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TUBING ARRAY 
MANIFOLD (62) 

(57) ABSTRACT 

A removable secondary liquid dispensing module for use 
with an existing, automated liquid handling system that 
defines a work area having a plurality of discrete work 
stations. Each of the work stations of the automated liquid 
handling system includes a lab ware site and alignment 
structure enabling the removable securing standardized 
microtiter-plates at respective lab ware site. A plate posi 
tioning mechanism is configured to move and position the 
microtiter plates to and from the lab ware sites of the 
respective work stations thereof and into engagement with 
the respective carrier alignment structure thereof. Further, a 
primary liquid dispensing device is configured for selective 
contact-type dispensing of discrete quantities of fluid, in the 
range of about one (1) microliter to about ten (10) milliliters, 
into the test sites of the microtiter plates secured in the 
respective alignment structure of the respective work sta 
tion. The removable secondary liquid dispensing module 
includes a base member dimensioned to fit substantially 
within a footprint of a work Station, and mounting hardware 
adapted to removably secure the base member in the work 
station. A support platform is affixed to the base member, 
and is configured to Support a microtiter-plate. An alignment 
mechanism is configured to removably receive and secure 
the a microtiter-plate therein by the plate positioning mecha 
nism of the automated liquid handling system. The Support 
platform and alignment mechanism cooperate to form and 
provide a lab ware site suitable for secured receipt of a 
microtiter-plate. The secondary liquid dispensing module 
further includes a secondary liquid dispensing device which 
is self-contained and operationally independent from the 
primary liquid dispensing device. The secondary dispensing 
device is further adapted for selective non-contact-type 
dispensing of discrete quantities of fluid, in the range of 
about one (1) nanoliter to about ten (10) microliters, into the 
test sites of the microtiter-plate. 
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UNIVERSAL NON-CONTACT DISPENSE 
PERIPHERAL APPARATUS AND METHOD FOR A 

PRIMARY LIQUID HANDLING DEVICE 

RELATED APPLICATION DATA 

0001. This application is a continuation application based 
upon patent application Ser. No. 10/237,916 (Attorney 
Docket No. INVDP001X1), naming Johnson et al. as inven 
tors, filed Sep. 6, 2002, and entitled UNIVERSAL NON 
CONTACT DISPENSE PERIPHERAL APPARATUS AND 
METHOD FOR A PRIMARY LIQUID HANDLING 
DEVICE, which in turn is a continuation-in-part application 
based upon patent application Ser. No. 09/689,5548 (Attor 
ney Docket No. INVDP001), naming Johnson et al. as 
inventors, filed Oct. 11, 2000, and entitled HYBRIDVALVE 
APPARATUS AND METHOD FOR LIQUID HANDLING, 
both of which are incorporated herein by reference in their 
entirety for all purposes. 

0002 The present application also claims priority under 
35 U.S.C. S 119 to U.S. Provisional Application Ser. No. 
60/318,245 (Attorney Docket No. INVDP004P), naming 
Johnson et al. inventors, and filed Sep. 7, 2001, and entitled 
UNIVERSAL NON-CONTACT DISPENSE PERIPH 
ERAL FOR LIQUID HANDLING, the entirety of which is 
incorporated herein by reference for all purposes. 

TECHNICAL FIELD 

0003. The present invention relates to the field of sample 
analysis employing automated liquid handling systems and 
sample carriers, and more particularly, relates to methods 
and apparatus for increasing the fluid dispense capacity and 
versatility of existing liquid handling systems during large 
scale chemical or biochemical screening assays, syntheses, 
arraying and plate spotting. 

BACKGROUND ART 

0004 Advances in Life Sciences, particularly in genom 
ics and proteomics, have greatly increased the potential 
number of reactions and analyses that must be performed by 
the biotechnology and pharmaceutical industries. An esti 
mated 30 million tests are required to screen a typical 
pharmaceutical company's compound library against target 
receptors. The typical number of tests will increase dramati 
cally as information is gleaned from the sequencing of the 
human genome. To meet these increasing throughput 
demands in an economically feasible manner, miniaturiza 
tion of tests is imperative. 
0005 Technological advances are enabling the demon 
stration and use of microscale chemical/biochemical reac 
tions for performing various types of analyses. Implemen 
tation of these reactions at Such smaller scales offer 
economies that are unmatched by conventional approaches. 
Reduced Volumes can lower costs by an order of magnitude 
but conventional liquid-handling devices fail at the required 
Volumes. Parallel implementation provides even greater 
advantages as demonstrated by the use of high-density plates 
for screening and high-density MALDI-TOF plates for mass 
spectrometry analyses of proteins. The rate-limiting hard 
ware is low Volume liquid transfer technology that is robust 
and Scalable for compounds of interest. With growing 
demand, the development of liquid handling devices adept at 
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manipulating Sub-microliter Volumes (i.e., nanoliters to 
microliters) of multiple reagent is needed. 
0006 Most current systems for handling liquid reagents 
often employ a "pick and place' technique where a sample 
from a source plate, usually a microtiter plate, is picked up 
and placed into another reservoir known as the target plate. 
This technique is often applied for replicating plates, where 
scale reduction between the Source and the target plates are 
beneficially realized. Typically, an appropriate Volume is 
aspirated from a source plate and deposited to a target site 
on a multiple target plate. In this arrangement, reduced 
sample Volumes and sample spacing are required for higher 
degrees of miniaturization. 
0007. However, many of these older conventional auto 
mated liquid handling systems currently in use for nucleic 
acid sequencing or other molecular biology procedures for 
therapeutic and research procedures such as DNA restriction 
mapping, DNA probe generation, DNA replication, DNA 
sample processing and cycle sequencing are designed to 
manipulate and dispense fluids in the microliters to millili 
ters range. 

0008 While these conventional liquid handling worksta 
tions are adequate for manipulating larger Volume fluid 
dispensing for the particular applications which they address 
(e.g., about 1 uto about 10 ml), they are not suitable for 
accurately delivering Sub-microliter Volume fluids (i.e., 
nanoliter to microliter) to perform the above-mentioned 
applications. Thus, it would be desirable to provide a sec 
ondary liquid dispensing system and method that cooperates 
with an existing, conventional primary liquid handling 
device to enable nanoliter to microliter dispensing of fluids, 
while maintaining the microliters to milliliters fluid dispens 
ing of the primary liquid dispensing system 

DISCLOSURE OF INVENTION 

0009. The present invention provides a removable sec 
ondary liquid dispensing module for use with an existing, 
automated liquid handling system defining a work area 
having a plurality of discrete work stations. Each of the work 
stations of the automated liquid handling system provides a 
lab ware site and alignment structure enabling the removable 
securing of Standardized microtiter-plates at respective lab 
ware sites. Each microtiter or microwell plate includes a 
plurality of test or sample sites therein for sample analysis 
of a sample or other type of molecular biology procedures. 
The automated liquid handling system further includes a 
plate positioning mechanism and a primary liquid dispens 
ing device. The plate positioning mechanism is configured to 
move and position the microtiter plates to and from the lab 
ware sites of the respective work stations thereof and into 
engagement with the respective carrier alignment structure 
thereof. The primary liquid dispensing device is configured 
for selective contact-type dispensing of discrete quantities of 
fluid, in the range of about one (1) microliter to about ten 
(10) milliliters, into the test sites of the microtiter plates 
secured in the respective alignment structure of the respec 
tive work station. 

0010. The removable secondary liquid dispensing mod 
ule includes a base member dimensioned to fit substantially 
within a footprint of a work Station, and mounting hardware 
adapted to removably secure the base member in the work 
station. A support platform is affixed to the base member, 
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and is configured to Support a microtiter-plate. An alignment 
mechanism is configured to removably receive and secure 
the microtiter-plate therein by the plate positioning mecha 
nism of the automated liquid handling system. The Support 
platform and alignment mechanism cooperate to form and 
provide a lab ware site suitable for secured receipt of a 
microtiter-plate. The secondary liquid dispensing module 
further includes a secondary liquid dispensing device which 
is operationally independent from the primary liquid dis 
pensing device. The secondary dispensing device is further 
adapted for selective non-contact-type dispensing of discrete 
quantities of fluid, in the range of about one (1) nanoliter to 
about ten (10) microliters, into the test sites of the microtiter 
plate. 

0011. Accordingly, the present invention provides a self 
contained secondary liquid handling system that can be 
mounted within the footprint of the work station of an 
existing automated liquid handling systems that enables a 
more precise fluid dispensing into the sample carrier test 
sites than that of the primary liquid handling system upon 
which it resides. For example, the liquid handling of coarser 
discrete quantities of fluid in the range of about one (1) 
microliter to about ten (10) milliliters may still be retained 
by the coarser primary liquid dispensing device by. How 
ever, when it is desirable to dispense Smaller discrete quan 
tities of fluid, in the range of about one (1) nanoliter to about 
ten (10) microliters, which these existing primary liquid 
dispensing systems are not designed, the more refined and 
accurate secondary liquid handling system may be utilized. 

0012. In one specific embodiment, the carrier alignment 
mechanism and the Support platform cooperate to provide a 
Society of Bimolecular Screening (SBS) standard microti 
ter-plate lab ware site. Thus, the secondary liquid handling 
system of the present invention can then be operationally 
positioned into existing liquid handling systems which con 
form to the SBS standard, and function in cooperation 
therewith to improve the collective fluid capacity of the 
system. 

0013 Yet another embodiment discloses the secondary 
liquid handling system of the present invention with a fluid 
control component adapted to aspirate fluids therein from a 
fluid reservoir, and to dispense fluids therefrom, and a 
motion control component having a plurality of non-contact 
dispense nozzles fluidly coupled to the fluid control com 
ponent to selectively dispense the aspirated fluids into 
selected targeted test sites of the microtiter-plate. An opera 
tion interface component is further coupled between the 
fluid control component and the motion control component 
for stand-alone or remote control operation of the fluid 
control component and the motion control component. 

0014. In another configuration, the fluid control compo 
nent includes a hybrid valve apparatus that enables fluid 
aspiration, fluid dispensing and fluid Switching to transfer 
fluid from one or more fluid reservoirs, and through selected 
non-contact dispense nozzles to the targeted test sites of the 
microtiter-plate. The fluid control component further 
includes an aspiration source in fluid communication with a 
first aspiration port of the hybrid valve apparatus, and a 
dispensing source in fluid communication with a first dis 
pensing port of the hybrid valve apparatus. The hybrid valve 
apparatus includes a valve assembly, movable between an 
aspiration condition and a dispensing condition, and a mani 
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fold device, providing a fluid aspiration conduit having in 
fluid communication with the aspiration source through the 
first aspiration port thereof, and a second aspiration port in 
selective fluid communication with the valve assembly to 
selectively aspirate a liquid sample slug from the reservoir 
into a discrete sample path when the valve assembly is in the 
aspiration condition. The manifold device further provides a 
fluid dispensing conduit in fluid communication with the 
dispensing source through the first dispensing port thereof, 
and a second dispensing port in selective fluid communica 
tion with the valve assembly to selectively dispense at least 
one droplet of the liquid sample slug from the sample path 
when the valve assembly is in the dispensing condition. In 
the aspiration condition, the sample path is out of fluid 
communication with the dispensing source while, in the 
dispensing condition, the sample path is out of fluid com 
munication with the aspiration source. 
0015. In one embodiment, the hybrid valve includes a 
plurality of aspiration actuators and a plurality of dispensing 
actuators to transfer fluid from a plurality of fluid reservoirs 
to a plurality of test sites on the substrate surface. The 
manifold device defines a plurality of independent fluid 
aspiration conduits, each of which includes a first aspiration 
port in fluid communication with a corresponding one of the 
plurality of aspiration actuators, and a second aspiration port 
terminating at a stator face of the manifold for selective fluid 
communication with the valve assembly. Thus, when the 
valve assembly is in the aspiration condition, each aspiration 
actuator can be operated to selectively aspirate a respective 
liquid sample slug from a corresponding reservoir of sample 
fluid into discrete sample paths. The manifold device further 
defines a plurality of fluid dispensing conduits, each having 
a respective first dispensing port in fluid communication 
with a corresponding one of the plurality of dispensing 
actuators, and a second dispensing port terminating at the 
stator face. When the valve assembly is in the dispensing 
condition, each dispensing actuator can be operated to 
selectively dispense at least one droplet of the corresponding 
liquid sample slug from the corresponding sample path. 

0016. Accordingly, at no time are the aspiration actuator 
or the dispensing actuator both in fluid communication with 
the sample path when the valve assembly is in either the 
aspiration or dispensing condition. This arrangement is 
highly beneficial in that contamination of the dispensing 
actuators can be eliminated by isolating the aspiration paths 
and dispensing actuators. Moreover, each fluid path is opera 
tively switched between the aspiration actuator and the 
dispensing actuator enabling the use of conventional liquid 
handling techniques. Such as air gaps, to isolate system 
hydraulic fluid during aspiration, and the Subsequent low 
Volume, non-contact dispensing of the reagents or sample 
fluid to the test site. 

0017. In yet another specific embodiment, the motion 
control component includes a base member Supporting the 
support platform thereon such that when the base member is 
strategically positioned at the discrete work Station, the 
respective carrier alignment structure removably receives 
and secures the microtiter-plate therein at the respective 
discrete position. The motion control component further 
includes a motion controller device movably mounted to the 
base member for movement of the plurality of non-contact 
dispense nozzles above the mounted microtiter-plate for the 
selective dispense of the discrete quantities of fluid into the 
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targeted test sites. The motion controller device includes a 
control post configured for movement along a three-axis 
X-Y-Z Cartesian coordinate system. 

0018. In another aspect of the present invention, a uni 
versal liquid handling system is provided to dispense fluids 
into the test sites of one or more sample carriers comprising 
a work area having a plurality of discrete work stations for 
performing lab work, and carrier alignment structure at one 
or more work stations configured to removably receive and 
secure one of the sample carrier at a respective discrete 
position therein. A frame assembly is positioned about the 
work area, and a movable Support system is movably 
coupled to the frame assembly. The Support system includes 
a sample carrier positioning mechanism and a first liquid 
dispensing device. The carrier positioning mechanism is 
configured to move and position the one or more sample 
carriers to and from the respective discrete position of the 
respective work station, and into and out of engagement with 
the respective carrier alignment structure thereof. The first 
liquid dispensing device is configured to selectively dis 
pense discrete quantities of fluid, in the range of about one 
(1) microliter to about ten (10) milliliters into the test sites 
of the one or more sample carriers secured in the respective 
alignment structure of the respective work Station. The 
liquid handling system further includes a removable second 
liquid dispensing peripheral system adapted to be positioned 
within the work area at at least one of the discrete work 
stations. The second liquid dispensing peripheral system 
includes a Support platform having respective carrier align 
ment structure to removably receive and secure sample 
carriers therein by the sample carrier positioning mechanism 
at the respective discrete position of the work station. The 
second liquid dispensing peripheral system is further opera 
tionally independent of the first liquid dispensing device and 
is adapted to selectively dispense discrete quantities of fluid, 
in the range of about one (1) nanoliter to about ten (10) 
microliters, into the test sites of sample carrier positioned 
therein. 

0019. In one specific arrangement, the sample carrier is 
provided by standardized microtiter-plates, and the carrier 
alignment structure is adapted to receive and secure the 
standardized microtiter-plates. In another configuration, the 
work stations conform to the specifications of a Society of 
Bimolecular Screening (SBS) lab ware site, and the second 
liquid dispensing peripheral system itself includes an SBS 
lab ware site integrated therewith so that when the peripheral 
system is mounted to the work station, a standard SBS lab 
ware site is provided for receipt of the sample carrier from 
the positioning mechanism there. 

0020. In still another specific embodiment, the first liquid 
dispensing device is a contact- type liquid dispenser, while 
the second liquid dispensing peripheral system is a non 
contact-type liquid dispenser. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The assembly of the present invention has other 
objects and features of advantage which will be more readily 
apparent from the following description of the best mode of 
carrying out the invention and the appended claims, when 
taken in conjunction with the accompanying drawing, in 
which: 
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0022 FIG. 1 is a top perspective view of the hybrid valve 
apparatus constructed in accordance with the present inven 
tion. 

0023 FIG. 2 is an exploded top perspective view of the 
hybrid valve apparatus of 

0024 FIG. 1. 
0025 FIG. 3 is a schematic illustration of an assembly 
incorporating the hybrid valve apparatus of FIG. 1. 
0026 FIG. 4A is a top perspective view of a manifold 
device of the hybrid valve apparatus of FIG. 1, and illus 
trating the stator face interface. 
0027 FIG. 4B is a bottom perspective view illustrating 
the lower communication ports of the manifold device of 
FIG. 4A. 

0028 FIG. 5 is an enlarged, exploded bottom perspective 
view of one fluid path of the hybrid valve apparatus in the 
aspiration condition. 
0029 FIG. 6 is an enlarged, exploded bottom perspective 
view of one fluid path of the hybrid valve apparatus in the 
dispensing condition. 
0030 FIG. 7 is an enlarged, top plan view of a stator face 
of a stator element of the manifold device. 

0031 FIG. 8 is an enlarged, bottom plan view of a rotor 
face of a rotor element of the valve assembly. 
0032 FIG. 9 is a top plan view of the manifold device 
with the rotor face superimposed over the stator face at a 
rotor/stator interface in the aspiration condition. 
0033 FIG. 10 is an enlarged top plan view of the rotor/ 
stator interface of FIG. 9, in the aspiration condition. 
0034 FIG. 11 is a top plan view of the manifold device 
of FIG. 9 in the dispensing condition. 
0035 FIG. 12 is an enlarged top plan view of the rotor/ 
stator interface of FIG. 11, in the dispensing condition. 
0036 FIG. 13 is an exploded, enlarged bottom plan view 
of the manifold device of FIG. 4B, illustrating the channels 
and grooves of the individual plate members. 
0037 FIG. 14 is an enlarged, fragmentary, illustration of 
the exploded bottom plan view of FIG. 13. 
0038 FIG. 15 is an exploded bottom perspective view of 
one fluid path of an alternative embodiment hybrid valve 
apparatus in the aspiration condition. 
0.039 FIG. 16 is an exploded bottom perspective view of 
one fluid path of the alternative embodiment hybrid valve 
apparatus of FIG. 15, in the dispensing condition. 
0040 FIG. 17 is an enlarged top plan view of the rotor/ 
stator interface of FIG. 15, in the aspiration condition. 
0041 FIG. 18 is an enlarged top plan view of the rotor/ 
stator interface of FIG. 16, in the dispensing condition. 
0042 FIG. 19 is an enlarged, bottom plan view of the 
rotor face of the alternative embodiment rotor element 

0043 FIG. 20 is an enlarged, top plan view of the stator 
face of the stator element of the alternative embodiment 
rotor element. 
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0044 FIG. 21 is a top perspective view of an automated 
fluid handling system with a secondary fluid dispensing 
system constructed in accordance with the present invention. 
0045 FIG. 22 is a schematic diagram of the secondary 
liquid dispensing system of FIG. 21. 
0046 FIG. 23 is a reduced top perspective view of one 
specific embodiment of the automated fluid handling system 
of FIG. 21. 

0047 FIG. 24 is an enlarged top perspective view of the 
secondary liquid dispensing system mounted to one of the 
work Stations of the automated fluid handling system, both 
of FIG. 21. 

0.048 FIG. 25 is an enlarged top perspective view of a 
fluid control module of the secondary liquid dispensing 
system of FIG. 21. 
0049 FIG. 26 is an enlarged top perspective view of a 
motion control module of the secondary liquid dispensing 
system of FIG. 21. 
0050 FIG. 27 is another top perspective view of the 
motion control module. 

0051 FIG. 28 is an enlarged, side elevation view of the 
motion control module of 

0.052 FIG. 21 with the dispense head in a “Wash Home” 
position. 

0053 FIG. 29 is a top plan view of the motion control 
module of FIG. 28. 

0054 FIG. 30 is a schematic diagram of the secondary 
fluid dispensing system. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

0055 While the present invention will be described with 
reference to a few specific embodiments, the description is 
illustrative of the invention and is not to be construed as 
limiting the invention. Various modifications to the present 
invention can be made to the preferred embodiments by 
those skilled in the art without departing from the true spirit 
and scope of the invention as defined by the appended 
claims. It will be noted here that for a better understanding, 
like components are designated by like reference numerals 
throughout the various figures. 
0056 Referring now to FIGS. 1-6, 15 and 16, a hybrid 
valve apparatus, generally designated 20, is provided for use 
with an aspiration source 21 and a dispensing source 22 to 
transfer sample or reagent fluid from a reservoir 23 to a test 
site 25 on a substrate surface 26. Broadly, the hybrid valve 
apparatus 20 includes a valve assembly 27 (FIGS. 15 and 
16) movable between an aspiration condition (FIGS. 5, 9 
and 10) and a dispensing condition (FIGS. 6, 11 and 12), and 
a manifold device 28 coupled to the valve assembly. The 
manifold device 28 includes a fluid aspiration conduit 30 
having a first aspiration port 31 in fluid communication with 
the aspiration source 21. On an opposite end of the aspira 
tion conduit 30 is a second aspiration port 32 in selective 
fluid communication with the valve assembly 27 to selec 
tively aspirate a liquid sample slug from the reservoir 23 into 
a discrete sample path 33 when the valve assembly 27 is in 
the aspiration condition. The manifold device 28 further 
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includes a fluid dispensing conduit 35 having a first dis 
pensing port 36 in fluid communication with the dispensing 
source 22, and a second dispensing port 37 in selective fluid 
communication with the valve assembly 27. When the valve 
assembly 27 is oriented in the dispensing condition (FIGS. 
6, 11 and 12), the sample path 33 is fluidly coupled to the 
dispensing Source 22 to selectively dispense at least one 
droplet 34 of the liquid sample slug therefrom. Importantly, 
in this orientation, the valve assembly 27 also fluidly 
decouples the sample path 33 from the aspiration source 21. 
In contrast, in the aspiration condition (FIGS. 5, 9 and 10), 
the valve assembly 27 fluidly couples the sample path 33 to 
the aspiration source 21, while simultaneously being out of 
fluid communication with the dispensing source 22. 
0057 Accordingly, the hybrid valve apparatus provides a 
Switching system which regulates fluid communication of 
the aspiration actuator and the dispensing actuator with the 
sample path containing the sample or reagent fluid. Whether 
the hybrid valve apparatus is in the aspiration condition or 
the dispensing condition, at no time will the valve assembly 
allow the sample path be in fluid communication with both 
the aspiration actuator and the dispensing actuator, simul 
taneously. This arrangement is beneficial in that the dispens 
ing source can not be contaminated by the sampled fluid due 
to the isolating of the dispensing Source from the sample 
path during the aspiration of the fluid into the sample path. 
Moreover, each sample path is operatively switched between 
the aspiration actuator and the dispensing actuator enabling 
the micro-metered, non-contact parallel distribution of the 
reagents or sample fluid to the test site. 

0058 As best viewed in the schematic representation of 
FIG. 3, the present invention is particularly suitable for 
transferring chemical or biochemical samples or reagents 
from an array of reservoir wells 38 of a conventional 
microtiter plate 40, i.e. 96 or 384 wells, to an array of 
higher-density test sites 25, i.e. a 1536-well microtiter plate, 
or for fabrication of a chip-based biological sensor (com 
monly referred to as a “microarray') used for performing 
gene expression or other screening experiments. Briefly, the 
hybrid valve apparatus is adaptable for printing arrays 
wherein the distance between adjacent test sites 25, or test 
site pitch, is in the range of about 1 micron (Lm) to about 
10,000 microns (Lm). 
0059) Thus, in the preferred embodiment, the manifold 
device 28 includes a plurality of fluid aspiration conduits 30, 
corresponding fluid dispensing conduits 35 and correspond 
ing sample paths 33, which cooperate for the parallel trans 
fer of fluid from the fluid reservoir 23 to the corresponding 
test sites 25 (FIGS. 3, 4, 13 and 14). Briefly, each fluid 
aspiration conduit 30 includes a first aspiration port 31 in 
fluid communication with a corresponding aspiration Source 
or actuator, and an opposite second aspiration port 32 
terminating at a stator face Surface 41 of the manifold device 
28. Moreover, each fluid dispensing conduit 35 includes a 
first dispensing port 36 in fluid communication with a 
corresponding dispensing actuator 22, and an opposite sec 
ond dispensing port 37 also terminating at the manifold 
stator face 41 as well. 

0060. When oriented in the aspiration condition (FIGS. 5, 
9 and 10), the valve actuator assembly 27 permits selective 
fluid communication of the sample paths 33 with the cor 
responding second aspiration ports 32 of the aspiration 
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conduits 30 at the stator face 41, while simultaneously 
preventing fluid communication with the corresponding 
second dispensing ports 37 of the dispensing conduits 35. 
Conversely, when the valve assembly is oriented in the 
dispensing condition (FIGS. 6, 11 and 12), the sample paths 
33 are moved into selective fluid communication with the 
corresponding second dispensing ports 37 at the stator face, 
while simultaneously being moved out of fluid communi 
cation with the second aspiration ports 32. 
0061 Preferably, the present invention includes twelve 
(12) independent aspiration conduits 30, and dispensing 
conduits 35 communicating with corresponding sample 
paths 33. Thus, inherently, the hybrid valve apparatus 20 
may simultaneously deliver sample or reagent fluid to 
twelve test sites. Other configurations, containing greater of 
lesser number of independent conduits are possible. It will 
be appreciated, however, that the system can be configured 
for a one-to-one transfer of fluid, i.e., from each reagent 
reservoir to a designated test site. Such flexibility also lends 
itself to numerous variations of the preferred use. In par 
ticular, the hybrid valve apparatus can be configured for 
transferring sample or reagent fluids from a given number of 
reservoirs to a different number of test sites. For instance, the 
switching technology of the hybrid valve manifold device 28 
can be designed Such that fluid samples from multiple 
aspiration reservoirs 23 are dispensed on a single test site. 
Conversely, this manifolding can be adapted for depositing 
fluid from a single reservoir 23 to multiple test sites. 
0062 Briefly, as shown in FIGS. 1 and 2, the manifold 
device 28 is preferably sandwiched between a lower stator 
cover 42 and an upper stator ring 43 for stable Support 
thereof. This assembly cooperates with a track or transport 
mechanism (not shown) which effects the relative movement 
between manifold device 28, the fluid reservoirs 23 and the 
test sites 25 (FIGS. 1 and 3). Preferably, the entire hybrid 
valve apparatus 20 is transported between the microtiter 
plates 40 and the array of test sites 25. 
0063 Although the hybrid valve apparatus 20 is adapted 
for simultaneously transferring multiple volumes of fluid 
sample or reagent to multiple chip test sites, a better under 
standing of the invention can be gained through a descrip 
tion of the operation thereof with respect to the transfer of 
the fluids from a single sample path 33 in the manifold 
device 28. In this description, briefly, the aspiration actuator 
21 will be fluidly coupled to the manifold sample path 33. 
via the valve assembly 27, to aspirate sample fluid from the 
single reservoir 23 into the sample path. Subsequently, the 
sample path 33 will be switched, in fluid communication, to 
the dispensing conduit 35 for finely controlled dispensing of 
the sample fluid contained in the sample path 33. Accord 
ingly, FIGS. 5, 6 and 9-12 intentionally depict a single set of 
fluid transfer elements. 

0064) Referring back to FIGS. 5 and 6, in this embodi 
ment, each sample path 33 includes a primary passage 
portion 45 thereof defined by the manifold device 28. This 
primary passage portion 45 extends Substantially vertically 
therethrough in a direction Substantially parallel to an axis 
44 of the hybrid valve apparatus 20. Further, each primary 
passage 45 includes an upper communication port 46 ter 
minating at the stator face 41, and a lower communication 
port 47. 
0065 Preferably, as best illustrated in FIGS. 5 and 6, each 
primary passage 45 includes a corresponding nozzle mem 
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ber 48 extending outwardly from one of the lower commu 
nication ports 47. As will be described in greater detail 
below, each nozzle member is removably mounted to the 
manifold device 28 which enables individual aspiration of 
the sample fluid therein (in the aspiration condition) or 
individual dispensing of the sample fluid therefrom (in the 
dispensing condition). Moreover, a nozzle passage 50 
extends longitudinally through the nozzle member 48 which 
inherently increases the Volumetric capacity of the corre 
sponding sample path 33. 

0066. In accordance with the present invention, each of 
the aspiration conduits 30, the dispensing conduits 35 and 
the primary passages 45 include a respective port 32, 37 and 
46 which terminates at the stator face 41 (FIG. 7) for fluid 
communication with a rotor face 51 of a rotor element 52 of 
the valve assembly (FIG. 8). In the preferred embodiment, 
each of the upper communication ports 46 of the primary 
passages 45 are equidistant from one another and are radi 
ally spaced about a rotational axis of the rotor element 52. 
Similarly, each of the second aspiration ports 32 and each of 
the second dispensing ports 37 is also equidistant from one 
another and radially spaced about the rotational axis 44. 
FIG. 7 best illustrates, however, that each of the second 
aspiration ports 32, which incidentally permit fluid commu 
nication with the corresponding aspiration actuator 21, are 
positioned at a radius from the rotation axis 44 Smaller than 
that of the upper communication ports 46, while each of the 
second dispensing ports 37 are positioned at a radius larger 
than that of the upper communication ports. Finally, the 
upper communication ports 46, their corresponding second 
aspiration ports 32 and dispensing ports 37 are preferably 
collinearly aligned with a radial line intersecting the rota 
tional axis 44. 

0067. It will be appreciated, however, that the corre 
sponding ports can be alternatively spaced and oriented 
without departing from the true spirit and nature of the 
present invention. For example, while the collinear align 
ment between the corresponding ports 32, 37 and 46 is 
preferred, it is not a requirement for functionality of the 
manifold device, as will be apparent. Further, whether the 
second dispensing ports 37 and the second aspiration ports 
32 are at a radial distance less than or greater than the radial 
distance of the upper communication ports 46 of the primary 
passages 45 from the rotational axis 44 is not determinative. 

0068. In accordance with the present invention, the valve 
assembly 27 and manifold device 28 are particularly suitable 
to the application of shear valve or flat face valve technology 
even though a rotary plug, a bank of 3-way Solenoid valves, 
or MEMS device could be used. Thus, turning now to FIGS. 
2, 5, 6 and 8, the valve assembly 27 is illustrated having 
rotor element 52 which provides the contact or rotor face 51 
in opposed sliding contact with the stator face 41 at a 
rotor-stator interface. This high pressure sliding contact 
between the stator face 41 and the rotor face 51 provide a 
selective switching function between each of the sample 
paths 33 (i.e., the primary passage 45 and nozzle passage 50) 
and the corresponding aspiration actuators 21 or dispensing 
actuators 22, depending upon whether the rotor element 52 
of the valve assembly 27 is in the aspiration condition or the 
dispensing condition. 

0069 Briefly, both the rotor element 52 and the stator 
face element 53 are composed of conventional shear valve 
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or flat face valve materials which are adapted to support the 
high pressure contact at the stator-rotor interface. Typical of 
these materials include ceramic and synthetic composition, 
many of which are proprietary in nature. The rotor element 
52 is rotatably mounted to a shaft which in turn is connected 
to a gear reduction inside the actuator body 54. The gear 
reduction is then coupled to the motor shaft 55 of a con 
ventional electric motor 56 applied in shear valve or flat face 
valve technology. 

0070 Asbest shown in FIG. 8, the rotor element 52 of the 
valve assembly 27 provides a plurality of spaced-apart 
aspiration channels 57 and dispensing channels 58 which are 
slotted in the substantially planar rotor face 51 thereof. Each 
aspiration channel 57 and each dispensing channel 58 is 
elongated in shape, and extends generally along a radial line 
intersecting the rotational axis 44 of the rotor face 51. 
Further, the aspiration channels 57 and the dispensing chan 
nels 58 are equally spaced and are oriented in an alternating 
manner, relative one another. Accordingly, at the rotor- stator 
interface (i.e., the high pressure sliding contact between the 
stator face 41 and the rotor face 51), the rotor element 52 
either reciprocates or rotates in one direction clockwise or 
counter clockwise to orient the valve assembly in the 
aspiration condition or the dispensing condition. 

0071. When the rotor element 52 rotates about the rota 
tional axis 44 to the aspiration condition, the aspiration 
channels 57 slotted into the rotor face 51 are rotated into 
alignment with the corresponding upper communication 
port 46 of the primary passages 45 and the second aspiration 
ports 32 of the aspiration conduits 30 of the stator face 41 to 
provide a fluid communication path therebetween (FIGS. 5, 
9 and 10). Consequently, a fluid path is created by the 
aspiration channel 57 between the corresponding sample 
path 33 and the corresponding aspiration actuator 21. This 
permits selective aspiration of the fluid sample or reagent, 
via the aspiration actuator 21, from the sample reservoir 23 
into the sample path 33 through the nozzle member. Simul 
taneously, in the aspiration condition, the second dispensing 
ports 37 of the dispensing conduits 35 are dead-ended into 
the rotor face 51 of the rotor element 52. Thus, the dispens 
ing actuators 22 are out of fluid communication with the 
corresponding sample paths 33. 

0072 Subsequently, as FIGS. 6, 11 and 12 illustrates, the 
rotor element 52 can be selectively rotated about rotational 
axis 44 to the dispensing condition. The radially extending 
dispensing channels 58, also slotted into the rotor face 51, 
are consequently rotated into collinear alignment with the 
corresponding upper communication ports 46 and the sec 
ond dispensing ports 37 of the dispensing conduits 35 to 
provide a fluid communication path therebetween. The dis 
pensing channels 58, thus, complete the fluid path between 
the corresponding sample path 33 and the corresponding 
dispensing actuator 22 to permit selective dispensing, via the 
dispensing actuator 22, of the fluid sample or reagent 
contained in the respective sample path 33. Similarly, in the 
dispensing condition, the second aspiration ports 32 of the 
dispensing conduits 35 are dead-ended into the rotor face 51 
of the rotor element 52. Thus, the aspiration actuators 21 are 
out of fluid communication with their corresponding sample 
paths 33. Further, it will be appreciated that all twelve, or 
any number of sample paths 33 can be simultaneously 
aspirated or dispensed. 
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0073. Accordingly, the shear valve and manifold device 
arrangement of the present invention provides an accurate 
Switching functionality between the aspiration actuators and 
the dispensing actuators. As above-indicated, such Switching 
capability is beneficial in that the full potential of the high 
speed, precision ink-jet style dispensing actuators can be 
exploited to dispense the sample fluids or reagents from the 
sample paths. Moreover, the modular parallelism of system 
facilitates fabrication of non-contact devices, e.g. 24, 48, 
96-tip, suitable to the expanding needs of the market. 
0074. It will be understood that while the valving func 
tionality of the present invention is particularly adaptable for 
flat face or shear valves, other valve technologies are suit 
able Such as Solenoid valves, pinch valves and micro 
machined valves, actuated by mechanical, electrical or pneu 
matic means. 

0075 Moreover, each dispensing conduit 35 includes an 
independent dispensing Source 22 fluidly coupled to its 
corresponding first dispensing port 36 thereof. As best 
illustrated in FIGS. 1 and 2, the dispensing actuators 22 are 
preferably mounted to a corresponding dispensing actuator 
manifold device 28. These two opposed dispensing actuator 
manifolds separate and align the individual dispensing 
actuators into two sets of six actuators releasably mounted to 
the stator manifold device 28 as a unit. Each dispensing 
actuator 22 includes a delivery orifice 60 which is fluidly 
coupled to a corresponding first dispensing port 36 of the 
dispensing conduit 35. 
0076. In the preferred embodiment, each dispensing 
actuator 22 typically delivers a metered pressure pulse using 
a pressure ranging from about 6.9(10): N/m to about 
138(10) N/m, and having a duration ranging from about 
(10) seconds to about 10 seconds. Preferably, the dispens 
ing actuator 22 is provided by a conventional ink-jet style 
printing valve or pump designed for drop-on-demand print 
ing. Ink-jet style printing valves/pumps for drop-on-demand 
printing, including thermal, Solenoid and piezoelectric types, 
are commercially available and well known in the art. For 
instance, the Lee Company of Essex, Conn. manufactures a 
solenoid-based ink-jet valve (Model No. INKX0502600AB) 
which is suitable for use with the present invention. Alter 
natively, conventional Syringe pumps may be employed for 
metering as well. 
0077. The incorporation of ink-jet drop-on-demand print 
ing technology into the dispense assembly of the present 
invention provides significant advantages vis-a-vis known 
systems for printing microarrays. In particular, the ability to 
deliver independent, short-duration, pressure pulses associ 
ated withink-jet print valves enables the non-contact tunable 
delivery of reagent sample volumes in the range of about 
(10) to about (10) liters. Upon application of a pressure 
pulse, at least one droplet of sample or reagent fluid is 
ejected from the manifold sample path through the corre 
sponding nozzle member 48 onto Substrate surface 26. As 
used herein, the term “non-contact” refers to the lack of 
contact between the dispense manifold and nozzles, and the 
target Substrate during deposition. Typically, in these 
designs, the fluid is communicated through channels micro 
machined into an ink-jet style printhead - Such as those 
commonly used in desktop and industrial printers. 
0078 Preferably, these ink-jet drop-on-demand dispens 
ing actuators are coupled to digitally regulated hydraulic 
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pressure systems (not shown). These systems enable precise 
manipulation of hydraulic pressure Supplied to the dispens 
ing actuators expanding the dynamic range of the system. An 
added benefit is the ability to quickly change the pressure 
range to compensate for differences in samples due to 
particulates or viscosity. 

0079 The aspiration source 21, on the other hand, are 
preferably provided by individual aspiration actuators 21 
fluidly coupled to a corresponding first aspiration port 31 
through tubing 61. These tubes 61, which are preferably 
inert plastic or the like having an inner diameter in the range 
of 0.2 mm to about 3.0 mm, are also separated into two 
banks of six units and each have a distal end coupled to a 
tubing array manifold 62. In turn, these opposed tubing array 
manifolds 62 are mounted to the stator manifold device 28 
as a unit. 

0080. It will be appreciated that more than one or all of 
the aspiration conduits 30 can be fluidly coupled to a single 
aspiration actuator 21. In the preferred form, the aspiration 
actuator 21 is provided by an external metering device Such 
as a syringe-type pump or a diaphragm pump, or by a 
pressurized source delivering a positive or negative pressure 
to the aspiration conduits 30. Typical of these aspiration 
devices is Model # 2009D provided by Innovadyne Tech 
nologies, Inc., Rohnert Park, Calif. 
0081. In another aspect of the present invention, the 
manifold device 28 is comprised of a plurality of stacked 
plate members 63-66 which collectively cooperate to chan 
nel the sample fluids from the reservoir wells to the desig 
nated test sites 25, via the valve assembly 27. As above 
indicated, the manifold device 28 defines a plurality of 
primary passages 45, aspiration conduits 30 and dispensing 
conduits 35 each of which includes a communication port 
terminating at the stator face for communication with the 
valve assembly 27. 
0082 Since these individual conduits are independent of 
one another, fabrication is difficult for such a small scale. 
Typically, the diameter of these fluid passages is on the order 
of about 0.001 mm to about 1.0 mm. Moreover, these 
conduits and passages must be capable of accommodating 
the relatively high pressure pulses of the dispensing actua 
tors 22 which as mentioned have a range from about 
6.9(10) N/m to about 138(10) N/m, and have a duration 
in the range from about (10) seconds to about (10)" 
seconds. 

0083) The plate members 63-66 (FIGS. 4 and 13) are 
preferably rectangular in shape, each having a substantially 
planar topside and an opposed bottom side. More particu 
larly, the manifold device 28 includes a first plate member 
63 having a topside surface 67 upon which the disk-shaped 
stator face element 53, defining the stator face 41, is sup 
ported. On an opposite side of the topside surface 67 of the 
first plate member 63 is a bottomside surface 68 upon which 
a plurality of horizontally extending dispensing grooves 70 
are formed. These grooves are preferably about 0.3 mm in 
width and are about 1.0 mm deep into the bottomside surface 
68, depending upon the particular application. A correspond 
ing first dispensing port 36 extends vertically into the first 
plate member 63 from the topside surface 67 to the bottom 
side surface 68 where it intersects one end of a correspond 
ing dispensing groove 70. Similarly, a corresponding second 
dispensing port 37 extends vertically into the stator face 

Mar. 8, 2007 

element 53 and first plate member 63 from the stator face 41 
to the bottomside surface 68 where it intersects an opposite 
end of a corresponding dispensing groove 70. 

0084. In accordance with this aspect of the present inven 
tion, a substantially planar topside surface 71 of the second 
plate member 64 is affixedly lamination or diffusion bonded 
to the bottomside surface 68 of the first plate member 63 at 
a first plate/second plate interface. Hence, the diffusion 
bonded second plate member topside surface 71 effectively 
seals the dispensing grooves 70 extending into the bottom 
side surface 68 of the first plate member 63 to form the 
corresponding dispensing conduits 35. 

0085. It will be appreciated that the groove formation 
forming the horizontal portions of the dispensing conduits 
35 could be provided by both the bottomside surface 68 of 
the first plate member 63 and the topside surface 71 of the 
second plate member 64, or alternatively, only by the second 
plate topside surface. It will further be understood that the 
alignment and orientation of first dispensing ports 36 can be 
positioned at a plurality of locations along the topside 
surface of the first plate member without departing from the 
true spirit and nature of the present invention. 
0086 Applying a similar technique, the aspiration con 
duits 30 could also have been defined at the first plate/second 
plate interface. However, to assure sufficient spacing 
between adjacent conduits to accommodate high pressure 
nature of the fluid delivery, the aspiration conduits 30 are 
preferably formed at a separate second plate/third plate 
interface between the second plate member 64 and a third 
plate member 65. Thus, the bottomside surface 72 of the 
second plate member preferably incorporates a plurality of 
horizontally extending aspiration grooves 73 (FIGS. 13 and 
14) which are preferably about 0.5 mm in width and are 
about 0.25 mm deep. 
0087. A corresponding first aspiration port 31 extends 
vertically into the second plate member 64 from the topside 
surface 71 to the bottomside surface 72 thereof where it 
intersects one end of a corresponding aspiration grooves 73. 
It will be appreciated that the second plate member includes 
a pair of opposed wing portions 75 which extend beyond the 
peripheral edge of the first plate member 63. Briefly, these 
wing portions 75 are adapted to accommodate the mounting 
of the tubing array manifolds 62 thereto. Regarding the 
second dispensing ports 37, however, these aligned vertical 
passages extend from the stator face 41 of the stator face 
element 53 through both the first plate member 63 and the 
second plate member 64 to the bottomside surface 72 thereof 
where it intersects an opposite end of a corresponding 
aspiration groove 73. 

0088 Similar to the formation of the dispensing conduits 
35, a substantially planar topside surface 76 of the third plate 
member 65 is affixedly coupled to the bottomside surface 72 
of the second plate member 64 at the second plate/third plate 
interface. Again, applying conventional lamination or dif 
fusion bonding techniques, the third plate topside surface 76 
can be laminated to the second plate bottomside surface 72 
to effectively seal the aspiration grooves 73 to form the 
corresponding aspiration conduits 30. 

0089. As best viewed in FIGS. 4A and 13, the circular 
pattern of the upper communication port 46 extend vertically 
through the stator element 53. The first plate member 63, the 
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second plate member 64 and the third plate member 65 also 
include corresponding co-axially aligned passage compo 
nents to collectively form the primary passages 45 of the 
sample paths 33 when the manifold plate members are 
laminated together. Typically, the transverse cross-sectional 
area of primary passages 45 are on the order of about 0.2 
mm to about 0.8 mm from the stator face 41 to a bottomside 
surface 77 of the third plate member 65. 
0090. To reorient the circular pattern of the upper com 
munication port 46 at the bottomside surface 77 of the third 
plate member 65 to a rectangular pattern of the lower 
communications ports 47, which conforms to the spacing of 
the array of reservoir wells 38 of the microtiter plate 40 and 
test sites 25, a fourth plate member 66 is required. As shown 
in FIGS. 10, 12 and 13, a fourth topside surface 76 of the 
fourth plate includes a plurality of horizontally extending 
repositioning grooves 79. These grooves 79 are preferably 
about 0.5 mm in width and are about 0.25 mm deep into the 
topside surface 76 of the fourth plate member 66. A corre 
sponding lower communication port 47 extends vertically 
into the fourth plate member 66 from a bottomside surface 
80 to the topside surface 78 thereof where it intersects one 
end of a corresponding repositioning groove 79. The other 
end of the repositioning groove 79 is aligned with the 
corresponding primary passage 45 terminating at the bot 
tomside surface 77 of the third plate member 65. Again, 
applying conventional lamination or diffusion bonding tech 
niques, the fourth plate topside surface 78 can be diffusion 
bonded to the third plate bottomside surface 77 to effectively 
seal the repositioning grooves 79 to form another portion of 
the sample path 33. 

0.091 As above-mentioned and as illustrated in FIGS. 2, 
5 and 6, fluidly coupled to each lower communication port 
47 of the primary passage 45 is a corresponding nozzle 
member 48 having a nozzle passage 50 extending there 
through. The elongated nozzle member 48 includes a distal 
tip portion 81 suitably dimensioned to extend into a targeted 
reservoir well 38, in aspiration condition, to aspirate sample 
or reagent fluid into the sample path 33. Moreover, the 2x6 
array of nozzles are spaced apart to conform with the array 
of reservoir wells and test sites 25 for simultaneous aspira 
tion and dispensing. They can also be redistributed to other 
formats Such as 1x12. 

0092. In the preferred embodiment, the diameter of the 
noZZle 50 passages abruptly changes to a smaller diameter 
by means of an orifice. Such as a jeweled orifice. This change 
in diameter is beneficial in that it facilitates ejection of the 
sample fluids from the tip when a pressure pulse is delivered 
by the corresponding dispensing actuator 22. 

0093. As shown in FIG. 3, system fluid reservoirs 82, 83, 
containing conventional mobile phase fluid 85, 86, are 
Supplied to the aspiration actuators 21 and the dispensing 
actuators 22 as a driving fluid. In the aspiration condition, 
when rotor element 52 of the valve assembly 27 is rotated to 
align the corresponding aspiration channels 57 to the cor 
responding upper communication ports 46 of the primary 
passages 45 of the sample paths 33 and the second dispens 
ing ports 37 of the aspiration conduits 30, the aspiration 
actuators 21 can be first employed to purge the entire path 
from the first aspiration port 31 of the aspiration conduit all 
the way to the corresponding dispensing orifice of the tip 81 
of the nozzle member 48. Thus, after the nozzle tips are 
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optionally cleaned, clean mobile phase fluid replaces any 
sample or reagent fluid from previous operations. 

0094. The transport mechanism (not shown) is then oper 
ated to position the hybrid valve assembly 27 at the reservoir 
wells 38 where the designated nozzle tips 81 are submersed 
in the targeted reservoir wells. Operation of one or more of 
the Syringe pumps 21 draw the sample or reagent fluids into 
the corresponding sample path 33 in the manifold device 28. 
The Volume of fluid aspirated into the corresponding sample 
path 33, thus, can be accurately metered. 
0095 Subsequently, the transport mechanism can move 
the hybrid valve assembly 27 to the test sites 25, while the 
electric motor 56 and drive train 54 rotates the rotor element 
52 from the aspiration condition to the dispensing condition. 
As mentioned, the aspiration channels 57 in the rotor face 51 
are moved out of fluid coupling to the upper communication 
ports 46 of the primary passages 45, while the dispensing 
channels 58 in the rotor face 51 are moved to fluidly couple 
the second dispensing ports 37 of the dispensing conduits 35 
with the corresponding communication ports 46. Essentially, 
in the aspiration condition, the second dispensing port 37 of 
the dispensing conduit 35 is dead-ended against the rotor 
face 51, while in the dispensing position, the second aspi 
ration port 32 of the aspiration conduit 30 is dead-ended 
against the rotor face 51. 
0096) The mobile phase fluid, which is preferably sub 
stantially similar to that Supplied to the aspiration actuators, 
is fluidly coupled to the corresponding dispensing channels 
58 in the rotor face 51 to selectively dispense the sample 
fluids from the corresponding nozzle tips 81. Accordingly, 
cross-contamination is minimized to the mobile phase fluids 
contained in the corresponding dispensing channels 58. This 
assures that the dispensing conduits 35 can be substantially 
maintained free of contamination of any sample or reagent 
fluids. 

0097. In an alternative embodiment of the present inven 
tion, the nozzle passages 50 and corresponding primary 
passages 45 may only be employed to dispense the sample 
or reagent fluid from the sample path 33. Unlike the embodi 
ment above-mentioned, the nozzle member 48, thus, will not 
be utilized to aspirate the targeted fluid into the sample path 
from the Source plate. Accordingly, as viewed in the embodi 
ments of FIGS. 15 and 17, the hybrid valve assembly can 
load the sample path 33 through means other than the nozzle 
members 48, while maintaining the isolation of the sample 
path from the dispensing actuator, in the aspiration condition 
(FIGS. 15 and 17), and isolation of the sample path from the 
aspiration actuator, in the dispensing condition (FIGS. 16 
and 18). 
0098 Briefly, the manifold body in this configuration 
includes a source conduit, generally designated 87, having 
an upper communication opening 88 terminating at the 
stator face 41, and an opposite end in fluid communication 
with the source reservoir 23. Further, as best viewed in 
FIGS. 15, 17 and 19, the contact or rotor face 51 of the valve 
body or rotor element 52 includes a sample channel 90 
which, in the aspiration condition, fluidly couples the second 
aspiration port 32 of the aspiration conduit 30 to the upper 
communication opening 88 of the source conduit 87. 
0099. Accordingly, in the aspiration condition, the aspi 
ration actuator 21 is fluidly coupled to the source reservoir 
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through the sample channel 90 formed in the rotor face 51. 
Upon activation of the aspiration actuator, the reagent or 
sample fluid can be drawn into the sample path 33 by way 
of the source conduit 87 in the manifold body 28. To isolate 
the dispensing actuator 22 from the sample path 33, the 
corresponding second dispensing port 37 of the dispensing 
conduit 35 is dead-ended into the rotor face 51, and thereby 
out of fluid communication with the sample path (FIG. 17). 

0100. Once the reagent or sample fluid is aspirated into 
the sample path 33, via the aspiration actuator 21, the valve 
assembly 27 can be moved to the dispense position of FIGS. 
16 and 18. In the preferred form, the rotor element 52 of the 
valve assembly is rotated about rotational axis 44 for move 
ment from the aspiration condition to the dispense condition. 
The sample channel 90, containing the reagent or sample 
fluid, is co-aligned with and moved into the fluid commu 
nication with the second dispensing port 37 of the dispens 
ing conduit 35 and the upper communication port 46 of the 
primary passage 45. The dispensing actuator 22 is therefore 
fluidly coupled to the sample path 33 to fluidly dispense the 
reagent or sample fluid out of the nozzle member 48. 
Moreover, to isolate the aspiration actuator 21 from the 
sample path 33, the corresponding aspiration port 32 of the 
aspiration conduit 30 is dead-ended into the rotor face 51, 
and thereby out of fluid communication with the sample path 
(FIG. 18). 

0101. In this embodiment, thus, it will be appreciated that 
the dispensable volume of the sample path 33 is essentially 
the same as that of the sample channel 90. When the rotor 
element 52 rotates to the dispensing condition (FIGS. 16 and 
18), only the sample or reagent fluid contained in the sample 
channel 90 is fluidly accessible to the dispensing actuator. It 
will be understood, however, that volumetric quantities less 
than the full volume of the sample channel 90 may be 
dispensed through precision operation of the dispensing 
actuator 22. 

0102) As best shown in FIG. 19, each sample channel 90 
is slotted into the substantially planar rotor face 51 of the 
rotor element 52. Further, each equally spaced sample 
channel 90 is elongated in shape, and extends generally 
along a radial line intersecting the rotational axis 44 of the 
rotor face 51. Accordingly, at the rotor-stator interface (i.e., 
the high pressure sliding contact between the stator face 41 
and the rotor face 51), the rotor element 52 either recipro 
cates or rotates in one direction clockwise or counter clock 
wise to orient the valve assembly in the aspiration condition 
or the dispensing condition. 

0103) These sample channels 90 preferably have a length 
in the range of about 1.0 mm to about 6.0 mm, and have a 
transverse cross-sectional area of about 0.3 mm to about 1 
mm. Accordingly, the volumetric capacity of the sample 
channel 90 is preferably in the range of about 0.5ul to about 
2.0 ul. In comparison, the primary passage 45 and the nozzle 
passage 50 of the outlet preferably has a volume in the range 
of 0.1 ul to about 2.0 ul. 
0104. The separation of the aspiration duty from the 
noZZle member 48 has several functional advantages. One 
benefit is that the total volume of sample is contained in the 
sample channel 90. Unused sample or reagent may be 
returned to the source, during dispense (FIG. 18) via the 
Source path 23 significantly reducing sample and reagent 
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waste Volumes. An added benefit is that the nozzle member 
48 may be greatly reduced in length to shorten the dispense 
path and pre-dispensing. 
0105. Another benefit of this design is that a spacing and 
order of the source reservoir array does not need to match 
that of the targeted test sites. That is, since the nozzle 
member 48 are not employed for both the aspiration and 
dispensing functions, the aspiration inlets (not shown), flu 
idly coupled to source conduits 87, can be set at one spacing 
and order (e.g., 96 well format), while the nozzle members 
48 can be set to a different spacing and order (e.g., 1536 well 
format). Accordingly, the aspiration versatility is substan 
tially increased. For example, some applications require 
individual manipulation of aspiration tips, such as applica 
tions that reformat individual positive samples to one des 
tination plate from a multiplicity of positive and negative 
samples in a source plate. 
0106. In yet another advantage of this design, the trans 
verse cross-sectional dimension of the aspiration and Source 
conduits 30, 87, on the aspiration side, can be different from 
that of the dispensing conduits 35 and the primary passages 
45 in the manifold device 28 and the nozzle passages 50 of 
the nozzle member 48, on the dispensing side. For example, 
it would be desirable to provide a large bore aspiration 
conduit 30 and source conduit 87 to facilitate rapid sample 
aspiration into the sample channel. In contrast, it would be 
desirable to provide a smaller bore for the nozzle passages 
50 to facilitate ejection of smaller discrete volumes. Other 
wise, when a smaller bore is utilized for restrictive flow of 
the dispense nozzle, in the previous embodiment, effective 
aspiration is compromised. 
0.107 Lastly, the permissible wider cross-sectional 
dimension of the aspiration inlet allows for the inclusion of 
filtering devices. For example, by incorporating a filter on 
the inlet side, Small particulates in the reagent or sample 
fluid that would normally clog, and render useless, a small 
bore nozzle can be removed. Such a filter could be 
exchangeable and would contain a high Surface area allow 
ing for filtering of particulates without frequent clogging. 
Typical of such filtering devices include frits commonly 
used in Solid phase extraction or liquid chromatography 
devices. 

0108) Referring back to FIGS. 15 and 16, this embodi 
ment of the present invention may further include a flush 
passage 91 in the manifold device 28 having an upper central 
flush port 92 terminating at the stator face 41, and an 
opposite end in fluid communication with a flush source 93. 
The central flush port 92 is aligned substantially co-axial 
with the rotational axis 44 of the rotor element 52 for 
continuous fluid communication with a flush channel 95 
slotted in the rotor face 51 (FIG. 19). 
0109) In the aspiration condition of FIGS. 15 and 17, this 
flush channel 95 in the rotor element 52 is fluidly couples the 
flush port 92 of the flush passage 91 to the upper commu 
nication port 46 of the corresponding primary passage 45. 
Thus, while the reagent or sample fluid is being aspirated 
into the corresponding sample path 33, the primary passages 
45 and the nozzle passages 50 may be simultaneously 
flushed or cleaned with wash fluid or the like from the wash 
source 93. In contrast, when the rotor element is rotated to 
the dispensing condition of FIGS. 16 and 18, the flush 
channel 95 slotted in the rotor face fluidly couples the flush 
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port 92 of the flush passage 91 to the upper communication 
opening 88 of the source conduit 87. Therefore, when the 
reagent or sample fluid is being dispensed from the sample 
path 33 through the corresponding nozzle member 48, 
unused sample or reagent could be returned to the Source 
reservoir 23 and the aspirate path flushed. 

0110 Preferably, the flush channel 95 is provided by a 
plurality of equally spaced elongated slots which extend 
generally along a radial line intersecting the rotational axis 
44 of the rotor face 51. These radially extending flush 
channels intersect at the rotational axis 44 so that the flush 
channels are in continuous fluid communication with the 
central flush port 92. As shown in FIG. 20, the upper 
communication ports 46 of the primary passages 45 and the 
upper communication openings 88 of the source conduits 87 
are alternately spaced about the rotational axis 44. Accord 
ingly, each rotation movement of the rotor element 52 
between the aspiration condition (FIGS. 15 and 17) and the 
dispensing condition (FIGS. 16 and 18) alternates fluid 
communication with the nozzle passages 50 and the Source 
conduits 87. 

0111. Accordingly, at the rotor-stator interface (i.e., the 
high pressure sliding contact between the stator face 41 and 
the rotor face 51), the rotor element 52 either reciprocates or 
rotates in one direction clockwise or counter clockwise to 
orient the valve assembly in the aspiration condition or the 
dispensing condition. 

0112 In another aspect of the present invention, as 
viewed in FIGS. 21-24, a removable secondary liquid dis 
pensing module or peripheral, generally designated 100, is 
provided for use with an existing, automated liquid handling 
system 101 (FIG. 23) adapted to provide or enable the 
performance of one or more microbiological procedures. 
The automated liquid handling system 101 defines a work 
area 102 having a plurality of discrete work stations 103. 
Each of the work stations 103 provides a lab ware site 105 
and alignment structure 106 enabling aligned receipt and 
removal of the sample carriers 107 at respective lab ware site 
105. Each sample carrier 107, which is preferably provided 
by standardized microtiter or microwell plates 107, provides 
a plurality of test or sample sites 108 therein for sample 
analysis of a sample or other type of molecular biology 
procedures. The automated liquid handling system 101 
further includes a plate positioning mechanism 110 (FIG. 
23) and a primary liquid dispensing device 111 (FIG. 21). 
The plate positioning mechanism is configured to move and 
position the microtiter plates 107 to and from the lab ware 
sites 105 of the respective work stations 103 thereof and into 
engagement with the respective carrier alignment structure 
106 thereof The primary liquid dispensing device 111 is 
configured for selective contact-type dispensing of discrete 
quantities of fluid, in the range of about one (1) microliter to 
about ten (10) milliliters, into the test sites 108 of the 
microtiter plates 107 secured in the respective alignment 
structure of the respective work station 103. 

0113. In accordance with the present invention, the 
removable secondary liquid dispensing peripheral 100 
includes a chassis or base member 112 dimensioned to be 
positioned or fit substantially within a footprint of one or 
more of the discrete work stations 103, and mounting 
hardware 113 adapted to removably secure the base member 
112 in the work station 103. A support platform 115 is affixed 
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to the base member 112, and is configured to Support a micro 
titer-plate 107. An alignment mechanism 116 is configured 
to removably align and position a plate-plate 107 therein by 
the robotic plate positioning mechanism 110 of the auto 
mated liquid handling system 101. The support platform 115 
and alignment mechanism 116 cooperate to form and pro 
vide a peripheral lab ware site 117 suitable for secured 
receipt of a plate-plate 107 therein. The secondary liquid 
dispensing peripheral 100 further includes a secondary liq 
uid dispensing device, generally designated 118, which is 
operationally independent from the primary liquid dispens 
ing device 111. The secondary dispensing device 118 is 
further adapted for selective non-contact-type dispensing of 
discrete quantities of fluid, in the range of about one (1) 
nanoliter to about ten (10) microliters, into the test sites 108 
of the plate-plate 107 positioned in the peripheral lab ware 
site 117. 

0114. Accordingly, the removable and secondary liquid 
dispensing peripheral 100 of the present invention may be 
removably mounted to and within the footprint of one or 
more of the work stations 103 of an existing conventional 
liquid handling system that cannot accurately accommodate 
sub-microliter fluid dispensing. The addition of the self 
contained secondary liquid dispensing peripheral 100, thus, 
enables a more precise fluid delivery of a sample or reagent 
fluids, at Sub-microliter Volumes, into the sample carrier test 
sites that the automated fluid handling system upon which it 
resides is incapable of. Thus, the versatility and liquid 
delivery range of these current liquid handling systems can 
be significantly and accurately improved at the Sub-micro 
liter volumes. This would then enable these existing auto 
mated liquid handling systems to perform the Sub-microliter 
microbiological procedures above-mentioned, while at the 
same time maintain capability for increased liquid dispen 
sion through the primary liquid dispensing device. However, 
when it is desirable to dispense Smaller discrete quantities of 
fluid, in the range of about one (1) nanoliter to about ten (10) 
microliters, which these existing primary liquid dispensing 
systems are not designed, the more refined and accurate 
secondary liquid handling system of the present invention 
may be utilized. 
0115 Referring now to FIGS. 21 and 23, and in accor 
dance with the present invention, the automated liquid 
handling system 101 is shown having a frame assembly 120 
positioned about the work area 102. The work area 102 
preferably provides a plurality of work stations, each includ 
ing a lab ware site 105, aligned in an array. These lab ware 
sites 105 are aligned and positioned a discrete locations or 
positions within the work area so that precision liquid 
handling procedures can be performed on the sample con 
tained in the test sites 108 of the sample carriers 107. Such 
procedures, by way of example, may include High Through 
put Screening (HTS). 
0116 Briefly, these sample carriers 107 include a plural 
ity of test sites 108 aligned in an array so that more than one 
sample may be processed at any given time. These microtiter 
or microwell plates (used interchangeably herein) are gen 
erally applied in these sample analysis protocols, and are 
typically provided by plastic plates defining uniformly 
spaced depressions or wells (i.e., test sites 108) that contain 
the fluid dispensing therein. These commercially available 
rectangular plates typically include eight rows of twelve 
microwells that provide an industry-standard ninety-six 



US 2007/0053798 A1 

microwell plate, such as plate 40 shown in FIG. 3. Other 
conventional sizes include sixteen rows of twenty-four 
microwells that provide three hundred eighty-four microw 
ells. 

0117 Moreover, the present invention is capable of 
extending the dispense resolution of these automated liquid 
handling systems to sixteen rows of twenty-four microwells 
that provide 1536 microwells, which these systems cannot 
normally handle. In particular, the positioning devices of 
many of the automated liquid handling systems are not 
capable of moving to all the positions on a 1536-well plate. 
In these instances, the automated liquid handling system can 
be fitted with a sample transfer device like a “gridding head 
(a head with 1536 pins that transfers sample by surface 
tension) and then apply the secondary liquid handling 
peripheral to add reagents. That is, the secondary liquid 
handling peripheral generally provides a positional resolu 
tion that that is much better than the primary liquid handler. 
Another advantage of this is that if multiple, robotically 
interfaced, primary systems are used, and one of them is 
1536 capable, the labware (plates) processed on that instru 
ment could be transferred to the system with our device and 
further processing could occur. 

0118. In accordance with the present invention, the lab 
ware sites 105 preferably conform to a uniform screening 
standard to simplify operation, Versatility and uniformity in 
conformance to other screening procedures. In particular, 
one or more of the lab ware sites conform to a Society of 
Bimolecular Screening (SBS) standard microtiter-plate lab 
ware site which is commonly applied in HTS. Thus, the 
alignment structure 106 of each lab ware site 105, that 
enables removal and securing of the microtiter plates 107 
thereof, also conforms to that of the Society of Bimolecular 
Screening standard microtiter-plate lab ware site. 

0119) As best viewed in FIG. 23, one or more of the work 
stations 103 enclosed in the work area 102 includes a 
Support base 121 to Support a lab ware object (e.g., a 
microtiter plate 107 or a lab ware peripheral 100). To secure 
or align a lab ware object in the respective lab ware site 105 
of the work station, the alignment structure 106 is provided 
to cooperate with the support base 121. By way of example, 
for an SBS standard micro titer-plate lab ware site attach 
ment, the alignment structure may include a plurality of 
strategically placed conical-shaped locators 122 that contact 
and engage the a microtiter plate 107 (not shown) placed 
therein to align and position the plate in the respective lab 
ware site 105. These conical-shaped locators 122 are pref 
erably composed of a Substantially rigid, metallic material 
Such as stainless steel Thus, when the positioning mecha 
nism 110 vertically lowers the gripped microtiter plate 107. 
as will be described below, the strategically placed conical 
shaped locators 122 position and align plate in the lab ware 
site 105. In other alignment arrangement, the conical-shaped 
locators may be movable or inwardly biased for increased 
securement and alignment of the plate. 

0120. It will be appreciated that while only a microtiter 
plate 107 has been described as removably engaging the 
alignment structure 106 at each lab ware site, other lab ware 
or peripheral structures may be removably mounted thereto. 
By way of example, this may include mixers, shakers, 
incubators, centrifuges, test tube racks, and large reagent 
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reservoirs, as well as the secondary liquid handling system 
of the present invention, as will be described in greater detail 
below. 

0121 The automated liquid handling system 101 of 
FIGS. 21 and 23 further includes a universal positioning 
mechanism 110 movably mounted to the frame assembly 
120 thereof. The positioning mechanism 110 is configured to 
move and position the lab ware objects to and from the 
respective lab ware sites 105 and into or out of engagement 
with the respective carrier alignment structure 106 of the 
respective work stations 103. In particular, these preferably 
robotic positioning mechanisms 110 employ a three-axis 
X-Y-Z Cartesian system to accurately move and position the 
lab ware object (i.e., microtiter plates 107) to the discrete 
positions of the lab ware sites so that a lab procedure can be 
performed. 

0122). In one specific configuration, the positioning 
mechanism 110 includes a pair of spaced-apart, inverted, 
L-shaped robotic arms 123, 123' that are movably mounted 
to the frame assembly 120 through a rail system 125 or the 
like for tandem movement along an X-axis direction thereof 
(FIG. 23). For example, the rail system may include a lead 
screw coupled to a stepper motor, or a linear actuator (both 
of which are not shown) for selective automated or manual 
displacement of the robotic arms 123, 123' along the X-axis. 
Other conventional techniques can of course be employed as 
well. 

0123 FIG. 23 further illustrates that the positioning 
mechanism 110 includes a positioning head device 126 
disposed between the spaced robotic arms 123, 123' for 
displacement along the Y-axis direction. The positioning 
head device 126 includes base portion 127 which is movably 
coupled the spaced-apart L-shaped robotic arms 123, 123' 
through a track system 128. This arrangement enables 
selective linear displacement of the positioning head along 
the Y-axis direction for alignment with the work stations. 
0.124 Finally, the positioning head device 126 includes a 
gripping head 130 adapted to grip and manipulate the lab 
ware objects for placement and positioning into and out of 
the lab ware sites 105 of the work stations. The gripping 
head 130 includes conventional gripping structure to grip 
and manipulate lab ware objects such as a microtiter plate 
107. 

0.125. This gripping head 130 is moveably mounted to the 
support base 121 for selective displacement thereof along 
the Z-axis (FIG. 23). This mechanical movement, for 
instance, may provide telescopic, rotational or linear motion 
control mechanism. This movement enables gripped lab 
ware objects to be vertically displaced toward or away from 
the respective alignment structure 106 of any one of the 
plurality of the Society of Bimolecular Screening (SBS) 
standard micro titer-plate lab ware site. 
0.126. Accordingly, the collective cooperation of the X, Y 
and Z displacement components of the positioning mecha 
nism 110 enable accurate placement and positioning of the 
gripped microtiter plate 107 anywhere within the work area. 
Moreover, while the controlled movement of each compo 
nent of the positioning mechanism 110 has been described 
with respect to conventional rail and track systems, stepper 
motors and other conventional mechanical positioning appa 
ratus, it will be appreciated that other variations would 
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include, but are not limited to linear motion controls sys 
tems, servo controlled systems, and pneumatic motion con 
trol systems. 

0127. To provide the primary liquid delivery of these 
automated liquid handling system, a primary liquid dispens 
ing device 111 is incorporated (FIG. 21). As mentioned, 
these existing fluid delivery devices typically provide fluid 
delivery through contact- type fluid delivery nozzles (not 
shown) in Volumes greater than about one (1) microliter. 
These nozzles are generally aligned in an array with spac 
ings similar to that of the test sites of a microtiter plate, and 
are carried by a positioning device with movement similar to 
the X, Y and Z displacement components of the positioning 
mechanism 110 (i.e., the gripping head 130, positioning 
head 126 and L-shaped robotic arms 123, 123'). This enables 
the contact-type fluid delivery nozzles to be positioned for 
contact-type fluid delivery directly in the selected wells of 
the microtiter-plates. 

0128 Moreover, typical of such lab work stations that 
provide such microliter to milliliter fluid dispensing perfor 
mance include, for example, the Hamilton MicroLab 4200 
liquid handling device by the Hamilton Company of Reno, 
Nev., the BIOMEKR) FX Liquid Handling Workstation, the 
BIOMEKR 2000 Workstation, both from Beckman Coulter, 
Inc. of Fullerton, Calif., illustrated in FIG. 23. Briefly, as 
shown and mentioned above, these automated liquid han 
dling systems include the frame assembly 120, the position 
ing mechanism 110 and primary liquid dispensing device 
111 for handling, positioning and liquid dispensing of and 
into microtiter plates 107. A plurality of work stations 103 
are aligned in an array enclosed within the work area, and 
are accessible by the positioning mechanism 110 and pri 
mary liquid dispensing device. In this embodiment, each 
work station 103 is and the corresponding alignment mecha 
nism 116 conform to the universal method of attachment of 
a Society of Bimolecular Screening standard micro titer 
plate lab ware site. 

0129. In accordance with the present invention, a sec 
ondary liquid dispensing peripheral or module 100 is pro 
vided for installation in the work area of the automated 
liquid handling system 101 which can operably function 
simultaneously with the primary liquid dispensing device 
111. This secondary liquid dispensing peripheral 100 is 
mountable to one or more of the work stations 103 (FIG. 23), 
and provides accurate, non-contact fluid delivery in the 
range of about one (1) nanoliter to about ten (10) microliters. 
Thus, together with the contact-type liquid dispensing capa 
bilities of the primary liquid dispensing device 111, which as 
mentioned delivers fluids in the range of about one (1) 
microliter to about ten (10) milliliters, the versatility and the 
capabilities of the automated liquid handling system are 
significantly increased. By enabling accurate fluid delivery 
in the Sub-microliter range of fluid dispensing, precision 
liquid dispensing can be provided for microbiological labo 
ratory procedures and analysis once not inherently possible 
with these existing liquid handling systems. 

0130. The secondary liquid dispensing peripheral 100 
itself includes a standardized lab ware site 105 thereon that 
permits receipt of a sample carrier 107 therein. More par 
ticularly, the peripheral lab ware site conforms to the Society 
of Bimolecular Screening standard for micro titer-plate lab 
ware sites so that these standardized microtiter plates can be 
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positioned, removed, aligned and secured therein directly 
from the positioning mechanism 110 of the automated liquid 
handling system. Moreover, the secondary liquid dispensing 
peripheral 100 is a self-contained fluid dispensing unit that 
is operationally independent from the primary liquid han 
dling unit. Accordingly, when secondary liquid handling 
system is mounted to one of the work stations 103 within the 
work area 102, both the primary liquid handling device and 
the secondary liquid handling device can operate simulta 
neously and independently without interference from one 
another. 

0131 The secondary liquid handling peripheral 100 will 
now be described in detail. Referring now to FIGS. 21, 22. 
25 and 26, the self-contained secondary liquid dispensing 
peripheral 100 is shown including a fluid control component 
131 (FIG. 25) that controls the non-contact fluid delivery 
through a plurality of dispense nozzles 132, a motion control 
component 133 (FIG. 26) that selectively positions the 
nozzles 132, as a unit, to dispense the reagent or sample 
fluids into the test sites 108 of the peripheral positioned 
microtiter plate 107, and an operation interface component 
135 (FIG. 26) for stand-alone or remote control operation of 
the two components. 
0.132. The motion control component 133, as best viewed 
in FIGS. 26-28, includes a base member 112 which is 
removably mountable to the lab ware site 105 of the respec 
tive work station 103. As above indicated, in particular, the 
base member 112 includes mounting hardware 113 (FIG. 27) 
that is adapted to attach to an SBS standard microtiter-plate 
lab ware site. In one configuration, for example as shown in 
FIGS. 21 and 28, the mounting hardware 113 is provided by 
spaced-apart mounting posts 136 situated at the bottom 
comers of the base member 112. These posts 136 are aligned 
and slidingly received in correspond slots 114 of the respec 
tive work station alignment structure 106 (in conformance 
with the SBS standard) to removably secure the secondary 
liquid dispensing peripheral 100 to that lab ware site. 
0133. In accordance with the present invention, the base 
member 112 itself defines an SBS standard microtiter-plate 
lab ware site 117 situated atop the support platform 115. This 
standardized peripheral lab ware site 117 and the support 
platform 115 are strategically positioned such that when the 
mounting hardware 113 of the base member 112 engages the 
associated alignment structure 106 of the respective work 
station 103, the peripheral lab ware site 117 atop the support 
platform 115 is accessible by the positioning mechanism 110 
of the automated liquid handling system 101. This enables 
cooperation between the positioning mechanism 110 and the 
secondary liquid dispensing peripheral to position and 
remove a sample carrier 107 in and from the peripheral lab 
ware site 117. 

0.134. In another embodiment, the base member may be 
simply situated atop the Support platform of the work station 
103 in a manner positioning the alignment structure 116 near 
the coordinates of the respective work station lab ware site 
105. The robotic positioning mechanism is then employed to 
determine the precise location of the microtiter plate posi 
tioned in the peripheral lab ware site 117. 
0135). As best illustrated in FIGS. 26-29, the SBS stan 
dardized alignment structure 116 of the secondary liquid 
dispensing peripheral 100 includes a plurality of upstanding 
conical locators 138 that strategically surround a sample 
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carrier receiving area 140 (FIG. 29) of the peripheral lab 
ware site 117. In the specific embodiment illustrated, at least 
two spaced-apart conical locators 138 are provided for each 
of the four sidewalls 141 of the conventional rectangular 
SBS standard micro titer plate 107. 
0136. Thus, to load a microtiter-plate 107 in the receiv 
ing area 140 of the peripheral lab ware site 117, the 
positioning mechanism 110 of the automated liquid handling 
system 101, similar to the delivery technique employed for 
the conventional SBS standard microtiter-plate lab ware site 
attachment, will position the gripped plate 107 vertically 
above the receiving area 140. As the gripping head 130 of 
the positioning mechanism lowers the gripped micro titer 
plate 107 into the receiving area 140 of the peripheral lab 
ware site 117, the sidewall 141 of the microtiter plate 107 
contact and engage the locators 138. The conical shape of 
these substantially rigid locators 138 function to urge the 
microtiter plate 107 into alignment in the receiving area. In 
other alignment arrangements, it will be understood, the 
conical-shaped locators may be movable or inwardly biased 
for increased securement and alignment of the plate. 

0137 Turning now to FIGS. 26-28, the motion control 
component 133 is illustrated including a fluid dispense head 
142 carrying the plurality of non-contact dispense nozzles 
132 for selective positioning above the mounted microtiter 
plate to dispense discrete sub-microliter quantities of fluid 
into the targeted test sites 108. Briefly, these spaced-apart 
dispense nozzles 132, similar to those above-mentioned that 
are directly mounted to the hybrid valve apparatus 20, 
include distal dispense ends 143 that are adapted for preci 
sion volume, non-contact liquid dispensing, and opposite 
ends fluidly coupled to flexible tubing 145 (FIG. 22) suffi 
cient to enable movement of the nozzles about the microtiter 
plate 107. In turn, the opposed ends of the flexible tubing 
145 are fluidly coupled to the fluid control component 131 
which will be discussed in greater in detail below. 
0138 To move the dispense head 142 for selective pre 
cision positioning of the array of dispense nozzles 132 
vertically above the targeted test sites 108 of the microtiter 
plate 107, the motion control component 133 preferably 
employs a conventional three-axis X-Y-Z Cartesian system. 
Applying a precision track or rail system 146, for example, 
a control post 147 is movably mounted to the base member 
112 for incremental displacement along the Y-axis (FIG. 26). 
The dispense head 142 is then movably mounted to the 
control post 147 through an arm portion 148 which can be 
vertically displaced along the Z-axis, while further capable 
of being extended or retracted along the X-axis. A shield or 
cover 149 is positioned around the control post 147 for 
protection (FIGS. 27 and 28). The arm portion 148 of the 
dispensing head 142 includes a support bracket 150 verti 
cally supporting the plurality of dispense nozzles 132 above 
the microtiter plate 107. In one specific arrangement, the 
dispensing head provides eight (8) dispensing nozzles 
aligned in a linear array having dispensing ends 143 equally 
spaced-apart by a distance conforming to the spacing of the 
wells or test sites 108 of the microtiter plate 107. 
0.139. The precision track or rail system 146 for the 
X-axis displacement preferably includes a lead screw and 
precision stepper motor arrangement between the control 
post 147 and the base member 112. In contrast, the precision 
track or rail system 151 (FIG. 26) for the Y-axis and Z-axis 
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precision displacement are preferably provided by conven 
tional linear actuators. It will be appreciated, of course, that 
any of the X, Y or Z-axes displacements may be provided by 
any conventional linear displacement techniques, including 
but not limited to linear motion controls systems, servo 
controlled systems, and pneumatic motion control systems. 
Alternatively, the motion control may move the SBS stan 
dard lab ware site 117 to a position where the non-contact 
dispensing is performed. 

0140. Accordingly, a multi-channel dispense head 142 is 
provided that is essentially mounted on a three axis X-Y-Z 
Cartesian “pick and place' motion platform. Through the 
precision track or rail devices, stepping motors or the like, 
and through the three-axis motion control component 133, 
motion control of the dispense head can be independently 
performed along the X, Y, and Z axis. By way of example, 
the Z-axis displacement positions the dispense ends 143 of 
the dispense nozzles closer or further from the test sites 108 
of the micro titer plate 107 for such non-contact fluid 
dispensing. Similarly, the X-axis and Y-axis displacement of 
the dispense head enables any one of the dispense nozzles to 
be aligned with any one of the test sites in any row or column 
of the microtiter plate 107. 
0.141 Referring now to FIGS. 27-29, a pair of reagent 
containers 152 and 152 are provided atop the support 
platform 115, adjacent the peripheral lab ware site 117. 
These reagent containers 152, 152 are elongated wells 
adapted to contain reagent fluid therein to provide a fluid 
reservoir of sample or reagent during an aspiration proce 
dure or condition, as described above, and as will be 
described in accordance with the description of the fluid 
control component below. As best viewed in FIGS. 27 and 
29, the elongated reagent wells 152, 152 are formed in 
manner enabling simultaneous immersion of the dispensing 
ends 143 (tips) of the dispense nozzles in the wells during 
aspiration into the fluid control component. Providing two 
adjacent reagent containers enables the use of two different 
reagents for simultaneous immersion. Alternatively, each 
container can be compartmentalized in various configura 
tions to enable multiple reagent reservoirs (not shown). 

0142. The motion control component 133 further 
includes a wash station 153, adjacent the reagent container 
152, to wash and rinse the dispense ends 143 of the dispense 
nozzles, and/or discard excess reagent or sample fluids 
contained in the nozzles and flexible tubing. Similar to the 
reagent containers 152, 152', the wash station 153 is pro 
vided by an elongated well adapted to contain wash fluid 
therein, and dimensioned to enable simultaneous immersion 
of the dispensing ends 143 (tips) of the dispense nozzles in 
the wash fluid. During a wash or fluid discard procedure, 
when the dispense head is moved to the “parked or “wash 
home' positioned shown in FIGS. 27-29, the reagent or 
sample fluid contained in the tubing and nozzles is flushed 
into the well of the wash station 153. As the nozzle tips are 
immersed in the wash fluids in the wells, and the reagent 
fluids are purged from the nozzles, the flow past the tips 
functions to wash the outside of the tips. The wash station 
153 includes a drain port 155 at the bottom of the well for 
draining the wash, rinse or discarded fluid. 
0.143 Referring now to the fluid control component 131 
(FIGS. 22 and 25), all fluid aspiration into the system and all 
Sub-microliter fluid dispension from the non-contact dis 
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pense nozzles 132 is controlled. FIG. 22 illustrates that the 
fluid control component 131, briefly, contains a fluid aspi 
ration (input) Subsystem 156, a fluid dispensing (output) 
subsystem 157, a fluid switching subsystem 162 fluidly 
coupled therebetween, dispense valving 161, fittings and 
flexible tubing 145 fluidly coupled to the dispense nozzles 
132. Collectively, this arrangement delivers precision quan 
tities of sub-microliter fluids from the non-contact dispense 
noZZles in the range of about one (1) nanoliter to about ten 
(10) microliters. 

0144 Generally, the fluid control component 131 of the 
present invention includes two types of fluid metering 
components: a pressure system and a Switching valve. The 
first metering component meters input of fluid into the 
system (into the dispense ends 143 of the dispense nozzles), 
while the second type of metering controls fluid output or 
dispense from the dispense nozzles. The input Subsystem or 
fluid aspiration Subsystem is generally a macro Volume 
system aspirating fluid volumes greater than one (1) micro 
liter of fluid into the dispensing ends 143 of the dispense 
noZZles when positioned in contact with the source fluid, 
Such as when the dispensing ends are immersed in the 
reagent fluid contained in the reagent container. It will of 
course be appreciated that sample fluids can be aspirated as 
well. The dispensing subsystem 157, on the other hand, is 
designed to dispense fluid volumes less than one (1) micro 
liter (i.e., sub-microliter volumes) of fluid out of the dis 
pensing ends 143 of the dispense nozzles out of contact with 
the destination substrate. 

0145. In one specific configuration, the fluid aspiration 
(input) subsystem 156 is provided by one or more syringe 
drives 158, while the fluid dispensing (output) subsystem 
157 is provided by a pressure subsystem 160 and one or 
more inkjet solenoid valves 161. To fluidly couple the fluid 
aspiration Subsystem 156 and the fluid dispensing Subsystem 
157 through the dispense nozzles, the respective fluid chan 
nels for each subsystem are connected through the fluid 
Switching Subsystem 162 that Switches between an aspira 
tion condition and a dispensing condition. Preferably, the 
fluid switching subsystem 162 is provided by the multiple 
path, hybrid valve apparatus 20 and Switching valve assem 
bly 27 which includes the rotatory shear face valve? hybrid 
manifold combination discussed above to effect precision 
switching between the fluid aspiration system and the fluid 
dispensing system. Accordingly, the fluid control component 
131 is preferably generally provided by the fluid dispensing 
system illustrated in FIGS. 1-20, and as described in the 
corresponding description above, and contained in the hous 
ing shown in FIG. 25. This system, in accordance with the 
present invention, provides precision Sub- microliter fluid 
dispension from the non-contact dispense nozzles in the 
range of one (1) nanoliter to about ten (10) microliters. 

0146). Other variations of the fluid control component 131 
include designs, it will be appreciated: where the channels 
are switched by multiple 3-way valves; where the input 
device is a diaphragm pump; where the input device is an 
electromechanical piston device actuated by a motor with 
sub microliter resolution; where the input device is a peri 
staltic pumping device; where the input device is a vacuum 
Source; where the output device is a piezoelectric device; 
where the output device is a thermoelectric device such as a 
bubble jet printing device; and where the output device is a 
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positive displacement device Such as a pneumatic device 
where the output device is a Syringe device. 
0147 Referring now to FIGS. 26, 28 and 30, the opera 
tion interface component 135 is shown which provides 
standalone or remote operation of the fluid control compo 
nent 131 and the motion control component 133. More 
particularly, the interface component 135 operates and inte 
grates the fluid control and motion control components. 
Incorporated in this chassis are all of the printed circuit 
boards, connectors, and firmware required to operate the 
instrument. Software may reside on a host computer inde 
pendent of the interface component. The primary level liquid 
handling platforms remotely control this secondary device 
via a communications channel. 

0.148 Typically, in accordance with the present invention, 
these communications channel include a hardware medium 
and a software protocol. This secondary device has the 
capability to use RS232 serial ports and can be expanded to 
include Ethernet, USB and CANBUS hardware mediums. A 
software driver can be written to support instrument specific 
Software protocols. 
0.149 The interface component 135 includes a controller 
PC board (not shown) connected to a host through an RS232 
bus and a standard RS232 communication wiring protocol. 
The controller board has embedded firmware that interprets 
commands from a host application, Such as a graphical user 
interface or an Active-X (OCX) Control, and issues com 
mands to the subcomponents in the fluid control component 
or the motion control component. Similarly, the controller 
board may receive commands from third party robotic 
controller boards. The controller board is further connected 
to these components through a standard RS 232 serial 
communication architecture. The Subcomponents, the 
Syringe drives, selector valves, hybrid Switching valve, ink 
jet Solenoids, motion control component, all have embedded 
micro processing capabilities that can interpret commands 
issued to them by the interface control component controller 
PC board. Variations include systems that rely on the host 
system to send analog or digital signals to the devices to 
execute performance of the individual components where 
none of the Sub-components has an embedded microproces 
SO. 

0150. A host computer (not shown) is connected to the 
interface component 135 through a serial RS232 connector. 
Commands are sent to the interface component from the 
interface component software located on the host computer. 
Alternatively direct commands may be sent via the RS232 
bus directly to the interface component. Once a command is 
received by the interface component controller board the 
command is parsed and distributed by an embedded micro 
processor to the Subcomponents that are necessary for 
execution of the command. All Subsystems, e.g. the Syringe 
metering component, have associated firmware that operates 
that individual component. The controller board schedules 
and communicates with the all the Subsystems. Once a 
command is invoked and completed the controller board can 
be queried for status. 
0151 High and low level commands exist, such that the 
instrument could be “micro-managed by low-level step 
by-step instructions. These include individually Switching 
valves, moving the XYZ motion control to specific posi 
tions, and aspirating and dispensing. Equally, high level 
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commands can be provided to perform a compete operation 
Such as dispensing a specified Volume into specified wells. 
0152. In accordance with the present invention, a typical 
cycle involves the aspiration of a source fluid, the dispensing 
of the fluid onto a destination or multiple destinations, and 
the washing of, or movement of the nozzle array back to a 
non-interfering position, Such as the parked’ or “wash 
home’ position shown in FIGS. 27 and 28. This allows the 
destination Substrate to be replaced in an automated fashion. 
The nozzle array is located on the motion control component 
attached to an existing liquid handling workstation Such as 
a Hamilton Micro Lab 4200 liquid handling device (Hamil 
ton Company, Reno, Nev.). The aspirate step is performed 
by moving the nozzle array to and into a user defined reagent 
source (e.g., one of the reagent containers 152, 152), fol 
lowed by an aspiration (input) metering by the Syringe drive 
subsystem. Once fluid is in the fluid control component, the 
hybrid Switching valve is Switched to an output (dispense) 
position that places the inkjet solenoids in line with the 
reagent channels. The motion control component, with the 
appropriate command from the controller board, moves the 
nozzle array over the first destination position where a 
command is issued to actuate the inkjet Solenoids causing 
a volume of fluid to exit the nozzles. Depending on the user 
defined dispense map, the motion control component posi 
tions the nozzle array over the required target positions 
where iterative inkjet actuations take place until the dis 
pense map is complete. At this point the dispense cycle is 
finished and either a fluid control system wash occurs, with 
the Subsequent positioning of the: nozzle array in or about a 
wash station, or the motion control component positions the 
noZZle array in a parked’ position. 
0153. In other alternative applications, the secondary 
liquid handling peripheral can be employed to aspirate 
sample from a positioned microtiter plate, and then apply the 
aspirated sample to other test sites in the same or different 
microtiter plates. For instance, it can be employed to repli 
cate the sample array of one microtiter plate by aspirating 
sample, and then, using the positioning mechanism to 
change microtiter plates, replicate the sample array in the 
new microtiter plate. In other arrangement, the primary fluid 
dispensing device of the automated fluid handling system 
can cooperate with the secondary fluid dispensing device to 
enable and facilitate the performance of one or more micro 
biological procedures. For instance, the primary fluid dis 
pensing device can be employed to dispense fluid quantities 
into the test sites of the microtiter plates greater than one (1) 
microliter. In another example, the primary fluid dispensing 
device can be employed to Supply reagent fluid into the 
reagent containers. 
0154) Therefore, the foregoing is considered as illustra 
tive only of the principles of the lo invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the invention 
to the exact construction and operation shown and 
described, and accordingly, all suitable modifications and 
equivalents may be resorted to, falling within the scope of 
the invention. 

What is claimed is: 
1. A removable secondary liquid dispensing module for 

use with an existing, automated liquid handling system 
defining a work area having a plurality of discrete work 
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stations, each said work station providing a lab ware site and 
including alignment structure enabling the removable secur 
ing standardized microtiter-plates at respective lab ware site, 
each said microtiter-plate having a plurality of test sites 
therein, said automated liquid handling system further 
including a plate positioning mechanism configured to move 
and position said microtiter plates to and from the lab ware 
sites of the respective work Stations thereof and into engage 
ment with the respective carrier alignment structure thereof, 
and a primary liquid dispensing device configured for selec 
tive contact-type dispensing of discrete quantities of fluid, in 
the range of about one (1) microliter to about ten (10) 
milliliters into the test sites of the microtiter plates secured 
in the respective alignment structure of the respective work 
station, said removable secondary liquid dispensing module 
comprising: 

a base member dimensioned to fit substantially within a 
footprint of a work station; 

mounting hardware adapted to removably secure said 
base member in said work station; 

a Support platform affixed to said base member, and 
configured to Support a microtiter-plate; 

an alignment mechanism configured to removably receive 
and secure said a microtiter-plate therein by the plate 
positioning mechanism of the automated liquid han 
dling system, said Support platform and alignment 
mechanism cooperating to provide a lab ware site; and 

a secondary liquid dispensing device, independent of the 
primary liquid dispensing device, adapted for selective 
non-contact-type dispensing of discrete quantities of 
fluid, in the range of about one (1) nanoliter to about ten 
(10) microliters, into the test sites of said microtiter 
plate. 

2. The secondary liquid dispensing module according to 
claim 1, further including: 

a fluid control component adapted to aspirate fluids 
therein from a fluid reservoir, and to dispense fluids 
therefrom, and a motion control component having a 
plurality of non-contact dispense nozzles fluidly 
coupled to said fluid control component to selectively 
dispense the aspirated fluids into selected the targeted 
test sites of the microtiter-plate. 

3. The secondary liquid dispensing module according to 
claim 2, further including: 

an operation interface component coupled between the 
fluid control component and the motion control com 
ponent for stand-alone or remote control operation of 
the fluid control component and the motion control 
component. 

4. The secondary liquid dispensing module according to 
claim 2, wherein 

said fluid control component includes a hybrid valve 
apparatus that enables fluid aspiration, fluid dispensing 
and fluid switching to transfer fluid from one or more 
fluid reservoirs, and through selected non-contact dis 
pense nozzles to the targeted test sites. 

5. The secondary liquid dispensing module according to 
claim 4, wherein 

said fluid control component includes an aspiration source 
in fluid communication with a first aspiration port of 
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the hybrid valve apparatus, and a dispensing source in 
fluid communication with a first dispensing port of the 
hybrid valve apparatus, and 

said hybrid valve apparatus including 

a valve assembly movable between an aspiration con 
dition and a dispensing condition, and 

a manifold device providing a fluid aspiration conduit 
having in fluid communication with the aspiration 
Source through said first aspiration port thereof, and 
a second aspiration port in selective fluid communi 
cation with the valve assembly to selectively aspirate 
a liquid sample slug from the reservoir into a discrete 
sample path when the valve assembly is in the 
aspiration condition, said manifold device further 
providing a fluid dispensing conduit in fluid com 
munication with the dispensing source through said 
first dispensing port thereof, and a second dispensing 
port in selective fluid communication with the valve 
assembly to selectively dispense at least one droplet 
of the liquid sample slug from the sample path when 
the valve assembly is in the dispensing condition, 

wherein, in the aspiration condition, said sample path is 
out of fluid communication with the dispensing 
Source and, in the dispensing condition, said sample 
path is out of fluid communication with the aspira 
tion source. 

6. The secondary liquid dispensing module according to 
claim 5, wherein 

said manifold device includes a stator face containing the 
second aspiration port and the second dispensing port, 
and said valve assembly includes a valve body having 
a contact face slideably contacting the stator face at a 
stator-contact interface for sliding sealed contact 
between 

the aspiration condition, fluidly coupling the second 
aspiration port to the sample path, and 

the dispensing condition, fluidly coupling the second 
dispensing port to the sample path. 

7. The secondary liquid dispensing module according to 
claim 6, wherein 

said contact face of the valve body includes 
an aspiration channel, fluidly coupling the second aspi 

ration port to the sample path through the aspiration 
channel, in the aspiration condition, and 

a dispensing channel, fluidly coupling the second dis 
pensing port to the sample path through the dispens 
ing channel, in the dispensing condition. 

8. The secondary liquid dispensing module according to 
claim 7, wherein 

at least one of said valve body and said manifold device 
is rotatable about a rotation axis extending Substantially 
perpendicular to the stator-contact interface to rotate 
said contact face, said aspiration channel and said 
dispensing channel relative to the stator face between 
the aspiration condition and the dispensing condition. 

9. The secondary liquid dispensing module according to 
claim 8, wherein 
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said dispensing channel and said aspiration channel 
extend in a direction substantially radially about said 
rotational axis. 

10. The secondary liquid dispensing module according to 
claim 6, wherein 

said manifold device includes 

a primary passage having an upper communication port 
terminating at the stator face, and an opposite end in 
fluid communication with a respective nozzle having 
a dispensing orifice configured to dispense said drop 
let, and 

a source conduit having an upper communication open 
ing terminating at the stator face, and an opposite end 
in fluid communication with the reservoir. 

11. The secondary liquid dispensing module according to 
claim 10, wherein 

said contact face of the valve body includes a sample 
channel forming at least a portion of the sample path, 
said sample channel fluidly coupling the second aspi 
ration port of the aspiration conduit to the upper 
communication opening of the Source conduit, in the 
aspiration condition, and fluidly coupling the second 
dispensing port of the dispensing conduit to the upper 
communication port of the primary passage, in the 
dispensing condition. 

12. The secondary liquid dispensing module according to 
claim 11, wherein 

said manifold device includes a flush passage having an 
upper flush port terminating at the stator face, and an 
opposite end in fluid communication with a flush 
Source, and 

said contact face of the valve body includes a flush 
channel fluidly coupling the flush port of the flush 
passage to the upper communication port of the pri 
mary passage, in the aspiration condition, to flush said 
respective nozzle, and fluidly coupling the flush port to 
the upper communication opening of the Source con 
duit, in the dispensing condition. 

13. The secondary liquid dispensing module according to 
claim 2, wherein 

said motion control component includes a base member 
Supporting said Support platform thereon Such that 
when said base member is strategically positioned at 
the discrete work station, said alignment mechanism 
removably receives and secures the microtiter-plate 
therein at the respective discrete position. 

14. The secondary liquid dispensing module according to 
claim 13, wherein 

said motion control component further includes a motion 
controller device movably mounted to said base mem 
ber for movement of the plurality of non-contact dis 
pense nozzles above the mounted microtiter-plate for 
said selective dispense of the discrete quantities of fluid 
into the targeted test sites. 

15. The secondary liquid dispensing module according to 
claim 14, wherein 

said motion controller device includes a control post 
configured for movement along a three-axis X-Y-Z 
Cartesian coordinate system. 
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16. The secondary liquid dispensing module according to 
claim 15, wherein 

said motion controller device includes a rail system and 
stepper motor device which cooperate with the control 
post to move the plurality of dispense nozzles indepen 
dently along the X, Y and X axis. 

17. The secondary liquid dispensing module according to 
claim 15, wherein 

said motion controller device is one of linear motion 
control based, servo control based and pneumatic con 
trol based. 

18. The secondary liquid dispensing module according to 
claim 15, wherein 

each non-contact dispense nozzle includes one end fluidly 
coupled to the fluid control component and an opposite 
end terminating at a dispensing orifice configured to 
dispense said droplet. 

19. The secondary liquid dispensing module according to 
claim 18, wherein 

said fluid control component includes a hybrid valve 
apparatus fluidly coupled between one or more fluid 
reservoirs and the one ends the non-contact dispense 
nozzles to enable fluid aspiration, fluid dispensing and 
fluid switching to transfer fluid from selected fluid 
reservoir and through selected dispense nozzles to the 
targeted test sites. 

20. The secondary liquid dispensing module according to 
claim 5, wherein 

said dispensing Source includes drop-on demand ink-jet 
printing Valving. 

21. The secondary liquid dispensing module according to 
claim 20, further including 

said ink-jet printing Valving is one of a thermal ink-jet 
valve, a Solenoid ink-jet valve, a piezoelectric ink-jet 
valve, and a pneumatic pilot valve. 

22. The secondary liquid dispensing module according to 
claim 5, wherein 

said dispensing source includes one of a Syringe-type 
metering device, a piezoelectric-type metering device, 
a thermoelectric-type metering device and a positive 
displacement-type metering device. 

23. The secondary liquid dispensing module according to 
claim 22, wherein 

said Syringe-type metering device includes a multiple 
Selector valve connecting a single syringe-type meter 
ing device to multiple fluid paths. 
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24. The secondary liquid dispensing module according to 
claim 5, wherein 

said aspiration source includes one of a diaphragm pump 
type metering device, an electromechanical piston-type 
metering device actuated by a motor with Sub micro 
liter resolution, a vacuum source-type metering device 
and a peristaltic pump-type metering device. 

25. The secondary liquid dispensing module according to 
claim 5, wherein 

said aspiration source includes a plurality of aspiration 
actuators, and 

said dispensing source includes a plurality of dispensing 
actuators to transfer fluid from a plurality of fluid 
reservoirs to a plurality of test sites on a substrate 
Surface, and 

said manifold device including a plurality of fluid aspi 
ration conduits each having a first aspiration port in 
fluid communication with a corresponding aspiration 
actuator, and a second aspiration port terminating at the 
stator face for selective fluid communication with the 
valve assembly to selectively aspirate a respective 
liquid sample slug from a corresponding reservoir of 
sample fluid into discrete sample paths when the valve 
assembly is in the aspiration condition, said manifold 
body further defining a plurality of fluid dispensing 
conduits each having a respective first dispensing port 
in fluid communication with a corresponding dispens 
ing actuator, and a second dispensing port terminating 
at the stator face for selective fluid communication with 
the valve assembly to selectively dispense at least one 
droplet of the corresponding liquid sample slug from 
the corresponding sample path when the valve assem 
bly is in the dispensing condition wherein, in the 
aspiration condition, each respective sample path is out 
of fluid communication with the respective dispensing 
actuator and, in the dispensing condition, each respec 
tive sample path is out of fluid communication with the 
respective aspiration actuator. 

26. The secondary liquid dispensing module according to 
claim 1, wherein 

the alignment mechanism and the Support platform coop 
erate to provide a Society of Bimolecular Screening 
(SBS) standard microtiter-plate lab ware site. 


