; €3eA0A, Lx. 6TOw -1 Inprovenents relating to pul sed dropl et deposition

appar a R 2002 The present invention relates to pul sed dropl et
deposi WE‘M@&WW& for exanpl e drop-on-demand-i nk jet 29 0CTOBER 2pPAr at us
and in rovi des voltage wavefornms for the control of such

appar at us. *9%*j et printing apparatus having a nultiplicity of closely
spaced parallel ink channels and channgl -separating piezo-electrically

di spl aceabl e wal |l actuators have been di sclosed for exanple in US A-4879568
( EP- B- 027 1n{}3 b verienisre Hfinds- 38M D d { dgPe tBddbdéRidnHdPparhtussuch appar at us each
channel is actuable by one or both of the displaceable side-walls. In a
typi cal arrangenent an external connection is provided which relates to
each channel a . . ' ' ' t el ectrode
correspondi ng ?@1 € ng&g gﬁéﬁéﬁ&gﬁcﬁ% %teoeéﬁg%f?{? écglag#ést% ﬁoe'p ?ﬁé’%ﬁﬁ%&p‘?ng

channel s) eklm@plvadibg-atjdamand-ink jétheimihgrapphraarseandi ia Pasiedarqaogidegy t he

vol unme of the centre channel, depending on the voltage sign, to expand or
to contradeltagiaWaretPrms rdhe conted ofjsuell @8P#AWan t he nozzl e cormmuni cati ng

wi th the chann : . feat - Qrdot i

di spl aceabl e sﬁhlé}%nélﬂgsa% ﬁrgglfso%gﬁlgtaﬁbgl\r{fﬁé@ [C:lat\?é)lrf yr&%ég&g%éﬁé&a? aljtgﬁég lggrre tinme
i s excl udeHaniefeamt clanntladepsraph@pezbyelditvicallndisplaccaplel walh@attaiond havewo
groups of odd and ean chanpeJ S i are ated alternately.

. Whi ch oper :
Al t er nat i W&¢5y displosest fasaiamals i@ ldﬁvﬁa@%79}5ﬁ§&13§r8u9%77893} AREE four or nore
channel s i_Gh At Gho tat i - A 5 fiarm
commonl y \ljﬂs?ied(A i4§‘8t?]h(gp§1?§$ %3??59@ 3&5@?‘? %Eﬁaréﬁpgﬁlﬁ%ﬂ?%% %tl on to the
act uat i onoaé ot bbth aff the nksplatalae tsidet-wals.elle regpisal drranghlmsntcasextetmal appl i ed

voltage acts first to exgand the dianeter of the tubular drive_el enent

whi ch_conEarmetion is PRideE AT HER B S T satichaand gt aviieay & Xoliags GEeraCa i ¢

ink into tishﬁpdmah Hetii@h thodicchBle BRRsybiding ty Oht ainef adEMR! d&ctRRABELY tO
i

change t he ameter of the tubular drive elenment froman expanded to a
cont r act ethesneighbouoingjchennelm thawalds afjacednch the saned! arerdisplacagpcarséng ed i n
the prior art .by an oscillatory circuit) or .if ul sed wavef or m gener at or
is enpl oygﬁ’ b(d\“égé)?csgc B(B'ttﬁ %g?{?li ggcgﬂﬁ?gn%g]tﬁi K?@agfb?‘&?i 'toyc’%?rag(?lpé ired to
generate kbntrdddBd ak oMdHidpOBHEM]EEd GoaP tIRMEFRRBIdhRidiBith@adih L a mass
produced conponent, the drive circuit necessarily takes the form of an

i nt egr at eghasinekui t chip, and such devices have the disadvantage of being
23 OCTOBER 2002, - onsider nor.e expensive i.f_ requir to handl e

bi pol ar st gnal ST ARBERert (e At AT SRR Bitte UGRlAeFST b2e PRE

fol | owi ngistthePogir&tdnl Ggvet ElighneEfBdheSams tirheist dkelildad. Whevaiodr tak&@si dual
acoustic waves, and it is necessary to wait until these acoustic waves are
danped bePBFe by dyidigdhe grigphend intp dwp ggouppn?isodsy i) @isnichanisde gl ogni sed
in Us-A-4 i - ] i; - for: : it A4 oposed
to provi datapereidl fudBally, Paddnally S phint e SR WEF pfles JeInBE P e e
expul si onfqur @s swsre chavelavhichtdreepéated ipadtadids (EPCAF0316382)g t he pressure

wave (i.e. two _characteristic times Tc). The present _invention seeks to
reduce or el i nPREMEVEHEMFOHBEMYdiset A thooPdefoithy hssubrraitt H9eolo/dl one

aspect t g, (oA Ahe REOHIHACSE fBufde T lipde@bi MHLIBREAT GR!(fls depagl ti on
appar at us havi ng dropl et |qU|cLII channel's each W th a nozzle having a
pressur e appliedrelthgridtofirstdefekparidethe diamedentthe tubulaedatd vlemeandrhehch
channel having a negative pressure ve reflection coefficient at the

t er mi nat i SHPABH HEe PEntpigIng be cgpanded piate Lempppst ?n%‘?m‘fh‘@‘ HE® K™ onpr i si ng
ej ecting ropl i i pressure
pul se the@g?’nﬁgn t’%fﬁ‘g@? é-%t&?gﬂﬁgggng@?ﬁéﬁé}mrﬁg@?g{(}g%l?g%rtgggﬁarng&\é/\%%@ei n said
channel bybgendriat ekgeat front lweexpamesd o @ cputrsa@editaeppoaged ansngrlrd sai d
defined pressure pulse after a delay of 2L/ C where L is the length of the
channel and o ieh Aevereiera i1/ @Ps@ﬁ?yn bte prUsELRY HhoEllatpr @rsyit | n

anot her t | i td ratl L.t 1.channel

Ul sed o P o B R b T M R eah

w th a nopdalityhay revgiad po gssdrae inaladeetdmiitiorsnvicoedtdpsioantiemandvhere r i s
negative) the channel s being separated by wall actuators displaceable on
the appl i RIS @ffe B1a8S Bfmgcvgp?raa@’%ft g dae sircwh arcessailndtkendls ng

el ectrod : ' ' t I ' channel
cuch 1 hat PaT o REka) Rt hlp, st Y AR TheY e CR et DEDRECT Lot or
by the application of different voltages to the respective el ectrode neans
of the two channels separated by the said wall actuator, the ne

conprising the actuation of a selected channel through the step;‘m@m‘"“I“‘ll““l“m\“l
applying in different tinme periods a first actuating voltage to 't € 66166+

el ectrode neans of the selected channel and a second actuating voltage of

o o b o o o o - o,




expansion and contraction of the droplet liquid volunme of the selected
channel to effect ejection of a droplet therefrom 23 OCTOBER 2002 -3 In
a further aspect the invention provides a nethod of oper2g OOFORER 2@dfannel
pul sed dropl et deposition apparatus having droplet |iquid channels, the
channel s being divided into at |east two groups, the groups being
sequentially enabled for actuation, adj2acent channels being in different
groups, conprising the steps of actuating selected channels by the
appl i cat i enngitksrllygnere expeadYw Ht icAyrgsk Wskandle bipplaasienalst o ef f ect dropl et
ejection therefyo apd ensure pL ve. td ion to the dropl et
liquid in the 5ﬁgﬁ&g|g$%¥ag% %8§&Féﬁﬁ§§g%§6¥%ﬁléﬁ%%d%hgghgﬁgﬁ el s by the
appl i cat i @cbn,ah6REMGIdsNE the AfBracNAldratii@nal acbustRt wavdsUaddRris aspect
the invention provides a nethod of operating nultichannel pul sed dropl et
deposi t i omeegspay 40 yaithemilibesgrasphsiic vansiaie dnmppd bsfose gfudierddmy sl |
actuators displ ageabl e on ,the applicati er.et a Vvol tage difference,
each chanﬁglc?eﬁa\?ﬁﬂﬁ P é(f%el% rhé1 @eﬁgggcr%glgégcggr} gg e—(li\ \f‘\'n9?ﬁ§?t4haencp\j\/iéll | actuators
boundi ng WA 4VENNG0 asd b teh@imar ¥Rk tiagepdpbskane peevidaan haditippili ed to a
specified wall actuator by the application of different voltages to the
respect i veulsk de isuppfessmsanitiofellepdon wavashefnthe lespulsivarpesyrayaryhat 3ai d wal |
actuator, .the.nethaod,c S t L on..qf . C t hr ough
fheot ops B SBpSTaG EAPNBHAR b RraRbuSkh R, s REEER R RARE Ty e
sel ect ed channgfhetgredeabinveatied f@kt t@refute 0n elifnimatelbapbebolthef gitr om and t he
at least partial cancellation of residual pressure waves by applying a
corr ect i néoreavinggisadyantpgess deonsIaeqt the inyentien pioyides day@ meathad obf
SO_n- sel ecpaded hﬁ?mei ﬁep(ﬁsfitic_ﬁi Ebﬂ)ara}lfsuh?\my damad fﬁquic{j lehahimel€ rgachnwilli @vi des a
riving circuyi .or a nultichann ul se ropl et deposition apparatus
vt o clr BBFAR havied Bretmub BRe tteptt Saeicie B S Brdabt: SRR S0 1y o
of pressuckamRY Gavinges abgativel prassurd raplecieflestimt cauffidientzatethbagimfigationPr essur e

wave reflection coefficient r, the driving circuit heing.adapted for

ot vat | ng ool @rarpbi lic ey Risanay b dncthhd SomprSd SRR aron R ent i on
wavef or s frafe as sélbetel ecliamhel by goresratingon aéfinadl pressbnpalsei therditand
printhead; h?ﬁin - chaqpel d?gigin méfl actuatgrs i n Qﬁﬁgh taéugﬁgnnels
bre oper abuerenally sapceling, ol preiie, pavey 1T s ceeareLiy SenaiEieh 2y
uRi pol Ftr dlrihé?ptﬁsétg‘eidulselt?ﬁopmnétﬁgrgtdégﬁd a@hmu_tpmmre;ﬁulﬁb iafcte'nrr:agc_ietlhyrsoi;c nk )
channel s ej ect drqps causi ng _bot h expansi o nd contraction of in
channel s églﬁ ‘%{*Se'e 5@%@%@%@%&"@5&%&%@? e%ﬁgll\(ﬁa\(}egchy pf‘??c?ﬂ'igpor ate
refl ecti owaseptheasisi ng pul ses which are applied in the printhead after a
period of 2 L/¢ follown the.qp {icatkpn of tﬂ? q&qg %;F ting pul se. One
particul ar adv&h?@ﬂhc%?m?ﬁéhﬁéWéﬁd ﬁgnfﬁmFH%nFyﬁélof BSFi Mhead referred to
is that s : QN f p S res, | e

nei ghoour i RANECPESed Yolls GHRoTRSERALSE HRNE SRAH Bld hoBisihas | ust
been ej ecteadh v@tmaendzzeh hpvingt & guiessure wrave hredlbctiome beefficientdr, Whlerd g 0
groups ac in.r LN, 1 J i oyl C t i,s next
oper at ed, tntg ﬁ%@géntﬁ%l(g‘tsaﬂh%? u%ef"b%nge? SF#(P:%dn{L S)ng)é!? %{s"%%’a g%ﬁ@%‘%e"& (qum for
drop ej ectapplication ttheretveat acioltage diffsrerive. eade chgnized ewing escitdde mezes or m
froma 11 L3loGAaR" el e VAP LeRStord I8 ARG AALR ARSI Sudh et (41 SofbgES T €
generated T n each channel Tor drop e]ec 'gn"r's A mich ' 4As ree tites the
pressure difference gk applivddy asprdfipidevalhagiobdtar by thes applicdtiarhaf difflrentr op

ej ection r r op..£] j i ncl udi r ef i,0n Vi 23 OCTOBER
2002 -4 s&%ﬁ%&@o‘hgi’Sg‘éeo"rq%‘?Sfegchj°§mg_t"h‘%}"rcﬁ‘sf$v@g 4] chBERG8 DobBad Bf oo
channel aceidswalt aotedtoishe méthod| conprisingatiie actuatiore b cadiselectedt biganmel ef or m

applied t I C LS CO S ste ol t.age changes, at riodic
Pt er val s PR stafE b Biedfio ieRCEng bBRodkca Y 2 GRRN Sl b Bea ar  or
five i nt eeleziredé means bfithersetdetyd chaboeli anedrd sddoad watvafing wllage o the! sened af t er
four inter . orti f e Qrm.| cte eriqdic intervals
may be apBFélélggl {dg\ﬂ? g‘év(\"/ggﬁﬁga'g%%ast gf\é%é— ] ?glee?ljt ét?%n%gi]saghgrleéy ﬁBtcaé‘é? fled for
firing aneéxpiarsioreamd contgagtiontaf dhe risgplételiquirb holadhet of thbesalatitdd altdnnat @ s

adj acent t hannel |l e for actuation in accordance with print data
provi ded Fgéﬁﬁﬁgﬁsgﬁbggggﬁ%ﬁ&?@ﬁombr printing. The waveform applied to the
wal | actuators,in causing the walls both to expand and contract the vol une
of said selected channel s) generates both positive and negative acoustic
pressure waves. The positive wave in the second period nmay be selected in
magni tude to control the ejection velocity of the drop. The negative
pressure wave in the third period may be selected in nagnitude to control
drop break-off. (n the aforesaid further aspect of the invention voltage
waveformis sel ected



in the last two periods thereof to suppress residual acoustic pressure
waves in the head, by generating voltage nmagni tudes whi ch generate pressure
waves to substantially cancel the residual acoustic ener2fOaTOBERI2Z@)2
ejection in the said selected channel. Preferably the voltage nmagnitudes
are selected in relation to the nozzle reflection coefficient (r). In one
formthe voltage nagnitudes for cancellation are applied two acoustic
periods L/c lie. one characteristic tine Tc) after the period of generation
of acoustic pressure waves generat%d to effect drop ejection or drop
break-up. The vol tage wavef orm may be sel ected to suppress residual
acoustic maveé“Pﬁhﬁ%FQﬁB%Eﬁh%g“@héﬂhémym&ﬁpaudhpdKﬁen&hﬁmgeI sel ected for

depost { TNt RosAFised e dbofy g BbrEE el b R harkils S 1 0!

](c:hatnﬂel ﬁhﬂmeia |b§gmgdd|sqdbaaambht§ Iam;\t Itw«aogruma)rtbe @mdpsa bdmgvsetgjemhaltym t afs yet
or above. C e wavef orm
t akes tﬁgaﬁg? r{%r %‘géx%ﬁlg’l% gaﬁ%q Wapﬂe ?lbglﬂgg'é' @ﬁ&'gf\gﬁﬁ)ugs aﬁt?&ﬁc?rsingcg} Sr espondi ng
t abl es ateppsdefs actuptingo selatted knﬁanhélsovhs/ thEhepplivaton itheretu bf anoactbatindescri bed
by way of exanple he, fol.l ow d|a ra n which: Figure 1
1 ey - BresSUBE VAo (. 1t BEHblen sl ot e s TR S Prsts A

pri nt headniribatorptor thei drgplpl lkpdd & thet chiaonelal df sequentiatly ®napled ajrouygs ofn shear
node and, co S rint a _cove nd a nozzle plate; Figure 2
i |l ust rgpﬁgq?%%y k\egﬂ‘?f’“%é'an(?*]a ﬁ?ﬁ%‘fﬁ‘gfr?sr?ubee\‘agﬁggm ve after assembly. Figure
3 111 ust rat eg Al e Sildct, CANRNFRERSbry InfofRRNEC idiod TR iferhivgl Ne
printhead to which are ?qp?etsrﬂqppa drive voltage waveform timng signals and

print dautichgpnelneulsed d sitioh apparates Havieg deplet diguidpphanigtsi on of t he
vavef or gun4thRRSHR Wil S Reted é.éaa&é;im ehanaeépméﬁioﬁcm@to B A i)

|IIustrates one Torm of voltage pattern wh on ap E}IC&IIOH to a cannel

gener at fiffepneesgach happs! hamgr@e@mﬁne?art%a%p@étedam the wltpdvwde®squent | y
cancel s bbnﬁd.ﬁg%ma%ﬁbnm QaEH irfat WAREgé Qiffchsheh@NSd applicdUosa é&é&rédl lustrates

t he correspondi ng pressure magni tudes in the actuated channel and in a

nei ghboweal r@ct@ai@rn R the Epgligasion (f) diffenenk veltaass entheuraspestive elastedder min
whi ch fig ir?egm'&faﬁhasaée%a%@&Iungst.da%hlsauéter N@R fieftiddg | ines

and seco I S are a to the l'ines in channels sel ected

for fir m@prtsm@ tbweh@m & as%qlqact%ﬁbemql rfbrongh dppsfensgolcapri¥ing ialy pul ses

two per 'a@ﬂn%ﬂﬁg?}@olté@;@etocmére%hﬁ&é Héa‘ﬁstdffiﬁe S6lbciell dranhéiant By ftb rdffaet pul ses.
Figure 5 bg he correspondi n oi ng pressure waves_incident in

the noz £lestion (pf (3 CIrepiete thergftom ang ﬁ #?aéﬂm\ﬁ@' Safpeliafion f waidddlent to the

fired clpasysgleswavE’dyRipphiigl £8ortdtting Oolfdngﬂ tifgdihié pslaAtydo GhipalBetsdeadj acent

to them are
means of non-selected channels.

In still a further aspect, the invention provides a driving circuit for a
multichannel pulsed droplet deposition apparatus having droplet liquid channels of
length L, having an effective velocity ¢ of pressure waves therein, with a droplet
ejection nozzle having a pressure wave reflection coefficient r, the driving circuit

being adapted for actuating the apparatus as described above.

Thus, in the present invention waveforms are suitable for the operation of
'multi-channel ink jet printheads having channel dividing wall actuators in which
the channels are operated in groups. The waveforms are arranged for application
by a unipolar drive circuit, but maintain the advantages of driving the ink channels

to cject drops by causing both expansion and contraction of ink channels during



negligi ble and are not shown. Figure ((a) shows an alternative voltage
wavef orm that may be used in the non-fired and fired lines in place of the
vol tage signal used in Figure 5(a). Figure 6(b} shows th@3caCTEBBRI2002(Q
right going pressure waves in fired and in adjacent non-fired |ines. 23
OCTOBER 2002 -6 Figure 7(a) shows a further alternative voltage waveform
that may be used in the non-fired af® fired lines in place of the voltage
signal s above. Figure 7(b) shows the correspondi ng right going pressure
waves in the fired and the adjacent non-fired lines. Figure 1 shows an

expl odegpathem. i The WaseREMS Vicopporatet ¥ REGRIN siuﬂgrcisﬂﬁg plises Weach &ei ncor por ating
pi ezo-electric wall actuators operating in shear node. |t conprises a base
10 of parptisddpéle piiathped afterad perncheed Lda fellaydsg thoapplicatipeRf gl y a section
shomﬁngdgpqgeq&ionlcracks 14 is illustrated. A cover 16, which is bonded
during assenbl yotls'$he base 10 is shown above its assenbl ed | ocation. A
nozzl e pl at eQhé paiicalay Adsiugr e0inaceVefdrhe iRNthetfiRast fagReadAe@dlcti plicity
of parallel grooves 18 are fornmed in the base 10 extending into the |ayer
of pi ez®-6|tbaitsupprepgioe of Hic reflgeted psrsyeis waves OseyRs dn b n@ggw@gas descri bed

|0 USS0000%8s LERIBEAN 00 GRS Ak A'0IBE RGBT obih Wil  he or ooves

are conparati vel rovide Tnk” chann separa y opposi ng
act uat oginsellit & pfiatheli€n YHAEH EfsaninBistai€ dividddvatsigRapt adtutedANRStaBb,VEl Y

shal  ow to provide |ocations for connection tracks. After formng the

gr oovesit 18 theppaightionsiag chanmel Hipt iis netd ppsiatady thip enpldes agtuwatian t9art provi di ng

ppr ox dtis, SnaPalTid SP el R hof et Bne S O RAIRE Busf SRRl P vl < “and

in the deaf Wassbnpay the iviavdRRASIrbACa PiE? \chahdey i< edtipietd. OAnbihaeks 24 connect ed
to the el ectrodes in each channel 20. The tops of the walls are kept free

of pl at3dygniase & thabtheuessuiregencaatsd pycaghhanect dpediaporiedtiondsfasr m i sol at ed
actuati ] t e L f tallized
ol at | g e kiR i pRER: BPRNElaerd B oL HHERABbL BIISLLnC 21 (2

i sol at i thixt the drbye cpkiai nadefoparfos dfopogjedtivd inokididghe flbetsen dAvdé S nount ed as
shown in Figure 1 on the circuit board 12 and bonded wire connections are
made connecting the connection tracks 24 on the base part 10 to the
connection tracks 14 on the circuit board 12. The ink jet printhead 8 is
illustrated after assenbly in Figure 2. In the assenbled printhead, the
cover 16 is secured by bonding to the tops of the actuator walls 22 thereby
forming a nultiplicity of closed channels 20 having access at one end to
the wi ndow 27 in the cover 16 which provides a manifold 28 for the supply
of repl enishnment ink. The nozzle plate 17 is attached by bonding at the

ot her end 23 OCTOBER 2002 of the ink channels. The nozzles 30 are shown
in Locations in the nozzle plate communi cating to each channel formed by W
axcinmer |aser ablation. The printhead is operated by delivering ink froman
ink cartridge via the ink manifold 28, fromwhere it is drawn into the ink
channels to the nozzles 30 by capillary suction. The drive circuit 32
connected to the printhaad is illustrated in Figure 3. In one formit is an
external circuit connected to the connection tracks 14, but in an alternate
form (not shown) an integrated circuit chip may be nounted on the
printhead. The drive circuit 32 is operated by applying by a data |ink 34
the print data 35 defining print locations in each print line as the
printhaad is scanned over a print surface 3G and at the sane tinme applying
an actuating voltage waveform 38 via the signal link 37. On receipt of a
clock pulse 42 via timng link 44 the voltage wavaform 38 is applied
selectively via the chip and the connection tracks 14 to sel ected ones of
the el ectrodes 26 in each channels selected for operation to effect drop

ej ection therefrom Exanples of unipolar wavaforns 38 |lie. wavaforns having
one polarity) enployed in the invention are described below, in particular
by reference to Figures 5, 6 and 7. The present invention rel ates
particularly to printhaads of the type described in US-A-48795C8
(EPO277703) and US- A-4887100 (EP-B-0278S90) and rel ated patent
specifications. That is to say printheads of the type in which ink channels
are divided by laterally displaceable wall actuators and in which each ink
channel s is actuable by displacing the two wall actuators which bound it on
ei ther side.



One feature of these constructions is that the laterally displaceable wall
actuators are actuated by the application of a voltage difference between
el ectrodes | ocated on or adjacent to the walls, so that RPREOCTOBERRO0SO0ONE
constructions be two external electrodes per wall, requiring two external
connections for actuation. However, it is usually convenient for
connections to be nmade between the wall electrodes internally to provide
one el ectrode per channel: when a vdT#dge waveformis applied to the

el ectrode. correspandi ng .t chapnel .and a dat.um vol tage is applied to the
ol cot r oaserSERES O TRt RuG  BRERR 0% T K P a 363 Vi 1
adj acent pthedschapnel then effect displacements of each wall causing the
volume and pressure in the ink is each channel to be either increased or
decr eased. 33 oo parERap gowod gnenRéliraway efgsn @pplinidetortbe walleactiomtierect i ons ar e

made i nternal.l r externally of the,printh it is then convenient to
descri be Y HBUHE Yﬁgaggicgﬁfgésﬁé p B%?‘Hg l%ﬁgﬁ[%:%ciok tb%f:té‘}"i“SIr‘n °% sel ect ed
channel hgpeef fRGLavdEstn &) @FigleRd haftefild &lte SRRNMME! in AnSBECAHLSAALN € as

indicated in the above patent specifications and rel ated patent
speci f i cHiei waetiow ¢ capleRdabEp fourdnterals. oAl porden et thedwavekorohimnel s can be

o oups. - 9k B B dIE B IRKEBE BBbtet o e SARORET ERYCGs o Ph e

pri nt heagot@echsl @i \ficth@hnidrthe rémmﬂgfggsmﬁo@fm at Bpte@ Ve theChi@pnel s which are
actuated alternately. O as indicated in EP-0376532 the channels may be

di vi ded Gteasotsrdgacent tof fapnels selpeted deroapsntigatin acerdqnee wittapiietndatEx per i ment
has sho ich. drops may be ejected from one channel
i s det e?ﬁ%oﬁl’g%hﬁéhﬁ%té&?g&%gﬁl %%%%E)ﬁh“ , that is the tinme follow ng drop

ej ection that Tig weefbtuedpplicd ©sthe el euatEs)i® calsingf the Malls botth® nozzle. |f
a seécond waveformto effect drop ejection is applied to the channel

f ol | owi ngPand apd ottty relyardtsatdlsond shapndsgenprtes i positiveest or i s
conpl ete . exil., I eni . of the
channel %%ll %%xﬂ%ﬁﬁu&ﬂ?%ﬁ%&gﬂ@e %r )rghlkgo?ﬁ(‘:%rrp Et”g@"t gﬁkﬁ‘%ﬂor,&% gener at ed
vi a the isesdadedvaysgnimdesofooutrdl the cimmvien aeldicty &€ etivt deop) UM wupakied f f er ent
velocity fromthe first drop.. (]'he operation of printers having displaceable
wal | actRIsIYrsWBYe i thedihng perad ampynbieteledtsst 8 Gagnityde 4@ costrddldm rot ati on at
first sighixgeght appear to be at a di sadvantage, because the speed of
operation Is reduced by two, three or four or nore tines depending on the
nunber of grolmpthe afresie fyrtteir psgect df the inmdntioaptodings Mareefocrhiisreelectedach
channel .thgt controls (Print ate, and there is usually tinme for drop

ej ect i orittB° {3k EVQPELRISHEFGPE (G BPETH & APQUSHE RHISEYE YAYeR Mk thei 1 st

channel , heh#i 5y 8RR vdllaga WARIEBHR WhicRRBRARIcPIedsBreOlABTo! S found not to
arise in practice: and therefore the advantages of printheads having

di spl aceubstentisdlyl cancelithe oessduahvh¢mistiacactgy gitec Hevpragéctidensithey saidf f i ci ent and

| ow vol t age, gperation,and | .ow, cost of manufacture are .obtaj.ne ith no

seri ous S(g,%gfcgicﬁ‘a?‘éﬁlm?%? ey ¥¥8? %ﬁhﬁf 'B?g'f‘fl’{’élﬁﬁ8Wc%?[°51‘e%dﬂé?§b?'b P fhe present
i nventi QRziie ERsGionRdftRYent ¢hermnaR bhAnakd VakdRmPniddey fopt head havi ng

di spl aceabl e wal | actuators by applying voltage waveforns to the el ectrodes
of chanmaneelldtion deedapphicd twhraseusgicquepiods Thafie i anet chagateristie tiprei Te)head
conprises, i nk 2 OBER 2002 -9 channel s divided jnto re roups a, b)
and o e T et o Srneling ANeesst i ST AR EHRCREA SR RGOl  or

act uat i Rekchigh @¢ lugsh 6RaRNg s of the group a, there is time to actuate
channel s"with the same waveform from groups b and ¢ before replenishnent is
conpl et e i n dgrteumlage waeafoamfmay beselocod tosuppresy redidunl beowpplwayds t 0 a.
However), it. m,l | .be evident. to the ski Ifeeg n%{: that if a particular

conf i guikfFBROMULECHagRGS pdigreny tag6hanap! selsfteshfos BIeti%, or on ot her
grounds, it will be possible to apply a waveform of the type descri bed
herein to ot thre roups. by_sinpl e,nodification of the principles
descri bed berg{v(\a/. &&%%fﬁ?%gﬁs‘?rﬂfochdaeﬁnfélm lb&ﬁ?‘é?lnf’ﬂ%efin‘ﬁr%ﬁtt erm nated by
a nozzleeRgihien bpearatet cgnpsicdng m thepipt i daposaitor(Bavgng USARASR294 or

US4 752 1 861 P AR A e A ACAURL Gty QUALG i1l MALGH, Long! tud! nal
pressure waves "are gener at ed. e channel 1n the above Cited art is

char actmsti f@dthbyb@dm.open end at the term nation connected to the ink supply
and by an acoustically closed end at the nozzle. A characteristic tine
which is the tine taken by a wave to traverse to and fro along the channel
is Tc =2 L/c where L is the channel length and c is the effective velocity
of | ongitudinal pressure waves. In this art the pressure waves traverse the
channel by 2 L and return to the starting point) but have inverted sign
after the characteristic tine Tc. According to that invention a cancelling

. o o o, - o "



D ameter unB813050125035163025 I n printheads of the type referred to above,
havi ng di spl aceabl e wall actuators, which are characterised by closely

spaced channel s having a relatively small cross section, 23t0080BEREMNO2

di scovered that the nozzle term nations for nozzles of the above di nensions
and with typical inks are generally acoustically open term nations.
Accordingly the acoustic wave guide, represented by each channel has a
negative reflection coefficient at the nozzle end. Term nation Reflection
coefficient Ink supply end RM _ -1 Nozzle end -0.2<R\<-0.7 W have found
in such printers that a pressure pulse in one period L./c followed by a
pressure pulse of magnitude -RM R, N of the sane duration applied after a

delay of 2 L/c (Acrdinftt®@h fORRBed &pedtnaé WaveRihaske dhe RemCdREHBd Beld®T | 0d
Tc) is effective in the present type of printhead to cancel or suppress the
acoust i c wdndigurghps6 eRdritand the cpgasHoadingdnbles ped dessripbon stignfallpwseduces

the total period.for t i of ..a ol tage.waveformto effect, drop
ej ection and thgl;lhctlgvgrggoﬁggggﬁ(g‘% bgarhr?écérfbcfl \kllb Ya P&ﬁ’éﬂm%lfebgsrﬁ cercr\l/\%\?t stbcl n the

above 2 L/ goll¢wingedisgsmeanaigieri od of a channel) and may include sone
all owance for the inertance of the channel termnations. This effect is
exhi bited by appiigimg Hlusiratss an explafekvisiv mnparspealivreof pneofsmpef inkdet /c to a

chamnel e e s £ B LR By oy e, 2
I s negati veompeiginga piithsdd Basepy eoves agdneficrzoplixg; appl yi ng a vol tage
waveform 23 OCTOBER 2002 -11 which generates pressure changes +l, -1, +r,
-r at the begi niiigige of ilysleates Gievpri s Figtret]j meparspestivapfter assembly.

' Figure 3 illustrates a drive circuit connected via connection tracks to the
printhead to which are applied a drive voltage waveform, timing signals and print
data for the selection of ink channels, so that on application of the waveform,
drops are ejected from the channels selected.

Figure 4(a) illustrates one form of voltage pattern which on application to a
channel generates pressure waves in the channel to eject a drop and subsequently
cancels the residual pressure waves in the channel.

Figure 4(b) illustrates the corresponding pressure magnitudes in the actuated
channel and in a neighbouring channel.

Figure 5(a) illustrates one unipolar waveform in which first voltage signals
are continuously applied to non firing lines and second voltage signals are applied
to the lines in channels selected for firing. The waveform is self cancelling by
applying cancelling pulses two pcriods L/c (onc characteristic time Tc) following
the firing pulses.

Figure 5(b) shows the corresponding right going pressure waves incident in
the nozzles in the fired channels and in channels which are adjacent to the fired
channels. The pressures in non fired channels and channels adjacent to them are
negligible and are not shown.

Figure 6(a) shows an alternative voltage waveform that may be used in the
non-fired and fired lines in place of the voltage signal used in Figure 5(a).

Figure 6(b) shows the corresponding right going pressure waves in fired and

in adjacent non—fired lines.



Pressure waves in successive periods Applied pressure pulselOrOlnitial
pressure change+l- 1+r-rRi ght going pressure wave+l-2+10Left goi ng pressure
wave+1l(-1+r)-r0 The above initial pressure changes appli23O@TOBER ReYE nni ng
of each period L,/c generate right and | eft going waves which in turn
reflect fromthe termnations, and add further pressure waves. \Wen the
applied pressure waves and the refl ectedowaves are added in successive
periods, the magnitudes of the total right and |left going waves may be

obt ai ned. | n theFigure d(apshowel afurhercdteriatiye waliege+vayeforn drat geasnbe osadause
conplete cancgll atign of the .pressure waves in. the.fourth period. Since r
IS negati vell &%ﬁélo 5ﬁﬁcéil ?de@°8ﬁgl§§msﬁ‘\%%\9ﬁﬁﬁa%°q8§58§“€§ ap%’lv rity to the
initial wave. _'VbF%QV@ng)isﬂo@s Bid edrieepehdidy HpBe gHisPbrsaablwavealia tirctitéat or s,
when an actuation waveformis applied to oné channel to eject a drop,
pressur e wa¥tskthgradjageatoneperdisechitingg. i n t he nei ghbouring |ines. The magnitudes

of these pressurg. waves, a not _nagrmal | y. |l arge enough . to _gj.ect. .a drop. Wien
a cancel ling vvavglgtl)lfc nﬁ’&%‘?’lgﬁaeex #08?@155%1% %6&9368 THhe gé¥pd5§dlrlﬁé?‘ltannel , It is

appar ent t hgiinth&®! PhRSspyrtinayeso-deuid 6all HSRRIES 5ptaGiig GRseal hitdiel Nt t he
nei ghbouring lines. Wen a printhead is divided into three groups a, b, c

whi ch are opwRRrissH aibpse dfudmiezo glectiie masiahsieymissen adasq haof whigh eulys b or
g that are é‘if‘é‘cttioﬁ%ﬁmﬁnﬁc&%&ﬂ)‘ﬁb&&@Hﬁrié‘h‘l&sﬂa&h. %%B%}“Jf‘f{, nglclgfs%‘thd%d
rovi ded the acoustrc ves 1n or ¢ are already cancelle or suppressed

and provi deglirirdgeasseikbiyas the daser Hplseshosnedov e itk Assentded Reafieh. Bhasele
channel s) drop eJ ection in these channels can be continued w t hout del ay.
Accor di ngl yplatgntleis| 4§q ghovar adjagspt teprihesd bassi dual acoustic waves is nore

gtrjlcleeggl‘ ul oiz)gr a ié@%@ig’?ﬂéf R‘J&%%ln rg?\?c%igl%f:%g%ﬁrerﬁ%sd, }ngglgobtﬁ%%gg(f& c(rgld{":%gse
channel s t oinwhiteHagdrefpiesstlcetrivavatbdalnsTil p@ovésyarafpimealifdraxainpicas i nk
€l €CLION- 4 scribed in USS016028 (EP0364136) and comprise a forward part in which the
grooves are comparatively deep to provide ink channels 20 separated by opposing
actuator walls 22. The grooves in the rearward part are comparatively shallow to
provide locations for connection tracks. After forming the grooves 18, metallized
plating is deposited in the forward part providing electrodes 26 on the opposing
faces of the ink channels 20 where it extends approximately one half of the
channcl height from the tops of the walls and in the rearward part is deposited
providing connection tracks 24 connected to the electrodes in each channel 20.
The tops of the walls are kept free of plating metal so that the track 24 and the
electrodes 26 form isolated actuating electrodes for each channel.

After the deposition of metallized plating and coating of the base 10 with a
passivant layer for electrical isolation of the electrode parts from the ink, the base
10 is mounted as shown in Figure 1 on the circuit board 12 and bonded wire
connections are made connecting the connection tracks 24 on the base part 10 to
the connection tracks 14 on the circuit board 12.

The ink jet printhead 8 is illustrated after assembly in Figure 2. In the
assembled printhead, the cover 16 is secured by bonding to the tops of the actuator
walls 22 thereby forming a multiplicity of closed channels 20 having access at one
end to the window 27 in the cover 16 which provides a manifold 28 for the supply

of replenishment ink. The nozzle plate 17 is attached by bonding at the other end



A typical voltage waveformfor drop ejection is illustrated in Figure 4(a).
This is a voltage waveform of the draw rel ease type first described
initially in US4161670 in connection with tubul ar actuat e8CTOBERI2002
voltage pulse is applied in the channel to be actuated first to expand the
ink tube and to draw back ink in the nozzle term nation and then a vol tage
of opposite polarity is applied causimg/the ink tube to contract and a
pressure pulse tqo be generated cauabng i nk d,rog)lcej_ ection. In one form of

vol t age waPEftBs MK FRaGRglsr dehyzB6t RO ATesharn iny locetins idbeneszls alee ref | ect ed
pressure ' [ | rate pulses in
successi v\évacég}lﬁ&gggt@gﬁpgsag%ﬁg?n\r@gi ﬁogﬁg%g§a§gu§%ﬁ&dé%r%§[ﬁ?wg' of the channel
of magni t udes - IThelprinthdad is (pera)edanddaliviting inh &b &n itk arghRigewda thhe

vol tage waveformthus |asts five acoustic periods. The vol tage waveform

cor r esponddnk anHeldyehdram ivgiFrait it Hevrebite Mntpkshaesadh tos thecrozales S0dut | od of
Step Chang%ﬁg}ﬁl&&)ﬂﬁ%bﬁu?ﬁ? c%ri"ve f.(iﬁ:i'i[t)% 6Jnneété&fcgﬁ%-zﬁrjmgead ig riﬁés%?&tcd-rilﬂl SIS

illustrate igure 4 or the value'r e magni tudes of the
pressure clrggess. alidowd forheit is ghextgmiahgiredidcdiictte 06 Mige PommSStdLtrekées are
given in general for variable r and in particular for r.=-0.3 in the

fol I owi ng ti4pPakin 35 alicrngte foRR Ot SROWRL &k ¥t arated Gircyiy Shigymay bg mounted
pressure- 1(}+ i r r LS8 Abtil ; :

P casuro. 105 1ny PR IO a2 b Shraled bypeplying by a data link 34

pr essur e- 1¢Berplint @ata B5 (defining lprm} devatiedseint eagbipnigpt line as the printhead is

pressur e- 12%r +r Q -él+r.) - g r+r z)zgwa\ée 23 OCTOBER 2Q02 -13 Pressure waves
i n successPRIMEAVEGS PG Syrface 3y and gt She syng Hgeappdying ap actyating gobags

| pul sel ni tialveRyrRSIHLR thd sifaBridk 3200. 21changeRi ght goi ng
pressure-12.7-1.7-0.71. 70waveheft goi ng pressure-12-0.51-0.70. 210wave The
magni t ude of t heélw raghipt 9barmiogkr mdseut 2 visatieingriaikdéhthei voltage wwoefdrm 3&r r =

-0.3 is illustrated in Fi 4(b | so occupying, five acoustic peri ods.
The corr s foaated sty 3 i itk andirrasB iRy Tk ad S SERHR N vebal T
?ﬁ}( u?; or Wethd Sledtk&ics PEPATALN ¥RAnAcls! BiedteQXIPBp&H:iN tdeffl8 £OIRLance of the

therefrom. Examples of unipolar waveforms 38 (ie. waveforms having one
polarity) employed in the invention are described below, in particular by reference
to Figures 5, 6 and 7.

The present invention relates particularly to printheads of the type described
in US-A-4879568 (EP0277703) and US-A-4887100 (EP-B-0278590) and related
patent specifications. That is to say printheads of the type in which ink channels
are divided by laterally displaceable wall actuators and in which each ink channels
is actuable by displacing the two wall actuators which bound it on either side.

One feature of these constructions is that the laterally displaceable wall
actuators are actuated by the application of a voltage difference between electrodes
located on or adjacent to the walls, so that there may in some constructions be two
external electrodes per wall, requiring two external connections for actuation.
However, it is usually convenient for connections to be made between the wall
electrodes internally to provide one electrode per channel: when a voltage
waveform is applied to the electrode corresponding to a channel and a datum
voltage is applied to the electrodes of the neighbouring channel, the applied fields
in the walls adjacent the channel then effect displacements of each wall causing the

volume and pressure in the ink in each channel to be cither increased or decreased.



t he channel s are of opposite sign and of val ue approxi mately one half of
these values. If the conpliance of the actuated walls is significant
conpared with that of the ink then a correspondi ng pressgs ©CTOBER B602een
the pressure in the actuator and non-actuator channels may be cal cul ated as
a function of the conpliance ratio between the actuator wall and the ink.
It is apparent that the waveformill ustrdated in Fi gure 4 is self

cancel ling._This may be see resol ving t into puI ed_vol tage
wavef or s a%ﬁﬂaf‘ﬁﬁﬁsi%”glﬂfé'é‘ﬁég?ﬁémﬁér‘?wcﬂ co‘f’“ﬁ‘r‘é%%?‘uﬂ‘é%ma ofthe i +r) and

cor respondi i EARGEl 89 HENIAE IPaghkpl eyl e R, g,upfmgé i he same

magni t ude tiplied by r and del aye
vol t age- 1( Ir¢hajipd to h&emcrﬁdmheﬂmal rtxgcffattttchgp cp:cdon rfro@r Hraz )ch(rmct 2)i OTot al
vol tage-1(1+r) 1(r -0, 3-1 3 OCTOBER

2002 -14 It is a‘?‘gﬁz‘gﬁ‘gfg;‘é‘ g w&rcafﬂﬂénﬁaa ﬁp?‘(fd%at%‘ft SPﬁ%‘ﬁF?t{:Pr?tS aﬁé i'figtedr essur e
wave obt ai &%@en@% ?b?fufb@ioﬁé"(cs ey 8396537 Srs gﬂzﬁ%tn%r sélm&? irh(ecﬂ’é?}{ag QEpErom a

si npl e push on voltage vvave or m gener ted y & unl po se by a factor
(3+r). Thi wpectedkspordsmt and convesiaiely ahd eharrmerserasyebermptrae:dl mcgrdqm pressure

wave at the_ nozzle to effect dr I, ive
pressure wahps cxamale, a8 fdicatsd,iny g é g‘}dé%gtmg’egu{ﬁ?%%yﬁmt%“ fYide of
the appl i edhevgl iRG%nto WE HbSRAVIPALR wentdﬁsnmwh@mrgrae%&%d in the above

specification US4161670 i's that it requires the application of a bipolar
vol t age, t hdterriagely.o Osaag indicated agEPof3TIE23b¢ ahartnglsf mhy dwvelivitigd trite three

appllcatlon f a voltage of 0 Lte polarity. In an ink jet printhead of
the present®! 3%0&%%35%5 E@Eﬁ?f" Wﬁfr‘% preferably is an integrated
ci'rcuit chip, iSEgRrif%RERS éh%“fhot'ﬁﬁ’tot'ﬂ@"chq‘ﬂ@hé‘yhatC@ﬁ‘rcHQﬁépsam@' B@'e{deﬁ:@nt
fraction, usually nore than of the total cost of the printhead. In

these ci r cUrasm ane ebarinel iSsin@mamChg}e@fwsrepms@mcat timepdiatiis Gerttwg t so t hat

| oes nunbero b Visk Bt el e AR s RSPl pee

obt ai nabl e 18k sbwrﬂrw@m(smandeﬁfm deép Bfebe@tlisi £pplies $o ﬁaepaﬁﬁhmefoubwlﬂgSa
therefore desirable to i nplenment the above pressure waveformw th a

uni pol ar vdirstayeveierrebefiors thgtink manissus hae comato (o5t PeinfqmplpEpreswsed e

litud h is d i bed
APl L ade SEUnBIeReag ARt SRS Sl HIRARLNORRY, L5 descr be
vol t age wawefvefdim xap@ctdnqﬂctt:ptht:hehqodrorptgmaﬁtahdxaﬁhguécema(x&n)vcﬁhmvus folnsd

correspondln% ri ght going pressure wave values incident in the nozzle in an
i nk channelto Davepdifferent valyrag andgiffeasenordecily fsemdbefestioRs are al so

generated 1n ! Neriacl ARBHIde Mintdl VAR AT BRI adlifiodls oty Ididlentt LDt he

result that cancellation of ‘the res| dual pressure waves in‘theselines is
al so ef f ectchahnelsninoy geups hettiatdd ap repiat aofirstreight alightpipaca thbont a

nei ghbouri hannel . in th next to be fi r wi t hoyt del Fi gur e
DCay T s e  behutethe oat B oot Rerefitedthyl b theed o1 Bl gho”
unfired Ch‘?ﬁH}@'tﬁm@fdcgét i ofts th@n@rﬂgcrcof érﬁﬁﬁse h%w@ge;s@me@ itl 19 ,;ﬂpree peri ods

a, b, c correspondin he operation 3uccessively of channels in each
group. As ireplénigunent 4ime ecach|chagre! wWeat @botrotstwing rgief arel Wiewpisasdaltyo cancel

e oot dugl SEOUSLY G L2 BB F i P e 3011
dots is (Clflankt, tHiBiappiteht diBRIVERRRe of operation in groups is found not to arise in

practice: and therefore the advantages of printheads having displaceable wall

actuators, which are high channel density, efficient and low voltage operation and

low cost of manufacture are obtained with no serious cost in terms of performance

or frequency of operation.

The present invention is described by reference to actuation of a printhead
having displaceable wall actuators by applying voltage waveforms to the electrodes

of channels divided into three groups. That is to say the printhcad comprises ink



23 OCTOBER 2002 -15 evidently to be the maxi mum print speed for operation,
al t hough bl ank periods may be inserted in a drop-on-demand printer to
reduce the rate of output for variable speed applicati on23 GBYTOBFRI002
exanple if ¢ = 600 msec-1 and L = 4nmthe operating frequency may be 10
kHz. As already stated, this period is_aégo usual ly dictated by

repl eni shnent tinme. As illustrated in Figure 5(a) the nornal operation of
the printhe : f{r LN Y LSation of no
ol tage i n a6 AITNNE Bl 2 bl R STICIERGRIF BRE LER ST, 2% e
wavef or m i swayribineddésarieat thag afberpactidving\setected ghasiels vBtheodrbagea, eksy of
(1+r) and 1.is applied. in peri, di 2 and 3 of tge vol t age wavef or m when no
channel s ar@me t¢ agfuatpifhan ﬂ”é‘g‘e‘ & SRF SYayRorEy HompgiprRyb @8d & betpienes of a

print head NR Shaael; j I{ng WG fte 1S the
differenti gﬁ%ﬁf\%g%@gg Eet \?\g{;n éﬁﬁé@l %q%%cglfg glgttjhs?es ?@%ne?g%t}?egnﬁcand t he
sane vol t aggpplied appl iKadvdver,aik wilde-dvidann o tenskdlledaamrt@stsifiracarticdar

generated. The volt a%g aqgl ied to fire a_channel is illustrated ic{; t he
peri od al | JOREIgHrafigR Teh a 1gpssr oridsthoger eplenighmsnb time, BT enother grpyndseiter ence

to the volt fal /1 L i eriod.
Thus in Fi g‘gggbéé\?g%%f@%mpg il)cl)c? géﬁﬁﬂ?ﬂg @lglfpgég%ﬁ\?\g\% cgl?%Pthfc ?’rag group a,
a positive turetgrgepsoby siagre medéidations ofipipd peadciples tberibed $tloperi od and a
voltage r (r + 1) is applied in_periods 4.and whi l e the vol tage

magn; tade {1t heArviigd Pk pBened Daonining sl eltestimairby Sibeels Bass i n
the other gfcgh'l?@co%_xl]_%@ﬂi i,,s:tucnpﬁé}%rpea.g.ogsmaagﬁB?fﬂﬂsﬁ@zfsimg%t@ #aﬁa{lﬁggmﬁwl ng

non-firing tines. e sign convention in this exanple at positive

vol t age appicbedlict waw ghidnmewhidi wngitedina pgresutcoviagyeare gendratedeiTirbour i ng

| i nes causes the.ink channel .to expand. .These voltage,dj{.ferences on

i nspecti on %F"é"“ﬁﬁ‘é they ,Vc('fbﬁcg\?i“d'écf%t’ﬁﬁimﬁ?‘fgg%iaﬁﬂpﬁ‘bgg‘éﬁf fl};ntcpgm'ag%r sed) as

the vol t ageonRu@ELIdTheaRRshssl taadwtaﬁé&ugtk&llprdl%w%ael aPERSEAY-RD AN Figure
ie

4(a) with the exception that _¥he vol tages app to the channels are now
uni pol ar. Thamcigrifie timecehick ipbreaiimedakeop typpmaivado ravease tnardi frobekgr ound

i ng si oy S0 hfERd LR ank B b Patuddchaty 2R e uf PP nat e

periods 1) wéloeitg df lbagitididad pedsb@etwiless Ihi s \wetvifie edseuratwbies afdelsbele t 0
cancel the residual_ waves in order to suppress residual neniscus

osci | | at i ofhannel x,d LamdLetumnte theagtartipe trointobititpve ievested $i8n afterghe | i nes in
any group, Is I e . - WeNMRSs

nei ghbouri ﬁégﬁf%gghgygmc’g%cég{ﬁergfngs%% @%ﬁeﬁnﬁgg%&%@gi S qﬁllsgsggéerﬁtédal so in
t hose | i nesvidd sebipegssey ectomplereiy ciioatsahe inifall dvop @jdcting prassiilequiilsedst ay. A
further voltage vvave&or m i ch suppresses residual , agcoustic waves, i s

i || ust rat edPPIYE P& Hyvelamm of \is tames faray Syt peROsEe an sigpit8dho Prigingk
acoustic pepd r i El Wpy! dencl udes
a Bavet or Mo g B B an B TS

appl i ed t o tand Tc dde. A@nrddt, 6Tc tive whidheeqielsi 4hat, 8dL/kpt2 Thectgr)oufuch a
corresponding to the fi géTd channehs. . The vol tage vva&zefor differs in that

" the vol t ag&OHREPYISE KEIAL AsCHecton SYppresying Or falt Cagoplling. 't e
non-fired 1ines.cfpnehfieft p%%%a@@%ﬁ!all?tp'rfﬂpat G WANRIHR! HR1iveriRgifpds 4 and
5isnowr, r(l1 +r) instead of r + 1), r(1 +r ) inthe fired lines.
The ef f ect vofundsi sdnmaplbyied neaxlefsiremoi snagngedasexppbyximetet akefdliogyst he
pressure waveforns in Figure 6(b) in which the right going pressure waves
in periods 2 and 3 are now 3, -2 + r instead of 3 +r, -2 -r: when
substituting r = -0.3 this corresponds to 3, -2.3 instead of 2.7, -1.7.



It is, therefore) apparent that the drop ejecting pressure waveformis 10%
hi gher and the pressure reversal at the end of the pressure pulse is -5.3
instead of -4.4) so that both drop velocity is enhanced @23dCT@BER)OAr e
reversal pronoting drop break-off is increased This waveforrn is descri bed
in nore detail in the follow ng table: Pressure waves in successive periods

Appl i ed pressure-111irr(1+r)Opul sel nltlall0 pressure 120 (1- r)r2 r(1+r)~
changeRi gh ng-13-(2-r)-(142c11 + rQnre

- r3r(-1-r 23 Rvgl%)@e 17 The gizrlgsﬁgndrng vaI ues

when r = -f. i

: |Pressur gves in succesmjﬂﬁ%@e Iéﬁpl i ed

8 aratl 20-1130.0
goi ng presure 13 2 8- 0 40. 70waveLeft ]ggl ng pressure- 12. 3-§p9- 0. 610. #10wave

A further formrof—unpotar—votitage—waveforms—t+tHustrated—mr—Frgurey 7.
This wavefprm | asts1d periods |of L/c irdleach group, so thad5Sthe freqgency
of operatipn nay be_rncreased|to ¢/ 1ZL,__which |s ZUUfT aster ~Tn addifti on
it has pregsure waveé8 3.-3 in peri ods 20and 3,

reversal inthis case is now -6 i nstead of 4. |nt e waveformof Figure S.

This waveform may be further understood by reference to the foll ow ng
tabl e: Pressure waves in successive periods Applied

pressur e- 11 - r r OpupPsathaads; ¢f thp rtﬁsswffércﬂZO(aPpr’;,zhavrrcgqélﬁglema@h wabi ng
pressure- 1§ct§§tg¥§a¥\%k§1f ire $RbAGRLEP §)r E:ﬁ)aé@ Asga{ %ra}mélg \ﬁ@yﬁg fl%l?’aél OBER 2002

-18 Pressure wavés I n successive pressur es "30pul se
small cross section, it has been dxscovcrcd that the nozzle terminations for nozzles

of the above dimensions and with typical inks are generally acoustically open
terminations. Accordingly the acoustic wave guide, represented by each channel

has a negative reflection coefficicent at the nozzle end.

Termination Reflection coefficient
Ink supply end Ry =-1
Nozzle end -0.2<Ry<~0.7

We have found in such printers that a pressure pulse in one period L/c
followed by a pressure pulse of magnitude —Ry Ry of the same duration applied
after a delay of 2 L/c (i.e. after one internally reflected characteristic period Tc) is
effective in the present type of printhead to cancel or suppress the acoustic waves.
This shorter period for cancellation conveniently reduces the total period for the
generation of a voltage waveform to effect drop ejection and then to suppress or
cancel the residual pressure waves. In the above 2 L/c is the resonance period of a
channel, and may include some allowance for the inertance of the channel
terminations.

This effect is exhibited by applying a pressure pulse of unit value in one
period L/c to a channel having reflection coefficients Ry, = -1, Ry = r at each end
and subsequently applying a pressure pulse Ry = r in the third period where r is

negative. Such a pressure wave is generated by applying a voltage waveform



Initial pressure -1 2 -0.7 -0.6i +0.3changeRi ght goi ng pressure-13-310~,
wavelLeft going pressure-12.3-1.6-0.30wave It will, therefore, be evident
that a nunmber of different actuation waveforns may be seR8QETOBER20D2eve
different performance on criteria for different applications of the

pri nt head. The above vol t age wavef orns giy readily be inplenented in a
uni pol ar el ectronic chip connected to each channel of the ink jet

pri nt head. Eﬁﬁ“ feat re discl gsed |n1t1r1|les spectlt att on (v¥n

i ncl udes th¥ aﬁcr‘rﬁr)a I RIFSPCSHEMRS Tt e TGy aWtnigE ﬁﬁ&?nﬁ’@?n‘%‘&?ﬁé‘r"&t ed in
the inventignidde@eRendsmd by 0k, any other such feature. 23 OCTOBER 2002 -
19 CLAIMS 1. A nethod of operating multichannel pul sed droplet deposition
apparatus having droplet liquid channels each with a nozzle having a

pressure wave reflection cogfficient r) where.r is.negative, and each
channel having a negatr ve pmefﬂ cient at the
t er m nat i onfFEoREcted-to-Or opr el F=efer - i sing
ej ecting a {dApplied pfdsmm: @utsel ect ¢ by (enefating a (iefi néd prlessure

pul se ther gln_and an residual pressure waves inl said
channel by |D&nRgsiadkRdrelctat th pressyre pul sejof opposite $ign to sajd
defi ned prsurea%u#se aaté a delay of 2i/c where|lL is the Iengtrh offf t he

channel ando

B‘i‘ the effective velocity off pressure waves therern. 2. A
met hod accd 5#‘3 [

EYERE Y2 he |anplit ude of "Said|furfher pressure phl se
bei ng rel atjfed—tothe—amptrtude—of—Sard—defTmed pressure—putse—by—thef act or
r. 3. A netjhbelft gotngy ptessyra waw ai in 2, +éonpyi si-Aghej pcting a dropl@t frjpm a
sel ected channel by generating.3 %&%Mw/ c
followed by a positive pressure pulse of duration at |east L/c 4. A nmethod
according to Claim3, wherein the duration of said positive pressure pul se
is 2L/c 5. A nethod according to Claim3 or Caim4, conprising generating
a first further Phesivedniial pessirt Rhangde lapylicdf at2hé begihhig dfreachegrdd ve
pressure pul se and generatrgt? a. second further pr sure pulse wth a del ay

of 2L/c af tldf BeRerajsoushtiand Ipft @oing wayss which én %ér% the T RERUPES: any of
Caims 1 tog, dgmrtﬁw Jett%réatae@st ed/hemnesg, licd d?@éél]‘fée@a»@é Addh §pl aceabl e

wal | actuator, acerrent of h generdtes said first and further
pressure pu‘cﬂe@z:d sards actaddedin aquossbm;mllodg the megjnécdest ofitbn tstel sghted

channel , the ected and nonsel ecte nel.s bet in respective groups
of - chanhel SOHFE FEOME™ AU RDRBE SBIEH: | B 19 (hihBoRACp CRAEHER BYe Ehb
actuator aligey %Qb%h@c&gﬂ@t@lﬂaﬁé@ﬁh@ﬁ Yof frhd Eﬁcsd%"r@%r%k)éseirpﬂksf@uhﬁ‘ pEBG‘d.
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adj acent channel and a ) . -
Since r is negative, the cancelling pressure wave has opposite polarity to the initial

wave.
Morecover, in a printhead having displaceable wall actuators, when an
actuation waveform is applied to one channel to eject a drop, pressure waves are
also generated in the neighbouring lines. The magnitudes of these pressure waves
are not normally large enough to eject a drop. When a cancelling wave of
magnitude +r is applied to the actuator channel, it is apparent that the pressure
waves are also suppressed or cancelled in the neighbouring lines. When a
printhead is divided into three groups a, b, ¢ which are operated in sequence, it is
the neighbouring lines in groups b or c that are next operated following operation
of a channel in group a. Provided the acoustic waves in b or c¢ are already
cancelled, or suppressed and provided the ink has been replenished in the nozzles
for those channels, drop ejection in these channels can be continued without delay.

Accordingly cancellation or suppression of residual acoustic waves is more critical,



-20 conpl enentary further pulse in said adjacent channel which cancels
resi dual pressure waves therein arising fromthe conplenmentary first
pressure pulse. 7. A nethod as clainmed in Caim1, conpri28i0ETOBER206Ds of
actuating sel ected channels by the application thereto of an actuating
pressure variation to effect droplet g fxz‘t_i on therefrom and cancelling
resi dual waves by the application of a Correcting pressure variation

del ayed in i i,Gihiedinét tmttgw,%ralc/ ﬁc@&@fﬁio'i}e{a%%%@meeﬁéi%upﬁﬁ ssure

variation vari‘es in tinme ih the same manner "as the actua g pressure

vari ati on ahénieds, raeloppegtditn thogel dhiatmkds towhith the tpodtiregvprebaaisr direalyi at i on

by a factor of negative sign.and magnitude |less than 1. 8. A nethod as

cl ai med i n a@PHshforetiGR dpleFiSCHMe sai d pressure variations are applied

t hrough vol t age gi i St dus:at /c 9. A
met hod as cl ai ne t?‘ﬁa&:l%g%%%%\%%%p? ﬁ)gh gg?tgﬁv%ltﬂ?%?g%&gi 18#2?55&24;;1. have a
period of fThis issavoltafeepsefdith oAtheedrawdrebasc type rfirst dasciibeal initBllyviher ei n t he

sai d vol tage._ si s each have, eriod of five said steps. 11, A hod as
cl ai med i nq%g}ég% JF CRngFiiRn W“gd_&i‘d?f ftieaiersn Wharcdng _rYOQegfpl_yul%@ apaﬂ?%ge

si gnal has i@ JOBARECOVRY 8RB Yirdt fto RBarl (REinie Ritd AUIDUrark HaZ€ifk inl2: A
nmethod as clainmed in any one of Clains 7 to 11, wherein said factor is r.
13. A net habe o6zzdp Erminatign mnd tthearhavnliageped vpdosieqpllaity de pppliedi aansiagpar at us
havi ng drop) et 1igquid channels each with a nozzle haying.a pressure wave
o | oot § o taoink B i eSHPRE AR & SPetutt sl 1B Brreel P h SR cepar at ed
by wal | acleRtion s di spl aceabl e on the application thereto of a voltage

di fference,  each channel having el ectrode nmeans associated with the wall

actuat ors boundilng@nt Hatm ofi xehege wardforrhancoaparetingibethdi daer endleassan be
applied to_a specified | I, actuator by the _.application of OCTOBER
2002 21 A ERREn S et e T Ener e elbiRrion Vi 8l Hesti ot the two
channel s sepadalcashiRy ih Recceadite Pediddsairiéaptiding Reod¥eidaasticcounvd sicng t he
actuation of a selected channel through the steps of applying in different
ti me peri odlse ehaninelsef magnitndes g ly bty dge(ltte) anver(éivoviesee inregativef Thhe

sel ected chapnel and a second.actuati vol tage of the sane polarity to the
el ectrode H@Q‘ﬁ%@ ‘6’?%%8%9ghelfsglgg%gﬁlghaghtrl#e%%sec”toﬁgéreby to cause an expansi on and
contraction of tihe vil@gt etaviiosui drieopanae tofthd henesationcd: ek bépiniag of 0 . ef f ect
ejection of a droplet therefrom 14. A pethod accordi ng to daim13,

wher ei n t h&3ghslifRessyeapegiog ofi Yrruchanees ak magaitydes wd (dlipd; (1Ie+#obips bei ng
sequenti al | a . td: j nel g-bey b hi @ik ent
araups. 15 CHERCERSds IsuagkBinigy 48) REIR PR n 437 el of

vol t ages attle pyepduree dhdnges anck op ¢hel Ogle wyiar et bft gding iprisaure abavesd areogiven

mul tiples thereof) where L is the |length of the_ chann and c.js the
effective %E'E)‘Eﬁr?lyfobf’a‘ﬁﬁ%lgélﬁng ‘W%:U?%BP%F . "(i%.m &‘ﬁﬁlﬁﬁﬂl%@élﬁﬁdi ng to
Claim 15) wherein the first voltage is applied for a first time period L/c
and the second voltage is applied for the imediately follow ng second tine

period L/c 17. A nethod acdtesiurgwawvcsOnajugcdsGiveespds n t he second vol t age

is applied for the inyediately f owing second and third ti s L/c

U i
18. A rreth r di to Cjai_m 16 erein a thi vol|t sgnme
polarity i q\a%(é]%?éjg&?gmt he 4l egrogeﬁfreansqof otl(-ﬁgrlectzgqéﬁ & or a
thirdimreipgply followngltinelperiod L/c ~ A_nmet Hod .accH
one of O afl mRjtihBplesut8) wherjein a eanyecting volitaga g appl i pd(k@%ofie or
nore el ect | oflg Jyeans to cangel reésidual] pressuje waves.| 20. Al method
accordi ng [o—aHs & 2
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the drople “Lfvgtfﬁ dﬁ@g non-sgl ect ¢d chgnnel(s.g 23( CBEgpg(m)O :

va

)

- £ o o 2 10 caird o o
net hod acclpret ﬂq{f} afy—ofetotr—Crarfis—1pP +O .1.u1X whetretr—a—cot t:\.,tlTlg“

rraona-aof Clailne 1P + A 19 wharailn a ocnrvoct i nalval + An |S
T A~ 4 I B 2 AA ] A LR LA =4 = LA 4 - U] vurnreoT OiIyrntT “A UT 1T ottt ||3 Ul Luv

vol t age i s| dpft gadng presane or] midr ¢ el2ectf q@erfieqns-(iar)enstee’np prlessire
wave contrj dveon to the drgpletiliquid in the |y
enabl ed gr Seps—of—cirarrerss

channel § of sefjuenti a




22. A nethod according to any one of Clains 19 to 21, wherein said
correcting voltage conprises a first correcting voltage del ayed by 2L/c
with respect to said first actuating voltage applied to 2heCFOBER 202 neans
of non-sel ected channels and a second correcting voltage del ayed by 2L/c

Wi th respect to said second actuating_v@ltage applied to the el ectrode
nmeans of the selected channel. 23. A nethod according to C aim22) wherein

said first correcting yolsk@@vivis ifkadcesiddpRRishude tp3said first
actuating voltage by a'Tactor 1ess than I and said second correcting

voltage is —actyuating volt a
factor |esk ABaRqbresdthre A Mt NQd|acgerdingito U aignR3,) wiene| n gaid
factors ar i}lsléa|. 25. A metlhod @ccordijng to apy one off Caing 13 to}24,

conpri sing Hhe St-eps—of—appirngltafirsg je—of—r-el x&g-m—t-uqie lto

t he el ectrpdgitiaepressweé t he delgcledi.zhanngl3in|a fizist {tirge periogd Lfic a

second vol § aggnf relative magni fude 1 jto the gl ectrodg¢ neans| of
Bl [ES H 1

| ta ot asal

o

non- sel ect pa—ehanfretrs—t+A—a—gecont—tt+retpert+ot—-+ec—a—thirr-a—vottage—of
rel ati ve nh®ightugtingetesmee d ahd| 1+2.7t d t he.7el pct +Qde #reang of nOn-sgl ected
channel s i hwavkhird tinme perfiod L/c and a fourih voltage of rglative
magni t ude petweerrO—amd—tFTtotheetegtroden
channel or] deft-gdhgetegshrehannells|i n2a f
fourth vol f agwei s not zero ijf the third
accordi ng ﬁﬂﬁﬁﬁ%ﬁﬁﬁ ve TTo | t age
is equal tor and wherein the fourth voltage is of relative magnitude r and
is applied to the el ectrode neans of the selected channel. 27. A nethod of
operating nul ti Thammgnitpdd € thediigiplgeingdapssard wave aigkraaiutehaerzledforr opl et
liquid channel s 'tﬂf channel s bein% divided intg at |east ft groups, the
groups bei hg b3 deAtusurey 1 isire dPorlsa CecHpyingnlive acoystepesie 2002 - 23

adj acent channelre Rliihohdting! JrERNR0'in HLUASALARATR nd!, sl ShaRRe Of
actuating sel ected channel s”by the application tRereto of aﬁ actuating ,
pressur e vaatuator ealls ereeddngmratdretpligid a@jngrtredwithibe edmphigncared thosnkrim no

pressure ve contribution to the droplet liquid in the chanpels of
sequent i a%_@ﬁ%%H%ﬂrcﬁfmgs%? S'&ﬂ&ﬁﬂé’?é’ a aﬁ’ﬂ@xgﬁﬂﬂyc%ﬁq IE?RFBE&'SS?:M recting
pressure vaqhal ! Blhe 3§mpﬁm_{£%t&99c agaedivwills ti@_sig]ﬁic%t@omﬂﬁﬁ&f Rl thiteor
correcting pressure varifation is delayed in tine with réespect to the

act uati ng fhedskthen ¥ geirgsppuding prashierciratie botaee [thiecpispmwre in_thesactyador amdgt h of

t he channel and c.is,the effectiyv | pcity of. pressure ves therein. 29.
A et hod SR¥BRAA EEHERLT e P s fi b ool o T hEmBB R g pr eseur e
vari ati on yawe&s tHeMactiafdr will bhé tisaime. manner as the actuating pressure
variation and is related in anplitude to the actuating pressure variation
by a factor |esH is@aparent that tha wavefrsa idlusteried in Figyrandiing pthaansellingul sed
droplet d it Vi N et Llquid ¢ I ted by
vl | act uar iyl SRS I8 bRl T e Ve e CNAVIB R SEARAE

differ encesuce@@hcquinaeUdﬁaﬁlinraFniaJde@t—rlquer, MeanmdacaBRepaidiey warchllinge wal |
actuators bounding that channel such that a voltage difference can be

-appl i ed t ovavespers phtaimedhy|addinguuesionys efiibe spprireagnitade aruliplieddiyent

vol tages tQ t I_V. ectrode neans of the two channel s separated by
the said Wﬁfﬁaﬁﬁ%ﬁzggfé'T%éﬁ%ethod conprising the actuation of a selected
channel through the steps of applying an actuating voltage to the el ectrode
means of t nnel thereby to effect ejection of a droplet

t herefromjand t.h | eas{ part}al, cang¢eldatijon of residyal [pressufe waves
by appl yi gggpﬁgf¥§& cng or?age SkH?he bﬁﬁL Eol?rit_ tgythe eﬁth ode
nmeans of MSerected chametr s BRI A diTving [crrTcygit{for Frichjnnel

pul sed dr dpfercedlingovdltagen| appar bt u$ havi ngr drioplrer) | qtﬁﬁ*t!%chanrfbl s|| of

| ength L) {havihg—an—eifecti-ve—vplocityic—of essur-ewaves—HhererA|l wWith a
dropl et ejlletbtiaDRoltezl € having p gn&;sirelwaq; (cef) et igcgef fg cigent r,
the driving circuit beingladaptied for-gactuatijng the apparatus in cor dance

w th any %r ing _claim| 23 JOCT ERl202-24_ . A mubti-[chagnne| pul sed
droplet d p%glggéjgg"ap%%ra us%co rﬁi n aqdro]pl etsﬁde DOSI’ {or ha\?jlqnjr
channel -s EEg Ot Spieac i tor s, and TTving crrcult as

claimed in Caim3l.
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10! nyl 0Z10%8iatily. YIn an ink jet printhead of the present type the drive circuit, which

' preferably is an integrated circuit chip, is an expensive component which can cost a

significant fraction, usually more than half of the total cost of the printhead. In
these circumstances it is advantageous to use a unipolar circuit so that the chip
having circuits of one polarity is made with a correspondingly less number of
process steps with the result that the component is obtainable at lower cost and the
printhead is less expensive. It is therefore desirable to implement the above
pressure waveform with a unipolar voltage waveform but at the same time to retain
the pressure amplitude ratio advantage.

Unipolar operation of the printhead is dcscribcd by reference to Figures 5(a)
and 5(b) in which Figure 5(a) illustrates the voltage waveforms applied to the
printhead and Figure 5(b) shows the corresponding right going pressure wave
values incident in the nozzle in an ink channel 20 which is fired. Corresponding
pressure waves are also generated in the neighbouring ink channcls adjacent the
fired line with the result that cancellation of the residual pressure waves in these
lines is also effected, in order that drop ejection may take place from a
neighbouring channel in the next group to be fired without delay.

Figure 5(a) illustrates the unipolar voltage waveforms applied to fired and
unfired channels of groups a, b and c, these being shown in three periods a, b, ¢
corresponding to the operation successively of channels in each group. As in
Figure 4, the voltage waveform to eject a drop and to cancel the residual acoustic
waves lasts a period of 5 L/c in each group, so that for three groups a, b and c the

frequency of printing each line of printed dots is (¢/15L). This will be seen
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speed applications. By way of example if ¢ = 600 m/sec-1 and L. = 4mm the
operating frequency may be 10 kHz. As already stated, this period is also usually
dictated by replenishment time.

As illustrated in Figure 5(a) the normal operation of the printhead, when no
channels are fired involves the application of no voltage in periods 1, 4 and 5 of
the five periods of L/c when a voltage waveform is applied in each group.
However, a positive voltage pulse of (1+r) and 1 is applied in periods 2 and 3 of
the voltage waveform when no channels are fired. Thus voltage excursions are
applied to all lines of a printhead even when no channels are activated. However,
since it is the differential voltage between channels that causes drop ejection and
the same voltage is applied to all non~firing lines, no pressures are generated.

The voltage applied to fire a channel is illustrated in the period allocated for
the operation of each group a, b c etc., by reference to the voltage waveform for
firing channels in the corresponding period. Thus in Figure 5(a) in period a-under
the voltage waveform to fire group a, a positive voltage of magnitude 1 is applied
in the first period and a voltage r (r + 1) is applied in periods 4 and 5, while the
voltage magnitudc in the fired lines is zero in periods 2 and 3. The voltages in the
other groups b and c in the period correspond to those of neighbouring non-firing
lines. The sign convention in this example is that the positive voltage applied to a
channel relative to the voltage in the neighbouring lines causes the ink channel to
expand.

These voltage differences on inspection are the same, (provided that the
sign convention is reversed) as the voltage waveforms applied to actuate the
printhead presented in Figure 4(a) with the exception that the voltages applied to
the channels are now unipolar. This difference is obtained by applying a
continuous background voltage to the non-fired lines in periods 2 and 3 and by
also applying firing signals having the same polarity in the fired lines in alternate
periods 1, 4 and 5 first to effect pressure wave generation and then to cancel the
residual waves in order to suppress residual meniscus oscillation. In particular

immediately following the actuation of lines in any group, the residual pressure
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pressure waveforms in Figurc 6(b) in which the right going pressure waves in
periods 2 and 3 are now 3, -2 + r instead of 3 + r, -2 ~r: when substituting
= —0.3 this corresponds to 3, ~2.3 instead of 2.7, -1.7.
It is, therefore, apparent that the drop ejecting pressure waveform is 10%
higher and the pressure reversal at the end of the pressure pulse is ~5.3 instead of
~4.4, so that both drop velocity is enhanced and the pressure reversal promoting

drop break—off is increased. This waveform is described in more detail in the

following table:

Pressure waves in successive periods

Applied pressure -1 1 1 r 1(1+1) 0
pulse

Initial pressure -1 2 0 -(1-1) g -1(1+41)
change

Right going -1 3 -(2-r) | —-(1+2r) l+r 0

pressure wave

Left going pressure | -1 | 2 - 3r (-1-t+r®) | -r(1+1) 0
wave
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The corresponding values when r = -0.3 are as follows:

Pressure waves in successive periods

Applied pressure -1 1 1 -0.3 -0.21 0
pulse
Initial pressure -1 2 0 -13 0.09 +0.21
change

- Right going pressure { -1 3 -2.3 -0.4 0.7 0
wave
Left going pressure -1 23 -0.9 -0.61 0.21 0

| wave

A further form of unipolar voltage waveform is illustrated in Figure 7. This
waveform lasts 4 periods of L/c in each group, so that the frequency of operation
may be increased to c/12L, which is 20% faster. .In addition it has pressure waves
3,-3 in periods 2 and 3, so that the pressure reversal in this case is now -6
instead of 4.4 in the waveform of Figure 5.

This waveform may be further understood by reference to the following

table:
Pressure waves in successive periods

Applied pressure -1 1 - r 0
pulse

l Initial pressure -1 2 —(1+1) 2r -T
change
Right going pressure | -1 3 -3 1 0
wave
Left going pressure -1 2-1 —(1-2r) -T 0
wave
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Pressure waves in successive periods

Applied pressure -1 1 0.3 -0.3 0
pulse

Initial pressure -1 2 -0.7 -0.6 +0.3
change

Right going pressure | -1 3 -3 1 0
wave

Left going pressure -1 23 -1.6 -0.3 0
wave

It will, therefore, be evident that a number of different actuation waveforms
may be selected to achieve different performance on criteria for different
applications of the printhead.

The above voltage waveforms may readily be implemented in a unipolar
clectronic chip connected to each channel of the ink jet printhead.

Each feature disclosed in this specification (which term includes the claims)
and/or shown in the drawings may be incorporated in the invention independently

of any other such feature.
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CLAIMS

1. A method of operating multichannel pulsed droplet deposition
apparatus having droplet liquid channels each with a nozzle having a
pressure wave reflection coefficient r, where r is negative, and each
channel having a negative pressure wave reflection coefficient at the
termination connected to droplet liquid supply means, the method
comprising ejecting a droplet from a selected channel by generating a
defined pressure pulse therein and substantially cancelling residual
pressure waves in said channel by generating a further pressure pulse of
opposite sign to said defined pressure pulse after a delay of 2L/c where L
is the length of the channel and ¢ is the effective velocity of pressure
waves therein.

2. A method according to Claim 1, the amplitude of said further
pressure pulse being related to the amplitude of said defined pressure
pulse by the factorr.

3. A method according to Claim 2, comprising ejecting a droplet from a
selected channel by generating a negative pressure pulse of duration L/c
followed by a positive pressure pulse of duration at least L/c.

4. A method according to Claim 3, wherein the duration of said positive
pressure pulse is 2L/c.

5. A method according to Claim 3 or Claim 4, comprising generating a
first further pressure pulse with a delay of 2L/c after the negative pressure
pulse and generating a second further pressure pulse with a delay of 2L/c
after the positive pressure pulse.

6. A method as claimed in any of Claims 1 to 5, wherein the selected
channel is bounded by a displaceable wall actuator, displacement of which
generates said first and further pressure pulses, said actuator also
bounding an adjacent non-selected channel, the selected and non-
selected channels being in respective groups of channels which are
actuated sequentially, the displacement of the actuator also generating a
complementary first pressure pulse in the adjacent channel and a
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complementary further pulse in said adjacent channel which cancels
residual pressure waves therein arising from the complementary first
pressure pulse.

7. A method as claimed in Claim 1, comprising the steps of actuating
selected channels by the application thereto of an actuating pressure
variation to effect droplet ejection therefrom, and cancelling residual waves
by the application of a correcting pressure variation delayed in time by the
interval 2L/c, wherein the correcting pressure variation varies in time in the
same manner as the actuating pressure variation and is related in
amplitude to the actuating pressure variation by a factor of negative sign
and magnitude less than 1.

8. A method as claimed in Claim 7, wherein the said pressure
variations are applied through voltage signals of step waveform having
steps of duration L/c.

9. A method as claimed in Claim 8, wherein the said voltage signals
each have a period of four said steps.

10. A method as claimed in Claim 8, wherein the said voltage signals
each have a period of five said steps.

11. A method as claimed in any one of Claims 7 to 10, wherein in each
step, one voltage signal has a non-zero value only if the other said signal

is zero.

12. A method as claimed in any one of Claims 7 to 11, wherein said
factor is r.

13. A method of operating multichannel pulsed droplet deposition
apparatus having droplet liquid channels each with a nozzle having a
pressure wave reflection coefficient r, where r is negative, the channels
being separated by wall actuators displaceable on the application thereto
of a voltage difference, each channel having electrode means associated
with the wall actuators bounding that channel such that a voltage
difference can be applied to a specified wall actuator by the application of
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different voltages to the respective electrode means of the two channels
separated by the said wall actuator, the method comprising the actuation
of a selected channel through the steps of applying in different time
periods a first actuating voltage to the electrode means of the selected
channel and a second actuating voltage of the same polarity to the
electrode means of non-selected channels, thereby to cause an expansion
and contraction of the droplet liquid volume of the selected channel to
effect ejection of a droplet therefrom.

14. A method according to Claim 13, wherein the channels are divided
into at least two groups, the groups being sequentially enabled for
actuation, adjacent channels being in different groups.

15. A method according to Claim 13 or Claim 14, wherein said voltages
are applied in time periods spaced by the interval Lic or multiples thereof,
where L is the length of the channel and c is the effective velocity of
pressure waves therein.

16. A method according to Claim 15, wherein the first voltage is applied
for a first time period L/c and the second voltage is applied for the
immediately following second time period L/c.

17. A method according to Claim 16, wherein the second voltage is
applied for the immediately following second and third time periods Lic.

18. A method according to Claim 16, wherein a third voltage of the
same polarity is applied to the electrode means of non-selected channels
for a third immediately following time period Lic.

19. A method according to any one of Claims 13 to 18, wherein a
correcting voltage is applied to one or more electrode means to cancel

residual pressure waves.

20. A method according to any one of Claims 13 to 18, wherein a
correcting voltage is applied to one or more electrode means to produce a
quiescent meniscus in the droplet liquid of non-selected channels.
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21. A method according to any one of Claims 13 to 18, wherein a
correcting voltage is applied to one or more electrode means to ensure no
pressure wave contribution to the droplet liquid in the channels of
sequentially enabled groups of channels.

22. A method according to any one of Claims 19 to 21, wherein said
correcting voltage comprises a first correcting voltage delayed by 2L/c with
respect to said first actuating voltage applied to the electrode means of
non-selected channels and a second correcting voltage delayed by 2L/c
with respect to said second actuating voltage applied to the electrode
means of the selected channel.

23. A method according to Claim 22, wherein said first correcting
voltage is related in magnitude to said first actuating voltage by a factor
less than 1 and said second correcting voltage is related in magnitude to
said second actuating voltage by a factor less than 1.

24. A method according to Claim 23, wherein said factors are equal.

25. A method according to any oné of Claims 13 to 24, comprising the
steps of applying a first voltage of relative magnitude 1 to the electrode
means of the selected channel in a first time period Lic, a second voltage
of relative magnitude 1 to the electrode means of non-selected channels in
a second time period L/c, a third voltage of relative magnitude between 0
and 1+r to the electrode means of non-selected channels in a third time
period L/c, and a fourth voltage of relative magnitude between 0 and 1+r to
the electrode means of either the selected channel or non-selected
channels in a fourth time period L/c, where the fourth voltage is not zero if

the third voltage is zero.

26. A method according to Claim 25, wherein the relative magnitude of
the third voltage is equal to r and wherein the fourth voltage is of relative
magnitude r and is applied to the electrode means of the selected channel.

27. A method of operating multichannel pulsed droplet deposition
apparatus having droplet liquid channels, the channels being divided into
at least two groups, the groups being sequentially enabled for actuation,
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