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(57) Abstract

A system (10) for processing a specimen to which
fluid must be added includes a fluid dispensing work sta-
tion (16) within a housing. The work station (16) holds the
fluids that are to be added to the specimen. A nozzle (148)
dispenses fluid at the work station. The system (10) also in-
cludes a carrier (24) that moves within the housing. The
carrier (24) operates in a first mode at the fluid dispensing
work station (16). The carrier also operates in a second
mode outside the work station (16) to perform a different
processing function. A coupling mechanism (170) attaches
the nozzle (148) to the carrier (24) when the carrier (24) en-
ters its first operational mode to transport the nozzle (148)
around the fluid dispensing station (16). The coupling me-

chanism (170) releases the nozzle (148) from the carrier <

(24) when the carrier (24) enters its second operational
mode, thereby freeing the carrier (24) for movement out-
side the work station (16) out of association with the nozzle
(148).
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SPECIMEN PROCESSING AND ANALYZING SYSTEMS
WITH ASSOCIATED FLUID DISPENSING APPARATUS

Field of the Invention

The invention relates to analytical systems
used in different environments to carry out analyti-
cal, laboratory, and clinical procedures.
Background of the Invention

There are conventional devices that carry
out multi-step analytical procedures in an automated
or semi-automated fashion. For example, micro-
biological analytical systems currently carry out
automated antimicrobic susceptibility testing proce-
dures using both photometric and fluorometric detec-
tion methods. The MicroScan Division of Baxter
Healthcare Corporation sells a device of this type
under the trade designation "Walk-Away." Armes et
al. U.S. Patent 4,676,951 and Hanaway U.S. Patents
4,643,879 and 4,681,741 describe certain features
the Walk-Away system.

Prior commercial embodiments of the Walk-
Away system analyze trays carrying microbiologic
specimens. The system includes an enclosed in-
cubation chamber for the specimens. The system adds
reagents to the specimens and analyzes them. All
these activities take place within the incubation
chamber.

Prior commercial embodiments of the Walk-
Away system house the reagent fluids outside the
incubation area. The system conveys these fluids
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under positive pressure through relatively 1long
stretches of tubing leading from the reagent source
to the incubation area. A mechanism within the in-
cubation area manipulates the nozzle that dispenses
the reagents.

Prior commercial embodiments require about
g8 pounds per square inch of positive pressure to
convey the reagents through the tubing into the
dispensing site within the incubation area. Due to
the length of the tubing and the amount of positive
pressure that must be applied, the reagent fluids
sometimes release entrapped air. The released air
forms air pockets that block fluid flow in the
tubing. This undesirable result is called "outga-
ssing."

Summary of the Invention

The invention provides more efficient sys-
tems for conducting multi-step analytical procedures
that require the dispensing of fluids. The systems
that embody the features of the invention sig-
nificantly reduce the distance between the fluid
source and the dispensing site. Yet, the systems do
not also require a dedicated mechanism to manipulate
the fluid dispensing nozzle. The systems work in a
highly automated manner to maximize the throughput
of the system, while also assuring accuracy and
reproducible results.

The invention provides a system for
processing a biologic specimen. The system includes
a work station having a source of fluid that is to
be added to the specimen during processing. The
work station includes a fluid dispensing area and a
nozzle for dispensing the fluid.

The system also includes a carrier

mechanism. The carrier mechanism operates in a
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first mode for movement in the work station during
fluid dispensing operations. The carrier mechanism
also operates in a second mode for movement outside
the work station to do another processing function
not involving the work station. A controller
mechanism selectively switches the mode of operation
of the carrier mechanism between its first and
second modes.

According to the invention, the system in-
cludes a docking mechanism that couples the nozzle
to the carrier when it operates in its first mode to
help dispense fluid. The docking mechanism releases
the nozzle from the carrier when it operates in its
second mode, freeing the carrier to do other proces-
sing functions out of association with the nozzle.

In a preferred arrangement, the work
station includes a holder for the nozzle. The noz-
zle rests in the holder when fluid dispensing
operations are not required. When the carrier
mechanism enters its first operational mode, the
docking mechanism attaches the nozzle to the carrier
mechanism. The carrier mechanism moves the attached
nozzle into and out of its holder. The carrier
mechanism transports the attached nozzle to the
fluid dispensing area of the work station. The
docking mechanism also operates, when the carrier
mechanism enters its second operational mode, to
return the nozzle to its holder and to there release
itself from the nozzle. This frees the carrier
mechanism for movement outside the work station out
of association with the nozzle. 1In a preferred ar-
rangement, the system washes the nozzle while it
rests within the holder.

In a preferred arrangement, the system in-

cludes a second work station for performing a second
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processing function on the specimen. When operated
in its second mode in this arrangement, the carrier
mechanism works at the second work station free of
association with the nozzle.

For example, the second work station can
contain a mechanism for detecting the presence of a
targeted material in the specimen, and the carrier
mechanism can serve to transport the specimen to the
detecting mechanism. Alternatively, the second
workstation can contain a mechanism for incubating
the specimen, and the carrier mechanism transports
the specimen to and from the incubating mechanism.

In this preferred arrangement, when
operated in its first mode, the carrier mechanism
also serves to transport the specimen to the fluid
dispensing area and to manipulate the nozzle to
align the nozzle with the specimen that is to
receive the fluid. Still, when operated in its
second mode, the carrier mechanism releases the noz-
zle to transport the specimen to the second work
station free of association with the nozzle and its
connected tubing.

According to the invention, a single car-
rier mechanism can be used to assist in multiple
processing functions, including the dispensing of
fluids. Still, the dispensing nozzle and all other
fluid delivery components of the dispensing station
can be located close together, even though the car-
rier mechanism itself can operate far away from the
dispensing area. Because the carrier mechanism can
release the nozzle after fluid dispensing
operations, the lengths of tubing supplying fluid to
the nozzle need not be long enough to permit
transport of the nozzle away from the dispensing
area, where the carrier mechanism serves other
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processing functions. Because the system requires
only short 1lengths of the tubing, the amount of
positive pressure required to convey fluid in the
fluid dispensing area can be considerably reduced.
This reduces the chance of forming air blocks caused
by fluid outgassing.

Other features and advantages of the inven-
tion will become apparent upon considering the
accompanying drawings, description, and claims.
Brief Description of the Drawings

Fig. 1 is a perspective view of the front
and right sides of a processing system that embodies
the features of the invention, with some access
pPanels and doors open to expose the interior por-
tions to view;

Fig. 2 is a perspective view of the front
and left sides of the system shown in Fig. 1, with
other access panels and doors open to expose the
interior portions to view;

Fig. 3 is a top view of the interior of the
system shown in Fig. 1, with some portions shown
diagrammatically;

Fig. 4 1is a perspective view of the
interior regions of the system, showing the tray
holding stations, the detecting station, and as-
sociated carrier mechanism, with portions broken
away;

Fig. 5 is an enlarged perspective view of
the right side of the interior regions of the system
shown in Fig. 4;

Fig. 6 is an enlarged perspective view of
the carrier mechanism associated with the systen,
taken from left side, showing the movable platform
that holds the specimen tray in its outward extended
position;
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Figs. 7A and 7B are side sectional views,
taken generally along line 7-7 in Fig. 3, showing
the movable platform picking up a specimen tray from

a holding station;
Fig. 8 is a perspective view of the tray

and associated cover that hold specimens during
processing within the system;

Fig. 9 is a perspective view of an operator
loading a specimen tray (with cover) into the
outward facing side of a holding station slot;

Fig. 10 is a perspective view of a specimen
tray (with cover) stored within a holding station
slot, as viewed from the outward facing side of the
holding station;

Figs. 112, 11B, and 11C are perspective
views of the movable platform operating within a
holding station to remove a specimen tray, leaving
the cover behind, as viewed from the inward facing
side of the holding station;

Fig. 12 is a perspective view of the
movable platform operating within a holding station
to insert a specimen tray, leaving the cover behind,
as viewed from the inward facing side of the holding
station;

Fig. 13 is an enlarged perspective view of
the photometric detecting station associated with
the system shown in Fig. 1;

Fig. 14 is an enlarged side section view,
taken generally along line 14-14 in Fig. 13, of the
interior of two adjacent tray wells held upon the
platform while in the photometric detecting station;

Fig. 15 is an enlarged perspective view,
with portions broken away, of the light source as-
sociated with the photometric detecting station

shown in Fig. 13;
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Fig. 15A 1is a schematic showing the
sequence of obtaining a processing reading at the
photometric detecting station;

Fig. 15B is a schematic flow chart showing
the sequence of calibrating the position of the
platform relative to the optical channels at the
photometric detecting station;

Fig. 16 is an enlarged perspective view of
the fluorometric detecting station associated with
the system shown in Fig. 1, with interior portions
shown diagrammatically;

Fig. 17 is an enlarged perspective view,
partially exploded, showing the rear portion of the
reagent dispensing station carried within an access
panel of the system shown in Fig. 1;

Fig. 18 is an enlarged exploded view of the
reagent dispensing nozzle, its holder, and the
associated docking fixture that embody the features
of the invention;

Fig. 19 is an enlarged side section view of
the reagent dispensing nozzle, its holder, and the
associated docking fixture shown in Fig. 18, with
the docking fixture being moved into engagement with
the nozzle;

Fig. 20 is an enlarged side section view of
the reagent dispensing nozzle, its holder, and the
associated docking fixture shown in Fig. 18, with
the docking fixture engaged with the nozzle;

Fig. 21 is an enlarged side section view of
the reagent dispensing nozzle, its holder, and the
associated docking fixture shown in Fig. 18, with
the docking fixture engaged with the nozzle and
transporting the nozzle to the fluid dispensing area
of the system shown in Fig. 1;

Fig. 22 is a perspective view showing the
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manipulation of the reagent dispensing while
releasably attached to the docking fixture at the
fluid dispensing area of the system; and

Fig. 23 is a schematic view of a stepper
motor control circuit associated with the system

shown in Fig. 1.

Description of the Preferred Embodiments
Figs. 1 to 3 show the general arrangement

of an analytical system 10 that incorporates the
features of the invention. The analytical system
10 can be used in different environments to carry
out different types of analytical, laboratory, and
clinical procedures.

The invention can be used in association
with systems that require accurate and reproducible
transfers of fluid in clinical, medical, and indus-
trial environments. The invention also can be used
in association with systems that do assays for
targeted materials or that analyze and identify
biologic specimens.

This Specification describes a preferred
embodiment of the invention operating as part of a
device for screening liquid samples to identify
microorganisms and test for their susceptibility to
certain antibiotics.

In this use, the system 10 handles trays 12
carrying previously prepared suspensions of
microbiologic specimens. The system 10 incubates
the specimens within the trays 12, adds reagents to
them, and analyzes them according to a prescribed
protocol. The system 10 carries out these processes
by sequentially transporting the specimen trays to
various work stations 14, 16, 18 under the control
of an onboard central microprocessor 20 (see Fig.
3). The central processor 20 is preprogrammed to
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follow at least one prescribed analytical protocol.

The nature and number of work stations in
the system 10 can vary. In the illustrated embodi-
ment, the system 10 includes stations 14 that hold
the specimen trays 12 for incubation; a station 16
that dispenses reagents into the specimen trays; and
a station 18 that detects and quantifies the growth
of microorganisms in the specimen trays. As will be
described in greater detail later, the detection
station 18 measures microbic growth by either
photometric or fluorometric techniques.

A cabinet 22 encloses the stations 14, 16,
and 18 and the central processor 20. A carrier 24
transports the trays 12 among the stations 14, 156,
and 18 within the cabinet 22 under the control of
the central processor 20. The operator sends and
receives system status and control information from
the central processor 20 through an onboard in-
put/output panel 26. A nearby input/output CRT-
keyboard console 28 is also linked by cable to the
central processor 20 (as Fig. 1 shows).

As Fig. 3 shows, the system 10 also
includes an onboard environment controller 30
operated by the central processor 20. The
controller 30 maintains a circulating air flow pat-
tern 32 (shown by arrows in Fig. 3) through ducting
within the principal processing region 34 of cabinet
22, where the holding stations 14 are located.

The air flow pattern 32 is heated and
humidified to establish conditions necessary to in-
cubate the specimens carried in the holding stations
14. The air flow pattern 32 typically maintains a
temperature of about 37 degrees C within the main
incubation region 34.

The cabinet 22 includes doors 36 and 38

PCT/US92/09098
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that permit periodic access into the enclosed
interior regions of the cabinet 22.

The door 36 opens into the main incubation
region 34 (see Fig. 2). When open, the door 36 al-
lows the operator to load or remove specimen trays
from a holding station 14. To preserve the in-
cubating conditions within the region 34, the
central processor 20 normally locks the door 36 to
prevent unrestricted access. The central processor
20 opens the door 36 only in response to a proper
access request code, which the operator enters using
the console 28. .

The door 38 opens into the lower region 40
of the cabinet 22, where the reagent dispensing
station 16. When open, the door 38 allows the
operator access to the interior of the reagent
dispensing station 16 to load or remove reagent
source containers 42. Since the interior of the
reagent dispensing station 16 is largely isolated
from the main incubation region 34, the operator can
open the door 38 without first entering an access
request code to the central processor 20.

Larger service panels 44 and 46 on the
cabinet 22 can be opened to provide greater access
for maintenance and repair when the system 10 is
shut down. The service panel 44 opens into the main
incubation region 34. The service panel 46 opens
into the lower region 40 and carries the entire
reagent dispensing station 16.

As Fig. 4 best shows, the holding stations
14 are vertically stacked into towers within the
main incubation region 34. The number of holding
stations 14 can vary, as can the number of trays 12
each holding station 14 carries. In the illustrated
embodiment, there are eight holding stations 14,

i
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each containing six slots 50 to hold individual
specimen trays 12 (see Fig. 9 also).

A carousel 52 moves the stacked holding
stations 14 in a circular track around the carrier
24.

A first stepper motor 54 powers an as-
sociated belt drive 56 under the control of the
central processor 20 to index the carousel 52. 1In
this way, each holding station 14 can be brought to
an access position, which holding station 14’ oc-
cupies in Fig. 3. In this position, one side 58 of
the holding station 14’ faces inward toward the car-
rier 24, while the other side 60 faces outward
toward the access door 36.

In the illustrated and preferred em-
bodiment, a pair of tie-down bolts 62 attach each
holding station 14 to the carousel 52. By unfas-
tening the tie-down bolts 62, the operator can
remove individual holding stations 14 for main-
tenance, cleaning, or sterilization.

Each tray 12 stacked within the holding
station 14 includes an array of specimen wells or
cuvettes 48 (as Fig. 8 best shows) arranged in
aligned rows and columns. In the illustrated em-
bodiment, each tray 14 includes ninety-six wells 48
arranged in eight rows of twelve wells 48 each.

The trays 12 are intended to be a single-
use, disposable component of the system 10. So, the
trays 12 are typically made of an inert plastic
material. The plastic material can be 1light
transmissive to permit analysis of the specimens by
photometry. Alternatively, the plastic material can
be opaque to permit analysis of the specimens by
fluorometry.

The tray wells 48 contain various reaction

PCT/US92/09098
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agents. When incubated, the specimens react with
these agents within the wells 48 to create differing
distinctive patterns of color or turbidity changes,
or fluorescence in the tray 12. Sometimes, a
reagent must be added to trigger the needed reaction
for analysis. By creating and then analyzing these
patterns; the system 10 detects the presence of a
given type of microorganism and its degree of sus-
ceptibility to various microbiotic agents.

In use, the operator prepares a culture me-
dium containing a suspension of the microorganism to
be analyzed. The operator introduces this
suspension into the wells 48 of a specimen tray 12.
The operator does this task at a specimen
preparation station (not shown) outside the system
cabinet 22.

Tn the illustrated and preferred procedure,
the operator places a cover 86 on the tray 12 to
minimize fluid loss by evaporation (see Fig. 8). As
Fig. 8 shows, the cover includes a pair of projec-
ting tabs 88 that extend horizontally beyond two
sides of underlying tray 12.

To place a tray 12 and cover 86 within a
slot 50 for processing, the operator enters the
designated access request code. The processor 20
maintains an inventory of trays 12 within the hol-
ding stations 14 (as will be described later), and,
with it, the processor 20 locates the position of
empty holding slots 50. Upon request, the central
processor 20 provides the operator with a listing of
empty holding slots 50. The operator uses this
listing to designate a holding station 14 via the
data input panel 26 or console 28. The central pro-
cessor 20 indexes the carousel 52 to place the user-

designated holding station 14 in the access position
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(where Figs. 3 and 7A/B show holding station 14’ to
be). The processor 20 then unlocks the door 36.

The operator manually loads the medium-
filled specimen tray 12 with its cover 86 into an
open holding slot 50 through the outward facing side
60 of the station 14 (as Fig. 9 best shows).

As Fig. 9 shows, the interior of each slot
50 is open except for opposite pairs of vertically
spaced top and bottom support ledges 210 and 212.
The bottom ledges 212 extend farther into the slot
50 than the top ledges 210. The bottom ledges 212
end with upturned edges 214 at both inward and out-
ward facing sides 58 and 60 of the slot 50.

As Fig. 9 shows, the operator inserts the
tray 12 and cover 86 through a slotted opening 216
in the outward facing side 60 into the slot 50. As
Fig. 10 shows, the bottom of the tray 12 comes to
rest upon the bottom ledges 212. The upturned edges
214 prevent horizontal movement of the tray 12
within the slot 50. In the illustrated embodiment,
when the tray 12 rests on the bottom ledges 212, the
projecting tabs 88 on the overlying cover 86 extend
above the plane of the top support ledges 210,
making no contact with them. Springs 218 press
against the projecting tabs 88 to hold the cover 86
on the underlying tray 12.

After loading the tray 12, the operator
closes the door 36. From this point onward, the

- central processor 20 automatically conducts the

analysis of the tray 12 without further involving
the operator.

In carrying out its control operations, the
central processor 20 sequentially actuates the
carrier 24 to shuttle each tray 12 to and from the
holding station 14, stopping either at the detection
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station 18 or the reagent dispensing station 16.
puring a typical incubation period, the
carrier 24 transports a given tray 12 several times
petween the holding station 14 and detection station
18 for successive analysis, with at least one inter-
mediate stop at the reagent dispensing station 16.

The detection station 18 quantifies the mi-
crobic growth observed on each specimen tray 12.
The central processor 20 is linked to an external
printer station (not shown). There, the processor
20 periodically generates written reports for the
operator that contain a complete analysis for each
specimen tray 12.

Figs. 5 and 6 show the details of the car-
rier 24. The carrier 24 includes a frame 64 sup-
ported on a pair of vertical shafts 66. A second
stepper motor 68 powers an associated belt drive 70
to rotate a vertical axis lead screw 72 under the
control of the central processor 20. The rotating
vertical lead screw 72 moves the carrier frame 64 in
a stepwise fashion up and down along the shafts 66.
This mode of operation brings the carrier frame 64
into vertical alignment with any selected slot 50 of
a holding station 14 occupying the access position.

The carrier 24 also includes a horizontal
platform 74 mounted on a pair of tracks 76 on the
frame 64. A third stepper motor 78 powers an as-
sociated belt drive 80 (see Fig. 6) to rotate a
horizontal axis lead screw 82 under the control of
the central processor 20.

Rotation of the lead screw 82 advances the
platform 74 in stepwise fashion along a horizontal
path between a fully retracted position within the
carrier frame 64 (see Figs. 5 and 7B) and a fully
extended position outside the carrier frame 64 (see
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Figs. 6 and 73).

As Fig. 7A shows, when moved toward its
fully extended position, the horizontal platform 74
enters an aligned holding slot 50 beneath the oc-
cupying tray 12 through the inward facing side 58 of
the station 14. Slight rotation of the vertical
lead screw 72 lifts the platform 74. The open bot-
tom of each slot 50 permits upward movement of the
platform 74 into engagement with the underside of
the tray 12.

The platform 74 includes an array of pock-
ets 84. The convex undersides of the tray wells 48
nest within the pockets 84 so that the tray 12 can-
not slide horizontally on the platform 74. As Fig.
14 shows, the pocket bottoms 85 are open and do not
interfere with the intended transmission of 1light
through the tray wells 48.

As Figs. 11A shows, further operation of
the lead screw 72 1lifts the platform 74 and, with
it, the covered tray 12 within the slot 50. The
lifting movement (coupled with slight movement of
the platform 74 inward, as shown by arrows in Fig.
112) slips the inward facing edges of the projecting
cover tabs 88 into upper detents 220, which are
located within the slot 50 above the top support
ledges 210.

As Fig. 11B shows, slight opposite rotation
of the lead screw 72 lowers the tray 12, leaving the
edges of the cover 86 engaged within the upper
detents 220. As Fig. 11C shows, rotation of the
horizontal lead screw 82 moves the platform 74 out
of the holding slot 50. The platform 74 carries the
engaged tray 12, but leaves the cover 86 behind (as
Fig. 7B also shows).

As Fig. 9 best shows, the portion 222 of
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the top support ledge 210 that extends toward the
outward facing side 60 of the slot 50 (i.e., the
side the faces the access door 36) slopes downward
toward the bottom support ledge 212. The springs
218 press against the cover 86 at the junction of
the sloped portion 222 with the rest of the top
support ledge 210.

As Fig. 11C shows, as the platform 74
withdraws the tray 12, the springs 218 pivot one end
of the cover 86 down against the sloped portion 222,
while the opposite end of the cover 86 remains
engaged within the upper detents 220. The cover 86
assumes this tilted position within the slot 50 (as
Fig 7B also shows) as the platform 64 withdraws the
tray 12. The cover 86 remains in this tilted
position as the platform 64 transports the associ-
ated coverless tray 12 outside the holding slot 50.

As Fig. 12 shows, when the platform 74 re-
turns the tray 12 to the slot 50, the entering edge
of the tray 12 contacts the tilted portion the cover
86. The horizontal movement of the tray 12 pulls
the cover 86 free of the detents 220, as Fig. 12
shows. The horizontal movement also pivots the
cover 86 about the spring back into its original
horizontal position on top of the tray 12. Slight
rotation of the vertical leéd screw 72 lowers the
platform 64 from engagement with the now covered
tray 12. Rotation of the horizontal lead screw 82
returns the platform 74 to its retracted position
within the frame 64.

The central processor 20 maintains an in-
ventory of the trays 12 undergoing processing within
the system 10. As Fig. 8 shows, each tray 12 car-
ries a unique identification label 206 written in
bar code or another machine readable format. The
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carrier 24 includes a scanning device 208 (see Fig.
4) for reading the tray labels 206.

Each time the operator loads a new tray 12
into a holding station 14, the central processor 20
indexes the carousel 52 to bring the holding station
14 to a scanning position in alignment with the
device 208 (which is essentially 180 degrees from
the access position previously described). The
central processor 20 operates the vertical 1lead
screw 72 to advance the scanning device 208 to view
the label 206 of each tray 12 in the holding station
14, while operating the carousel 52 to advance the
label 206 horizontally past the device 208 to scan
in the bar code information it contains.

In this way, the central processor 20
creates and updates an inventory record of trays 12
each time an operator loads a tray 12 into the sys-
tem 10. The central processor 20 further updates
the inventory record for each tray 12 to note the
time and nature of the processing steps conducted.
For each labeled tray 12, the inventory record est-
ablishes the holding station slot for the tray 12,
the time the tray entered the system, the time and
nature of each processing step involving the tray
12, and the results of the analyzes conducted on the
tray 12.

The central processor 20 relies upon the
preprogrammed protocol and real time inventory
record it creates to control the processing sequence
for each tray 12 within the system 10. The central
processor 20 coordinates the rotation of the verti-
cal lead screw 72 with the carousel belt drive 56 to
orient the carrier 24 with a selected slot 50 of a
holding station 14. Then, by operating the
horizontal lead screw 82, the central processor 20
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operates the platform 74 to remove the specimen tray
12 and later return the specimen tray 12 to the
aligned holding slot 50. The carrier 24 transports
the engaged specimen tray 12 outside the holding
slot 50 to either the detection station 18 or the
reagent dispensing station 16, depending upon the
commands of the central processor 20.

The operation of these two work stations 16
and 18 will now be described in greater detail.

In the illustrated embodiment, the carrier
frame 64 supports the detection station 18. Still,
it should be appreciated that the detection station
18 could be located away from the carrier frame 64
at another location within the cabinet 22.

Fig. 13 shows the details of the detection
station 18. As there shown, the detection station
18 includes both a photometric reader 96 and a
fluorometric reader 98. The photometric reader 96
optically detects the presence of either color
change or turbidity in a given specimen and by that
derives a measure of microbiotic activity. The
fluorometric reader 98 detects fluorescence within
a given specimen to measure microbiotic activity.
Whether a given specimen undergoes analysis by the
photometric reader 96 or the fluorometric reader 98
depends upon the particular protocol of the
analytical procedure that the central processor 20
follows.

The photometric reader 96 includes a light
source assembly 100 comprising twelve fiber optic
emitter lines 102 that lead from a single light
source 104 (the details of which are shown in Fig.
15). The optic emitter lines 102 are arranged in a
horizontal, spaced apart relationship on the frame
64 below the path of movement of the platform 74.
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The distance between adjacent optic emitter lines
102 corresponds with the distance between adjacent
wells 48 within each row on the specimen tray 12.
In use (as Figs. 13 and 14 show), the optic
emitter lines 102 transmit light upward through the
specimen tray 12 on the platform 74, individually

illuminating one entire row (i.e., twelve wells 48)

at a time. Each optic emitter line 102 includes a

lens (not shown) that condenses the 1light beam
exiting the optic fiber into a narrow vertical beam,
by that maximizing the illumination of each well 48.

As Fig. 15 shows, the light source 104 is
separated from the input end of each fiber optic
line 102 by a color wheel 108. The wheel 108
includes six light filters 110 and one opaque disk
111 spaced about its periphery. Each filter 110
limits the light entering the fiber optic lines 102
to a discrete, predetermined wavelength. The opaque
disk 111 blocks all transmission of light to the
emitter 1line 102 when, for example, when the
fluorometric reader 98 is in operation or during
calibration, as set forth in more detail later. A
fourth stepper motor 112 rotates the color wheel 108
to position the desired filter 110 or disk 111 in
the light path under the control of the central
processor 20.

As Fig. 13 shows, the photometric reader 96
also includes twelve photodiode detectors 106 paired
with the twelve optic emitter lines 102. The twelve
photodiode detectors 106 face the optic emitter
lines 102 on the frame 64 above the path of movement
of the platform 74. The photodiode detectors 106
sense light after its transmission through the
specimens in the wells 48.

With the desired filter 110 positioned in
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the light path, the central processor 20 indexes the
tray-carrying platform 74 stepwise between the
twelve paired emitters and detectors 102 /106. The
photometric reader 96 jncludes a programmable gain
amplifier 113 (see Fig. 15A) that is capable of pro-
viding fixed levels of amplification, called gain
stages. A digital processor 114 analyzes the sensed
signal at a preselected selected gain stage to
determine either the color or turbidity of the
specimens.

In use, multiple photometric readings are
typically taken of the specimens at predetermined
intervals during the incubation period.

Fach emitter/detector pair 102/106 consti-
tutes one independent optical channel Cl1 to Cl2
that, in use, transits one tray well 48. The
central processor 20 independently calibrates each
optical channel Cl1 to Cl2 to obtain a reading
representative of the absorption of the sample
within the associated tray well 48. Independent
calibration allows the differences between the
twelve individual channels Cl to Cl2 to be cancelled
out. Independent calibration accommodates greater
mechanical and electrical tolerances among the chan-
nels C1 to C12 than the calibration of all channels
to a common reference point. Independent
calibration cancels out these differences among the
channels without adversely affecting the overall ac-
curacy of the photometric reader 96.

The calibration procedure for each optical
channel Cl1 to C12 is the same. The procedure begins
with the platform 74 carrying no tray 12. The
central processor 20 places the opaque disk 111 in
the light path to block transmission of light to all
optical channels. A separate reading is taken for
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each channel at each gain stage of the amplifier
113. These readings represents the dark signals
(electrical offset) for each gain stage of each
channel. The central processor 20 retains these
readings for each optical channel in memory.

The central processor 20 then sequentially
brings a filter 110 into the light path. While no
tray 12 occupies the platform 74, a reading is
taken. The central processor 20 selects the gain
stage of the amplifier 113 that achieves an on-scale
reading. This becomes the preselected gain stage
for that channel for that particular filter 110
(wavelength). The on-scale reading at that gain
stage becomes the reference for that channel for
that particular filter 110 (wavelength). Because
each channel is calibrated independent of the other
channels, each optical channel may and probably will
have a different gain stage and reference for each
filter 110.

The calibration procedure repeats this se-
guence for each filter (wavelength) 110, obtaining
an associated gain stage and reference for each
channel. The central processor retains these values
in memory.

The central processor 20 thus maintains for
each filter (wavelength) 110 three calibration
values for each optical channel Cl1 to Cl12. These
calibration values represent the gain stage (G)
selected to obtain an on-scale reading for the
filter 110; the reference reading taken at the se-

lected gain stage (Rg) ;7 and the dark reading earlier
obtained for the selected gain stage (Dg) -

As Fig. 15A shows with respect to each
optical channel (designated C, in Fig. 154), a

subsequent reading in that optical channel at a
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particular filter wavelength (Rpaw) is taken at the
selected gain stage (G) for that filter 110. The
central processor alters the subsequent reading
(RrRaw) to obtain a processing reading (Rproc) for
each optical channel, as follows:

Rproc = (Rpaw -~ Dg)

(Rg - Dg)
The processing reading RproC is

representative of the absorbance of the sample taken
at that optical channel. Due to the calibration
process, the processing reading Rppgc for each
optical channel is hardware independent.

The central processor 20 also calibrates
the position of the platform 74 relative to the
optical channels to properly locate the openings 85
in the platform 74 within the light paths. Fig. 15B
shows the sequence of the platform calibration
procedure.

The platform 74 is drawn through the light
paths. For each optical channel, the amount of
light reaching the associated detector 106 increases
as the outer edge of the associated opening 85
enters the light path. The light signal reaches a
maximum value when the center of the opening 85
occupies the light path. The light signal then
decreases as the inner edge of the opening 85 enters
the light path to block the light.

As Fig. 15B shows, for each optical
channel, the central processor 20 marks the position
of the platform 74 (based upon the particular step
of the stepper motor 78) when a preselected
threshold value is reached at the inner and outer
edges of the associated opening 85. The center of
the opening 85 is determined for that particular

PCT/US92/09098



N

WO 93/09441

10

15

20

25

30

35

- 23 -

optical channel by averaging these two marked
positions. The determined centers for the optical
channel are themselves averaged to derive an average
center position for the stepper motor 78 for each
row of openings 85.

Using the just described calibration proce-
dure, the central processor 20 indexes the platform
74 to best position the centers of the openings 85
along each row into the optical channels. The
openings 85 are fixed on the platform 74, and the
tray is preformed so that the centers of its wells
48 nest within the platform 74 in registration with
the centers of the openings 85.

The use of a precisely calibrated movable
platform 74 in combination with a specimen tray 12
that precisely nests upon the platform 74, allows
the central processor 20 to accurately equate the
position of the platform 74 to that of each specimen
tray 12 traversing the photometric reader 96.

Due to the prearranged, fixed relationship
between the platform 74 and the tray 12, the
calibration procedure just described and as set
forth in Fig. 15B need be performed for each system
10 only upon initial setup and after repair and/or
replacement of the platform 74 or its associated
drive assemblies. Fig. 16 shows the details of
the fluorometric reader 98. The fluorometric reader
98 includes a movable head 116 that travels along a
horizontal track 118 on the carrier frame 64 above
the path movement of the platform 74. The track 118
extends transversely across the path of platform
movement. A fifth stepper motor 120 (see Figs. 4
and 5) powers an associated belt drive 122 that
moves the head 116 back and forth along the track
118.
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The head 116 encloses a fluorometer, the
interior details of which are shown in Fig. 16. The
fluorometer includes a source lamp 124 that directs
light to an excitation filter 126 through a quartz
light path 128. An output lens 130 directs the out
coming light onto the specimen contained in an un-
derlying well 48. The specimen contains a material
that, in the presence of a target microorganism, re-
acts to the light energy by fluorescing.

The resulting fluorescence is directed by
an input lens 132 to an emission filter 134 for the
expected wavelength. A photomultiplier tube 136 and
a preamplifier 138 translate the light signal to an
analog output that is directly proportional to the
amount of fluorescence detected.

An analog-to-digital converter 140 (which
is carried on the frame 64 and is attached to the
movable head 116 by a cable 142) converts the analog
output of the photomultiplier tube 136 to digital
output. The converter 140 also includes the power
supply for components carried within the movable
head 116.

In use, the carrier platform 74 indexes a
row of wells 48 into position below the head 116.
The central processor 20 moves the head 116 down the
wells 48, obtaining the fluoresced light signal for
each well 48 and transmitting it to the processor

140.
Figs. 17 to 22 show the details of the re-

agent dispensing station 16. As previously stated,
the reagent dispensing station 16 occupies the
region 40 below the carousel 52 at the front of the
cabinet 22 (see Figs. 1 and 2). It is housed within
the service panel 46 essentially out of the main in-
cubation region 34 area of the system 10. The panel
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46 contains a reagent dispensing area 144, a pres-
surized reagent source 146, and a reagent dispensing
nozzle 148.

The source 146 contains different reagent
types contained in individual containers or vials 42
(see Figs. 1 and 15). Tubing manifold 150 connects
each vial 42 to a positive pressure pump 152. Each
reagent vial 42 also includes an outlet tube 154
with an inline solenoid valve 156 that is under the
control of the central processor 20. When closed,
the solenoid valve 156 blocks the flow of reagent
from the pressurized vial 42. When opened, the
solenoid valve 156 permits reagent to flow under
positive pressure from the vial 42 through the as-
sociated outlet tubing 154.

The outlet tubing 154 for the reagent vials
42 all leads to the dispensing nozzle 148. The dis-
pensing nozzle 148 includes individual fluid dispen-
sing ports 158 (see Fig. 18), one for each type of
reagent.

When the solenoid valve 156 opens for a
particular source reagent vial 42, the particular
reagent in the vial 42 flows under positive pressure
out the associated dispensing port 158 in the nozzle
148. The dispensing ports 158 are symmetrically
arranged at predetermined intervals relative to the
centerline of the nozzle 148 to allow precise
positioning over the intended well 48 by the stepper
motors controlled by the central processor 20 (as

" will be described in greater detail later).

When not in use, a holder 160 retains the
nozzle 148 on the dispensing station 16 away from
the fluid dispensing area 144. In the illustrated
embodiment, the holder 160 is located a short dis-
tance below the dispensing area 144 and close to the
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reagent source 146.
A movable latch 162 (see Fig. 18) within

the holder 160 is biased by springs 164 into
engagement with a tab 166 on the nozzle 148. This
engagement locks the nozzle 148 in place inside the

holder 160 (as Fig. 19 shows).
Tubing 176 periodically brings washing

fluid from a source container 182 into the holder
160 using the positive pressure pump 184. The
periodic pressurized spray of fluid washes the
interior of the holder 160. It can also be used to
wash the nozzle 148 resting within the holder 160.
The washing fluid drains through an exit tube 178
into a disposable collection bag 180. Tubing 177
periodically brings pressurized air into the holder
160 to air dry the nozzle 148 after washing.

The compact arrangement of all components
of the reagent dispensing station 16 out of the main
incubation region 34 allows the reagent source 146
to be positioned close to the dispensing nozzle 148.
The lengths of outlet tubing 154 supplying reagent
to the nozzle 148 can be significantly shortened.
The tubing 154 need be long enough only to allow the
nozzle 148 to reach the holder 160 and the reagent
dispensing area 144. The tubing 154 need not be
long enough to allow the nozzle to reach beyond the
reagent dispensing station 16 and into the main in-
cubation region 34 of the system 10. Because of the
short length of the tubing 154, the amount of
positive pressure required to convey the reagent in
the system 10 can be considerably reduced.

For example, compared with conventional ar-
rangements, the reagent dispensing station uses only
about 25% as much tubing. It also operates at a
fluid pressure of only 3 PSI (pounds per square
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inch) instead of the 8 PSI that conventional systems
must use. The reduction of positive pressure within
the system considerably reduces the formation of air
blocks caused by fluid outgassing within the tubing
154.

A solenoid 168 selectively energized by the
central processor 20 moves the latch 162 away from
the nozzle tab 166 against the force of the biasing
spring 164 (as Fig. 20 shows). This frees the
nozzle 148 for removal from the holder 160 when it
is time to dispense reagent.

The carrier 24 includes a docking fixture
170 for engaging the nozzle 148 to transport it be-
tween the holder 160 and the reagent dispensing area
144. While at the dispensing area 144, the central
processor 20 coordinates the movement of the plat-
form 74 and the docking fixture 170 with operation
of the reagent dispensing source 146 to introduce
reagent into one or more specimen-containing wells.

The docking fixture 170 releases the nozzle
148 after dispensement of reagent. More par-
ticularly, the carrier 24 returns the nozzle 148 to
the holder 160 and there releases the docking fix-
ture 170. This mode of operation frees the carrier
24 for other transport functions within the system
10, while the nozzle 148 lays at rest within its
holder 160.

Various constructions are possible. In the
illustrated embodiment, the docking fixture 170 is
attached to the movable head 116 of the fluorescence
reader 98. Operation of the fifth stepper motor 120
moves the docking fixture 170 along the horizontal
track 118 above the tray platform 74.

The illustrated embodiment employs magne-
tism to releasably engage the docking fixture 170 to
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the nozzle 148. In this arrangement, the docking
fixture 170 carries a permanent rare earth magnet
174. The nozzle 148 includes a surface 172 that
nests within the fixture 170. The mating surface
172 includes material that is attracted by the mag-
net 174 the fixture 170 carries. Alternatively, the
mating surface 172 could carry another rare earth
magnet.

The central processor 20 coordinates the
operation of the first, second, and third stepper
motors 54, 68, and 78 to engage a selected specimen
tray 12 on the platform 74 within the main in-
cubation region 34 of the system 10. To transport
the engaged tray 12 to the reagent dispensing region
40, the central processor 20 moves the platform 74
into its fully retracted position within the carrier
frame 64. The central processor 20 then moves the
carrier 24 vertically downward into the reagent
dispensing region 40 (as Fig. 19 shows). At this
time, the nozzle 148 rests in a locked condition
within the holder 160 (i.e., the latch solenoid 168
is not energized). The docking fixture 170 moves
downward and nests with the nozzle surface 172 (as
Fig. 20 shows). The nesting fixture 170 magnetical-
ly engages the nozzle surface 172.

The central processor 20 energizes the
solenoid 168 to withdraw the latch 162, freeing the
nozzle 148 within the holder 160. The central
processor 20 moves the carrier 24 vertically upward.
The fixture 170 lifts the magnetically engaged noz-
zle 148 from the holder 160 and into the reagent
dispensing area 144 (as Figs. 21 shows).

As Fig. 22 shows, the central processor 20
then operates the third stepper motor 78 to move the
tray-carrying platform 74 out of the carrier frame
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64 into the fluid dispensing area 144. By coor-
dinating the operation of the third and fifth step-
per motors 78 and 120, the central processor 20
horizontally positions a row of the specimen tray 12
beneath the nozzle 148 while it transversely
positions the nozzle 148 along this row to bring the
desired specimen well 48 under the desired reagent
dispensing port 158. The central processor 20 then
opens the solenoid valve 156 associated with the
vial 42 for the desired reagent to dispense a
predetermined aliquot of the desired reagent into
the selected well 48.

The central processor 20 positions the noz-
zle 148 engaged by the movable fixture 170 by dead
reckoning. The processor 20 measures the position
of the fixture 170 along the track 118 in steps sent
to the fifth stepper motor 120 from the fixture’s
home position.

The drive system of the stepper motor 120
is calibrated using the fluorometer located within
the transport head 116, which also carries the fix-
ture 170. The system start-up routine includes an
initialization process that uses an onboard encoder
bar 224 and an optical interrupter 226. As Figs. 5
and 6 best show, the optical interrupter 226 is car-
ried on the movable head 116 of the fluorescence
reader 98 behind the belt drive 122. The encoder
bar 224 is also carried on the platform 74 behind
the belt drive 122.

The encoder bar 224 includes a series of
spaced apart teeth 228 sandwiched between the
optical interrupter 226 along its path of movement.
The centerlines of the teeth 228 mark the centerline
positions of the tray wells 48 when the tray 12 is
present on the platform 64.
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As the head 116 travels along the track
118, the optical interrupter 226 scans the encoder
bar 224. The teeth 228 block 1light transmission
through optical interrupter 226. The spacing
between the teeth 228 allows light transmission
through the optical interrupter 224. Thus, as it
travels along the bar 224, the interrupter 224
senses sequential conditions of light and no light.
By correlating the sensed conditions of no 1light
(i.e., the position of the teeth 228) to the mea-
sured steps of the motor 120, the central processor
20 establishes a table of well stop positions. The
central processor 20 uses this table to guide the
centerline of the nozzle 148 to a particular well 48
during reagent dispensing operations. Additional
incremental stepping actions of the motor 78 and the
motor 120 under the control of the central processor
20 align the selected nozzle port 158 over the se-
lected well 48.

After dispensing reagent, the central pro-
cessor 20 moves the tray-carrying platform 74 into
its fully retracted position. The central processor
20 vertically lowers the carrier 24 to return the
nozzle 148 to its holder 160. The solenoid 168 is
not energized, and the spring-biased latch 162 snaps
into locking engagement with the nozzle tab 166.

The central processor 20 moves the carrier
24 vertically upward. The magnet attraction holding
the nozzle surface 172 to the fixture 170 is such
that vertical movement of the carrier 24 while the
nozzle 148 is locked within the holder 160 overcomes
the force of the magnetic coupling, separating the
nozzle surface 172 from the docking fixture 170.
The carrier 24 is thereby freed to return the
engaged specimen tray 12 (now with added reagent)
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back to the main incubation region 34 for further
processing.

It should be appreciated that other
releasable attachment techniques could be used to
dock the nozzle 148 to the fixture 170 for
transport. For example, an electromagnetic coupling
arrangement could be employed, as could various
electro-mechanical coupling arrangements.

The central processor 20 includes a motor
driver system 186 (see Fig. 23) for controlling the
stepper motors 54; 68; 78; 112; and 120 associated
with the system 10. The system 186 includes a con-
ventional field effect transistor (FET) 188 con-
nected in series with the motor coil 190. A phase
controller 191 controls voltage to the FET 188, by
that controlling its phase of operation. In an on
phase, the controller 191 supplies voltage to the
FET 188. This allows current to flow through the
coil 190. In an off phase, the controller 191 sup-
plies no voltage to the FET 188. This interrupts
current flow through the coil 190.

Although not shown, the associated stepper
motor includes a rotor and two or more coils 190
under the control of the controller 190. The
controller 191 successively supplies current to the
coils 190 to step the motor rotor to its successive
operating positions.

A FET controller 193 provides either a true
or not true enable signal that switches the FET 188
for the coil 190 between an on state (when true) and
an off state (when not true). When current is
applied to the coil 190 (i.e., during its on phase
of operation), the chop controller 201 rapidly
switches the FET 188 between its on and off states,

modulating the current and keeping it from rising

PCT/US92/09098



PCT/US92/09098

WO 93/09441

10

15

20

25

30

35

- 32 -

above the nominal motor current (for example, 5
amps). The current rises and falls as the FET 188
switches on and off, creating a conventional
unipolar chopping mode drive effect. In the
chopping mode, the FET 188 keeps the average current
in the coil 190 from rising above the nominal,
relatively low motor current, despite a relatively
high applied voltage (for example, 40 volts).

The system 186 also includes a flyback cir-
cuit 192 for each motor coil 190. The flyback cir-
cuit 192 includes a conventional steering diode 194
and a conventional zener-diode 196. When the FET
188 is turned off, the steering diode 194 is forward
biased to normally conduct current from the coil
190. The zener-diode 196 is connected in the
reverse bias direction. The zener-diode 196 thus
normally resists flow of current in the direction
through the steering diode 194, until its breakdown
voltage is reached.

The flyback circuit 192 also includes a
conventional snubber circuit, consisting of series
resistor 198 and capacitor 200.

The flyback circuit 192 further includes
two conventional bipolar transistors 202 and 204.
The first transistor 202 is a PNP-type whose base is
connected to the coil controller 191. The first
transistor 202 acts as a switch under the control of
the coil controller 191. The first transistor 202
conducts current (a switched closed state) when cur-
rent is supplied to the coil 190 (during its on
phase of operation). The first transistor 202 does
not conduct current (a switched opened state) when
no current is supplied to the coil 190 (during its

off phase of operation).
The second transistor 204 is an NPN-type.
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Its base to emitter voltage is selectively biased to
two different voltages, one high and the other low,
depending upon a phase of operation of the coil 190.
The bias voltage, in turn, affects the overall
dissipation of power through the flyback circuit
192.

More particularly, the collector of the
second transistor 204 is connected to the steering
diode 194 to conduct current from the coil 190. The
emitter of the second transistor 204 is connected to
the coil 190 to return this current to the coil 204,
minus any energy dissipated by the transistor 204.

The base of the second transistor 204 is
connected to the collector of the first transistor
202. The collector of the second transistor 204 is
connected to the emitter of the first transistor 202
between the steering diode 194 and the zener-diode
196. The zener-diode 196 1is connected in the
reverse biased direction (during the off phase of
the controller 191) between the collector and base
of the second transistor 204.

The coil 190 will dissipate retained stored
energy into the flyback circuit 192 whenever the FET
188 interrupts current flow through the coil 190
(i.e., when the FET 188 is switched off while the
controller 191 operates the coil 190 in its on phase
mode). The coil 190 also will dissipate retained
stored energy into the flyback circuit 192 whenever
current to the coil 190 itself terminates (i.e.,
when the controller 191 switches operation from the
on phase mode to the off phase mode).

The FET 188 repeatedly interrupts current
flow through the coil 191 at short intervals while
the motor coil 190 operates in its chopping mode.
Whenever the FET 188 switches off (when the
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controller 193 provides a "not true" enable signal)
energy discharged by the coil 190 enters the flyback
circuit 192.

Tn these circumstances, the coil 190 is in
its on phase. The coil controller 191 biases the
pase of the first transistor 202 to a switched
closed state. The first transistor 202 conducts
current at a first voltage, which is less than the
breakdown voltage of the zener-diode 196. The cur-
rent in the flyback circuit 192 flows through the
steering diode 194 and through the path of least
electrical resistance, which is through the first
transistor 202. The zener-diode 196 operates below
its breakdown voltage in its reverse direction to
block current flow in its path.

The current flows through the first tran-
sistor 202 to the base of the second transistor 204.
The first transistor 202 biases the base emitter
junction of the second transistor 204 at the first,
relatively low voltage. Preferably, the first vol-
tage is generally about 2 volts.

In this low voltage mode, the flyback cir-
cuit 192 recirculates current through the second
transistor 204 with little dissipation during the
intervals while the FET 188 is switched off. This
sustains a smooth, constant torque while the coil
190 is energized (i.e., receiving voltage) and
operating in its chopping mode. Due to the low vol-
tage mode of the flyback circuit 192, the stepper
motor provides steady, sustained power.

When it is time to transfer voltage to a
successor coil in the motor, the controller 191
switches the coil 190 to its off phase When its
current supply is interrupted, the coil 190 again
discharges its energy into the flyback circuit 192
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(the enable signal transmitted to the FET 188 has no
effect once the controller 191 operates in its off
phase). Since the coil 190 is now in its off phase,
the first transistor 202 is in its switched open
state and does not conduct current.

Instead, the current flows through the
steering diode 194 directly into the path of the
zener-diode 196. The reverse current is such that
the zener-diode 196 quickly reaches its breakdown
voltage. The zener-diode 196 then conducts current
to bias the second transistor 204 at a second
voltage, which is the breakdown voltage of the
zener-diode 196. Preferably, the second voltage is
generally about 180 volts.

In this high voltage mode, the flyback
power quickly dissipates the energy stored in the
coil 190. This rapid dissipation of energy provides
a smooth and quick transition of voltage to the suc-
cessor coil. The high voltage mode of the flyback
circuit 192 provides sustained speed to the stepper
motor.

The description of the system 10 in the il-
lustrated embodiments is not intended to limit the
scope of the invention to the particular types of
analytical systems or particular type of analytical
techniques disclosed in this specification. The
system 10 that embodies the invention can be used to
conduct different analyzes, besides the microbiotic
susceptibility procedures described. It will be
seen and appreciated that the invention is applica-
ble for use with diverse analytical types and tech-
niques, though they are not all described in detail
in this application.

The features and advantages of the various
aspects of the invention are set forth in the claims
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WE CLAIM:

1. A system for processing a specimen to
which fluid must be added comprising

a housing,

a work station in the housing including a
source of the fluid to be added to the specimen, a
fluid dispensing area for receiving the specimen,
and a nozzle for dispensing the fluid,

carrier means movable in the housing, the
carrier means being operable in a first mode for
movement in the work station during fluid dispensing
operations and in a second mode for movement outside
the work station to perform a different processing
function,

controller means for selectively switching
the mode of operation of the carrier means between
its first and second modes, and

coupling means on the nozzle and the
carrier means, the coupling means being operative
for attaching the nozzle to the carrier means when
the carrier means enters its first operational mode
to transport the nozzle to the fluid dispensing area
of the work station, the coupling means being
operative for releasing the nozzle from the carrier
means when the carrier means enters its second
operational mode for freeing the carrier means for
movement outside the work station out of association
with the nozzle.

2. A system according to claim 1

and further including a second work station
for performing a processing function on the
specimen, and

wherein, when operated in its second mode,
the carrier means assists in the performance of the
processing function at the second work station.
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3. A system according to claim 2

wherein the second workstation comprises
means for detecting the presence of a targeted
material in the specimen, and

5 wherein, when operated in its second mode,
the carrier means transports the specimen to the de-
tecting means.

4. A system according to claim 2

wherein the second workstation comprises
means for incubating the specimen, and

wherein, when operated in its second mode,

5 the carrier means transports the specimen to and
from the incubating means.

5. A system according to claim 1

wherein, when operated in its first mode,
the carrier means also transports the specimen to
the fluid dispensing area.

6. A system according to claim 1

and further including a second work station
for performing a processing function on the
specimen,

5 wherein, when operated in its first mode,
the carrier means transports the specimen to the
fluid dispensing area in association with the noz-
zle, and

wherein, when operated in its second mode,

10 the carrier means transports the specimen to the

second work station out of association with the noz-
zle.

7. A system according to claim 6

wherein the second workstation includes
means for incubating the specimen.

8. A system according to claim 6

wherein the second workstation comprises

means for detecting the presence of a targeted
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material in the specimen.

9. A system according to claim 1

wherein the carrier means includes means
for transporting the specimen.

10. A system according to claim 1

wherein the carrier means includes a frame
and means for holding the specimen on the frame for
transport.

11. A system according to claim 10

wherein the carrier means includes means
for moving the held specimen relative to the frame.

12. A system according to claim 10

wherein the carrier means includes means
for moving the held specimen on the frame between a
first position within the confines of the frame and
a second position outside the confines of the frame.

13. A system according to claim 10 or 11
or 12

wherein the carrier means includes means
for moving the attached nozzle relative to the
frame.

14. A system according to claim 1

wherein the carrier means includes means
for moving the attached nozzle.

15. A system according to claim 1

wherein the work station includes a holder
for the nozzle, and

wherein the coupling means, when attached
to the nozzle, moves the nozzle out of its holder
when the carrier means enters its first mode of
operation and returns the nozzle to its holder
before the carrier enters its second mode of
operation.

16. A system according to claim 15

wherein the holder includes latching means



10

15

20

WO 93/09441 PCT/US92/09098

- 40 -

operative between an engaged position with the noz-
zle, locking the nozzle within the holder, and a
disengaged position with the nozzle, freeing the
nozzle for removal from the nozzle.

17. A system according to claim 16

wherein the controller means moves the
latching means to its disengaged position when the
carrier means enters is first mode of operation and
moves the latching means to its engaged position
when the carrier means enters is second mode of
operation.

18. A system according to claim 15

wherein the holder includes means for
introducing a washing fluid into the holder.

19. A system for processing a specimen to
which fluid must be added comprising

a housing,

a work station in the housing including a
source of the fluid to be added to the specimen, a
fluid dispensing area for receiving the specimen,
and a nozzle for dispensing the fluid,

carrier means movable in the housing, the
carrier means being operable in a first mode for
movement in the work station during fluid dispensing
operations and in a second mode for movement outside
the work station to perform a different processing
function,

controller means for selectively switching
the mode of operation of the carrier means between
its first and second modes, and

magnetic coupling means on the nozzle and
the carrier means, the coupling means being
operative for magnetically attaching the nozzle to
the carrier means when the carrier means enters its
first operational mode to transport the nozzle to
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the fluid dispensing area of the work station, the
coupling means being operative for breaking the mag-
netic attachment when the carrier means enters its
second operational mode for freeing the carrier
means for movement outside the work station out of
association with the nozzle.

20. A system according to claim 19

wherein the work station includes a holder
for the nozzle, and

wherein the coupling means, when attached
to the nozzle, moves the nozzle out of its holder
when the carrier means enters its first mode of
operation and returns the nozzle to its holder
before the carrier enters its second mode of
operation.

21. A system according to claim 22

wherein the holder includes latching means
operative between an engaged position with the noz-
zle, locking the nozzle within the holder, and a
disengaged position with the nozzle, freeing the
nozzle for removal from the nozzle, and

wherein, when the nozzle is magnetically
attached to the carrier means and is locked by the
latching means within the holder, movement of the
carrier means away from the holder breaks the mag-
netic attachment between the nozzle and the carrier
means.

22. A system according to claim 21

wherein the controller means moves the
latching means to its disengaged position when the
carrier means enters is first mode of operation and
moves the latching means to its engaged position
when the carrier means enters is second mode of
operation.

23. A system according to claim 19

PCT/US92/09098
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wherein the holder includes means for

washing the nozzle within the holder.
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