptefeirlapapRos g the ppathead
an acceptable level. Ink is fed fromthe reverse side
of the mafer through the ink inlet 15. Primng
Maltiple Nozzles gor gach Chaibar 1 { he nl et opening so that an
i nk nenlscus does not pin itself to the periphera

r havin,
FRE PP ate B0 PRFLA BBf, Bl 80, bt Bl e guth 34 Bl e ving
Baalspélénamt 29%Btending betsrrarisaedive pais of ¢giacty A Tk perpeable structures 34

‘lng §$sﬁf&ged9f1 th@nﬁ'r&gll tﬁeﬂﬁ%ﬁ & iﬁat Wca&&ﬁdﬁ’ﬂﬁ Ichan®as ) butipaiifation, the

e U B N et s P P e B s e
&) fRedpebiz lvele from each nozzle 25. Each |nd|V|dua

drop of ink has |ess volune than the single drop

ejected if the chanber had only one 20 nozzl e.

By
Bikatbd figm i keverpd sidef thp grafer thivneh the Wlinket th Aimgane featies 18 extend
E&J‘EH% Mgﬂﬁé 86 that B iV BSnidcREloBY doin 1tﬂ:!ﬂ$ !hta yanpm Bdge vethy

nozz there is a_degre

epeeiee e P s oI it G eh b BiBgpearegpe comn 13 whichsuppis
Btk cHamB&t 38T thetulit selican be detri ment aI to print

quality. By giving the chanber multiple nozzles, 25

each nozzle ejects drops of smaller volunme, and havin
ﬂ@&&hﬁenmgﬂmsdbpeobm@nsaw$év€$aﬁ3§w§WPﬂ@?@ﬁ? When the heater

Ladi Q@Quﬁfé el b bieles @&o Hhis@eink ARSjeRES oh@ﬁi:ﬁn each nozzle 25. Each

eLT1 Tent print quality than a.sin el,at.i
mawgﬂealmermseqséﬁs R ot SR PR L R G ome
;1&913 CEPejaiaE ATl tRGs Fins i RCibnabe sibiult@agusly ispraves thel pa
effectively "sees' a dot froma single drop with a
éhﬁflcantly | ess overall misdirection. 30 A nulti
nozzle chanber can also eject drops nore efficiently

Al vear%ﬁozglg ! ertpig 44 pg? &P@E@%ﬁoﬂgﬂ e cﬁ&éﬁ &bp. Q’jeﬁéﬁﬁﬁé o2fle degree

e sus eam of Al N and t

pfm:rs@xenm Pt BB gAY T EVI3E B StmerTh e vzl
cdBaber e}éyts &lapﬁif@;ﬁﬂﬂi %llﬂ&ébbﬂdaaﬂhﬁ diffﬁéﬁﬂ Sﬂdiré&ﬁoﬂs.oSﬁpmk}sbmll

through ral di spo z
s BHdreG¢ PO RepIBLet e Sshpeaia P A Ul ivety
tbyﬁ;mﬁkﬂubﬂed daqs he Aot mSémimd/ﬂiaﬁht W@ ammhmsmtwee@f cach
. h%kcgeongte&é{:n vely Lhe bdop@chg QJFQ b dBpyinPd s1érmanti}9%§o‘%raﬂ31
SEVErat nozz ong the length of the
hsdtemmﬁlenent 29 reduces the geonetric discrepancy
between the bubbl e shape and the nozzle configuration

t hrough which the ink e
A multi gozzle chamber can also eject érops more efficiently than a single nozzle chamber. The

heater element 29 is an elongate suspended beam of TiAIN and the bubble it forms is likewise
elongated. The pressure pulse created by an elongate bubble will cause ink to eject through a
centrally disposed nozzle. However, some of the energy from the pressure pulse is dissipated in

hydraulic losses associated with the mismatch between the geometry of the bubble and that of the

nozzle.
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This in tumreduces hydraulic resistance to ink

ej ection and thereby inproves printhead efficiency. 5

Elliptical Nozzle Simlarly, the hydraulic resistance

to droplet ejection can be reduced by using an

el liptical nozzle. As shomn in Figure 44 t he vapour

bubbl es generate the‘g Hﬁr eleqent darg'1 etric
Seecing graeral dozziph &5 al f‘elﬁn%t merffSPeaFe e&é“’g‘i AEEE 5 IS
AL LRy BEted HIRMELYIDSpetind the edle lceiﬁgm’ﬂflcmcbhrm& the:h the ink gjects.

nucl eati.on rowh.i.s I &M £
T oytgP Frd G%I?Ya’al”%cre Seanﬁ?'ﬁmk\ﬂec an e |pt? nozz Shgigncy.
centred over the heater element 29 such that its
. s is parallel with the centre-line of the
EgﬁgﬁgﬁﬁéLthe geonetry of the bubble roughly
corresponds to that of the nozzle. Hence the ink

s%&iﬁhﬁ ?migrcﬁﬁﬁc RyistaddB & cﬁﬁ;ﬂ& Shétidn palbe eedu&:;i hpbsingfuretjiptigl nozzle.

I rection snar enera

Ag shogrp. & guéetﬁ, g v:}iafv tg ett rc}l% tﬁe 'y Wieﬁlarﬁé % agé (Q%gated The

héaet] deh et afeaksighed (il tebt ue;fwisa abmag moktef eir lvnate w’ub@e Pisleation and
owfth i hl%%e sub#éuﬁlﬁﬁﬁén?oﬂ ﬁ&d GRY ledgf¥Z Zifh b S1ligdicaOndzAé llifk%ﬁtred over

Cclrcu of eqU|vaIent apertur

et cemest 25 yele s BEIOR B BARUSLH i REF R of L cloment the
WG 6fthe bﬂb&@mﬁ@hﬁ&r&@oﬁdﬂ%tﬁﬁ%ﬁthﬂﬂﬁﬂb eHgict thh irkipdshed along by

cbdd
th f t
KL O N ETTETING NE -

tifk6ugh theRoAle P Ath s prrviet reqetel] $or dropletsirotios, the printhpiad is more efticint,
enbodi nent, unit cell has four ink chanbers 38. The
chanbers are defined by the sidewalls 22 and the k
Theellipist nezzls iy alsottiipnss thamacircplariezzle of sEayaloLApeTyre argh, Hence the
ﬂ!fh%ﬁ ﬁétwéh t néSes KNEBAATRE h@pseRBeSe AskziepRckaind dagiste
alrs 2 hat are connected I n series. Between each
W%ﬂﬁ*ﬂpgm&@ %“spot 54 with | ower resistance and or
greater heat sinking. This ensures that bubbles do.not
u Ie-t;_ ht&g %gn'. S and thus the cold spots
cote t o] petween the outer contacts
28 for each heater elenent pair. The ink perneable

BS uuuttoglE %ﬁ o 45 tvtl dp P g'ﬁkﬂt L 58 Elobwh. tnlEis eibdRRnS udBeell has four
p

ejectlon ut baffle 30 t essure
R
3ar m&tﬂﬁﬂéﬂﬁ@iﬁ\@@ﬂm&ﬁj aﬁmm ahalibier demehts 2Qadelarripged in pairs

tlmt gcgnh%:%egd %a%t Ptﬁtt\}vleri‘s.’_n % pealr ZLSQ (}]5 34 Qgﬂ)ﬁw@%%tgn% ahd or

cusse

gi-ukamem«s;nkmge'l‘lm mﬁﬁﬂl@ iﬂdﬂv&s flennt nusfepie ot thegolldspefs §4 gdhus the
5 otset{e&nle r%rmﬂoﬁ) e Mterchiatis28 48 ehdhthatdr\MRment pair.
se rate chamnbers urther aligns the geonetry of

the bubbl e forned by the heater elenment 29 with the
AR PertHeatd \BudtRéZI1ER idk@o feﬁnzlme ehah&&d’é asiifiee ddop gjsction B baifle

duri ng dro ej e 0 This._.is e adincen
ﬂi“éﬂ%?é‘%ﬂsf’ QS ;Ieaéer&%ewg?t?@ tuoru uce t{h g%l%c crgasEﬁE Eetween djacent
BARGRESe Rivtily bd appltehaect mhlrtﬁls:amodime}mhwm pargilels Wiﬁaethat shown in
Fc 9 n dpy d&f sged ago 31611 élegﬂ ﬁ\t%ﬂ'@yﬁ%ﬁ digides thElatively

u 0 ever
long chambcrs of Flgure 49 into two separate chambers Th15 further aligns the geometry of the

bubble formed by the heater element 29 with the shape of the nozzle 25 to reduce hydraulic losses
during drop ejection. This is achieved without reducing the nozzle density but it does add some

complexity to the fabrication process.
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the array can occupy a significant proportion of the
waf er area. This can be a limting factor for nozzle
density on the printhead. By naking sone ink chanbers
part of the ink flow path to other i nk chanbers,
whi | e keepi ng each chanber s ficiently free of

et i s ey B st o i

m@arwatcm@c@mdsmﬁmmrweomfﬁt %@feraeﬁe 439 bg DUpifIRg,

ﬁ%%zt n% 'ﬂIet ﬁ%%dSﬁymaﬁgeb‘émEm cBdaei S&Sofgﬁtnm’mathl to other
C as WO e an
esdwmﬁeSéﬁﬁe%?wme=%e§ﬁet ﬁ% quﬁ |on ‘%ﬂ%

#ﬁhﬂgﬁﬁﬁﬁ&h@ﬂaﬁmﬁﬂﬂﬁmﬁﬁamenmohanber i s di scussed above
inrelation to the enbodi nent shown in Figure 49. The
addltlonal benefits of dividing a single elongate

nk Ehdvebrer with Multiplp Actuaters pivi-Bepnegtive Nogzds with their own
actuators i s described above mnth reference to the

enbodi ment  shown in Fi.gure 46. The rese

Rl rgng 130, S L AT 4 POpPEes Rt Tt P R G e
a8adrben aﬁd)twaaaazeyﬁ e bfebveabduttve indivamisdigeady usikpmultiple
Fi qure

Wt h 1480 The
o Feﬁer c Eﬁ is SC%SF‘%D Pov]pl erafataoggo Etg gﬁ?ﬁ!ﬁﬁ&h&&ﬁa |Fig‘t‘n% £0Th
stidiviens bewsts of ditiding aswide dogite daa@btrrelmﬁ,eeaatt ¢hembasy cach with their
%Ialoksnlg a& tﬁ:@h Qd'ove \Qﬁ?éfeﬁm&qﬂ Bk binBRlimehd shbdAein Flgure 46, The
ootprint of the unit,.c h
prent el !t-femnu\twls Ao ok B B R e mue
Hind a?lvélta‘gbmth@ Fiz@le s BmBddinidiewith dmarledilylldss mng:hcansg} dbggn. Witha

T W R e

fiszels densitie th thaemphodinehtstiown thbéothgtsofﬂesm%fqﬂveﬁ%e lmfbiy 1 ﬁum
fl w, but nore resistive to sudden back flow fromthe
A¢tuation pressure pul se. Both heater elenents in each
chanmber can be deposited sinultaneously, together

’ghétl.ﬁk ﬁér?]ﬁerfa%ﬁ @1&@%&&42&1 Sk Joﬁﬁ)g@ﬁﬂhdmﬁ Rl of:@ﬁlfg i @ctbekamber 38

0 chanpers are sup e I

g tt}re?ﬁparceﬂ Q umfgasdrﬂﬁ t@a‘ﬁw Xg e&ﬁa%??nt 2’@1 11:%1@ o&umn has a cross

Ed&ﬁéﬂﬂr&iﬁecﬁb Beéledd ndsiziivettnefifl Gow. ot more tegistiyve to suddtn basl fgyidrom the
élé’%l ux}a é:gss%gg USBEH pLior @%&t%%@c’h lchagﬁkrcb‘ﬁﬁ beTJéﬁosﬁ’éd' sfﬂnﬂ@neously,

ave peen nm Integral wth one of

wigethiyevith Siegoniaeisi28 anbhewnl spotigatire $4 Botbshghers B g S"tﬂi’&“—’d with ink
?Ul%la RUAPPEL AT 3@ supBly cbﬁ}ﬁﬁ es. f'ﬁﬁid—féaﬁ&es&lsﬂﬂldwf thteﬁot‘phtﬁ to be

rication and helps taq deSJ ct

Fdnaet m@m%%%@%ﬂ%%‘ﬁ?fﬁ@v R@f fegies (s e"’“ made
{atdpflllivith brig oFihg bHa&b&%xde\w]E 2aatdusatatifisk canctmt ed nﬁ:ecdtz@ gmpmse nature

series and .th r@gbt
BfretF‘?FS%ea@feéﬁﬂlpﬁéeS fa%nfaﬂf’ Y agd'ﬁel%%éél Ve cire UI t ry. In
the Figure 46 unit ceI! actuators in adjacent .
AR b SARRRGIAG I BELHESWdBkN t he sane drive
Crrcurt. OO course, e actuators 1 n adjacent 35

chanbers could al so be connected in parallel. In
&Rk 84, the\éﬁ'ﬁa%ri e c@.ﬁédébatiﬁeﬁeslaﬁd faeiorediain nsison! fomttbe saa drive

separ ate trkc %g 1dﬂ?§° %C?%E%Pgﬁ?v %f Chet e %'ceﬁlr %F\Apgl cﬁ)a%ent

hﬁmtep tirk Bénnwdted [itlsetiesorithins e sain dybveicivtulite @d cq;@g,. threstugiesipadjacent
cgambgrrs Wud alsodn c&%&té&% {73§a]l%fj q{ go%ﬁ@s‘t! were the actuators in each chamber to be

in separate circuits, the CMOS drive circuitry would be more complex and the dimensions of the

unit cell footprint would increase. In printhead designs where the drop misdirection is addressed
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33 Dby substituting multiple smaller drops, conbining
several actuators and their respective nozzles into a
common drive circuit is an efficient inplenentation
both in terns of printhead IC fabrication and nozzl es
density. 5 A gh Density Thergal I nki et Printhead
Reduction in the unit cell dtﬂ1 inex:rt]asté‘l'ﬁ?ﬁagt&]a%ﬁorkﬁlteg§£glecﬁve
by gubstiiEe iyl mall s (08% ns t hat “Previousl ¥ 2 Woul 4 have
Ho2Hd ifi@sledia®n Bfvdirenidensificent implbaertatibn bett in t€ns ofprinthead IC

Jower nozzle density has a corresponding influence
%?%@ﬁ?ﬂ“@?émgfnfl "and/ or print quality. 10

Traditionally, the nozzle rows are arranged in pairs
b BedsiAPriRfmipRief Binfieda €ach row extending in opposite
rectrons. The rows are staggered with respect to
each other so that the printing resolution (dots per
Ref6dibn inFheludit 661 Wil eibz the prpritheadito haeavtzizs pyems thatgiryviously

al each row. conf i | 0 il S

et St e bR0 OULEP dREaROIPORHIER. Bhail 1o

corelpodihg inflnencd & witheadsimypuyor pfintqu3i#y- es can be arranged

into a single row instead of two staggered and

opposi ng rows w thout sacrificing an rint ..
stismaly, pnqrge s age arqnged 8 RETEHT %mgtﬂ‘g&% c3oh e, grtending in

c? AEW/ABYINE OTHe r@riraQSstaggiddath résperom2heh offiet ©lthadthe printies

1000 l.es .per ineh.i i t
o PR OGP 2T 2B G250 8oy
cpfigutiethelcompoizets pithe tritell plobtheighegybial widitgd the vgibisyedyprdrihe
SN0 OBROSH D D1eS LAY SR diRYE siBfE rdwARRdad 8f RE stadiBfdd bddidpPosing

I's sutticient capacity for nozzle 20 redundanc thdead
rwy withouisamifiens anipept et e dg - wWHICCROIBHTS80 ¢
a%sﬂﬁ[ yir@Highief £pite 4 doeldiicnbR@ethat H0RhoSlesmt insl aesobripear

| St d.abgve, the enbodi i i .
ks AL 30 o A oL 88 P R4y b ToBatip deo
dph) Fhk:etwpiohmiving baygered oeys poworisslenad eud tharg Beuifieiont Fapacifyder nozzle
i S8kl SRS AfREIB LA I 21 s

refainsretisfator. d\sidiseusisd aavptile crbedupniFlamif Figurg Shis p ¢ that

H¥dn €L hod tleR8oréRB hi£R Bltchhishy ohdd6w $aBout 0FU0INBLAE béryrichg
and conbi ni n

f feat t . th
Sscrepaic o P eErEt o1 N A oD BB e RISt head.

For exanple, elliptical nozzles, shifting the ink

i.nlet fromt ch L nerk i .

LR S g AT

fhemded peislentidiieg 2o eetntinjng 4 rawoberns faarees o redcq)iBs feiprans dipsnsigos of

P GurE TR ﬁg.{pﬂﬁﬂéaﬁ. $hQMMp1 EREBLHG P AED kO h i8R Il Bom the chamber,
e

necessitated a 30 departure fraom conventional w sdom
fos R ogieand ST S FEER G G TIPS RSt Jep St by e
AgpREant 1 eriveisshad of theepBlodihanh shivan dHacibidntribut g Returenecuseligted a

0 decrease transistor. le h Wt
it ooy f Aeklacli etk Sl el d-fBvotage fom e
witlshhased et SKiodAY imdrileyvoxdechaase trpngistor lehgdls t o " st i ck”

to nozzle plates '

(=)

Reduced Stiction Printhead Surface

Static friction, or “stiction” as it has become known, aflows dust particles to “stick” to nozzle plates
and thereby clog nozzles. Figure 50 shows a portion of the nozzle plate 56. For clarity, the nozzle
apertures 26 and the nozzle rims 25 are also shown. The exterior surface of the nozzle plate is
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and thereby clog nozzles. Figure 50 shows a portion of
the nozzle plate 56. For clarity, the nozzle
apertures 26 and the nozzle rins 25 are al so shown.
The exterior surface of the nozzle plate is 34
patterned with col umar projggtions 58 extending a

horgd“gi{:hﬁo?ncwgrq%m gt plate, lﬁgaacsﬁoﬁ.t,}&ceﬁaﬁk&plate

BHHPE Eou erned ‘Wi t h ot her _surface
élmﬁaq:taﬂ'hmtgzlgplgih copdd zéqodpg E*Wme%ﬁw q.r@@eefgrmauons such as closely

%%5&1 g QHEgaﬁHns s. THMGESY is edst tol cSeaﬁ&%MtabB 107 sk €or &he

i table UV mask for th$ pattgrn co) tnﬁ%F ge{m%‘l n‘ft&h erior
B%Wﬁolwawapmecws showp.pf s 85’8 RE" SIS
ket he exterior 5 surface. By redum ng the
co-efficient of static friction, there is |less
l'i keli hood that paper dust or other contam nants w| |

B cguditpabaroicisst dfstatitigotivohireis sulikglibopd thetapprr At erpder

?cﬁ;agﬁﬂagtg wilf cideife RRAL! L hP bR plalel ?ﬁtefn@ig&ﬁbxfeﬁtﬁr@ﬂlb as¥sle plate
Imts the surface area tha gust rti 1bj{tgonta

with pafed fgmpatiprs|ligyts thesur greafost cs ¢ ?Pm’?“ can only
BotkdcBRd dukel SxtiehitRasiadhGommtidnOthe frictien Hetvieed maparmasmhhe nozzle

artigle nd the | likelv t
BQ é%ﬂﬁ’ﬁ’ﬁf é“cﬁ]ﬂﬁ B RS elsszlﬂ(%ly ﬂtq%#’g?k%s parti Y?Qed%ore ey
aéteﬁlo#edbyheyheadmalnbmcdqyﬂed y to be renoved by
print head mai ntenance cycles. Inlet Primng Feature 15

Referring to Figure 47, two unit cells are shown

@ﬂ&i@a&g—e&l\é@opposme directions to each other. The

R@férrin@ {o@rl]guﬂﬁﬁs%%ﬂ BellS b Elidwﬁ%xtbr[dkagtm}oﬂphs&te flipestions Ittaﬁmgeﬁber The
via the

i grrstee ) hnpien s s o ben 38 v bl Ll Y

Difstribirting intcthrobghuraikrohEdei comlgzg bug as the ik inlah k. e ingiyiysd W@H@

nozzl%g R Lu?]%{ mh@yd 1%9&{1)9&1%6(1%9 Bctofk P 88 nodhrlise & ﬂl:ﬂ:ro-scale flow. A

Macr o- sca meni scus can form and, ég %]1%1 £
mnw@ecagé@mm_\;iemdmw the el the APEtLs: ‘tif‘i“er “P fpfie lipo
! aﬁe!}ﬁl%e hi?es‘&fmg?}o f-hlih%t & algﬁﬁfséﬂllﬁ@plﬁiﬂieb& SbH zﬁl’bﬁled/holéﬁlﬂiaswb.ampped

e usefu I nt.heads e

B Bttt 5 R el B Pt e g fosie g,

ahs wb;aospmm 2t twihen inftialiyt ojpsng tekprinthead with islo ri:éthe ink meniscus pins
Thi st&%ﬁﬁhn& itiall

6&? ?Pé’mﬁgr?lﬁa}%ﬁ;mbgmﬁpﬁudé%gin%?% I nk mecﬁl scus Y

rfﬂOIEBaId aﬁamsthles Prrkprinkipg:fea iaprgformed &0 tptdhpy extenddypishithg plane of

lhktajﬁereu&l 181 TiMd dmﬁfe&mwm b PBRimns Exteiag ﬂo:@gaa hﬂﬁﬁ-i‘or of the

rlmn%]g}‘eature% 18 arlgh% ?:EEfdc% 1 E 1.he the

@thz@rl’éf‘“’t(ﬁ‘?télﬂ’d‘ﬁ)i" RsriRhigey of fhe ik P S SR (O 15 iR

TyhBry lsmhﬂghefseadcu e Siorl a ink menikcusrshesiit iglethiill dorforaptire piiveing

t f
0 56 Pl S 0 0 B8 o
\nﬁetphhphewlasd thpBow iwerdyhesiok thlaberﬁt he surface tens | on of

%e at tores 18 c£lttaﬂe %nﬂ' fc‘)hnsl & l@ﬂg %plgééﬁtfﬁl stdfack 1t extends

ur es so as to draw the jnk ou

pEI
it:ransg@rse tcrﬁae §lanemﬁ§her?§°m% Eusthernae the pripdin fFALE °3§gﬁﬁ %tﬁgf%‘fpa“ of
tofier ReAisIRRY aaBwh Repifdros. t owar d the ink chanbers. 30

The pri features 18 can take many forms, as |ong
M%&Eﬁ%@ﬁ a surface that extends _

Referring to Figure 48, several adjacent unit cells are shown. In this embodiment, the clongate
heater elements 29 extend parallel to the ink distribution conduit 23. Accordingly, the elongate ink
chambers 38 are likewise aligned with the ink conduit 23. Sidewall openings 60 connect the
chambers 38 to the ink conduit 23. Configuring the ink chambers so that they have side inlets

-||)




10

15

20

25

30

35

transverse to the plane of the aperture. Furthernore,
the primng feature can be an integral part of other
nozzl es features as shown in Figure 54. Side Entry Ink
Chanber Referring to Figure 48, several adjacent unit
cells are shown. In this enb irrent the el ongate 35

heat er el egents 9 tend
Tgfugesthe el B RSN E’ge cor |t§§rfit°, r%égleﬂ el'ongat e Rieher, The
stdeaitb@etinR S0 hive uilaplemwahie statoliug R 34ho wedp ﬁluxdh@rqswké@m@ptable
231 Si dewal I openi ngs 60 connect the chanbers 38 to
f"he |nk condwt 23. Configuring the ink chanbers so
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meniscus between the capper and nozzle plate. The ink is couvemenﬂy deposited as a large bead at

the point where the capper fully disengages from the nozzle plate. Unfortunately, some ink
remains on the nozzle plate. If the printhead is a multi-colour printhead, the residual ink left in or
around a given nozzle aperture, may be a different colour than that ejected by the nozzle because
the meniscus draws ink over the whole surface of the nozzle plate. The contamination of ink in one

nozzle by ink from another nozzle can create visible artefacts in the print.
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Inkjet printers often have nai ntenance stations that
cap the printhead when it's not in use. To 25 renove
excess ink fromthe nozzle plate, the capper can be
di sengaged so that it peels off the exterior surface
of the nozzle plate. This prggotes the formation of a
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In Figure 56, the bubble 66 continues to grow as the heater element 29 vaporises more of the ink 64
in the chamber 38. This pressure pulse from the growing bubble pushes the ink meniscus further

out of the nozzle aperture 26. In Figure 57, the bubble 66 continues to grow and the ejected ink
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Multiple Ink Inlet Flow Paths Supplying ink to the
nozzles via conduits extending fromone side of the
wafer to the other allows 20 nore of the wafer area
(on the ink ejection side) to have nozzl es instead of
conplex ink distribution systens. However, deep
etched, m cron-scal e holes,t
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The heater elements 29 are positioned relative to the droplet stem anchor 84 so that as the ink
ejected by each actuator forms a bulb attached by a stem, the ink surface tension, seeking to occupy
the least surface area, will attach the stem to the anchor in preference to any other point on the
nozzle rim 25. As the hotspots 86 are on diametrically opposed sides of the anchor 84, the bulbs of
ink attached to respective droplet stems will be misdirected toward each other. Eventually they
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the ink bulb 70 is deflected 78 away fromthe
centre-line because of the surface tension's tendency
to reduce surface area. Referring to Figure 59, the
stem 52 eventually breaks and the ink drop 80 forns
and continues on its traj ectory to the print media.
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Beticpaditionnf the central bar 94 below the nozzle 25 is such that the area of the surface tension

is minimised if the droplet stem attaches to the bar instead of a point on the nozzle 25, then the
drop trajectory will be more closely aligned with the central axis extending normal to the nozzle
aperture 26.

T Figure 63 and 64, the central bar 94 has a latch point 96 for locating the base of the droplet stem.
The latch point is simply a surface irregularity that the surface tension of the ink can ‘pin’ itself to.
If the central bar 94 is not parallel to the plane of the nozzle aperture 26, or there is some
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Figures 62 - 65 show several enbodi nents of nozzles
W t h quadrupol ar actuation. Quadrupolar 5 actuation
initiates the pressure pulse at positions in the ink
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35 In Figure 63 and 64, the central bar 94 has a latch
point 96 for locating the base of the droplet stem

The latch point is sinply a surface irregularity that
the surface tension of the ink can "pin' itself to.

If the central bar 94 is not, parallel to the plane of
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{HRXAARS tBdugh thd Avezle HHAMIRQrodirplikiredcédiat i on i s
accommodat ed wi t hout buckling inot or out of the plane
of the page. ThIS makes the position of the hotspots

Diop Miliecti8® rel atively stable t her eby
nalnta|n|ng the quadrupole symetry and m ni m sing
drop m sdirection. 25 Rectifying Valve at_|nk Chanber
Fignte &7 isprrehogatie pesspectivest g wprzievititicppijolledgion aisdirgetion. Thisisa
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1mage is equwalent 1o one from a minimised drop misdirection printhead (albeit slightly offset

from the nozzle array).

As with minimising drop misdirection, this approach uses a droplet stem anchor 74 is positioned so
that the droplet stem will attach to it in preference to any other point on the nozzle rim 25 or heater
element 29. However, in nozzle designs that do not allow the drop to form symmetrically around

the droplet stem anchor, so the drop trajectory is not normal to the plane of the nozzle aperturs, the
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30 provides | ess hydraulic resistance to ink flow ng
into the chanber 38 than ink flow ng out of the
chanber. This can be used to reduce fluidic cross talk
bet ween chanbers 38, while not retarding ink refil
tines ( and therefore print ?eeds) For the purposes

t hI r e e
Seal e AR ORDERAE, SR et Bl e
segitadstagd @iB:ctioh)as evefyortheg hagelp inyihe aR® nozzl e ri m has been
omtted, however the skilled worker will appreciate
that it is centrally disposed over the heater . elenen
i exgp i AP B FLEeo AR EPE 58 BO B B R BPLp 112
BA&AE ﬁlt{ﬁ&&ﬁbzzlaﬁpe&hl‘é ﬁﬁlfﬁ‘&ﬁdle aﬁ@af_ehe égkle i @5.Chidntvesis ug8 a
are su n m. [ [

' MAPEA ki bt T ok ok B B
(tbsicnbdd abpe), buirsll ddrolhdrep misdireciirnaii@diaplel den prehete Bryithbe
Q}ﬁﬁ'ercm@% thﬁﬂﬁé JI#‘E{ 112 286 OREaL¥n ﬁ)QﬁHéﬂé&ssthe’l&rLSb friSthb H&mﬁl' t@j@@tory

er 38, there is |tt|ﬁ resi stance t
Hovweyes fialh fis ejs o e shererrremeRAraliclrad baye fhesapeReN iy Sietfedo e
00 clagat, Rstmitdiectivr hdrsss 0f whbleaegRdlibd wifbse| f . The
upstream openi ngs of the secondary conduits 110 do not
face into the flowso little of the main flow is
dithepl @l invertion tsdesaribed hipvewins feraaents enseific pyediientsct witliry
fhdWo ?5}%&%9 ki AAGn AYbAREEMe ihRattddSnal bOWnboile® B thdd§ of¥B fhrms.
con ownstream openi ng. Therefore, the

secondary conduits 110 have negligible inmpact on ink
flow into the chanber 38. 10 Upon actuation, the
pressure pul se can create a back flow of ink out of

t he chanmber 38 and back into the lateral ink conduit
23. Back flowis detrinmental to drop ejection as it
uses sone of the energy fromthe pressure pulse. The
back flow can also create fluidic cross talk that
affects the ejection characteristics of adjacent
chanbers. 15 The Tesl a val ve 106 resists any back flow
by using flow fromthe secondary conduits 110 to
constrict flow through the main conduit 108. During
back flow, the upstream openings of the secondary
conduits 110 are facing the flow direction. So to is
the upstream opening to the main conduit 108. The
pressure pul se forces ink along the main and secondary
condui ts however, the 20 downstream openi ngs of the
secondary conduits 110 direct their ink flow across

and counter to the main flow direction. These

conflicting flows create turbul ence and a hydraulic

constriction in the min conduit 108. Hence back fl ow
t hrough the main conduit 108 and the secondary
conduits 110 is stifled. Wth a high resistance to
back flow, a greater portion of the pressure pulse is
used to eject the ink drop through the nozzle and
fluidic cross talk is reduced.



25 Controlled Drop Msdirection Figure 67 is a
schemati c perspective of a nozzle with controlled drop
m sdirection. This is a different approach to

m nimsing the drop msdirection as discussed above.
By intentionally 30 msdirecting the drops ejected by
every nozzle in the array by a controlled anount, the
printed i mage i s equival ent42to one froma m nim sed
crapgm sdirection printhead (albeit slightly offset
fromthe nozzle array). As with mnimsing drop

m sdirection, this approach uses a droplet stem anchor
74 i sapiagktpriothed comprig8e:t hat the droplet stemwil |

attach to it i ' Qg klopgithictator pésiioned
nozzP%w?@ﬁ#fg"%?gﬁ§%§é$QQgP%ﬁgﬁ?%ég._Fbme%tr, in
ReRZihiechd@Bdr gorsicttirat inkitravgh thanpagle: VRE®rop to form 0
symretri cal ar Lo Stemeianaiasd wilothhbhe the
drop t{‘er‘é‘]zggik%sr%/" ‘lgéél'%%tgtsth%%r‘ﬂig?&gtlg % he pl anefggf t he
flodgéleactaparture, the 41 anchor can be positioned at a
point that will cause a known misdirection that is the
same magni tude and direction as every otherr oqzle in
the ans myjet prineheatdsotidimg it claimdvihersin the BRFE 157 ‘PS‘F%Vi des

a dropl et stemanchor at the end of a lateral spur 112
.5 extending into the nozzle aperture 26 fromthe side

of the nozzle rim25. This nozzles uses a sinple
suspended beam heater elenment 29 which is easier to
deposit and etch than a theta heater (described

above), but still controls drop msdirection with a
dropl et stemanchor. It will be appreciated that the
spur 112 is an obstruction that deflects the drop from
the normal trajectory. However, if all the spurs in
the nozzle array are parallel and have the sane
position relative to the 10 heater el enent, the

L]

m sdirection across the whole array will be uniform
Al t hough the invention is described above wth
reference to specific enbodinents, it will be

understood by those skilled in the art that the

i nvention may be enbodied in many other forms. 42 0
CLAIMS 1. An inkjet printhead conprising: an array of

i nk chanbers, each having a nozzle, and an el ongate
actuator positioned in the ink chanber for ejecting

i nk through the nozzle; wherein, the nozzle has an

el ongate shape with its long dinmension aligned wth
that of the elongate actuator. 2. An inkjet printhead
according to claiml wherein the nozzle is elliptical.



