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PCT/ GB96/ 02900 OPERATI ON OF PULSED DROPLET DEPGCSI TI ON
APPARATUS The present invention relates to nethods of
oper ati ng pulﬁ,@,qgﬁgggpl et deposition apparatus, in Qg ﬁgg)d}r,@‘; an
ink jet print , conprising an array of parallel ﬁanne

di sposed si de-by-side and separated one fromthe next by side

wal | s extending in the Iengt hwi se direction of the channels, a series 5
of nozzles which comruni cate respectively with said channel s for ejection

of droplets theref rom connection 1 1. e
channels with a OPERATION OFPULSED DRQPLE : RGHRRE act uabl e
means for displacing a portion of a channel wall in response to an
actuating signal, thereby to eject a droplet froma sel ected
channel . The present invention reiates to methods of operating puised droplet

deposition apparatus, in particular an ink jet printhead, comprising an array
of parallel channels disposed side-by-side and separated one from the next
by side walls extending in the lengthwise direction of the channels, a series

5 of nozzles which communicate respectively with said channels for ejection of
droplets theraefrom; connection means for connecting the channels with a
source of droplet fluid; and electrically actuable means for displacing a
portion of a channel wall in response to an actuating signal, thereby to eject
a droplet from a selected channel.

10 Methods of operating apparatus of the kind described above are
known in the art. WO-A-95/25011 discloses a method of operating a muiti-
channel pulsed droplet deposition apparatus having an array of channels
disposed side by side and separated one from the next by side wails
extending in the lengthwise direction of the channels. This document

16 discusses the problem of variation in the general velocity of drops between
the situation where several adjacent channels in a printhead are selected for
firing and the situation where only the end channels of a printhead, or a
single isolated channel in the printhead, are selected for firing. Such
variation is also known as “printing pattern dependent crosstalk" since it is

20 the firing or non-firing of neighbouring channeis (which in turn depends upon
the pattern to be printed) that affects the velocity of the droplet ejected from
any particular channel. As explained in WO-A-95/25011, such droplet
velocity variation will result in errors in the location of the droplet on the
printed page which in turn will affect the quality of the printed image. The

25 document explains that a method of correction has been found which
involves varying the length of the initial period of expansion of those
channels to be fired (see Figure 11): the period length is reduced when a
higher density of channet neighbours is selected and restored to its
normalised length of L/c (where L is the active length of the channel and ¢ is

30 the effective velocity of pressure waves in the fluid in the channel) when a



10 Met hods of operating apparatus of the kind described above
are known in the art. WO A-95/25011 di scl oses a net hod of :
operating a nulti- - channel pul sed droplet deposition apparatus
Havi ng an ar, rﬁé‘{(Of channel s : di sposed side by side and separated
one fromthée" By side walls ext endi ng in t he REHERIBHHFILL
direction of the channels. This docunent 15 di scusses the probl em of
variation in the general velocity of drops between the situation
where several adjacent channels in a printh&sd are selected for
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channel ) wi@n a no mention of the problem of pattern dependent crosstalk.

The present invention has as an objective a greater reduction in
printing pattern dependent crosstalk than has previously been possible, thus
allowing higher quality printed images.

Accordingly, the present invention consists in one aspect in a method

15 operating a multi-channel pulsed droplet deposition apparatus having an
array of parallel channels, disposed side by side and separated one from the
next by side walls extending in the lengthwise direction of the channels; a
series of nozzles which communicate respectively with said channels for
ejection of dropiets therefrom; connection means for connecting the

20 channels with a source of dropiet fluid; and electrically actuable means for
displacing a portion of a side wall in response to an actuating signal, thereby
to eject a droplet from said selected channel, the msthod comprising the
steps of

applying an actuating signal to said electrically actuable means to

25 eject a droplet from a selected channel, the signal being held at a given
non-zero level for a period, the length of said period being such that:

(a) it is greater than the length of that period which would resuit in the
velocity of droplets ejected from said channel being at its maximum; and

{b) the velocity of a droplet ejected from said selected channel is

30 substantially independent of whether or not channels in the vicinity of said
selected channel are similarly actuated to effect droplet ejection
simultaneously with droplet ejection from said selected chahnel
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single line w thout near neighbours is fired. WO A- 94/ 26522
al so di scloses the concept of varying the | ength of time for which
a channel is held in a contracted or expanded state, albeit for

tthe di fferentywgyspese of nodul ating the volunme of the ej ectﬁq-/(ﬁjb@Digﬁi
thereby 5 to vary the size of the printed dot. Figure 2 of this

docunent shows the variation in drop velocity wth dwell tine,

whi | st page 10 explains that the | argest, fastest droplet is
produced at a dwell time of about 17.5 -3~ mcroseconds, wth slower
and smal |l er droplets being produced at dwel | tinmes shorter or

| onger than this opti nuacokdingtoea further aspectutive presenk inventon consiats imeant i on of

ot SRR b ok At pyeag rope ceposncH e
pattern dependent nai\mgsamah'ay lvé patziiel ¢ghaanels disposedeasidepbys sideland depamted
one from the next by side walls extending in the lengthwise direction of the
5 channels; successive channels of the array being 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; a series of nozzles
which communicate respectively with said channeis for ejection of droplets
therefrom; connection means for connecting the channels with a source of
10 droplet fluid; and electrically actuable means for displacing a portion of a
side wall in response to an actuating signal, thereby to eject a droplet from a
selected channel, the method comprising the steps of applying
an actuating signal to said electrically actuable means to eject a
-droplet from a selected channel, the signal being held at a given non-zero
15 level for a period, the length of said: period being such that:
(a) it is greater than the length of that period which would resuit in the
velocity of droplets ejected from said channel being at its maximum; and
(b) the velocity of a droplet ejected from said selected channel is
substantially independent of whether or not those channels belonging to the
20 same group as the selected channel and which are located in the array
directly adjacent said selected channel are similarly actuated to effect droplet
ejection simultaneously with droplet ejection from the selected channel.
The invention also provides in further aspects a multi-channel pulsed
droplet deposition apparatus having a drive circuit configured to apply an
25 actuating signal having the characteristics set forth above.
In a yet further aspect the invention provides a method of selecting a
signal for actuating electrically actuable means for displacing a portion of a
side wall extending along a channel of a multi-channel pulsed droplet
deposition apparatus, thereby to effect droplet ejection therefrom, said
30 apparatus having an array of parallel channels, disposed side by side and
separated one from the next by side walls extending in the lengthwise
direction of the chahnels, a series of nozzles which communicate
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al l owi ng higher quality printed images. Accordi ngly, the
present invention consists in one aspect in a nethod 15 operating a
mul ti ehannel pul sed dropl et deposition apparatus having an array

of parall el G‘W‘P’ , di sposed side by side and separated
next by side wa ﬂ?sgxtendi ng in the I engthw se direction OPEf'ﬁg;c a neI S; a
series of nozzles which comunicate respectively with said channels for

ej ection of droplets therefrom connection neans for connecting the 20
channels with a source of droplet fluid, amd4et ectrical |y actuabl e means
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measuring the velocity of the droplet ejected from the selected channel; and
10 {c) choosing the length of period such that there is substantially no
variation in velocity between droplets ejected from the selected channel
under regime (a) and droplets ejected from the selected channel under
regime (b). |
The aforementioned aspects result from the discovery by the
15 originators of the present invention that, for a given printhead of the kind
described above, there is a length of period at which the actuating signal
can be held at a given non-zero level which is greater than that length of
period at which the velocity of droplets ejected from said channel is at its
maximum and at which pattern dependent crosstalk can be completely
20 avoided. Advantageous embodiments of the invention are set out in the
description and dependent claims.
The invention will now be described by way of example by reference
to the following diagrams, of which:
Figure 1 illustrates an exploded view in perspective of one form of ink
25 jet printhead incorparating piezo—electric wall actuators cperating in shear
mode and comprising a printhead base, a cover and a nozzie plate;
Figure 2 illustrates the printhead of Figure 1 in perspective after
assembly,;
Figure 3 illustrates a drive circuit connected via connection tracks to
a0 the printhead and to which is applied an actuating signal, timing signals and
print data for the selection of ink channels;
— ——__ Figure 4{a) is a graph illustrating the discovery upon which the
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- 3 - 24 NMAY 1999 (c) the velocity

of a droplet ejected fromsaid selected channel is greater than 1
ms. - According to a further aspect, the present invention
Gonsi sts in aypomgesz NMethod of operating a multi-channel pigrradeshoeP! et
deposi ti on apparat us having an array of parallel channels, disposed
side by side and separated one fromthe next by side walls
extending in the |l engthw se direction of the 5 channel s; successive
channel s of the array being regularly assi gﬁer’d'to groups such that

a channel bel ongi : ' It : i de by
channel s bel ongi ngﬂ'g%)é’nét egggrt?'%u%ﬁgt @quéjgﬁgg@sﬁﬁ&ggﬁgp%e&fz né?
whi ch conmmuni cat e chenpelcheireshown b tiaomdinateand tie periodfoewhichrthe actdating et s

I, A . ' h I L.t h f
o oplet 11 ui d: ancParaLlR PRaaR PSRl Hieree i Shiel e a7 on of

a side wal | i n Rigreags)aiisrates ths ladtiiating siinenaded ihlobtAhibg tie ebeid a
droplet from.2 sel ected channel, the nethod conprising the steps of
5 shown in Figure 4(a);

applyi ng
Figure 5(a) is a further graph illustrating the present invention, with

Figure 5(b) showing the form of the actuating signal used to obtain such
results; _
Figure 6 is a graph illustrating the present invention with inks of

10 differing viscosity;

Figures 7 and 8 illustrate the present invention in printheads having a
different active length to those used to obtain the characteristics shown in
Figures 4-6; |

Figures 9 (a) and (b} illustrate two possible firing patterns of a

15 printhead operating in three cycles; and
Figure 10 illustrates a preferred embodiment of actuating signal
. according to the present invention.

Figure 1 shows an exploded view in perspective of a typical ink jet
printhead 8 incorporating piezo—electric wall actuators operating in shear

20 mode. It comprises a base 10 of piezo—-electric material mounted on a base
of 12 of which only a section showing connection tracks 14 is illustrated. A
cover 16, which is bonded during assembly to the base 10 is shown above
its assembled location. A nozzle plate 17 is also shown adjacent the
printhead base.

25 A multiplicity of parallel grooves 18 are formed in the base 10
extending into the layer of piezo electric material, The grooves are formed
for example as described in US-A~5016028 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

30 are comparatively shallow to provide locations for connection tracks. After
forming the grooves 18, metallized plating is deposited in the fon:vafd part
providing electrodes 26 on the opposing faces of the ink channels 20 where



an actuating signal to said electrically actuable neans to eject a
droplet froma selected channel, the signal being held at a given non-zero
15 * level for a period, the length of said period being such that:

¢(a) it is gﬁg@,t,ﬁ*,s%han the length of that period which \Aﬁ%gﬁ%%eﬁs“ﬁ{?tﬁ] in the

vel ocity of 'dropl"éls ejected fromsaid channel being at

(b) the velocity of a droplet ejected fromsaid selected channel is
substantial ly i ndependent of whether or not_those channels belonging to the
20 same group as the selected channel ~#hd which are located in the

array di,rect| ' sali Lmlar
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nul ti-channel pukgmtdres of plating rfie@PEE thatl @iOBaEK 24 aidd BR dlebFodEr\2e fbr@ dri ve
circuit configured to appl é an actuati ng' si gnal having the

25
characteri $tics Selatgd)pgtya gctrqdes for each chann
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
10 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
assembiled printhead, the cover 16 is bonded 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

15 for the supply of replenishment ink. The nozzie pliate 17 is attached by
bonding at the other end of the ink channels. The nozzles 30 are shown in
locations in the nozzle plate communicating to each channel formed by UV

~excimer laser ablation.

The printhead is operated by delivering ink from an ink cartridge via

20 the ink manifold 28, from where it is drawn into the ink channels to the
nozzies 30. The drive circuit 32 connected to the printhead is illustrated in
Figure 3. In one form it is an external circuit connected to the connection
tracks 14, but in an aiternative embodiment (not shown) an integrated circuit
chip may be mounted on the printhead. The drive circuit 32 is operated by

25 applying (via a data link 34) print data 35 defining print locations in each
print line as the printhead is scanned over a print surface 36, a clock pulse
42 (via timing link 44) and an actuating signal 38 (via link 37).

As is know'n e.g. from EP-A-0 277 703, incorporated herein by
reference, appropriate application of voltages to the electrodes on either side

30 of a channel wall will result in a potential difference being set up across the
wall which in turn will cause the poled piezoelectric material of the channel
walls to deform in shear mode and the wall to deflect transversely relative to
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the respective channel. One or both of the walls bounding an ink channel
can be thus deflected: movement into the channel decreasing the channel
volume, movement out of the channel increasing the channel volume. As is
known from EP'703, such movement sets up pressure waves along the
active length of the chénnel which cause a draplet of ink to be expelled from
the nozzle. The active length of the construction shown in Figure 2 is
denoted by "L" and will be seen to be that length of the channel extending
between the nozzle 30 and the connection (window 27) to the source of
droplet liquid fluid. This length is closed on all sides by the channel walls
and cover respectively such that movement of the walls results in a change
in pressure in droplet fluid.

it should be noted that in constructions of the type shown in Figures
1-3, it is usually convenient for connections to be made between the wall
electrades internally to provide one electrode per channel: when a voltage is’
applied to the electrode corresponding to a channel and a datum voltage is -
applied to the electrodes of the neighbouring channels, the resulting potential
differences across the two walls bounding the channel then effect
displacements of each wall. Regardless of whether the connections
between wall electrodes are made internally or externally of the printhead, it
is then convenient to describe the voltage as being applied "to a selected
channel". Itis such a voitage that is applied as the actuating signal 38 to
the drive circuit 32 and that is subsequently applied to the connection track
14 for each channel in accordance with the print data 35 applied via link 34.

As mentioned above, the present invention results from the discovery
that for a given printhead of the kind described above, there is a length of
period at which the actuating signal can be held at a given non-zero level
which is greater than that length of period at which the velocity of droplets
ejected from said channel is at its maximum and at which the sensitivity to
pattern dependent crosstalk of a channel of the array is significantly reduced
to the point of being avoided altogether.

This is illustrated in Figure 4(a), which shows the variation in the
velocity of a droplet ejected from a channel with the length T of a square



15 originators of the present invention that, for a given printhead of
t he kind descri bed above, there is a length of period at which the
actuating signal can be held at a given non-zero |evel which is

greater tha l_engt h of period at which the ve I f
dropl ets ej g%v%)@?iﬁ?gfr’gm said channel is at its maxi nt%%ﬁ’r‘%"’g%wv\hi ch

pattern dependent crosstal k can be conpletely 20 avoi ded. Advant ageous
enbodi ments of the invention are set out in the description and
dependent cl ai ns. The inventidh=wi || now be described by way
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the ejection/non—ejection of a droplet from a channel respectively. In
printing pattern B, a single channel of the printhead is fired, again using the
actuating signal of Figure 4(b).
It can be seen that for the majority of values of T, the velacity of
10 droplets ejectad from a channel when fired as part of the printing pattern A
is different to the droptet velocity obtained when that channel is fired alone
as per printing pattern B. However, Figure 4(a) also shows that there does
exist a value of T ~ denoted T* - at which there is no substantial difference
in ejection velocity from a firing channel when that channel becomes
15 invoived in printing a different pattern (i.e. pattern A instead of pattern B or
vice versa).
it can further be seen that the value of T* is greater than the design
point Tdes of the printhead channels. Tdes is the time taken for a pressure
wave in the fiuid to travel the active length of a channel i.e haif the period of
20 oscillation of pressure waves in the channel. It is approximately equal to
/e, L and ¢ being the active length of the channel and the effective velocity
of pressure waves in the fluid respectively, although nozzie characteristics
also have a determining role. Tdes may aiso be found by experiment: it is
at values of T around Tdes that maximum droplet ejection velocity is
25 cbtained, although, as evidenced in Figure 4(a}, the value obtained in this
manner may be influenced by the printing pattern. in the particular printhead
arrangement used to obtain Figure 4(a), Tdes is 12 us whilst T* is
approximately 20 us, giving a ratio T*/Tdes of approximately 1.7.
. That T* should be greater than Tdes is in complete contrast to the
30 known art (e.g. WO-A-95/25011) which teaches that printing pattern
crosstalk can only be minimised but not eliminated (as evident from Figure
4(a)) by holding the actuating signal for a period of length less than Tdes.



print data for the selection of ink channels; Figure 4(a) is
a graph illustrating the discovery upon which the WO 97/ 18952

PCT/ GB96/ 02900 - 5-

present invenkyph@hdes; based, with the velocity U of a drop egicerimsledoteom a
channel being shown as the ordinate and the period for which the actuating
signal is held at a given non-zero | evel being shown as the abscissa;

Figure 4(b) illustrates the actuating signal gused in obtaining the results
5 shown in Figure 4(a); Figure 5(a) is a further graph
iIlustrating the presertechfigaes formeasufifg the velocity of desplats eféetedsiiemiang t he
f f th tuati ' I d t bt ai h | t.s;

orm ot the actual sniinal of & printhead are known in the art: one method entals sjscting ink

droplets onto paper and measuring the accuracy of drop landing. in
another, preferred, method, droplet gjection from channel nozzles is

5 observed stroboscopically under a microscope: a difference between
droplets (which have been ejected simultaneously) in the distance from the
nozzle plate when viewed in this fashion is indicative of a difference in
ejection velocity, whist droplet velocity can be gauged from the distance
itself.

10 Figure 5(a) demonstrates that the relationship T > Tdes holds true for
other, more complex' actuating signals as shown in Figure 5({b) and which
comprise not only a period in which the channel is held in a given expanded
state but also a period in which the channel is held in a given contracted
state, thereby to eject an ink drop. The figure also confirms that the

15 invention applies not only to the one-in three and single channel printing
patterns (patterns A and B) employed In Figure 4 but also to printing
patterns where only every sixth channel is fired (pattern C}. Curves A-C in
Figure 5(a) converge on a value of T* equal to 1.75 Tdes, which is
substantially the same as the value shown in Figure 4.

20 Figure 6 depicts the results of Figure 5(a) together with results
obtained using the same design of printhead using a lower viséosity ink.
Since a lower viscosity ink requires less energy to eject a droplet at a given
velocity, the magnitude of the actuation signal used to obtain the latter
results was reduced (by 16%) so as to normalise the peak velocities of the

25 two sets of resuits. Lines A and C of Figure 6 correspond to lines A and C
of Figure 5, whilst lines D and E correspond to one in three and one in six
channels firing at a lower viscosity respectively. From the figure it will be
seen that, for a given peak ejection velocity, the value of T at which there is
no pattern dependent crosstalk is independent of fluid viscosity.

30 The results shown in Figures 4-6 are for printheads having an active
channel length of 4mm and an operating voltage of the order of 20V.
Preferably the channel and wall widths are of the order of 70um and the



Figure 6 is a graph illustrating the present invention wth inks of 10

differing viscosity; Figures 7 and 8 illustrate the present
invention in printheads having a different active length to those
used to obtain the characteristics shown in Fi gures 4-6;

Figures 9 (aYO2H®¥%h) illustrate two possible firing patt GHGRIS2900 5
printhead operating in three cycles; and Figure 10
illustrates a preferred enbodi ment of actuat,i ng si gnal accordi ng
to the present invention. Fi'gure 1 shows an expl oded vi ew
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US- A- 5016028 and conprise a Torward part in grooves are

conparatively deepxRansipncsignab peried ahwhﬁbm@ttgm crosstalk freesm@aat@neq;cb@s is
Opposi ng act uat or jnaghérteft of the actitiNY Shorial ahd! Gt 18A5 "HrfbsPaids again to

approximately 1.7 times the length of period (Tdes) at which maximum

10 droplet ejection velocity is obtained.

‘The present invention is particularly ~ although not exclusively -
applicable to a printhead where the channels are divided into two, three or
more groups for operation. Operation with successive channels alternately
assigned to two groups is known in the art e.g. from EP-A-0 278 590.

15 Operation with channels divided into three or more groups actuated in
rotation is also known in the art e.g. from EP-A-0 376 532. In all cases of -
group operation, the incoming print data will often be such that successive
channels belonging to the same group will be fired simultaneously. Similarly,
it will often happen that two channels belonging to the same group and firing

20 simuitaneously will be separated by a channel also belonging to the same
group and yet not firing. These two situations are illustrated schematically in
Figures 9(a) and 9(b) respectively. The present invention seeks to avoid
any difference in ejection velocity between these two firing patterns by
applying an actuating signal to those channels of a group that are to be

25 fired, the signal being held at a given non-zero level for a period, wherein
the length of the period is chosen such that it is greater than Tdes and such
that the velocity of a droplet ejected from a selected channel belonging to a
first group is substantially independent of whether or not other channels also
belonging to the first group and located in the array directly adjacent said

30 selected channel have said actuating signal applied to effect droplet ejection
simultaneously with droplet ejection from the selected channel.

Such a period iength can be determined experimentalily, with drop



30 are conparatively shallow to provide |ocations for connection

tracks. After formng the grooves 18, netallized plating is
deposited in the forward part provi di ng el ectrodes 26 on the
opposi ng facewo@fnsdie | Nk channel s 20 where VO 97/ g8 ASud6/02900
PCT/ GB96/ 02900 -6 -

it extends approximately one half of the channel height fromthe tops of
t he wall's and in the rearward part_js_deposited providing
connection tracks 24 connected to the electrodes in each channel
20. The tops of th@ld@!}f'f&nﬁbﬁe or more chadf@@bénﬁ@ﬁd@ntide%hbl?gnéﬁu?éd g¢ing hat
the track 24 and th ectrodes 26 form 5 ated, actua

el ectrodes for eacHrabeseanis methods as described abqa(pt é: quﬂ%gﬂ’éﬁﬁgl (P) inStfﬁte
metal lized platingngnd,sqairhble -OdaseWhe?@ Hieré & a change in velocity with printing

pattern and a corresponding change in the distance between the nozzle

5 plate and drops ejected from nozzles in the nozzle plate and viewed
stroboscopically: droplets are ejected at a higher velocity when every one in
three channels of the printhead is operating (Figure 9(a)) resulting in a
greater distance (x1) being travelied by a droplet in a given time interval

_ than that (x2) travelled when only one in six channels is operating (Figure

10 9(b)}. It will be understood that the firing patterns shown in Figures 9(a) and
(b) correspond to the one-in-three and one—in-six firing patterris used to
obtain the curves A and C in Figure 5(a): the value of T* shown in Figure 5
would therefore also be appﬁcable for three—cycie operation.

Operation in groups according to the present invention is not
15 restricted as regards the manner in which the channel volume can be varied.
| However, when using an actuating waveform of the kind shown by way of
example in Figure 5(b), it has been found that the respective lengths of the
expansion and contraction periods may advantageously be chosen such
that there is generated no pressure wave contribution to the droplet liquid in

20 thase channels belonging to the next group of channeis to be enabled for
actuation. Such a pressure wave contribution might otherwise affect the
velocity of the droplets ejected from some or all of the channels of the next
group, causing it to deviate from the value of velocity of the droplets ejected
from the earlier group.

25 The respective lengths of the channe! contraction signal period and
the channel expansion signal period can be determined by a process of trial
and error: starting from a waveform of the type discussed above having
expansion and contraction periods of equal length and giving crosstalk-free
operation for channels belonging to the same group, the duration of either of

30 these periods, but in particular the duration of the channel contraction signal
period is varied until no significant variation in the velocity between droplets
ejected from groups of channels can be measured. The end of the channel



with a passivant |ayer for electrical isolation of the electrode parts from

t he i nk, the base 10 is nounted as shown in Figure 1 on the
circuit board 12 and bonded wi re connections are nade connecti ng
t he connection tracks 24 10 on the base part 10 to the connectlon
tracks 14 onVQH&82rcuit board 12. ~ The i nPCTHGEI20 head 8
is illustrated after assenbly in Figure 2. In the assenbl ed

printhead, the cover 16 is bonded to the tops of the actuator

wal s 22 thereby formng a multiplicity ot 1desed channel s 20 havi ng access

at one end to the window 27 in the cover 16 which provides a nmanifold 28 15

for the supply ofcontrpelion signet periock. atwmmmszqhenmlawsmomo@tto&med by

bondi ng at the ot Is M?M ﬂ??d in

| ocations in the erl@z faegd%gflggﬁorrllgrﬁﬁlgca u§{yot eacﬁg% %J{Q orrre vm

exci mer | aser ablthe lcbannels sharing a side wall wtttethpracmatedadharmebpq:resm pyise

delivering ink fr n_in rtrid la_ 20 mani f ol .d from

Where 1115 dr aw e gt i PR Vel ramaihing in Hesfaionies s ey

drive c |3 rcust 32 pp fessmeswwles willt Heve[bidentdenarhted by Itﬂlelﬁmemgdt d:fﬂh?] channel

Figure 3. In one rmit 1s an ext I rcuit connected to the connection
ol of el

tracks 14, but i nval§ & eggienRointsd A9 SBABL shown) an integrated
circuit chi pma%lmi@h@ﬂnéﬂ@d&érﬂﬁﬁwﬁeﬁmﬁ @Ff theehira rcui t 32
I s operated by 25 ppl yi g(V|a data |ink 34) print data 35 defining
print locations iad#gesd W"e channel expansion signab nacesspy Yoravieichpattern-dependentd
over a print Surfc?fs%% s, lﬁlﬁke%‘l’:ﬁl@ulatethe neceésary ¥hnthg b theGinkll &liget) and

an actuati ng si
the channel compression s:gnal whilst not wishing to be bound by this

theory, It is believed that for a simple waveform of the kind shown in Figure
10, the condition whereby no pressure waves remain in a channel can be
expressed as

P(tt).e~=.cosQ(t3-t1) + P(12).e~=-.costQ(t3-12) + P(t3) = ©

15  where P(t1), P(t2). P(t3) are the pressure puises generated at time 11,12,t3
by the corresponding steps in the actuating signal and c and Q are the
decay constant and natural frequency of pressure waves in the channel
respectively. Where — as shown in Figure 10 — the magnitude of the
expansion and compression components of the actuation signal are equal,

20 the step changes in the actuating signal and the corresponding pressure
pulses can be normalised to 1,-2 and 1 and the above equation reduced to

e~ cosd{t3-t1) -2.e~> costQd{t3-t2) + 1 = O

Values of ¢ and Q for a printhead can be determined by fitting a linear
harmonic equation of the form A - B.cos{((QT).e~" to the U-T characteristic of
25  the kind shown in Figure 4 (the values determined will vary slightly
depending on whether the equation is fitted to the "single channel firing" or
"one~in-three channels firing" characteristic) whilst t1 and t2 will be
determined by the duration of channel expansion signal required to give
pattern-crosstalk-free operation. It is therefore possible to solve the above



As is knowmn e.g. fromEP-A-0 277 703, incorporated herein by
reference, appropriate application of voltages to the el ectrodes on either

si de 30 of a channel wall will result in a potential difference being
set up acr 0SSyidWg9s2 wal I which in turn will cause ths-RH&hRM2000

pi ezoel ectric material of the channel walls to deformin shear
node and the wall to deflect transversely relative to WO 97/ 18952
PCT/ GB96/ 02900 -7-

t he respective channel. One or both of the WE;IB| s boundi ng an i nk channel

can be thus def | eclogeangBRilh o VHifh fof 0GR Sber1BaAE Bibk Bch BEIcARRANC

vol ume, novenent out of the channel 1 ncreasi ng t he channel vol une. IS

known from EP' 703, vakies agmmﬁhexmmmmivrde&rm@ valasstowitiin 10%e
Following the final edge of the compression signal, the same
waveform may be applied immediately to channeis belonging to the next
5 group to be enabled. Alternatively, as shown in Figure 10, a rest period may
be incorparated into the waveform prior o application of the waveform to the
next group of channels at time t4. It has been found advantageous to make
the length of the rest period (t4~13) greater than L/c so as to allow complete
pressure wave cancellation to take place. In addition, the length of the rest

10 period may be chosen such that the resulting frequency of droplet ejection Is
of a value compatible with the rate of supply of print data. Alternatively,

- given a desired droplet ejection frequency, the characteristics of the
printhead (in particular the active length) and the duration of the rest period
may be adjusted to maich this frequency.

15 By way of example, in a printhead of the kind shown in Figures 1-3
and having a Tdes value of 12us, crosstalk-free operation of a printhead
having channéls arranged into three interleaved groups was obtained using
a single level waveform (having expansion and compression signals of equal
magnitude) having (t2-t1)=1.55Tdes, (t3-t2)=1.8Tdes and (t4-t3)=1.65Tdes,

20 the waveform having a total duration of 5Tdes (although a total duration
equal to an integer multipie of L/c need not be the case) corresponding to a

- droplet ejection frequency of 1/(3 x 5 x 12E-6) = 5.6 kHz.

It will be appreciated that all the pressure pulse sequences of the
present invention are amenable, where appropriate, to implementation by

25 means of unipolar voltages applied to firing and adjacent, non-firing
channels. Such actuation is described in W095/25011, incorporated herein
by reference.

The present invention is applicable to printheads operating in both
binary (single drop size) and multipuise (also known as "multi-drop” or

30 “greyscale“) mode where channels in a group may be actuated several times
in a single cycle. Examples of the latter are known in the art and disclosed,
for example, in EP-A-0 422 870. It will further be appreciated that the



5 active length of the channel which cause a droplet of ink to be

expel l ed from the nozzle. The active |length of the construction
shown-In Figure 2 is denoted by "L" and will be seen to be that
l-engt h of the channel extending bet ween the nozzle_ 30 and the
connection (PAUBFL7) to the source of dropl et IRFERPP d. This
length is closed on all sides by the channel walls 10 and cover
respectively such that movenent of the walls results in a change

in pressure in droplet fluid. =144t should be noted that in

f the
Co bt a1 % et b8 ot bt o peon il b o Bt Y e
internally to proydsdsbedby alagaf erareplecabovearRather, ithe torsidered &gbei s 15

applied to the el ec e, corr ondi nqg to a channel and a datum volta
applied to the el F%@% o gay &‘?E #éﬁ‘ﬁﬁcﬁjﬁmﬁ@%ﬁﬁﬁﬁ@ﬁscmﬁ"&%n \f.;gF
potenti al parsnéa fcﬁéﬁi&[@&;fﬂ?é@&%nb*’fﬁ:rﬁ% weshlbs Siduweliis Bxtbhding irathael

t hen effect spl acements of each wall. Reégardl ess of whether the

connect i ons5 lengthwaewbr@ﬁb%pﬁ ew@ém}ae@t@neﬂmmhe%fremmw
external |y of thepg ’rd'l& heid¥alls dis &Mﬁ’mﬂﬂﬁ%kﬁ‘én%eﬂﬁ%ﬁﬁﬁet he

vol tage as being appli to a selecte annel . I's such a
vol tage that is ajoi adualingsignahc Sueh icapstaicians ameknown, for example, {OMyr i ve

circuit 32 and thgg_hss égg)%ggugg_}\y“gﬁgtgﬁg%” I hﬁafggggﬁﬁl on track

14 for each channel in accordance wt applied via link
34. As nentioned above, the present invention results from
t he di scovery 25 that for a given printhead of the kind described

above, there is a |ength of



period at which the actuating signmal—ecan—be-held at a given non-zero | evel
which is greater than that Iength E‘MEQ od at which the velocity of

dropl ets ej ected from sa Umuﬁwl ts maxi rmm and at which
tthe sensitivi patte stal k of of the
&% fsos Esﬁi&g%o

array is signi cantfy reduced 30 to the p0|nt of belng av

al t oget her. This is illustrated in Figure 4(a), which shows
the variation in the velocity of a droplet ejected froma channel
with the length T of a square WD 97+ 18952
PCT/ GB96/ 02900 - 8-
wave actuating si g%ﬁhovm in Figure 4(b)) applied to a channel of an
array for two different printing patterns A and B. In printing
pattern A (denoted by

1. A method of operating a multi-channel puilsed droplet deposition

apparatus having an array of parallel channels, disposed side by side and
separated one from the next by side walls extending in the lengthwise
5 direction of the 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
droplet fluid;

10 and electrically actuable means for displacing a portion of a side wall
in response to an actuating signal, thereby to eject a droplet from said
selected channel,

the method comprising the steps of
applying an actuating signal to said electrically actuable means to

15 eject a droplet from a selected channel, the signal being held at a given_
non-zero level for a period, the length of said period being such that:

{a) it is greater than the length of that period which would result in the
velocity of droplets ejected from sald channel being at its maximum; and
{b) the velocity of a droplet ejected from said selected channel is

20 substantially independent of whether or not channels in the vicinity of said
selected channel are similarly actuated to effect droplet ejection
simuitaneously with droplet ejection from said selected channel.

2. A method of operating a multi-channel pulsed dropiet deposition
apparatus having an array of parallel channels, disposed side by side and
25 separated one from the next by side walls extending in the lengthwise
direction of the channels;
successive channels of the array being regularly assigned to groups
such that a channel belonging to any one group is bounded on either side by
channels belonging to at ieast one other group;

30 a series of nozzles which communicate respectively with said
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a solid line), every third channel of the array of channels in a printhead

S fired sinultaneousl y—crsrrrg"the—acruaﬁ—ng SI gnal of Fi gure 4( b),

\r/\keé;“eit Inngr ;n a”’:’g%l ca_tr gpeatl 9P lmﬁl lmqu u@ Im ej ect i (}g,r%fgg@zg Opl et

froma chan ectively. In pattern

channel of the printhead is fired, again using the actuati ng
signal of Figure 4(b). It can be seen that for the mpjority
of values of T, the velocity of 10 dr opl 16t ejected froma channel when

fired as part of t rlpLi . is different to the
droplet velocity SE%HF sefc};\ﬁ??hgfhﬁkgﬁ%}%re@@'f i red al one as per
printing pattern B. Hoamctiod:irgansfo#(camnadtiag tisd) ohanrielsavith BeoRrgdasts

exi st a val ue of T - e@%ted T* - at which there is no substanti al
di fference ropjiet ction velocity froma firing channel when that

channel becones 15 aﬁmu@btfneﬁhly éhttﬁ&blé\iﬁe'&ﬁs?or%iﬂlﬁ b peridresf Site Yvall
pattern A instead of pattern B O Vi ce

can further Se seghreﬁnamsqmeammrrwrsmnalﬂtae@mé@ G}ect ﬁdhﬂﬂlﬂeff%@-iﬂﬁded

poi nt Tdes of the rir@i head channels. Tdes is the tinme taken for a pressure
wave in the fluid to travel the active length of a channel i.e half the
period of 20 osci | ihetmethod tompdsingithe stepeof in the channel . It is

apir ot ot el Sl Caepbine p aiinn ot P ABBUL AR AN rBREHE ©1 1 5
respectively, alt emoya dnapiet feons Iaasem:te:t channek; the signal beireg beld lat aegiven
determ ni NGq ol e. ngrqusermeﬂor% ;;)ee"oaound by experinent: it is
the length of said period being such that:
(a) it is greater than the length of that period which would result in the
velocity of droplets ejected from said channel being at its maximum; and
(b) the velocity of a draplet ejected from said selected channel is
15 substantially indapendent of whether or not those channels belonging to the
same group as the selected channel and which are located closest to said
- selected channel in the array are si_mi'iarly actuated to effect droplet gjection

simultaneously with droplet ejection from the selected channel.

20 3. A multi-channe! pulsed droplet deposition apparatus having an array
of parallel channels, disposed side by side and separated one from the next
by side walls extending in the lengthwise direction of the channels;

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

25 connection means for connecting the chann'els with a source of
droplet fluid;

and electrically actuable means for displacing a portion of a side wall
in response to an actuating signal, thereby to eject a droplet from said
selected channel,

30 and a drive circuit for applying an actuating signal to said electrically
‘actuable means to gject a droplet from a selected channel, the drive circuit
being arranged to hold the signal at a given non-zero level for a period, the

This Sheet Has Been Repl Fruis SHEET HAS: BEEN.
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at values of T around Tdes that maxinum droplet ejection velocity is 25
obt ai ned, al though, a e 4(a), the value obtained in this

manner may be infl uenced t he pattern. In the particular
printhead o grmgess @ mﬁﬂ‘ Eﬁwﬂ i&bt ain Figure 4(a), 6}0590§,2 ps

whilst T* is S, giving aratio T es o
approxi mately 1.7. That T* should be greater than Tdes is
in conplete contrast to the 30 known art (e.g. WO A-95/2501 1) which
teaches that printing pattern crosd¥at k can only be mininised but
not elimnated (as_eyid ure 4(a)) by holding the

act uating signal ?“619%&0&‘?“?88”@ g?'gﬂ&‘ﬁh M&'s t han Tdes. VO

97/ 18952 (a) it is greater than the length of that period which would resuit in the
PCT/ GB96/ 02900 Techni ques for neasuring the velocity of

dropl ets ejected MPlgribyof dropists ejected from said channel being at its maximum; and
(b) the velocity of a droplet ejected from said seiected channel is
5 substantially independent of whether or not channels in the vicinity of said
selected channe! are similarly actuated to effect droplet ejection
simultaneously with droplet ejection from said selected channel.

4. A muiti~channel pulsed droplet deposition apparatus having an array
of parallel channels, disposed side by side and separated one from the next
10 by side walls extending in the lengthwise direction of the channels;
successive channels of the array being regularly assigned to groups
such that a channel belonging fo any one group is bounded on either side by
channels belonging to at least one other group,
a series of nozzies which communicate respectively with said
15 - channels for ejection of droplets therefrom;
connection means for connecting the channels with a source of
droplet fiuid;
and electrically actuable means for displacing a portion of a side wall
in response to an actuating S|gnal thereby to eject a droplet from a selected
20 channel,
and a drive circuit for applying an actuating signal to said electrically
actuable means to eject a droplet from a selected channel, the drive circuit
being arranged to hold the signal at a given non-zero level for a period,
the length of said period being such that:
25 (a) it is greater than the length of that period which would result in the
velocity of droplets ejected from said channel being at its maximum; and
(b) the velocity of a droplet ejected from said selected channel is
substantially independent of whether or not those channels belonging to the
same group as the selected channel and which are located closest to said
30 selected channel in the array are similarly actuated to effect droplet ejection
simuftaneously with droplet ejection from the selected channel.
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channel

entails ejecting

I nk dropl ets onto paper and neasurln t he accuracy of drop

| anding. In anot her, pref euwl IHWpI et ejection from
channel nozzles is 5 obser ved under a m cr oscope a
di fference b¥QEARS2 dropl ets” (whi ch have been ej ecFEHCB602

simul taneously) in the distance fromthe nozzl e pl ate when vi ewed
in this fashion is indicative of a difference in ej ection

vel ocity, whist droplet velocity can be gacrg%l‘f romthe distance

itself. 10 Fi . t hj * >
Tdes holds true f osr‘ Method gé%%ﬂgqg&r%éﬁ go&r{% é&%&%ﬁtﬁg |a§é&yn§ﬁ§|°£a?'3-s5 Zhown

in Figure 5(b) andlaiin 4wherein the lengihngithes penart atowhigh shepeelocity ofrdrogietsh t he

hannel is hel d ded but d
whi chthe- channel SRR FAE BRarie g s B 1 sbstaRnalh B la ety 1 o

ej ect an ink drop.whee cfis thy effedtive v@@aﬂy 61"Ere§§lﬂfb vvéi/éslﬁthe fluid V6481 on
applies not only to the one-in three and S|n? e channel printing

patterns (paPternehanagl@nd)L isthe dgnaih phehanpet extanding bstvwnttbe@pzz{euaﬁg _
patterns wher e onlyie g¥fidetsh idbnstafREdtng Ind théithel With!PEoUréd of GlepléeAui: C 1
Figure 5(a) converge on a value of T* equal to 1./5 Tdes, Ich is
substantially the same as.the value shown in Figure 4. 20 Fi gure
6 depicts the resyts g"

obt ai ned usi ng th:ag Sa@e&&?&ﬁpﬁé&shﬁﬁ&& l}gl ng% OV\B%IE\W sggggseu-{saxd

Since a |over viscelscted ﬂ:hannebiqmellcém areexpapded gtate forggaidt periodir opl et  at a

gi ven

7. Method or apparatus according to claim 6 wherein said selected
10 channel is in a non-actuated state directly prior to and following said period.
8. Method or apparatus according to claim 6 wherein the volume of said

selected channel is held at a given expanded volume for said period and
directly thereafter at a given contracted volume for a second period.

9. Method or apparatus according to claim 8 wherein said second period
15 is longer than said period.

10. Method or apparatus according to any of ciaims 6 to 9 wherein said
tength of said period is greater than that length of the period at which the
velocity of droplets ejected from said channel is at its maximum by a factor
of approximately 1.7.

20 11.  Method or apparatus according to claims 8 or 9 when dependent on
claim 2, wherein the ratio of the duration of said second period to said
period is chosen such that there is generated no pressure wave contribution
affecting the velocity of droplet ejection from those channels belonging to
the next group of channels to be enabled.




vel ocity, the magnitude of the actuation signal used to obtain the latter

results was reduced (by 16% so as to normalise the peak velocities of the
25 . two sets of results. Lines 6 correspond to lines A
and C wodbnfspure 5, whil stmlmﬁmmrﬂi mErrespondmtmmhm three
and one in six channels firirg at & [Owaf viscosity respectively.
Fromthe figure it will be seen that, for a given peak ejection
vel ocity, the value of T at which there is - 19 - no pattern dependent
crosstalk is independent of fluid viscosity. 30 The results

shown in Figures 448, ar Metioid oHdpphhasisccordingtb S8infst MHRrein the ratio dfl3aianel
| ength of 4mm and an operating voltage of the order of 20V.

Preferably the chaRgépd heridserond E&"Wg is Appreximately $idler of 70pm and t he
WO 97/ 18952

PCT/ GB96/ 02900
13. Method or apparatus according to claim 12 wherein successive

channels of the array are in turn assigned to each of three groups.

5 14. Method or apparatus according to any of claims 1 to 5 wherein said
selected channel is held in a contracted state for said period.

16. Method or apparatus according to claim 14 wherein said channel is in
a non-actuated state directly prior to and directly following said period.

16. Method or apparatus according to claim 14 wherein said period during
10 which said channel is held in a contracted state is directly preceded by a
further period during which said channel is held in a expanded state.

17.  Method or apparatus according to claim 16 wherein said period and
said further period have the same duration.

18.  Method or apparatus according to any previous claim wherein said
15 portion of at least one side wall comprises piezoslectric material.

19. Method or apparatus according to claim 18 wherein said piezoelectric
material is displaceable in shear mode.

20. Method or apparatus according to any previous ciaim wherein
channels share a common droplet fluid supply manifold.

20 21. Method or apparatus according to any previous claim wherein said
channels are formed as grooves in a base, channel walls being defined

‘between said grooves,




- 10- channel depth lies | e 250pm - 400pm Figures 7
and 8 show simlar resul ned using a printhead having
simlar channel w dth and ?m[

Mmﬂ “but a greater active
channel |en f _6mm One-in- one-in nne
operation c%ﬁ%@ d to curves F and G 5 respectlvelf"¥ %@?’3@" 7(b)
and 8(b) illustrate the different actuating signals used in

obtai ning the curves. As with Figures 4-6, the length of the channel
expansi on signal period at which pattern cr &@st al k free operatlon occurs is

appr oxi mat el y. 1. P miAeat S e 5 Sgoertor, b SaeReR A Bk wenrs o
dropl et ejection fUﬁBlﬁﬁlhngiESpmﬁémbﬂathdet walll e>|<tendrng along al Bﬁarm‘eﬁﬁmtnulm- o
ot exclusive applicabl e

invention is particularly - t ho

Lo o pr i nt head wiAREne) RulssdmBRC dpastion, ARRarRlis Betoks o eipct ropie
nore groups for E.gg‘e | ﬁy&g | r nat el
assi gned !too t wo u%‘él tﬁé;re nown Qhéﬁtb a{hﬂlﬁ&%ﬁ?{?g O?E A—g(%?ghglgo 15 Y

Oper ation whth crr&sm@red sitle/hyside iand separated one fremethgrr@utol@.v erdem!léd in

t at | f
roup oper at  on. Tighhg 8 hSferbithwiGe HreClcniRriine Brihndls abifies P ndied 000, 0
channel s bel ongi nhictocommunivate tpspagtivelyl withh saitiichednel$ furlejention wf dioplets
Smiarly, o ioerabrhhd odHreEho ARBRE b hnbdiho e Bhhid G A%cle O LN

sanme group and fi
of droplet fluid, said signal being held at a non~zero level for a period, the

10 method comprising the steps of:
(a)  applying said signal to a selected channel of said array and
measuring the velocity of the droplet ejected from the selected channel;
(b)  applying said signal to said selected channel and
simuitaneously to channels in the vicinity of said selected channel and
15 measuring the velocity of the droplet ejected from the selected channel; and
{©) choosing the length of period such that there is substantially no
variation in velocity between droplets ejected from the selected channel
under regime (a) and droplets ejected from the selected channel under
regime (b).
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20 simul taneously will be separated by a channel also belonging to the
sane group and yet not firing. These two situations are
illustrated schematically in Figures 9(a) and 9(b) respectively.
The present iy&igh@n seeks to avoid any differ enf.@r/cgggdzﬁﬁtion
vel ocity between these two firing patterns by ; applying an
actuating signal to those channels of a group that are to be 25 fired,
the signal being held at a given non-zer? | evel for a period, wherein

the length of the period is chosen such I8 it is greater than Tdes and
such that the velocity of a droplet ejected froma sel ected
channel belonging to a first group is substantially independent of
whet her or not other channels al so bel ongtmonto the first group
and located in the array directly adjacent said 30
have said actuating signal applied to effect dropl &

Such a period | ength can be deterp
WD 97/ 18952
PCT/ GB96/ 02900

Fig.1.
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- 11 - vel ocity fromone or nore channel s bei ng advant ageously
measur ed usi ng stroboscopi ¢ net hods as descri bed above. Figures
9(a) and (b) illustrate the - undesirable - case where there is a
change in velocity with printing pattern and a coPCHEPHAAPNEg
‘change in th@"bq7’s’¥’a5ﬁce bet ween the nozzle 5 pl ate and drops ejected
frommnozzles in the nozzle plate and vi ewed _ stroboscopi cal l y:
droplets are ejected at a higher velocitéégrwlevery one in t hree
channel s of the printhead is operating ( re 9(a)) resulting in a

greater distance (x1) being travelled by a droplet in a given tinme interval
than that (x2) travelled when only one in six channels is operating (Figure

10 9(b)). It will be understood that the firing patterns shown in
Figures 9(a) and (b) correspond to the one-in-three and one-in-siXx
firing patterns used to obtain the gorves B and C In Figure 5(a):

the value of T* shown in Figure 5
applicable for three-cycle operation.
according to the present invention is nf
manner in which the channel volune can bk
usi ng an actuating waveform of the kind g

Figure 5(b), it has been found that the/respectivey

oyl d MN\herefore al so be

\ Operation in groups
|\ redtricted as regards the
\ However, when
exanple in

Fig.2.
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expansi on and contraction periods may advantageously be chosen such
that there is generated no pressure wave contribution to the droplet liquid

in 20 t hose channel s bel onging to the next group of channels to be
enabl ed for wpoy1ges2 actuation. Such a pressure wave contr iggdididenidodht

ot herw se affect the - velocity of the droplets ejected fromsone or
all of the channels of the next group, causing it to deviate from
t he value of velocity of the droplets ej e3yed fromthe earlier
group. 25 The respective | engths of the channel contraction
signal period and the channel expansi,on signal perjod can be
determ ned by a process of trial afd}FLlor: startiggg froma

wavef orm of the type di scussed above havi ng expansPon and

contraction periods of equal |ength and giv] g crp%stalk-free

operation for channels belonging to the sang|grodp,{the duration of either
of 30 these periods, but in particul gi~fHe dyrafion of the channel
contraction signal period is varTed|untijl ho significant variation
in the velocity between droplets ej gcted ffom groups of channels
can be nmeasured. The end Ofeihs.channal
9 =
<
o
A
30
Ao
LL
i
)
™

2 I,

= 83— |
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-12 - contraction signal period - at which the channel walls nove
out to their undi spl aced position - is advantageously tinmed so as
t-o generate i\,835d3sPf -the channel s sharing a side ppgldpokidots t he
actuat ed channel "a pressure pul se whi ch cancel s out any pressure
waves remaining in these channels. Such 5 pressure waves W |l have
been generated by the novenent of the chanpel wal I's at earlier
points in the actuating signal. 4/ Al ternatively, having
enpirically determned the timng of the final edge of the channel
expansi on signal necessary to avoid pattern-dependent cross talk,

it is possible to calculate the necessary tinmng of the final edge of 10
t he channel conpression signal: whilst not wishing to be bound by this
theory, it is believed that for a sinple waveform of the kind shown in

Fi gure 10, the condition whereby no pressure waves remain in a
channel can be expressed as
—
o]
Qo
'd:’_
2
LL
o
o
-~
»
2
|._
— ¥
m =
A
< o &
(@) =
LL
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[err] 15 where P(tl), P(t2), P(t3) are the pressure pul ses generated at

time t1,t2,t3 by the corresponding steps in the actuating signal
and crand [err] are the decay constant and natural frequency of
pressure wavegglghdolle Channel respectively. Wiere -pgssmpeipe | N
Figure 10 - the magni tude of the expansi on and conpressi on
conponents of the actuation signal are equal, 20 the step changes in
the actuating signal and the correspondi ngaqoressure pul ses can be
normalised to 1,-2 and 1 and the above e8d#ion reduced to [err]

Values of ¢ and [err] for a printhead can be determned by fitting a |linear
har noni ¢ equation of the formA - B.cos([err]T).e[err] to the UT
characteristic of 25 the kind shown in Figure 4 (the val ues determ ned
will vary slightly dependi ng on whether the equation is fitted to
the "single channel firing" or "one-in-three channels firing"
characteristic) Wmlst tl and t4 wll be determ ned by the duration
of channel expan n signal reqyired to give pattern-crosstal k-free

operation. It |s erefrT—pmbl e to solve the above
}.

T(us)
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equation to obtain a value for t3: it has been found that such cal cul ated
val ues agree_Ww perinmentally determ ned values to wthj 9

Fol | owi ng thé‘yﬁéﬁgﬁéedge of the conpression signal, the sagé'r/?:%{?/omoo
wavef orm may be applied imediately to channels belonging to the next 5
group to be enabled. Alternatively, as shown in Figure 10, a rest period

may be incorporated into the w&/&8ormprior to application of the
waveformto the next group of channels at tinme t4. It has been
found advant ageous to nake the length of the rest period (t4-t3)
greater than L/c so as to allow conplete pressure wave

cancel lation to take place. In addition, the length of the rest 10

period may be chosen such that the resulting frequency of droplet ejection
l's of a value conpatible with the rate of supply of print data.

Al ternatively,

T (us)

SUBSTITUTE SHEET (RULE 26)



given a desired droplet ejection frequency,

the characteristics of the

printhead (in particular the active length) and the duration of the rest

peri od

way of exanpl e,

and havi ng

havi ng chanﬁgﬁgaip¥

a single |evel

may be adjusted to match this frequency. 15

in a printhead of the kind shown in Figures 1-3

gl ue of 12ps, crosstal k-free operation giy@gadiides head
anged into three int
wavef orm (havi ng expansi

By

ez}gpved groups ‘was obt ai ned usi ng
o] nd conpression signals of equal

nmagni tude) having (t2-t1)=1.55Tdes, (t3-t2)=1.8Tdes and (t4-t3)=1.65Tdes,

20
dur ati on

corresponding to a

= 5.6 kHz.

pul se sequences of the
ment ati on
to firing and adjacept,
described in

appropri ate,

The present

"greyscal e")
"in a single
di scl osed,

appreci ated that thﬂ

t he wavef orm

to inplE

c

dr
e
™

non- fi

pt al duration of 5Tdes (although a total
nteger nmultiple of L/c need not be the case)
bpl et ej ection frequency of 1/(3 x 5 x 12E-6)
M | | be appreciated that all the pressure
present.invention are anenabl e, where

by 25 means of uni pol ar vol tages applied
L i ng channel s. Such actuation is

F porated herein by reference.

cable to printheads operating in both

ul tipul se (also known as "nulti-drop” or 30
S in a group may be actuated several tines
the latter are known in the art and

mpkel in EP-A-0 422 870. It will further be

Fig.7(a).

4+
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¥
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™
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present invention is not intended to be restricted to the type of printhead

descri bed by W@y fihs,€xanpl e above. Rather, it i's consideregkR.d0€i1000
applicable to any type of droplet deposition apparatus conprising an array

of _ paral |l el channel s separated one fromthe next by side walls
extending in the 5 | engt hwi se directi of the channels, optionally
supplied froma comon mani f ol d, Schannel wall's di spl aceabl e
relative to the channel in response to an actuating signal. Such
constructions are lknown for exanple, from US-A-5 235 352, US-A-4
584 590 and US-A-4 825 227.}
b
<
}.—
‘_1
4 O
. N
o
fo) gl
S’
O o
lg T -
LL
L ©
T+
s
»
2
.
+ o
—
© {1 o
e’ =
0
A=)
LL . o
L — ~1 t t + +
3‘_ o 9 L7 0] w <T 14V

U
wim/s)

UBSTITUTE SHEET (RULE 26)



CLAI M5 1. A nmet hod of operating a multi-channel pul sed dropl et

deposi tion appar atus having an array of parallel channels,

di sposed side by side and separated one fromthe next by side

wal | s extending in the lengthwise 5 direction of the channels;

a series of h§sk2Whi ch communi cate respectively with sapCi/GB96/02900
channel s for ejection of droplets therefrom connecti on
means for connecting the channels with a source of dropl et fluid;
and el ectrically actuabl e neans for digégaci ng a portion of a side wall in

t4 t2 t3 tg
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..'r-esbonseW%g'éﬂis%?c_z_u_at_i ng signal, thereby to eject a dropl ACTTGRAGIHOd
sel ected channel ..the:method conprising the steps of

appl yi ng an act uat Jid ‘electrically actuable means to 15
ej ect a dropl et frummmnrm‘IMItﬂ nnel, t signal - being held at a given
non-zero |level for & perilod," te Fength Gf'3di d peri odThieShog Hesiean Répiaced
(a) it is greg ganthelength of that period which t he
vel ocity of dm ej ected from said channel being at i
(b) the velocity of a droplet ejected.fromsaid selected channel is 20
substantially independent of whether or not channels in the vicinity of
sai d sel ectled chamrthodcé opienating & ynulti+channe! palsed dropled depbsitior] ect i on
si mul t aneousl y_wi th dr.oplet_ejecti fr ai d sel ected channel ; and
() the el oc aRpatu TR af i dohereli) ot el cisnosed W AHaids nd
greater than leibfated one from the ne i L9 Ipwisgannel

e?g xf‘a plﬁ‘é’%éﬂg @&&ﬁ&}hgﬁ%gﬁ a@yg W%E

pul sed dropl et position arat us havi ng rall el

channel § di splireetiosiofi¢hdghannelsand 25 separated one fromthe next by
side wal |l s extendinginthfe lfzgtglgi e ] directjon of the channels;
successi ve channel & 8¢1&He" 3¢9 %5 %bc?r@ﬁﬂ-lrﬁ‘ﬁt? rgspecjively wih gaistips

such that a chagRRkistel @ %r@ﬂ)#%{ﬁ%réﬁ&k\p i s bounded on either side by

Iéﬁ:‘tiBH df
channel s belonging to at” | east one ot her group; :
connection means for connecting the channels with a source of

droplet fluid;
and electrically actuable means for displaéing a portion of a side wall in
response to an actuating signal, thereby to eject a droplet from said selected
channel to form a higher quality printed image,
the method camprising the steps of
applying an actua;cing signal to said electrically actuable means to
15 eject a droplet frpm a selected channel, the signal being held at a2 given -
‘non-zero level for a period, the length of said period being such that:
(a) it is greater than the length of that period which would result in the
velocity of droplets ejected from said channel being at its maximum; and
| (b) the velocity of a Idroplet gjected.from said selected channel i.s
20 | substantially independent of whether or not channels in the vicinity of said
selected channel are similarly actuated to effect droplet ejéction
simuitaneously with droplet ejection from said selected channel.

2. A method _df operating é multi-channel puised droplet depos-ition
apparatus having an array of parallel charnels, disposed side by side and
25 separated one from the next by side walls extending in the lengthwise
direction of the channels; . _
successive channels of the array being 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; i
30 o a series of nozzles which communicate respectively with said
!REPLACEMENT SHEET - [THIS SREET HAS BEEN AMENDED SHEET
' ' ' ! REPLACED -
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.30 . A ser| s ahi ch communi cat e rfgent %W%EET Jai.d
- 16- charir'gﬂm ai&@ Eal t of droplets thergtye
"~ yconnection nmeans for Y hannel s with a solurie of

~droplet fluid; - and el ectrical | y- a6twabl e meank forl AVANI BEPnd 4
portion of a S|de response to an actuating s|gpal. _therehy.tlo
ej ect a dropl éf‘a‘f“?‘@%fgrzaﬂ&cg%ﬂ’ @éf’éQP'etsdharrﬁﬂ@m the rret hod

conprising the ste a6 rart
said electrically a Q:S{]Ré%tlog nr;ggﬂs f?r connecﬂﬂ& tH%%géﬁﬁﬁlg ! Festdaf"r: ﬁf
sel ect ed chanuﬁjp|ettfngd5| gnal being held at a gi ven 10 non-zero | evel

for a period,

-

and electrically actuable means for displacing a portion of a side wall in
response to an actuating signal, thereby to eject a droplet from said selected

channel to form a higher quality printed image,

the method-comprféing the steps of
applying an actuating signal to said electrically actuable means to
eject a droplet from a selected channel, the signal being held at a given
10 non-zero level for'a period,
the length of said period being such that:
. (a) it is greater than the length of that period which would result in the
velocity of droplets ejected from said channel being at its maximum; and
(b) the velocity of a droplet ejected from said selected channel is
15 substantially independent of whether or not those channels belonging to the
same group as the selected channel and which are located closest to said
selected channel in the array are similarty actuated to eﬁecf droplet ejection
- simultaneously with droplet ejection from the selected channel.

20 3. A multi~channel pulsed droplet depasition apparatus having an array
of parallel channels, disposed side by side and separatéd one from the next
by side walls extending in the lengthwise direction of the channeis?

a series of nozzles which communicate respectlvely with sald
channels for gjection of droplets therefrom - |

25 connection means for connecting the chanriels with a source of

dropiet fiuid; _ ' -

and electncally actuable means for dtsplac:ng a portlon of a side wall in
response to a_n actuating signal, thereby to eject a droplet from said selected
channel to form a higher quality printed image,
30 and a drive circuit for applying an actuating signal to said electrically
"actuable means to ej'ect a droplet from a selected channel, th'e drive circuit

being arranged to hold the signal at a given non-zero level for a period, the

This Sheet Has-Been Re hced :
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.the | en&t%”é\‘”%’al peri riod bei ng such that: PCT{GRI6290D o

" greater than the len l“!H uu whi ch woul { W]]ﬁﬂﬁ[
: velocity of dropl etsq , 'mwm m channel be A Li- P m'
(b) the velocity of a dropl et %j et &d fromsald sdl dct ed chawj is|: 15
substantial ly mdependent of whet her or not those licHanfi®: noj: ng to the
sane group a Hod ich are Hloglat ed ¢l osest Yo} said
.sel ected chaﬁﬁé&ﬁl nt gtpgrray aﬁggg?@nﬁpgg{rﬁl y actuatied to effect dromet

Lk eed

ej ection (@) ik tgreatenshan e lendtropf tat gieei
channel , and (c) . the velociy of a droplet ejected from said
sel ected chari@scitysof droplets e!%ﬁt%fréfn Fﬁaﬁhﬁnﬁﬁkbaﬂg at its mayimumpand

mul ti-channel pul

of parallel chgnnZ@zﬂ%?&%’%‘é&%’?%ﬁ"&’t&%éﬁggiﬁh@é@% ?%38 nﬁ?%ﬁl t he next
by si deg wal | sg pyetaitidi mzmwdépédment enghatigrardiot ehbhaslsdh thBeidfianaessd

a series of nozzles I ch conmuni cate respectively with said

channel s for sglested shapneldargpsigrlarly ipstusted e effgct droplet ejectionconnect i on

and o ect 1 caroapRasaly RCRBIR sailolral Seif sSiostad shEmeta ofde wal | in

response to an actuating signal, thereby to eject a dropl et fromsaid
sel ect ed channel to forma higher quality printed inmage, 30
and a drive otrcuiA mdti~ehanngl pylsed céroplﬁatdepgs@cgra@lpaﬁiusdiawm eErmayal |y

of parallel channels, disposed side by side and separated one from the next

10 by side walls extending in the lengthwise direction of the channels;
successive channels of the array being regularly assigned to groups
such that a channel befonging to any one group is bounded on either side by
channe!s belongmg to at least one other group;
a series of nozzles whlch communicate respectively with said
15 channels for ejectxon of droplets therefrom;
connection means for connecting the channels with a source of
droplet fluid; |
and electrically actuable means for displacing a poﬁion of a side wall in
response to an actuating signal, thereby to eject a droplet from a selected channel
20 to form a higher quality printed image,
~ and a drive circuit for applying an actuating signal to said electrically
actuable means to eject a droplet from a selected channel, the drive circuit
- being arranged 1o hold the signal at é give'n non-zero level for a period,
the length of said period being such that:
25 - (a) it is greater than the length of that period which would result in the
veloc:ty of droplets ejected from said channel being at its maximum; and
(b) the velocity of a droplet ejected from said selected channe! is
_substantxaily mdependent of whether or not those channels belonging to the
same group as the selected channel and which are located closest to said
30 selected channel in the array are similarly actuated to effect dropiet ejection

_simUltaneoust_ with droplet ejection from the selected channel.

. This Sheet Has Been Replaced - THlS LSHEET HAS BEEN
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actuabl e means tp eject a droplet froma sel ected channel, ttie

circuit being arranged to hold the signal at a given r

| evel for a period, the | engt h "of said peri ei ng ‘such,
t hat : (a) it is greater thgn_the Iength of that er2 dAMAY 1999
which would result in the velocity of droplets ejected fjrom said
channel bei ng sihgle Enemwitheuthhear netghbours is fired(b) the velocity jof a droplet

ej ected from sai g sel ect ed channel substantially i

whet her or not chanH‘é(DsAr%&ZﬁéZQl8é$mﬂl$910§ﬁsdbﬁc¢0flcept of Vafy@l%ﬂlﬁs@ﬂéﬁ‘aﬁﬁel

M th droplet cfoerPbRMbmeaneLl B8 I SfiatBa gr proanded'she, SR fey ,
- the velocity Oa‘h%a%ﬁépéﬂt%ursd;@ecbfeﬁmfdumgethe vilipetsfdhegeael dréplet thereby

greater than 1
5 to vary the size of the printed dot. Figure 2 of this document shows the

variation in drop velocity with dwell time, whilst page 10 explains that the
- largest, fastest droplet is produced at a dwell time of about 17.5 ]
microseconds, with slower and smaller droplets being produced at dwel(
times shorter or longer than this optimum. However, this document makes
10 no mention of the problem of pattern dependent crosstalk.

The present invention has as an objective a greater reduction in
printing pattern dependent crosstalk than has previously been possible, thus
allowing higher quality printed images.

Accordingly, the present invention consists in one aspect in a method

15 operating a multi-channel pulsed droplet deposition apparatus having an
array of parallel channels, disposed side by side and separated one from the
next by side walls extending in the lengthwise direction of the channels; a
series of nozzles which communicate respectively with said channels for
ejection of droplets therefrom; connection means for connecting the
20 channels with a source of droplet fluid; and electrically actuable means for
displacing a portidn of a side. wall in réSponse to an actuating signal, thereby
to eject a droplet from said selected channel, the method comprising the
steps of '
applymg an actuating signal to said electncaﬂy actuable means to
25 eject a droplet from a selected channel the signal being held at a given -
non-zero leve! for a period, the Iength of said period being such that:
(a) it is greater than the length of that penod which would result in the
velocity of droplets ejected from said channél being at its maxnmum,-ané— '
(b) the velocity of a droplet ejected from said selected channel is
30"15- ol " substantially independent of whether or not channels in thé _vicinity of said
selected channel are similarly actuated to effect drc_:ﬁlq_tejection

simu!téne’ously with droplet ejection from said se!é"cted channel; and

&
SN




4. - A multi-channel, pul sed dropl et deposition apparatus havi rlngREPLAﬂIEMﬁW SHEET |

of parallel channels, disposed side by side and separated one|f fomrtheText—
10 by side walls extending in the | engthw se direction ¢f tz_ Y 1999
channel s; ' successi ve chanBets of the array beiln @M‘an S
assi gned to groups (c) the velaaifylof ahdoplet ejestekfrobedaid giefaridd cia § i
I s bounded on eithe{ %dei% channel s belonging to af 1east one ;
ot her group; greater than 1 S, serjes of nozzl es whi.ch comunicate———
respectively with saifcepsding to afyiiper aspest. g @cesesih '%Yer@PBﬁO@?tﬁ Kefef rom

connect i on Meansy o g jfkhida HIR-CRBARGI Suikhd Brobl EEERiRh apparatus

droplet fluid, electrically actu e né
di spl iaci {1% a Eorl?a'mng ahtaaraslidqu:a;mile[ ]cc:ﬁ\acnnels. diJspostad&ﬂbﬁrhgesk}i@ ;ad sephEted ng
si gnal , ereby to eject a dr et .fromag selecte anne )

and a drive circong fiost tr@dﬂﬁ’?lgﬁé‘égnwé’& ?aiaﬂakﬁ'gs‘f‘dg%lquﬁg‘é‘ﬁecf%@cé@f‘rqfé‘&q ly
act uabl e ans t ' . I : |

cirourt B B oLl nahna ot (F ARG Ry BRSREN Y
level for a perigghups such that a channel bélengiagdbhanyf osagcbupeisi tmdiidet rom sitie

that: 25 . (a) it is greater than the length of that .perjod. which
woul d result in side by channels %?WQSP%tfa‘eﬁ?to?ﬂ‘%P SRR F FRORT SBNeZ&Fannel

From sai d sel ect STEhSPTnicgte respectiel i B el o pp Bl her
or not those chattekfolngtomuictign reanhdor connecting the channels with a source of
10 droplet fluid; and electrically actuable means for displacing a porlion of 2
side wall in response to an actuating signal, thereby lo eject a droplet from 2
selected channel, the method comprising the stéps of applying
an actualing signal lo said eiectriéal[y actuable means fo eject 2
.droplet from a selected channel, the signal being held at a given non-zero
15 level for a period, the length of said period being such that:
(@) it is greater than the length of that period which would result in the
velocily of droplets ejected from said channel being at its maximum; 3Ad—
(b) the velocity of a droplet ejected from said selected channel is
substantially independent of wtiether or not those channels belonging to the
20 same group as the selected channel and which are located in the array

directly adjacent said selected channel are simitarly actuated to effect droplel

ejection simultaneously with droplet ejection from the selected channel; and
{c) the velocity of a droplet ejected from said selected chaanel is

greater than 1 m/s. _ ‘ o
The inveantion also provides in further aspects a multi-chanqel pulse

droplet deposition apparatus having a drive circuit configured to apply an
25 actuating signal having the characteristics set forth above.
signal fo} actuating electrically. actuable mea-n's for displacing a0 jon of a
side wall extending along a chanane! of a multi—chartriel pulsed droplet
depoéitién apparalus, thereby to effect-droplet ejection thecefrom, said
30 apparatus having an aa paraliel channels, d.i._Spqsed side by side and
separated ore-ffom {he riext by side walls extending in the leagthwise



sane’ group as the selected channel and which are | ocated cl ospsREPLACEMENT SQEET"

se| ect ed channel
ej ection
channel ; and

sai d sel ected channel is greater than 1 ms.

PCT/ GB96/ 02900

5. Met hod accordl ng to cl al m 1 or

ej ected from sai

h
where c is the eﬁ‘é&?g\r}g Q?@?Q)g?idyato‘? nﬁPe%"s"ﬁ’r'EVﬁ; £& PReGdhe M

5

10

15

20

25

30

in the array are simlarly actuated to effec
simul taneously with droplet ejection fromt
(c) the velocity of a droplet ej

I ts nmaxi mumis bst ant,i IIy equa

comprising the steps of; _

(@  applying said signal to a selected charthel of said array and
measuﬁng the 'velocity of the droplet ejectegAfom the selected channel;
() applying said signal to said selected channel and
simultaneously to channels in Vicinity of said _selecte:d chénnel and

measuring the velocity of #ie droplet ejected from the selected channel; and

The aforementioned aspects result from the discovery by the
originators of the present invention that, for a given printhead of the kind
described above, there is a length of period at which the actuating signal
can be held at a given non-zero level which is greater than that fength of
period at which the velacity of droplets ejected from said channel is at its
maximum and at which pattern dependent crosstalk can be completely
avoided. Advantageous embodiments of the invention are set out in the
description and dependent claims.

The invention will now be described by way of example by reference
to the following diagrams, of which: |

Figure 1 illuétrates an explodéd view in perspective of one form of ink
jet printhead incorporating piezo—electric wall actuators operating in shear
mode and comprising a printhead base, a cover and a nozzle plate;

Figure 2 illustrates the printhead of Figure 1 in perspective after
assembly;

Figure 3 illustrates a drive circuit connected via connection tracks to
the printhead and to which is applied an actuating signal, timing signals and
print data for the selection of ink channels;

Figure 4(a) is a graph illustrating the discovery upon which the



5. 7 | ength of channel extending between the nozzle
and i ﬁHrL'IHH “Fn means connecting the channel wt

droplet s Met:hod or apparatus accordin ]
claim wher ein sal d sel ected charmnk? -is held in an

for said perigd. 7. Met hod or apparatus accordi:
wherein said ed 10 channel is in a non-actuated stale directly
prior to and follow ng said period. 8. Met hod o
according to claim6 wherein the volunme of said sel cted rhannnl

herear tor Jala gfymAndd YPOHERANGT TG ORRE e diomighaéposifon” o
et lhgﬁgg: apappataiss ggy%aiamqmav of | RrENl MRBIRIS) A3PESSPSRRbPEIET, 1O
separated one from the next by s;de walls extending in the lengthwise
5 direction of the channels;
.a saries of nozzles which communicate :res_aectively:,with said
channels for ejection of droplets therefrom;
connection means for connecting the channels with a source of
droplet fluid;
and electrically actuable means for displacing a portion of a side wall in
response to an actuating signal, thereby to eject a droplet from said selected
channel to-forma-highergqualib-prntedimage;
the method comprising the steps of
applying an actua%ing signal to said elecirically actuzble means to
15 eject a droplet frem a selected channel, the signa! being held at z given
non-zero level for a period, the length of szid period being such that:
(a) it is greater than the length of that period which would result in the
velocity of droplets ejecied from said channel being at its maximum; an<
(b) the velacity of a draplet efected.from said sele.cted chahne! is
20 substantiélly independent of whether or not channels in the vicinity of said
selected channel are similarly actuated to effect droplet ejection

sxmult nequsly Vinth dro leEj e(eclztlton_ﬁ:cm_sai_d selected channel; and
. e

droplet e jected from said selected c is
greater than 1 ms. ' S
2. A metho of operating a multi-channel pulsed droplet depasition

apparatus having an array of paralle! charnels, disposed side by side and

25 separated one from the next by sid?a__walls extending in the lengthwise
direction of the channels; -
successive channels of the array being 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;

30 a series of nozzles which communicate respectively with said



Nb%heel—e*—app&%as-accordl ng to any of clains 6 to 9 wherein said

eater than that length of the peri

-.the f !]l!lﬂﬂ iﬂﬂ’lmmmdrom ets ejected fromsaid channel isﬂgf@q@‘ﬁmt@dﬁﬂ
maxi mi of approximately-1.7. 20 3141 Method or
apparatus according to claims 8 or 9 whenglependent on 2 4i MR 1999
wherein the ratio of the duration of said second period to daild

period is cheﬁgﬁ,ﬂélgqgr E@%ﬁoﬁ%‘?ﬁ%ﬂléts%@?é@érﬁd no pressure wgve CONLT1BULT 0N

affecting the velocity of droplet” e ection ffomthose channdlLs_hel onging.to
the next group of cohascidmsmieanbdocoaimanting the chaM@IO WitkB9%durce of
PCT/ GB96/ 02900 ]

droplet fluid;

and electrically actuable means for displacing a portion of a side wall in

response to an actuating signal, thereby to eject a droplet from said selected

channel te-form-a-highsrquality-pdnted-image,

the method comprféing the steps of
) applying an actuating signal to said electrically actu-éble'means to
' eject a droplet from a selected channel, the signzal being held zt a given
10 non-zero level for 2 period,
the length of said period being such that:
(a) it is greater than the length of that period which would result in the
velocity of droplets efected from said channel being at its maximum; erd-
(b) the velocity of & droplet ejected from szid selected channel is
15 substantially independent of whether or nat those channels belonging to the
same group as the selected channel and which are lacatad closest to said
selected channel in the array are similarly actuzated to efiect droplet ejection

simultaneously with_droplet ejection fram.the selecied chann ebﬁan_d .
- {c)the velocity of a droplet ejected from said selected channel

greater than 1 m/s.

20 3. A multi-channel pulsed droplet depasition apparatus having an array
of parallel channels, disposed side by side and separated ane from the next
by side walls extending in the léngthwise direction of the channels;

a seﬁes of noizles which communicate respectively with said
channels for ejection of droplets therefrom; -

25 o connection means for connecting the channels with a source of
droplet fiuid; ) ) - -

and electrically actuable means for displacing a porttion of a side wall in
response to an actuating signél. thereby to eject- a droplet from said selected

channel to form a higher quality printed image,
30 and a drive circuit for applying an actuating signal to said electrically
"actuable means to eject a droplet from a selectad channel, the drive circuit

being arranged to hold the signal at a given nan-zero level for a periad, the
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gmmm!mm ﬂ according to claim 12 wherein successi
channel in turn assigned to each of three

Met hrod Cor * apparat us according to any7of clains 1 to 5
sel ected channel is held in a contracted state for said peri
Met hod olengbpaf agid pesed beinagpahaothal:ai m 14 wherein said dhannel is i n
a non-actuated sta

Met hod or appkﬁdﬁﬁsﬁ%ggr‘gﬁ%@e I%nggﬁﬁgﬁg%tr ect %f"ﬁks"g%gg b(iltldléf ;Ir: ;;

15,

16.
10

preceded by a

12 —Method or apparatus according to claiml

riod to said second period is approx r%?éﬁ@’r"'ﬁm Qd‘:E? «:
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a expanded state. (b) the velocity of a droplet ejected from szid selected channel is
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substantially independent of whether or not channels in the vicinity of szid
selected channel are similarly actuated to effect droplet ejection

srmultaneously with droplet ejection from said selected channel; and
(c) the velocity of a droplet elected from said selected channel is

greater than 1 m/s.
4. A mulii-cnannel pulsed droplet deposition apparatus having an array

of parallel channels, disposed side by side and separated one from the next

by side walls extending in the lengthwise direction of the channels;

successive channels of the array being regularly assigned to groups
such that a channel belonging to any ane group is bounded on either side by
channels belonging to at least one other group;

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

conneciion means far connecting the channels with a source of
droplet fluid;

and electrically actuable means for displacing a portion of a side wall in

' response to an actuating signal, thereby to eject a droplet from a selected channel

, v printed imags,

and a drive circuit for applying an actuating signal to said electrically
actuable means to eject a droplet from a selected channel, the drive circuit
being arranged to hold the signal at a given non-zero level for a period, .~

the length of said period being such that: _

(a) it is greater than the length of that period which would resuit in the.
velocity of droplets ejected from said channel beihg at its maximum; efd

(b) the velocity of a droplet ejected from ‘said selected channel is
substantially independent of whether or not those channels belonging to the -
same group as the selected channel and which are lacated closest to said
selected channel in the array are similarly actuated to errect draplet ejection

srmultaneously with droplet ejection from the selected ct*annell and

c) the velocity of a droplet ejected from sal _ is .
greater than 1-mvs. ' ' '

urther period during which said c annel 1S held in
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17. Method or .apparatus according to claim16 wherein said
sai d further pertod—tave The same duration. 18. Met'Rod o

appar atus accor ous claimwherein said 15 ! portlon "ot -at E

| east one side M @B M\W“ezoel ectric material. ; APusr 99 1
Met hod or appar ordi rig to cl ai m'18 wherein said pi ezoél ectric - {
‘material is di'splaceable in shear node. -20- 20. Meth dLO‘F“a'ﬂB&P-&t-&SJ
according to any previous cl al mvvherel n channel s sh Are_a_comon i

dr0p| et fl ui d #tortWwenRaesa) -'l- signabfor adtbafimal elrt daeblor a7 --I. ﬂ Q ng
to any previou cIa wherel annel s are forrred as gro fes

in a base, cha W %W&ﬁ’%@??m wall e)(?enqygg\,gégpg schangred o6 agmuti-
' channel pulsed droplet deposition apparatus, thereby to effect dropje

gjection therefrom, said apparatus having an array of parallel chénnels,

5 disposed side by side and separated one from the next by #fde walls
extending in the lengthwise direction of the channels, a/6eries of nozzles
which communicate respectively with said channelg'for ejection of droplets

| therefrom and connection means for connectingthe charinels with a source
of droplet fluid, said signal being held at asfon-zero level for a period, the
10 method comprising the steps of:
(@) applying séid signal #6 a selected channel of said array and
measuring the velocity of the dfoplet ejected from the selected channel;
(b)  applying sajd signal to said selected channel and

simuitaneously to charinels in the vicinity of said selected channel and

15 measuring the veldcity of the droplet ejected from the selected channel; and
(c) oosing the length of period such that there is substantially no
variationAh velocity between droplets ejected from the selected channel

under regime (a) and droplets ejected from the selected channel under

daime-(b)
> Al Sl A
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