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(57) ABSTRACT 

A dispensing apparatus and method is provided for accu 
rately and precisely dispensing various desired patterns of 
reagent onto a substrate or other receptive surface or recep 
tacle. The invention provides high-speed on-the-?y dispens 
ing of various desired reagent patterns as provided by the 
operator in the form of a graphic bit map ?le. In one 
embodiment the dispensing apparatus comprises a dispens 
ing head having an inlet end and an outlet end. The dis 
pensing head is responsive to a ?rst signal to dispense 
droplets of liquid reagent onto a substrate. The substrate or 
dispensing head are secured in association With a table or 
carriage. The table is responsive to a second signal for 
providing for relative X, X-Y or X-Y-Z motion betWeen the 
substrate and the dispensing head. Acontroller is adapted to 
receive data representative of a desired reagent pattern and 
to output and coordinate the ?rst and second signals so as to 
cause relative motion betWeen the substrate and the dispens 
ing head and, simultaneously, to cause the dispensing head 
to dispense droplets of liquid reagent at one or more desired 
locations on the substrate to form the desired reagent pattern. 
The controller adjusts the phase lag or lead betWeen the ?rst 
and second signals to compensate for the magnitude of 
relative motion betWeen the substrate and the dispensing 
head given the probable trajectory of each droplet of liquid 
reagent. Optionally, a direct current ?uid source, such as a 
positive displacement pump, may be provided in series With 
the dispensing head for precisely regulating the quantity or 
How rate of liquid reagent provided to the dispensing head. 
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METHOD FOR HIGH-SPEED DOT ARRAY 
DISPENSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/571,452, ?led May 16, 2000, Which is a 
divisional of US. application Ser. No. 09/146,614, ?led Sep. 
3, 1998, now US. Pat. No. 6,063,339, Which claims the 
bene?t of US. Provisional Application No. 60/070,988, ?led 
Jan. 9, 1998, the entirety of each one of Which is hereby 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method and 
apparatus for dispensing chemical reagents and other liquids 
onto a substrate such as to form a diagnostic test strip or 
clinical test array and, in particular, to a method and appa 
ratus adapted for high-speed, precision dispensing of high 
density “dot” arrays and other patterns onto a receptive 
membrane, high-density micro-Well plate or other suitable 
receptacle. 
[0004] 2. Description of the Related Art 

[0005] Clinical testing of various bodily ?uids conducted 
by medical personnel are Well-established tools for medical 
diagnosis and treatment of various diseases and medical 
conditions. Such tests have become increasingly sophisti 
cated, as medical advancements have led to many neW Ways 
of diagnosing and treating diseases. 

[0006] The routine use of clinical testing for early screen 
ing and diagnosis of diseases or medical conditions has 
given rise to a heightened interest in simpli?ed procedures 
for such clinical testing that do not require a high degree of 
skill or Which persons may conduct on themselves for the 
purpose of acquiring information on a physiologically rel 
evant condition. Such tests may be carried out With or 
Without consultation With a health care professional. Con 
temporary procedures of this type include blood glucose 
tests, ovulation tests, blood cholesterol tests and tests for the 
presence of human chorionic gonadotropin in urine, the 
basis of modern home pregnancy tests. Other tests or clinical 
procedures have been developed for genetic screening or 
genetic testing, such as for research or medical diagnostics. 
For eXample, such research or screening may be conducted 
via parallel testing of many individual droplets of a ?uid 
sample on a high-density micro-Well plate. 

[0007] One of the most frequently used devices in clinical 
chemistry is the test strip or dip stick. These devices are 
characteriZed by their loW cost and simplicity of use. Essen 
tially, the test strip is placed in contact With a sample of the 
body ?uid to be tested. Various reagents incorporated on the 
test strip react With one or more analytes present in the 
sample to provide a detectable signal. 

[0008] Most test strips are chromogenic Whereby a pre 
determined soluble constituent of the sample interacts With 
a particular reagent either to form a uniquely colored com 
pound, as a qualitative indication of the presence or absence 
of the constituent, or to form a colored compound of variable 
color intensity, as a quantitative indication of the amount of 
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the constituent present. These signals may be measured or 
detected either visually or via a specially calibrated machine. 

[0009] For eXample, test strips for determining the pres 
ence or concentration of leukocyte cells, esterase or protease 
in a urine sample utiliZe chromogenetic esters Which pro 
duce an alcohol product as a result of hydrolysis by esterase 
or protease. The intact chromogenetic ester has a color 
different from the alcohol hydrolysis product. The color 
change generated by hydrolysis of the chromogenetic ester, 
therefore provides a method of detecting the presence or 
concentration of esterase or protease, Which in turn, is 
correlated to the presence or concentration of leukocyte 
cells. The degree and intensity of the color transition is 
proportional to the amount of leukocyte esterase or HLE 
detected in the urine. See, for example, US. Pat. No. 
5,464,739. 
[0010] The emergence and acceptance of such diagnostic 
test strips and other clinical screening methods as a com 
ponent of clinical testing and health care in general has led 
to the development of a number of quality diagnostic test 
strip and clinical screening products. Moreover, the range 
and availability of such products is likely to increase sub 
stantially in the future. 

[0011] Because test strips are used to provide both quan 
titative and qualitative measurements, it is extremely impor 
tant to provide precision and uniformity in the placement 
and distribution of the reagents on the test strip substrate. 
The chemistry is often quite sensitive and good medical 
practice requires that the testing system be extremely accu 
rate and precise as possible. When automated systems are 
used, it is particularly important to ensure that the test strips 
are reliable and that the measurements taken are quantita 
tively accurate. 

[0012] In some cases it is necessary or desirable to provide 
precise patterns or dot arrays (either contiguous or non 
contiguous) of reagent on a test strip, comprising different 
reagents and/or reagent concentrations. For eXample, some 
test strips provide multiple test areas that are serially 
arranged in an array so that multiple tests may be performed 
using a single test strip. US. Patent No. 5,183,742, for 
instance, discloses a test strip having multiple side-by-side 
detection regions or Zones for simultaneously performing 
various tests upon a single sample of body ?uid. Such test 
strips may be used, for eXample, to determine levels of 
glucose, protein, and the pH of a single blood sample. 

[0013] When such patterns (particularly overlapping and/ 
or compleX patterns) are used, it is critical that the patterns 
be precisely and repeatably placed on each substrate such 
that they may be precisely registered With a sample to be 
tested and/or other reagent patterns placed on the same or 
another mating substrate or mask. Precise registration is also 
required When using automated pick-and-place (“suck-and 
spit”) ?uid handling systems. But repeatably dispensing 
reagents or other ?uids onto a substrate in this precise 
manner is a highly difficult task to accomplish. The viscosi 
ties and other How properties of the reagents, their reactive 
ness With the substrate or other reagents vary from reagent 
to reagent, and even from lot to lot of the same reagent. It 
is often dif?cult to control the dispensing apparatus to form 
sharp lines or other geometric shapes having uniform con 
centrations of reagent or other desired characteristics. It is 
particularly difficult provide precision and accuracy in the 
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placement of reagent patterns on the same or different 
substrates. Again, this is primarily attributable to the nature 
of the reagents and the substrate. 

[0014] Currently available dispensing methods and equip 
ment are limited in their ability to provide the required 
degree of precision and accuracy, particularly on a high 
speed production scale. For example, conventional reagent 
dispensing equipment may include a solenoid valve dispens 
ing head mounted on or in association With a programmable 
X, X-Y or X-Y-Z table or carriage. The motion of the table 
may be electronically coordinated With the operation of the 
dispenser so that the dispenser can be caused to dispense one 
or more droplets of reagent or other ?uid at any one of a 
number of locations on the substrate de?ned by the position 
of the X and Y axes of the X-Y table. In operation, the X-Y 
table moves the substrate or the dispensing head to a desired 
location and then stops While the dispenser is caused to 
dispense the desired amount of reagent onto the substrate at 
the desired location. After each dispensing operation is 
completed, the X-Y table then moves to the next location 
and the process repeats for as many locations as are neces 
sary to complete the pattern. 

[0015] This process of stopping and starting the X-Y table 
after each dispensing operation is time consuming because 
of the settling time of the system upon completion of each 
cycle. Each time the table is instructed to stop at a desired 
location, it takes a certain amount of time for the table or 
carrier platform to come to rest and for any harmonic energy 
in the system to be dissipated. This settling time can 
sometimes be as long as a feW hundred milliseconds or 
more, depending upon the mass of the carrier platform and 
other system characteristics. While such a delay might not 
be signi?cant for dispensing patterns of only a feW dots or 
dispense locations, such delay becomes quite signi?cant 
When complex or high-density reagent patterns are used 
Which may be composed of as many as several thousand or 
more individual dots or dispense locations. This severely 
and undesirably limits the production speed and output of 
such equipment. 

[0016] Conventional “stop-and-go” dispensing equipment 
and methods are also undesirable from a precision and 
accuracy standpoint. While statistical studies may be per 
formed to determine the appropriate settling time to allot 
before each dispensing operation, there may be variances in 
the system that cannot be easily predicted or controlled. For 
example, the X-Y table may have a different coef?cient of 
damping at a certain location or range of locations due to 
uneven Wear or lubrication. In that event, an allotted settling 
time may be too short in some dispensing locations to alloW 
the system to come to complete rest such that accuracy and 
precision are compromised. But increasing the allotted set 
tling time only sloWs doWn production even further and, 
even then, does not guarantee that other variances in the 
system or even statistical variances Will not have the same 
degenerative effect. 

[0017] Often there may be some amount hysteresis effect 
or “play” in the X-Y table or carrier platform (such as caused 
by excessive Wear), Which can cause the dispensing platform 
to have even more imprecision When using conventional 
stop-and-go dispensing methods. This is because the carrier 
platform, When instructed to stop at a particular X-Y loca 
tion, may tend to overshoot and come to rest at slightly 
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different locations depending, for example, on What direc 
tion or at What speed the platform Was traveling before it 
stopped. This condition can be aggravated by excessive Wear 
and tear caused by such repetitive stop and go dispensing 
operations. While, some of these de?ciencies may be miti 
gated by appropriate maintenance and control of the X-Y 
table, it greatly increases the dif?culty of the task. 

[0018] Even beyond these signi?cant problems and limi 
tations, current dispensing equipment and methods are often 
dif?cult to use When complex reagent patterns are desired. 
This is because the X-Y table and the dispensing head 
typically must be manually programmed and coordinated by 
the user to folloW a predetermined series of steps and/or 
dispensing operations in order to achieve the desired pat 
tern(s). This is a time consuming and repetitive task. 

SUMMARY OF THE INVENTION 

[0019] Accordingly, it is a principle object and advantage 
of the present invention to overcome some or all of these 
limitations and to provide an improved dispensing apparatus 
and method for accurately and precisely dispensing various 
desired patterns of reagent onto a substrate, micro-Well plate 
or other receptive surface or receptacle. The accuracy and 
precision is such that the resulting patterns can be precisely 
registered With a sample to be tested or an automated 
“suck-and-spit” ?uid handling system, and/or other reagent 
patterns placed on the same or another substrate or mask. 
The invention also provides for the opportunity to achieve a 
high degree of accuracy and precision during high-speed 
dispensing operations With minimal Wear and tear on the 
dispensing equipment. The invention also alloWs for a 
dispensing apparatus and method for dispensing any one of 
a number of user-de?ned patterns on a substrate Without 
requiring the user to manually program the dispenser or 
associated X-Y or X-Y-Z table. 

[0020] In accordance With one embodiment of the present 
invention a dispensing apparatus is provided generally com 
prising a dispensing head secured on or in association With 
an X, X-Y or X-Y-Z table. The dispensing head has an inlet 
end and an outlet end and is responsive to a ?rst signal to 
dispense droplets of liquid reagent onto a substrate. The 
table is responsive to a second signal for providing relative 
X, X-Y or X-Y-Z motion betWeen the substrate and the 
dispensing head. A controller is adapted to receive data 
representative of a desired reagent pattern and to output and 
coordinate the ?rst and second signals so as to cause relative 
motion betWeen the substrate and the dispensing head and, 
simultaneously, to cause the dispensing head to dispense 
droplets of liquid reagent at one or more desired locations on 
the substrate to form the desired reagent pattern. Apositive 
displacement pump or other direct-current ?uid source may 
be provided in series With the dispensing head for precisely 
regulating the quantity or How rate of liquid reagent pro 
vided to the dispensing head. Optionally, the controller also 
adjusts the phase lag or lead betWeen the ?rst and second 
signals in order to compensate for the magnitude of the 
relative motion betWeen the substrate and dispensing head, 
given the distance betWeen the dispensing head and the 
probable trajectory of each droplet. 

[0021] In accordance With another embodiment of the 
present invention a high-speed precision dispensing appa 
ratus is provided for dispensing liquid reagents onto a 
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receptive substrate. The apparatus generally comprises a 
dispenser, a movable table or carriage and a controller. The 
dispenser is responsive to a ?rst signal to dispense droplets 
of liquid reagent onto the receptive substrate. The table or 
carriage is responsive to a second signal to provide relative 
X, X-Y or X-Y-Z motion betWeen the substrate and the 
dispenser. The controller is adapted to receive data repre 
sentative of a desired reagent pattern and to provide the ?rst 
and second signals for causing relative motion betWeen the 
substrate and the dispenser While simultaneously causing the 
dispenser to dispense the droplets of liquid reagent at one or 
more desired locations on the substrate to form the desired 
reagent pattern. The controller also adjusts the phase lag or 
lead betWeen the ?rst and second signals in order to com 
pensate for the magnitude of the relative motion betWeen the 
substrate and dispensing head, given the probable trajectory 
of each droplet and the desired dispense location. Option 
ally, a positive displacement pump or other direct current 
?uid source may be provided in series With the dispensing 
head for precisely regulating the quantity or How rate of 
liquid reagent provided to the dispensing head. The syringe 
is responsive to a third signal Which is preferably synchro 
niZed With the ?rst and second signals. 

[0022] In accordance With another embodiment of the 
present invention a method for high-speed precision dis 
pensing of liquid reagents onto a receptive substrate is 
provided. The method comprises the steps of: 

[0023] (1) receiving data representative of a desired 
reagent pattern; 

[0024] (2) providing a ?rst signal to a table or car 
riage to provide relative X, X-Y or X-Y-Z motion 
betWeen the substrate and the dispenser; 

[0025] (3) simultaneously providing a second signal 
to a dispenser to cause the dispenser to dispense 
droplets of liquid reagent onto the receptive substrate 
at predetermined locations to form the desired 
reagent pattern; and 

[0026] (4) adjusting the phase lag or lead betWeen the 
?rst and second signals to provide a desired drop 
offset and/or to compensate for the magnitude of the 
relative motion betWeen the substrate and the dis 
pensing head given the probable trajectory of each 
droplet. 

[0027] Optionally, the method further includes the step of 
providing a third signal to a pump device for supplying a 
quantity of liquid reagent to the dispenser, the pump device 
being hydraulically arranged in series With the dispenser so 
as to independently regulate the amount or How rate of liquid 
reagent supplied to the dispenser. 

[0028] For purposes of summariZing the invention and the 
advantages achieved over the prior art, certain objects and 
advantages of the invention have been described herein 
above. Of course, it is to be understood that not necessarily 
all such objects or advantages may be achieved in accor 
dance With any particular embodiment of the invention. 
Thus, for eXample, those skilled in the art Will recogniZe that 
the invention may be embodied or carried out in a manner 
that achieves or optimiZes one advantage or group of advan 
tages as taught herein Without necessarily achieving other 
objects or advantages as may be taught or suggested herein. 
All of these embodiments are intended to be Within the scope 
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of the invention herein disclosed. These and other embodi 
ments of the present invention Will become readily apparent 
to those skilled in the art from the folloWing detailed 
description of the preferred embodiments having reference 
to the attached ?gures, the invention not being limited to any 
particular preferred embodiment(s) disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a simpli?ed schematic draWing illustrat 
ing one embodiment of a dispensing apparatus having 
features and advantages in accordance With the present 
invention; 

[0030] FIG. 2 is a front elevational vieW of an alternative 
embodiment of a dispensing apparatus having features and 
advantages in accordance With the present invention and 
incorporating a multi-head dispenser; 

[0031] FIG. 3 is a cross-sectional vieW of a solenoid valve 
dispensing head for use in accordance With either of the 
embodiments of FIGS. 1 or 2; 

[0032] FIG. 4 is a cross-sectional vieW of a positive 
displacement syringe pump for use in accordance With either 
of the embodiments of FIGS. 1 or 2; 

[0033] FIG. 5 is a graph illustrating initial (non-steady 
state) dispense volumes versus target dispense volumes for 
a reagent dispensing method and apparatus in accordance 
With one preferred embodiment of the invention and shoW 
ing the effects of reagent pre-pressuriZation; 

[0034] FIG. 6 is a schematic draWing illustrating a pre 
ferred method of depositing an array or pattern of reagent 
onto a substrate and having features and advantages in 
accordance With one embodiment of the present invention; 

[0035] FIG. 7 is a detailed partial schematic circuit dia 
gram of a control system for a reagent dispensing apparatus 
having features and advantages in accordance With the 
present invention; 

[0036] FIG. 8 is a simpli?ed ?oW chart illustrating a 
preferred mode of operation of a dispenser apparatus having 
features and advantages in accordance With one embodiment 
of the present invention; 

[0037] FIGS. 9A-C are detailed ?oW charts illustrating in 
more detail the preferred mode of operation of a dispenser 
apparatus having features and advantages in accordance 
With one embodiment of the present invention; 

[0038] FIG. 10A is a schematic draWing illustrating an 
eXample of programmed mode line dispensing in accordance 
With one embodiment of the present invention, such as for 
creating custom dot array patterns on a membrane or glass 

slide; 

[0039] FIG. 10B is a schematic draWing illustrating an 
eXample of synchroniZed line dispensing in accordance With 
one embodiment of the present invention, such as for 
creating high-density dot arrays on a membrane or glass 
slide; 

[0040] FIG. 10C is a schematic draWing illustrating an 
eXample of synchroniZed line dispensing in accordance With 
one embodiment of the present invention such as for ?lling 
conventional micro-Well plates; 


























