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Claim -

1. An automated assay system for use with assay cartridges, the
system comprising ’

a %émperaturé controlled chamber, the chamber having a top wall and
a bottom wall and a sidewall comnecting the top wall with the bottom
wall, the sidewall encircling the chamber, there being a port in the
sidewali and a door for closing the port;

a plurality of berths disposed fn the chamber for receiving
cartridges;

a conveyor disposed in the chamber for conveying said berths along
the sidewall and sequentially past said port;

g&n injector disposed outside said chamber and at said port for
inserting a cartridge via said port into on of said berths and for
extracting a cartridge via said port from one of said berths; and

wherein said injector ingcludes means for opening the door prior to
cartridge insertion or cartridge extraction and for closing the door
subsequent to & cartridge insertion or & tartridge extraction and means
for ejecting a spent cartridge subsequent to extraction of the cartridge
from said chamber

satd injector tncluding a track for guiding a cartridge along &
path into $aid chamber, & portion of said track being ¥atluded in said
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ejecting means, wherein said track portion is arranged to swing away from
sald path during ejection of a cartridge to dislodge a cartridge from the
path to accomplish ejection of the cartridge.

2. A system according to claim 1 wherein

said ejecting means further comprises a pivot and & swing arm
connecting said pivot to said track portion, said swing arm supporting
safd track portion during a swinging of said track portion;

said door 1s secured to said swing arm to swing concurrently with a
swinging of said track portion;

a swinging of said track portion by said swing arm away from said
path brings said door 1nto'a position of closure of said poft, and a

returning of said track portion to said path by said swing arm advances
said door to open said portion.
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[ (24) carries berths (54) past a port (302) in a sidewall of the cham-

- tor (58) disposed outside the chamber (36) and at the port (302)

| for guiding the assay module (22). A portion (360) of the track

| with the swinging of the track portion. This allows for automatic

. tion of a cartridge (22), and automatic opening of the port (302)
- prior to insertion or extraction of the canridge (22).

(54) Title: INCUBATOR PORT CLOSURE FOR AUTOMATED ASSAY SYSTEM

(55') Abstract

An automated assay system includes a temperature con-
trolied chamber (36) with a conveyor (24) therein. The conveyor

ber (36) to permit insertion and extraction of assay cartridges (22)
via the port (302) into respective oner of the berths (54). An injec-

includes a loader arm (60) for advancing cartridges (22) along a
path through the port (302) to accomplish insertion and extraction
of a cartridge {22), A track (328) is ptovided in the injector (58)

(328) connects by a swing arm (344) to-a pivot (350) allowing the
track portion to be swung away from the path for ejection of a
cartridge. A door (320) which provides for opening and closing of
the port (302) is coninected to the swing arm to move concurrently

closure of the port (302) subsequent to  an insertion or an extrac-
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INCUBATOR PORT CLOSURE FOR AUTOMATED ASSAY SYSTEM

BACKGROQUND OF THE INVENTION

This ihvention relates to ai: automated assay instrument

and, more particularly, to an assembly for blocking a port in a wail of an

incubator.

Various types of chemical tests are performed by

automated test équipment, an example of testing of considerable
interest being the assay of biological substances for human health care.

Automated test equipment allows large numbers of test samples 1o be
processed rapidly. Such equipment is employed in health care
institutions including hospitals and: laboratories. Biological fluids, such

as whole blood, plasma, or serum may be tested to find evidence af

disease, and to monitor therapeutic drug levels, by way of example. In
the automated test instrument, samples of test fluids typically are

provided in sample cups, and all of the process steps including pipetting

of the sample onto an assay test element, incubation and readout of a
test-result signal are performed automatically. The test instrument
typically includes a series of work stations each of which performs a
specific step in the test procedure. The assay element or cartridge is

PCT/US92/00963
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transported from one work station to the next by means of a conveyor,
such as a carousel, to enable the test steps to be accomplished
sequentially. The conveyor usually carries a plurality of the assay
cartridges, each secured to a specific location on the upber surface of
the conveyor. In the usual arrangement, the assay cartridges are spaced
apart from each other in berthé which are located along the periphery of
the conveyor to facilitate automatic insertion and extraction.

In many automated instruments, a pipette head assembly
is utilized in combination with disposable pipette tips which are used
typically only once, and'fh'en discarded so as to eliminate a possible
source of contamination of fluids, thereby to prevent errors in the assay
results. In such systems, the pipette head assembily is required to pick
up a disposable pipette tip, aspirate the appropriate fluid into the pipette
tip, such as a Sample fluid from a sample cup, and to dispense the
required volume of fluid to the assay element. The fluid dispensing
system in such instruments must meet various requirements which will
be understood better from the following description of the typical
manner in which a fluid dispensing assembly operates in an automated
instrument.

in a typical construction of an automated instrument, the
disposable pipette tips and the sample cups are arranged on carriers
which are then placed on a carrier or tray supported by a movabile table
within the instrument. In one type of instrument, the pipette head
assembly is transported horizontally (the X) direction and vertically {the
Z direction), and the trays which hold the pipette tips and the sample
cups are displaced from the front to the back of the instrument (the Y
direction). The conveyor ¢an be in the form of a carousel which carries
the assay cartridges with rotational movement within an incubatot.

PCT/US92/00963
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Initially, the pipgt‘te head assembly is driven downwardly to secure a
disposable tip by frictional contact of a stem of the pipette head
assembly with the interior of the disposable tip. Thereafter, a
predetermined amount of fluic is aspirated into the pipette tip, and the
tip is driven to a dispense pos.tion above an assay element where a
predetermined volume of fluid is dispensed. Upon completion of the
dispense step, the tip is discarded and a clean disposable tip secured to
the stem of the pipette head assembly for the next dispense step.

One area of concern in the accurate conduction of
automated assays is the mainténance of a carefully coatrofied
temperature in the environment of the testing. Therefore, the assay
cartridges are conveyed by a suitable c‘on’vevor, such as a rotating
carousel, within a temperature controlled chamber such as an incubator.
The chamber includes heaters which are controlled by automatic
circuitry including senkors of the chamber t‘emperature to maintain the
predesignated temperature. Indeed, it is particularly advantageous to
maintain both constancy of temperature and uniformity of temperature
throughout the chamber, Such temperature control can be
accomplished best if the chamber is completely sealed so as to prevent
the development of currents of air flowing between the environment
external to the chamber and the environment within the chamber.

A problem arises in that, in one construction of the
temperature-controiled chamber an access port in the form of an
elongated slot is placed in a top wall or roof of the chamber to permit
insertion of a pipette for transference of liquid reagents between
liquid-storage sites outside the chamber and a well within the cartridge,
as well gs for transference of liquid between a reservoir within the
cartridge and a well in the cartridge. Furthermore, a port is provided in

PCT/US92/00963
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a sidewall of the chamber to enable a cartridge injector to insert assay
cartridges onto the conveyor and to extract the cartridges when the

assay is completed.
Both of these ports are generally open. The elongated slot
5 inthe top wall has a minimum width since only the pipette stem and the
pipette tip have to pass through it. Thus, flow of air through this slot
between the inside and the outside of the chamber is substantially
impeded. The port in the sidewall for inserting and extracting the assay
cartridges has considerably larger dimensions to accommodate the assay
10 cartridges as well as the load-unload mechanism. Accordingly, it can
permit sufficient air to flow between the inside and the outside of the
chamber to cause undesirable variations in the chamber temperature.
Therefore it would be desirable to have an assembly for blocking the
port when assay cartrioges are not being inserted into or extracted from

15 the incubator.

SUMMARY_OF THE INVENTION

These and other objects and advantages are provided by
the invention for an automated assay system operative with assay
cartridges. The system includes a temperature controiled chamber, the

20 chamber having a sidewall with a port therein for insertion, of assay
cartridges into and extraction of the cartridges from the chamber. A
cartridge conveyor, such as a rotating carousel, is disposed within the
chamber, and is provided with berths for holding the cartridges during
analysis of fluid test samples by respective ones of the cartridges.

25 In accordance with the invention, a cartridge injector is
disposed outside the chamber and at the port fm.r inserting and
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extracting cartridges via the port. The injector includes a track and a
loader arm which travels along the track, the loader arm engaging with
a cartridge to move the cartridge along a predetermined path via the port
into or out of the chamber. A portion of the track is connected via a
swing arm to a pivot to enable a swinging of the track portion away
from the path for dislodging a cartridge from the path, thereby to eject
a spent cartridge.

An important feature of the invention is the inclusion in the
system of a door, or shutter, which provides a closure of the port. A
deflection of the door away from the port provides for an opening of the
port. The door is connected to the swing arm so as to move
concurrently with the swinging of the track portion. Thereby, an
ejection of a cartridge automatically provides for a closure of the port.
A returning of the track portion to the path via a swinging motien of the
swing arm deflects the door away from the port for opgning the port.
Thereby, operation of the door can be synchronized with insertion and
extraction of a cartridge so as to open the port prior to cartridge
insertion or cartridge extraction, and to close the port subsequent to a
cartridge insertion or a cartridge extraction.

RIEF PTIONQF T RAWIN

The aforementioned aspects and other features of the
invention are explained in the following description, taken in connection
with the accompanying drawing wherein:

Fig. 1 is a stylized view, partially diagrammatic, of & test
system employing assay cartridges, the system employing a carousel for
moving the c¢artridges among various work stations;

PCT/US92/00963
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Fig. 2 is a stylized view, partially diagrammatic of a pipette
transport for moving the pipette between a supply of tips, sample fluid
reservoirs, and compartments of an assay cartridge, the figure showing
also an optical detection system for sensing the location of a tip of the
pipette;

Fig. 3 is an enlarged fragmentary view of a tip of the
pipette within a light beam of the optical detection system;

Fig. 4 is a block diagram showing a servo control loop of
the pipette transport operative with a microprocessor for positioning the
pipette within the vertical direction;

Fig. 5 is a flow chart showing operation of the
microprocessor;

Fig. 6 shows details in a block of the chart of Fig. 5 relating
to the computaiion of additional pipette travel;

Fig. 7 is a timing diagram showirg vertical movement of the
pipette;

Fig. 8 is a further view of the test system of Fig. 1 with
portions of the system indicated diagrammatically, Fig. 8 including a
perspective view of an incubator with portions shown cut away to
disciose interior components of the incubator;

Fig. 9 is an exploded view of apparatus of an automated
assay system showing a carousel disposed within a
temperature-controlled chamber and an injector for inserting and
extracting cartridges from berths in the carousel;

Figs. 10 and 11 present an enlarged fragmentary view of
tive system of Fig. © showing details in the construction of the injector,
wherein Fig. 10 shows a cartridge in a loading position of the injector
and Fig. 11 shows the cartridge in an eject position of the injector;

PCT/US92/00963
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Fig. 12 is a stylized view .howing a door and ejector
assembly of Fig. 10 with a sidewall of the temperature-controlied
chamber being shown in phantom, the door being positioned to ciose a
cartridge port of the chamber; and

Fig. 13 is a simplified view of the ejector of Fig. 10 with
the door and ejector assembly shown in a position wherein the cartridge
port is open.

T IPTION

In order to explain the apparatus and operation of the
invep,tion to accomplish a closure of an incubator port of an automated
assay system automatically with operation of an injector of cartridges
into and out of the incubator, it is useful, first, to describe a suitable
assay system employing some form of a conveyor, such as a carousel,
with a fluid dispensing system for aspirating liquid reagents into
disposable pipettes from sample cups or other reagent wells and
delivering the liquids to an assay cartridge on the conveyor.
Accordingly, the ensuing presentation begins with a description of the
overall system, followed by a descriptionof the process of the invention
accomplishing closure of the port.

In Fig. 1, a test system 20 provides automatically a
sequence of chemical process steps to accomiplish an assay of a test
sample by cartridge 22. A plurality of cartridges 22 are employed within
the system 20 to increase the throughput rate, one process step being
provided with the contents of one cartridge concufrently with the
performance of other process steps with the contents of other of the
cartridges. The system 20 includes a turntable or carousel 24 which is

PCT/US92/00963
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rotated about an axle 26 by a motor 28. By way of example, the motor
28 may be mechanically coupled to the carousel 24 by a gear 30 or by
a belt drive (not shown). The carouse! 24 carries the cartridges 22 from
one work station to another work station, two such work stations 32
5 and 34 being shown, by way of example, in Fig. 1. The carousel 24
rotates within an incubator 36. The incubator 36 has a heating system
including a plurality of heaters represented diagrammatically by a heater
38 for maintaining a desired temperature at the various work stations.
The maintenance of the desired temperature allows for a process”s/teb
10 of incubation, this step being employed in an assay of analytes.

The work station 32 may employ one or more pipettes, two
such pipettes 40 and 42 being shown by way of example, for delivering
liquid to, and transferring liquid among, various chambers of a cartridge
22, as will be described hereinafter. The pipettes 40 and 42 are

15 positioned and operated by a pipette mechanism 44 mechanically
connected to the pipettes 40 and 42, as indicated by dashed lines.
During the assay procedure, as a resuit of the reaction(s} and
interaction(s) between the sample fluid and the test reagent(s) which
take place, a detectable change is effected corresponding to the

20 presence of an analyte or component of interest in the sample fluid. The
detectable change may be a color change which may be read
spectrophotometrically such as with a densitometer or, in an assay
method based on fluorescent-labeled biologically-active species or one
whiich involves the generation of a fluorescent species as a result of a

25 reaction between test reagents, a fluorescent output signal can be
generated and read spectrofluorometrically. Such detectable changes
may be read from above or below the assay module or cartridge 22. At
work station 34, there is shown, by way of example, a fluorometer 46
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for irradiating the reaction zone within the cartridge 22 and for
measuring the fluorescence emitted from the fluorescent species present
therein.

The carousel 24 may be arranged so as to accommodate
varying numbers of cartridges 22. Each position, or berth 54, for
holding a cartridge 22 is provided in this embodiment with a small
aperture 56 to allow the radiating ililumination to reach the reactior zone
in the cartridge 22, and to permit the fluorescent emissions to be
coliected and measured. Also shown is an injector 58 for inserting a
cartridge 22 in an empty berth 54, the injector 58 having a loader arm
60 for gripping a cartridge 22 during the insertion operation. The
injector 58 aiso serves to extract a cartridge from a berth 54 by use of
the a‘rm»60 upon completion of a test procedure. Operation of the
motor 28, the pipette mechanism 44, the fiuorometer 46 znd the
injector 58 are synchronized by means of timing signals provided by 2
microprocessor 62.

Fig. 2 provides detail in the canstruction of the pipette
mechanism 44 of Fig. 1. To facilitate description of the invention, the
pipette mechanism 44 will be described hereinafter as having a pipette
transport 64 operative with only one of the pipettes, namely, the pipeite
40. The transport 64 provides for relative movement, in three
dimensions, between the pipette 40 and a set of sample cups or
re‘servbirs 66 located at a distance from the cartridge 22, the cups or
reservoirs 66 serving to hold the fluid samples which are to be tested by
the system 20. The reservoirs 66 are located on a tray 67 carried by a
movable table 68 whigh also carries a tray 69 holding a set of tips 70
which are to be affixed to a stem 72 of the pipette 40. With reference
to an X-Y-Z coordinate axes system, the pipette 40 is transiatable in the

PCT/US92/00963
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X direction along a box beam 74 of the transport 64, and the table 68
is translatable in the Y direction by riding along a rail 76 of the transport
64. A vertical drive 78 is located within the bearn 74 and serves to
raise and to lower the pipette 40 in the Z direction. The X coordinate
intercepts an axis of rotation of the carousel 24, ard is therefore paraliel
to a radius of the carousel 24, and the Z coordinate is parallel to the axis
of rotation ¢f the caroausel 24.

A horizontai drive 80 located within the box beam 74 drives

the pipetie in the X direction, The vertical drive 78 and the horizontal
drive 80 are of conventional design, and are indicated in simplified
fashion in Fig. 2. In simplified fashion, the vertical drive 78 may be
described as comprising 2 wheel 82 slidably mounted to a spline shaft
84 which, alternatively, may have a square cross section. The shaft 84
is rotated by a motor 86. The horizontal drive 80 includes a base 88
which slides in the X direction -along the beam 74 in response to rotation
of a motor 90. The motor 90 drives a belt 92 through a pulley 94, the

belt 92 being connected to the base 88 for transiatirig the base 88 upon

rotation of the pplley 94 by the motor 90. A fixture 96 upstanding from
the base 88 slides the wheel 82 along the shaft 84 upon movement of
the base 88 so that the wheel 82 stays in fixed position relative to the
base 88. The pipette 40 passes through the base 88 so as to be
translated in the X direction by the base 88. The wheel 82 is
mechanically connected to the pipette 40, as by gear teeth on the wheel!
82, or by means of a belt drive (not shown). The mechanical
connection of the wheel 82 to the pipette 40 provides for a translation
of the pipette 4C n the Z direction upon rotation of the wheei 82 by the
moter 86. A belt drive 98 may be employed, similarly, for driving the

PCT/US92/00%963
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table 68 in the Y direction in response to rotation of a motor 100 affixed
to the rail 76.
As noted above in the description of the system of Fig. 1,
the motor 28 is under control of the microprocessor 62. Similarly, the
5 motors 100, 90, and 86 are also under control of the microprocessor
62. Connections of the motors 28, 100, 90, and 86 are indicated in
Fig. 2 by terminals A, B. C, and D, respectively. Thereby, movement
of the pipette 40 can be synchronized with a positioning of the cartridge
22 by the carousel 24 to a location directly beneath the beam 74. In
10 order to provide access to the cartridge 22 by the pipette 44, a slot 102
is provided in a top wall 104 of the incubator 36. The slot 102 extends
paraliel to a radius of the carousel 24, and is parallel to the beam 74.
The location of the slot 1‘02 relative to the beam 74 permits the stem
72 of the pipette 40 to be lowered through the slot 102 selectively
15 above a desired well or compartment of a plurality of compartments 106
of the cartridge 22. The length of the slot 102 is commensurate with
the length of the cartridge 22 to permit displacement of the stem 72 in
the X direction for alignment with a selected one of the compartments
106. The slot 102 is relatively narrow, and has a width large enough
20 to clear the stem 72 and the tip 70 mourited on the distal end of the
stem 72, With respect to the overall dimensions of the incubator 36,
the area occupied by the slot 102 is sufficiently small to preclude any
significant amount of air flow between the interior and the exterior of
the incubator 36. Thereby, the slot 102 has no more than a negligible
25 effect in the control of the incubator temperature, which temperature is
controlled by the heater 38 (Fig. 1).
in an embodiment of an automated assay instrument, an
optical detection system 108 is provided to signal the ricroprocessor
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62 when the tip 70 of the pipette 40 has advanced in the downward
direction to a predetermined distance from the selected compartment
106. The detection system 108 comprises a light source 110 which,
by way of example, may be a semiconductor diode which emits infrared
radiation. The detection system 108 also comprises a light detector
112, the light being indicated by a light beam 114. The detector 112,
which may comprise a semiconductor photodiode, emits an electric
current along line 116 in response to light of the beam 114 incident
upon the detector 112. ,

The detection system 108 includes electrical comparison
circuitry 118 for measuring the magnitude of the current on line 116.
By way of example in the construction of the circuitry 118, the circuitry
118 comprises a comparator 120 and a resistive voitage divider 124
providing a reference voltage to the comparator 120. The divider 124
comprises a potentiometer for allowing manual adjustment of the
reference voltage for initial alignment of the detection system 108. The
divider 124 provides for selection of a comparator reference voltage in
accordance with the degree of optical transparency of tiie tip 70.

in the operation of the detection system 108, the full
strength of the light beam 114 is incident upon the detector 112 in the
absence of the pipette 40. By way of example, the pipette 40 may be
at the location of one of the reservoirs 66, as indicated in phantom view
of the pipette. During maximum intensity of the received optical signal
at the detector 112, a maximum current and voltage appear on line 1186,
During descent of the pipette 40, the tip 70 interrupts the light beam
114 The line 116 is connected to an input terminal of the comparator
120 wiich outputs & logic-1 signal to the microprocessor 62 under
conditions of maximum iflumination of the detector 112, as octurs prior

PCT/US92/60963
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to interruption of the light beam 114 by the pipette 40. Interruption of
the light beam 114 greatly reduces the intensity of light received at the
detector 112 so that the comparator 120 outputs a logic-0 signal to the
microprocessor 62. The extent of the interruption of the light depends
on the degree of the transparency of the tip 70. The tip 70 is fabricated
typically of a translucent polymeric material.

Liquid reagent is dravvn into the pipette tip 70 by vacuum
and expelled from the tip 70 by pressure delivered to the pipette 40 by
a suction tube 126 under control of a suction control unit 128. The
tube 126 is flexible and of sufficient length to connect the suction
control unit 128 with the pipette 40 at all locations of the pipette 40.
The control unit 128 is connected to the microprocessor 62 which
commands the control unit 128 to apply vacuum for inducting liquid,
and for releasing vacuum and applying positive pressure, if necessary,
to expel the liquid reagent. Induction of liquid sample is done from &
selected one of the reservoirs 66. Expelling of the liquid sa‘mbne ié
accomplished only wheni the tip 70 is in the position for dispensing the
liquid to the selected one of the compartments 106 in the designated
cartridge 22. It is noted also that induction of liquid reagent can be

accomplished at one of the compartments 106 of the car‘tridgerZ to be

dispensed in ‘another of the compartments 106. In this respect, a
r%sen;oir fdr storage of liquid reagent can be located directly within the
cartridge 22. The location of the various reservoirs 66 of the table 68
is stored in a memory of the microprocessor 62. This enables the
microprocessor 62 to moVe the table 68 to a specific address in the Y
direction, and to move the pipette 40 to a specific address in the X
direction, the X and the Y components of the address fully identifying
the requisite one of the reservoirs 66. In similar fashion, the

PCT/US92/00963
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microprocessor 62 stores locations of the available tips 70 held by the
table 68 so that successive ones of the tips 70 can be selected for
affixation to the stem 72.

'The‘ tran‘s‘po‘rt« 64 is operative in the process of affixing a tip
70 to the stem 72 of a pipette 40, and in the detachment of the tib 70
from the stem 72. The procedure begins by a lifting of the pipette 40
so that the tip 70 clears the slot 102. The pipette 40 is then free to
move along the beam 74 to an extractor 130. The extractor 130 has
a semicircular channel 132 cut out in the edge of a horizontal portion of
the extractor 130, the channel 132 having a diameter large enough to
permit clearance of the stem 72 by the channel 132, but small enough
to permit engagement of the channel 132 with the tip 70. Under
commands of the microprocessor 62, the pipette is brought towards the
extractor 130 with the tip 70 being below the channel 132. The stem
72 enters the channe! 132 after which the pipette 40 is raised to engage
the tip 70 with the extractor 130. The tip 70 remains stationary as the
stem 72 lifts out of the tip 70. Thereupon, the tip 70 falls into a bin
134 for collection of used tips 70. It is advisable to employ the
extractor 130 at the beginning of operation of the test system 20 to
ensure that the stem 72 is free for reception of a new tip 70.

After ensuring that the stem 72 is free for reception of a tip
70, the pipette 40 is brought, by displacement in the X direction, to a
location above the table 68, whereupon the table 68 is transiated in the
Y direction to bring the stem 72 above and in registration with a
selected tip 70 held by the table 68. The pipette 40 then advances
downward to make frictional contact with the interior surface of the tip
70. Thereupon, the pipette is raised, and the tip is retained on the distal
end of the stam 72 by friction forces.

PCT/US92/00963
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With reference also to Fig. 3, the distal end of the stem 72
is shown making frictional contact with the surface of an internal
channel 136 of the tip 70. The channel 136 ‘extends along a central
Iongitudinafaxis of the tip 70 from one end of the tip to the opposite

5 end of the tip. The channel 136 has a circular cross-sectionai shape of
varying diameter, the diameter being larger at the top end 138 than at
‘the bottom end 140. As the stem 72 advances downwardly into the
channel 136, constriction of the channel 136 produces frictional forces
which tighten the tip 70 upon the stem 72. These frictional forces are
10 sufficient to :enéure a secure attachment of the tip 70 to the stem 72
during transfer of liquid reagent during test procedures of the system
20. However, the frictional forces are sufficiently smali to permit the
extractor 130 to slide the tip 70 off of the stem 72 upon completion of

2 tra;)svfe,r of I'i\quid reagent.

15 Wlth respect to the operatnon of the system 20, it is noted
that the manner of affixing the stem 72 to the tip 70 provides
substanttal uniformity in the Iocatlons of successive tips 70 upon the
stem 72 However, in view of the ﬂexlbnhty of the plastic material of
the tip 70 brought about by contact with the relatively rigid tube of the

20 stem 72 and in view of some vanatton m frictional forces among the
tips 70, |t has been found that there is slight variation among the
locations of the bottom ends 140 of the tips 70 relative to the distal end
of the stem 72. This variation is sufficient to serve as a source of
inaccuracy to the dispensing of liquid in the compartments 106 of the

25 cartridge 22. The system automatically corrects for these variations in
tip location by sensing the location of the bottom énd 140 of the tip 70
by means of the light beam 114. The procedure for correcting for the
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variations in tip location is explained further with reference to the
diagram of Fig. 4 and the flow charts of Figs. 5-6.

Fig. 4 shows a feedback circuit 142 for interconnecting the

microprocessor 62 with the motor 86 for operation of the vertical

5 pipette drive 78 disclosed in Fig. 2. As shown in Fig. 4, the circuit 142

includes a summer 144, a filter 146, an amplifier 148, a stepping motor

controller 150, a shaft angle encoder 152 (also shown in Fig. 2), a

memory 154 of the microprocessor 62, and an entry device 156, such

as a keyboard, for entering data into the memory 154, In a preferred

10 embodiment, all of the motors 28, 100, 90 and 86 are constructed as
stepping motors. 4

In operation, for lowering the pipette 40 towards the
cartridge 22 (Fig. 2), the microprocessor 62 successively enters new
locations on the path of travel of the pipette 40 in the Z direction.

16 Location signals of the microprocessor 62 are applied to one input
terminal of the summer 144. The present location of the tip 70, as
estimated by the encoder 152 is applied to a second input terminal of
the summer 144 to be subtracted from the value input at the first
terminal of the summer 144. It is noted that the encoder 152 provides

20 an accurate value of the location of the pipette sfem 72, but not o»f' the
tip 70, because the position of the tip 70 relative to the stem 72 varies
from tip to tip because of the frictional fit explained above. Therefore,
a value of shaft angle outputted by the encoder 152 can be taken only
as an estimate of the true position of the tip 70.

25 The signals outputted by the encoder 152 and by the
microprocessor 62 are formatted digitally. The summer 144 forms the
difference of these two signals and applies the difference as the loop
error signal to be filtered by the filter 146. In accordance with the usual
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practice in the construction of the feedback loops, the filter 146 may be

a low-pass filter, and may inciude a lead-lag filter component. The filter

146 provides stability tc the feedback loop. An output signal of the

fiiter 146 is amplified by the amplifier 150, -and is applied via the

5 controlier 150 to the stepping motor 86. The loop gain and bandwidth,

as established by the amplifier 1560 and the filter 146, in conjunction

with the motor 86 ‘det'ermine the dynamic response of the loop in a

manner wéll known in the design of servomechanisms. The motor 86

rotates towards the rotational position commanded by the

10 microprocessor 62. As the motor 86 rotates, the vertical drive 78

lowers the pipette 40. By way of alternative embodiment in the

construction of the feedback circuit of Fig. 4, it is noted that the

functions of the summer 144 and the filter 146 can be accomplished

directly within the microprocessor 62 by suitable programming of the

15 microprocessor 62. In such a case, the microprocessor 62 outputs the
error signal directly to the amplifier 148 for driving the motor 86.

With respect to ‘the circuit shown in Fig. 4, the

microproc’esso’r‘ez continues to input further values of position along the

path traveled by the pipette 40 until the light-beam comparison circuit

20 118 signals the microprocessor 62 of a break in the light beam. The

location of the tip 70 is now known accurately by virtue of contact of

the tip 70 with the light beam 114. The pipette 40 now travels through

ar additional distance to bring the tip 70 into the dispensing position

relative to the cartridge 22. The value of the additional distance of

25 positional travel is based on data stored in the memory 154. The

microprocessor 62 reads the memory 154 to obtain the travel data. A

person calibrating the test systern 20 provides the requisite data on

additional travel based on a knowledge of a reference point which, in a
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preferred embod.ment is the height of the cartridge 22 relative to a top
surface 158 of the carousel 24. This height data is enter  via the entry
device 156 to the memory 154. By way of example, the entry device
156 may be constructed as a touch panel located at a position of
canvenience to an operator of the system 20.

The operation of the feedback circuit 142 may be explained
further with reference to Fig. 2 and with reference to the timing diagram
of Fig. 7. Prior to the lowering of the pipette 40, the tip 70 is at a
sufficiently high elevation to permit transporting the pipette 40 in the X
direction between the carousel 24 and the table 68. This is referred to
in Fig. 7 és the transport level. The pipette 40 then undergoes its initial
descent during an inte}val of time identified in Fig. 7. The initial descent
interval ends with the breaking of the light beam 114. Thereupon, there
is the final interval of descent in which the pipette 40 descends the
additional travel. This brings the pipette tip to the dispense level
indicated in Fig. 7. After completion of a dispensing interval of time, the
feedback circuit 142 raises the pipette 40 back to the transport level
during a retraction interval shown in Fig. 7. Also shown in Fig. 7 is a
safety level which will be described with reference to the flow charts of
Figs. 5-6.

With reference to Fig. 5, the inventive feature of lowering
the pipette to the cartridge 22 while compensating for variations in
positions of the tip 70 is explained with reference to a flow chart. The
flow chart describes operation of the microprocessor 62 of Fig. 2 for
operating the vertical pipette drive 78 (Figs. 2 and 4) for lowering the
pipette 40 to dispense liquid reagent in a compartment 106 of the
cartridge 22. Initiation of the pipette descent toward the cartridge 22
occurs at bilock 160. At block 162, the determination is made as to
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