Office de la Proprieté Canadian CA 2414741 C 2009/10/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 41 4 741
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2000/05/24 (51) Cl.Int./Int.Cl. B878 7/04 (2006.01),
S e . B41J 2/045(2006.01), B41J 2/125(2006.01),
(87) Date publication PCT/PCT Publication Date: 2001/01/11 B41J 2/14(2006.01), B818B 5/00 (2006.01)
(45) Date de délivrance/lssue Date: 2009/10/20 B81B 7/02(2006.01)
(85) Entree phase nationale/National Entry: 2002/12/30 (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: AU 2000/000582 SILVERBROOK, KIA, AU

(87) N° publication PCT/PCT Publication No.: 2001/002289 | (73) Proprietaire/Owner:
o SILVERBROOK RESEARCH PTY LTD, AU
(30) Priorité/Priority: 1999/06/30 (AU PQ 1309)

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : DETECTEUR DE MOUVEMENT DANS UN DISPOSITIF ELECTROMECANIQUE
54) Title: MOVEMENT SENSOR IN A MICRO ELECTRO-MECHANICAL DEVICE

(57) Abrégée/Abstract:
A micro electro-mechanical device embodied within an Iink gjection nozzle having an actuating arm that is caused to move an Ink
displacing paddle (27) when heat inducing electric current Is passed through the actuating arm. The device incorporates a

SR SR VENEN

S TR

TR RN/
4

I*I - - o, B e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B w omE
OPIC - CIPO 191




CA 2414741 C 2009/10/20

anen 2 414 741
13) C

(57) Abrege(suite)/Abstract(continued):
movement sensor (37, 39) that comprises a moving contact element (37) that is formed Integrally with the actuating arm, a fixed

contact element (39) that Is formed Integrally with a support structure of the device and electrical elements formed within the
support structure for detecting contact that is made between the fixed contact element (39) and the moving contact element (37).
The movement sensor (37, 39) Is provided for the purpose of facilitating testing of the device under various operating conditions.



CA 02414741 2002-12-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

A 0 O O

(43) International Publication Date (10) International Publication Number
11 January 2001 (11.01.2001) PCT WO 01/02289 A1l
(51) International Patent Classification’: B81B 7/04, (81) Designated States (national): AE, AG, AL, AM, AT, AU,
B41J 2/125 AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE,
DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU,
(21) International Application Number: PCT/AU00/00582 ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO,
(22) International Filing Date: 24 May 2000 (24.05.2000) NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR,
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.
(25) Filing Language: English
o ‘ (84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: English KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
o patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
(30) Priority Data: patent (AT, BE, CH, CY, DE, DK, ES, FI. FR, GB, GR, IE,
PQ 1309 30 June 1999 (30.06.1999) AU IT, LU, MC, NL, PT, SE), OAPI patent (BE, BJ, CF. CG,

_ | CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).
(71) Applicant (for all designated States except US): SILVER-

BROOK RESEARCH PTY. LTD. [AU/AU]J; 393 Darling .
Street, Balmain, New South Wales 2041 (AU). Published:
—  With international search report.
(72) Inventor; and
(73) Inventor/Applicant (for US only): SILVERBROOK, Kia For two-letter codes and other abbreviations, refer to the "Guid-
[AU/AU]; Silverbrook Research Pty. Ltd., 393 Darling ance Notes on Codes and Abbreviations"” appearing at the begin-
Street, Balmain, New South Wales 2041 (AU). ning of each regular issue of the PCT Gazelte.

(54) Title: MOVEMENT SENSOR IN A MICRO ELECTRO-MECHANICAL DEVICE

Y00 O O N

(57) Abstract: A micro electro-mechanical device embodied within an ink ejection nozzle having an actuating arm that is caused to
move an 1k displacing paddle (27) when heat inducing electric current is passed through the actuating arm. The device incorporates
a movement sensor (37, 39) that comprises a moving contact element (37) that is formed integrally with the actuating arm, a fixed
O contact element (39) that is formed integrally with a support structure of the device and electrical elements formed within the sup-
port structure for detecting contact that is made between the fixed contact element (39) and the moving contact element (37). The
movement sensor (37, 39) 1s provided for the purpose of facilitating testing of the device under various operating conditions.

01/02289 Al



CA 02414741 2008-08-01

|

“MOVEMENT SENSOR IN A MICRO ELECTRO-MECHANICAL DEVICE”

FIELD OF THE INVENTION

This invention relates to an integrated movement sensor within a micro electro-mechanical (MEM)
device. The invention has application in ink ejection nozzles of the type that are fabricated by integrating the
technologies applicable to micro electro-mechanical systems (MEMS) and complementary metal-oxide
semiconductor (“CMOS”) integrated circuits, and the invention is hereinafter described in the context of that

application. However, it will be understood that the invention does have broader application, to a movement

sensor within various types of MEM devices.
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BACKGROUND OF THE INVENTION

A high speed pagewidth inkjet printer has recently been developed by the present Applicant. This
typically employs in the order of 51200 inkjet nozzles to print on A4 size paper to provide photographic quality
image printing at 1600 dpi. In order to achieve this nozzle density, the nozzles are fabricated by integrating
MEMS-CMOS technology and in this context reference may be made to International Patent Publication No.
WO 2000/064804 filed on April 20, 2000 by the present Applicant entitled “Thermal Actuator”.

A difficuity that flows from the fabrication of such a printer is that there is no convenient way of
ensuring that all nozzles that extend across the printhead or, indeed, that are located on a given chip will
perform identically, and this problem is exacerbated when chips that are obtained from different wafers may

need to be assembled into a given printhead. Also, having fabricated a complete printhead from a plurality of

chips, it is
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an inkjet nozzle as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:-

Figure 1 shows a highly magnified cross-sectional elevation view of a portion of the nkjet nozzle,

Figure 2 shows a plan view of the inkjet nozzle of Figure 1,

Figure 3 shows a perspective view of an outer portion of an actuating arm and an ik ejecting paddle or
of the inkjet nozzle, the actuating arm and paddle being illustrated independently of other elements of the nozzle,

Figure 4 shows an arrangement similar to that of Figure 3 but in respect of an inner portion of the
actuating arm,

Figure 5 shows an arrangement similar to that of Figures 3 and 4 but in respect of the complete actuating
arm incorporating the outer and inner portions shown in Figures 3 and 4,

Figure 6 shows a detailed portion of a movement sensor arrangement that is shown encircled 1n Figure 5,

Figure 7 shows a sectional elevation view of the nozzle of Figure 1 but prior to charging with ink,

Figure 8 shows a sectional elevation view of the nozzle of Figure 7 but with the actuating arm and paddle
actuated to a test position,

Figure 9 shows ink ejection from the nozzle when actuated under test conditions,

Figure 10 shows a blocked condition of the nozzle when the actuating arm and paddle are actuated to an
extent that normally would be sufficient to ¢ject mk from the nozzle,

Figure 11 shows a schematic representation of a portion of an electrical circuit that 1s embodied within
the nozzle,

Figure 12 shows an excitation-time diagram applicable to normal (ink ejecting) actuation of the nozzle
actuating arm,

Figure 13 shows an excitation-time diagram applicable to test actuation of the nozzle actuating arm,

Figure 14 shows comparative displacement-time curves applicable to the excitation-time diagrams shown
in Figures 12 and 13,

Figure 15 shows an excitation-time diagram applicable to various testing and calibration procedures to
which the nozzle might be subjected,

Figure 16 shows a temperature-time diagram that is applicable to the nozzle actuating arm and which
corresponds with the excitation-time diagram of Figure 15, and

Figure 17 shows a deflection-time diagram that is applicable to the nozzle actuator and which
corresponds with the excitation/heating-time diagrams of Figures 15 and 16.

DETAILED DESCRIPTION OF THE INVENTION
As illustrated with approximately 3000x magnification in Figure 1 and other relevant drawing figures, a
single inkjet nozzle device is shown as a portion of a chip that is fabricated by integraing MEMS and CMOS
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technologies. The complete nozzle device includes a support structure having a silicon substrate 20, a metal oxide
semiconductor layer 21, a passivation layer 22, and a non-corrostve dielectric coating/chamber-defining layer 23.
Reference may be made to the above i1dentified International Patent Application No. PCT/AU00/00338 by the
present Applicant entitled "Thermal Actuator" (Our Docket No. MJ08), which corresponds to US Patent
Application Serial number to be advised, for a detailed disclosure of the fabrication of the nozzle device.

The nozzle device incorporates an ink chamber 24 which 1s connected to a source (not shown) of ink and,
located above the chamber, a nozzle chamber 25. A nozzle opening 26 1s provided in the chamber-defining layer
23 to permit displacement of ink droplets toward paper or other medium (not shown) onto which ink is to be
deposited. A paddle 27 is located between the two chambers 24 and 25 and, when in 1ts quiescent position, as
indicated 1n Figures 1 and 7, the paddle 27 effectively divides the two chambers 24 and 25.

The paddle 27 1s coupled to an actuating arm 28 by a paddle extension 29 and a bridging portion 30 of
the dielectric coating 23.

The actuating arm 28 1s formed (1.¢. deposited during fabrication of the device) to be pivotable with
respect to the support structure or substrate 20. That is, the actuating arm has a first end that is coupled to the
support structure and a second end 38 that 1s movable outwardly with respect to the support structure. The
actuating arm 28 comprises outer and mner arm portions 31 and 32. The outer arm portion 31 is illustrated in
detail and in isolation from other components of the nozzle device in the perspective view shown in Figure 3. The
mner arm portion 32 is illustrated in a similar way in Figure 4. The complete actuating arm 28 is illustrated in
perspective in Figure 5, as well as in Figures 1, 7, 8, 9 and 10.

The inner portion 32 of the actuating arm 28 1s formed from an titantum-aluminum-nitride ((T1,A1)N
reactively sputtered) deposit during formatton of the nozzle device and it 1s connected electrically to a current
source 33, as illustrated schematically in Figure 11, within the CMOS structure. The electrical connection is made
to end terminals 34 and 35, and application of an excitation (drive) voltage to the terminals results in current flow
through the inner portion only of the actuating arm 28. The current flow causes resistance heating within the inner
portion 32 of the actuating arm and consequential elongation of that portion of the arm.

The outer arm portion 31 of the actuating arm 28 1s mechanically coupled to but electrically isolated from
the inner arm portion 32 by posts 36. No current-induced heating occurs within the outer arm portion 31 and, as a
consequence, voltage induced current flow through the inner arm portion 32 causes bending of the complete
actuating arm 28 in the manner indicated in Figures 8, 9 and 10 of the drawings. This bending of the actuating
arm 28 1s equivalent to pivotal movement of the arm with respect to the substrate 20 and it results in displacement

of the paddle 27 within the chambers 24 and 25.

An integrated movement sensor 1s provided within the device 1n order to determine the degree or rate of
pivotal movement of the actuating arm 28 and, hence, of the paddle 27.

The movement sensor comprises a moving contact element 37 that is formed integrally with the inner
portion 32 of the actuating arm 28 and which is electrically active when current 1s passing through the inner
portion of the actuating arm. The moving contact element 37 is positioned adjacent the second end 38 of the
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technologies. The complete nozzle device includes a support structure having a silicon substrate 20, a metal
oxide semiconductor layer 21, a passivation layer 22, and a non-corrosive dielectric coating/chamber-defining
layer 23. Reference may be made to the above identified International Patent Publication No. WO 2000/064804
filed on April 20, 2000 by the present Applicant entitled “Thermal Actuator” (Our Docket No. MJ08), for a
detailed disclosure of the fabrication of the nozzle device.

The nozzle device incorporates an ink chamber 24 which is connected to a source (not shown) of ink
and, located above the chamber, a nozzle chamber 25. A nozzle opening 26 is provided in the chamber-defining
tayer 23 to permit displacement of ink droplets toward paper or other medium (not shown) onto which ink is to
be deposited. A paddle 27 is located between the two chambers 24 and 25 and, when in its quiescent position,
as indicated in Figures 1 and 7, the paddie 27 efiectively divides the two chambers 24 and 25.

The paddle 27 is coupled to an actuating arm 28 by a paddle extension 29 and a bridging portion 30 of
the dielectric coating 23.

The actuating arm 28 1s formed (i.e. deposited during fabrication of the device) to be pivotable with
respect to the support structure or substrate 20. That is, the actuating arm has a first end that is coupled to the
support structure and a second end 38 that is movable outwardly with respect to the support structure. The
actuating arm 28 comprises outer and inner arm portions 31 and 32. The outer arm portion 31 is illustrated in
detail and in isolation from other components of the nozzle device in the perspective view shown in Figure 3.
The inner arm portion 32 is illustrated in a similar way in Figure 4. The complete actuating arm 28 is illustrated
in perspective in Figure 5, as well as in Figures 1, 7, 8,9 and 10.

The inner portion 32 of the actuating arm 28 1s formed from a titanium-aluminum-nitride ((T1,A)N
reactively sputtered) deposit during formation of the nozzle device and it is connected electrically to a current
source 33, as illustrated schematically in Figure 11, within the CMOS structure. The electrical connection is
made to end terminals 34 and 35, and application of an excitation (drive) voltage to the terminals results in
current flow through the inner portion only of the actuating arm 28. The current flow causes resistance heating
within the inner portion 32 of the actuating arm and consequential elongﬁtibn of that portion of the arm.

The outer arm portion 31 of the actuating arm 28 is mechanically coupled to but electrically isolated
from the inner arm portion 32 by posts 36. No current-induced heating occurs within the outer arm portion 31
and, as a consequence, voltage induced current flow through the inner arm portion 32 causes bending of the
complete actuating arm 28 in the manner indicated in Figures 8, 9 and 10 of the drawings. This bending of the
actuating arm 28 is equivalent to pivotal movement of the arm with respect to the substrate 20 and it results in
displacement of the paddle 27 within the chambers 24 and 25.

An integrated movement sensor is provided within the device in order to determine the degree or rate
of pivotal movement of the actuating arm 28 and, hence, of the paddle 27.

The movement sensor comprises a moving contact element 37 that is formed integrally with the inner
portion 32 of the actuating arm 28 and which is electrically active when current is passing through the inner

portion of the actuating arm. The moving contact element 37 is positioned adjacent the second end 38 of the
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1. A micro electro-mechanical device comprising:
a support structure,
5 an actuating arm having a first end coupled to the support structure and a second end that 1s

movable with respect to the support structure, the actuating arm being formed in part from an electrically
resistive material and being arranged to conduct heat inducing electrical current from a current source
within the support structure to effect movement of the actuating arm, and

a movement sensor incorporated in the device, the movement sensor comprising —

10 a moving contact element formed integrally with the actuating arm adjacent the second end of

the actuating arm,

a fixed contact element formed integrally with the support structure and positioned to be
contacted by the moving contact element when the actuating arm moves to a predetermined extent under
the influence of the heat inducing electrical current, and

15 electrical circuit elements formed within the support structure for detecting contact between the

fixed contact element and the moving contact element.

2. The device as claimed in claim 1 wherein the actuating arm 1s arranged such that the second end of the
actuating arm moves outwardly with respect to the support structure with passage of heat inducing
20 electric current through the actuating arm and moves inwardly upon termination of current tflow through
the actuating arm.
3. The device as claimed in claim 2 wherein the actuating arm comprises an inner arm portion that is

formed from the electrically resistive material and an outer arm portion that is mechamcally coupled to
25 but electrically isolated from the iner arm portion.

4. The device as claimed in claim 3 and embodied in a ligmd ejection nozzle having a liqud recerving

chamber from which the liquid is ejected with outward movement of the actuating arm.

30 5. The device as claimed in claim 3 and embodied in an 1nk ejection nozzle having an ink receiving

chamber from which the ink is ejected with outward movement of the actuating arm.
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6. The device as clammed in claim 5 wherein the actuating arm is coupled to a paddle that is positioned
within the chamber and wherein the paddle is movable by the actuating arm to expel the ink through a

nozzle opening that communicates with the chamber.

5 1 The device as claimed in claim 6 wherein the fixed contact element is positioned to be contacted by the
moving contact element when the actuating arm 1s moved to an extent greater than that necessary to
effect displacement of the ink from the chamber.

8. The device as claimed in claim 6 wherein the moving contact element is formed as a lateral projection of
10 one side of the iner portion of the actuating arm.
9. The device as claimed in claim 1 wherein the electrical circuit elements are embodied in CMOS

structures within the support structure.

15



CA 02414741 2002-12-30

PCT/AU00/00582

WO 01/02289

1/11

........................

| 4 - - - L - - -« - - - - - - -» -» - - - - - - - - - - - - - - - [ - '

- - - L, -» L - - - - -~ - - - - - - - - L ] - - Ld - '
L2

...............................

- - - - - - -y - - - - - - - - L - - - - - - - - - - - e W  m @M & W wm

....................

- - - - L - - - A - - - - - - uh - - - - - hd - - - - - - - - - l - .

[ - - - - - -» L] - - - - - - - - - L) - . - ' ' ‘ ‘

- - - - - - - - -

- - e - - - d - - - - - - - -_ o - - = 1 ' ' ' ' -
3

- - -l - - - - - L] L] - - - - - - - - - l - ' ‘ ' '

//////////ﬁ/_/

HHH

I

/////
__ __ __ __ __ __ __ ___

................
- - - » -» - -» e - - - w - w - " - «» » - .- - > - w - . - - = -— . L - - « - & - - ~ w - e - e - = == - w - w. - e - 9 - w - w-.
» = - o - = - L - w - = - 4= - - - - - - - w - - - L - - .y - w - » - - - & - .- - ... ... ‘.' "' .'. .‘. ." ". ." ... '
.........
-» » - - - .- e -y - w -» e L - e - - - e - . -« = - - o - - - e - - - - L] - - -y = - - » -m - - - - - w - - - - e - w - w - -
.........
- =y ™ - - - - = L - a- - = - - - % - % N 4= - == - .- - . - - » o M - e [N - . - - - = == - . - - - w - ® - A o - w - - - " )
- e - - - = - B - = - & - - - - . - - - - - i - - - - - w - =B - e [ ] - i - w - - - - LI ] - - - e - w - e - e -y - - w - - - - o ik [N
- e - - - - - = - == - .. - - - » - - L - . - - - - - -« & - =k - - - - - w o wm - - . - ay - - o - - - A - e - o - - - - gy
- - - - - - - - - - - - - - - w - - - - - - w - - - » - - - - - - - e - a - - - - - - - e - e - -h - - - - - » b i - w -
- - - - b - - - = LR - - - - - - - - L - - - » - - - e b= - .- - . - = - wm - - - - - ap » - - - - LN - - - - [ -
- . - a - A - e - . - - -» - & - o - A -l = - - - w - w -~ -~ - ah - . - - e - & = - - - - o - = - - - am -— my - e - - W -
- - - = - o - = - . - - - w - - - i - .- - - w - - - & - s - .- - .y - - - L L - e - - - = -» - B b L - - - - - - - g -
- . - . - - - - - - - - - e - e - - - - - - - . - g - an -» " - - - - - - - . - e - - - - - - - - - = - e - i - w - e - - - - - -
L 4 - w - - - - o . - - - - - - - - - A L L - .- - w - - - & M - - - ah = - wm - - - - - - - g - - - - - o - - .- - - - - M A [
- - - w - e - - - - - - w - w - a - - L - - - . - w- - " - = - - - - - . -~ w - - » - - - . L - - - . o & [ ] -mw - -
- - w - w - - - e - - - .y - w L - - - - 4 w= - am - - - w - wm - - - b - . - w - » - - - - » - - - - » -» - - - - e - wm -
L - w - - - . LI - - w - w - e -m - - - - - -— . - - e a - - .- -" - - . - e -»» - . - - - w- -m-. - - = - gy -w -a-
- - - - - - - - - b= - .- - - - - - w - m - - - - - e - - - - - . - - - - - - m - » » s - - gy - - - - - o - - - - - -
- . - w - » - - L] - - - - - w - w L] - - - - -— - - - - - - - - - - - - w ™ - - - - e - - - -, - - - -m. - -
- - - w - - L = - - .y - - - = L N - - - - - - - - - - - - . - - - .y - - - m - - = - .y -w- - - - - o - - e - = -m - -
- . -~ - - - - » - a - .- - w » w -» » » - - - - - - e - . - w - = - - - . - - - - e - - - - - e - - - - - . - - - w - -
L L L - - = = - .- - - - w - - - » - - - de L L M, - - = e - .. » - - - » - - - w - - - - - - = L
- - - = -» e - « +& = - - - - - » - e - - - W - - -y - w - e - -k w- - . - - - w - - = LI - - -m - »N - -m e - o - -
- aw - - L 2 - = - B w a= - am - - - - & - e - L - .y - -» = - & L] - - - - - - - s ap - e - = -« -» »» my
- - - - - - - - e - - - o - » - e - - > - - - - - - - - w - e - - - - - . - - - w - - | ] - . -~ w - w - - - e -
- - - -~ - - - - = - L - - - wm - . = - - .- L L -» - - - - - - - - = - - - - . - am - .y - - - - - - [
L - - - - - = - e - = - .- - . - . L L - e [ L] - .- - - w - w- - e - - - - - - - - - =y - e - ® - e
- - .y - w - w - wm L - - - - ey - - - @ = - - - - ay - wm » m » = - - w - - - - - S - w
- & - - L - - - w - - L - - L - e - e - . wh = - - - - ., - » - w- -— - - - w - - M
- - - - - - - - - w - w - - - .. L LR - =y - - wm - - -~ - - .- -> w - - - - - - .- - w - -
- - - - . - - -y - - - w - - - - - » - w - g - - -~ w - e - 4= - - - - - o s & - - - w - w - w - .
- gm -» - -
- - -
b - w - - L - - - - L -» - - = - - L - - - - - uh = LA - - -» - » - -
- - - - - - - - L] L - w - w - e - -— - - e - - e - - - - - - - L - w - - - - - -
- - - - - - - - - L - w -» = » - & 4= - . - w - - - - & > - - - - - - - - .- - - - -
- - w - - - » - - - - - w -~ L - - - - - w -» - - - -k - = - - - = - = dm = - w -» & - & L] - == - .
- = - - - - e = - - « L] - w - » » » - - - - » = =»n - i o - ..
- - - - - - - - - - a - @ - - - - - . .‘. ." "l l.' - - = - - L - w
L L - - - - » » - A - - - - - - - - - » - B — - - am - - - - .- - -
- - w - - -~ . -» = - % = wp - - - w LI - =B L] » L ] - - - w.
- .- - = - - ~ L - wy - - - = L - - - - - - - - - - - - -
- .- - - - - - » - - - - - * - " -— - - - - - - » - e &
- » - - - & - w - - » - - = - .- - - - = - - .- - -
- - =~ = = B - - L - W L4 - - - W L | - - - - - = L] ”-» w -
L - - - w - - » = - g - e - - - - - - - - - w - m » -
- - = - - - W L - - w - . - W - - - - - -» - - - . =
- - = - - - - - - - - - = - -~ L - - w - = - L - ap - w» - - L U
- - - » - w - . -» e - L - - - = - - - - - e -» " -~ -k - - =
- .- - .y - - L - - L - = - - - uh - -y - w - w » - - w wm - - - = -
- e - - - - - - -» e - = - -y - - - e - = = - - - - - e - a - - -
- - » - - - - = - - - - - - - .y - - - - - - - .- - e - e - - = - -
- - e - - - " - - - -» - w -e - a - - - . - - -» e - e - - - e - »
L 2 L - -» 5 . - - - .y - - - ™ - i L N ] - . - w -« - n 4 - - w - -
- L - -» - = - - - - - - - - - - - - - w - » -» . - - - w - » -
- aa - » » - - - - L J - - - . - - - - w =n » - s =
- - - | ] -t = - - - »
L] w - - - » -
- L4

0¢ '¢c

oc

lill'l'lll"l"ll"l"[]‘I'l["'"l"ill"lll'&

11111 ] ] A MM .-
______:::______::___.______::____:______________:____________________________:

Qs

17

DO ./M/M/////
=zt 1]

- W W - rl’

Ic

cc



PCT/AU00/00

WO 01/02289

2/11

c Ol




CA 02414741 2002-12-30

WO 01/02289 PCT/AU00/00582

3/11

27




CA 02414741 2002-12-30

WO 01/02289 PCT/AU00/00582

4/11

27




CA 02414741 2002-12-30

WO 01/02289 . PCT/AU00/00582

5/11




CA 02414741 2002-12-30

PCT/AU00/00582

WO 01/02289

6/11

g A b7

//////////

//////____}: ////////////___:_______—///////// A /// MM HHHH g
LA _:::__:::_ ____________:::___._.______::____::__:_.______::::_:_:__::_ 1|;J____|a:||__ JUL

llllll — =

N

N NAVANN

N AN N N

NN

¢

L Ol
5 ;
”‘ cC

Y

_/ﬂ/_/:___/_, | — AN ////_____:_:_;////////// A __7//////// DR
nﬂﬂ_....‘\zi B, e A o\ LT LI _;________;__;_:____:;___:“_m____._____________________ N ezl Nl

— — — — T v - . e — e

144

‘\

LC

“‘\‘\

1
7
Gz

&\&\\\\!\\\w«\

N\.@Y\N\_ \|\

XA OF



PCT/AU00/00582

CA 02414741 2002-12-30
7/11

WO 01/02289

9,

. N\ ,ﬂ

A
DA e i e i i | 111111 }uu.:V.i“r!__u!J._ad‘

[ | 2 ] ':"h . v -
-» - - L] - w - - L] - - - wp - e - e - = - - -y - w - » = - - - - w - - - - - w -m - -m - - - - W - m - - . -
.............................. ﬁ
» - - A L - - - - & - L] - - - w - N b ey - . L - - - - - .. - - - - = - - e - - L - - L . - - - - - o 4 - - - = - = . . . =
............................. *
L] L L - w - e -“ & - . - - - - - L - b - w - - - - = L - w - W N L - e - e - - L - - - - - L - w - - -M . - N o - -
............................. I.
L - w L - m L -y - w - w » = L - - - » - - - - L - w - = - - L L L -« M o = - Ay - w - - - = L - wm - . - &~ wp - wm - - ll[':"ll":":l‘
- » - - - - - L] - - - - - -l - - - - -l - - b - - - - - - - - - - - - 'l:"l:"
- - - L - » - a - - - - - e -» L - . - - - - - L - - - w - - - = - = - - - w - e & im - - - - - - - - N & - e - - - - - r

- - . - wm - - = . L - - - ap » » - - .- - wm - EE N =
- - - - - - - -» - - - - L - - - - - -» - 4 m m m W™ =

-_
- - -
- - - - - - L - - -w - - - - - - -, - L - w - - - - .y - -mw- » A N - - w - - - - e & -
llllllllllllllllllllllllll
- - - - - - L - .- - w - » - - - - am - - - W= - - - - .- - = - - - ;- L - an - - - .- - - - = - .y
- L] -
- L - - - w - - -» - L - e - w - w -w e - - - - e - w - - - - - - - - - - - -mw-

- - L |
-— - L - - - - - [ » - - | ] [ - - - - [ - - - [ - -
L L ] - m =» » - - M - - w - - - - - - -

-_
e — - - - w - - - - - - - o
'.I.l..lr.l.ll - - - -t - - - - - -
- -- -- - - - - w - e -

. e A e w— g WP W wre W amm e el
e —

- i —

- “ w4 W  a = 0=
» - - = - .-

-y - - - - - a -y - - - - e - - [ ] - w [ - —-— T —p—
- ah o - - - - - - - - - - R . g ——
L - - A wh - - - m - - 4 - - - - - - - - “ = l:"l' - - - - - - - - .y . - - - - - — — — ——
- - - - L] -l - - -» ":" .............
- = ~» » - A - - - w - - - e - - " e ma e &8 we wFr ®a B wy mw mm
- - - = - - - P N w m O O mf e = w = @ @wi e "a'"a
e e ®ar wm wm Ww NP @M mEm PW W S wmE m
L - - ‘.:‘
- e - e -- i - - -

I

cc



PCT/AU00/00582

CA 02414741 2002-12-30
8/11

WO 01/02289

oc

NN ] e e i ettt et apmenotetael \\\ 11T N\ \ | //%////,/,//////////////////A/'/A

D e ! LU UYL UL R R Lt

‘
N ) \ \\
71 =) A R

'E‘ll]'.llll'l[l . —
- ——— Y Wil Sl . . s .

- - - .y
......
llllllllll
llllllllllllllllllllll
llllllllll
- - -

lllllllllllllllll

lllllllllllllllllllll
lllllll
lllllllll

llllllllllll - - w - - -

.............. - - - -
llllll ll‘.--.l-l'

- -
....... - e - - -a -

A, %
o

....'l'.l 3 4
VAV AR 4V AW AW 4 4V 4F 4F 2 4 4 s Y p Ve,
VAV AF 4V 4V &V &V 4V 4F 4F &F ¥ 4 l.t“....
PP 022222220 "
LR ALl i)
22077222270 0
VP27 7 422228 0 0,
PP 2 7227272 0 0 0 3,
PR LI IO V7Y o
0P 2ttt 0wt :
II///II////I,.L%J‘:: '
yYyyyyyyyyryy. s
P PPILOT OISO
202 ere o2 ]
VPV IIIIYY,

VA
oc 0 ‘e

IZ

cc



CA 02414741 2002-12-30

WO 01/02289 PCT/AU00/00582

9/11

40

Micro-
259 Frocessor

[ \57 41

27

o4 25

FIG. 11



CA 02414741 2002-12-30

WO 01/02289 PCT/AU00/00582

10/11

voltage

time

FIGC. 12

Voltage

time

FIG. 15

Di@pla cement 45

time

FIG. 14



CA 02414741 2002-12-30

WO 01/02289 PCT/AU00/00582

11/11

voltage

E4HA\E L+2ZAL T+IOAL t+4At t+5At t+O6At  t+7AL

Time

FIG. 15

Tem perature

AAANANN e

FIG. 16

Deflection

Test

FIG. 17






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - abstract drawing

