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.20 A new form of ink jet printing has recently been developed by the present

met hod conpr P&

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




Codes used to identify States party to the PCT on the front pages qf7 0CT
panphl ets publishing international applications under the PCT. AL 2003
Al bania AM Arnmenia AT Austria AU Australia AZ Azerbaijan BA

Bosni a and Her zegovi na BB Barbados BE Bel gium BF Burkina Faso BG

Bul gari a Benin BR Brazil BY Belarus CA Canada CF_Centr al

African Repﬂ'ﬁ’lof"&“”CG Congo CH Switzerland C Cdte d' | vbByFavooeHH°
Cameroon OCN China CU Cuba CZ Czech Republic DE Germany DK Dennark

oL € S Bl B o o P B e A e oo
lreland IL Isr ﬁeﬂlsplhﬁlg limidathobugh the bjeaioy apdhuka Tan metkibd b’cﬁﬂgti&es défﬁating the
rayestan, KO, BURE Giy BT IRL iR LGS B SR S8
second position with a first average velocity and so that it returns from the second position

5 to the first position with a second average velocity lower than the first average velocity.

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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Fig. 2 illustrates a portion of the nozzle chamber of Fig. 1 with a paddle of the

5 nozzle chamber shown in an ink ejecting second position;

Fig. 3 illustrates a portion of the nozzle chamber of Fig. 1 with a paddle of the

nozzle chamber shown returning to the quiescent first position;

Fig. 4 is a drive voltage diagram applicable to voltage drive applied to a paddle

actuator of the nozzle chamber;

10 Fig. 5 shows a graph of displacement of the paddle actuator against time resulting

from application of the drive voltage shown in Fig. 4;

Fig. 6 is a drive voltage diégram applicable to voltage drive applied to the paddle

actuator in accordance with a preferred form of the present invention;

Fig. 7 shows a graph of displacement of the paddle actuator against time resulting

15 from application of the drive voltage shown in Fig. 6.

Description of Preferred Embodiment

Fig. 1 shows a device 1 for the ejection of ink. The device 1 comprises a nozzle

chamber 2 and a paddle 60 located within the nozzle chamber 2 for ejecting ink from the

20 chamber 2 through aperture 4. The paddle 60 is connected to a thermal actuator 10 which

is employed to move the paddle 60 toward the aperture 4 for the ejection of ink and back

into a quiescent first position.

Figure 1A illustrates a detail of the device shown in Fig.1. The nozzle chamber 2

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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whi ch, when noved fromthe first position to the second position,

uncovers an opening through which the |iquid passes for subsequent!’ 0CT 2003
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Preferred Enbodiment Fig. 1 shows a device 1 for the ejection of ink.
The device 1 conprises a nozzle chanber 2 and a paddle 60 | ocated
Wi thin the nozzle chanber 2 for ejecting ink fromthe 20 chanber 2
t hrough aperture 4. The paddle 60 is connected to a thernmal actuator
10 which is enployed to nove the paddl e 60 toward the aperture 4 for
the ejection of ink and back into a quiescent first position. Figure
1A illustrates a detail of the device shown in Fig. 1. The nozzle
chanber 2 has formed in a wall structure 11 thereof a nozzle chanber
rim3 and second rim4. The 25 paddle 60 is shown in the first
position. Upon activation of the actuator 10, the paddle 60 is caused
to nmove 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 fromthe ink
ej ection nozzle, a corresponding anount of ink also flows into the
nozzl e chanber as 30 indicated by arrow 7. This ink replenishes the
nozzl e chanber 2. Thereafter, the actuator is deactivated and, as
illustrated in Fig. 3 the paddle 60 17 OCT 2003 WD 00/ 64678
PCT/ AUOQ' 00339 -4 begins to nove back to its quiescent position as
i ndi cated by arrow 50. Because the wall structure 11 of the nozzle
chanber conprises the series of rinse 3 and 4, the back flow of
liquid into the ink supply channel 52 is hindered. This facilitates
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a first average velocity and to control retuyrn of the npvable

el ement from fgﬁeseg%ta%ﬁamae% o frgt FYRERES Yéiwabgﬁ @ foRfrolrebup g fhe
average vel ogj j ; ok drYat I Rellb€
Rctuator 15 diefohs Sept B5 B Rebhd Bl L IRE HE LA ot AR ekl
appl i cati on ofelacituilaveert thpultbe firstr avwrdger wtlocity, avhayeinathd mbeabdé elenient
actuator is permtted to tecover follow.ng_.expiraLion af. the first
Gur at | on and SareREen & g Rpieh Wife TInA CoR e et 2gatiopyo te sécond
appl i cation Ofositfors %ewerguﬁro@eﬁmg%%ﬁé%ﬁ%m%@w ﬁi&'ba%b@%%uﬁs@?!bnt
that of the first current pulse. 17 2003 Replacenment page 14 0
CT 2003 7 3. dedtiogqufrain djecapeituns. devi ce conprising a nozzle chanber, a
liquid ejection aperture in the nozzle chanber, a novabl e el enent

| ocated within the chanber for displacing liquid through the

ej ecti on aperThy RquidRjeetiéiadvide ds0ilaiftfell 66 tialf 3 Whereihabe a@MtoOfonifiRes a
novabl e el enent froma quiescent first position to a liquid _ejecting

second posi t i Bermgl epuptor whichAsemywled taAke paddlesand gyhictoistactypted mgth passage
actuation of i ngg vV, e novabl e el enent
fromthe firs ﬁ%%g?q{%?%{%}eﬁétoeﬁ?gt S éo%‘e%tgosfi ngaﬁ&l\% th a first average
velocity and to control return of the novable elenment fromthe

second positign Lo the first position at a second average vel oci
Cower t han St hEhe Hiawe ciegien griretsdpimpd Il 5 e s Aok G 1o

conprises a p@é’nﬁ's@aﬁ“fﬂ&i@gla%@ gayMing fromthe first position to the
second position, uncovers an 8pen|ng t hrough which the liquid passes
for subsequent ejection fromthe aperture. 4. The liquid ejection

device as clained..n.claim3.wherein the actuator conprises .
Cher mal - ac bt P wfeta Sa3igh Scegnehin eV araRRseHer of Befiss it
Wi th passage pra{idel effidceaftheCopenfil td mndlif @t babkSRbRCAMRGid ThrouBE the
paddle. 5. The liquid ejection device as clained in claim3 wherein

t he actuat or ¢psnogudeing movbmant elothgspaddledireml the secdnsl pesitiivreto theThgst
liquid ejection.device as clainmed in claim3 wherein a series of
baffles is proH%ed adjacent the opening to inhibit the back flow of

liquid through the opening during novenent of the paddle fromthe
second position to the first position.





