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(57) Abstract

A method is disclosed for controlling liquid movement to and from a liquid ejection device (1) (such as an ink jet printing device).
The device has a nozzle chamber (2), a liquid ejection aperture (4) in the nozzle chamber and a movable element (60) located within the
chamber for displacing liquid through the ejection aperture. The method comprises displacing the movable element (60) so that it moves
from a quiescent first position to a liquid ejecting second posmon with a first average velocity, then returning it from the second position
to the first position with a second average velocity which is lower than the first average velocity.
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controlling liquid novenent to and froma liquid ejection device (1)
(such as an ink jet printing device). The device has a nozzle

chanber (2), a liquid ejection aperture (4) in the nozzle chanber and
a novabl e el enent (60) | ocated wthin the chanber for displacing
liquid through the ejection aperture. The nmethod conprises displ acing

t he novabl e el enent (60) so that it noves froma quiescent first
position to a liquid ejecting second position with a first average
velocity, then returning it fromthe second position to the first
position with a second average velocity which is |ower than the first
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Field of the Invention

The present invention relates to a method of controlling an actuator in a micro
5 electro-mechanical device. The invention is herein described in the context of an ink jet
printer but it will be appreciated that the invention does have application to other micro

electro-mechanical devices such as micro electro-mechanical pumps.

Background of the Invention

10 Micro electro-mechanical devices are becoming increasingly well known and
normally are constructed by the employment of semi-conductor fabrication techniques.
For a review of micro-mechanical devices consideration may be given to the article
“The Broad Sweep of Integrated Micro Systems” by S. Tom Picraux and Paul J.
McWhorter published December 1998 in IEEE Spectrum at pages 24 to 33.

15 One type of micro electro-mechanical device is the ink jet printing device from
which ink is ejected by way of an ink ejection nozzle chamber. Many forms of the ink
jet printing device aré known. For a survey of the field, reference is made to an article
by J Moore, “Non-Impact Printing: Introduction and Historical Perspective”, Output
Hard Copy Devices, Editors R Dubeck and S Sherr, pages 207 - 220 (1988).

.20 A new form of ink jet printing has recently been developed by the present
applicant, this being referred to as Micro Electro Mechanical Inkjet (MEMIJET)
technology. In one embodiment of the MEMJET technology, ink is ejected from an ink
ejection nozzle chamber by a paddle or plunger which is moved toward an ejection
nozzle of the chamber by an electro-mechanical actuator for ejecting drops of ink from

25 the ejection nozzle chamber.

The present invention relates to a method of controlling an actuator of a type

that is used in the MEMJET technology and other micro electro-mechanical devices.

Summary of the Invention

30 The invention may be broadly defined as providing a method of controlling

liquid movement to and from a liquid ejection device having a nozzle chamber, a liquid
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The movable element preferably is displaced from the first to the second position
by application of a primary energising pulse, and displacement of the movable element
from the second position to the first position preferably is retarded by application of at
least one secondary energising pulse having a duration that is less than that of the first

10 energising pulse.

The invention may further be defined as providing a liquid ejection device
comprising a nozzle chamber, a liquid ejection aperture in the nozzle chamber, a movable
element located within the chamber for displacing liquid through the ejection aperture, an
actuator for effecting displacement of the movable element from a quiescent first position

15 to a liquid ejecting second position within the chamber. Also, means are provided for
controlling actuation of the actuator in a manner to move the movable element from the
first position to the second position with a first average velocity and to control return of
the movable element from the second position to the first position at a second average
velocity lower than the first average velocity.

20 The movable element in the liquid ejection device preferably comprises a paddie
which, when moved from the first position to the second position, uncovers an opening
through which the liquid passes for subsequent ejection from the aperture. Also the liquid
ejection device preferably includes a series of baffles adjacent the opening to inhibit the
back flow of liquid through the opening during movement of the paddle from the second

25 position to the first position.

Brief Description of the Drawings

Notwithstanding any other forms which may fall within the scope of the present
invention, a preferred form of the invention will now be described, by way of example
30 only, with reference to the accompanying drawings in which:

Fig. 1 illustrates a sectional view of a portion of an ink ejecting nozzle chamber of
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position

has formed in a wall structure 11 thereof a nozzle chamber rim 3 and second rim 4. The
25 paddle 60 is shown in the first position.

Upon activation of the actuator 10, the paddle 60 is caused to move upwardly as
illustrated in Fig. 2. This results in a rapid upward flow of ink behind the paddle 60 from
the ink supply channel 52 as indicated by arrow 6. As an ink drop is ejected from the ink
ejection nozzle, a corresponding amount of ink also flows into the nozzle chamber as

30 indicated by arrow 7. This ink replenishes the nozzle chamber 2.
Thereafter, the actuator is deactivated and, as illustrated in Fig. 3 the paddle 60
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means are provided for <controlling actuation of the actuator in a 17 OCT 2003
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appl i catidn of thereaftelr falle ay elbstagially tipvwsame rrate) g5. indicatéd jy n6memsl 33 dir Fige 5
vol tage di agra V, rive
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shows a devi ce séofidpositibe ej ecti on of ink. The device 1 conprises a
nozzl e ggarrber 2 nd ah&afddl e 60 ocat ?d within the nozzl e chamber 2

for ejectfng ink fr ered emugr t B FEGFRtafpEsntighe the | retpy rate of
paddl e 60 is caﬁﬂe&tneﬁt of the Acthidi@108Ad, H@b&&k@ﬁdﬂi&(}\&bﬂ&%d and this is achieved by

applying a further drive voltage (and hence current) pulse 16 of shorter duration to the

actuator 10. This has the effect of extending the displacement time for or, in other words,
reducing the average velocity of the return of the paddle 60 from the second to the first
25 position, as indicated by numeral 17 in Fig. 7.
It will be understood that the displacement plot as shown in Fig. 7 may be further
extended to meet specific requirements by generating a series of the short duration pulses
16 following generation of the relatively longer pulse 110.
The slow return of the paddle 60 to its quiescent first position (relative to the more
30 rapid movement of the paddle 60 toward the second position) permits an increased flow of

the ink into the nozzle chamber, this resulting from a reduced back-pressure being applied



is enployed to nove the paddle 60 toward the aperture 4 for the

ejection of ink and back into a quiescent first position. Figure 1 0CT 2003
illustrates a detail of the device shown in Fig. 1. The nozzle

chanmber 2 has forned in a wall structure 11 thereof a nozzle chanber

rima3 and sg@ﬁ&g rimd4. The 25 paddle 60 is shown in the first

posi tion. UpOR%™&84"Bvation of the actuator. 10, the paddl EBAUYRH,sed

to nove upwardly as illustrated in Fig.”Z. This results in a rapid

upward fl ow of 4 DEM ek Tele | r: hnk supply channel

52 as indicatedb§§ arrgaﬁ%ﬁQﬁg an fﬁgggﬂ%ﬁﬁgghéﬁgg?éd fromthe ink

ej ection nozzle, a 3Orlsethpembtidimpenhefdhminvesfion hds bednsdesdribeabovewith tefegence

nozzl e chanber . J i ol Jr I Q LS. | I i shes. t he
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chanber conpri sésiet these sizcunBmn@s the attiatads mayist cdntrdlle@ inkiadiferdnk MdnrRf from that
liquid into the i.nk. su hannel .52 ig hindered. This facilitates
the forward fl o™ lsidﬁ%gi’%[ a%‘“feh t ﬁ?}g‘ﬂﬂéa‘ﬁ W&WB%O,? mfreasing, the gisﬁlﬂwﬁ’&?m time
arrow 9, to replueig 8 clobifg mogyreml,Sdnde/Varyinll thOveldoity Of Vet ih the rddBéctive
assist the forward flow of the ink in the direction of the arrow 9,
the paddle 60 i4H¥0%d back in a control | ed manner as descri bed

bel ow. Fig. 4 illusbit esialittR sh®nibuditatBny/ Rby 88 hald!inSCspedlat 1 SRntHE as
enpl oyed to drive electrical current through the actuator 10. As Is

described in I fPeYendessridad Withjt <lepartingsfam ¢het scene piothe rEmItiancS/dobBdsn the
filed on Februgpyendds 1?8900 by the present applicant, 10 the

el ectrical current induces heating in and, as a consequence, bending
of the actuator 10 to nove the paddle 60 fromthe first to the
second position. The voltage and, as a consequence, current pul se
100 as shown in Fig. 4 for driving the actuator 10 would nornally
occupy a 1.5 mcrosecond period. The displacenent of the actuator

and, hence, the paddle rises sharply to a maxi num | evel indicated by
numeral 12 in Fig. 5 and, 15 thereafter, falls at substantially the
sanme rate, as indicated by nuneral 13 in Fig. 5 follow ng expiration
of the voltage pulse period. The average velocity of displacenent of
the paddle 60 in noving fromthe second position to the first
position is substantially equal to the average vel ocity of

di spl acenent of the paddle fromthe first position to the second
position. 20 In the preferred enbodi nent of the present invention,
the return rate of displacenent of the actuator 10 and, hence, the
paddle 60 is slowed and this is achieved by applying a further drive
vol tage (and hence current) pulse 16 of shorter duration to the
actuator 10. This has the effect of extending the displacenent tine
for or, in other words, reducing the average velocity of the return
of the paddle 60 fromthe second to the first
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understood that the displacement plot as shown in Fig. 7dghcB®entpage
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qui escent first position (relative te the nore 30 rapid novenent of.
the paddle 60 toward the second position) permts an increased flow
of the ink into the nozzle chanber, this resulting froma reduced
back- pressure being applied 17 OCT 2003 WO 00/ 64678 PCT/ AUO0O/ 00339
.5- to the ink flowng into the chanber fromthe inlet channel 52.

Wi | st the enbodi nent of the invention has been described above with
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first position is retarded by application of at |east one secondary
energi si iy Pulieid ereetion devierieemprasing A apzzle chamber; ; iguidipigetigp aperiue

first ener giﬁs 'tl'i]eq nggzllé ec‘hamber, a movable element located within the chamber for
displacing liquid through the ejection aperture, an actuator for effecting
displacement of the movable element from a quiescent first position to a liquid
ejecting second position within the chamber, and means for controlling actuaﬁon
of the actuator in a manner to move the movable element from the first position to
the second position with a first average velocity and to control return of the
movable element from the second position to the first position at a second average
velocity lower than the first average velocity, wherein the actuator is displaced
from the first to the second positién by application of a current pulse for a first
duration and wherein the actuator is permitted to recover following expiration of
the first duration and wherein recovery of the actuator is delayed by application of

a second current pulse for a duration shorter than that of the first current pulse.



2. Aliquid ejection device conprising a nozzle chanber, a liquid17 0CT 2003
ej ection aperture in the nozzle chanber, a novable el ene l.ocat e
within the chamber for displacing |iquid through the ejechfriFFementpage
aperture, an actuator for effecting displacenent of the rmva?lsi

el ement froma quiescent first position to a liquid ejecting ‘EBZW
position within the chanber, and nmeans for controlling actuation of
the actuator in a manner to nove the novable element fromthe first
position to the second position with7 first average velocity and to
control return of the novable elenent fromthe second position to

the first position at a second average velocity |lower than the first
aver age vellocftliguidrise@omdevies eunprisieg a nezzl¢ shanakesda ligvidrpiqckien faperéyre

to the second. pgsition b | icatiop of, a _current e .for i.r
duration and Wh{e%lree%lézztl%é%g%p gratao (’lvgﬂlﬁe%lﬁ?]te{’%ejgo c? %dr g’?&\ﬁneghef 8?33[(1315\%%5&
expiration ofdisplaeidg tighiddratglonthangesher apértires auesdtusbr tloe effecting

actuator is delayed by application of a second current pulse for a
duration shordigplagementiofdke govable elgment from payiesprnt Jast popitionto z2okgud

Repl acenment pﬂgﬁi 4se9%rﬁr gsﬂ?o% \Zfitﬁﬁn tﬁb Lflagﬁﬂe?, aﬁjdqﬁéelngrford@o\ﬁiu%ﬁinlg actuation
conprising a nozzlPe ¢ an%er, a l'irquird e ection aperture 1 n the
nozzl e chanbesf thaacmuabinca mhemree nd mooe deatowibldlemtitdronh drelfast gosition to

di splacing liquid through the ejection aperture, an actuator for
effecting di@'ﬁw&e ROSTEPD PR ReirabPEerad o HEAEH %cﬂ]t%ca&ﬁr@sf@élﬁfl ofithet

position to amhigil QlleF{%hFEIa&l'iﬂe &%Gﬂﬁﬂos?t?oiiht%itﬂé‘fd’& Sitlod 416 sEOHIEErage
and neans for controlling actuation “of the actuator In a manner t
move the novatdlecigl éoweert thin dhe tfivst dverage palscity, omhdrein theemewabdedlement

position with a first average.yelocity and_to control r.eturn of the
Tovabl e el emeiRREm PEIOLT BBiR: BOCR IRenE §roph i L pofion e e sgeond
second aver aggysitydH, akbvers aWRIpehidgthidh@h WHKieh (R BEAEDHa¥fs 6t kibsequent
wherein the novabl e el enent cConprises a paddle i ch, when novi ng
fromthe firsejegionifromihetapertims. second position, uncovers an opening
t hrough which the liquid passes for subsequent ejection fromthe
aperture. 4. The liquid ejection device as clained in claim3 wherein

the actuatar TGS @Fecion HEGE R clafieddh Qlaini3i wherkia the Bitha6k édnpries a
paddl e and which is actuated with passage of electrical current to

ef fect di spl abemeahactyator whichagepupleddo thepaddleqnd gvhicheistaryated ajthqassage
clainmed in cla . LN t i to bend so as to

di spl ace the(ggﬁ%ﬁé. g.ih@““?%ﬁl &%ﬁécgwgﬁﬂ% |@g'as claimed in claim
3 wherein a series of baffles is provided adjacent the opening to
inhibit the b ck_ngmLot i quid tqnou h tpe openanhdurin novenent
of the paddt el igHif giecten deacerslaimsa 1 glapmd whereip the acpatoryy caused to

bend so as to displace the paddle.

6.The liquid ejection device as claimed in claim 3 wherein a series of baffles is
provided adjacent the opening to inhibit the back flow of liquid through the
opening during movement of the paddle from the second position to the first

position.



