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(57) Claim

1. Apparatus for aspirating and/or dispensing liquid through the use of a 
disposable pipette tip of the type having a rearwardly extending cavity for receiving liquid 
through a channel which connects the cavity to the forward end of the tip, said apparatus 
comprising:

a selectively moveable holder adapted to temporarily engage said pipette tip, said 
holder having a central chamber which communicates with the cavity of the pipette tip, 
which is engaged by said holder and means for creating a vacuum within the combined 
space defined by said central chamber and said pipette tip cavity when the forward end of 
said pipette tip is restricted or closed off when in proximity to a surface;

means for selectively introducing an initial acoustic signal into said central chamber 
such that said initial acoustic signal generates an acoustic return signal at a predetermined 
location within said central chamber, said acoustic return signal having a characteristic 
signature which varies in phase and/or amplitude in accordance with the presence or 
absence of said pipette tip on said holder, the proximity of said holder and pipette tip to a 
surface, and/or the presence and amount of liquid in said pipette tip channel and cavity;

means, located at said predetermined location within said central chamber, for 
detecting said acoustic return signal;
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means for analyzing said acoustic return signal for the properties of said 
characteristic signature of said acoustic return signal, including phase and/or amplitude of 
said characteristic signature, and providing an output response which indicates the 
presence or absence of said pipette tip, the proximity of said pipette tip to the surface, 
and/or the amount of liquid present in said pipette tip engaged by said holder;

transport means for moving said holder on a path of travel toward and away from 
the surface; and

said means for analyzing said acoustic return signal being operationally engaged to 
said transport means to stop movement of the pipette tip toward the surface prior to 
contact of the pipette tip with the surface.
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TRANSPORT
(57) Abstract

There is described a liquid dispensing 
system for the transfer of liquids from one lo
cation to another. The liquid dispensing system 
includes a pipette in combination with a sound 
source and a sound detector. The liquid dis
pensing system can be used in combination 
with an automated clinical analyzer and can be 
utilized to provide one or more of a number οΓ 
functions including sensing the proximity of a 
pipette tip to a surface, determining the depth 
to which a pipette tip has penetrated into a vo
lume of liquid, determining whether a pipette 
tip has been affixed to a pipette stem and de
termining the amount of liquid aspirated into a 
pipette tip.
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LIQUID DISPENSING SYSTEM

BACKGROUND OF THE INVENTION

This invention relates generally to a liquid dispensing 

system for use in clinical analyzers. More particularly the invention 

relates to a liquid dispensing system which includes acoustic 

sensing means.

Pipettes are employed in automated analyzers for 

transporting liquids between reservoirs which hold liquid samples 

and/or reagents and for transporting liquids from such reservoirs to 

test sites such as in assay cartridges to conduct various tests. The 

pipette is typically carried by a transport mechanism which 

provides for both horizontal and vertical movement so as to enable 

the pipette tip to be lowered into a liquid in a reservoir for 

aspiration of the liquid, and for transporting the liquid to a test site 

whereat the pipette is lowered to an optimal position for dispensing 

the liquid. Some type of device, such as a piston assembly, which 

may be incorporated into the pipette, is operated electronically to 

aspirate liquid into the pipette and to dispense liquid from the 

pipette.

Various types of chemical tests can be performed by

such automated test equipment, an example of testing of

considerable interest being the assay of biological substances for
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human health care. Automated test equipment allows large 

numbers of test samples to be processed rapidly. Such equipment 

is employed in health care institutions including hospitals and 

laboratories. Biological fluids, such as whole blood, plasma or 

serum are tested to find evidence of disease, to monitor 

therapeutic drug levels, etc. In such automated analyzers 

disposable pipette tips are typically used for the delivery of one 

liquid only and then discarded so as to avoid contamination which 

could lead to errors in the assay result.

It is desirable, when aspirating liquid into the pipette 

tip, to lower the orifice of the pipette tip into the liquid to a 

controlled distance which is sufficient for the aspiration of the 

desired amount of liquid. Inaccurate positioning of the pipette tip 

relative to the surface of the liquid may introduce an error in the 

amount of liquid aspirated into the tip. Further, lowering the tip 

into the liquid to an excessive distance increases the possibility 

that a small amount of liquid may adhere to the outside wall of the 

pipette tip when the tip is withdrawn from the liquid. Liquid 

adhering to the outer wall of the pipette tip could result in an 

inaccurate amount of fluid being dispensed.

The use of disposable pipette tips presents a problem 

in controlling the depth to which the pipette tip is lowered into a 

liquid. The disposable pipette tips, which are typically made of a 

polymeric material, are provided in a storage tray within the 

instrument. Initially the pipette, which typically has a metal stem, 

is advanced downwardly to secure a disposable tip by frictional 

contact. Since the polymeric materials from which the tips are 

made are flexible there may be some variation from tip to tip as to
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the distance of the tip orifice from the metal pipette stem. Thus, 

any variation in the positioning of the tip on the pipette stem can 
result in an error in the desired positioning of the pipette tip in the 
liquid during the aspiration step.

In addition to the above mentioned consideration it is 

preferable that such automated analyzers, the operation of which is 

typically controlled by a software program embedded in a 
microprocessor, be able to recognize whether a disposable pipette 

tip has in fact been properly attached to the pipette stem during 

the dispense cycle. Further, it would be advantageous for the 
analyzers to have the capability to determine the level of liquid 

aspirated into the pipette tip.
The prior art liquid dispensing devices are not 

satisfactory in all instances. For example, devices which are 
capable of sensing the liquid level during the aspiration step may 

not be able to determine the amount of liquid which is aspirated 
into the pipette tip. Accordingly, as the state of the art advances 

and more demands are made on the instrument systems there is a 

continuing need for novel liquid dispense systems.
BRIEF SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a 

novel liquid dispense system.
Another object is to provide a liquid dispensing system 

which is capable of sensing the proximity of a pipette tip to a 

surface.
A further object is to provide a liquid dispensing 

system which can determine.the depth to which a pipette tip has 

penetrated into a volume of liquid.
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Still another object is to provide a liquid dispensing system which can determine 

whether a pipette tip is affixed to a pipette stem.
Yet another object is to provide a liquid dispensing system which has the capability 

of determining the amount of liquid which has been aspirated into a pipette tip.

5 Summary of the Invention

These and other object and advantages are accomplished in accordance with the 
invention by providing a liquid dispensing system which includes a sound source and a 
sound detector in combination with a pipette.

According to a first embodiment of this invention, there is provided an apparatus for 
10 aspirating and/or dispensing liquid through the use of a disposable pipette tip of the type 

having a rearwardly extending cavity for receiving liquid through a channel which 
connects the cavity to the forward end of the tip, said apparatus comprising:

a selectively moveable holder adapted to temporarily engage said pipette tip, said 
holder having a central chamber which communicates with the cavity of the pipette tip, 

15 which is engaged by said holder and means for creating a vacuum within the combined 
space defined by said central chamber and said pipette tip cavity when the forward end of 
said pipette tip is restricted or closed off when in proximity to a surface;

means for selectively introducing an initial acoustic signal into said central chamber 
such that said initial acoustic signal generates an acoustic return signal at a predetermined

20 location within said central chamber, said acoustic return signal having a characteristic 
..U signature which varies in phase and/or amplitude in accordance with the presence or

absence of said pipette tip on said holder, the proximity of said holder and pipette tip to a• ·
surface, and/or the presence and amount of liquid in said pipette tip channel and cavity; 

means, located at said predetermined location within said central chamber, for 
• ·”: 25 detecting said acoustic return signal;

means for analyzing said acoustic return signal for the properties of said
...... ; characteristic signature of said acoustic return signal, including phase and/or amplitude of• ·

; said characteristic signature, and providing an output response which indicates the 
presence or absence of said pipette tip, the proximity of said pipette tip to the surface, 

30 and/or the amount of liquid present in said pipette tip engaged by said holder;
transport means for moving said holder on a path of travel toward and away from 

the surface; and
said means for analyzing said acoustic return signal being operationally engaged to 

said transport means to stop movement of the pipette tip toward the surface prior to 
35 contact of the pipette tip with the surface.

According to a second embodiment of this invention, there is provided a method for 
providing information relating to a pipette in a liquid aspirating and/or dispensing system 

erein
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said system includes apparatus comprising a selectively moveable pipette tip holder 

adapted to temporarily engage a disposable pipette tip having a rearwardly extending 
cavity for receiving liquid through a channel which connects said cavity to the forward
end of said tip, said pipette tip holder having a central chamber which communicates with 

5 the cavity of the pipette tip, which is engaged by said pipette tip holder and means for 
creating a vacuum within the combined space defined by said central chamber and said 
pipette tip cavity when the forward end of said pipette tip is restricted or closed off when 
in proximity to a surface, the method comprising the steps of

moving said holder on a path of travel toward the surface;
10 selectively introducing an initial acoustic signal into said central chamber such that 

said initial acoustic signal generates an acoustic return signal at a predetermined location 
within said central chamber, said acoustic return signal having a characteristic signature 
which varies in phase and/or amplitude in accordance with the presence or absence of said 
pipette tip on said holder, the proximity of said holder and pipette tip to the surface

15 and/or the presence and amount of liquid in said pipette tip channel and cavity;
detecting said acoustic return signal at a predetermined location within said central 

chamber;
analyzing said acoustic return signal for the properties of said characteristic 

signature of said acoustic return signal including phase and/or amplitude of said
20 characteristic signature;

providing an output response which indicates the presence or absence of said pipette 
tip, proximity of said pipette tip to said surface and/or the amount of liquid present in the 
pipette tip; and

stopping further movement toward the surface prior to contact of the pipette tip with 
25 the surface.

According to a third embodiment of this invention, there is provided a method for 
detecting the position of a pipette tip relative to the surface of a liquid in a liquid 
aspirating and/or dispensing system wherein

said system includes apparatus comprising a selectively moveable pipette tip holder 
30 adapted to temporarily engage a disposable pipette tip having a rearwardly extending 

cavity for receiving liquid through a channel which connects said cavity to the forward 
end of said tip, said pipette tip holder having a central chamber which communicates with 
the cavity of the pipette tip, which is engaged by said pipette tip holder and means for 
creating a vacuum within the combined space defined by said central chamber and said 

35 pipette tip cavity when the forward end of said pipette tip is restricted or closed off when 
in proximity to a surface, the method comprising the steps of

transporting said pipette on a path of travel toward a liquid residing in a container;
selectively introducing an initial acoustic signal into said central chamber such that

said initial acoustic signal generates an acoustic return signal at a predetermined location 
within said central chamber, said acoustic return signal having a characteristic signature

[N;\LIBVV]00560:TCW
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which varies in phase and/or amplitude in accordance with the proximity of said holder 
and pipette tip to the surface of said liquid;

detecting said acoustic return signal at a predetermined location within said central 
chamber;

5 analyzing said acoustic return signal for the properties of said characteristic signal 
of said acoustic return signal including phase and/or amplitude of said characteristic 
signal;

providing an output response which indicates when said pipette tip is in proximity to 
the surface of said liquid prior to the pipette tip making contact with the surface;

10 stopping further transport of said pipette toward the surface when said output 
response indicates that said pipette tip is in proximity to the surface of said liquid prior to 
penetrating the surface of said liquid;

reinitiating transport of said pipette on the path of travel toward said liquid; and 
stopping further transport of said pipette when said pipette tip has penetrated a 

15 desired distance into said liquid.
The pipette includes a pipette tip holder which is adapted to carry a pipette tip. In a 

preferred embodiment the pipette tip holder has a conically narrowing nose for insertion 
within a disposable tip to make frictional contact with a proximal lip of the tip, so as to 
hold the tip securely during the transfer of liquid from one location to another. The 

20 pipette tip has a central cavity terminating in a distal orifice through which liquid is 
aspirated into the cavity, and through which liquid is dispensed therefrom. The holder 
has a central chamber which opens into the tip cavity upon engagement of the holder with 
the tip. The pipette further comprises a piston assembly connecting with the holder on a 
top side thereof, opposite the tip. A piston in the piston assembly extends into the holder 

25 chamber. The piston assembly includes a drive mechanism such as a stepping motor for 
retracting and for advancing the piston within the chamber to create vacuum (negative) 
pressure for aspirating liquid into the tip cavity, and positive pressure for dispensing 
liquid from the tip cavity.

[N:\LIB VVJ00560-.TCW
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The holder chamber is defined by a wall which 

encircles the chamber and provides the chamber with a 

substantially cylindrical shape in a preferred embodiment of the 

invention. The piston has a circular cylindrical shape. There is an 

annular space between the piston and the holder wall. In a 

preferred embodiment of the liquid dispensing system of the 

invention, the sound source is a miniature speaker operated by a 

speaker coil. The speaker can be affixed to the holder wall and a 

sound conduit can be arranged to pass from the speaker through 

the holder wall to open into the annular space of the holder 

chamber. The sound detector can be a microphone which can be 

affixed to the holder wall, and open into the annular space of the 

holder chamber, preferably at a location diametrically opposite the 

speaker. The liquid dispensing system further comprises a signal 

processor which connects with the sound source and the detector 

to analyze a sonic signal received at the detector. The received 

sonic signal, based on parameters such as its intensity and phase, 

can be analyzed to provide information relating to the location of a 

surface, such as the surface of a volume of liquid in a container or 

a reservoir or the surface of an assay element, relative to the distal 

end of the tip. In addition, in the case of an instrument which 

utilizes disposable pipette tips, the analysis of the received sonic 

signal can provide information relating to the presence or absence 

of a pipette tip on the pipette tip holder. The received sonic signal 

can also provide information concerning the amount of liquid which 

has been aspirated into the pipette tip.

It has been found, in accordance with the invention, 

that the parameters of the received sonic signal are dependent on:
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(1) the frequency of the sound; (2) on the geometry of the tip 

cavity as well as the geometry, or configuration, of the holder 

chamber including the annular space thereof; (3) on the position of 

the sound source, e.g., a transducer, and the sound detector 

relative to the pipette tip cavity; and most significantly (4) on the 

surface being approached relative to the orifice at the distal end of 

the pipette tip. In a typical pipette, the overall length of the 

internal space, from the orifice of the tip, through the tip cavity 

and the holder chamber, to the top of the annular space 

surrounding the piston, can be from approximately two to three 

inches. The internal space has a diameter which varies along a 

central axis of the pipette, but typically is less than approximately 

one-eighth inch.

The liquid dispensing system of the invention may be 

operated at any suitable frequency within the audible range, e.g., 

from about 50 to about 5000 Hertz (Hz). At relatively low 

frequencies, such as 50 Hz wherein the sound wavelength is 

much greater than the dimensions of the internal space, the 

signature of the received sound is substantially free of any 

resonances within the pipette, except for the possible presence of 

harmonics of the sound which may be affected by resonances due 

to the shape of the internal space. Alternatively, when the liquid 

dispensing system is operated at relatively high frequency such as 

5000 Hz wherein the sound wavelength is smaller than the 

dimensions of the internal space, the signature of the received 

sound is dependent on the shape of the internal space.

As is well known, the signature of a sonic signal 

includes all aspects of the signal waveform, including an amplitude
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pattern of the waveform, as well as a phase pattern and frequency 

components of the waveform. The signature has been found to 

vary in a characteristic fashion as the pipette tip, initially distant 

from a surface, approaches that surface and further, in some

5 cases, when the orifice of the pipette tip is closed such as when 

the tip enters a liquid. The signature varies still further when 

liquid is aspirated into the tip cavity, due to a change in the shape 

of the internal space as the piston is withdrawn and liquid fills the 

bottom of the cavity. The liquid dispensing system may be

10 operated with a controller device such as a microprocessor which 

stores signature data at different frequencies to enable 

identification of the location of a surface relative to the tip orifice 

by recognition of the sound signature. If desired, low frequency 

sound may be employed for sounding the cavity upon approach of

15 the pipette to the surface, and high frequency sound may be 

employed ^r measuring the liquid level within the cavity during 

aspiration and dispensing of a liquid, as well as during a 

transportation of the liquid by the pipette tip between two 

locations, e.g., a reservoir and a test site.

20 In the preferred embodiment of the invention wherein

the liquid dispensing system is utilized to determine when the 

pipette tip has penetrated the surface of a volume of liquid, the 

amplitude of the received sonic signal is dependent upon the 

frequency of the sound emitted by the source; that is to say, the

25 received sonic signal may undergo a sudden rise or drop in 

intensity as the tip approaches and contacts the liquid surface. At 

relatively low frequencies, e.g., from about 50 to about 500 Hz, 

the received sonic signal undergoes a sudden change in intensity as
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the tip approaches and contacts the liquid. The sudden change in 

sound intensity is due Ό the closure of the tip orifice which 

prevents radiation of sonic energy out of the orifice,thereby 

increasing the reflected intensity of the sound from the orifice of 

the tip. The reflected sound interacts with the other sources 

picked up within the cavity which are out of phase.

At frequencies within the range of from about 400 to 

about 600 Hz the intensity of the received sonic signal decreases 

due to cancellation with other sources sensed within the cavity 

which are out of phase while at frequencies in the range of from 

about 1500 Hz to about 2000 Hz the intensity increases due to 

resonance in the cavity. The phase - amplitude signatures for 

frequencies within the range of from about 2000 Hz to about 5000 

Hz are dependent upon the internal geometry of the pipette device, 

excluding the pipette tip.

In a preferred embodiment of the invention a low 

frequency sound signal, i.e., in the range of from about 400 Hz to 

about 600 Hz, is utilized as the pipette tip approaches a liquid 

surface. A control signal is outputted from the controller to the 

pipette transport device to terminate the downward movement of 

the pipette as the pipette tip comes into contact with and enters 

the liquid. High frequency sound, i.e., in the range of from about 

1500 Hz to about 2000 Hz, is then employed as the liquid is 

aspirated into the pipette tip and subsequently when the pipette tip 

is retracted from the liquid and the pipette is transported to another 

location.

The liquid dispensing system of the invention is also

capable of determining whether a pipette tip is affixed to the



WO 93/25914 PCT/l’S93/05422

5

10

15

20

25

-9-

pipette such as where a disposable pipette tip is picked up by the 

pipette at the beginning of a liquid dispense cycle. The amplitude 

of the signal changes when the tip is affixed to the holder. In 
addition, the liquid dispensing system can be utilized to calibrate 
the pipette position.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention as well as 
other objects and further features thereof, reference is made to the 

following detailed description of various preferred embodiments 
thereof, taken in connection with the accompanying drawings 
wherein:

Fig. 1 is a longitudinal sectional view of a pipette with 

connection to components of a liquid dispensing apparatus, 
portions of the figure being shown diagrammatically;

Figs. 2, 3, 4, and 5 are cross-sectional views of the 
pipette taken along the lines 2-2, 3-3, 4-4, and 5-5, respectively, in 

Fig. 1;
Fig. 6 is a fragmentary portion of the pipette of Fig. 1 

showing a piston in a retracted position after aspiration of liquid, as 

compared to an extended position of the piston depicted in Fig. 1;
Fig. 7 is a block diagram of electrical circuitry 

employed in the liquid dispensing apparatus of Fig. 1;
Figs. 8, 9, and 10 fhow additional circuitry for 

inclusion in a signal processor of the liquid dispensing apparatus:

Fig. 11 is an illustrative signature change (both for 
amplitude and phase) of the signal vs proximity to a surface;

Fig. 12 is an illustrative received signal waveform;
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Fig. 13 is an amplitude vs frequency plot obtained for 

various configurations of the liquid dispense system of Fig. 1; and
Fig. 14 is a phase vs frequency plot obtained for the 

same configurations of the liquid dispense system of Fig. 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figs. 1-6 there is illustrated a liquid 

dispensing system 20 according to the invention which includes a 

pipette 22. As illustrated the pipette 22 has affixed thereto a 
replaceable pipette tip 24 for aspirating and dispensing liquid such 
as a sample liquid 26 stored in reservoir 28 which is supported on 
a platform 30. Although one such sample liquid 26 is shown for 
the purpose of describing the liquid dispensing system 20, it will be 
apparent to those skilled in the art that any number of sample 

liquid reservoirs can be present in an automated clinical analyzer. 
The liquid dispensing system 20 will be described in the context of 
its use in an automated clinical analyzer (not shown). Such 

automated clinical analyzers are well known in the art and those 
skilled in the art will know with certainty the functions of the 
elements of the analyzers to which reference is made.

In such automated clinical analyzers a plurality of 
assay elements is typically carried by a conveyor in a temperature 

controlled chamber, or incubator, for maintaining the assay 

elements at the desired temperature at which the assay(s) of the 
sample liquid must be carried out. The assay elements imy ue all 
of the same type, that is all may be specific for the same 
component of sample liquids, or they may be of different types 
which are specific for different components of sample liquids.
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The liquid dispensing system 20 includes a transport 
device 44, indicated diagrammatically, which may be of any 
suitable type. The transport device 44 is capable of moving the 
pipette 22 laterally (the X-direction), vertically (the Z-direction) and 
from front to back (the Y-direction) in the instrument to enable the 
pipette to pick up a pipette tip (where disposable tips are used), 
aspirate liquid into the pipette tip from a sample liquid reservoir and 
to dispense a desired amount of sample liquid to an assay element. 
As is known in the art the sample fluid may be dispensed to the 
assay element prior to, or after, the assay element is inserted into 
the temperature-controlled chamber.

As shown, the pipette 22 preferably includes a 
tapered stem 46 which makes frictional contact with a proximal lip 

48 of the tip 24 to affix the tip 24 securely to the stem and to seal 
the stem 46 and tip 24 together. A flange assembly 50 at the 
proximal end of the tip 24 permits engagement of the tip 24 with a 
device (not shown) for removing the tip 24 from the pipette stem 
46, and also facilitates storage of the tip 24, prior to its use, in a 

pipette tip holder (not shown).
The tip 24 has a cavity 52 for holding liquid, such as 

the liquid 26 upon aspiration of the liquid 26 into the tip 24. As 

shown cavity 52 comprises a cylindrical section 54 of relatively 
large diameter and a narrow tubular passage 56 extending from a 
bottom of the cylindrical section 54 to an orifice 58 at the distal 
end of the tip 24. A lower portion of the pipette 22, which may be 
referred to as a pipette tip holder, includes the stem 46 and a 
central chamber 62. The chamber 62 comprises an upper 
cylindrical portion 64 and a lower tubular portion 66 which
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communicates between the upper cylindrical portion 64 and the tip cavity 52 upon 

engagement of the stem 46 with the tip 24. The upper cylindrical portion 64 and 

the lower tubular portion 66 of the chamber 62 are disposed coaxially about a 

central longitudinal axis 68 of the pipette 22. Upon engagement of the stem 46

5 with the tip 24, the cylindrical section 54 and the tubular passage 56 of the cavity 

52 are also disposed coaxially along the axis 68.

The pipette 22 further comprises a flange assembly 70 by which the 

transport 44 connects with the pipette 22. The top of the stem 46 connects with 

the bottom side of the flange assembly 70. Above the flange assembly 70, there 

10 extends a frame 72 of the pipette 22 for holding a piston unit 74 which includes a 

piston 76 and a drive 78 for advancing the piston 76 downwardly along the axis 68 

towards the tip 24, and for retracting the piston 76 upwardly along the axis 68 

away from the tip 24. The piston 76 enters the central chamber 62 via an opening 

in a top wall 80 of the chamber 62, the opening in the top wall 80 being formed 

15 with the aid of an O-ring 82 which provides for an air-tight seal for the passage of 

the piston 76 through the top wall 80. An upward movement of the piston 76 

tends to increase the volume of the chamber 62, thereby to create vacuum or 

negative air pressure, within the chamber 62, which draws air from the tip cavity 52 

into the holder chamber 62 for aspirating liquid, such as the liquid 26, into the 

20 cavity 52. Advancing the piston 76 into the holder chamber 62 decreases the 

volume of the chamber 62, thereby to provide a positive air pressure which pushes 

air out of the chamber 62 into the tip cavity 52 for expelling and dispensing liquid 

from the tip 24 via the tip orifice 58. Thus, the piston unit 74

amended sheet
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provides for aspiration of liquid into, and dispensing of liquid from, 

the tip 24. The piston drive 78 includes a stepping motor (not 

shown) activated by electrical signals from a microprocessor 84 

which in a preferred embodiment is used to control the operation of 

the liquid dispense system 20 as well as the overall clinical 

analyzer. The microprocessor 84 also provides . rive signals to the 

transport 44 to control the movement of the pipette 22 as well as 

the aspiration into, and dispensing of liquid from, the pipette tip 

24.

in accordance with the invention, the liquid dispense 

system 20 further comprises acoustic apparatus 86 operatively 

connecting with the pipette 22. Although it has been stated 

previously herein that the liquid dispense system ef the invention 

can be utilized to provide various types of information including 

whether a disposable pipette tip 24 has been affixed to the stem 

46 of the pipette 22 and how much liquid has been aspirated into 

the tip 24, the liquid dispense system 20 will first be described 

with respect to the embodiment wherein it is exploited to sense the 

position of the level of the liquid 26 in the reservoir 28 relative to 

the orifice 58. In the process of aspirating liquid 26 into the pipette 

tip 24, the pipette 22 is first positioned above the reservoir 28 by 

the transport 44, and is then lowered to bring the distal end of the 

tip 24, specifically the orifice 58, into contact with the liquid 26. 

Thereupon, the piston unit 74 is operated to retract the piston 76 

from the holder chamber 62 for aspiration of the liquid 26 into the 

tubular passage 56. Further aspiration raises the liquid 26 

sufficiently to bring it into the bottom of the cylindrical section 54 

of the tip cavity 52. The amount of retraction of the piston 76 is
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predesignated by the microprocessor 84 to transfer a specific 

volume of the liquid 26 from the reservoir 28 into the pipette tip 

24. It will be apparent to those skilled in the art that the volume of 

liquid aspirated into the tip may be that which is requit'd for a 

single assay in which case substantially the entire volume is 

dispensed to one assay element. Alternatively, sufficient liquid for 

a plurality of assays maybe aspirated into the tip and portions of 

the liquid dispensed to each of a plurality of assay elements.

To facilitate the process of moving the pipette tip 24 

to contact the top surface of the liquid 26, so as to initiate 

aspiration of the liquid 26 through the orifice 58, the acoustic 

apparatus 86 outputs a signal on line 88 to signal the 

microprocessor that the orifice 58 has been closed by contact with 

the top surface of the liquid 26. This signal indicates that the 

pipette 22 has been lowered sufficiently to make the desired 

contact between the tip 24 and the liquid 26. The microprocessor 

84 responds by terminating advancement of the pipette 22. The 

signal provided to the microprocessor 84 by the acoustic apparatus 

86 greatly increases the accuracy in the positioning of the pipette 

tip 24 relative to the top surface of the liquid 26, and thereby 

concomitantly decreases the possibility of introducing error into the 

volume of liquid to be dispensed.

Subsequently, the transport device 44- operates to 

raise the pipette 22 a distance sufficient to allow the pipette tip to 

clear the top of reservoir 28 and the pipette is transported laterally 

to a position above an assay element. The pipette is then driven 

downwardly to a desired dispense position above the assay 

element and the desired volume of sample liquid is dispensed to the
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assay element. In dispensing relatively small volumes of liquid, 

e.g., from about 10 μΙ to about 100 μΙ, it is known in the art that 

the orifice of the pipette tip must be positioned at a precisely 

controlled distance above the assay element. The positioning of 

the pipette at the desired dispense position can be carried out in 

accordance of the liquid dispense system of the invention.

The acoustic apparatus 86 comprises a sound 

generator device 87 (Fig. 7) which includes a sound source 90 and 

a signal generator 92; a sound detecting device 93 which includes 

a sound detector 94 (Fig. 7) and a receiver 96, e.g., an amplifier or 

a buffer; and a signal processor 98. The pipette stem 46 includes 

a wall 100 which encircles the central chamber 62. The sound 

source 90 and the sound detector 94 are mounted to the wall 100 

of the stem 46 and, in a preferred embodiment of the invention, 

are positioned diametrically opposite each other. The sound source 

90 may comprise a speaker coil and a movable diaphragm (not 

shown) set into vibration by the speaker coil in response to an 

electric activating signal provided by the signal generator 92. The 

sound detector 94 may comprise a microphone. The wall 100 has 

a circular cylindrical inner surface disposed symmetrically about the 

axis 68 and, in cooperation with the centrally disposed piston 76, 

defines an annular space Ί02 which encircles the piston 76, the 

annular space 102 being a part of the central chamber 62. A 

conduit 104 passes through the wall 100 to provide sonic 

communication between the source 90 and the annular space 102. 

A conduit 106 passes through the wall 100 to provide for sonic 

communication between the detector 94 and the annular space 

102.
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The signal processor 98, is operative in a manner to 

be described, to receive the state counter information from the 

sound source 90. The detector 94 detects sound waves within the 

annular space 102 resulting from the energization of the source 90, 

5 and converts a sonic signal carried by the sound waves to an 

electric signal which is applied to the receiver 96. Upon reception 

of the electric signal from the detector 94, the receiver 96 outputs 

a received signal to the signal processor 98. The processor 98, in a 

manner to be described, analyzes the received signal to output the 

10 aforementioned signal on line 88 indicating contact of the tip 

orifice 58 with the surface of the liquid 26 in reservoir 28.

It is noted that the configuration of the annular space

102 can vary from a relatively long annular space, as depicted in 

Fig. 1 for an advanced position of the piston 76, to a relatively

15 short annular space, as depicted in Fig. 6 for a retracted position of 

the piston 76. The nature of the sound waves detected at the 

detector 94, including a signature of the sonic signal carried by the 

sound waves, is dependent on the configuration of both the central 

chamber 62 of the stem 46 and the configuration of the cavity 52 

20 of the tip 24 because of the acoustic coupling between the ' 

chamber 62 and the cavity 52 via the tubular portion 66 of the 

chamber 62. The configuration of the cavity 62 of the pipette stem 

46 with respect to available air space suitable for reflecting and/or 

resonating sonic waves is dependent on the level of a liquid which

25 is aspirated into the cavity 52 of the tip 24. Thus, in response to a 

known position of the piston 76, there is a recognizable signature 

to a received sonic signal representative of the position of a liquid 

level relative to the orifice 58 both above and below the orifice 58.
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Fig. 7 shows details in the construction of circuitry of 

the signal processor 98 and of the signal generator 92. The 

circuitry of Fig. 7 provides for the generation of the sonic signal 

within the pipette 22 (Fig. 1), and for the evaluation of the sonic 

signal to determine the proximity of the level of the liquid 26 in the 

reservoir 28 to the tip orifice 58. This is accomplished by 

recognition of a change in signal amplitude and/or phase to develop 

a signature which provides data on the proximity of the liquid level 

to the tip orifice.

In a preferred embodiment of the invention, the signal 

generator 92 comprises a microprocessor-programmable, controlled 

clock 108, a s.ote counter 110 a sine look-up table 112, a digital 

to analog converter 114 and a drive amplifier 116. The clock 108 

drives the state counter 110 and the state of the counter 110 is 

passed to the sine look-up table 112 the output from which goes 

to digital-to-analog converter 114. The output from converter 114 

is buffered by the drive amplifier 116. The state counter 110, in 

combination with the look-up table 112 and the converter 114, 

provides a stepwise approximation to a sinusoidal waveform for 

energizing the sound source 90. By way of example, the state 

counter 110 may count modulo-32 wherein there are 32 counts 

per cycle of the sinusoidal waveform. This corresponds to 11.25 

degrees of phase per count. The look-up table 112 provides the 

value of amplitude of the sinusoidal waveform corresponding to 

each count. The values are outputted as digital values to the 

converter 114 to be converted to analog signal values. The analog 

signal values are amplified by the amplifier 116 and smoothed by 

filtering (not shown) within the amplifier 116 to present a
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substantially sinusoidal signal to the sound source 90. The 

amplifier 116 provides sufficient power to the signal for driving the 

source 90.

The frequency of the sonic signal produced by the 

source 90 is determined by the repetition frequency of pulses 

applied by the programmable clock 108 to the counter 110. In the 

example presented in Fig. 7, wherein there are 32 counts per cycle 

of the sonic signal, the repetition frequency of the clock 108 is 32 

times greater than the frequency of the sonic signal. Additional 

smoothing of the step-wise approximation to the sinusoid is 

provided by the response of the speaker within the source 90. The 

receiver 96 includes an amplifier and r band-pass filter (not shown) 

for amplifying and filtering the signal outputted by the detector 94. 

In the event that it is desired to operate the clock 108 at differing 

frequencies during different phases of measurement of the liquid 

level, then the passband of the receiver 96 is adequately broad to 

accommodate the range of frequencies of the received signal. 

Alternatively, if desired, electronic tuning of the receiver 96 may be 

employed. A desired operating frequency of the clock 108 mav be 

designated at terminal D by a signal applied thereto from the 

microprocessor 84 (Fig. 1). The liquid dispense system may include 

a display 118 for viewing a signal outputted by the receiver 96. 

Preferably, the display 118 is synchronized with the output signal 

of the counter 110 so as to enable the presentation of phase shift, 

or time delay, in the received sonic signal, as measured relative to 

the time of generation of the sonic signal. It will be appreciated by 

those skilled in the art that such synchronization may be controlled 

by microprocessor 84.
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The signal processor 98 has the capacity to measure 

the phase angle of the received sonic signal relative to the phase 

angle of the transmitted sonic signal. The capacity for performing 

this measurement can be provided by a limiter 120, a frequency

5 divider 122, a phase detector 124, and a low-pass filter 126. In 

operation, the limiter 120 is connected to the outputted terminal of 

the receiver 96, and substantially limits the amplitude of the 

receiver output signal so as to convert the essentially sinusoidal 

waveform outputted by the receiver 96 to a substantially

10 rectangular waveform indicated at 128. The divider 122 is 

connected to the output signal of the counter 110 to pro\ !de a 

square wave signal which is phase locked to the sinusoidal signal 

outputted by the look-up table 112. By way of example in the 

construction of the divider 122, the divider 122 may comprise a

15 counter responsive to occurrences of the least-significant bit of the 

count outputted by the counter 110. Alternatively, the divider 122 

may be fabricated as a read-only memory, or look-up table, 

outputting a square wave signal in response to addressing by the 

count of the counter 110. The counter of the divider 122 is reset

20 to zero by a zero count of the counter 110, thereby to maintain 

synchronism between the waveform outputted by the divider 122 

and the sinusoidal signal transmitted by the source 90. An output 

waveform 130 of the divider 122 has substantially the same shape 

as the waveform 128, but leads the waveform 128 by the amount

25 of phase shift which is to be measured. The signa.ls outputted by 

the limiter 120 and the divider 122 are applied to the phase 

detector 124 which outputs an analog signal representing the 

difference in phase. The signal outputted by the detector 124 is
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smoothed by the low-pass filter 126 to provide a signal at terminal 

A representing the phase signature. A model phase signature 

provided for purposes of illustration, is shown in the graph of Fig. 

11, identified by the letter A.

The signal processor 98 also can have the capacity to 

measure the amplitude of the received sonic signal, this capacity 

being provided by an analog-to-digital converter 132, a sine look-up 

table 134, a cosine look-up table 136, a synchronous detector 

138, a digital-to-analog converter 140, and a low-pass filter 142. 

In operation, the converter 132 is connected to the output terminal 

of the receiver 96 for converting the analog signal to digital format. 

The look-up tables 134 and 136 are addressed by the count of the 

state counter 110 to output stepwise approximations to sinusoidal 

and cosinusoidal reference signals for use by the synchronous 

detector 138. The signal outputted by the converter 132 is applied 

to an input terminal of the synchronous detector 138. The detector 

138 operates, in well-known fashion, to provide both in-phase and 

quadrature detection of the received signal to output a signal 

representing the amplitude of the received signal. The signal 

outputted by the detector 138 is applied to the converter 140 for 

conversion from digital format to analog format, and is then applied 

to the low-pass filter 142 to be smoothed. The signal outputted by 

the low-pass filter 142 at terminal B represents the amplitude 

signature of the received sonic signal. A model amplitude 

signature, provided for purposes of illustration, is shown in the 

graph of Fig. 11 and identified by the letter B.

According to a particularly preferred embodiment, a

signature based on a combination of both amplitude and phase
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data may be provided by the signal processor 98. This can be 

accomplished by use of an encoder 144, an adder 146, a digital 

comparator circuit 148, a sampling circuit 150, and a low-pass 

filter 152. In operation, the encoder 144 is set to a value of phase 

by the microprocessor 84 wherein a first sample window 154 

(shown in the graph of Fig. 12) is to be established. This value of 

phase is fed to the comparator circuit 148. A second sample 

window 156 (also shown in F.g. 12) is located later in time and at 

a phase shift of 180° relative to the location of the first sample 

window 154. Alternatively, the second sample window 156 can be 

located at a phase shift of 90° ar4 is also controlled by the 

microprocessor 84. The locating of the second sample window 

156 is accomplished by adding the equivalent of 180° to the phase 

of the first sample window 154, this addition being accomplished 

by use of the adder 146. In the foregoing example of a sinusoid 

constructed of thirty-two phase increments, the encoder 144 also 

outputs any one of a set of thirty-two values of phase increments. 

Accordingly, the addition of the adder 146 is accomplished by an 

addition of a count of eight or s'xteen to the number outputted by 

the encoder 144. The output of the adder 146 is also fed to the 

comparator circuit 148. The count of the counter 110 is applied to 

an input terminal of the comparator circuit 148. The comparator 

circuit 148 identifies the occurrences of the phase angles of the 

sample windows 154 and 156 so as to strobe the sampling circuit 

150 to sample the received signal outputted by the receiver 96. it 

should be noted here that the signal can also be measured in 

quadrature, that is a phase shift of 90° can be used.
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By inspection of Fig. 12, it is noted that the two 

samples are of opposite sign, the sample in the sample window 

154 being positive, and the sample of the sample window 156 

being negative. The low pass filter 152 measures the difference 

between the two samples 154 and 156 thus removing any 

common mode signal errors. The succession of samples is 

integrated by the filter 152 to provide a smooth value of signal 

amplitude at terminal C, the signal at terminal C representing ar. 

amplitude signature based on both signal amplitude and on a 

relative phasing between the received signal and the succession of 

sampling windows 154, 156.

The effect of phase shift on the signal measurement 

at terminal C may be understood wuh reference to Fig. 12 wherein 

a positioning of the windows 154 and 156 respectively at 90° and 

270° would maximize signal amplitude. However, as shown in the 

graph, the windows 154 and 156 have been applied at higher 

angles of phase shift, approximately 120° and 300°. Thus,the 

signal amplitude obtained with the phasing of Fig. 12 is less than 

maximum. Fig. 11 shows the relationship of received sonic signal 

amplitude and phase as a function of proximity of the liquid level in 

the reservoir 28 (Fig. 1) relative to the tip orifice 58. it has been 

found experimentally that, when the liquid level is distant from the 

orifice 58, sonic energy can exit the tip 24. However, when the tip 

24 is brought into contact with the liquid 26, the orifice 58 is 

closed, thereby preventing escape of the sonic energy. As a result, 

the intensity of the sound within the tip cavity 52 and the holder 

chamber 62 changes. This is shown in the amplitude graph of Fig. 

11. It may ulso be observed, by use of an oscilloscope connected
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at the display 118 (Fig. 7) that upon approach of the tip 24 to the 
liquid 26, there is a rapid increase in phase immediately before 

contact between the tip 24 and the liquid 26. On the display 118, 
this is shown as a rapid shifting of the received waveform to the 
right by an amount of approximately 90°. Accordingly, in Fig. 12, 
the locations of the windows 154 and 156 have been adjusted to 

the right by an amount of approximately 30°. Thus, as the tip 24 
approaches the liquid 26, there is a decrease in received signal 
amplitude due to both the amplitude and the phase signatures of 
Fig. 11 allowing the received signal at terminal C to go negative 
upon contact with the liquid. This is useful for making a more 
precise determination of the location of the level of the liquid 26 

relative to the tip orifice 58 As noted previously, whether the 

received signal increases in phase and/or intensity as the pipette tip 
approaches the surface of interest is dependent upon the 
configuration of the pipette and the frequency of the sound 
generated.

Fig. 8 shows further circuitry of the signal processor 
98 which may be employed for combining data of the signatures at 
terminals A and B to provide an output signal on line 88 (Figi 1) for 

signaling the microprocessor 84 to stop advancement of the 
pipette. The circuitry of Fig. 8 includes two comparators 158 and 
160, two sources 162 and 164 of reference signal and an AND 
gate 166. In operation, the reference source 162 is adjusted to 

produce a reference signal having a value slightly less than the 

maximum value of the phase signal (Graph A) of Fig. 11. Similarly, 
the source 164 is adjusted to provide a value of reference signal 
slightly less than the maximum value of the amplitude signal
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(Graph B) of Fig. 11. The signal of terminal A is compared with the 
reference of the source 162 by the comparator 158 to output a 
signal to a first input terminal of the AND gate 166. Similarly, the 
comparator 160 compares the amplitude of the signal at terminal B 
with the reference signal of the source 164 to output a signal to a 
second input terminal of the AND gate 166. As may be seen by 

reference to Fig. 11, the amplitude AND gate 166 of the terminal B 

signal begins to change to a smaller value before the terminal B 
signal begins its increase upon approach of the pipette tip to the 
level of the liquid in the reservoir 28 (Fig. 1). Thus, the amplitude 
of the terminal B signal gives an earlier warning, and may serve as 
an indication to the microprocessor 84 to slow down the 
movement of the pipette 22 as it advances towards the liquid 26. 
Then, the phase signal of terminal A reaches its elevated value to 
indicate contact between the pipette tip 24 and the liquid 26. Upon 

the presence concurrently of the output signals of both 
comparators 158 and 160, the AND gate 166 outputs a signal on 
line 88 to stop advancement of the pipette. However, if desired, 
the signal outputted by the comparator 160 may be applied also to 
the microprocessor 84 as a slow-down signal for slowing 
movements of the pipette 22.

The signature (phase and amplitude) can also be 

generated by sweeping the frequencies of the sound and 
generating the signals:

1. f(0) - f(0 + 180°). and
2. f(0) - f(0 + 90°) (quadrature)
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and measuring the outputs at terminal C and determining the phase 

and amplitude at each frequency.

Those skilled in the art will appreciate that a Bode plot 

can be generated when both the 90° and 180° signal samples are 

obtained. By generating such a plot for various conditions, the 

optimum frequency and sampling phase for each of the various 

functions which Gan be performed can be determined. Of course, 

it will be apparent that one frequency can be used for all 

applications where appropriate or different frequencies can be used 

for different functions as desired.

Fig. 9 shows additional circuitry which may be 

employed in the signal processor 98 for analysis of the signature at 

terminal C representing the combined effects of both amplitude and 

phase shift in the received sonic signal. The circuitry of Fig. 9 

comprises comparator 168 and a sample-and-hold circuit 170 of 

the incoming signal. The sample-and-hold output 170 is used to 

acquire a reference to the comparator 168 prior to movement of 

the pipette assembly. This is applied to the comparator 168 to 

provide for comparison of the initial signal at terminal C with that 

of the present state.. When the signal outputted by terminal C 

transitions from the reference generated by . ie sample-and-hold 

170, the comparator 168 outputs a signal on line 88 to signal the 

microprocessor 84 to stop further advancement of the pipette. 

Further circuitry comprising a comparator 169 and a 

microprocessor-controlled DAC (digital to analog converter) 171 

provides a programmable reference to the comparator 169. 

Adjusting the DAC 171 allows the microprocessor to test the
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signal output C to detect other pipette modes/configurations. An 

LED display 173 provides status information to the operator.

It should be noted here that when reference is made 

to the microprocessor 84 it is intended to include any number of 

embedded single chip controllers {not shown), each of which is 

typically utilized to control the operation of a stepper motor for 

driving various assemblies such as the pipette transport 44, the 

pipette piston 74 etc., within the clinical analyzer.

Fig. 10 shows a more general situation in which the 

signal processor 98 is provided with two memories 172 and 174, 

and a pattern recognition microprocessor 176. The memory 172 

stores a history, or waveform, of the signal signature of each of 

the terminals A, B, and C at various frequencies of interest to 

distinguish between various modes of operation. Corresponding 

waveforms are stored in the memory 174. The microprocessor 

176 then compares the data waveforms of the memory 172 with 

the reference waveforms of the memory 174 to determine the 

relative position of the level of the liquid 26 (Fig 1 ) with respect to 

the orifice 58 of the pipette tip 24. This information is then 

transmitted via line 88 to the microprocessor 84 to assist in the 

positioning of the pipette 22. In the same fashion, further reference 

waveforms can be stored in the memory 174 providing data of the 

received sound signal as a function of a rising level of liquid within 

the tubular passage 56 of the tip 24, and even further rising of the 

liquid into the tip cavity 52. The additional reference waveforms 

may be obtained for sonic signals at the aforementioned relatively 

low frequency of 500 Hz, or at higher sonic frequencies such as 

2500 Hz, or even 5000 Hz. At the higher frequencies, resonances
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within the tip cavity 52 and the holder chamber 62 introduce more 

complex shapes to the waveforms which are advantageous for 

precise measurements of the liquid level within the pipette tip 24. 

This information is transferred to the microprocessor 84 to indicate 

when aspiration of liquid and/or the dispensing of liquid is to be 

terminated to provide for a desired amount of liquid reagent to be 

aspirated or dispensed.

Figs. 13 and 14 show Bode plots obtained according 

to the liquid dispense system of the invention for three different 

pipette modes/configurations, with Fig. 13 showing the amplitude 

vs frequency and Fig. 14 showing the ph e (lag) vs frequency. 

These plots show the amplitude and phase (lag) vs frequency for: 

a pipette which does not have any pipette tip installed ("pipette tip 

missing"); a pipette with a disposable pipette tip installed but not 

occluded ("pipette tip open"); and a pipette with a pipette tip 

installed and occluded ("pipette tip closed"). These Figures show 

the effects of both the acoustic response as well as the electronic 

signal filtering at both the sound generator and sound detector.

Upon examination of the voltage amplitude signature 

(Fig. 13) it can be seen that the "pipette tip open" configuration 

yields a peak voltage amplitude at approximately 500 Hz with a 

phase lag of approximately -90° at this frequency as determined by 

the corresponding phase lag signature (Fig. 14) while the "pipette 

tip closed" configuration has a 0° phase lag at this frequency. It 

can also be seen that the "pipette tip missing" configuration 

signature has approximately a -145° phase lag and a minimal 

amplitude value at 500 Hz.
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Obtaining the C combination signature output with a 

positive sample 150 (Fig. 7) at -90° (encoder 144) and with a 

negative sample 150 at 90° (adder 146) allows a distinction 

between the "pipette tip open" configuration (with a high signal 

output) and either a "pipette tip closed" mode or a "pipette tip 

missing" mode, each yielding a lower output. It can also be seen 

that operation at other frequencies may distinguish between other 

modes of operation.

Thus, it can be seen from the foregoing that according 

to the invention, the signature of the pipette with a pipette tip 

attached is analyzed and compared with that of a pipette tip 

touching the liquid. An optimum operating frequency can then be 

chosen to maximize the demodulated signal transition. A trip point 

threshold can also be chosen to which the signal is to be 

compared. The information is stored in the memory of the 

microprocessor. The level sensing function is initialized with the 

selected frequency, phase and threshold trip point. The 

microprocessor may examine the status by either examining the 

output of the comparator or the demodulated voltage by means of 

an analog to digital converter. Prior to advancing the pipette 

toward the surface to be detected, the liquid dispense system can 

latch the present demodulated analog level in a sample and hold 

amplifier. This level can be used to generate the threshold for the 

comparator which in turn can be used to control directly the 

vertical motion control of the pipette. The system can further 

detect whether a desired level of liquid has been aspirated into the 

pipette tip, by testing the signal processor 98 outputs.
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In another preferred embodiment of the invention the 

liquid dispense system can be utilized to determine whether a 

pipette trip has been picked up by the pipette head. The signature 

of the acoustic signal obtained with a pipette tip attached is 

compared with that when a tip is not present. An optimum phase, 

frequency and threshold trip point can be determined and the 

microprocessor initialized to these conditions. Examination of the 

output of the comparator will indicate whether a tip is present on 

the pipette head.

The liquid dispense system of the invention can also 

be utilized to calibrate the pipette position in the automated 

chemical analyzers. In order for the assays to be conducted 

properly in such automated analyzers, it is necessary that the 

pipette head assembly and, when present, the disposable tip 

secured thereto, be positioned accurately for aspiration of liquid 

and for dispensing' of the liquid. Aspiration of a small amount of 

liquid from a small container requires accurate positioning of the 

pipette tip to ensure that no air bubbles are aspirated along with 

the liquid because of the resulting poor volumetric measurement. 

Further, the sample cup carriers and the pipette tip carriers are 

typically formed as molded plastic parts and their dimensions may 

vary slightly from one another. Similarly, the assay modules 

typically have a molded plastic housing the dimensions of which 

may vary slightly from one module to another. Also, in order to 

obtain an accurately dispensed sample of liquid within the well of 

an assay module it is necessary that the pipette tip orifice be at a 

precisely controlled location above a central portion of the well of 

the module.
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The requirements of precision and accuracy in the 

positioning of the pipette can be accomplished by properly 

calibrating the liquid dispense system to account for any minor 

variations which may be present in the attitude of a sample tray 

and any minor deviations from the expected position of the various 

comporr'r,+s of the instrument. Thus, in automated analyzers, it is 

desk '■'.ave the capability to calibrate the liquid dispense

system tu iii.nimize errors in the assay results which would 

otherwise occur because of the reasons previously discussed.

Prior copending commonly assigned patent application 

Serial No. 654,877, filed February 13, 1991 discloses a method 

for calibrating the pipette position in an automated analyzer which 

comprises aligning a pipette stem with targets located at various 

locations within the analyzer. For example, two targets can be 

located on a tray carrying a plurality of reservoirs for holding liquids 

and a target can be located on a dummy assay module which can 

be arranged on the conveyor within the instrument which carries 

the test modules during the assay procedure. In operation of the 

calibration method there is used an indicator having a spring-loaded 

tab in conjunction with a pipette stem modified by the inclusion of 

a circumferential slot for receiving the spring-ioaded tab. The stem 

is inserted into the indicator and locked therein with limited sliding 

being provided by movement of the tab within the confines of the 

slot. Alignment marks are provided on both the pipette stem and 

the indicator to permit visual alignment of the stem relative to a 

target upon contact of the indication with the target. The height of 

the indicator along with the displacement of the pipette stem from 

a reference position is stored in the microprocessor.



WO 93/25914 PCT/US93/05422

5

10

15

20

25

-31-

The acoustic signal based liquid dispense system of 

the invention can be used in the calibration of the pipette position. 

The indicator device described above or a known reference pipette 

tip may be used for the calibration. As described previously, 

optimum operating parameters are determined based on the 

signature analysis of the acoustic signals and stored in the 

microprocessor. The microprocessor then is utilized to control the 

horizontal and vertical movement of the pipette. The comparator 

output can be tested to determine whether the indicator or the 

reference pipette tip has made contact with a desired target 

surface. The position of such target surface is then stored in the 

microprocessor and used to detect the vertical location of a tray 

carrying liquid containers or a tray carrying pipette tips or the 

surface of an assay module. An aperture in a surface, such as the 

liquid ingress aperture in an assay module, could also be used in 

the calibration technique.

The volume of liquid which has been aspirated into a 

pipette tip can be detected according to the invention. Higher 

frequency resonances, e.g., above about 1000 Hz, will be 

dependent upon the length of the internal air column in the pipette 

which in turn is affected by the level of the liquid in the pipette tip. 

A range of frequencies may be scanned to accurately detect that 

frequency which returns the greatest response. Based upon the 

detected frequency and the results of the signature analysis, the 

volume of liquid in the pipette tip may be found.

The liquid dispense system of the invention may also 

be utilized to determine the approach of a pipette tip to a surface. 

The signature of the acoustic signal obtained from an open pipette
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tip varies greatly from that obtained from the tip as the air opening 

is occluded. The pipette tip can be stopped prior to actual contact 

with a surface where the vertical motion is advanced with fine 

resolution and sufficient time is allowed for signal processing. In 

5 this instance, the actual distance of the pipette tip orifice should 

present a smaller cross-sectional air conduit than does the internal 

diameter of the pipette tip.

Although the invention has been described with 

respect to specific preferred embodiments it is not intended to be 

10 limited thereto but rather those skilled in the art will recognize that 

variations and modifications may be made therein which are within 

the spirit of the invention and the scope of the appended claims.
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The claims defining the invention are as follows:

1. Apparatus for aspirating and/or dispensing liquid through the use of a 
disposable pipette tip of the type having a rearwardly extending cavity for receiving liquid 
through a channel which connects the cavity to the forward end of the tip, said apparatus

5 comprising:
a selectively moveable holder adapted to temporarily engage said pipette tip, said 

holder having a central chamber which t ommunicates with the cavity of the pipette tip, 
which is engaged by said holder and means for creating a vacuum within the combined 
space defined by said central chamber and said pipette tip cavity when the forward end of 

io said pipette tip is restricted or closed off when in proximity to a surface;
means for selectively introducing an initial acoustic signal into said central chamber 

such that said initial acoustic signal generates an acoustic return signal at a predetermined 
location within said central chamber, said acoustic return signal having a characteristic 
signature which varies in phase and/or amplitude in accordance with the presence or 

15 absence of said pipette tip on said holder, the proximity of said holder and pipette tip to a 
surface, and/or the presence and amount of liquid in said pipette tip channel and cavity;

means, located at said predetermined location within said central chamber, for 
detecting said acoustic return signal;

means for analyzing said acoustic return signal for the properties of said 
20 characteristic signature of said acoustic return signal, including phase and/or amplitude of 

said characteristic signature, and providing an output response which indicates the 
presence or absence of said pipette tip, the proximity of said pipette tip to the surface, 
and/or the amount of liquid present in said pipette tip engaged by said holder;

transport means for moving said holder on a path of travel toward and away from 
25 the surface; and

said means for analyzing said acoustic return signal being operationally engaged to 
said transport means to stop movement of the pipette tip toward the surface prior to 
contact of the pipette tip with the surface.

2. The apparatus as defined in claim 1 wherein said acoustic signal introducing 
30 means and said acoustic return signal detecting means are located diametrically opposite

each other.
3. The apparatus as defined in claim 1 or 2 wherein the means for analyzing the 

acoustic return signal analyzes both phase and amplitude.
4. The apparatus as defined in any one of claims 1 to 3 wherein the means for 

35 selectively introducing the initial acoustic signal into said central chamber introduces the
initial acoustic signal within a frequency range from about 400 to 600Hz.

5. The apparatus as defined in any one of claims 1 to 4 wherein tire means for
analyzing the acoustic return signal is operationally engaged to the transport means to stop 
movement of the pipette tip toward the surface such that a first air conduit formed by a

[N:\LIB W]00560:TCW
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distance between the pipette tip and the surface is less than a second air conduit formed by 
an internal opening of the pipette tip.

6. The apparatus as defined in any one of claims 1 to 5 wherein the means for 
creating a vacuum within the combined spaced defined by said central chamber and said 

5 pipette tip cavity is a piston means moveable within said central chamber.
7. A method for providing information relating to a pipette in a liquid aspirating 

and/or dispensing system wherein
said system includes apparatus comprising a selectively moveable pipette tip holder 

adapted to temporarily engage a disposable pipette tip having a rearwardly extending 
io cavity for receiving liquid through a channel which connects said cavity to the forward 

end of said tip, said pipette tip holder having a central chamber which communicates with 
the cavity of the pipette tip, which is engaged by said pipette tip holder and means for 
creating a vacuum within the combined space defined by said central chamber and said 
pipette tip cavity when the forward end of said pipette tip is restricted or closed off when 

15 in proximity to a surface, the method comprising the steps of
moving said holder on a path of travel toward the surface;
selectively introducing an initial acoustic signal into said central chamber such that 

said initial acoustic signal generates an acoustic return signal at a predetermined location 
within said central chamber, said acoustic return signal having a characteristic signature 

20 which varies in phase and/or amplitude in accordance with the presence or absence of said 
pipette tip on said holder, the proximity of said holder and pipette tip to the surface 
and/or tire presence and amount of liquid in said pipette tip channel and cavity;

detecting said acoustic return signal at a predetermined location within said central 
chamber;

25 analyzing said acoustic return signal for the properties of said characteristic 
signature of said acoustic return signal including phase and/or amplitude of said 
characteristic signature;

providing an output response which indicates the presence or absence of said pipette 
tip, proximity of said pipette tip to said surface and/or the amount of liquid present in the 

30 pipette tip; and
stopping further movement toward the surface prior to contact of the pipette tip with 

the surface.
8. A method for detecting the position of a pipette tip relative to the surface of a

liquid in a liquid aspirating and/or dispensing system wherein
35 said system includes apparatus comprising a selectively moveable pipette tip holder

adapted to temporarily engage a disposable pipette tip having a rearwardly extending 
cavity for receiving liquid through a channel which connects said cavity to the forward

(L mu * w $

end of said tip, said pipette tip holder having a central chamber which communicates with 
the cavity of the pipette tip, which is engaged by said pipette tip holder and means for 
creating a vacuum within the combined space defined by said central chamber and said

(N:\LIBVV]00560:TCW
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pipette tip cavity when the forward end of said pipette tip is restricted or closed eff when 
in proximity to a surface, the method comprising the steps of

transporting said pipette on a path of travel toward a liquid residing in a container;
selectively introducing an initial acoustic signal into said central chamber such that 

5 said initial acoustic signal generates an acoustic return signal at a predetermined location 
within said central chamber, said acoustic return signal having a characteristic signature 
which varies in phase and/or amplitude in accordance with the proximity of said holder 
and pipette tip to the surface of said liquid;

detecting said acoustic return signal at a predetermined location within said central 
10 chamber;

analyzing said acoustic return signal for the properties of said characteristic signal 
of said acoustic return signal including phase and/or amplitude of said characteristic 
signal;

providing an output response which indicates when said pipette tip is in proximity to 
15 the surface said liquid prior to the pipette tip making contact with the surface;

stopping further transport of said pipette toward the surface when said output 
response indicates that said pipette tip is in proximity to the surface of said liquid prior to 
penetrating the surface of said liquid;

reinitiating transport of said pipette on the path of travel toward said liquid; and
20 stopping further transport of said pipette when said pipette tip has penetrated a 

desired distance into said liquid.
9. The method as defined in claim 7 or 8 and further including the steps of 

aspirating a desired volume of said liquid into said pipette tip and retracting said pipette 
tip from said liquid.

25 10. The method as defined in any one of claims 7 to 9 wherein the step analyzing
the acoustic return signal analyzes both phase and amplitude.

11. The method as defined in any one of claims 7 to 10 wherein the step of 
selectively introducing the initial acoustic signal into said central chamber introduces the 
initial acoustic signal within a frequency range from about 400 to 600Hz.

30 12. The method as defined in any one of claims 7 to 11 wherein the step of
stopping further movement toward the surface prior to contact of the pipette tip with a 
surface occurs w ien the pipette tip is at a distance from the surface such that a first air 
conduit formed by the distance between the pipette tip and the surface is less than a 
second air conduit formed by an internal opening of the pipette tip.

35 13. The method as defined in any one of claims 7 to 12 wherein the means for
creating a vacuum within the combined spaced defined by said central chamber and said 
pipette tip cavity is a piston means moveable within said central chamber.

14. The method as defined in any one of claims 7 to 13 further including the step
of providing an output response which indicates when said pipette tip has entered said 
liquid.

[N:\LIB VV]00560:TCW
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15. An apparatus for aspirating and/or dispensing liquid through the use of a 
disposable pipette tip of the type having a rearwardly extending cavity for receiving liquid 
through a channel which connects the cavity to the forward end of the tip, which 
apparatus is substantially as herein described with reference to any one of Figures 1 to 10.

Dated 10 May, 1996 
Behring Diagnostics, Inc.

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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