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(57) Abrégée/Abstract:

A level sensor apparatus for detecting contact of a pipetting needle with a liquid contained in a vessel. The apparatus comprises:
(a) a sensor head having a mechanical resonance frequency and including, (a.1) a pipetting needle (12), (a.2) a needle holder (14)
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(57) Abrege(suite)/Abstract(continued):
for holding said pipetting needle (12), (a.3) an electromechanical transducer (15) mechanically connected with said pipetting

needle (12), (b) electrical signal generating means (16) for generating a driving signal and for applying this signal to said
electromechanical transducer (15) for causing vibration of said pipetting needle (12) at said resonance frequency, (¢) means for
measuring a parameter of an electrical signal provided by said electromechanical transducer (15), said sighal being representative
of the vibration of said pipetting needle (12) when it is driven by said driving signal, and (d) means (1/) for evaluating the variation of
sald parameter with time for detecting contact of the pipetting needle (12) with a liquid (28) contained In said vessel (11) and for
providing a resulting signal representative of the result of said evaluation.
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Abstract

A level sensor apparatus for detecting contact of a
pipetting needle with a liquid contained in a vessel. The
apparatus comprises:

(a) a sensor head having a mechanical resonance
frequency and including,

(a.l) a pipetting needle (12),

(a.2) a needle holder (14) for holding said pipetting
needle (12),

(a.3) an electromechanical transducer (15)
mechanically connected with said pipetting needle (12),

(b) electrical signal generating means (16) for
generating a driving signal and for applying this signal to
salid electromechanical transducer (15) for causing vibration
of saild pipetting needle (12) at said resonance frequency,

(c) means for measuring a parameter of an electrical
signal provided by said electromechanical transducer (15),
sald signal being representative of the vibration of said
pipetting needle (12) when it is driven by said driving
signal, and

(d) means (17) for evaluating the variation of said
parameter with time for detecting contact of the pipetting
needle (12) with a liquid (28) contained in said vessel (11)

and for providing a resulting signal representative of the

result of said evaluation.
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LEVEL SENSOR APPARATUS FOR DETECTING CONTACT OF A PIPETTING
NEEDLE WITH A LIQUID IN A VESSEL

The 1nvention concerns a level sensor apparatus for
detecting contact of a pipetting needle with a liquaid

contalined in a vessel.

The invention further concerns a pipetting apparatus for
pipetting liquid volumes into and from a liquid contained 1in
a vessel by means of a pipetting needle, and the latter

apparatus comprises a level sensor apparatus of the above

mentioned kind.

Liquid level detection plays an important role for automated
chemical analyzers and provides better control of the
pipetting process. For performing pipetting operations, a
pipetting needle contacts liquid contained in a vessel elther
for aspirating a sample thereof or for delivering a volume of
another liquid to the liquid in the vessel. In order to reduce
carry over and to achieve the desired accuracy of a pipetting
system it is necessary to minimize contact of the pipetting
needle with a vessel’s content. Liquid level detection plays

an important role for this purpose.

Most liquid level detection methods are reliable under normal
circumstances but fail when operation of the pipetting systems
includes piercing of a vessel's closure with the pipetting
needle or when the pipetting needle encounters foam before it

reaches the surface of a liquid contained 1n a vessel.

In the case of liquid containers closed with a cover, usually
used for storage of reagents, the level sensor of the

pipetting system should be able to detect a liquid level that
lies under a cover or closure {(membrane, foil) of the

container. A capacitive level sensor, widely used in chemical
analyzers, does not work properly in that case and erroneously
indicates detection of a liquid surface when it meets a wet

cover. Capacitive liquid detectors also often erroneously
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detect foam lying on a liquid surface as 1f it were a liquid

level.

A first aim of the invention 1s therefore to provide a level
sensor apparatus which 1s able to reliably detect contact of
a pipetting needle with a liquid contained in a vessel even
1f the pipetting needle has to pierce a cover of the wvessel
in order to reach the liquid surface and even i1f the
pipetting needle has to pass through foam in order to reach

the liquid surface.

According to a first aspect of the invention the above
mentioned first aim i1s reached with a level sensor apparatus
for detecting contact of a pipetting needle with a liquid
contained in a vessel, saild apparatus comprising {(a) a sensor head
having a mechanical resonance frequency and a structure

including, (a.l) a pipetting needle, having a free tip, (a.2) a
needle holder for holding said pipetting needle, and (a.3) an
electromechanical transducer mechanically connected with said
pipetting needle, (b) electrical signal generating means for
generating a driving signal having a frequency and for applying
this signal to said electromechanical transducer for causing
vibration of said pipetting needle at said resonance frequency, (c)
means for measuring a parameter of an electrical signal provided
by said electromechanical transducer, said signal being a
vibration signal representative of the vibration of said pipetting
needle when 1t 1s driven by said driving signal, and (d) means for
evaluating the variation of said parameter with time for detecting
contact of the pipetting needle with a liguid contained in said
vessel and for providing a resulting signal representative of the

result of said evaluation.

A second aim of the i1nvention is to provide a level sensor
apparatus which in addition makes it possible to verify

whether a pipetting needle is present or absent in a
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pipetting apparatus, whether such a pipetting needle has a
deformation or whether there is an undesirable contact of

the pipetting needle with a body.

According to a second aspect of the invention the above
mentioned second aim 1s achieved with embodiments of the

level sensor apparatus.

This may comprise a means for detecting the presence or

absence of said pipetting needle.

This may further comprise a means for detecting a

deformation or a defect of said pipetting needle.

This may further comprise a means for detecting an

undesirable contact of said pipetting needle with a body.

According to a third aspect of the invention the above
mentioned first and second aims are preferably achieved with a
pipetting apparatus pipetting apparatus for pipetting liquid
volumes i1into and from a liquid contained in a vessel by means
of a pipetting needle, said apparatus comprising a level

sensor apparatus as described above.

The subject invention will now be described in terms of its
preferred embodiments with reference to the accompanying
drawings. These embodiments are set forth to aid the
understanding of the invention, but are not to be construed

as limiting.
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Fig. 1 shows a block diagram of the structure of a

plipetting apparatus according to the invention.

Fig. 2 shows a cross-sectional view of electromechanical

transducer 15 and needle holder 14 shown 1in Fig. 1.

Fig. 3 shows an enlarged view of a part of the block

diagram shown by Fig. 1.

Fig. 4 shows a block diagram showling more 1n detail the
structure of control unit 22, signal generator 16,
electronic circuit 17 and electromechanical transducer 15 1in

Fig. 1.

Fi1g.5 shows typical jumps 1in the variation of the phase
of the vibration signal with time as a pipetting needle 12

1s subject to length mode wvibration.

Fig. 6 shows an example of the variation of an electrical
signal 41 representative of the amplitude of a vibration
signal in function of the position of the tip of pipetting
needle 12.

Fig. 7 shows the variation of an electrical signal 42
representative of the first derivative of electrical signal
41 represented 1n Fig. 6 1in function of the position of the

tip of pipetting needle 12.

Fig. 8 shows an example of the variation of an electrical
signal 44 representative of the phase of a vibration signal
in function of the position of the tip of pipetting needle

12.

Fig. 9 shows the variation of an electrical signal 45
representative of the first derivative of electrical signal
44 represented in Fig. 8 in function of the position of the

tip of pipetting needle 12.
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Fig. 10 shows an example of an amplitude vs. frequency
diagram of the vibration signal.

Fig. 11 shows an example of a phase vs. frequency diagram
of the vibration signal.

Fig.12 schematically shows detection of the point of time
at which a vibration signal 61 reaches a fixed threshold

value T1.

Fig.13 schematically shows detection of the point of time
at which a vibration signal 61 reaches a threshold value T2

which varies with time.

Fig.1l4 shows schematically different resonance curves 62,
63, 64 of sensor heads with different pipetting needles and
a resonance curve 65 for a sensor head which does not

include a pipetting needle.

Fig. 15 shows schematically resonance curves for a sensor
head including an intact and properly mounted pipetting
needle and for a sensor head with a deformed or otherwise
defective pipetting needle.

Fig.16 shows schematically the shape and dimensions of a

first embodiment of pipetting needle 12 in Fig. 1.

Fig. 17 shows schematically the shape and dimensions of a
second embodiment of pipetting needle 12 in Fig. 1.

Figures 18 to 21 show vibration spectra of pipetting needles
having different lengths.

REFERENCE NUMERALS IN DRAWINGS

11 vessel
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pipetting needle

cover/closure of vessel 11

holder of pipetting needle

electromechanical transducer / piezoelectric transducer
generator of electrical signal

electronic circuit for level detection

connecting piece

conduit

transport system

control unit

tip of pipetting needle

arm of transport system

actor part of piezoelectric transducer 15
sensor part of piezoelectric transducer 15
surface of ligquid in vessel 11

liquid in vessel 11

driving signal generator

high voltage amplifier
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lock-in amplifier

signal processor

data storage

lead for transmission of driving signal

lead for transmission of vibration signal

electrical signal representative of the amplitude of a

vibration signal

42

electrical signal representative of the first

derivative of signal 41 in Fig. 6

43

44

a peak of signal 42 in Fig. 7

electrical signal representative of the phase of a

vibration signal

45

electrical signal representative of the first

derivative of signal 44 in Fig. 8

46

51

a peak of signal 45 in Fig. 9

diagram of amplitude vs frequency for the vibration
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signal of a sensor head including a pipetting needle.

52 diagram of amplitude vs frequency for the vibration

signal of a sensor head without a pipetting needle.

53 maximum of curve 51 shown in Fig. 10.

54 diagram of phase vs frequency for the vibration signal

of a sensor head including a pipetting needle.

55 diagram of phase vs frequency for the vibration signal

of a sensor head without a pipetting needle.

56 maximum of curve 54 shown in Fig. 11.

61 vibration signal

62 resonance curve for a

type of a pipetting needle

63 resonance curve for a

type of a pipetting needle

64 resonance curve for a

type of a pipetting needle

65 resonance curve for a
needle
66 resonance curve for a

needle.

sensor head including a first

sensor head including a second

sensor head including a third

sensor head without a pipetting

sensor head including a pipetting
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67 resonance curve measured with a sensor head including a
pipetting needle which has some deformation or defect or is

improperly mounted.

EXAMPLES OF PREFERRED EMBODIMENTS OF AN APPARATUS ACCORDING
TO THE INVENTION

A level sensor apparatus according to a first aspect of the
invention 1s described hereinafter as a part of a pipetting
apparatus. Such a level sensor apparatus is however suitable

for uses other than the one described below as example.

A pipetting apparatus according to a second aspect of the
invention is described hereinafter with reference to Figures
1 to 13. This pipetting apparatus is suitable for dispensing
a liquid volume into a vessel 11 by means of a pipetting
needle 12 which 1s suitable for piercing a cover or closure
13 of the vessel. The pipetting apparatus shown by Fig. 1
comprises a level sensor apparatus for detecting contact of
pipetting needle 12 with the surface 27 of a liquid 28

contained in vessel 11.

As shown by Fig. 1 a pipetting apparatus according to the
invention comprises

a sensor head including a pipetting needle 12, a

needle holder 14 and an electromechanical transducer 15,

a generator 16 for generating an electrical driving

signal which is applied to electromechanical transducer 15
for causing a vibration of pipetting needle 12 at a

predetermined frequency,
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an electronic circuit 17 for level detection by
processing an output signal of electromechanical transducer
15. said signal being representative of vibration of

pipetting needle 12,

a connecting piece 18 which fluidically connects
needle 12 with a conduit 19 which connects needle 12 with a

source of overpressure or underpressure,

a transport system 21 for transporting needle holder
14, and

a control unit 22 for controlling the operation of the

entire system.

Pipetting needle 12 is preferably made of steel and a large
part of its length has a constant cross-section. This part
Of needle 12 extends over more than one half of the total
length of needle 12. In a preferred embodiment the portion
Oof needle 12 that ends in a delivery tip 23 has a narrower
cross-section than the above mentioned part of needle 12.
The end of pipetting needle 12 which is opposite to its
delivery tip is bolted on needle holder 14. Neddle holder 14
and pipetting needle 12 are thus connected with each other
by a bolted connection.

The structure of the above mentioned sensor head is
configured and dimensioned for maximizing the amplitude of
the vibrations at the delivery tip 23, which is the free tip
of needle 12, at one of the resonance frequencies of the
sensor head. This resonance frequency is substantially
determined by the dimensions and mechanical properties of
needle 12. Transducer 15 is directly coupled to needle 12 in

order to improve the quality factor of the resonance.

In a preferred embodiment pipetting needle 12 is so mounted
that it 1s exchangeable without having to remove
electromechanical transducer 15.
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Electromechanical transducer 15 is e.g. a pilezoelectric

transducer mechanically connected to pipetting needle 12.

This piezoelectric transducer comprises one or more

piezoelectric elements. Piezoelectric transducer 15 1is
clamped or glued on pipetting needle 12 in order to achieve
a proper mechanical contact which 1s essential for the
generation of length mode or bending mode vibration of
pipetting needle 12 and for accurate measurement of these
vibrations. In a preferred embodiment piezoelectric
transducer 15 and its mechanical coupling to pipetting
needle 12 are adapted for causing a length mode vibration
of pipetting needle 12. For this purpose piezoelectric
transducer 15 is preferably a piezoelectric tubus or a stack
of piezoelectric rings which 1s polarized i1n axial
direction, so that it performs mainly a length mode
deformation in axial direction when an excitation voltage

generated by signal generator 16 1s applied to 1it.

In another preferred embodiment piezoelectric transducer 15
and its mechanical coupling to pipetting needle 12 are
adapted for causing a bending mode vibration of the
pipetting needle. This is achieved by applying to the
piezoelectric transducer a driving signal which causes a

bending mode vibration of needle 12.

In a preferred embodiment electromechanical transducer 15 1s
a single piezoelectric transducer which is simultaneously
used as actor, i.e. for causing a vibration of said
pipetting needle in response to a driving signal provided by
signal generator 16, and also as sensor, i.e. for providing
a measured signal which is representative of and corresponds
to the vibration of the said needle. In this case the level
sensor apparatus preferably comprises a conventional
measuring circuit for measuring electrical current flowing
through said single piezoelectric transducer 15 and for
providing the measured electrical current as vibration
signal, i.e. as a signal representative of the mechanical

vibration of the pipetting needle. The advantages of this
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empodiment of transducer 15 are 1ts simple structure (it
comprises just one piezoelectric transducer and only two

connection leads) and relatively low price.

In another preferred embodiment electromechanical transducer
15 has the structure shown in Fig. 2 which shows transducer
15 and needle holder 14. In this case electromechanical
transducer 15 comprises a first piezoelectric transducer 25
used as actor and a second piezoelectric transducer 26 used
as sensor. Piezoelectric transducer 25 is electrically
connected with and receives a driving signal from signal
generator 16. Pilezoelectric transducer 26 provides an
electrical output signal which i1s representative of the
mechanical vibration of pipetting needle 12. This signal 1is
transmitted to electronic circuit 17. The advantage of this
embodiment of transducer 15 1is that it provides vibration
signals of better quality,i.e. signals having a higher
signal-to-noise ratio and makes thereby possible to achieve

level detection with higher accuracy and reliability.

In the embodiment shown in Fig. 2, needle holder 14 1is
formed of an upper part and a lower part. These parts are
connected with each other by a bolted connection which
allows to exert a predetermined preloading on
electromechanical transducer 15 which is inserted between
those parts of needle holder 14. The upper end of needle 12
is bolted on the upper part of needle holder 14.

Transport system 21 comprises an arm 24 which carries needle
holder 14 and serves for moving pipetting needle 12 with

respect to vessel 11.

Fig. 3 shows a cross-sectional view of arm 24, needle holder
14, electromechanical transducer 15 and of a portion of
needle 12.

Signal generator 16 generates a driving signal and applies

this signal to electromechanical transducer 15 or to the
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actor part thereof for causing vibration of pipetting needle

12 at one of the resonancefrequencies of the sensor head.

In a preferred embodiment signal generator 16 comprises a
control circuit for bringing the frequency of the driving
signal provided by signal generator 16 back to the resonance
frequency of the vibration mode of pipetting needle 12 1if
and when there 1s a change in the boundary conditions, e.g.
a change of the environment temperature or a change of the
mechanical coupling between electromechanical transducer 15
and pilpetting needle 12. The latter control circuit
preferably operates according to a predetermined algorithm,
e.g. software which ensures that the frequency of vibration
1s a chosen resonance frequency and is brought back to that
frequency value 1f the frequency of vibration is modified by
a change in the boundary conditions. The adjustment of the
frequency of the driving signal by means of the control
circult just mentioned is performed immediately before each
level detection process carried out with the level sensor

apparatus according to the invention.

Electronic circuit 17 for level detection receives a
vibration signal output from sensor part 26. Electronic
circult 17 comprises means for evaluating the variation of a

parameter of the latter vibration signal with time, e.g. for

evaluating the variation of the phase or the variation of
the amplitude of the vibration signal with time, for
detecting contact of the pipetting needle with the surface
27 of liguid 28 contained in vessel 11 and for providing a
resulting signal representative of the result of said

evaluation.

In a preferred embodiment the apparatus shown in Fig. 1
further comprises means (not shown) for measuring electrical
current flowing through a piezoelectric transducer 15 when
the latter is used as sensor and when the same piezoelectric

transducer 15 1s used as sensor, but also as actor.
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In a preferred embodiment the apparatus shown in Fig. 1
further comprises means (not shown) for measuring a voltage

across sensor part 26 of piezoelectric transducer 15.

Fig. 4 shows a block diagram showing more in detail the
structure of control unit 22, signal generator 16,

electronic circuit 17 and electromechanical transducer 15.

As shown in Fig. 4, signal generator 16 comprises a driving
signal generator 31 and a high voltage amplifier 32, and
electronic circuit 17 comprises a lock-in amplifier 33 and a
signal processor 34. The drive signal provided by signal
generator 16 1s fed via lead 36 to an input of actor part 25
of electromechanical transducer 15. The vibration signal
provided by sensor part 26 of electromechanical transducer
15 is fed via lead 37 to an input of lock-in amplifier 33.
Other leads shown in Fig. 4 provide the necessary electrical

connections between blocks 22, 33, 31 and 32.

Lock-in amplifier 33 receives as 1input signals a reference
signal provided by signal generator 31 and an electrical
output signal provided by electromechanical transducer 15.
The reference signal applied to an input of lock-1in
amplifier 33 has a frequency fz which is a predetermined
resonance frequency of the sensor head comprising pipetting
needle 12, holder 14 of the pipetting needle and
electromechanical transducer 15. The output signal provided
by electromechanical transducer 15 is representative of the
vibrations of pipetting needle 12 and 1is therefore called
vibration signal. This vibration signal is e.g. a signal
representative of electrical current flowing through
piezoelectric transducer 15 when a single piezoelectric
transducer is used as sensor and actor, or'a voltage
measured across a pilezoselectric transducer 26 (shown 1n
Fig. 2) used as sensor. Lock-in amplifier 33 measures the
latter vibration signal and provides two output signals that
are applied as corresponding input signals to signal

processor 34. One of these input signals is a signal
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representative of the phase of the vibration signal, the
other input signal is a signal representative of the

amplitude of the vibration signal.

Within the scope of the instant invention vibration of
pipetting needle 12 at one length mode resonant frequency 1is
achieved by the above mentioned means. The frequency and the
quality (i.e. damping) of the resonance of needle 12 are
dependent from the material and geometry of the needle and
from the boundary conditions. If the tip end 23 of needle 12
touches a liquid level the boundary condition changes and the
resonant frequency and the quality of the resonance change as
well.

If the vibration of needle 12 is caused by a driving signal
having a fixed frequency, a change of the boundary
conditions, e.g. a contact of needle 12 with a liquid 1n
vessel 11 produces jumps in amplitude and phase of the
vibration signal. Fig. 5 shows for instance typical jumps 1in
the variation of the phase (indicated in degrees) of the
vibration signal with time as a pipetting needle subject to
length mode vibration with a resonance frequency of 69.14
kHz is moved towards, into and out of a liquid 1n vessel.
According to the invention such jumps are criteria for the
detection of the liquid level. The jumps in the variation of
amplitude and/or phase of the vibration signal with time are
detected by electronic circuit 17 which for this purpbse
preferably comprises means for forming signals which
correspond to the first derivative with respect to time of
the variation of the amplitude of the vibration signal
and/or means for forming signals which correspond to the
first derivative with respect to time of the variation of
the phase of the vibration signal, and means for detecting
the point of time a signal representative of one of those
first derivatives with respect to time exceeeds or falls

below a predetermined threshold wvalue.
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Fig. 6 shows an example of the variation of an electrical
signal 41 representative of the amplitude of the vibration
signal in function of the position of the tip of pipetting
needle 12 as this needle is moved downwards with a constant
velocity and starting at point above the liquid level 1n
vessel 11. Under these conditions Fig. 6 shows an example of
the variation with time of an electrical signal 41

representative of the amplitude of the vibration signal.

Fig. 7 shows the variation of an electrical signal 42
representative of the first derivative of electrical signal
41 in function of the position of the tip of pipetting
needle 12 as this needle is moved downwards with a constant
velocity and starting at point above the liquid level 1n
vessel 11. Under these conditions Fig. 7 shows an example of
the variation with time of an electrical signal 42
representative of the first derivative of electrical signal
41 .

From Figures 6 and 7 it is apparent that detection of the
point of time at which a jump of the amplitude of the
vibration signal occurs can be detected with higher accuracy
by detecting a corresponding peak 43 of electrical signal 42
which is representative of the variation with time of the

first derivative of the amplitude of the vibration signal.

Fig. 8 shows an example of the variation with time of an
electrical signal 44 representative of the phase of the
vibration signal in function of the position of the tip of
pipetting needle 12 as this needle is moved downwards with a
constant velocity and starting at point above the liquid
level in vessel 11. Under these conditions Fig. 8 shows an
example of the variation with time of an electrical signal

44 representative of the phase of the vibration signal

Fig. 9 shows the variation with time of an electrical signal
45 representative of the first derivative of electrical

signal 44 in function of the position of the tip of
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pipetting needle 12 as this needle 1s moved downwards with a
constant velocity and starting at point above the liquid
level 1n vessel 11. Under these conditions Fig. 9 shows an
example of the variation with time of an electrical signal
45 representative of the first derivative of electrical
signal44.

From Figures 8 and 9 it i1is apparent that detection of the
point of time at which a jump of the phase of the vibration
signal occurs can be detected with higher accuracy by
detecting a corresponding peak 46 of the variation with time
of the first derivative of the phase of the vibration

signal.

According to the invention, the point of time at which
pipetting needle contacts surface 27 of liquid 28 in vessel
11 is thus accurately detected by electronic circuit 17
which for this purpose detects a jump of the phase or the
amplitude of the vibration signal e.g. by detection of one
of the above mentioned peaks 43 or 46.

By performing a process similar to the above described
method for detecting contact of pipetting needle 12 with
liquid 28, the apparatus according to the invention is also
able to detect an undesirable contact of pipetting needle 12
with a body, e.g. contact of needle 12 with the bottom wall
of vessel 11 which might happen when transport device 21
moves needle 12 downwards in vessel 11. In a preferred
embodiment, upon detection of such a contact electronic
circuilt 17 provides a corresponding output signal to control
unit 22 which in turn causes that transport device 21 stops
downwards motion of pipetting needle 12.

In a preferred embodiment the frequency of the driving
signal provided by signal generator is adjusted to the value
of a selected one of the resonance frequencies of the sensor
head. This selection 1is carried out taken into account the



CA 02501028 2005-03-17

10085e
- 17 -

variation of the amplitude and phase of the wvibration signal

with frequency which are e.g. as shown by Figures 10 and 11.

Fig. 10 shows an amplitude vs frequency diagram 51 for the
vibration signal of a sensor head including a pipetting
5 needle and an amplitude vs frequency diagram 52 for the

vibration signal of a sensor head without a pipetting
needle.

Fig. 11 shows a phase vs frequency diagram 54 for the
vibration signal of a sensor head including a pipetting

10 needle and a phase vs frequency diagram 55 for the vibration
signal of a sensor head without a pilipetting needle.

As can be appreciated from Figures 10 and 11 for a sensor

head taken as example, the amplitude vs frequency diagram 51

of the vibration signal reaches a maximum 53 at a frequency
15 that lies approximately 200 Hz higher than a maximum 56 of

the phase vs frequency diagram 54 of the vibration signal.

From Figures 10 and 11 it can be also appreciated that when
the frequency of the driving signal provided by signal
generator 16 to electromechanical transducer 15 lies at a

20 first frequency value where the amplitude vs frequency
diagram 51 of the vibration signal reaches a maximum 53, the
phase vs frequency diagram 54 has a larger slope than the
amplitude vs frequency diagram 51. At that resonance
frequency it is therefore suitable to detect changes in the

25 phase of the vibration signal in order to detect contact of

the tip of pipetting needle with a liquid contained 1in
vessel 11.

From Figures 10 and 11 it can be also appreciated that when
the frequency of the driving signal provided by signal

30 generator 16 to electromechanical transducer 15 lies at a
second frequency value where the phase vs frequency diagram
54 of the vibration signal reaches a maximum, the amplitude

vs frequency diagram 51 has a larger slope than the
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phase vs frequency diagram 54. At that resonance

frequency it is therefore possible to detect changes in the
amplitude of the vibration signal in orxder to detect contact
of the tip of pipetting needle with a liquid contained 1in

vessel 11.

From Figures 10 and 11 it can be also appreciated that when
the frequency of the driving signal provided by signal
generator 16 to electromechanical transducer 15 lies at a
frequency value between the first and second frequency
values just mentioned, detection of changes of both the
phase or the amplitude of the vibration signal can be used
in order to detect contact of the tip of pipetting needle

with a liguid contained 1in vessel 11.

Different vibrations modes of the pipetting needle are
suitable depending from the kind of obstacles the pipetting
needle encounters as it is moved towards a liquid contained

in a vessel. The following cases are considered.:

1) If the vessel contains no foam, but the pipetting needle
has to pierce a closure of the vessel in order to reach the
ligquid, length mode or bending mode vibration of the needle
are both suitable for detecting the liquid level and for
this purpose a corresponding change of the phase of the
vibration signal is detected. Since the position of the
closure is known to the system, a jump of the phase

vibration signal corresponding to contact of the needle with
the closure is recognized as such and does not cause

generation of an erroneous signal indicating contact of the

needle with the liquid.

2) If the vessel is open (i.e. without a closure of 1ts top
opening), but the pipetting needle has to pass through foam
in order to reach the liguid, use of length mode vibration
of the needle is preferable for detecting the point of time
at which the needle contacts the surface of the liquid and

for this purpose a corresponding change of the phase of the
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vibration signal is detected. However, 1if instead of liquid
detection 1t 1s desired to detect contact of the needle with
foam, then i1t 1s preferable to apply a bending mode
vibration of the needle and to detect a corresponding change

of the phase of the vibration signal.

3) If the pipetting needle has to pierce a closure of the
vessel 1n order to reach the liquid, and 1if the vessel
contains foam in the space between the closure and the free
surface of the liquid, length mode vibration of the needle
is suitable for detecting the point of time at which the
needle contacts the free surface of the liquid and for this
purpose a corresponding change of the phase of the vibration
signal is detected. However, if instead of liquid detection
1t 1s desired to detect contact of the needle with foam,
then 1t 1is preferable to apply a bending mode vibration ot
the needle and to detect a corresponding change of the phase

of the vibration signal.

4) If the vessel 1is open (i.e. without a closure of 1ts top
opening) and contains no foam, length mode or bending mode

vibration of the needle are both suitable for detecting the
point of time at which the needle contacts the free surface
of the ligquid and for this purpose a corresponding change of

the phase of the vibration signal 1s detected.

In each of the above described cases 1) to 4) instead of
detecting a change of the phase of the vibration signal a
corresponding change of the amplitude of the vibration
signal can be detected in order to determine the point of

time at which the needle contacts the liquid.

While piercing cap 13 with needle 12, the phase of the
vibration signal changes strongly due to the caps 1nfluence.
However when needle has pierced cap 13 and a certailn
distance is reached between the cap and the tip 23 of needle
12, the phase of the vibration signal becomes again fairly

constant and the liquid level can be detected again by
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detecting a jump in the phase of the vibration signal when
needle 12 contacts the surface of liquid 28 1n vessel 11.
Therefore needle 12 has to move some distance through cap 13
before a reliable liquid level detection 1s possible again.

In a preferred embodiment the electronic circuit 17 for
level detection comprises means for evaluating the variation
of said vibration signal with time and these means include
software means for detecting the level of the surface 27 of
ligquid 28 contained in vessel 11 in Fig. 1. The latter
software means preferably include means for detecting the
point of time at which a parameter of the vibration signal
61 reaches a threshold value. In one embodiment this
threshold value has a predetermined fixed value T1 shown
schematically in Fig. 12. In another embodiment the
threshold value has a value T2 variable with time shown
schematically in Fig. 13. Threshold value T2 is calculated
and generated taking into account various factors like
history of measurement results previously obtained, specific

situation and specific needle type.

In a preferred embodiment electronic signal processor 34 of
circuit 17 comprises a data storage 35 for receiving and
storing available information on the shape, dimensions and
vertical position of a removable cap or cover closure 13
which closes an opening at the top of vessel 11. When
processing a vibration signal, signal processor 34
preferably takes the latter information into account in the
process of level detection according to the invention. Use
of this additional information improves the capability and
reliability of the level detection means for selectively
detecting the liquid level in vessel 11.

In a preferred embodiment, information on the amount of
liquid contained in vessel 11 is provided by control unit 22
and stored 1in data storage 35. An estimated value of the
vertical position of the liquid level in vessel 11 is

calculated e.g. 1n electronic circuit 17 from information
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stored e.g. in data storage 35 on amount of liquid contained
in vessel 11 in combination with information available on
the shape, dimensions and vertical position of vessel 11.Use

of the above mentioned estimated wvalue of the wvertical

position of the liquid level in vessel 11 in signal

processor 34 further improves the capability and reliability

of the level detection means for selectively detecting the
liguid level in vessel 11. On the basis of additional

information just mentioned a time window 1s defined within

which the electronic circuit for level detection 1s

activated. Monitoring of the level detection signal within
this time window indicates the point of time at which the
tip of needle 12 contacts the liquid in vessel 11. From this
indication the actual vertical position of needle 12 1s
determined. The level of liquid in vessel 11 1s then

calculated taken into account the actual vertical position

of needle 12.

In a preferred embodiment the apparatus shown in Fig. 1
further comprises means for adapting the apparatus for
operating with different types of pipetting needles, 1.e.
with pipetting needles having different resonance
frequencies or modes. Fig. 14 shows schematically different
resonance curves 62, 63, 64 of different pipetting needles
12. The latter adaptation is achieved by automatically
finding for a given embodiment of a pipetting needle 12 a
vibration mode thereof (length or bending mode vibration)
and a resonant frequency for that vibration mode which are
suitable for detecting the level of liquid in the vessel.
For this purpose control circuit 22, driving signal
generator 16 and electronic circuit 17 are adapted for
performing a frequency sweep of the driving signal, which 1is
applied to the electromechanical transducer for causing
vibration of a particular type of pipetting needle installed
in the pipetting apparatus, measuring resonance frequency
values of that pipetting needle and comparing the results

with resonance frequency values previously measured and
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stored for each one of different needle types. Those values
are stored i1n a look-up table, e.g. in data storage 35.
These tables show which 1s the resonance modus for each
resonance frequency. By means of these tables, the system
automatically recognizes which needle type is being used and
applies to the piezoelectric transducer a drive signal
having a suitable frequency for causing vibration of the
pipetting needle with a predetermined resonance mode. On the
basis of previous knowledge about the order in which the
resonance pOints arise in the various modi for a given type
of pipetting needle, the above mentioned frequency sweep
makes possible to find a suitable vibration mode and
resonance frequency for a given embodiment of pipetting
needle. This makes possible to adapt the frequency of the
driving signal to a given embodiment of pipetting needle

used.

Fig. 14 also shows a resonance curve 65 for a sensor head
which does not include a pipetting needle. As can be
appreciated from Fig. 14, curve 65 considerably differs from
resonance curves 62, 63, 64 for sensors heads including a
pipetting needle. By performing a frequency sweep of the
above mentioned kind, the apparatus according to the
invention is able to measure a resonance curve and by
comparison of the measured values with values stored in data
storage 35 for previously mesured curves 62, 63, 64, the
apparatus 1s able to ascertain whether the sensor head being
used includes a pipetting needle 12 or whether such a needle
is missing, in other words whether a a pipetting needle 12

is present or absent in the structure of the sensor head.

Fig. 15 shows a resonance curve 66 measured with a sensor
head including a properly mounted pipetting needle which
does not have any deformation or defect and a resonance
curve 67 measured with a sensor head including a pipetting
needle which has some deformation or defect or is improperly
mounted. By performing a frequency sweep of the above

mentioned kind, the apparatus according to the invention 1s
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able to measure a resonance curves 67 and by comparison of
measured values with values stored in data storage 35 for a
previously mesured curve 66, the apparatus is able to
ascertain whether the sensor head being used includes a
pipetting needle 12 which is in order or whether that needle
has some deformation or defect or 1s improperly mounted.
Moreover the latter comparison also allows to determine
whether such a deformation or defect exceeds a predetermined

amount.

A first example of a pipetting needle 12 used in the above
described apparatus 1s schematically represented in Fig. 16.

The dimensions of this pipetting needle are as follows:

Dimension Size in millimeter
Al 69
L1 86
L2 5
L3 9
D1 0.9
D2 ' 1.5
D3 3
D4 5
L4 13.5
L5 0.5
D5 0.6

Pipetting needles 12 having different dimensions have
different vibration spectra. Figures 18 to 21 show spectra
of pipetting needles having different dimensions Al. In
Figures 18 to 21, the amplitudes are indicated in arbitrary
units. The spectra represented i1n Figures 18 to 21 show
resonance points for bending mode B and length mode L
vibration. Fig. 18 shows the vibration spectrum of a
pipetting needle having the above mentioned dimensions

wherein Al= 69 millimeter. Fig. 19 shows the vibration
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spectrum of a pilpetting needle having the above mentioned
dimensions wherein Al= 66 millimeter. Fig. 20 shows the
vibration spectrum of a pipetting needle having the above
mentioned dimensions wherein Al= 63 millimeter. Fig. 21
shows the vibration spectrum of a pipetting needle having
the above mentioned dimensions wherein Al= 60 millimeter.
For the purpose of level detection according to the
invention 1t 1s advantageous to use a pipetting needle
having a vibration spectrum wherein the resonance points for

bending mode B and length mode L vibration are clearly

separated from each other.

In the embodiment of pipetting needle 12 shown in Fig. 16
the tip 23 of needle has the cylindrical shape shown and

that tip 1s shown to have a diameter D5.

Another embodiment of pipetting needle 12 is shown in Fig.
17. This embodiment has a similar shape and dimensions as
the embodiment shown in Fig. 16, but the tip of the needle

has a sharp end which is suitable for piercing a closure of

a vessel.

Although preferred embodiments of the invention have been
described using specific terms, such description is for
illustrative purposes only, and it 1s to be understood that
changes and variations may be made without departing from

the spirit or scope of the following claims.

— ey e e o
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CLAIMS:

1. A level sensor apparatus for detecting contact of a
pipetting needle with a ligquid contained i1n a vessel, said
apparatus comprising

(a) a sensor head having a mechanical resonance
frequency and a structure including,

(a.l) a pipetting needle, having a free tip,

(a.2) a needle holder for holding said pipetting

needle, and

(a.3) an electromechanical transducer mechanically
connected with said pipetting needle,

(b) electrical signal generating means for generating
a driving signal having a frequency and for applying this
signal to said electromechanical transducer for causing
vibration of said pipetting needle at said resonance
frequency,

(c) means for measuring a parameter of an electrical
signal provided by said electromechanical transducer, said
signal being a vibration signal representative of the
vibration of said pipetting needle when it is driven by said
driving signal, and

(d) means for evaluating the variation of said
parameter with time for detecting contact of the pipetting
needle with a liquid contained in said vessel and for

providiling a resulting signal representative of the result of

sald evaluation.

2. A level sensor apparatus according to claim 1,
wherein said electromechanical transducer is a piezoelectric

transducer which 1s simultaneously used as actor, i.e. for

causing a vibration of said pipetting needle in response to
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sald driving signal, and also as sensor, i1.e. for generating

sald vibration signal representative of the vibration of the

sald needle.

3. A level sensor apparatus according to claim 2,
further comprising means for measuring electrical current
through said piezoelectric transducer as the vibration

signal when this transducer 1s used as sald sensor.

4 . A level sensor apparatus according to claim 1,
wherein sald electromechanical transducer comprises a first
plezoelectric transducer used as actor and a second
plezoelectric transducer used as sensor and means for

measuring voltages across said second piezoelectric

transducer.

5. A level sensor apparatus according to claim 1, whereiln
salid means for evaluating comprise means for evaluating the

variation of the phase of said vibration signal with time.

6. A level sensor apparatus according to claim 1, wherein
sald means for evaluating comprise means for evaluating the

variation of the amplitude of said vibration signal with

time.

7 . A level sensor apparatus according to claim 1, wherein
said means for evaluating comprise means for taking into
account available information on the shape, dimensions and

vertical position of a cap or cover closing an opening at

the top of said vessel.

8 . A level sensor apparatus according to claim 1, wherein

sald means for evaluating comprise means for taking into
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account available information on the vertical position of

the liquid level in said vessel.

9. A level sensor apparatus according to claim 8, wherein
sald means for evaluating comprise means for calculating the
vertical position of the ligquid level in the vessel from
avallable information on amount of liquid contained in said
vessel 1n combination with information available on the

shape, dimensions and vertical position of said vessel.

10. A level sensor apparatus according to claim 1,
wherein said electromechanical transducer and its mechanical
coupling to the pipetting needle are adapted for causing a

length mode vibration of the pipetting needle.

11. A level sensor apparatus according to claim 1,
wherelin said electromechanical transducer and its mechanical
coupling to the pipetting needle are adapted for causing a

bending mode vibration of the pipetting needle.

12. A level sensor apparatus according to claim 1,
wherein the structure of said sensor head is suitable for
maximizing the amplitude of the vibrations at the free tip

of the pipetting needle at said resonance frequency.

13. A level sensor apparatus according to claim 1,
whereln said electrical signal generating means comprise a
control circuit for bringing the frequency of said driving
signal back to the resonance frequency of the vibration mode
of the pipetting needle if and when a change of the boundary

conditions cause a change of that resonance frequency.
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14. A level sensor apparatus according to claim 13,
wherein said control circuit operates according to a

predetermined algorithm.

15. A level sensor apparatus according to claim 1,
wherein said means for evaluating the variation of said
vibration signal with time include software means for

detecting the level of said liquid contained in said vessel.

16. A level sensor apparatus according to claim 15,
whereln said software means for detecting the level of said
liquid includes means for detecting the point of time at
which said parameter of said vibration signal reaches a

threshold wvalue.

17. A level sensor apparatus according to claim 16,
wherein said threshold value has a predetermined fixed

value.

18. A level sensor apparatus according to claim 16,

wherein sald threshold value has a variable value.

19. A level sensor apparatus according to claim 1,
further comprising means for detecting the presence or

absence of said pipetting needle.

20. A level sensor apparatus according to claim 1, further
comprilsing means for detecting a deformation or a defect of

sald pipetting needle.

21. A level sensor apparatus according to claim 1, further
comprising means for detecting an undesirable contact of

said pipetting needle with a body.
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22 . Pipetting apparatus for pipetting liquid volumes into
and from a ligquid contained in a vessel by means of a
plpetting needle, said apparatus comprising a level sensor

apparatus according to any one of claims 1 to 21.



1/13

AT R L L.

. ten ‘ﬂn

ML TP L0

:

CA 02501028 2005-03-17

22

NIRRT (TR L At MG N 2 Sl AR AT :hl

|
N

Fig. 1

a0
o~d

n -".“.H P.'.. .,-
- -l i "l.

e

II.
e

o,

23



CA 02501028 2005-03-17

2/13

i

- e

®a

Borden Ladner Gervais LLP /5.2l

N ;b RN NN WNOOOOTK

a%%%zzzz%%%%&&%ﬁ%ﬂ%&&&%&%&%ﬂ%ﬂ%ﬂﬁ%&mmmwa
R

e
‘0 ‘0‘0 .‘

....\.\\..\v\.v..s.\. p
Ly

-
S A,
. R

A
e

)
e
5
’0‘9
AN
’Q
»
.

™
Ny .D

R R R \
d

N e ./ SRR RN AT N AL RN
U/e.r/r//V///V/,rf
SAAARA A AN AR R E X XTI e
AT IR IR RENHL
A\ 0##00000300000’0& ‘0’ 000 %00
A RO hgh ooo¢ooooﬂrﬁtﬁuﬂﬂﬂi\\\
, 9 9 \

v
L4 g s ~ 7,
7 \\. S o
] -
N
< 4
S )
N
L -
. . Ha i
N \.\ R ¢ <
R R P
R R
i P it 1 N
. - -
=" o ST

~ <7
Ve

Y
LA
N
LA C
0‘0’0‘0‘0

*
v
4
$
g
&

a
¥
L
*
L
¢

0600“900.”"0."‘

XX A M OOOOOOSOOOOC

e de L MM XYY NN
T d i —

&

e LA A A
NN eeraermsam e s eeeeee oo | T e .
m,m,/../ U AN NN S AR R R WA AR Y24 1 ey oTTmemtesaessevanenes tevemcecean
I I v tete—— . FSR N — —
M//Mmfc — G . ?llrl!éﬂ
R R R R AR SN, Pty Sy N R R IRANICRR IR 7/
N /////,,ﬁ. NN /////Azu/,/ A R TN e te et M s N S S L T /.o..ooocmwno“ouon&auo‘ooo.oooooooco \
///,/ O///////////%/ e /. RIOIOEARINH IR
W?/MWW%%%%@&%%%%&%W%WVM%WMW%WWWW%MWW%%W\ﬁﬁﬁr o I MMM““ZZ“ZZZZZZZZZZZZZZVw&ﬁﬂﬂ&&ﬁ&&ﬁ&&ﬂ&&&ﬂ

o

- - = N\




CA 02501028 2005-03-17

3/13

!\L o

bt e I T

Borden Ladner Gervais LLP/ A




CA 02501028 2005-03-17

- . ‘- .- . .
' ". 4 »
. * - v ~ . =g a .
LR . e “ - .
¢ - Tar - - = - . - .
- w- an . , .-
- as n e . .
) .- Ll
' M * - - * r»
- - . = . .
’ .
" a4 uam - o
s - 1 L O - - & . ae - )
. ¢ " fLAem -
L i . , .
' - . - . .
a8 * » .
i y . = - »
- . - » . .
. a aw sva
- . .
Ll ] ] . & . i . s .
e . . .n -
vy - e .
, . - o ' ot il e
ot -- -s
. * + aA-uga
- e e - ’ . e ’. -
-t " *
. ’ = . ... L
v - . v . .
. v as - - .
" i ' - & a . -
’ - . ., & .
' Wanlmy - . . . . -
n\v ' = ’ B -
N . . - ¢ e+ @
. * * . Y - WP ® § wm
.- a o .
- . .
- - . . " '
’ - . - - .
- " = a
F L . .
. .- v + . - . .
’ ' ' . . ..
svm .- . i :
. e + -

oa;.....l..:...lsz..

. . .
LFfald =,*, ..\i)o.lvo LA A R LR | W PNy

ing p

r = Yar» =

el R o R R T4 LI LWL R PR TN I Ry N I - P o PN TRPAr

.

n

- ' ™ v . .- . & ¢t
L - en
- - .
.. -
(1 LRl ] =y
. . a H . L
- .
*
g L ]
- *a
L2
‘ - o0
LAl ]
L] .« g
(¥} ’
T - B
an + - - v L ] .
- » \Pae 4
- e - | S . v ret
[ J
.-
. - lOl-.l - v ry
-* * L a4’ »
P o * - .
- - BTN T
' ‘. - ‘.- -
-
. o "
* -
“ma . 4 -
“pa .
L] . . - "
* O a® o ] . .
- -
- ‘ " - . + wes * ™ . L X
¢ *
- - v rd= @ ¢ r b
“ : - e -
. e By 4o . v - - - ..
) "4+ =P " e .ﬂn -
varp @ . * vy’ dus .
- - .
Shrs 4w L - - " “r . ’
» -+th * -
- (L] - - - Y . aAdaa 9 @

CNN2 VL e re B Pl e vt sttt s andets
> - -

lb - * ’ . .- - =
e Pa- N - 0"-. 4 - AlNA ¢ a a
. . .A v A v "-Jq * . e 0”
- A ¢ ‘
-
. i P e eay - ‘. - . . -
¢ & . Sl - a - . - .«
- L [ &P . . - * -
. - . ' an .
* . & L - ¢ + ¢ ve - o= u .... ‘e *
. < e . ", . Yo
‘ -w ah . *
-~ annm . . 4 ' »
. - -
N ‘ - ) . * u .aﬂ . ..”m« - * . ... " * ’
t - ® - e . -w
ot.o..‘.ﬂ\‘l-.- [P TN s P s a2t e, ﬁ“\-vlﬁ‘r\ﬂ.‘..b\'-‘f“"‘-d“"‘-‘l.:o“tbt LI LI P R o p..oo‘..d\‘lu\.m.’tﬁ"f"'l\("“.t.~.tI-

. . —‘- . ‘e . YY) . ' . “w .-

- n~ _ o-c - . ‘- . . .- FY S . . oh.t ) . ..A . . . . ,

* * - s ‘ ] > L t Y Y . '

. ae - » P Tem » g a @ 48 . .. *
. L . . a - = . e +
. N [T 'y - L] - 'nhén 4 - -
. = +> = - - -h - P - 4 -y = - 4 & “are
* 4 Y - . - - - « th, * *
' - . ab e m@ o . ‘ p n ‘ "
. - - .« ? . » L] ‘ - () - m- .h-’v.v-.’ru»- . . ] v R v ™ semer »
a .e . . ¢t - . r * " - i I-l - 3
. . . - T e <+ . - - @ *n "“v * a0 v LR .
. o-u - |-0v - . - “ - M rew * a .
s - L ] "3 * . - LY *-rm NW. IN . - - * . b.a v d ‘. .0 LR '
. - L - wes -
L] .CDM . ) . - : > es & Ho.l
- . T Eed -m » a » L - ‘ ® LI
oo'\df\o.r\l.’otrQo. . ).sof\llﬁd?t'(‘)\lmacb.lsol.\ll\iﬁo()qc).lI\.&.\ol\.l&oﬁ‘tbobsb(rc-\o..-oovctt - tc'\.'.\ltdl\&’a‘lﬂiitc‘l
. . . sa ’ ‘e * - * * ) .. v * i v ‘ t * vrllﬂ.v * [ 2 '
. - - . - v " - &t .
dub wrpv ¥ - IM " “.-OOOHO .- ‘ * - . 0;0. e “ ' ’ - M.Oa‘.
lu ) - # FYY . . ".h b.“ . - 4 ] * - .
- . * @ tvdee . - * ’ . YT ¢ ' t- S ¢ v “r o= "
‘. ' e * * s - ™ - ode » imvgs 4
Ft . 0’. .. ' . - Cc - - . 1] — “ ‘. “ra .
- - . . - he v - . a .y
rad . e ‘- -~ uwmasa - alve & 4 a v - 4 ¥
- . N . . “. [ Pl " . *»he . - * v . - » . -
[ Lo . ' ..o " - ® . . - "
] . - as - T - LA L LN ]
. L * L - 44 =+ > . - 1a v
v v . - - . T ¢ alal * = o 2 ‘mg " ¢
. ~h - . . - - & . . .o - “q ALK |
. TR . - - - " '
" .. + - ¢ ‘".Q ... - - * - 3 (Y - .. Yun & La @ a ’ v - . H
. . . . . - ne . ter . - N . " “ oo - L e
- - - - “ -
t...o(.o..\lu(do\’\;-?(o)l.uo\l-,p..wlaq....soion\vhipbloovo-‘&ouf.’a..!.. B A L A AR R E LI TR LI T W RTE R TP - . pl.(..\(“.\.'.@..‘l.ot WTa® "y Aay STy
. " * " - . teavy = = * Yammd g - v Teme '
L) - L J - . - et e +
i - - " K s
- \ - ] - > 3 @ . . . - . - - .J
[ ’ -
s . . s . 3 PR ”
. - " L ‘ aAvbdy v a’ ﬁ - - ' “ il
. - - ..\. . - & swvm-g 4 . . !.l“‘-
4
e . . v . . . s 4a% - . Y ed _mbesa ' sy x & @ o
X . 5 = L . X no o .
. . . fue waa
sav. . ”.. - & praaiy . ¥ - “ ' fere  o@ t ’ v an . ‘T ' ‘

- .. " ’ gy - . .n "t *3 :
. . . ) . . i v ven ) . - “ . - N * .
ﬂ..i\o.lo.o.f\o ¥ w e arsn .Vtv -_\d e ¥ vr 2ava w‘. ad . Tl Tl .tp.o?sa..lo..lf\l . tom -400.. Oa\'-?ﬁi.-o it Soo e o A ’.’(!“t!l"&l’t!.ﬂ\h‘od'ﬂﬁr e v chc’w

- ¢ B ’ - - . .
- . . - . - “ e ‘ -
L \I - - - ﬂ v L] .. vy~ a T - v 'Ll .e
5 i e v - - a' nv . . . . .
. - - Ry A L 0 - . -
o s+ - O- . raaw - -t e o I e - ". il
* . L] - - ”.l s * -I. - ' - .. L
. -9 - . -
M .'0 . “erea - aren - & . 0. V , . . i - QWOH‘ .vo -ﬂ Y “ . . .
st ' t . ' : " - " . e ' v . . o TJt av v
R [ a . - » - a L A " ‘ . - e 4 - b
. * ‘ * -85 8 N bterw ) - ) ".vl00 . ‘ .e . * " MG Tra *
“ - “ A - . . r .
h . .0 - M - vv-‘l“ * . - - ™ N v-.
. - -
Y . C ' -at“ . a e - »a ’.I bﬂ .
. » v » - ‘v » i ¥ T . . " "7 e iy . - -t
PerfeabdaltRra st AN Tantan ., L R a LA AR A DR AR PR Y TIPS L RN 3 S sy ntuape'd A""m’ st arssa e N, e Las it sarrart AR e,
. . . - r v - . - ’ - v
* " e l‘ . . ., - . - .-.-ao = . Qs. L’ ”.I. ’ -
.« . N t AL * .- ’ HQ! ’ . !(“ Q..' aAnd 4 - v - '.M.Q. .. vé 4 - -
L4 . - +* +- ™ - -
- - r - e s~ . e
e L n- -. .lo. * 45 s o . ' .‘ - e (] -
. bueoe = -o 00 - - s = . - . N b -
] v 0 L) * ne ., .“.v M . - '0“ Y * * ) NQ .
. f ' - . . ' . * - .
+ ¥ ' v L 3 . .H ‘ Ouﬂh " . ' - -
- 2 [ " - “ - - . - - '
C .. .o l" 4 ' - v . .
. . < as e . b . . “o . . )
- 4 . > a - - - cea ' .. :
" R LA .  © . : .
g s ' - - . - * Se ll. ‘ - - - -D . - can ' ™ - * v L4 -
- » . ot - » . . - - - . ’ -* -
frodatretentes s Watanra e at g BRI TN W O M NN I NSNS NS A (A ANAC A . 0:«...\.....\»..; Carintgrrdntanfersvpentg ot
v . . R . “ e . . N - .-
. , . . . L] On' - v . -b v ‘ - + . ! ™ - .r l4llll ﬂ - : - v .
* . . . T v * - - ET LR Y )
N -4 a4 . - r v -1 AQw o [ - . . -
) . - > - ™ "r .
, , ae v v “ 4. . . . - - "~
. * . [ . * 4 L L]
. ] ' ) .“ - [ ) " . L_L I L . . 4
- - v .
“ - ‘ - .’ “ - y . . e . .‘ .'." M "-
* . » . vttt b g o2 Adg e ah
. - - - - . - .’ - .
' ’ . . ' . ca- ’ .. G v * “ wa
. Y 99, ¢ - * . . z* 4 . * o0 -
.- o i . d . - . '. . . " . H(-tr * - - . 4. N - i . - - . 1. "= e " ’ *
. - . - v - . . " - . . = .0 L] Te - - l“i - by .
’ v a . o aminindp. .- . "= > . . . -. e o-o " mEey, . L.- ° v *a - ae 0-. . "-.'stn a e .
4 20 &4 .2 % 2 g e-Nv A t B to o 80 % NP WL dned . ; - v - : . - N X .. ! . o v agv
» - ..u . - o .“_v”... bl B B IS R AR e * &.d.lvdﬂ 4 # 4" & An » 2a n-v’.‘».f S S e+ 8 @ .. ’..r..o.uou.‘o > .ﬂco L ’.ﬂ.. "a- 1 4N 402 M e ..,..}- Qnun LR B d
. > . ' “a - * .--u. - ' ’ ‘ A - * . - lnobc H .t Mo ‘ -
. . - - - & L 4 - . L » -
e e e . ' R . - S HE S o *s ; .
" - K L ’ ‘ : “ena » B aw (3] =t
f s = - . 4a - ~a .-
. = - * *- am N vrw s o ’ + - ‘ ¢ a & M -, * LN v “- ‘.- -
- N - e - . . - a = T . . e
» : - - . . = ¢ | . » . - . *« b . *d
o= . * - .- - e - "t- + '] » (] “ .“n 4ar -,
. - - . .- . . .
‘ v’ - .l. .o . 4 - v & - - 0‘0 . N - 0w - 4 - . - 4 . IH. 4 * (1. 21 *
< .. -4 L - . e« . N ae - e s Y -
. N ” ] - . - = - v * IMIM. “hh L0 - Mt -
. . * - ) Dh . a b s - « a . * .
. . ’ e A . e . . . s % . " « b mrwr . * -4 -
- - ‘ e . Y . . c.o-.‘ — . L L] .ne . *- -
. -l . S0 aa ' . - . - * n&
. -" 4 Fpree * . 0. - * ‘ i *n . R T
‘S hey & & C A Foh, - L I LW e e "t * .
v& ¢ -.. ‘. - ) 'x ~ L] “ - f - - '. .-\ e - * »¥ L 4 M\-' “ ’ -v “All!“ > W‘\la. VQI ® "N - .. ~'\ a v ”.’ “ - ' N +4 .&.ﬁ )'l" A' ?‘;'-{ el W 2 - x - (‘.’ ‘ .h - “ . '& a J“ 1 0’“ a { ‘. p .}I
q. * a L v - v - tab.. - - . sap . “ rardrias - . Qc - . s = . alCO - o’“.tc‘ * * -
- ‘ . - - . : - . . h. + ' ' g
" bt ’ ‘T . = 6 n = - " “eer o . .
. - a . . * *n 'Y ) . -'0 . * I M p—
- wages - . R . s dae, ‘e L EY] . '
- . wr . “ .l Peae . v ' M . p* & .o“.. . '0 -.r d
. - - - - - .-r
-n * N ‘ h . . . L. R - -n - - - . vy gn -
.0 - O . ' - . Da"- " - - - . ¢ gt s " - N T P ... -8 . Teves , -
: . . > * > . 2. . * . Aol Bd ' . , R
v v 0 [ I v osr = . v *® - wa u. - - * "
. + . . . - a - e @ » . 4 .- ve [] - ¢
"a Thewm * . MO Sl P . - * . Era. ' R 4 v S & mr = p = .
..unnn. i - - . " - . wn. » ot -.h 4.0 - 'Y Y * - .y L] g
o‘ah¢t L] N t-\. MR RN L N Y N N IR 0.0 .Moo. .oo 00...600!0.1! h . -0 g . . a. g
. ., i u.mw. - pPOPR AL Pt ny ae ey 0.‘00.!02"....*.‘005&-\-.!.-\. 8 pd .#b fas teU S TR PE trva e @Ayt aga
. -~ - aw » - - . - - ’
re u s s . - * - -r . [T o . v- . - ¢ . tu‘.o
' s = . b- M - X . - . ARGudy
’ 0 ) LR LI . A - = . . * : ¢ - ' . Tk e ) . . e
& aa N . L 4 lﬂ! . . . . . . . . adoof IDI-O -id .Dn.l-c .
" - - . . a o .a - . - * !
. " h . el - e vbrn -.l- dnw . - + . . . - . -u“io .t e - - . [
- N . . s e . . '
. . - &= R H.“l . Hnﬂn“l- a . e N ”-v . N . - . . . - ’ QM-\( - .. - . . =
t - ‘4 'I . n e Pl !-. Hs - . R 00 . 4P DR 3 .-.- - - ".‘
o . ma : v I e . e v R L g 5o cae P
+ . . . : . N . ol N —— . . PO + E—— N 2
- - + e v it . ae “at.a
N . s -, > - e, .- . - ., ‘. - . u- . .
LY .
) .. - " . . rdvw
Ao ce s s AL L LR N L lr. *Te 6 waadease A %d P A S aa ppa ad p pit * R eaipteS g .Jn. she l’.ﬂ * pNrg - : o= LY p p = . . Y t .
> y ; , ' . . IR S ANLITRNIR e W el e v bl Al P e % h 4s 1Ay 2 2l s av e Bgiecipnaes aN eVt aay
- ' . - - . I - " N - . " ‘e -
- . - * a " * - s e a . 'y - “a
- Ty - 5. . g e -Ql-”. R ' ) A - e
> ‘ ¢ ¢v: * >

- " Adw N ' . . w
", s 4 . )
- - . n .
vrwy - . > ¢ = . . * . - . . *
.
9w . . .
’ - as -
‘.. a - - - . . - S 4 »a - . 0! v
- - -
. . . * caee 4 - i & 3a * .: .
- * ) ’ . . v Tadan.
.- . - .
' ay
4 -
- . . .
' “e . . . .
e
r -u - ¢ Prdama & . : . e
- ) . . . - . & E TR 3 - . - PN " 'Y
. . .
. - M - agma . s . [ -
e v * v -* Lz ]
) . - L ] - + = 8 .
: : 4 « -
. .- . . Y . . ;o .n-
. + 1 - -
) ‘o ‘ . ° .
- . i
. - - \ .
' e " . - . -l-
* . - - . " - " . . N ¢ ' - . - as -
. * ¢ . - e - -
v -
.
1
' -
- 4

. v . S

v
v ’ 484
L ) .
. -
o 1 P - ’
- .
- X ] .
- -
- Y - - * *-.
-ra . . .
bl e . -
. " ’
. - ¢ e o
L] LI » sar @ -
- > L 3 - > i+
- *
- L] - PR -
- . . .
' . .
‘ re .
N . . e = . rm
. ’ . -
* - 4 re = e -
v raven ‘s o® a
+ - . '
v e abe
. sab » - ..
e ' -h‘&l’ e
= . mrm * -
. Ll - -
. -
* 4 . L] ‘.
. t -
* . e L 4 ra suh .

o | .. Y
¢ !
= -

Q-
)
w0
- -
X “

L 2
L] aa
- r 4
+ raqy W
44 ‘B - . v
.
.- -
'
r . ap+

. -1 1
L E R
A - v M
- L L

- 9
&l
ad
ragn
1 .
P =
v - ‘
L] .
ve wd
» * &
* »
-
.
. " va .
rrave
* ’

'
.
‘v
-
-

125

.measurem en

‘
- -
’ L]
Lal ] -
, ‘
« LI 3 . YL
-
) s
[
(w» &
Trep
L "
L - .
-
4 > a .0.0
‘e by
- A= .
(3
. me - .
*
-» e
. e
. .
. - [ ]
- % L]
o :
. (3 RS .

e =w
.
e
e "
- . »
. .
- -
-
» 9.
+
“e.
es 14 4
.
.
4 .
.
= -
- a
. - .
-7 .
sa-

Rorden Ladner Gervais LLP/ 5.2l



CA 02501028 2005-03-17

' 5/13

Amplitude
\'—s\
-4 | : :
60 80 100 120
Position [mm)]
Diff Amplitude
I N S T,
-1 i 5
60 - 80 100 120

Position [mm]

Borden Ladner Gervais LLP /5.1l



CA 02501028 2005-03-17

6/13

»
. .
. L ]
.
M -
. -
= (]
. .
- -
> a
. L
0000000000000000
-6 . '..b.!l‘. ooooooooooooooooooooooooo AR EEE LR R N NI IR R R S,
: : 1
. ’
’ -
L4
[
[
[
-6.5 ..C‘.".0."'0".'...."l...'l.l..'..l..l.l .-.plo: ........................
| |
@ :
»
&) '
*
« ]
v
vl :
L ]
v
3 -; OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO L I R N N N R R E R T
> ’
*
L J
.
L]
-
.
-
— ooooo--runoaoo}opo'
.
[ ]
.
]
L]
*

"8 : '
60 80 100 120
Position {mm]
1 Diff Phase

E 05 ..........................................................................
D
&
S ol
-0.5 :
60 80 100 120 Fig’ 9

Position [mm]

Borden Ladner Gervais LLP /5.1



CA 02501028 2005-03-17

33.5 34 34 5

33

N
S - - e - e pup

31.5

31

30.5

[)un ‘que] spnjjdwy

s

[hun “qse] 95BY4

il W P T Sk S

32.5
Frequency [kHz]

7/13

33

32

315

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

Borden Ladner Gervais [LP/s.rl



CA 02501028 2005-03-17

8/13

Borden Ladner Gervais LLP /5.1l



CA 02501028 2005-03-17

9/13

A
L~
Vo
o\ 67
/ e
/ \
/ \
”
g N\
. “~,
o -
--—--—--------—----—---~~--—--m;z; -— b

Fig. 15

Borden Ladner Gervais LLP /5,11



CA 02501028 2005-03-17 |

’
. L
.
-> ' 1]
»
- .
.
*
. L]
. . % .
¢ ] - -
- - {o - - - » ] Rany owa- Yhs SWN a b
. . - . AR *
a . . - »
»
- : : ; - - - : -
- (S .- - » & v LA B B e s L *s » @ ; tewh-n by P .- . ' . . 5 » .u.‘..'.z..—
. [ '
* - 9 . + : . : * -
. - & - ’
. > 1 v .
LN v v J N . v ... ’.. * [} ade .
o rar——— ,-.......-...n—-i-.--o -'h.!.. ™ CLERATRIAE T & WbES Ml T At Mk, bl e W, o .
* : ’ ’ . .
q - " ‘ H
¥ . - . *
. v > : N
A i, S m oy B e W el : b =
: ' .
o 3 .
. . - 4
- .
* * - a - * A -
]
v—ap we W W s IS v 2 BNl R NIV P REA-AREvE AELALTAIR:  SREved e . .
-
. : l‘ - .
4
- L4 ]
i ¢
’ - - s . » ! L . d an 4. .Q'tt"n” * . ™ *»
‘ [ ] o
. ‘ ' .
et + » ‘
* . &
s w ) oA e SR L LI ‘uw v car ’ 4 o . . .
- L
. -
L )
[N - ° -
ar, e - - . > by ‘ - T TERS N v oy
L ] . - » ‘ - ?
. H .
. v
v o _l F ‘
»
] by « *
» - -
»
a . 2 H L IR .
S4s Fuh SRAARRIvALTUcA wbIRsd e @G SABES  MBu L2 TRIPCAAANRENT b FABAD P D Seihad vavanen P @ 4 K0P @ 3 WMANE 3 b mas red s . 2
, o
‘ - v : . ' ‘ .
- »
. ' . - . ‘ ”
e & Q9% a2 ~-0-& Suia Gosae -8 thw - : *» : * b e vl “. » ...” - i - -{ L ] .
- - » L ]
- » —
- y - L ] : 4 .‘
| ® »
- » . ' . ’
,e . ‘. ‘. M e W " by . ’
L4 + ' Wy vty -“_mﬂm
* ' : » ] - :
‘ ™
- a 9 4 - - "
’ ’ [
- . F ] ’ e LI - . - t "
» 1 4 . . .
. , a - [ ]
- ; . .
» >
Gubol 4 *TEA S TRULferPen QTeTERRe WA . e 6 = W Wi g & LA - - e
: . - } ?
- . -
. ) 4 .
. . © ~ L
% ap 194 a9 'S - e W ' - - ] .i g
E a
® . o L ]
L] » -
L ] | | > v »
a . ¢ n
* 2 9 SRSy » s - ra "‘.' ‘. . > . N - » N .
‘ ' \ ! H
' .
. - » - b
. .
- - .: »
- - L] [ 4 * i
» 2 . L) -
- : A ® -
. ” _— » am o e - e -, we aev & - B¢ poe e (S -n “ -
o '
: ¢ i . 5 A
’ » - bt
- - * *ne et % ¢ w ¥ v som v L B -y a '
' a ©
- ]
-
. t
* : ] . » ” - z
-
. -
- “ . -
-
» - " s
. . 1 e - e 4 L 13 - J S = pE LpRAW ‘Q.O..N = H > 8 * § "=ian - N
-, .
- A .
a - ‘ -
8 .
- * -
. PR - a by 4 » » - ‘:‘ 4o LA res e -. LL L LI T cae A v S Ppm ’ ﬂ *
* . a . »
: . ® ® '
. -
. : , by §
' * - P . , d * 1 '
- . : * : .
T s . . - t 4
. . :

s ap o e == - s Yrwer e = A - 2 *»n a * » s A -
° - '
. » - F . . !

*
. a0 (1 Y . » a ¢
assany Ralpidd M e Mpey ' . - L . : » a — . * .
’ {
* )
' . « ° *rron R e e T S —— ‘ . T
L ] M v
- . ’
| J
- »
- a . - - - .« & -y L 3 - - L4 e -8 . ¢ » - ’
. . == »- vRvadd aed . [
- - bt
- -
L] - - - - -
-
> |
* L3 [ J * LA - -« l. >
.
» . ’
. ’ F
: . |
° . . .
* * m . {
-
. .~
- .= . L ... g SERES S e N sy 98 S - .opa ow - . N 3
» - = g *
a
s - |_1 - ¢

- ¢ . - - e
L ] v e i . L
, :

» ‘ ’ v » '
+* ’ '
' . ae L] 1Pl ’ . - L var-o L] ) "o -y o !
>
’ * . %
-
. . . . 4
g .
T SR . ST A A S G —
- - T Al A B Ve et - ettt bl bty o
.- .
- -
[ -
- - = w
. - - -
. L 2
- = ‘. L]
L 4 a - :
L . . Cinh i e - we ”» . AN '
) " * ngsa e . ] *ru - RS0 M o WMLbscworiodMapanind @) BRi s .- arp B Pap nga XTIl > &
: i E
- * * 1 A .
= SR

' ' ~ Borden Ladner Gervais LLP/s.rl,

L



N

CA 02501028 2005-03-17

- \ -
L
A a +
-
¥ “, ': v »* . * * . 4drve  sen e LY L 1) LN
* [ ’
’ -
" v
L - . - -
. . . ] [ 3
. -
- [T - - LY v~ - L - + -« W . PPl R -w L ] ' Petgrp awa F e .. s >
- &
. * [ ] . : : * - "
» - L) . 4
hd ‘ - '
- - . - a . . - *
[— M.--“.“M’O Al . sn 2 ab e agmes e . e ardtesesnatbngarasll, Med i Wt 40 AVY D v , .
. L]
= » * = - ‘:
- » -
v 4 - .
» .« . « emqg v = @ koAl 49 ™ [y - > . . &
H $ * -
. . b *
-
- | ] - s >
. . . - ’ -
»a 4t 1ae «f ‘m #0% & % a ON: Wk Ff ASE Yeoll § VAP HPRe -papep ’tldof‘.lﬂﬂ 1See a4 g wed 8 e Pt Jraupsay bigery - - .
.
a . . .
- - »
- . .
4
. % s
. - " - g iy - s J.ooﬂa.‘
. * "
. ' .
- - -
L * q + X
we # T a 1 4 . ivm » s o ams 3 = v o - . ,
-
- *
- . . ¢ .
‘ »
- ¢ - . - . L 4 l = ond D o oy [ ey
® -
»
- : - ' . Y
4
¢ -
- -
- . -
‘ - Y - . L] ]
L 3
. : v . ’
] » »
\ : ' o . : .
bon Gl PUTRER AIED SeEvIeu r @b Fpebé . g vhrRsRsbENt RAARS T JVEREA ) "Pubab agrettt Al - oMy Ak Bt § . aes ._’ - . i . > *
*
L]
- Y
’ ’ » - * i *
N v » . *
» * v ! 2
s sova sr+fe B wa MR TR ] -en ¢ & (1] : v . e ema LA ey b8 e P ¥ .
- > N 4 "]
» . » 4
* . 4 N | | H
* - ’ . .
’ ? .
b . - + ' R »
- a L 4 ’0 * . LT g -y B a - e » » " v [ ]
- »
. Mbm
» . < L ] I \
L J o . . -
- - - * - t } *
[ . -
-y 0 -0 L »
L J ™ - Y » ' ..‘ i , . [] a -
- - . . ] »
- ? - . - ' . ]
. . . )
* a * '
Pt 4 sobw - adw iR betd FRCL IS VAR . spr @ r e rr b B . . ° - *
- - - L
- N > » » .
’ g -
- - b ‘ [
- . | ] M - .
e ap ene s 4 - ~& ‘.. . - . . .
L4
- »
[ ] . - v
s »
[ ] > * »~ »
L - ¢ .!
A =02 4 2 aomis vRebr 4 - J'.’ “. . - - . . * @ + m > w ¢ &
* . »
’ . ’ 4
[ | ’ -
= . = -
. & . ,
* L] -
» ’ p b L 2 : .- ¢ y
. . . i e ’ t
1 3
[3
L J
* : » t' ]
e . te a - . -k e - R, == #88 » + 0= aas -om ‘. ap e . ' "

+4B

-
v
iy =

.. .
[ ]
d
L ]
9
! .
»
X a2m
[ ]
- [ ]
{1
L 4
i
-
é
L]
H
[
<
[ ]
- rw N Ay Ar S S emrnrmraiiie § svency
L 3
’
+* L]
L J § -
»

f
L
v
] : [ *
. > . (N3 LI Y . for . e F me mpEas o 9 s u » N ), Ter & % Agbe be ®»
L 3
’ &
: 3 - ' .
» ' ' 3 -
- . L]
- * ' . )
- ‘ . T e v . * o= ':o - pe .4 . - . PAR! Ang - g [P ¥ P P “} .
* . - : v ! - *
> v -«
™ . > tq
. » + . ; .. i »
’ . - . M . ! [ 4 . ¢ * . v
a L J . ; , . - ‘ >
4 ® . N * . ' H e ' ‘
’ ' : Lol
arp v - « * & . AL o d a - L . -‘ - . . . ’ 3 ™ I we & - ' . -
r - . . - ¢ . . . . . !
- -2 *
L » -' ¥ ) ] : &
e L . s eagep e B s «+ 3 e .o [ . . -~ ] (W . - » [ S - ‘
4 L4
[
* . 2 4 ‘
» . . L . ‘
i » P o an ne s - vl it P . * . ® " ’
- v ’
L] ‘ - v . < '
- L] - . .
’ : . b . . r
e 9 * » FEY ) -’.- - ¢ * = whg va . - e - v ™ ™ ¢ . * . » P ‘ " : . . a ] . - P e -
c. L} : » - - .
N - + . »
- - - [ * hd L] [ .
]
: ’ [ ] L . - * - L h . e .’ ’ ‘
]
d * ’ *
. L . L] :
L 2 . . . - 3
L ’ '
- « * » l ‘.
* ’ . L ‘i ’ - ¢
& . ‘ ' ’ : ;
P + i r >
. . » o : - ® e g - -;- « v P i . emap e sEun rume .ﬁo-» 4 OW}.D be e +e v aa « , * {
’ - L . ‘
¢ . . ! ) ! I . ! ¢
. . : : t
? * - > 'H :
. : * ' ? L J - L. v -e i - -
) : i) 1 .
a . : . . - ‘ [ ] .
& ""‘ LG TY ¥ - ' - o e=m ey - : [ I [T . .( ‘ - . ; =
. . - . ’ : .
- L 4 L] '
" v . - . . : ) l. - .’ W
’ ‘ L J
AP S PP e R m.‘ - .
. Ry T Sy S — . - * o mwm“..--. . " ARl véhuesrgs - 4 e 2R G &b due 'y et (LT L L, T VTR VS ey
- -
L] . » *
-~ ¢ - - » -
» [ [ 3
v ¢ v ' *
* v v
- . »
+ - L4 *
’ . * ’ :
* " . N . t
. r - [ XX} am L Apeea 4 AL PE v va A L LA b B ] “HE v 0o ivaven ta pips Wiophnse g » 1 a s Aeh codd sans v
‘ L 1R !
y *

Borden Ladner Gervais LLP /5.1



12/13

CA 02501028 2005-03-17

6.12E-13"
8 i34E"14
‘3'.:6857'14 "
14E
1.55E-15
'5.71E-16 -
2.11E-16

6.18E-17

1.31E-13
1.93E-14
4.19E-16

S5.02E-14

5 00 S =3
T 7T Y Y S O
| ¢ ' : : . R H - ' 3 jpas
" m ¥ m : o . R ! : 5 A wa
' ! ‘ i ] ) 1. _ B I
A N N ) 00 T &

" ' “ t “ 4” .' : “ " L “ “ S.. u
P—'hl..l.'l." lllll L- ........... - m= ’.W.Ill‘l." .“5 "’-‘“".’Lk’ "‘"..l‘....'-.‘.uf\""..sW'-l.--’ ..lcl..hv’- 2 g
" . " 1 ’ 8 F L .." L . M » '3 5 .’
. T 0 .- | T - T
? L R | . N # (] . S 1
s [ | - 1 3 [ k 'V & ¥ ' ’ s 0
' % 0 b ¢ 3 B 4 | ¥ t e N 4 0
ob . ’ 5 E - . -9 i I ' s -
- - -\" oo Kpﬂ v e .0...“.1_' . .“. . m. ER . ) .‘hvf.vul“.sl‘llv.“..utmv.'l.lonh ssssss “ - . oa“l.!mobvll“”lmln.a.t U-M..tluustlo - m ” '
T N KN S R o N
» : . | ’ Tn | H p ' 3 $ "t ' 1w H
' . ’ . Tp] b .- ot L 1 Ty .
' ; : ¢ a ’ ’ . i m : -
B . k ol W. r ' ¥ : : . Qo >
tttt @ == = 4 =-w “'tl.’ttl’o'-& I2 ‘0-,.'."_‘00'-&“.."5'..“‘!..."0"1'0\ - et o tlno"..-.lt”.t’vtill !5 c
R t AD n \ ’ . 1 . $ . [~ n
! ] : o S “ ! : n o
- ' s 5 S I o ’ . h N~
¢ . ; wn ‘ 'S ¢ . e Ty .
. ; . n oo . 3 ._ : . o
' 3 d) [ i & ? 4 Q 4)
: : 9 L : “ . “ “. Q o
lllllllll ' i""'ﬂl"l‘u;llt'.‘ 6 F ‘.-"h-".-h"’-.’C'--'-ﬂh’-.'l‘"- ’-W'-i.-l-w.l"‘l. 0 F
-1 ' » s 3 . 4 : vt e . ¢ - . re ¢ e - . H 2 : D
' ' ' 4 . ' 3 H ] jar
) | . - [ | " ¢  § ’
“ : : = . " f F : &
" ' “ .H 23 ¢ . : : . Ty
| . ¢ $ . . : Nom)
T TR @ SRR R 7 T =
............. , - o W w - l.'iol..l’.ll.l.n.'.'l'..l 0 -w"‘.'.".r‘.'.—."-lvo\ n-"'l. . l'l&‘..”-l"l..a.l-"‘ﬂ‘\’-ll 5
P ; . ! ~ ) R £ 1 . o
i f 4 | 2 1, (] 3 ¢ ) n6
" ' “ ¢ = . - . ' u ' A ' P
- . " " ” ”4 B " ' g ' “ 1 g
‘ | ! - o ! : , -
. n. I 5” ...- ¥ t 'y t I‘OO
, : ; A.U- . i i iy
5 .5. 5 0 .3. . 4- 5 5
W ¥ o o +
= - 8
£ @ 9 o
M~ 4 S oY
1%

v o S apnd



Amplitu de

'4'19;*5'5'-13 :

CA 02501028 2005-03-17

4059E"1 3 J .

| [ a
’ ..
; 3
. e | .
188E13 ........................ A e an e w- e
ok ® - . : .
»
'}

3‘17E-14 seodh O 4 v BE B e oan W s .E....... ‘e

“ W % W e g N

1:308"14 “““ "H'--f-s ...... .

. .
-
¢ . .
s . : ;
>~ ameps v 4% a4 & g% § w = » » .a H_e ‘g o b WA
- ) . y "
. -
. -
. . .
’ . t
-

2.20E-15 ~f=- " e ... U8

9.03E"16 "'“""""'\"".“"""*---:-*----n-n,- :

b L B O B B BN AN B

3.71E-16 , , |
40125,0044270.83 48416.67 52562.50 56708.33 60854.17 65000.01

Frgquency (Hz) Fig. 20

i 3 H

8 .. o
- ’ ’ .

\ . N | Y ? -

1 . . ’ " ... . -

2 085“13 ol ¢ = & »-- CE T S A AR LY . - an o OF &N N dm - = ™ emsm wp I\
¢ A ' . ’ ' ,
* ' ‘
- . ] » " "
- s . "
' J t .
8 995‘14 ’ Sredm- r fwn s s mgmhm - TR R d.ofsfla Bt & ¢ a = doaca ™o e dauans . O .
L . . oL » . . . s ’
. . . ' : '
¢ ‘ 1 . Y | . .
s [ 1
- L - ' P
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ ' Ju - - e ”.' a8 - o - "
3.88E-14 : . :
¢ [ 4
. .
L] . l ; ’ '
i ¢ ' . . »
1 67E-14 v ‘e ko w wilan oR - e - B e - '.;-n.-.- ...... . '_.”..:-".‘-._.,-.:.“."--.”
» : ' ‘ \ .. ! . ] . .

-~ . - ‘
L
’

- e
'I .
¥
s
- .\v

. r
[
i
’

7.22E"15 i . ‘ \-"'""""."‘:"!*----.--

........

3.12E-15 G- --tocmree s SR

- e m W EeS e PR

W W o o ar WY om o Eew S -mew a

5.80E-16 |———f————————t—t
40125.0044270.83 48416.67 52562.50 56708.33 60854.17 65000.01

Frequency (Hz) Fig, 2 1

13/13

Borden Ladner Gervais LLP /5.1l



e agas sy

]
L i [ty

r

/

‘ L ,_
1 2BCE SO R
i s

I v m . b
DA XE




	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 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - abstract drawing

