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(57) Abstract

A drop-on<lemand multi-tone print-
ing apparatus has a series of channels (16)
arranged to receive ink from a source (12).
Each channel has a respective ink outlet (18).
Each adjacent pair of the channels is sepa-
rated by a respective dividing wall (14), and
each dividing wall is movable in response to
a respective pulsed electrical signal (W) to
apply pressure pulses to the respective pair
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of the channels, whereby ink can be ejected DIN-D) >

from the outlets and deposited onto a record-
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trical signal (C) is developed for each chan- bod
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A problemw th operating such an apparatus is that the signal applied to
each dividing wal | -affects both of the channels to either side of
that di'viding wall. Patent docunent WO A- 96/ 10488 descri bes ways of
deal i ng WQ$/1213& problem 20 In one exanpl e descr PE(>198/02687 ’
WO- A- 96/ 10488, printing of a line of pixels . s divided into three
cycles. In the first cycle, the dividing vvalll s to either side of channels
nunbered, for example, 1, 4, 7, ... are d:'mg;(if ink is to be ejected
fromthen) with a pul sed signal. | second cycle, the dividing
wal | s to either side of channelmopzan_dmmrmltz-,-toﬁe PHinting. are driven (if
ink is to be ejected fromthem) wth the pul sed signal. In the third
cycle, the dividing walls to either side of channels nunbered 3, 6,

9, ... are driven (if ink is to be ejeg@{v{gr dl@err) with the pul sed

signal. Thus, the pressure puls toped in the channel s which
are not ingluded in the current cycle are no greater than of those
in the channels which are intended to eject .ink. The 30, printing

apparat us i s dhisiinysotion relates ta dEop-f ¢ myltistons pItingd o not cause ink
ej ecti on. -2 -

In particular, a first aspect of the present invention relates to a method of operating a
drop—on—demand multi-tone printing apparatus having a series of channels arranged
10 to receive ink from a source, each channel having-a respective ink outlet (usually, an
appropriately shaped and dimensioned nozzlc), each adj acent pair of the channels being
separated by a respective dividing wall, and each dividing wall being pmvable in
response to a pulsed electrical signals (for example using the piezo—-elcctrié effect) to
apply pressure pulses to the ink in the respective pair of the channels, whereby ink can

15 be cjected from the outlets and deposited onto a recording medium.

A problem with operating such an apparatus is that the signal applied to each dividing
wall affects both of the channels to either side of that dividing wall. Patent document
WO-A-96/10488 describes ways of dealing with this problem.

20 |
In one example described in WO-A-96/10488, printing of a line of pixels is divided
into three cycles. In the first cycle, the dividing walls to either side of chanmels
numbered, for example, 1, 4, 7, ... are driven (if ink is to be ejected from them) with
a pulsed signal. In the second cycle, the dividing walls .to either side of channels

25 numbered 2, 5, 8, ... are driven (if ink is to be ejected from them) with the pulsed
signal. In the third cycle, the dividing walls to either side of channels numbered 3, 6,
9, ... are driven (if ink is to be ejected from them) with the pulsed signal. Thus, the
pressure pulses developed in the channels which are not included in the current cycle
are no greater than % of those in the channels which are intended to eject ink. The

30 printing apparatus is arranged so that such 14 magnitude pulses do not cause ink

gjection.
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I n anot her exanpl e described in WO A-96/10488, printing of a |ine of pixels

S divided into two cycles. In the first cycle, .the dividing walls to
ei ther side of channel s nunbered 1, 5, 9, ..., for exanple, are driven
(i f. ink igdgsdhase] ected fromthem) with a first pul sefepica9ahiespnd -
the dividing walls to either side of channels 3, 7, 11, ... are 5 driven
(if ink is to be ejected fromthem) wth & 3econd pul sed signal which is
[err] radi ans out-of -phase with the first pulsed signal. |If the

di vi di ng wal | ;1 twothet kzampleddesofibed in Wk-AcR6/h rprintingapf @ lineyrof pikels is
driven, then th | t ant | dqed t he . :
vens nunber ec s Blea eyt B the 3 s5eie, B Hiviing Pals to ol side,of ghagpels
only some  nufbertdq, 3(9; NUFSLELAnMIE AR Vel Gf HiK 1486, bel j6cted Hdom @sih) With

pressure pul ses applied’to 10 the even-nunbered channel s can be no nore

than [err] ofa fiost prdspd sigand, axid theodiwiding walld to either side od dbannelel3d 7c Ahnnelrs.

Dohses do horaRvamar TR I Wk GReREA0E Cery With'a AtoDd pyited SRER WHE i =
di vi ding vl | fldhis St R pise Svif] e TSP BAISeAHERAI Brkhd diidinkOwalls to. ciftlf side of

exanpl e, are driven (if inkis to be ejected fromthem) with the first
pul sed si gnal theaxid-ntmbeiedichamngls\ate| all dven, dhesi thegesultagtprsssuse phlses appliedgo

12, ... dri if ink,is to, b ' fr.om.th i . d
pul sed | gnal BRHAVERRmbEF hangls ite 256t 1 fhe. ifing FAn M e i SRR 3600
signal . of theRydAheRbefet lthhhtel§ hfeVdrins GRS rékdbahi peesudd prlRed sppliedito
the requirenent for [err] or of the channels not to be &gl nting at

any time Hbanthetevan—numberpd chenstlsitanrhe ngymioze than % 0f the magpitudesofthgsn applied
ethod ot opelalieistERBH RS’ AubliSol prlinfoRpbbad 1 AGplAMECY) bR sl
devel opi ng f omagmiitde baReE doondteedu6t inkeejpeticit dConversely, in the second cycle, the
dividing walls to either side of channels numbered 2, 6, 10, ..., for example, are dﬂveﬁ

(if ink is to be ejected from them) with the first pulsed signal; and the dividing walls

15 to either side of cl;annels 4, 8, 12, ... are driven (if ink is to be ejected from them) with

the second pulsed signal which is m radians out-of —phase with the first 'pulsed signal.

A problem with the driving schemes described above is that the requirement for % or
1% of the channels not to be printing at any time means that the speed of printing is not
20 as high as might be desired.

In accordance with the first aspect of the invention, the method of operating such an
apparatus comprises the steps of: developing for each channel a respective pulsed
electrical signal in dependence upon whether ink is to be ejected from that channel, the

25 signals for adjacent pairs of the channels temporally overlapping each other and not
being in phase with each other; and applying to each dividing wall a combination of the
signals developed for the respective pair of the channels.

It might be expected that with such a method of operation, unwanted ink ejection will
30 occur. However, as will be apparent from the following description, on the whole, the
method enables no more than % size pulses to be applied to channels which are not

intended to eject ink. When a particular channel is intended to eject, and one of its

A v em em mm e tAmmY sy SRS Y FTRG TT PR g my



el ectrical signal in dependence upon whether ink is to be ejected fromthat
channel, the 25 signals for adjacent pairs of the channels tenporally

over | appi ng each ot her and not being in phase with each other; and
appl yi ng WO %178 di vi di ng wal | a conbi nation of the si RFHEBIYBGET oped .
for the respective pair of the channels. _3_ It mght be expect ed t hat
with such a nethod of operation, unwanted ink ejection will 30 occur.
Hovever, as wid .&aecﬁﬁﬂersqafalsbre@ambetﬁalaaja&bﬂeciﬂﬁﬁaﬁs Riot, Qﬁen fie xhiaﬂw\&ﬁinﬁel
t he rrethod enables no nore than [err] size pul ses to plied
channel s whi cinayurhr. sultjected toipwlses dwhichoare; Shghﬂb’nxfeawhéhala qoanafcslnght dlstorted

h | f
e 1S i anclon lighiybege -soiie SPipdied Wilh normal b these, eEfests, iR be ATapgsd
then the m dd{ Fﬁ:@eirc not si 2 THeBhehba bfthis of\Hhé Givention Thallbé ink

greater than normal, “slight distorted and/-or slightly phase-shifted
conpar ed v t htonlbe ejectedp wheninesessary, dro ahof Hie awticis gk the Same digne, faad thug the
are not significant. Tge n&f@ of this aspect of the invention enables ink
5 to be ej ecPHRHDEFRES fromall of the outlets at the sane tine,
and thus the printing speed can be high.

Preferably, the channels are arranged in groups each containing a number X (X = 3, for
example four) of the channels, the signals developed for adjacent pairs of the channels
10 being generally 27en/X radians out of phase with each other, where n is an integer not
equal to X. Thus, there is a substantially constant phase shift between one channel and

the next. Preferably n and X have no common factors.

Preferably, for each dividing wall, the applying step comprises the stc;is of: applying
15 the signal developed for the channel to one side of that dividing wall to an electrode
on that side of the dividing wall; and applying the signal developed for the channel to
the other side of that dividing wall to an electrode on that other side of the dividing

wall.

20 Preferably, lines of pixels of the ink are deposited onto the recording medium in
respective cycles; and, in each cycle, those of the channels which are to eject ink in that
cycle begin ejection at the beginning of the cycle and continue ejection until part-way
through, or the end of, the cycle. The effect of this is that, if there is a slight phase—
shift when, as described above, a particular channel is ejecting, and one of its adjacent

25 channels is also, but the other adjacent channel is not, two such phase shifts in opposite

directions will not occur for a single channel in succession.

The signals developed for each chamnel may be generally square-wave signals or
generally sinusoidal.

30
In accordance with a second aspect of the present invention, there is provided a drop-

on—demand multi-tone printing apparatus, comprising: a series of channels arranged to
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Preferably, the channels are arranged in groups each containing a nunber X
(X [err] 3, for exanple four) of the channels, the signals devel oped
for .adjacent pairs of the channels 10 being generally 2[err]/X radi ans out

of phase i h other, where n is an integer not eq hus,.
there is g’i%ggt?%ntial | y constant phase shift between one cﬁg#llr(\;ggwg&r?a;-

the next. Preferably n and X have no common-féaet ors. Preferably, for
each dividing wall, the applying step conprises the steps of: applying 15
t he signal devategiesiinkofromha seurgeneachichaonel haiving afrespestivelink duthef, oachl adjacent

ol gnal devel op@iri Gl e PemRelh hee asparated by, 2 Wpmtave ARt Brile 2 (285 diyicing
wall to an el eqAlPE4ing riné\{%le B fbﬁﬁoﬁe% pulsOE eRbiricdl E%nals to a)ﬁ?ig] pressuf® pulses

Preferably, lines of pixels of the ink are deposited onto the cording” -
medi um i n to &apink intheapsricetive paig ofithe channelsy svhereyhinkecanf be: kjectetl frome (the

whi ch t ' t, i j t.nat | begi ' ti t,the. ' i N
of the cyol 8 asiissan deBotfid oo s o s dluhs pleatd K6 gctoptie i it Bitpet
of, the cycle. aTﬂwpeaibegsulsea dlé‘titﬁcdlssi%&ﬂtin deperdRAEE updn wisdthed Thk 1536 Be ejected

shift when, as described above, a particul ar channel "is ejecting, and one

of its adj acentrons thatichamnel.she §iaa§d,or adjacent paiss pk thepliangels teraperally: overdapping
not, two such se,shif ' i . irections will not ocgur for

si ngl e channel %?%] ?ﬁlﬁc?eagsi%dﬁme%é)% Phgﬁ?e%tpg%a s&%gnggpI@Wo@reaggﬁ'%é%ﬁgal
nmay be gener al ldyviditigawal R ¢6mbindtioh SofOthe signals developed for the respective pair of the

10 channels. .-

The printing apparatus may be provided with various features so as to perform the

preferred steps of the method described above.

15 A specific embodiment of the present invention will now be described, purely by way

of example, with reference to the accompanying drawings, in which: ‘-

Figure 1 is a schematic drawing of part of a printing apparatus;

Figure 2 illustrates various sinusoidal signal waveforms produced in the
20 apparatus of figure 1;

Figure 3 illustrates various signal waveforms produced in the apparatus when

‘depositing the maximum amount of ink;
Figure 4 illustrates various signal waveforms produced in the apparatus during
an example of multi~tone printing;
25 Figures 5 and 6 are phase diagrams used to explain the operation of the apparatus;
and
Figure 7 is similar to figure 4, but illustrates a case where square—wave

waveforms are used.

30 Referring to figtire 1, a drop—on—demand multi-tone printing apparatus comprises a
print h.ead 10, part of which is shown in the drawing, which is fed from an ink reservoir
12. The print head 10 has a series of parallel walls 14, which define between them a

SURSTITUTE sHEET (RuLe 26)



general ly sinusoidal. 30 In accordance with a second aspect of the

present invention, there i's provided a drop- on-demand nul ti -tone
printing apparatus, conprising: a series of channels arranged to

SUBSTI TUMEO 804§3738 ( RULE 26) CT/SB98/02687

-4 - receive ink froma source eachschannel having a respective ink
outl et, each adjacent .pair of the channels being separated by a

respective disdriesd pavdllet chithelntél Als vieWeiin the figusall, tbelafgendmﬁl&hﬂx bliannel

response to a pulsed electrjcal signals to apply pressure pul
the ik in th cwgug}%ammthwktmﬂﬁe@ﬁ { whvie 1 piovided ﬁéh%rlséwzﬁ
devel opi ng fo? i,‘ ﬂgpﬁa&h\%ﬁlgﬁr es&éﬁﬁﬁ%ﬁ%gg@%% Sl gna othat
dependence upg@fenvat éleétn'brﬁcltlsoﬂ éndpokiies iedpplied to it, the wall 14 distorts so as to
5 reduce the volume of the channel to one side of it and to increase the volume of -the
channel on the other side of it. Conversely, when an electric field of the opposite
polarity is applied, the wall 14 distorts so as to increase the volume of the channel on
the one side and to decrease the volume of the channel on the other side. The changes
in volume produce pressure changes in the ink, so by applying streams of pulsiform
10 signals to the walls 14, pressure pulses can be generated in the channels, causing
streams of droplets 20 of ink to be ejected from the nozzles 18 towards a recording
medium 22 such as a sheet of paper. By varying the lengths of the stream of pulses, the
number of droplets which are ejected can be varied, so as to perform multi-tone
printing. Once a line of pixels of ink has been deposited on the paper 22, the print head
.15 10 and paper 22 are moved relative to ;:ach other in the direction perpendicular to the
plane of the drawing of figure 1, and a further line. of pixels of ink can then be
deposited. Alternatively, this relative movement may be continuous. The anangemeﬁt
as described so far with reference to figure 1 is known, for example from patent

documents WO-A-95/25011 and WO-A-96/10488.
20

As shown also in figure 1, a sine wave generator 24 is provided, which produces a
signal G(0). This is fed to a series of three quarter-wave delay circuits 26 to produce
signals G(1), G(2) and G(3) which phase lag the signal G(0) by 7%/2, 7 and 3v/2 radians,

respectively, as shown in figure 2.

In figure 1, only four of the channels 16 are shown, and the channels have respective
data inputs receiving binary signals D(N), D(N+1), D(N+2) and D(N+3). (For
compleiencss, two other data inputs receiving binary signals D(N-1) and D(N+4) are
also shown.) The signal D(N) is used to control a switch 28 to produce a signal C(N)
30 which is equal to the signal D(N) or is grounded, in dependence upon the logical state
of the signal D(N). Similarly, the signals G(1), G(2), G(3) are switched by respective
switches 28 under control of the signals D(N+1), D(N+2), D(N+3) to producé signals
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fromthat channel, the signals for adjacent pairs of the channels
tenporal ly overl appi ng each other and not- being in phase with each.
ot her; -and neans for applying to each di viding wall a conbi nation of

the si gngy@ osippss oped for the respective pair of the 10 cljs@rﬁ@g%m“w
The printing apparatus may be provided with various features so'as to

performthe preferred steps of the meth8d descrl bed above. 15 A
speci fi ¢ enbodi i nventi now be descrl b

by ey C@aﬁﬁ&%ﬁ et FERESL resperivein it eof R GeBgied for
whi ch: o of b
appar at us; éIiygure Euts1gndl§ @%us ra r(tasbvarl ous s‘cgr?usm%I 1gaaﬂ2{ 8. Hhch

wavef or ms pr odsigaal Ci) ishapplied to a pair of electrodes 30 onafhp picrotslestrid wglls &4 10 either

2:08:1; St 35 Vmen51lcll= |o¥ ?tts &%%gtlyeacr:ﬂa%ylgl fé(%d %8 gp{qn};%f&ﬁ%? 4 Od%n;xﬁ[ﬁ%qss d:ﬁcl? mgll
Figure 4 dﬁr 1 14 e HdenBdrCadji@nt PER of tHE ThatRyet ﬂ}) 16 Wﬁcﬁ byt he

appar at us an exanp e ’of |-tone printing;
25 Figures 5 and 6 Wifiel){)as E@i-aGx1} used to expl ain the oper at.i.cguation he
appar at us; and . Figure 7 Is simlar to
figure 4, but illustrates a case where square wave

wavef orns are 4f€ehange in volume of a channel 16(i) caused by the applied signals is denoted in the
drawings as V(i) and is proportional to the net displacement of the walls bounding the

10 chamnel. The displacement of each‘ wall is generally proportional to the potential

difference across it. Hence, if the constant of proportionality is assumed to be unity,

V(@) = W(@) (+1) - WGE-1) () ... equation 2

Figure 3 of the drawings show the above-mentioned signals plotted with a time

15 abscissa in the case where all of the input signals D(i) have a logic level of 1 so as to
. print a line of maximum density on the paper 22. As can be scen, the change of volume
waveforms V(i) are regular sinusoidal waves, and thus even injection of the droplets 20

is produced.

20 Figure 4 illustrates the case where, in a cycle between time T1 and time T2, the
channels 16(N-1) and 16(N+3) are inteﬁded to eject droplets 20 for the complete cycle
T1 to T2, the channels 16(N+1) and 16(N+4) are intended to eject droplets 20 for the
first three—quarters of the cycle T1 to Tc, the channel 16(N) is intended to eject droplets
20 for the first half of the cycle T1 to Tb, and the channel 16(N+2) is intended to eject
25 droplets 20 for the first quarter of the cycle T1 to Ta. In Figure 4, the actual volume
change waveforms V(N) to V(N+3) are shown in bold, and the waveforms of Figure

3, where different, are overlaid as feint traces so that a comparison can be easily made.

As can be seen, the volume changes V(N) in the channel 16(N) are, during the first half
30 of the cycle T1 to Tb, similar to those shown in figure 3 and cause a stream of droplets
20 to be ejected. In the third quarter of the cycle Tb to Tk, there are no volume changes
in the channel 16(N), and so no droplets 20 are ejected. In the fourth quarter of the

SUBSTITUTE SHEET (RULE 26)



30 Referring to figure 1, a drop-on-demand nulti-tone printing apparatus

corrpri-s_es'a print head 10, 'part of which is shown in the draw ng,

whi¢ch is fed.froman ink reservoir 12. The print -head 10 has a series
of ‘paral | WORART3S 14, which define between them a PCT/GB98/02687

- 5- series of paraIIeI channel s 16. Asywiewed in the figure 1, the

| eft end of each channel 16 communi cates with the ink reservoir 12,

and a nozzle I&clesTete T2 dst voluinecchangds incthe channeldjﬁ(ld)ahhve:hesn%ahmgﬁm&}cdﬁd
wall 14 is fornmed of a piezo-electrjc material oriented so that when

an el ectric fiasedmsyfficigat tootanse apy dsoplets 20t beycjeptedt he wal | 14 distorts so
as to 5 reduce the volune of the channel to one side of it and to increase
t he vol une of the channel on the other side of it. Conversely, when an

el ectric fiel dif volneneoctimges &/ (N+1) dilﬁlngrthé)swm‘hmrteedqf thecyele! Ta 1 Tb in the
distorts so as to increase the volune of the a“h n)og tgpggcothe one .si de

and to decreasthanpel 16(NIA) apd the,volume rhapgesV ndand third quarters
in volunme pro gﬁ treans of
pul si form 10 dolsfftgﬁ%&gﬁtsgg f%ggﬁgf‘ﬁédl : g?g@ﬁ:ﬂe&gu és‘vgg&gan e cgener ated in
t he channel s, causing streams of dropl ets 20 of ink to be ejected from
the nozzl es 18 towards  a record dium 22 such as a sheet of alo
By varying the&rmoanequasiops (Jf)r'@dsfzr)é@ﬁi’%f“ M%(asf"r%mg constants of proportionality of
unity) that
10- ‘V(N+1) = C(N+2) - (2xC(N+1)) +C(N) . ... equation 3.

Referring to figure 5, during the period T1 to Ta, C(N), C(N+1) and C(N+2) are of
equal amplitude, say unity, and mutually lagging by /2 radians. Therefore, V(N+1) has
an amplitude of 2 which is 7 radians out of phase from C(N+1). During the period Ta
15 to Tb, the amplitude of C(N+2) has become zero, and therefore the amplitude of
V(N+1) increases to 2x(5/4)'?, that is by a factor of 1.118 compared with the previous
amplitude of V(N+1), and its phase retards by tan™%, that is 26.6°, compared with its
phase during the period T1 to Ta. During the period Ta to Tb, the amplitude of C(N)
has also become zero, and so the amplitude and phase of V(N+1) revert to the same as
20 during the period T1 to Ta. During the period Tc to T2, the amplitude of C(N+1) has

also become zero, and therefore V(N+1) becomes zero.

Referring to figure 6, during the period T1 to Ta, C(N+2), C(N+3) and C(N+4) are of
~ equal amplitude, say unity, and mutually laggihg by n/2 radians. Therefore, V(N+3) has
25 an amplitude 6f 2 which is s radians out of phase from C(N+3). During the period Ta
to Tc, the amplitude of C(N+2) has become zero, and therefore the amplitude of
V(N+3) increases to 2x(5/4)'?, that is by a factor of 1.118 compared with the previous
amplitude of V(N+3), and its phase advances by tan™%, that is 26.6°, compared with
its phase during the period T1 to Ta. During the period Tc to T2, the amplitude of
30 C(N+4) has also become zero, and so the amplitude and phase of V(N+3) revert to the

same as during the period T1 to Ta.
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nunber of droplets which are ejected can be varied, so as to perform

mul ti-tone printing. Once a line of pixels of i'nk has been deposited
on the paper 22, the print head 15 10 and paper 22 are noved relative.to
each ot heggiegsfag direction perpendicular to the pl anepef;cREKEEAM NY

of figure 1, and a further |line of pixels of ink can then be :
deposited. Alternatively, this relative novénent may be conti nuous. The

arr angenent . described so far with refere to figure 1 js known,
for exanpl e fF'oWi‘lgiPéﬁPmc‘atedd%EWt%o caLQs “E%%V"'g‘?ﬂin ﬂlaé'Gé"'lWQS to3he
As shown al Soeiﬂ%ohixﬂ&fteof%hemv%?nﬂsn\a@ms&mwo%. 24 i's provided, which
produces a signal G 0). This is fed to a series of three quarter-wave
delay circuits 26 to produce signals 1), ¢ 2) and 3) which phase

| ag t he signa 0) b err]l, [er nd 3[err]/2 radi ans :

r egpect i velgy, %Q&M’ ikY‘?VF%‘}EE‘%é’@‘ '%3“ suluso; Pay ‘hay, be ysgd, fogcexapmple

channels 1g a frtare] s ' i e it sHrde

recei ving bi ng yég%&r?gfdgﬁ%(sl\i{ﬁl D( N+1 #\ﬁﬁ(@ﬁ;ﬁlﬁﬁgﬁ%(llk\lggt)s-o%l&%fﬁt&c e as

conpl et eness, i figurt Her Poiatsaof mptet in figue Viarg the valymeichanges W(INk1) duriog the
N+4) are al,so showp.) The signal ' ed control .a sw

th pr 2)duce a SspRd) q‘@(ﬁ\sggze Wﬂ?%FP ﬁ? %‘Eﬁ%& ?'é(ﬁ > & ﬁ%ﬁ V‘a(“ﬂe hanges RI%QJ'%)B

grounded, in | QeH ; [ +3P

G VTarT,, o SSBBRMEDSE gnind B Qe oF B eyl f 00 i R (b, e

swi t ches 28 umaweformstarenodiongéresquiarg diug lpysHpbrtions( feamvedirom3jonme pprts ofi tke

signal s

10 waveform and added on elsewhere. It will be appreciated, however, the apparatus can

be constructed so that these irregular waves are sufficient to cause droplet ejection.

In the embodiments described above, the channels 16 are groupéd in fours, and signals
are applied which are phase—shifted by ;t/2 radians. Alternatively, the channels 16 may

15 be grouped in larger groups, for example in groups of five or six, in which case the
signals which are applied may be phase—shifted by 2w/5 or /3 radians. - As a
generality, the phase difference between the signals for adjacent channels is 2mn/X
where n is an integer. So far, the description has assumed that n=1, but for other values
of n different phase relationships may be obtained.

20
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- 6- . C(N+1), C(N+2) and C(N+3), respectively. This connection
arrangenent is repeated for every four input signals, e.g DIN+4) to

D(N?r?), eD*&légl}%?tagsD( N+11), and so on. Each - signal C(i )1?] 'ﬁGﬁ?ﬁHﬁﬁj to a

pai r of 30 on the piezo-electric walls 14 to eit
Its respective channel 16(i). The potenti al —-d rference V\(i-l)(l) across

S?Sghmﬁ;l 5 %ebf%il%%]g%; ad gfa%?élfgaﬂ@rgef) gp%g&mfels 16(i-1), 16(i) is
equation 1. ~ The change in vol une of a channel 16(|) caused by

proportional to hﬁ nex il@%@gmﬁd@‘l q,m@ hg;frae@@gjbﬂgut he 10 channe.

The di spl acenent of dachjwall is generally proportional to the potential
di fference acros it. He1\c}e, i f the congtant of prop rtlonaé;lty | § assuge
(i)

to be unity, 1 = 1) (1+1) - i-1)
... equation 2 Eigure 3 of the draw ngs showt h _nentioned. 1
signals plotted 'ih agt{ e 15| 1adscijsye i1 4/€ e et s whepe al| of the |npt
signals D(i) havd-a -t —e+—1S0—as-1Ho prrf—a—trpe—of—fe1t)
density on she p3 p2r 22. | Bs cah 212 s¢els t Hel/Shangs/sof YOI une _ ;
waveyq, . and L nus eNen. rnjectiofr or_tpe
dropl ets 20 il; drédided. | 1/6 2/6 3/6 | 4/6 5/6 0
t2 |6 |0 2/6 |4/6 |0 2/6 |46 |0
l 1 1710 177 2/7 37 |47 517 6/7 0 |
2 17 1o 2771 |47 |67 |17 |37 |57 |o
10 3 1710 3/7 6/7 2/7 5/7 1/7 4/7 0
4 |7 10 4/7 1/7 5/7 2/7 6/7 3/7 0

As can be seen for n=2, X=6 the effect is the same as for n=1, X=3. In cther words
if n and X have a common factor the effect is the same as if that factor is cancelled
15 from n and X. By choosing n = 1, with no common factor, the phase relationship
between adjacent channels of a group can be changed without affecting the grouping
of the channels as a whole. In practice n is chosen to be less than X. For n greater

than X, patterns for n<X are merely repeated.

20 Temperature compensation techniques may be employed, for example as described in
patent applications GB 9605547.0 and PCT/GB97/00733.

Each feature disclosed in this specification, including in the claims, and/or shown in the

drawings may be incorporated in the invention independently of other disclosed and/or

25  illustrated features.
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20 Figure 4 illustrates the case where, in a cycle between tine Tl and

time T2, the channel s 16(N-1) and 16(N+3) are intended to eject
droplets 20 for the conplete cycle Tl to T2, the channels 16(N+1) .and
16(N+4) ameoporizsgled to eject droplets 20 for t he fi rstpctlmmmrters

of the cycle Tl to Tc, the channel 16(N) islbntended to eject droplets

20 for the first half of the cycle T1 to Tb;"and the channel 16(N+2) is
intended to eject 25 droplets 20 for thg%%g&%\guarter of the cycle Tl to
Ta. In Figure 4, the actual volune veforms V(N) to V(N+3) are
shown in bold, and the waveforms of Figure 3, where different, are
overlaid as fel nt traces so that a conparison can be_ easily nude.

can be seen, the voAunethed gfigperatingap dIQP"tOnedemu ti-30n§ printéng apparatys hawng

first half 30 of.th cIeT ‘n | ar hos hown 4 n,fi
and cause a st% ﬁgfﬁso& gﬂgnge-& 3 em§1 ggémeg S%Fﬁ ﬁ'gdf WEL%YF& }
of the cyclse Tesgeetive ink ds\ﬂrot Gk aajacml pumeomarwamels being @eﬁdiﬁedm?mﬁbpecnve

16(N), and so no droplets 20 are elected. In the fourth quarter
-7- cycldivifing walipand each\djvids wall heing mevable in maspoase tesp mplsed wlecrical

50% magni tude,yan4k to apply pressure pulses to the ink in the respective pair of the chansels,

whereby ink can be ejected from the outlets and deposited onto a recording medium,
the method comprising the steps of: |
10 developing for each channel a respective pulsed electrical signal in dependence
upon whether ink is to be ejected from that channel, the signals for adjacent pairs of
the channels temporally overlapping each other and not being in phase with each other;
and '
applying to each dividing wall a combination of the signals developed for the
15 respective pair of the channels. .

2. A method as claimed in claim 1, wherein the channels are arranged in groups
each containing a number X of the channels (X = 3), the signals developed for adjacent
pairs of the channels being generally 2mn/X radians out of phase with each other, where

20 nis an integer not equal to x.
3. A method as claimed in claim 2, wherein the number X is four.

4. A method as claimed in any preceding claim, wherein, for each dividing wall,
25 the applying step comprises the steps of:
applying the signal developed for the channel to one side of that dividing wall
to an electrode on that side of the dividing wall; and
applying the signal developed for the channel to the other side of that dividing
wall to an electrode on that other side of the dividing wall.
30
S. A method as claimed in any preceding claim, wherein:

lines of pixels of the ink are deposited onto the recording medium in respective

i) L]
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are insufficient to cause any droplets 20 to be ejected. The vol une
changes \/( N+1) during the-second quarter of the cycle Tato Tb in the 5
channel” N+1 and the volune changes V(N+3) during the second and thi rd
quartersW 991938 the cycle Ta to Tc in the channel 16(N+3) RGEVFBIfRREHe

di scussed. From equations (1) and (2)x1above, it follows (assum ng
constants of proportionality of - unity) that 10 V(N+1) = C(N+2)
- (2xC(N+1)) ty6led) and - ... equation 3. Referring to

figure 5, durlngthe perlod Tl to Ta C(N+1) and G N+

equal anpl i tude saip eaght teyele leg thoseaf the %@% ?c[@r%f‘}tzmi(a‘ﬂlthﬁscyde begin
Ther ef or e, 1i,

phase - from C( Iﬁl“f}’on%ﬂﬂile begi gerl OdUﬂﬁw%&d%oﬁﬁ#%%‘eftcﬁté&g%ml %ge‘g%?ﬂ%ﬁ%!g)
has becone zertgg eﬁ@@ftdherdyi;me t he anplitude of V(N+1) increases to

2x(5/4)[err that is by a factor of 1.118 conpared with the preV| ous .
anpl i tude V(N+1) and its phase retards by tan[err], that is 26.6[err],

d h
compar ed with daﬁrf) | 14 methbd §§f%§ﬁxéd‘ﬂa %ﬁ&rsoggggwh}g%%g Beals f&@%élﬁf:éc?ﬂ)r

anpl i tude and eabneharmfel fe\gdneralby syaré-owdveesigmate. as 20 during the period
Tl to Ta. During the period Tc to T2, the anplitude of C(N+1l) has " also

beconme zero, and therefore V(N+1) becones zero. Referring to figure

6, during the periof J1dnbd ad BlairtrkdYifdny &f Sifhs 316 SCWNERin #ésighals developed for
10 each channel are generally sinusoidal.

8. A drop-on—-demand multi-tone printing apparatus, comprising:
a series of channels arranged to receive ink from a source, each channel hav_ing
a respective ink outlet, each adjacent pair of the channels being separated by a
15 respective dividing wall, and each dividing wall being movable in response to a
respective pulsed electrical signal to apply pressure pulses to the ink in the respective
pair of the channels, whereby ink can be ejected from the outlets and deposited onto
a recording medium; _
means for developing for each channel a respective pﬁlsed_clcctrical signal in
20 dcﬁendence upon whether ink is to be ejected from that channel, the signals for adjacent
pairs of the channels temporally overlapping each other and not being in phase with
each other; and
means for applying to each dividing wall a combination of the signals developed
for the respective pair of the channels.

9. Apparatus as claimed in claim 8, wherein the channels are arranged in groups
each containing a number X of the channels (X = 3), the signals developed for adjacent
pairs of the channeis being generally 2mtn/X radians out of phase with each other, where
n is an integer not equal to X. - ' |

30

10.  Apparatus as claimed in claim 9, wherein the number X is four.

Hli‘lui‘iiil‘f“ﬁmd i | II!]IIIJ I RN
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equal anplitude, say unity, and nutually lagging by [err]/2 radi ans.
Therefore, V(N+3) has 25 an anplitude of 2 which is-[err] radians out of

phase from C(N+3). During the period Ta to Tc, the anplitude of C(N+2)
has. becoRpogshpmgand therefore the anplitude of V( N+3)pdriigBspnesy tO -
2x(5/4)[err% that Is by a factor of 1.118 corrpared with the previous

anplitude of V(N+3), and its phase advanced2py tan[err] that is 26.6[err],
conpared with its hase during the i,od T a Dur i th er.i.od
Te to T2, thellanpl APERTE 55, 96 CLAD8 §.9: 8 Oowhereim dir softh Fiiding
ampl i tude a“%ﬁbqﬁsxﬁéany&&ﬂa’ﬁpwﬁg%e chtibidifion of iR T%?E gslng the period

Tl to Ta. EET (RULE 26)
-8 - It wi | | mbgnsafuprapplyihg the fsegnamhyelopcﬂ forctitei chmmnehtb dpe sidepof that

b de tg th
may be made d?vxdmeg wall to an electrode on that side of the dividing wall; and = -

5 means for applying the signal developed for the channel to the oth_ei' side of that
dividing wall to an electrode on that other side of the dividing wall.

12.  Apparatus as claimed in any of claims 8 to 11 wherein:
| the signals are such that in operation lines of pixels of the ink are deposited onto
10 the recording medium in respective cycles; and -
in each cycle, those of the channels which are to eject ink in that cycle begin
ejection at the beginning of the cyclé and continue ejection until part-way through, or
the end of, the cycle. '

15 13. Apparatus as claimed in any of claims 8 to 12, wherein the sxgnals developed

for each channel are generally square-wave signals.

14.  Apparatus as claimed in any of claims 8 to 12, wherein the signals developed
for each channel are generally sinusoidal.
20
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embodi ment . of the invention as described above. For exanpl e,
waveforns ot her than sinuscidal waveforns nay be used, for exanple 5

square WBWQBQ&ﬁBB as shown in figure 7, in which the inputs on line D are
t he sane as $n figure 4. Points of note in figure 7 ar ®QIGBIsw268vE

changes V(N+1) during the second quarter of the cycle in the channel
16(N+1), and the vol une changes V(N+3) during the second and third
gquarters of the cycle in the channel 16(N+3). Here, the “waveforns are

no | onger square, but have portions renoved fromsone parts of the 10
wavef orm and added on el sewhere. It will be appreciated, however, the

appar atus can be constructed so that these irregul ar..waves are
sufficient to cause droplet ejection. In the enbodi ments descri bed
above, the channels 16 are ‘grouped in fours, and signals are applied

whi ch are phase-shifted by [err]/2 radians. Aternatively; the channels 16
may 15 be grouped in |arger groups, for exanple in groups of five or six,

i n which case the signals whi ch are applied may be phase-shifted by
2[err]/5 or [err]/3 radians. lity, the phase difference
bet ween the signals for adjacent channelggf 2[err]/ X where n is an

I nteger. So.far, the description has assuned that n=1, but for other val ues
of n different phase rel ati onshi ps may be obtai ned. 20

24 26 '
ISVl - /
e(o:[ G{‘l-)]’ Gi2 em] 12 -

28
D‘N") > L C{N-ﬂ r=
WN-1) ==
DIN) > o Ny B
i
+ WIN)
DIN+1) > < (N+1) E
" f' WIN+ 1)
. " WIN+1E
DIN+2) >~ e N+2) F==
¥ WiN+2) s
DN +3) >— Y N+3) IN+3) o
<+ WIN+3) =
DIN +4) >— -3 CN+4) {N+4) [=-
Sjeear 50
+ L. \'160H€D

— e e - -

s -

- e s W e e

——— - - A - -

i e R T pr—
.
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- 9- The follow ng table of exanples illustrates the principle:

n X Relative channel signal phase as fraction of-.2[err] -

1 . 4 5 6 7 8 L 5
0 MWe9in2m38> 3/5 45 0 5 2 5 0 pcricesdides? 4/5
1/5 3/5 0 1 6 0 1/ 6 2/ 6 3/6 4/ 6 5/6 -
0 2 6 0 2/ 6 4/ 6 0 2/ 6 4/ 6 0

1 7 0 1/ 7 2/ 7 3/7 4/ 7 517 6/ 7 0 2 7

0 217 4/ 7 6/ 7 1/7 3/7 5/7 0 10 3 7
3/7 6/ 7 217 5/ 7 1/7 4/ 7 4 7 0 4/ 7
1/ 7 5/'7 217 6/ 7 3/7 As can be seen for n=2, X=6
the effect is the sane as for n=1, X=3 ther words =~ if n and X have
a common fact or the-effect is the sane fﬁ that factor is cancelled '

Gio)

CiN+2)

CIN+3}

6.60

CIN +4)
VIN+3)

FIG. ©
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15 fromn and X By choosing n [err] 1, with no comon factor, the phase

rel ati onship bet ween adj acent channels of a group can be changed

wi t hout %ﬁ@ 5&@ t he groupi ng of the channels as a whole. In practice
nis chos d | ess than X. For n greater than X, pBET/EBAR03687 n<X
are nerely repeat ed. 20 Tenperature conpensation techni ques nmay be

enpl oyed, for exanple as described in patent applications GB 9605547.0
and PCT/ GB97/00733. - BEach feature disclosed in this specification,
including in the clains, and/or shown in the drawi ngs may be

I ncorporated in the invention |ndependently of . ot her dlsclosed and/ or 25
Illustrated features.

CLAI M5 1. A method of operating a drop-on- denand mul ti-tone
printing apparatus having a series of channels arranged to recelve
ink froma source, each channel havin respective.in each
pai r of adjacent channel s being separ%f%d y a respective [)
_ : l
DN-1) _4-_------------~---------- -------------- % S
- : ) ’
L e b o
DIN#1) o e e U — D
[} - M - 1
DIN#2) o g
1 N 1
() qm——-
-} . L]
DIN+4) . e
i r
t ]
CIN-1) = - - = > > ANS -

) . 1
ol AU A A AR N -
N+ AN AT A A NSNS A
CN+2 KA A AAAAS A -

CiN+3) = -

}
CN+l)  — A A AN A A DA AN e -

’
}

WIN)N+1) - NI 7 VARV ARV

WIN+ 1N +2)
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5 dividing wall, and each dividing wall being novable in response to a
respective pul sed el ectrical signal (hereafter -called a "wall = _
signal") to apply pressure pulses to the ink in t he respective pair
of the chwmed/rz3svhereby ink can be ejected fromthe outl et pcembosnzesy
deposited onto a recording nedium the nethod conprising the steps of:
devel opi ng for each channel a respective pul sed electrical signal
(hereafter 10 <called a "channel signal") in dependence upon whether ink
is to be ejected fromthat channel, the channel signals for pairs of
adj acent channels tenporally overl appi ng each ot her and not. being in

phase wth each other; and a ying to each dividing wall as
said wall signal a conbination .of the 4_/ ‘respective chann?:@lal :
devel oped for the said pair of channels wal | signals 15f r §C ely

applied to the walls joounding a channel together causing droplet gjection
when t he Chanrbﬁ\h si grfa—for—tiat Thammet SU TEquiTES: P———A
met hod. as claineé i'nC1aT i 17 TWherel T TRE “¢hanneTl S —arg arranged T1-groups
each containiq?Np nu ) X Jerr] 3), the channgt—signals
devel oped 20 or panrs of "adjacent” channél's bel ng generally Z2[ernJ i/ X

radi ans out O&Nphase'ﬁﬁth gacn Ot Ner . _Wiere n_ IS _pn_integer not—equal

to X. 3.  A'method as clainmed in claim?2. ~wh

'method as clained in claim2, wherein the nufber "X is
four. 25  dpN+2) A-¢Etﬁ§§_§§_gHained in any preceding claim whefglh, for
each dividing wall, the wal |l signal conprises the conbinationp of:

thfaI channel sougegl d¢veloped Tor _the chappel ta one_side of "Thai_@rviding
‘wa [ t

DIN+8) . e~ o l__ .

H : H
T

CiN-1) = - -

1 '
o —AAVAAVAAVAA NS

S¥E

CiN+3) —WVW\N\%\W“ -
- ] o
CN+e)  —AAAAAAAA A A A -

1 3
. '

]
VIN+1}  — 4\/\]*‘,f‘j} : -
: ? ' ? '
! 3 H {
{ ! / y 7 J P 1
VIN+3) — RN Y S ACAVAT, --
1

1
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and applied to an el ectrode on that side of the dividing wall; and

the channel signal devel oped for the channel to the other side of that

di vi_di ng SvgpﬁﬁHssand applied to an el ectrode on that other side of the
I :

di vi di ng wa A method as claimed in any precectffHGB23/0R6RT
wher ei n: Ilnes of pixels of the ink are deposited onto the
recordi ng mediumin respective cycles; and I n
each cycle, those of the channels which are to eject ink in that cycle
begi n ej ection at the beginning of the cycle and continue ej ection
until part-way through, or the end of, the cycle. A nethod
as claimed in any preceding claim rgrn the channel S|g
devel oped for each channel are gener IVQEEquare-mave si gna l(;; ;7
!
L e —;'_~.—----
DIN) _.[: ------------------- 1 | I
DIN#T o oo o ! -
pIN+2) - ] . |
1 : y
PN+ e e e ————— L
) |}
DIN#8) ] o e | -
. 1 : 1
) St t
CIN-1) - r td- =l Tl = gl o i o o o = —htd--
CIN)
CiN+1)
C(N+2)
CiN+3}
CiN+4)

t ) '
woae ) = PR
: . 1
wmmmm—m%%ﬂuﬁfwm _
, |
wivsznea— 4G 7L P AR AR AP F R -

=F

i
[}
WIN+3){N+4)—
]

. e oae - on - -

VIN)
ViN+1) ~ - T - n ¥ \
VIN+2)  —F{ET1L - .

VIN+3)
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7. A WEWW -of claims 1 to 5, wherein the channele-
signal s d for each channél are generally. sinusokdal.-10 - -
8. A drop”m’ﬁm JMW jjy t one printing apparatus, cqnprising. - -
a series of c¢hann mli to receive Lng.froma source, each channel
havi ng a respecti! ve itk outlet, each pair of adjacent channel s being
separated by a respective di vi di ng gplAiMsand each dividing wal |l bei ng
novabl e in response to a respective pulsed 15 electrical signal (hereafter

call ed a "wal 1. si gfamethadoofgneratingradropron-gamangsmulsi-tone prisking apparatus thawing

' i ' f h | by. I nk b d,f he .
out ot s and’ 2 scPiss 8 GHARRHIE Rrednad B Fobtivk i dfki o scteeE, Sicn Eiihel Faving
devel opi ng f O&eﬁéﬁhecﬁkrﬁiﬁiet,aearcﬁsﬁalﬁcéf ¥fadeit eRshn@lseKeing S@arsbdBe a respective

(hereafter called a "channel signal") in dependence upon whethef ink'is to
be ej ect ed320 dividing\walktand icachhdividing wall fhaimgahoabimial resgiomse pma respedtivedjuisednt

channel s tenporall . ver L appi.ng each ot hey .and not being,in se.with
each other; a {fc{nc\él mgna.ﬂ (ﬁer.eﬂ,égﬁ@lngp I )8 a.gglgrprﬁsy{edﬁﬂgfsvgg:ge ik In
said wal | si gaf redp&@iveigai! 60theKhannels, &ﬁ?ﬁl@}eﬁﬁeﬁd Ne ejé-ﬂts"éﬁnf?&msthg RAtiSts and

devel oped for the said pair of channels, wal [ signa respectively
appl i ed to thdepasited obtoua déoopding miesiium) theayethbd comprisingghel steps of: ej ecti on

25 wh th h | si | . f hat | ' . . .
Apparat s as ol ai OB PPIBE Ao Bk e 1 FRearRIare Blaicat siggalChoreater
groups 10 egglfedcH "‘élﬁnﬂ%l”ﬂgﬁ’al"b?or entlenbe bp6n WhiHee sk (ol ll?er Ejkctdd frdod Shat

channel signals devel oped . alrs of "adjacent channel s “"bei ng
gener al | y 2[ echdmmelX theachaanel signalsofor phins ef adjadentechannd® tempdrelly owdréapping éash an
I nt eger not egttﬁ%

1— a}u? n%(t' being in phase with each other; and
applying to each dividing wall as said wall signal a combination of the
respective channel signals developed for the said pair of channels, the wall signals
15 respectively applied to the walls bounding a channel together causing droplet ejection
when the channel signal for that channel so requires.

2, A method as claimed in claim 1, wherein the channels are arranged in groups
each containing a number X of the channels (X = 3), the channel signals developed
20 for pairs of adjacent channels being generally 27n/X radians out of phase with each

other, where n is an integer not equal to x.
3. A method as claimed in claim 2, wherein the number X is four.

25 4. A method as claimed in any preceding claim, wherein, for each dividing wall,
the wall signal comprises the combination of: ,
the channel signal developed for the channel to one side of that dividing wall
and applied to an electrode on that side of the dividing wall; and
the channel signal developed for the channel to the other side of that dividing
30 wall and applied to an electrode on that other side of the dividing wall.

5. A method as claimed ir—l-a'my--preceding claim, wherein:

lines of pixels of the ink are deposited onto the recording medium in respective
cycles; and This is the replacement sheet
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11. Appar at I any of claims 8.9 ar, 10 y\;hereel.n fQre eq'(,:

di Vi di ng wal'l | "t he ns for applyinpp- t he conmbi nation of channée
signal s conpri ses: means for applying the channel signal

devel oped for the @ghaguhedycle) those ¢f te chinnels whichhieé talieject!inkcinvbhbd cyobe begin
el ectrode on that side of the dividing wall: and 5 means for

appl yi ng the ejeetioneat the deginning.ef thp eycle gnd coRtinueiersion st partyyayethrough, or
si de of that ﬁ{ev'n%'or}g waII to an el ectrode on that other side of the
dividing wall: " Apparatus as clained in any of clains 8 to 11

wher ei n: the channel signals are such that in operation |ines
of pixels of the ink are
5 6. A method as claimed in any precedmg claim, wherein the channel signals

developed for each chanriel are generally square-wave signals.

7. A method as claimed in any of claims 1 to 5, wherein the channel signals
developed for each channel are generally sinusoidal. |
10
8. A d:op-on;demand multi-tone printing apparatus, comprising:
a series of channels arranged to receive ink from a source, each channel having
a respective ink outlet, each pair of adjacent channels being separated by a respective
dividing wall, and each dividing wall being movable in response to a réspective pulsed
15 electrical signal (hereafter called a "wall signal”) to apply pressure pulses to the ink in
the respective pair of the channels, whereby ink can be ejected from the outlets and
deposited onto a recording medium,;
means for developing for each channel a respective pulsed electrical signal
(hereafter called a "channel signal") in dependence upon whether ink is to be ejected
20 from that channel, the channel signals for pairs of adjacent chanmels temporally
overlapping each other and not being in phase with each other; and
means for applying to each dividing wall as said wall signal a combination of
the respective channel signals. developed for the said pair of channels, the wall signals
respectively applied to the walls bounding a channel together causing droplet ejection
25 when the channel signal for that channel so requires.

0. Apparatus as claimed in claim 8, wherein the channels are arranged in groups
each containing a number X of the channels (X = 3), the channel signals developed
for pairs of adjacent channels being generally 27n/X radians out of phase with each

30 other, where n is an integer not equal to X.

10.  Apparatus as claimed in claim 9, wherein the number X is four.
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1Q 'depogited onto the,re’co-'rdi"ng -medi umin respective cycles; and, =~
in eagh eycle, those of the channels which are to eject ink in that:gycke
begi.n’ ejection at the beginning of the cycle and continue ej:egtion
until part-way through, or the end of, the cycle. 15 13. ss s
Apparatus as clainmed in any of clainms 8 te 12% wherein the channel signals

devel oped for each channel- are generally square-wave signals. 14,
Apparatus as dilai metPPaaEs ¢s claimedinveny of elaims 8wi9eorel G wheesinhforresich siividings

devel oped 1" Gt ng WRAARE tor ity Blebdntoihbtdt hoet Fgnats comprises:
means for applying the channel signal developed for the channel to one side of
that dividing wall to an electrode on that side of the dividing wall; and
5 means for applying the channel signal developed for the channel to the other
side of that dividing wall to an electrode on that other side of the dividing wall.

12.  Apparatus as claimed in any of claims 8 to 11 wherein:
the channel signals are such that in operation lines of pixels of the ink are

10  deposited onto the recording medium in respective cycles; and
in each cycle, those of the channels which are to eject ink in that cycle begin
ejection at the beginning of the cycle and continue ejection until part-way through, or

the end of, the cycle.

15 13.  Apparatus as claimed in any of claims 8 to 12, wherein the channel signals

developed for each channel are generally square-wave signals.

14.  Apparatus as claimed in any of claims 8 to 12, wherein the channel signals
developed for each channel are generally sinusoidal.
20
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