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Qperation of Dropl et Deposition Apparatus The present
invention relates to methods of operatihg pul sed dropl et deposi tion

apparatus, in particular an inkjet printhead, conprising an array of
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t herefrom connecti on neans for connecting the channels with a source
of droplet fluid; and electrically actuable means for ejecting a
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conprise piez material “in at sone of the side walls.

The | ast of féheomicotingthe¢ charetklsiuitine svurcdiofairoples fiuié; amheleptricallylactuable
“mul tipul se greyscale printing": firing a variable nunber of ink droplets
froma mesing Jor eisicdinged dveplet from aifelected chaanef tine, the droplets
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successi ve dropl ets ejected fromany one channel indicates that the

ej ection velagthwisefdirection sfitheachmnuelscinupwhich ¢an beodidpladed int respodnseafosihebe

noted that this spacing is the sane for channels ejecting a high .

nunber of dectuating signalorTheelestrically) actuablg meansatypically gomipsise grieznalpstsics .
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Figure 1 is taken from the aforementioned EP-A-0 422 870 and illustrates

diagrammatically droplet ejection from ten neighbouring printhead channels ejecting
20  varying numbers (64,60,55,40,etc.) of droplets. The regular spacing of successive
droplets ejected from any one channel indicates that the ejection velocity of
successive droplets is constant. It will also be noted that this spacing is the same
for channels ejecting a high number of droplets as for channels ejecting a low
number of droplets.
25 In the course of experiment, several deviations from the behaviour described

in EP-A-0 422 870 have been discovered.



depending on the total nunber of droplets ejected in one go froma given
channel . wopog/s1508i s is not a desirable condition: as is gemeraBsg/ok3zown,
variation in drop velocity | ead® to dot placenent errors.
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a waveform- well known in the art - is illustrated in figure 3a and

pl aces |gads it idotpthodmentedrromsi tial ly in an expanded condition (a
"draw' as at E), subsequently switches to a contracted condition (a

"reinforce” Ashil finding réfalesaacthtdwoyclecdperatist of dise printidad hdestydvedl back
toits original condition. As 25 shown in figure 3a, the draw and
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enabled channels ejecting one or more droplets in accordance with incoming print

- data as described above. It has been discovered that the velocity of the single,

large drop. formed by the merging of such droplets will vary depending on whether

15 the adjacent channel in the same group is also being operated (i.e. 1in 3
channels) or whether only the next-but-one channel in the same group is being
operated (i.e. 1 in 6 channels).

These findings are illustrated in Figure 2 which shows the velocity U of the

first drop to hit the paper (which rﬁay be a single droplet or a large drop made up of

20 several merged droplets) against the total duration T of a draw-reinforce-release
(DRR) actuating waveform. Such a waveform - well known in the art - is illustrated
in figure 3a and places a printhead channel initially in an expanded condition (a
"draw" as at E), subsequently switches to a contracted condition (a “reinforce" as at
RF) and then "releases" (as at RL) the channel back to its original condition. As

25 shown in figure 3a, the draw and reinforce periods of the waveform used to obtain

figure 2 are equal and have a peak-to-peak amplitude of 40V (this need not

necessarily be the case, however). Each repetition of the waveform results in the
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ej ecti on OB opl et and, as shown in figure 3b, the wavREHGEINBIZ8De
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i ndependent of (a) whether or not channe in
objective the avoidance of such dot placement errors when generated by the newly—

discovered phenomenon described above.
Accordingly, the present invention consists in a first aspect in a method of
operating an inkjet printhead for printing on a substrate, the printhead having an
25  array of channels; a series of nozzles which communicate respectively with said
channels for ejection of droplets therefrom; connection means for connecting the
channels with a source of ink; and electrically actuable means associated with each

channel and actuable a plurality of times in accordance with print tone data,



vicinity of said selected channel are simlarly actuated to effect drop
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waveform of around 7.5[err]s or greater will 20 result in a fairly

const aiiCinity ot said seleciedghanne! ane gimilanysactuated ie effestdipsejestion.

Figure 2 was obtained using a printhead of the kind disclosed in the

af or emsimubareoVgp Witcdmop ejedtibnfiany said selestq¢d chanonél, ands®) thé munsider engt h
to velocity of pressure waves in the ink of approximately 2err]s. As
i s knowf droplets to be ejifd@d in 8868rdance wittathd prinktoste dataat i o corr esponds '
approximately to the tine 25 taken for a pressure wave in the ink to
tragel the Prefeded kabriimeatgohthis firstlaspéct dfthe inventimt apslsef ogtsipitheat i on

of | ongitudinal pressure waves in the channel. This is reflected in
the "1 depeddent ciis drichdesoiption. fie mveationailéo peaipriviest dvapletadaosifion
(:4[err]eg) at Vm8/51504 Fip oo

PCT/ CBYppatai®is and drive circuit means adapted to operate according to thede claims.
Thus, in accordance with the claims, it has been discovered that there are
certain advantageous values of total waveform duration T at which the
15 aforementioned variation in velocity is much reduced. In the case of Fig. 2, it will be
seen that by operating a printhead with a waveform of approx. 3.8 us duration, the
velocity remains fairly constant at around 12 m/s regardiess of the number of
droplets ejected in one go or the firing/non-firing status of adjacent channels in the
same group. Similarly, operation with a waveform of around 7.5us or greater will
20 result in a fairly constant velocity although, at only 4 m/s, this is less desirable.
Figure 2 was obtained using a printhead of the kind disclosed in the
aforementioned W095/25011 and having a ratio (L/c) of closed channel length to
velocity of pressure waves in the ink of approximately 2us. As is known from
WO087/18952, for example, such a ratio corresponds approximately to the time
25 taken for a pressure wave in the ink to travel the close.d channel length i.e. half the
period of oscillation of longitudinal pressure waves in the chanhel. This is reflected

in the "1 in 3/ 1 dpd" trace which has a resonant peak at that value of T (=4us) at



whi ch the conpression and expansi on el enments of the actuation waveform are

each of 2‘]!’9r9g)f3£5°ﬂuration. Thus, expressed in terns of L/c, PEHEBEPY ageous
val ues referred to above are 1.9L/c and > 3. 75L/c respectively.
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plet-elaationdr Hses
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manner in which they are determ ned -, nanely froma graph of the kind shown
in thatrenjyonex- rather tharcapivralitye af-gropsriged/be eirded &¢ feren $he pented i on
waveformduration 20 T, velocity data U is obtained either fromanalysis
of 19 he dobenithg substratenkn egntegsiciradltipulse grgysealet operationsuibswhighea novi ng at

a known speed or - preferably - by observation of _droplet ejection
st r oboplurplityadi grophetsrformithe msitdehdot - typically requiresi g pristheashiovehight the
obt ai ned for another printhead of the kind discussed in W95/ 25011

with Lhelfggriod ofjoatillatior [of longitudinklqresauicowaves lin tie chanheldaks aovglaek
not exceeding 5 us, preferably not exceeding 2.5 us, in order that sufficiently high
repetition frequencies and, secondarily, sufficiently low droplet volumes can be
15 achieved.

Whilst the aforementioned advantageous values of waveform duration will
vary with printhead design, actuation waveform and dot printing frequency, the
manner in which they are determined - namely from a graph of the kind shown in
figure 2 - will remain the same. For various values of actuation waveform duration

20 T, velocity data U is obtained either from analysis of the landing positions of ejected
droplets on a substrate moving at a known speed or - preferably - by observation of
droplet ejection stroboscopically under a microscope.

Figure 4 shows data obtained for another printhead of the kind discussed in
WQ095/25011 with L/c again equal to 2us and actuation with the 40V peak-to-peak

25 DRR waveform of figure 3a. The figure shows not only the extremes of 1 and 7 dpd
operation but also the intermediate values of 2,3,4,5 and 6 dpd, each being fired

with both "1 in 3" and "1 in 6" péttems.



25 DRR waveformof figure 3a. The figure shows not only the extremes of 1
and 7 dpdwo9s/sisoeper ati on but al so the internedi ate val uespei/ghogofksy and 6
dpd, each being fired with botle "1 in 3" and "1 in 6" patterns.
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result.not, only. in | ower droplet ejection velocities but also a greater
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rate. For acceptahle print . .quality - i.e. to ensure accurate

pl acen’é‘?ﬁ“"o‘Fotp&i‘lMt"é wet dropletejegtion velasitiesibut alsoeaa greater wasiefarni on
velocity of at least 5 m's - and preferably at |east 7 m's has been found
to 10dUpioneeveraliand a correspondingly lawern dobptisting patet Fot ackeptableqiring (UL
, U2) of first and second droplets ejected froma printhead of the
ki nd ugualityo ishitaienstirg aceurateplicementafirintad efots ondusabsteate - a droplét |t
is believed to offer an explanation of the behaviour shown in figure 2,
narel yejection veldeily cftatdeast:s m/s alandspreferiiblyhat leakbZirhis his béeh feusegond
droplet to be ejected is 15 greater than the velocity Ul of the first
dridpl ebetrecessanect ed. The second dropl et consequently hits the
first droplet fromthe rear, the resulting |arger, nmerged drop

having a VeFlguire)s isreplotiof theweldbity U 1007 6f HAR a9 SooMeIdrablutt eided_ dpd

i
corresponds to the velocity peaks 1n the "1 in 3"/7 dpd and "1 i
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T. It is believed to offer an explanation of the behaviour shown in figure 2, namely
that at certain values of T the velocity U2 of the second droplet to be ejected is

15  greater than the velocity U1 of the first droplet to be sjected. The second droplet
consequently hits the first droplet from the rear, the resulting larger, merged drop
having a velocity greater than U1 (by conservation of momentum). This
corresponds to the velocity peaks in the "1 in 3"/7 dpd and "1 in 6"/7 dpd curves of
figure 2. In contrast, there are other values of T where U1 and U2 are substantially

20 equal and velocity differences between single and multiple droplet ejection are
minimised. The aforementioned advantageous operation points occur where these
minima coincide with points of minimum velocity variation due to changes in
printing pattern between "1 in 3" operation and "1 in 6" operation.

A similar increase in ejection velocity over previously ejected droplets has
25  been noticed in the ejection of the third and subsequent droplets of a train of seven

droplets. It is believed that this behaviour corresponds to a build up in the acoustic

energy remaining in an ink channel at the end of each actuation waveform. It is
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t he acoustic energy remaining in an ink channel at the end of each

act uati on weN€hfdritioned alsove, the "DRR" wiefmbdiidin in figure 3a need not
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and 4, the printhead was _of t sed,in W)95/25011 and
havi ng elegtian welosity (Yhgf BuBish s w% flgpéﬁs 8@%#4 the prighead was abthesking t he
channel, 2L/c, of approximately 4.4[err]s. w |l be seen that at

disclosed in WO95/25011 and havmg a period of longltudmal oscillation of
pressure waves in the channel, 2L/c, of approximately 4.4us. It will be seen that at
values of contraction period duration (DR) of around 2.5us and 4.5us, different

15 values of waveform amplitude V are necessary depending on the droplet firing
regime.

In the case of DR=2.5.is, a peak-to-peak waveform amplitude (V) of only 27
volts is required when applying the waveform seven times in immediate succession
so as to eject seven droplets (7 drops per dot (dpd)) from one in every three

20 channels (“1 in 3" operation) in multipulse greyscale printing mode. In contrast, a
value of V=32 volts is necessary to achieve the same droplet ejection velocity when
applying the waveform only once so as to eject a single droplet (1 drop per dot
(dpd)) from one in every six channels (“1 in 6” operation).

In practice, variation of waveform amplitude with droplet firing regime would

25 require complex - and thus expensive - control electronics. The alternative solution

of a constant waveform amplitude, whilst simpler and cheaper to implement, would



val ues of contraction period duration (DR) of around 2.5[err]s and
4.5[err] woessiber ent 15 values of waveform anplitude V aPer/cBe%&ISST v
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consequent cldnmioptitht a source pif dnkgnand electrinaifyaa;:mhtdcusm asisogiated with each
According to a second aspect, ng'e %r esent invention, consi s&s i,n a nethod of
5  operat Fhapneh anckjastuable @ pEHAlNL OfpHMES; My agromdagge SWHht pring fene data,
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and actuabl e a Bpplyihg tayplafalityEfSelebtrivut Gigiadls to theé leldutiibally ARG smeak
thereby to eject a’correspondi ng nunber of drﬂgl ets to forma printed dot
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substantially i ndependent of (a) whether or not channels in the vicinity of

sai d selected channel are similarly actuated to effect drop ejection simultaneously with

drop ejection from said selected channel, and (b) the number of droplets to be
ejected in accordance with the print tone data.
20 This second aspect of the invention results from the discovery that there are
values of contraction period duration (DR) at which the droplet ejection velocity
- remains substantially constant regardless of the droplet firing regime. Operation
in such ranges allows waveforms of constant amplitude to be used regardless of
operating regime and therefore without the risk of droplet placement errors.
25 Preferred embodiments of this second aspect of the invention are set out in
the dependent claims and description. The invention also comprises droplet
deposition apparatus and drive circuit means adapted to operate according to these

claims.
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In the case .of fi 6 L e le,..such st ant avigur rs in the
appr ox PPQf%'P’%%‘X?éE/é’[%df? $ 1<6g§5)[°§rtﬁulfﬁlbﬁg&r 23 (kgmeéﬁﬁﬁé ﬂ§%l t age
waveform . litude roxjmately 31.5 volts), .with particularly close
agr eenﬁﬁﬁ'%?mégnﬁa-/c- &pe&%‘ﬁﬁm %h@s Oﬁﬁ@&ﬁﬁﬁéoéééﬁ'%ﬁo eQYPER s, and
in the range 3.(Jerr]s < DR < 3.6[err]s 5 (corre:s%ondi ng ,vol t age waveform
anpl i t iRwer averall wayeformudurgtion wiich !%Awm alipws |a/higher wayefoen rppetition
Expressed in terns of half period of oscillation, L/c, these ranges are
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which in turn allows a higher waveformrepetition 10 frequency. The | ower
oper at iplagosiédtteganatariah of thee pridthesideacteptardvalls. tror the8g eeagens, dieration <

2.2[err]s range also gives rise to correspondingly | ower heat generation in
the intheloveatangerisdorbs prefedredf the printhead actuator walls. For these

reasons, operation in the lower range is to be preferred.
It shoul d bdt sipulddieuppradiatedihanphintheadhchiarattoristics obtaibedifoea for a 15
constant droplet ejection velocity (U), as shown in figure 6, will include

comsi stceAbtant droplet ejection velocity (U), as shown in figure 6, will include consistent
fluid dynamic effects such as nozzle and ink inlet impedance which are themselves
known, for example, from W092/12014 incorporated herein by reference. The
characteristics will incorporate viscosity variations, however, brought about by a
variation in heating of the ink by the piezoelectric material of the printhead with
20 variation in waveform amplitude (V). Piezoelectric heating of ink in a printhead is
explained in WO97/35167, incorporated herein by reference, and consequently will
not be discussed in further detail here.
Conversely, printhead characteristics of the kind shown in figures 2,4 and
obtained for a constant waveform amplitude (V) will include consistent heating
25 effects at the expense of varying fiuid dynamic effects. It will be appreciated,
however, that at those operating conditions according to the present invention at

which waveform amplitude and droplet ejection velocity remain constant
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dropl ets eéo forma single, variable-size, dot on a substrate w thout
si mul t aneoGRMEHSusing 15 the ejection of unwanted droplets (so called

205 ey, ) TSRS SSOEPR Ay AU
a period ohavisgy pedpdaf losgitudianl oscillation exfspressure weavesrintthe chaanek (2L c)
of approximately 4.4us, a nozzle outlet diameter of 25um, and a hydrocarbon ink
20  of the kind disclosed in W096/24642. Other parameters were typical, for example
as disclosed in EP 0609080, EP 0611154, EP 0611655 and EP 0612623.

As explained above, for a given printhead design operating at a given peak-

to—peak actuating voltage, it is possible to empirically determine advantageous
operation points at which the velocity of an droplet ejected from a channel remains
25  independent both of the number of droplets to be ejected from that channel to form
a single printed dot on the substrate and of whether or not neighbouring channels

are also actuated to effect droplet ejection.
There remains, however, the potential problem outlined in W097/35167 of

a variation in ink viscosity — and a resulting variation in droplet ejection velocity
30 with
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t he frﬁ@msrﬂtfoy\@ggﬁcﬁéﬁm@t ej ection takes place. In the case of a
print head utilising chanbers the volune of which is variable by a

pi ezoel ectri t
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turn i Li e amount o
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TrD 1 olfEBHPHGY aPBE I SpLENGER PSP e el R fs%qnanqylgm;a florgy
(1dc) frequency, tio single droplet (1 dpd) h_ (1 04dc)
freque(‘i-‘g,jys &topgﬂ (7888) qow(@ficﬁgf)@gHea )5}519@(3 OFH SeN@WCtTSEE (7epdlency
oper at i z ieven dr opl et g (104dc) frequency)
oper at ( BPauaRcY) epeiR @aumhe; e‘é!bﬂldés(p@frm)sc@'éﬂta) corresponyig tpai nt i ng
fr equenc of 60Hz - a dot being fornmed by the ejection froma channel
of onedelPHBIRg ireapgerey of ROHZspardat heing iermapd bydhei ejaction frem archannel
actuating 15 waveforns - and 104 dc corresponds to a dot printing
f r equetOneforanore-gropietstingesponse to the application of one or more actuating
15 waveforms - and 104 dc corresponds to a dot printing frequency of 6.2kHz. In the
particular example, actuation was by the waveform of figure 7 with the
advantageous DR value of 2.2us as determined from figure 6.
Comparing characteristics (a) and (b), it will be seen that, at any given value
of peak-to-peak waveform amplitude (V), the droplet ejection velocity (U) from a
20 channel firing at 6.2kHz is between 3 and 5 m/s (on average 4 m/s) greater than the
value of U for a channel firing at 60Hz. Furthermore, the value (Vmin) of waveform
amplitude below which droplet ejection no longer takes place is lower (29V giving
4 m/s) at the higher firing frequency that at the lower firing frequency (30V giving 2
m/s). There is also a corresponding reduction in the value, Vmax, of waveform

25 amplitude above which the printhead is no longer able to eject droplets due,

amongst other things, to the known problem of air-sucking.
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effect droplet ejection (at 4.5m/s) in regime (d) as against the 30 volts needed to
eject a droplet (at 2.5m/s) in regimes (a) and (b). This behaviour is believed to be
attributable to a reduction in ink viscosity brought about by increased heat
15 generation in the piezoelectric actuator when operated to eject higher numbers of
drops per dot.
As already mentioned, a droplet ejection speed of at least 5 m/s is necessary
for effective image formation. In the case of a printhead operating in accordance
with figure 8, it will be noted that there is no common value of V at which droplet
20 ejection in excess of 5 m/s can be obtained for all operating regimes. Such a
printhead is said to have no operating window.
The solution to the above problem is also described in the
aforementioned WO87/35167 and entails supplying the actuating mechanism of
each chamber with one of several voltage waveforms depending on whether
25 droplet ejection is required. Where incoming print data dictates that droplet ejection

is to take place, a waveform according to the present invention - for example

having an advantageous DR value of the kind discussed with regard to figures 6
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dropl et LhESHILTGeBEHNEY, Speration is well-known - e.g. from WO95/25011 - and
consequently will not be discussed in greater detail.
By offsetting by an amount “P” the voltage pulse 60 applied to a channel
belonging to an enabled channel group relative to voltage pulses 70 applied to
15  neighbouring channels belonging to non-enabled groups, it is possible to generate
across the actuator walls bounding that enabled channel an actuation waveform,
shown at 80 in figure 9, that has the same value of peak-to-peak amplitude (V) as a
corresponding droplet-ejecting waveform but a duration of contraction and
expansion periods reduced to a level where heat generation - but no droplet
20 ejection - takes place. Aiternative non-ejecting waveforms in which amplitude
rather than duration is reduced to a non-ejecting level may equally well be used.
Examples are disclosed in WO97/35167.
Figure 10a is an example of the ejecting and non-ejecting actuation
waveforms that might be applied to three neighbouring channelé belonging to
25 three successively-enabled channel groups A,B and C in the case where the

incoming print data specifies 100%, 0% and 42% (3/7) print density respectively.
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During the period of enablement 140 of the channel belonging to group C,
three ejecting waveforms 150 followed by four non-ejecting waveforms 160 are
applied, thereby to eject three out of a possible seven droplets to form a 42% sized
printed dot yet maintain the ink in that channel at temperature corresponding to

15 seven drop ejection.

Cycles A, B and C are subsequently repeated, droplets being ejected in
accordance with print data.

Figure 10b illustrates the corresponding voltage waveforms applied to the
channel electrodes of the three neighbouring channels to generate the actuating

20 waveforms shown in figure 10a.

As explained in WO97/35167, the necessary level of heat generation by a
non-ejecting waveform may be established by a simple process of trial and error.
Figure 11 shows the effect of varying the offset, P, referred to above for a channel
actuated at a frequency of 6.2kHz (the aforementioned “104dc” operation), the first

25 cycle comprising a train of seven droplet-ejecting waveforms - as per cycle A in
figure 10a - and the following 103 cycles each comprising a train of seven non-

ejecting waveforms as per cyclé. B of figure 10a. P values for the non-ejecting
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Whilst the value of P=0.35 is believed to apply to all printheads having

15  similar thermal conduction properties to those of the general printhead construction
outlined above, it will be understood that other printhead designs may well have
different thermal conduction properties. Similar considerations apply to the ink
used in the printhead. In such cases, different values of P will be necessary, to be
determined by an iterative process such as outlined above. Reference to

20 W097/35167 is made in this regard.

The higher velocities of the characteristics having P greater than 0.35 (i.e
20P=0.4 and greater) correspond to an amount of heat being given to the ink by a
non-ejecting waveform that actually exceeds that generated during normal droplet
ejection.

25 Figure 12 illustrates the performance of the printhead used to obtain figure
8 when operated using a non—ejecting waveform having P=0.35 as determined in
the simple trial and error method outlined above. It is clear from the figure that
droplet ejection velocity U is independent of whether one or seven droplets are
ejected to form a printed dot on a substrate and/or whether the train of one or

30  seven droplets
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print head designs may wel |l have different thermal conduction

Pr aper to fe opbratiol desutbededfveowith 3BfarEnés td *ﬁgurélb and havitgesoi N the
printhead. In such cases, different val ues of be necessary, to be

deter”b?é?atmg Mhddvie Rlnhe, aéQﬁéﬁﬁorfétpabaﬁe %b'dﬂlﬁée %‘P@Y@plet dfopnce to 20

W97/ 35167 1S nade Iin this regard he hi gher” vel ocities of the
char aCWVE?éM% Qé‘é’él‘?ﬁnge%ﬁﬁﬁf’é m\/Bﬁﬁoﬁ) &%ers‘?h%t the ﬁl%f?fetoejécﬁé'ﬁ greater)
correspond to an anount of heat being given to

3?2 lel G&tdchty é’i@d ‘?él‘ﬁ%iﬂst &g%sté‘ﬁﬁélﬁv’ h&e@éﬁ&éﬁ’ﬁiﬁk}ﬁ{e us[bﬁ;rf%t?ﬂ%ﬂép%ﬂ? ig mance
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16 droplet ejection begins at a lower value of amplitude (Vmin) than when operated

without such pulses as per figure 8.
Whilst specific reference has been made to apparatus as described in
20 WO095/25011, the present invention may be applicable to a wide range of ink jet
apparatus, particularly apparatus in which a channel dividing side wall is
displaceable in either of two opposing directions. Simlarly, the term ink jet may

include the ejection of substances other than ink to form an image on a substrate.

25 dkkk



is repeated at a frequency of 60Hz or 6.2kHz. Droplet e ecgkgﬁﬁggﬂg{gl ess

of regi nWO98/51504, | | he seen to take place for voltage wav it udes
in the approxinate range 26-30 volts giving rise to t-he carrespondi ng
ej ection velocity range of approxi bately 4-10 rrl ure
13 is a detailed view of figure 12 show ng the operat| H"u/m, ,"1
appr oxi matELAIMSY wi t hi n whi ch dropl et ejection vel oci ty

appr oxi nat e range 5-9.5 m's) remains greater than or equal to 5n15
and substantially independent of the nunber of droplets ejected in a
train to forma pr| EE!B.%

whi ch such™a tr n‘é“‘fé’g g%“iéllﬁ{‘smﬂetl n co%lérasf%r}%&gt éﬂ&%ﬁ%%gaqgtpb
descri bed 8 EIV'HaQ ﬁﬂﬁ,eof ehdsdftg§e 8 and having no operating
wi ndow. F t#gra rre%tione above, the choice of droplet ejection

wavefofmin ac C@rséﬁes ef\ndzbletshzehlchvmmnnnucaasmspa:tivrehy witte salidoghatnels for
ej ection vel oci tf/ al so remai ns substantially independent of whether
or not chagjeelign iofi droplets therefrogi;nity of the firing channel are sinilarly

actuated to effect drople ction se of non- eJ ecting
pul ses as desch%W%@cﬂégohﬁ%secﬁm @fs@mneﬂ Wlt'f'a% sQuigeoPE NG e

ropl'et o ecti ofbbeuratoaly dehuspleinshE Eshpctaled itk chamdl el agiambre
oper at ed lurzm ghgyt tifiés N i W ceBrdative P Wit L}ﬁ‘i&é e t@nc data . Jhereby., té/\héjbéf a

specific ref rencé has been nade to apparat describ

W95/ 2601 dorrésdpondings antnbenof dropletsiy fdren agpinted ot dfmppmpﬂezermmgebmfhd nk
j et apparatus, particularly apparatus in which a channel dividing
side wal | $ubstrate; di spI aceable in either of two opposing directions.

Simarly, the term I nc de t he ejection of substances
ot her than ink ﬁ‘t? F’&lﬁn‘?&a F?Péééug)ﬂleas@% rate.
applying a one or a plurality of electrical signals to the electrically actuable

means associated with a channel in accordance with the print tone data, the
15  duration of each signal being chosen such that the velocity of the corresponding
ejected droplet is substantially independent of (a) whether or not channels in the
vicinity of said selected channel are similarly actuated to effect drop ejection
simuitaneously with drop ejection from said selected channel, and (b) the number

of droplets to be ejected in accordance with the print tone data.

20 2. Method according to claim 1, wherein successive channels of the array are
regularly assigned to groups such that a channel belonging to any one group is
bounded on either side by channels belonging to at least one other group;

the groups of channels being sequentially enabled for actuation in successive
periods;

25 the duration of each signal being chosen such that the velocity of the
corresponding ejected droplet is substantially independent of (a) whether or not

those channels belonging to the same group as the selected channel and which



55 A n&pd\j/\ggjégfgggﬂmlmyllﬂlwmugul"lpr| nt head for printi ngcncnss/mé;'st rate,

t he printhead having an array of channels; 5 a series of
nozzl es whi ch comruni cate respectively wdh said channels for ej ection
of droplets therefrom connecti on neans for connecting the

channel s %h{cﬁafeﬂuﬁé‘ﬁﬁﬁfini qh‘é?array 10 saidI seeleétEH HaRRET 5f€a§i'n3f11%?§ YRRlfAed8aNS

associ ated w each channel and “act uab a plurality times In

accor danceeffeétfdmpldticjdotion sitaulianédusleivitli drop) settion fdm tieoselestedratiangel,
nunber of droplets to forma printed dot of appropriate tone on the

subst r at e; and (b) the numbertof drepletsitccherpjectidinp adeordangeswith:the print tone data.
applying a one or a plurality of electrical signals to the electrically
actuabl e means associated with a channel in accordance with the print

d _th . : :
vel oci By o t ne MehpRAsEhidi & cfiB" Bt 3 Speifin heiafidH E Hhrhiigh ds Kicn
i ndependenﬁig\gm t8) thehgitb§leritid BOloseiIpATR %filenghadinal re¥dutt WwhVedfinSaiid
selected c nel are simlarly actuated to efféct dI‘OFPEJ ection

si mul t aneodhanmelMlies it rajgestli.Hr 1.0am 3.8i € 3B be it the oivimitglof the ¥ahies 5.5¢
nunber of droplets to be ejected in accordance with the print tone
dat a. 20andZ.5. Method according to claim 1, wherein successive channels
of the array are regul arly assigned to groups such that a channel

bel ongi ng to any one group is bounded on either side by channels

bel ongi ng t,0 at 4l . . Kol . C S
bei ng sequenti aNgﬁ%aa%P@éﬂ#%?é gg? g)gi?‘flgﬁs ic}]ausnd(%lé%rse Wgalg ag&?lﬁgpyo%zﬁﬁgg
the dypati greaf faCliapied®l vEA) B GBRARS TUMR Eftaine) NeydlPeh teff dﬂ%?let
correspondi ng ejected droplet “is substantially independent” of (a) whether
or not ejectionsthersfiromel s bel onging to the same group as the sel ected
channel and which 18
are located nearest in the array to said selected channel are simlarly

act uat ed tg. Method according to claim 4, wherein said electrical signal effects an

expansion of the channel followed by a contraction of the channel.

6. Method according to claim 5, wherein the channel is held in expanded and

15  contracted states for equal periods of time.

7. A method of operating an inkjet printhead for printing on a substrate, the
printhead having an array of channels;

a series of nozzles which communicate respectively with said channels for
ejection of droplets therefrom;

20 connection means for connecting the channels with a source of ink;

and electrically actuable means associated with each channel and actuable
a plurality of times in accordance with print tone data, thereby to eject a
corresponding number of droplets to form a printed dot of appropriate tone on the

substrate;



ef fect drcwl et ]gjﬂect i on simultaneously with drop ejection fromthe selected
channel , /S0 (b) the nunber of droplets to be eject edPFHCREGIWance
with the print tone data. 5 3 Met hod according to ¢Taim™l or 2,

wherein the ratio of the duration of eachl9 si gnal I I od
of oscillation of |ongitudinal, pressure waves in said ||!|||ICHHIEIHMHMIJSIHHILS I n
the ranges 1.5 -the mefodscempriging the stps 9 vicinity of tfie val Ues 5.5
and 7.5. 4.. . Met hod .acc ing.to an revjous cl.aim wherein said
electrical |y actARRIYing 8 Pqu@&ﬁ@%&&cgﬂgts%@gt‘?/ﬁ? Grarigally petupble maeans
channel, th C t ] [ therefro .
Met hod acco?gc’!cﬁ%%atéog v@fl';?in(} l}#ﬁ&git?&cﬁogdg]nggj@é ttﬂ{;e 1 Iﬁsﬁo&ﬁ a&t@f pach §leé§ncal
expansi @n of; | i V. ti Qdks ' .
o " e od BRaToGHR AR al R iU HolactorTROL &5 4 BEIG), hEUARBRDE the perio
and 15  cob¢ingcthosest stiels that theuselogityi ofisthef cbiresponding ejec?er(]i dréplett fzod
t he

of operating an inkjet printhead for printing on a substrate,
print head hsuwhstan yamcgpendemmw whether or not chanpelsdni the wicinity zofesaid

whi ch comruni,cat especti vel ith saiq chapnels for . . ejection of

Gt opl et ot HEFlGREq shanhel are sty s eialed 16 $1ER Heop Slection sisviliagepndly with
channel s w a L.Lale; ctrically t uabl e ans
associ at ed ém&%eégghﬁ?ﬁgﬁnkéﬁﬁasr%e%g uc%ngel, M@ @F‘u P&Fﬁw %tfa%f?ﬁ’la]ﬁg F(ﬂ%e
accor dgpce &fe&fédpih' dcob@difted@ith, the R onk Uald eCt a cor r espondi ng
nunber of droplets to forma printed dot of appropriate tone on the
substrat e; PCT/ (3B98/ 01387

19 the met hod conprising the steps of: applying a
plurality o8 el eMathedaceorging to claimn?é, whereinisuatessive charhieds nfdhs array are

associ ated w t channel .in accordance with the prjnt tone data, each |
el ectrical regu?argf Gﬁ%gngiitﬂggrﬂgpﬂ sggﬂéﬁﬁﬁ 99"2‘3%1311 B@i@%é‘l’ Jnyr OBe BIPNPJS
t he durati h Log: ' t the,velocity of the
corres pond?ﬁ%]mec}etgc egﬁgéggﬂdgtbx ghgﬂeﬂg b(séﬁ@g%? clljlcaalh? |1§*{1‘?r9&1§p%%5,$}’0‘5?, (a)

whet her or not c bps bf chditheld Béiniglseqént¥adiyflenabled fSCAR64685H ﬁ?%gsi%e
simlarly actuated to effect drop ej €ction sirultaneously wth rop

ej ectibh frpsniads;d sel ected channel, and (b) the nunber of droplets to be

10 ej ected in acgordance wth th rint tone data.
J eac electnpcal \é\ggnal E)elengpheld at a given non-zero level for a period, the

duration of the period being chosen such that the velocity of the corresponding
ejected droplet is substantially independent of (a) whether or not those channels
belonging to the same group as the selected channel and which are located nearest
20  in the array to said selected channel are similarly actuated to effect droplet ejection
simultaneously with drop ejection from the selected channel, and (b) the number

of droplets to be ejected in accordance with the print tone data.

9. Method according to claim 7 or 8, wherein the ratio of the duration of the

period for which each electrical signal is held at a given non—zero level to the half



8. Met hod according to claim7, wherein successive channels of the array
are woogsises |y assigned to groups such that a channel PGRGBAYIIIE7 t 0 any
one group is bounded on either % de by channel s bel onging to at |east

one otgtiodibbscillation of longitudinaé pesssupe vaévwmrmﬁd%riaﬁln@g hégqu@tﬁél ally
enabl ed for actuation in successive 15 peri ods; -each A

el ect riapaks .9 .06 g tBel.g, at a given non-zero |evel fo m ||
duratlongof t he period being chosen such that the vel oci t;”mmmlu ““Il mlll
correspondi ng ej ected droplet is substantially independénttof®(

whet her or not those channels bel onging to the sanme group as the

sel ectfg chgm % Q@&rﬁ'mlgﬁ% &Fot OGHhEY i&e@régﬁ V\%%reln'tﬁetascﬂfcra‘?}él(%ﬁ;%lsai d

sel ected chan are si arl’y “actuated to ect droplet eject
| t | r b) the
er@&ﬁﬂ"‘%'%e*“%r'o#%? BhBro IR %ﬁaiﬁéﬁﬁéﬁﬂe‘*@@%mﬂﬁhﬁt tons
. . 9h I\fbthod accordlngto claim?7 or 8, Wnerelnthe rati o of
the dJP&PPS“V%P pfyae!- period for which each electrical signal is held
at a given non-zero level to the half WO 98/51504
PCT/ GB98/ 01387 peri od
of OSCI||atI0n of Ionltudlrl pressure, vvavgsm saj d ﬁg lies in the
ranges! b. 8 Mgthodhaggorgiing iaclaing 10, wherein 9gjc e‘%@f'ﬁﬁhs'ﬂﬁé PUER$ 3D any of

claims 7 to 9, and wherein the electrical signal 5 being held at said

gi ven expansign of theeehanel dellowsd by @ eenrteaction ﬁfetmdmﬁme&f t he

respective channel. 11. Method according to claim 10, wherein said
ell@ctrical signal effects an expansi on of the channel followed by a
contraction of the channel. 10 12. Method according to claim 11,

wher ei 12.t heMelfzothatcordingelodclaim dxp avtvardinatig channel s eldhin espanded sinfdor
equal periods of tine.
contracted states for equal periods of time.

13. Method according to any previous claim, wherein said plurality of electrical

15 signals are applied in immediate succession.

14, Method according to any previous claim, wherein successive electrical

signals are separated in time by a dwell period.

20 15. Method according to any previous claim, wherein a number of further
electrical signals is applied to the eiect_rically actuable means, each further signal
causing a change in temperature of the droplet fluid in the chamber without
causing droplet ejection, said change in temperature being substantially equal to
that caused by the appilication of an electrical signal to effect ejection of a droplet

25
16. Method according to claim 15, wherein droplets to form a printed dot on the

substrate are ejected in a droplet ejection period, the sum of the number of



13. Met hgh 866Qp4i Ng to any previous claim wherein said pﬁ(’:‘f/ﬁ&zbg/é’mgg
. 4.

electrical 15 signals are applied in2i medi ate successi on.

o LA A 8 P of ey WA SORAERRAR g

ol et r cogpiel 3R pRERESNE ror Pl Bellofer cai 1y act uabl E,Mw WA
further signal causing a change in tenperature of t w, Tl
in the chanmber w thout causing droplet ejection, said change in

t enper gture bheing substantial,l ual  to . that caused by the )

appl i cjbr on I\&th&ﬁ NG Y Clég{’bﬁglortbévé‘?"f‘%’@m éﬁ&{qrth?r(ﬁle%tﬂéﬁbﬁlgﬁﬁl i®5

16. thod according to claim 15, wherein droplets to forma printed dot
on % heheld at agiyen pahzerpdevglder aduitheaparogi et ej ection period, the sum of
t he nunber of 21 PCT/ GB98/ 01387

el ectrical signals and the nunber of further electrical signals applied

bei ng constant for successive droplet ejection periods. 17.
Met hod 18¢ coMigthgdtaccording tesslaim 18, wheeeinithe satial of the daratigreof saigal  si gnal
IS 5 held at a given non-zero level for a further period. 18.

Met hod furthepiériag toothe duration, ofvdeid periotiat whithsatd eldutricklrsighains Helg aitd
a given non-zero level is less than one.
10

19. Method according to claim 18, wherein the ratio is less than 0.4.
20.  Method according to claim 19, wherein the ratio is approximately 0.35.

15 21. Method according to any of claims 17 to 20 , wherein said further electrical
signal is held at a first given non-zero level for a first further period and thereafter at
a second given non-zero level for a second further period, said first and second

given non-zero levels being of opposite sign.

20 22. Method according to claim 1, wherein said first and second further periods

are of equal duration.

23.  Method according to any previous claim, wherein the velocity of the ejected
droplet is at least 5 m/s, preferably at least 7 m/s.

25



further period to the duration of said period at which said el ectrical
signal is 1304 a given non-zero level is |ess thRETEFRES/01I]Y

19. Met hod according to claim 18, wherein the ratio is |less than 0. 4.
20.  Method according to claim 19, wheréZn the ratio is approxi mately

0. 35. 15 1. t hod acgording to any of clains 17 to 20 erein said

further el e%%ri CMCI}/EOA] accorgha {q gﬂﬁeP&e‘éf’“ﬁ %F’r’lg’c Qe rfﬁﬁ- EQ&QPFE{?QI ogl)r
first f j ; . i )

Cevel “for X TRREl bR ARBERERhEY wabes in the MICGEMY CANETnAEH A6E not

non-zero | %cédﬁ%i NsOprefeRdly het ekedbding 205 us22. Met hod according to

claim1, wherein said first and second further peri ods “rare-of--equal- o

durati on. 23. Met hod according to any previous cl a’f’muﬁ" '
velocity of _the ejected . droplet.is at least 5 m's, pre ﬂm"”m ﬁ"
| east 7 nif s25. 25An inkjet pripthead,for pointing on a substrate: SR S B g
22 24. t hod according to_an vious claim wherein the half

Head Yt

period of R aH0E Phate aESssure waves in the ink in

t he channel has : eed r I 0

exceeding 2.5 [e?F %@%y& Hgizleszgfhxclﬁﬁ&lr '?Ilgtg;a%r %eﬁg)%(létquﬁ I?c}’?ﬁ%ﬁgﬁ %ﬁﬁ%‘;’ S £or

substrat e: ejection of dmplbfsethgfejfm;ﬁpad havi ng an array of channels;

a series of "'nozzl es which comruni cate respectively with said channels for
connection means for connecting the channels with a source of ink;

=

10 and electrically actuable means associated with each channel for ejecting
droplets in response to electrical signals;
and a drive circuit for applying the electrical signals one or a plurality of
times in accordance with print tone data, thereby to eject a corresponding number
of droplets to form a printed dot of appropriate tone on the substrate;
15 the drive circuit being configured to operate in accordance with any

preceding method claim.

26. A drive circuit for an inkjet printhead for printing on a substrate:
the printhead having an array of channels;
a series of nozzles which communicate respectively with said channels for
20  ejection of droplets therefrom;
connection means for connecting the channels with a source of ink;
and electrically actuable means associated with each channel for ejecting
droplets in response to electrical signals; |
and a drive circuit for applying the electrical signals one or a plurality of
25  times in accordance with print tone data, thereby to eject a corresponding number

of droplets to form a printed dot of appropriate tone on the substrate;



ej ection ts therefrom connection meang ecting
t he channﬁe)f%ggv/\nﬁ??lﬁa source of ink; 10 and el ectrica ?f@hg@&ggbl e
means associated with each channel for ejgcting droplets in response
to electrical signals; and a“drive circuit for applying the

el ectrical theof@vé coaitobein pd;dﬂﬁ;gﬂ & f i d e W

print tone data, thereby to ej ect ; %grgr%%eggﬁ ﬁt a%ér%ﬂc@%ﬁﬁ ;?lg? PJFS?FF&gs
to forma pmcﬂﬁmhdhnn of appropriate tone on t-he substrate; 15 t he
drive circuit being configured to operate “ h any

precedi ng nethod cl aim A dri .’mmﬁmﬂﬁmm i nkj et
printhead for printing on a substrate L esprint head having an

array of channels; a series of nozzles which comrunicate
respectively with said channels for 20 ej ection of droplets therefrom
connection nmeans for connecting the channels with a source of ink;

and electrically actuabl e neans associated with each channel for ejecting
droplets in response to electrical signals; and a drive circuit
for applying the electrical signals one or a plurality of 25 times in
accordance wth print tone data, thereby to eject a correspondi ng nunber

of droplets to forma printed dot of appropriate tone on the substrate;

23 the drive circuit being configured to operate in accordance with any
precedi ng nmethod claim



