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PUMP 
DRVER 

CONTROLLER 

(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-fly dispens 
ing of various desired reagent patterns as provided by the 
operator in the form of a graphic bit map file. 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 first 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. A controller is adapted to 
receive data representative of a desired reagent pattern and 
to output and coordinate the first 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 first 
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 fluid Source, Such as a 
positive displacement pump, may be provided in Series with 
the dispensing head for precisely regulating the quantity or 
flow rate of liquid reagent provided to the dispensing head. 
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METHOD FOR HIGH-SPEED DOT ARRAY 
DSPENSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 09/571,452, filed May 16, 2000, which is a 
divisional of U.S. application Ser. No. 09/146,614, filed Sep. 
3, 1998, now U.S. Pat. No. 6,063,339, which claims the 
benefit of U.S. Provisional Application No. 60/070,988, filed 
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 fluids 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 Simplified 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 fluid 
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 fluid 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, U.S. 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. U.S. 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 fluid. 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) fluid handling Systems. But repeatably dispensing 
reagents or other fluids onto a Substrate in this precise 
manner is a highly difficult task to accomplish. The Viscosi 
ties and other flow 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 difficult 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. 
0.014 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 fluid at any one of a 
number of locations on the substrate defined 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. 

0.015 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 significant for dispensing patterns of only a few dots or 
dispense locations, Such delay becomes quite significant 
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 coefficient 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. 

0.017. 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 deficiencies may be miti 
gated by appropriate maintenance and control of the X-Y 
table, it greatly increases the difficulty of the task. 
0018. Even beyond these significant problems and limi 
tations, current dispensing equipment and methods are often 
difficult 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 fluid 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-defined 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 first 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 first 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. A positive 
displacement pump or other direct-current fluid Source may 
be provided in Series with the dispensing head for precisely 
regulating the quantity or flow rate of liquid reagent pro 
Vided to the dispensing head. Optionally, the controller also 
adjusts the phase lag or lead between the first 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 first 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 first 
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 first 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 
fluid Source may be provided in Series with the dispensing 
head for precisely regulating the quantity or flow rate of 
liquid reagent provided to the dispensing head. The Syringe 
is responsive to a third signal which is preferably Synchro 
nized with the first 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 first 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 
first 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. 

0.027 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 flow 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 figures, the invention not being limited to any 
particular preferred embodiment(s) disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a simplified 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 simplified flow 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 flow 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 filling 
conventional micro-well plates, 
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0041 FIG. 10D is a schematic drawing illustrating an 
example of non-synchronized line dispensing in accordance 
with one embodiment of the present invention Such as for 
filling vision micro-well plates, and 
0.042 FIG. 10E is a schematic drawing illustrating an 
example of dot array mapping in accordance with one 
embodiment of the present invention, Such as for mapping 
one or more micro-well plates onto a slide or other Substrate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0043 U.S. Pat. Nos. 5,738,728,5,743,960 and 5,741,554, 
hereby incorporated by reference, first disclosed the concept 
of a reagent dispensing apparatus and method in which a 
positive displacement Syringe pump is used in combination 
with a liquid dispenser, Such as a Solenoid valve dispenser or 
piezoelectric dispenser, to achieve improved dispensing 
operations. The Syringe pump meters a predetermined quan 
tity or flow rate of reagent to the dispenser to regulate the 
quantity or flow rate of liquid reagent dispensed. Simulta 
neously, an associated X, X-Y or X-Y-Z table is controlled 
So as to move a Substrate in coordinated relation with the 
dispenser operation Such that the reagent density can be 
controlled, for example, in terms of Volume of reagent 
deposited per unit length of Substrate Substantially indepen 
dently of the particular flow characteristics of the liquid 
reagent or the particular operating parameters of the dis 
penser (within a given range). 
0044 Prior to the advent of this invention, production 
flow rates would often drift during dispensing operations 
due to changes in temperature, humidity or changes in the 
Viscosity or other properties of the reagent. This caused 
undesirable lot to lot variances of reagent coating concen 
trations or coating patterns. Thus, conventional reagent 
dispensing equipment required constant monitoring and 
frequent adjustment of various input parameters, Such as 
reagent pressure, valve duty-cycle and frequency, to main 
tain a desired output. But, adjusting any one of these input 
parameters to maintain, Say, a particular desired flow rate 
also affected other related output parameters, Such as droplet 
size, droplet Velocity or frequency. As a result, many trial 
and-error adjustments were often necessary to reach a 
desired operating point, if Such operating point could be 
reached at all. 

0.045 Providing a positive displacement pump in series 
with the dispenser solved many of these problems by 
allowing the quantity or flow rate of reagent to be controlled 
independently of the particular flow characteristics of the 
liquid being dispensed and/or the operating parameters of 
the particular dispenser. For example, the size of droplets 
formed by a dispenser can be adjusted by changing the 
operating frequency (for a Solenoid valve or piezoelectric 
dispenser) or by adjusting the air pressure or exit orifice size 
(for an airbrush dispenser) without affecting the flow rate of 
reagent. Also, the reagent flow rate can be controlled without 
Substantial regard to the System operating parameters oth 
erwise required to achieve Stable dispensing operations. The 
quantity or flow rate of reagent dispensed is controlled or 
regulated independently by the positive displacement pump. 
In this manner, the invention provided not only an improved 
method for metering and dispensing of liquids, but also 
added a new dimension of dispenser operation and control 
never before possible. 
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0046) The commercial introduction and acceptance of 
these earlier inventions along with other collateral develop 
ments has Sparked a renewed interest in the use of test Strips 
or dip Sticks for ever more complex applications, Such as for 
high-throughput drug and/or genetic Screening, medical 
research and other custom applications. The commercial 
feasibility of manufacturing Such test Strips on a production 
level has also spurred technological advances in the test 
Strips themselves and in the associated clinical chemistries 
and underlying diagnostics. These advances have further 
enhanced the commercial and clinical acceptance and viabil 
ity of Such test Strips for home and clinical use in a wide 
variety of areas. 
0047 The present invention improves and expands upon 
this earlier work by providing a high-speed dispensing 
apparatus and method for more precisely and repeatably 
depositing reagent onto a Substrate or other receptive Surface 
or receptacle. The disclosed apparatus and method have 
particular commercial advantage for dispensing complex 
and/or high-density patterns of reagent because it allows for 
precise dispensing “on-the-fly'-that is, without the need to 
alternately stop and Start the X-Y carrier platform. AS a 
result, higher “dot' densities, and even more complex pat 
terns may be dispensed without Significantly increasing 
production time or operating costs per Strip. These features 
and advantages are made possible by combining a dispenser 
apparatus with a Specially adapted control System which 
precisely coordinates dispensing operations with the motion 
of an X-Y table or other similar platform. 

System Overview 
0048 FIG. 1 is a simplified schematic overview which 
illustrates one embodiment of Such a dispensing apparatus 
108 having features and advantages in accordance with the 
present invention. The dispensing apparatus 108 generally 
comprises a dispensing head 128 having a valve or other 
dispensing means 204 operated by an actuator, Such as 
Solenoid. The dispensing head 128 is mounted on or in 
association with an X-Y table organtry 110. Those skilled 
in the art will appreciate that the X-Y table 110 may include 
one or more position Stepper motorS 123, 124 or the like, 
which are operable to move either the dispensing head 128 
and/or the carrier platform or table 112 relative to one 
another in the X, X-Y or X-Y-Z directions, as indicated in 
the drawing. It bears noting also that while only a single 
dispensing head 128 is shown, it is contemplated that 
multiple dispensing heads in linear or two-dimensional 
arrays can also be used with equal or improved efficacy. 
These may be provided and operated either in parallel as 
illustrated in FIG. 2 (i.e. for multi-gang operation) or in 
another coordinated fashion, as desired. 
0049. A positive displacement pump or other direct cur 
rent fluid Source, Such as Syringe pump 120, is hydraulically 
coupled to a fluid reservoir 116 through a first one-way 
check valve 145. The syringe pump 120 draws fluid 130 
from the fluid reservoir 116 and provides it to the dispensing 
head 128 through a second check valve 145, as shown in 
FIG. 1. The syringe pump 120 is operated by a syringe 
pump driver 142 comprising, for example, a stepper motor 
and an associated lead Screw, for extending and retracting 
the piston 118 within the syringe barrel 362. Those skilled in 
the art will readily appreciate that when the piston 118 is 
retracted, reagent 130 is drawn from the reservoir 116 into 
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the syringe pump 120. When the piston 118 is again 
extended, reagent 130 is forced to flow from the syringe 
barrel 362 into the dispensing head 128 via the Supply tube 
150, whereupon it is ejected by the dispensing head 128 onto 
the substrate 111 in the form of droplets 131. 
0050. A controller 114 oversees operation of the pump 
120, X-Y table 110 (or X, or X-Y-Z table) and the dispensing 
head 128. Specifically, the controller 114 coordinates and 
controls the motion of each of the stepper motors 123, 124, 
and the Syringe pump driver 142, as well as the opening and 
closing of the dispensing valve 204 to precisely dispense an 
amount of reagent at one or more predetermined location(s) 
on the Substrate 111. AS noted above, this dispensing opera 
tion takes place on-the-fly, that is without Stopping the 
motion of the X-Y table. To accommodate this on-the-fly 
dispensing without compromising accuracy, precision or 
repeatability, the controller 114 calculates a phase adjust 
ment for each dispense cycle. The phase adjustment is Such 
as to advance (or retard) the timing of the valve opening and 
closing So that the dispensed droplet of reagent 131 lands at 
the desired location on the substrate 111 (or at a desired 
offset location), taking into account its anticipated trajectory. 
0051. Those skilled in the art will recognize that the 
magnitude of the necessary or desired phase adjustment will 
depend, among other things, on a number of System input 
and output parameters and behavioral characteristics, 
including the desired drop offset (if any), the vertical dis 
tance between the dispensing head nozzle 205 and the 
surface of the substrate 111, the velocity and/or acceleration 
of the dispensing head 128 and/or the substrate 111 relative 
to one another, the Velocity of the dispensed droplets, 
ambient temperature and humidity, and other controlled 
and/or uncontrolled factors. While certain of these param 
eters or characteristics can be isolated and Studied Such that 
their impact on the necessary phase adjustment is fairly 
predictable, other parameters or characteristics can neither 
be isolated nor predicted. The invention contemplates, how 
ever, that precise phase adjustments can be determined 
experimentally for a given production Set up either before or 
during production Such that a high degree of accuracy, 
precision and repeatability is attained during long produc 
tion runs. The structure and operation of controller 114 will 
be described in more detail below in connection with the 
description of FIGS. 7-10. 

Solenoid Valve Dispenser 
0.052 The present invention may be implemented using 
any one of a number of commercially available reagent 
dispensers, Such as air brush dispensers, piezoelectric dis 
pensers, Solenoid valve dispensers and the like. However, a 
Solenoid valve dispenser is preferred for general applica 
tions. FIG. 3 is a cross-sectional view of a Solenoid valve 
dispensing head 128 for use in accordance with either of the 
embodiments of FIGS. 1 or 2. While the selection of a 
particular dispensing head is not critical to practicing the 
present invention, it has been found that a Solenoid actuated 
valve dispenser 128 provides good results when used in 
accordance with the teachings herein. Again, those skilled in 
the art will recognize that other types of dispensers and valve 
actuation devices exist and may be used with efficacy. These 
may include, for example, but are not limited to air brush 
dispensers, piezoelectric dispensers, fluid impulse dispens 
ers, heat actuated dispensers, and the like. 
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0053 Solenoid valve dispensers of the type shown in 
FIG. 3 are commonly used for ink-jet printing applications 
and are commercially available from Sources Such as The 
Lee Company of Westbrook, Conn. The dispenser 128 
generally comprises a Solenoid portion 202, a valve portion 
204 and a nozzle portion 205. The Solenoid portion 202 
comprises an electromagnetic coil or winding 206, a Static 
core 238 and a movable plunger 240. The static core 238 and 
movable plunger 240 are disposed within a hollow cylin 
drical sleeve 241 and are preferably Spaced at least slightly 
away from the inner walls of the sleeve 241 so as to form an 
annular passage 242 there between through which the 
reagent 130 or other liquid to be dispensed may flow. The 
static core 238 and movable plunger 240 are preferably 
formed of a ferrous or magnetic material, Such as an iron 
alloy, and are separated by a Small gap 244. Those skilled in 
the art will appreciate that when the Solenoid coil 206 is 
energized a magnetic field is created which draws the 
plunger 240 upward toward the static core 238, closing the 
gap 244 and opening the valve 234. 
0054 The valve portion 204 comprises a valve seat 252, 
having an orifice opening 254, and a stopper 256 having a 
valve face 258 adapted to seal against the valve seat 252. 
The Stopper 256 is in electro-mechanical communication 
with the plunger 240 and is spring biased toward the valve 
seat 252 via coil spring 260. Again, those skilled in the art 
will readily appreciate that as the plunger 240 moves up and 
down, the valve 234 will open and close, accordingly. 
Moreover, each time the valve 234 opens and closes, a 
Volume of liquid is allowed to escape through the valve 
orifice 254. This forms an energy pulse or pressure wave 
which causes a droplet of liquid to be ejected from the exit 
orifice 261 of the nozzle tip 259. 
0055 Conventionally, a pressurized reservoir (not 
shown) having a predetermined constant pressure is used to 
force reagent or other liquid through the valve orifice 254 
during the time interval (or “duty cycle”) in which the valve 
234 is open. Configured in this manner and under controlled 
conditions, Such dispensers may have a repeatability as low 
as +2% with a minimum drop size of about 30-35 nanoliters. 
The size of the droplet will be determined by the system 
operating parameterS Such as the reservoir pressure, valve 
open time or duty-cycle, and the Viscosity and other flow 
characteristics of the particular reagent or liquid being 
dispensed. Of course, certain fixed parameters, Such the size 
and shape of the nozzle 259 and the nozzle opening 261, will 
also play an important role in the operational characteristics 
of the valve in terms of droplet size and repeatability. In 
general, however, droplet size increases with increasing 
reservoir pressure and valve open time. 
0056. In accordance with a particularly preferred 
embodiment of the present invention a positive displacement 
pump 120 (see e.g., FIG. 1) is provided in series with the 
Solenoid valve dispenser 128. Configuring the dispensing 
System in this manner has the benefit of forcing the Solenoid 
Valve dispenser 128 to admit and eject a quantity and/or flow 
rate of reagent as determined Solely by the positive displace 
ment pump 120, with which it is hydraulically in series. For 
example, the Syringe pump could be instructed to deliver a 
flow rate of 1 microliter per Second of reagent to the Solenoid 
valve dispenser 128 at a steady rate. As the valve stopper 256 
is opened and closed at a given frequency and duty cycle a 
series of droplets are formed which will exactly match the 
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desired flow rate. The Syringe pump acts as a forcing 
function for the entire System, ensuring that the desired flow 
rate is maintained regardless of the duty cycle or frequency 
of the dispensing Valve. 
0057 Advantageously, within a certain operating range 
the frequency and/or Velocity of the droplets can be adjusted 
without affecting the flow rate of reagent Simply by changing 
the frequency and/or duty cycle of the energizing pulses 182 
(FIG. 1) provided to the solenoid valve dispenser. Of course, 
there are physical limitations of Valve open time or duty 
cycle necessary to achieve Stable droplet formation. If the 
open time is too short relative to the flow rate, the preSSure 
will increase and possibly prevent the valve dispenser 128 
from functioning properly. If the open time is too long 
relative to the flow rate, then drop formation may be 
impaired or may not be uniform for each open/close cycle. 
Nevertheless, for a given flow rate of reagent 130 provided 
by the syringe pump 120 there will be a range of compatible 
frequencies and/or valve open times or duty-cycles in which 
Stable dispensing operations may be achieved at the desired 
flow rate and droplet size. This range may be determined 
experimentally for a given production Set up. 

Syringe Pump 

0.058 As illustrated in FIG. 4, a suitable syringe pump 
120 generally comprises a Syringe housing 362 of a prede 
termined Volume and a plunger 118 which is Sealed against 
the Syringe housing by O-rings or the like (not shown). The 
plunger 118 mechanically engages a plunger Shaft 366 
having a lead screw portion 368 adapted to thread in and out 
of a base support (not shown). Those skilled in the art will 
readily appreciate that as the lead screw portion 368 of the 
plunger shaft 366 is rotated the plunger 118 will be displaced 
axially, forcing reagent 130 from the Syringe housing 362 
into the exit tube 370. Any number of suitable motors or 
mechanical actuators may be used to drive the lead Screw 
368. Preferably, a pump driver 142 including a stepper motor 
(FIG. 1) or other incremental or continuous actuator device 
is used so that the amount and/or flow rate of reagent 130 can 
be precisely regulated. 
0059. Several suitable syringe pumps are commercially 
available. One such syringe pump is the Bio-Dot CV1000 
Syringe Pump Dispenser, available from Bio-Dot, Inc. of 
Irvine, Calif. This particular Syringe pump incorporates an 
electronically controlled Stepper motor for providing preci 
Sion liquid handling using a variety of Syringe sizes. The 
CV1000 is powered by a single 24 DC volt power supply 
and is controlled via an industry-standard RS232 or RS485 
buS interface. The Syringe pump may have anywhere from 
3,000-24,000 steps, although higher resolution pumps hav 
ing 48,000 Steps or more may also be used to enjoy the 
benefits of the invention herein disclosed. Higher resolution 
pumps, Such as piezoelectric motor driven pumps, may also 
be used to provide even finer resolutions as desired. The lead 
screw 368 may optionally be fitted with an optical encoder 
or similar device to detect any lost Steps. Alternatively, the 
lead Screw of the metering pump can be replaced with a 
piezoelectric Slide to provide both Smaller Volume incre 
ments and also faster acceleration/deceleration characteris 
tics. Multiple Syringe pumps may also be used in parallel, for 
example, for delivering varying concentrations of reagent 
130 and/or other liquids to the dispenser or for alternating 
dispensing operations between two or more reagents. This 
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could have application, for instance, to inkjet printing using 
one or more colored inkS or liquid toners. 
0060. The travel of the plunger 118 is preferably about 
260 mm. Plunger Speeds may range from 0.8 Seconds per 
Stroke with a 10-step minimum for low-resolution pumping 
or 1.5 Seconds per Stroke with a 20-step minimum for 
high-speed resolution pumping. The Stroke Speed may vary 
depending upon the Syringe size and the tubing used. 
Syringes may vary from less than 50 microliters to 25 
milliliters, or more as needed. For most reagent dispensing 
applications it should be adequate to provide a Syringe 
having a volume from about 50 microliters to about 25 
milliliters. The minimum incremental displacement volume 
of the pump will depend on the pump resolution and Syringe 
Volume. For example, for a Syringe housing Volume of 50 ml 
and 12,000 Step resolution pump the minimum incremental 
displacement volume will be about 42 nanoliters. Minimum 
incremental displacement Volumes from about 0.5 nanoliters 
to 2.1 milliliters are preferred, although higher or lower 
incremental displacement Volumes may also be used while 
Still enjoying the benefits of the present invention. 
0061 The syringe housing 362 may be made from any 
one of a number of Suitable bio compatible materials. Such as 
glass, TeflonTM or Kel-F. The plunger 118 is preferably 
formed of virgin Teflon T.M. Referring to FIG. 1, the syringe 
120 is connected to the reservoir 116 and the dispensing 
head 128 using a Teflon tubing 150, such as 4-inch O.D. 
tubing provided with luer-type fittings for connection to the 
Syringe and dispenser. Various check valves 145 may also be 
used, as desired or needed, to direct the flow of reagent 130 
to and from the reservoir 118, Syringe pump 120 and 
dispenser 128. Of course, a wide variety of other positive 
displacement or “direct current fluid Sources may also be 
used to achieve the benefits and advantages as disclosed 
herein. These may include, for example and without limi 
tation, rotary pumps, peristaltic pumps, Squash-plate pumps, 
pumps incorporating hydraulic or electronic feedback con 
trol and the like. 

Controller 

0062 FIG. 7 illustrates one possible embodiment of an 
electronic controller 114 having features of the present 
invention. The controller 114 of the embodiment described 
herein generally comprises a host CPU 402 or computer 
which interfaces with Some form of data memory. In par 
ticular, the controller may be roughly divided into five basic 
Subsystems: host CPU 402, coordinate control circuitry 404, 
memory and logic circuitry 406, Syringe Stop count circuit 
408, and valve firing circuit 412. Each of these subsystems 
are illustrated schematically by phantom lines in FIG. 7 and 
are described in more detail below. Those skilled in the art 
will appreciate that each Subsystem works in cooperation 
with the other subsystems to simultaneously control the 
coordinate Stepper motorS 123, 124, the Syringe pump motor 
142 and the solenoid valve dispenser 128 (FIG. 1) to 
achieve the desired dispensing. 

Host CPU 

0063) A host CPU 402 serves as the central controller and 
also the interface between the controller 114 and the user. It 
allows the operator to input dispensing data and to control, 
either independently or Simultaneously, each aspect of the 
dispensing apparatus 108 (FIG. 1). 
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0064. In the particular embodiment illustrated herein, the 
host CPU 402 generally comprises a 80x86 or Pentium 
based computer having a slot or bus compatible to accept a 
plug-in circuit board. The circuit board or “controller card” 
contains the four subsystems shown in FIG. 7. The control 
ler card mounts or plugs into a computer bus providing data 
transfer and communication of instructions. The host CPU 
402 also provides power to the controller card and further 
allows an operator to access, program and control the 
functions of the controller card. It is further contemplated 
that the host CPU 402 contains suitable computer software 
compatible with the host CPU and the controller card which 
facilitates operation of the System as described herein. 
0065 Preferably, a display device and data input means 
are integral with the host CPU 402 thereby providing means 
to input data into a memory or static RAM array 414 located 
on the controller card and to verify the same using the 
display device. As is known by those of ordinary skill in the 
art, a keyboard, mouse, trackball, light pen, capacitance 
touch Screen, computer Storage media are all acceptable data 
input means. Likewise, a color Video monitor or Screen 
provides a Suitable display means. Using a data entry device, 
Such as a keyboard, an operator may enter data into the host 
CPU 402 in the form of a data array or graphical bit map to 
thereby instruct the electronic controller and dispensing 
apparatus of the desired reagent pattern and characteristics. 
Conventional computer Software may facilitate the entry of 
the data array or bit map via the host CPU 402 to the 
memory 414 of the controller card. 
0.066. In the particular preferred embodiment described 
herein, the controller card is compatible with a PC-AT clone, 
i.e. 80x86 or Pentium-based architecture. The controller 
card form factor and bus configuration match a PC-104 
format, thereby allowing the circuit design to be quickly and 
inexpensively manufactured in a circuit board format. In the 
particular preferred embodiment shown and described 
above, the host CPU 402 utilizes a Motorola 68332 proces 
Sor as the main microprocessor. However, as known by those 
skilled in the art, other computer systems and host CPU's 
may be used with equal advantage. 
0067 For the purposes of the present application, a bus 
comprises an electrical connection which facilitates the 
eXchange of information, Such as address information, data 
information and/or instructions. The present invention 
includes an address bus 416 which carries address informa 
tion, and a data bus 418 which carries data information. The 
data bus 418 and the address bus 416 connect to the memory 
and logic circuitry 406. Advantageously, the data bus 418 
and the address bus 416 are bi-directional thereby allowing 
the transfer of data between the controller card and the 
memory and logic circuitry 406. Thus, the controller 114 
may display Status information from the controller card on 
the video display of the host CPU 402 or alternatively, write 
the information to a data file on a permanent Storage 
medium. AS is known to those of ordinary skill in the art, 
other types of electrical connections exist which carry 
electronic information and are fully contemplated for use 
with the present invention. 

Memory and Logic Circuitry 

0068 Connected to the host CPU 402 is a network of 
circuitry referred to herein as the memory and logic circuitry 
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406. In general, the memory and logic circuitry 406 stores 
the data which defines the desired dispensing pattern and 
characteristics. Other hard-wired logic circuitry, Such as a 
counter 424 and multiplexer 426, may also be used, as 
desired, to parse dispensing data to the other Subsystems of 
the controller 114 or to Speed up the processing of informa 
tion and control data. 

0069. In particular, the memory and logic circuitry 406 
generally comprises an electronic memory 414 for Storing 
data regarding reagent 130 dispense parameters, a tri-State 
buffer 420, a divisor 422, an address counter 424, a multi 
plexer 426 and various logic circuitry to assure proper 
operation of the electronic controller 114. The tri-state buffer 
420 connects to the host CPU 402 via the data bus 418 and 
serves to isolate the CPU from the controller card. The buffer 
is adapted to rapidly accept and Store data to further increase 
data transfer speed and free the host CPU 402 of data 
transfer operations. In turn, the tri-state buffer 420 connects 
to a memory module 414, preferably a Static ram array. The 
tri-state buffer 420 also connects to the output lines of the 
Static ram array 414 for direct control of the Syringe motor 
142 and the solenoid valve dispenser 128 (FIG. 1). 
0070 The static ram array 414 comprises an electronic 
memory device which Stores the data in the form of a data 
array sent from host CPU 402 via the tri-state buffer 420. 
The data array 414 defines the reagent 130 dispensing 
pattern. Advantageously, access to each value in the data 
array 414 corresponds to a data array address thereby 
allowing access to Specific data in the data array. 
0071 A2:1 multiplexer 426 connects via the address bus 
416 to the host CPU 402. The 2:1 multiplexer 426 allows the 
operator to Select which of the two inputs pass to the output. 
The multiplexer 426 has two inputs: a first input which 
connects to the output of the counter 424 and a Second input 
which connects to the address bus 416. In the preferred 
embodiment, the multiplexer 426 provides a data array 
address from the host CPU 402 or, during steady state 
operation, from the output of the memory and logic circuitry 
counter 424. Those skilled in the art will recognize that when 
the multiplexer 426 passes the counter output to the Static 
RAM array 414, the address increments automatically by 
way of a stepper control chip output. The output of the 
Stepper control chip 430 advantageously Serves as the main 
clock for the controller and thereby Synchronizes operation 
of the system 108. A more detailed discussion of the stepper 
control chip 430 is provided below. 
0072 The counter output 424 provides one of the two 
inputs to the multiplexer 426. As known by those of ordinary 
skill in the art, a counter 424 comprises digital logic circuit 
which records input pulses to produce a binary word that 
increases or decreases in value by a predetermined number 
(preferably 1) upon each input pulse. This binary word 
provides the next address for retrieving data from the data 
array. Thus, the counter 424 operates to increment the 
address of the data array 414. The counter 424 is preferably 
a resettable circuit and a reset line 425 is provided from the 
miscellaneous register and logic 428 to reset the counter 
424. The counter 424 may also be reset either automatically 
or manually via an interrupt (not shown) from the host CPU 
402. 

0073. The output of divisor circuitry 422 provides input 
to the counter 424. The divisor 422 provides an output after 
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receiving N number of input pulses, where N is the number 
of input pulses required to trigger an output pulse. If desired, 
the divisor 422 can be user adjustable so that the value for 
N may be set by the operator. Thus, the resolution of the 
dispensing apparatus may be controlled by the number of 
pulses output by the stepper control chip 430 and the value 
assigned to N. AS known by those of ordinary skill in the art, 
a divisor 422 can readily be implemented using a form of a 
counter circuit wherein the counter circuit outputs a pulse 
upon receipt of a certain number of input pulses. The input 
to the divisor 422 is the main clock signal provided by the 
stepper control chip 430. The divisor circuit 422 also pro 
vides output to the syringe stop count circuit 408 and the 
valve firing circuit 412, described below. 

0.074 Dual output lines from the static ram array 414 
connect to each of the Syringe Stop count circuit 408 and the 
valve single shot circuit 412, both of which are described in 
more detail below. Those skilled in the art will appreciate 
that the output of the static ram array 414 defines the desired 
Syringe motor increment and the valve pulse duration and is 
Sequentially incremented by the address counter input. 

0075 To facilitate operation, miscellaneous registers and 
logic, shown at Step 428, are integral with the above 
described componentry. AS known by those of ordinary skill 
in the art, various logic circuitry and Storage registers 428 
are interspersed with the componentry described herein as 
appropriate. Alternatively, much of the electronic hardware 
described herein could easily be embodied through the use 
of Suitable Software, as desired or appropriate. 

Coordinate Control Circuitry 

0.076 Coordinate control circuitry 404 moves the dis 
pensing head 128 (FIG. 1) to each desired location. While 
FIG. 7 only shows circuitry for X axis motion control, those 
skilled in the art will readily appreciate that Y axis motor 
control is also contemplated with the present invention to 
facilitate operation with an X-Y table. In another embodi 
ment, the controller 114 may also incorporate Z axis motion 
to achieve compatibility with an X-Y-Z table. This provides 
additional control of the System by providing means to vary 
the distance between the dispensing head 128 and the 
substrate 111 (FIG. 1). 
0077. The coordinate control circuitry 404 generally 
comprises a stepper control chip 430, control logic 446 and 
an axis motor driver 448. AS discussed in greater detail 
below, the coordinate control circuitry 404 provides input to 
the divisor 422 of the memory and logic circuitry 406. The 
coordinate control circuitry 404 also provides control of an 
axis stepper motor 123 (FIG. 1) and input to the syringe stop 
count circuit 408 and the valve firing circuit 412. 

0078. The stepper control chip 430 generates a constant 
Step pulse output. This Step pulse output Serves dual pur 
poses. First, the Step pulse provides a control Signal to the 
axis motor drive 443 which in turn powers the stepper motor 
123. The Stepper motor controls the dispensing head position 
along the X-axis. Second, the Step pulse, or a divided form 
thereof, propagates throughout the System as the main clock 
pulse. The stepper control chip 430 is of the type often used 
to operate Stepper motors. The preferred embodiment 
described herein utilizes a Nippon Pulse PCL-240AK avail 
able from the Nippon Pulse Motor Co., Ltd, although other 
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Stepper motor control chips are currently available and are 
operational with the invention disclosed herein. 
0079 Moving now in more detail to the coordinate 
control circuitry, the stepper control chip 430 has two 
outputs: a step pulse output 450 and a direction signal output 
452. The first output, the step pulse output 450, connects to 
at least one logic device to regulate the operation of the Step 
motor 123. In this embodiment the logic device comprise a 
dual-input AND gate 446. One input of the AND gate 446 
connects to the step pulse output 450 from the stepper 
control chip 430. An axis enable line 453 connects to the 
other input of the AND gate 446. The axis enable signal, 
when high, allows the Step pulse output to propagate to the 
output of the AND gate 446. The memory and logic circuitry 
406, described above, provides the axis enable signal to the 
AND gate 446 thereby providing means to cease movement 
of the dispensing head 128, either automatically via the data 
array or manually via the host CPU 402. 
0080. The second output of the stepper control chip 430, 
the motor direction control Signal, is provided on a direction 
control line 452 to control the direction of the X axis stepper 
motor 123. The motor direction line 452, which carries the 
motor direction Signal, connects directly to the axis motor 
driver 448. The stepper motor direction signal is also fed to 
the syringe stop count circuit 408, described in more detail 
below. Changing the State or logic level of the direction line, 
changes the direction of the X-axis stepper motor 123. This 
advantageously provides for bi-directional printing which, 
as noted above, Speeds dispensing operation. 

0081. An axis motor driver 448 receives the output from 
the AND gate 446 and the stepper control chip 430. The axis 
motor driver 440 is an electronic device controlled by 
normal logic level Signals which correlates the logic level 
input signals into a specialized output having increased 
current Sourcing ability to drive a stepper motor. AS is 
known by those of ordinary skill in the art many different 
axis motor drivers are available which satisfy the needs of 
the current invention. 

0082 The output of the axis motor driver 448 is provided 
to the X-axis stepper motor 123. The stepper motor 123 
controls movement of the dispensing head 128 in relation to 
the substrate 111 (FIG. 1). Preferably, the stepper control 
chip 430, axis motor driver 448, and stepper motor 123 have 
resolution of greater than about a hundred Steps per linear 
inch, more preferably greater than about five hundred Steps 
per linear inch, even most preferably greater than about 
Seven hundred fifty Steps per linear inch. 

Syringe Stop Count Circuit 

0083. The syringe stop count circuit 408 controls the 
Syringe 120 based on Signals received from the Stepper 
control chip 430 and the memory and logic circuitry 406. 
The Syringe Stop count circuit 408 comprises control logic, 
a syringe circuit divisor 455, a syringe circuit counter 456, 
and a Syringe motor driver 458. Advantageously, the Syringe 
stop count circuit 408 is synchronized with the other sub 
Systems of the controller 114 to ensure precise and Synchro 
nized control over syringe motor driver 458. 
0084. The control logic provides means to obtain manual 
control over the Syringe and includes a direction control 
NOR gate 460 which has two inputs, the first of which 
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connects to the direction line 452 of the stepper control chip 
430 and the second of which connects to a syringe direction 
invert line 462. The syringe direction invert line 462, 
although not shown, connects to the memory and logic 
circuitry 406 and is discussed in more detail below. The 
output of the direction control NOR gate 460 connects to the 
syringe motor driver 458, described below. Based on the 
signals entering the NOR gate 460 the syringe motor driver 
can be made to change the direction of the Syringe Stepper 
motor 142. Advantageously, the Syringe motor 142 is bi 
directional thereby providing means to draw liquid into the 
Syringe or expel liquid from the Syringe 120. The Syringe 
direction invert Signal may be provided, for example, in 
accordance with data contained in the Static ram array 414 
and thus may operate based on initial programming. 

0085. If the direction of the stepper chip 430 reverses 
direction, then the motion of the syringe plunger 118 (FIG. 
1) also reverses direction. However, the values in the static 
ram array 414 may exist to ensure bi-directional printing, i.e. 
the level of the signal on the direction invert line 462 
changes when the direction of the Stepper motor 123 
changes. Alternatively, an operator may manually control 
the direction of the syringe 120 (FIG. 1) through the host 
CPU 402 via the direction invert line 462. Manual control 
over the syringe 120 (FIG. 1) provides the operator with the 
ability to aspirate, dispense or fill the Syringe 120 to achieve 
unique dispensing operations on a non-automated basis. 

0.086 The syringe stop count circuit 408 also contains a 
syringe circuit counter 456. The syringe circuit counter 456 
determines the number of pulses to be provided to the 
Syringe motor during a discreet dispense operation. In the 
present embodiment, the Syringe circuit counter 456 has 
three inputs 465, 466, 467 and an output 464. The first input 
465 accepts the Syringe increment value from the Static 
RAM array 414. The syringe increment value is the number 
of steps the syringe motor 142 (FIG. 1) will move at a 
particular target location. The Second input 466 accepts the 
output of the divisor 422 from the memory and logic 
circuitry divisor 422. The divisor output acts as the main 
clock for the syringe circuitry counter 456 thereby synchro 
nizing the counter's output to each rising pulse of the divisor 
output. The counters third input 467 is a tap to monitor the 
pulses arriving at the syringe motor driver 458 and thereby 
count down the value at the counter. Thus, the Syringe circuit 
counter 456 obtains a value from the data array, in this case 
the number of Steps the Syringe 120 is to increment, and in 
response to each upward edge of the main clock signal, 
provides an equal number of pulses to an output 454. 

0087. The output 454 of the counter 456 feeds to the three 
part logic network of the Syringe Stop count circuit 408. In 
general, the logic network Synchronizes operation of the 
syringe 120 (FIG. 1) with the position stepper motor 123 
and provides manual control for a user to inhibit operation 
of the Syringe. The logic network comprises a Syringe 
override OR gate 470, an AND gate 471, and a syringe 
inhibitor AND gate 472. The syringe override OR 470 gate 
has a first input connected to the counter output 454 
described above. The syringe override OR gate 470 has a 
Second input connected to a Syringe override Signal line 474, 
which provides means to manually operate the Syringe 
motor 142. The data array in the static RAM array 414 may 
provide the Syringe override Signal, or alternatively, in 
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manual control mode, the host CPU 402 may provide the 
Syringe override Signal via the memory and logic circuitry 
406. 

0088. The output of the syringe override OR gate 470 
connects to a first input of an AND gate 471. The second 
input of the AND gate connects directly to the output of the 
stepper control chip 430. The AND gate 471 allows for 
Syringe motor Signal propagation from either the Syringe 
override Signal or, during automatic operation based on the 
values from the static ram array 414. The output of the AND 
gate 471 connects to a first input of a syringe inhibit AND 
gate 472. The second input to the syringe inhibit AND gate 
472 comprises a syringe inhibit signal line 476, which 
provides means to cease operation of the Syringe motor 142. 
The data array in the static RAM array 414 provides the 
Syringe inhibit Signal, or when the dispenser is under manual 
control, the host CPU 402 provides the syringe inhibit 
Signal. 

0089. The output of the syringe inhibit AND gate 472 
enters a syringe circuitry divisor 455. The divisor 455 is 
identical to the divisor described above in the memory and 
logic circuitry 406, and thus is not described in detail again. 
The divisor 455 provides an output pulse for every N 
number of input pulses, when N determines the resolution of 
the system. The divisor 455 provides its output to the syringe 
circuitry counter 467 and the input of the syringe motor 
driver 458. 

0090 The syringe motor driver 458 operates substan 
tially in accordance with the principles of the previously 
described axis motor driver 448 of the coordinate control 
circuitry 404 and therefore will not be repeated here. 
0091. It was stated above that providing a positive dis 
placement pump 120 in series with the Solenoid valve 
dispenser 128 (see FIG. 1) has the benefit of forcing the 
Solenoid valve dispenser 128 to admit and eject a quantity 
and/or flow rate of reagent as determined Solely by the 
positive displacement pump 120. In essence, the Syringe 
pump acts as a forcing function for the entire System, 
ensuring that the desired flow rate is maintained regardless 
of the duty cycle, frequency or other operating parameters, 
of the dispensing valve. That is certainly true for Steady-state 
operation. 

0092. However, for non-steady-state operation, such as 
during initial Start-up or for intermittent dispensing opera 
tions, transient pressure variations may occur in the Supply 
line 150 due to hydraulic “capacitance effect”, leakage or the 
precipitation of Small gaseous bubbles within the hydraulic 
System. These pressure variations can cause transient or 
intermittent variations in the rate of fluid dispensed. For 
example, FIG. 5 line 910 illustrates transient dispense 
effects caused by initial Start-up operation of a dispensing 
apparatus. To compensate for these variations and to ensure 
uniform dispensing operation during initial Start-up and 
intermittent dispensing operations, the controller of the 
present invention preferably provides pre-pressurization of 
the Supply line 150 prior to initiating dispensing operations. 
0093 Pre-pressurization may be achieved, for example, 
by advancing the syringe 120 while the valve 204 (FIG. 3) 
is closed in order to build up pressure in the line 150 to its 
predetermined Steady-State level. Accordingly, when the 
valve 204 opens, the reagent 130 exits the valve at the 



US 2004/0072364 A1 

desired target or Steady-State rate or Velocity. The amount of 
pre-pressurization needed to achieve Steady-state operation 
can be determined empirically for a given production Set-up. 
For example, FIG. 5 illustrates the effect of varying amounts 
of pre-pressurization on Start-up transient dispensing opera 
tions. Alternatively, those skilled in the art will recognize 
that other pressure compensation techniques may also be 
used with efficacy, Such as pressure Sensor(s), time-domain 
compensation, Syringe displacement compensation and the 
like. 

Valve Firing Circuit 
0094. Valve firing circuit 412 controls and synchronizes 
operation of the dispensing head 128 in coordination with 
the remaining Subsystems of the dispensing apparatus 108 
(FIG. 1). In this embodiment the valve firing circuit 412 
comprises a valve pulse counter 480, a reference clock 482, 
and a valve driver 484. The valve firing circuit 412 obtains 
two input signals. The first input, from the memory and logic 
circuitry 406, comprises a valve pulse value from the static 
RAM array 414. The valve pulse value is the time or number 
of click cycles the valve is to remain open. The Second input 
comprises the main clock pulse from the output of the 
memory and logic circuitry divisor 422. The main clock 
pulse Serves to Synchronize operation of the valve with the 
rest of the dispensing apparatus. The pulse counter 480 is 
responsible for providing the proper pulse duration to the 
valve driver 484. 

0.095 Advantageously the valve firing circuitry includes 
a reference clock. The reference clock generates pulses of 
constant time duration. These pulses of constant time dura 
tion provide a known time reference on which the counter 
may base its operation. Since the valve pulse duration is in 
units of time, the reference clock 482 ensures accurate 
operation of the dispensing head 128 (FIGS. 1, 3). 
0096. The output of the pulse counter 480 connects to a 
valve driver 484. The valve driver 484 receives the logic 
level input from the pulse counter 480 and provides a driving 
Voltage for driving a Solenoid or other Such device to open 
and close the valve 204 of the Solenoid valve dispenser 128 
(FIG. 3). Accordingly, the valve driver 484 electrically 
communicates with the Solenoid valve dispenser 202. 

Software/Flow Charts 

0097 FIG. 8 is a flow chart illustrating the basic opera 
tion of a dispenser apparatus and control System as described 
herein. The first Step 604 comprises providing the reagent 
pattern and application requirements/parameters to the con 
troller. AS mentioned above, the data is preferably entered in 
table or graphic form in a data file or bit map graphic file. 
The reagent application requirements define the location and 
amount and the application characteristics of the dispensing 
process. This may be inputted by the operator via a keyboard 
or graphic interface or it may be loaded directly from a 
Storage media, Such as magnetic disk or tape. At the next 
Step 608 the System translates the application requirements 
into Syringe displacement and valve pulse duration values 
and arranges the calculated values in a data array. 
0.098 An example of the type of data contained in the 
data array is shown below as TABLE 1. For example, the 
data array may contain data values which govern the manner 
in which reagent is dispensed at a particular target location. 
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Thus, each data address corresponds to a target location and 
consequently each target location has a plurality of corre 
sponding values which define the dispensing characteristics 
for that location. 

TABLE 1. 

DATA ADDRESS 

SYRINGE INCREMENT 
VALUE 
VALVE PULSE VALUE 
XAXIS DIRECTION 
YAXIS DIRECTION 
XAXIS VELOCITY 
COMPENSATION 
Y AXIS VELOCITY 
COMPENSATION 
SYRINGE DIRECTION 
INVERT 
SYRINGE OVERRIDE 
SYRINGE INHIBIT 
VALVE OVERRIDE 
PULSE INHIBIT 
REAGENTTEMPERATURE 
COMPENSATION 
REAGENT WISCOSITY 
COMPENSATION 

0099. The syringe displacement value and the valve pulse 
value for each dispense location corresponds to an address 
in the data array. Thus, as the controller 114 (FIG. 1) moves 
the dispensing head 128 across the substrate 111, the address 
in the data array is sequentially incremented thereby pro 
gressing through the values in the data array. This provides 
precise control over the amount of reagent and the manner 
in which the reagent is provided to each location on the 
substrate 111. All of this occurs simultaneously with the 
continuous motion of the dispensing head as it travels acroSS 
the Substrate. 

0100 Additional data manipulation may occur at step 
612 in order to incorporate particular dispensing require 
ments, parameters or adjustments to aid in the reagent 
dispensing process. Adjustments may include estimated 
adjustments for fluid Viscosity, fluid temperature, dispensing 
apparatus configuration, Substrate composition and other 
parameters. Adjustments may also include compensation for 
the Velocity of dispensing head for X-axis and/or Y-axis 
travel. For example, if the dispensing head is moving at a 
high Velocity, the pulsing of the valve and Syringe must be 
phased slightly ahead of the desired dispensing location in 
order to hit the desired target area given the anticipated 
trajectory. Likewise, a more Viscous liquid may require 
additional phase adjustments or an increase in the valve 
pulse time and the Syringe increment distance So that the 
proper amount of reagent exits the valve. 

0101 Many of these adjustments may be determined 
through empirical Studies and/or experimentally for a given 
reagent or production Set-up. For example, rough adjust 
ments can be made to the dispense databased on known or 
determined parametric equations or look-up tables in order 
to adjust for temperature, Viscosity, height or Speed of the 
dispensing head, etc. Finer adjustments can then be made 
experimentally for a given production Set up. This can be 
done, for example, by programming the dispensing appara 
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tus to dispense known patterns of crossing or parallel lines, 
target patterns and/or the like, at particular locations on the 
Substrate. By inspecting the resulting patterns, certain 
adjustments, Such as phase lead or lag, can be made to the 
dispense data to compensate for noted errors. The experi 
ment can be repeated as many times as needed. Optionally, 
Sensors may be provided, Such as temperature probes, vis 
cosity Sensing devices or other Sensor devices, in order to 
provide real time automated feedback and adjustment of the 
dispenser. 
0102 Finally, at step 616, the controller aligns the 
reagent dispensing head in its starting position. When the 
dispensing apparatus begins operation, the dispensing head 
128 traverses the substrate. Concurrently, the controller 114 
(FIG. 1) increments the syringe 120 (FIG. 1), pulses the 
solenoid valve dispenser 128 (FIGS. 1, 3) and successively 
increments the data array address to provide precision 
on-the-fly reagent dispensing. 

0103 FIG. 9A is a flow chart illustrating, in more detail, 
one preferred mode of operation of a dispenser apparatus in 
accordance with the present invention. At step 804, the host 
CPU 402 (FIG. 7) receives data which governs the dispens 
ing for a particular reagent and dispensing operation. A 
keyboard, hard drive, diskette, CD-ROM, or other data entry 
device may provide this information to the host CPU 402. 
The host CPU 402 or controller 114 also receives the value 
by which the main clock signal will be divided (represented 
above by the letter N), step 812. This generally determines 
the resolution of the dispensing operation in terms of the 
number of addressable target areas per linear distance “d. 
0104. At step 816 the host CPU 402 transfers the dis 
pensing data to the static RAM array 414 (FIG. 7) of the 
electronic controller. The host CPU 402 in conjunction with 
the static RAM array 414 places the data into a data array. 
The data array contains the dispensing data for each target 
location 706 (FIG. 3) and is accessed via a data address 
location. The data array may also contain Specific control 
information Such as Syringe inhibit, Syringe override, Valve 
inhibit, valve override and Stepper motor direction, if Such 
information is applicable, and/or various adjustments. 
0105. At step 824, the system controller 114 monitors the 
external Sensors and/or operator input. Monitoring the exter 
nal Sensors may reveal additional information Such as fluid 
Viscosity and/or temperature. Based on the data from the 
external Sensors and any final changes from the operator, the 
controller 114 adjusts the data array at step 820. For 
example, if the reagent is determined to be of higher than 
normal temperature, the valve duly cycle may be adjusted 
downward to ensure the proper amount of reagent is 
expelled. 

0106] At step 832, the stepper control chip 430 (FIG. 7) 
begins operation by outputting a Series of pulses. The 
Stepper control chip 430, or Some other equivalent output 
device provides a pulse to the X axis driver 448 (FIG. 7) 
thereby actuating the X-axis stepper motor 123 (FIG. 1) 
which continuously moves the dispensing head 128 (FIG.1) 
across the substrate 111. In the present embodiment the 
dispensing head 128 (FIG. 1), assumes a site of continual 
Steady-state motion because of the high definition of the 
Steps. In this particular embodiment the divided Stepper 
control chip output pulses Serve as the main clock for the 
controller 114 of FIG. 7. However, other types of system 
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Synchronizers exist and are known by those of ordinary skill 
in the art. For example, if the invention claimed herein is 
embodied using computer Software, the main computer 
clock or a divided version thereof may serve as the Syn 
chronizing Signal. 

0107 Next the operation of the controller 114 branches 
and loops, as represented by the section 834 enclosed within 
the dashed line. Within the loop, the system performs several 
functions simultaneously, namely moving of the dispensing 
head 128, incrementing the Syringe 120, and opening/clos 
ing the valve 204 (FIGS. 1, 3). To accomplish this task the 
output of the stepper chip 430 (FIG. 7) increments the 
address of the data array at which data is stored, step 836. 
This provides for automated and Sequential access to the 
data values in the data array. Desirably, the data in the data 
array may be arranged to cause the System 108 to dispense 
reagent 130 in a desired pattern, be it Sequential or non 
Sequential, contiguous or non-contiguous. Thus, the dispens 
ing head 128 would only dispense reagent at the Specific 
target locations on the substrate 111 indicated by the dis 
pense data contained in the data array. 
0108). The multiplexer 426 (FIG. 7) and miscellaneous 
registers and logic (FIG. 7) access the Syringe increment 
value 840 and the valve pulse value 844. These values are 
stored in the static ram array 414 (FIG. 7) and define how 
the syringe 120 will move and how long the valve 204 (FIG. 
3) will remain open for a particular target location 706 (FIG. 
6). The Syringe increment value is then transferred to a 
Syringe Stop count circuit, Step 848. Simultaneously, the 
valve pulse value is transferred to a valve firing circuit, Step 
852. The Sub-routines performed by these circuits control 
the operation of the syringe 120 and valve 128 (both shown 
in FIG. 1) respectively. The operation of the syringe stop 
count circuit 848 and the valve firing circuit 852 are 
described below in more detail. 

0109 After the operation of the syringe stop count circuit 
848 and the valve firing circuit 852, the controller 114 
queries for additional X axis data at step 854. If additional 
X axis data exists the system returns to step 836 to increment 
the address of the data array and repeat the above-described 
process. Conversely, if no additional data exist for a par 
ticular row, the controller 114 pauses the Stepper control chip 
output, step 856, and queries whether additional rows of 
reagent 130 need to be dispensed, step 860. If data corre 
sponding to additional rows exists in the data array, then the 
System increments the Y axis motor to thereby advance the 
dispensing head 128 (FIG. 1) one row, step 862, and returns 
to step 828 to dispense another row of reagent 130. 
0.110) If no additional data items exist, i.e. the last X 
location on the last row has been dispensed, then the 
controller 114 Stops operation. The operator may then load 
another Substrate 111, Step 864, and repeat the dispensing 
process or input another dispensing pattern via the host CPU 
402. Alternatively, the dispensing apparatus 108 (FIG. 1), if 
equipped with an automatic Substrate feed (not shown), may 
automatically load another Substrate 111 upon completion of 
the process. 

0111 FIG. 9B illustrates, in more detail, the preferred 
operation of the syringe stop count circuit 408 (FIG. 7). The 
syringe stop count circuit 408, shown in hardware in FIG. 
7, controls the operation of the syringe 120 based on the 
values in the data array and the operation of the rest of the 



US 2004/0072364 A1 

controller 114. In operation, the Syringe increment value, 
obtained from the data array, loads into the Syringe counter 
456 (FIG. 7), step 870. If the syringe increment value is a 
non-Zero value, the output of the counter 456 goes high to 
thereby enable the operation of the syringe driver, step 872. 
Each clock pulse of the divided stepper chip output 450 
(FIG. 7) simultaneously increments the syringe 120 and 
decrements the counter 456, step 874. In this repeating 
fashion, the syringe plunger 118 (FIG.1) moves or advances 
to thereby increase the pressure in the line 150 (FIG. 1). 
0112 At step 876 the controller or host CPU queries the 
status of the counter 456. If the value of the counter has not 
reached Zero, then the syringe stop count circuit 408 (FIG. 
7) maintains the State of the counter output, in this embodi 
ment high or enabled. As a result, the Syringe 120 increments 
on the next divided main clock pulse and the counter 
decrements, step 874. Alternatively, if the query step deter 
mines that the counter value is Zero, the output of the counter 
456 is disabled, step 878, which in turn halts the advance 
ment of the syringe 120. This completes the operation of the 
Syringe for a particular target location. The operation of the 
controller 114 returns to FIG. 9A. The above described 
process repeats for each target location 706 (FIG. 3) on the 
Substrate 111. 

0113 FIG. 9C illustrates, in more detail, the preferred 
operation of the valve firing circuit 412. The dashed line 
412, valve firing circuit 412, shown in hardware in FIG. 7, 
comprises the hardware enclosed by the dashed line. In 
operation, the transferred valve pulse value loads into the 
valve counter 480 (FIG. 7), step 884. If the valve pulse 
duration is a non-zero value, the output of the counter 480 
goes high to thereby enable the operation of the valve driver 
484 (FIG. 7), shown at step 886. 
0114 Preferably, the valve pulse counter 480 (FIG. 7) 
operates in relation to a reference clock 482 (FIG. 7) to 
establish the reference period for the valve operation in units 
of time instead of number of pulses of the Stepper control 
chip 430 (FIG. 7). Thus, the data array provides information 
on how many reference clock pulses the valve 204 (FIG. 3) 
will remain open, which corresponds to a period of time and 
not the distance traveled by the X-axis stepper motor 123 
(FIG. 1). For example, if each clock pulse lasts 0.001 
Seconds, then programming the valve to remain open for 100 
reference clock pulses will result in the valve remaining 
open for 0.1 Seconds or /10 of a Second. 
0115 The valve firing circuit decrements the counter 480 
on the next rising edge of the reference clock, step 888. This 
completes one clock cycle. Next, at step 890, a query is 
made regarding the Status of the counter. If the value of the 
counter 480 is non-zero, the valve firing circuit 412 main 
tains the State of the counter output, i.e., high or valve open. 
As a result, the valve 204 (FIGS. 1,3) remains open and the 
counter 480 decrements on the next rising edge of the 
reference clock pulse, step 888. 
0116. Alternatively, if the query step 890 determines that 
the counter value equals zero, the output of the counter 480 
(FIG. 7) is disabled, step 892, which in turn disables the 
driver 484 (FIG. 7) and causes the valve 204 to close. This 
completes the valve operation for a particular target location 
706. The operation of the system progresses in the fashion 
described in FIG. 9A step 894. The above described process 
repeats for each target location 706 (FIG. 6) on substrate 
111. 
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0117. In an alternative embodiment the present invention 
may be configured to perform Selective reagent dispensing 
operations. For example, instead of configuring the System 
108 for continuous linear motion of the dispensing head 128, 
the System can also provide for random access addressing of 
Substrate target areas. Thus, the dispensing apparatus 108 
could, for example, dispense reagent at the upper right hand 
corner of a Substrate 111 and then move to the lower left 
hand corner and dispense reagent without necessarily dis 
pensing at any locations therebetween. The order and pattern 
of dispensing is automatically controlled via the data array 
or manually through the host CPU 402 (FIG. 7). An operator 
would configure the data array values to create a desired 
pattern of dispensed reagent 130. This pattern could provide, 
for example, a Symbolic or textual representation indicating 
the test result, or form a visible brand or trade name on the 
Substrate 111. 

Alternative Configurations 

0118 While the invention has been described above in 
connection with a particular preferred embodiment, those 
skilled in the art will recognize that it may be implemented 
in any one of a number of alternative configurations, Such as 
a Software based System. For example, in a Software based 
system one or more EPROMs could store the computer 
code. Each EPROM could connect to one or more micro 
processors each of which would connect to one or more 
drivers to provide the appropriate Signal to each electrome 
chanical device. 

0119) Alternatively, multiple dispensers 502 may be used 
either in parallel, as illustrated in FIG. 2, or independently 
of one another. Arrays of dispenser heads could also be 
configured together, Spaced, for example, on 4.5 mm or 9 
mm center-to-center, So as to provide array dispensing of 8, 
16 or 64 drops simultaneously and/or in Synchronous coor 
dination. FIG. 2 illustrates a single continuous feed platform 
500 configured with multiple dispensers 512 to handle one 
or more reagents. This particular dispensing apparatus con 
figuration has significant advantages for continuous web 
production applications since one or more Syringe pumps 
512 can be operated in alternating Succession while allowing 
the non-dispensing Syringe pump to draw additional reagent 
from the reservoir or they can be configured independent of 
one another to dispense the same or different reagents 
Simultaneously or in Succession. 

0120 A dispensing apparatus constructed in accordance 
with the present invention may also be mounted on any one 
of a number of other types of membrane placement and 
handling modules. Such dispensing platforms may be micro 
processor-based and are preferably controlled through an 
industry standard input/output 1-0 controller (not shown), 
Such as an RS232 interface. The invention is also well Suited 
for use with individual membrane Strip handling modules 
and continuous reel-to-reel handling modules. For example, 
an individual membrane Strip module may incorporate only 
X-axis table motion for dispensing. The reel-to-reel platform 
may incorporate a constant-Speed membrane transport with 
optional mountings attached for motion of one or more 
dispensers. A drying oven (not shown) may also be used 
with any of the described embodiments to increase produc 
tion throughput, as desired. 
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Use and Operation 
0121 FIG. 6 shows a schematic view of a substrate 111, 
including an enlarged view illustrating how individual 
“dots” or droplets 702 might preferably be arranged on the 
substrate 111. Conceptually, the substrate 111 is divided into 
rows (X-axis) 714 and columns (Y axis) 716 having a 
predetermined resolution in terms of a number of address 
able target areas 706 per linear distance “d”. Thus, a linear 
distance d equal to one inch (2.54 cm) of Substrate 111 
traveling along one axis may, for example, contain 100-500 
or more individually addressable target locations. Each 
target location would correspond to a number of X-axis 
Stepper motor increments and a number of Y-axis Stepper 
motor increments relative to a predetermined “Zero’ posi 
tion. 

0.122 Because each target location 706 has a unique 
address, a controller is able to precisely Select particular 
target location(s) in which to dispense predetermined quan 
tities or droplets of reagent. FIG. 6 illustrates one preferred 
pattern of dispensing motion in relation to the Substrate 111. 
This pattern advantageously decreases the time to complete 
a particular dispensing operation. Upon executing a first 
linear pass 730 along a first row, the dispensing head 
reverses direction and executes a Second pass 734 along an 
adjacent Second row. Such bi-directional dispensing advan 
tageously decreases the time required to complete a dispens 
ing operation in comparison to a unidirectional dispensing 
operation. It is also envisioned that for non-Sequential or 
intermittent dispensing the controller would speed operation 
by dispatching the dispensing head directly to or adjacent 
the next desired target location without necessarily complet 
ing each Successive pass or each intervening row. 
0123. Another significant advantage achieved by the 
invention is the ability to define the desired output data or 
reagent pattern in a more user-friendly and easy to under 
Stand format, Such as a simple bit map or computer graphics 
file. AS known by those skilled in the computer graphics art, 
bit map graphics files are easily generated and Stored using 
any number of commercially available Software editing 
programs, such as PC-PaintTM or the like. Modified graphics 
Software specific to the implementation of this invention can 
also be provided for inputting and recording other relevant 
data, Such as desired reagent density, droplet size, droplet 
Velocity, and the like, for each particular dot address. The 
data file comprising the bit map can then be easily down 
loaded directly to a controller which, using Suitable Software 
and control techniques, directs the dispensing apparatus to 
create the desired reagent pattern having the Specified char 
acteristics. 

0.124. The use and operation of the invention as described 
above is simply one preferred mode of use and operation of 
the present invention. Many other modes of operation are 
also possible having Significant commercial and Scientific 
advantages, as will be apparent to those skilled in the art. 
Several of these additional preferred modes of operation are 
described below by way of Specific examples and illustra 
tions: 

EXAMPLE 1. 

Programmed Line Mode 
0.125 FIG. 10A is a schematic drawing illustrating a 
programmed line mode of dispense operation in accordance 
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with one embodiment of the present invention. In this mode, 
individual dots of the same or different amounts of fluid may 
be dispensed at different positions along a linear or non 
linear path. The individual dots may or may not be colinear 
or evenly Spaced, as desired. They may be spaced or offset 
from one another by a desired amount of spacing. This mode 
of operation may be useful, for example, for creating custom 
dot array patterns on a membrane or glass slide. 

EXAMPLE 2 

Synchronized Line Mode 
0.126 FIG. 10B is a schematic drawing illustrating a 
Synchronized mode of line dispense operation in accordance 
with one embodiment of the present invention, Such as for 
creating high-density dot arrays on a membrane or glass 
Slide. This mode of dispense operation is particularly Suited 
for dispensing reagent or other fluids into a conventional 
well plate array, such as illustrated in FIG. 10C, using either 
a single or multi-head dispenser. For example, a Standard 
96-well (8x12) well plate may be filled using a multi-head 
dispenser having a 1x8 dispense head array. The dispenser 
would dispense 8 parallel lines of 12 drops each with a 
spacing of 9 mm between drops and a line length of 99 mm. 
For a 1536-well (32x48) well plate array the same dispenser 
could be used to dispense 8 parallel lines of 48 drops each 
with a spacing of 2.25 mm between dropS and a line length 
of 105.75 mm. The line pattern would be repeated 4 times 
to fill the well plate. 
0127. The same dispense mode could also be used to 
dispense droplet patterns onto an electronic biosensor array. 
These are usually fabricated using printed arrays of Sensors 
or electrodes on a Substrate. In this case the reagent is 
dispensed So as to match the Sensor pattern. Again this can 
be done using a line mode similar to the case of the 
conventional micro-well plate as described above. 

EXAMPLE 3 

Non-synchronized Line Mode 
0128 FIG. 10D is a schematic drawing illustrating a 
non-Synchronized mode of line dispense operation in accor 
dance with one embodiment of the present invention Such as 
for creating continuous uniform lines on a flat Substrate or 
for filling wells in a vision micro-well plate. A vision 
micro-well plate uses wells having an angular apex that 
Separates each well. When dispensing a uniform continuous 
line of reagent the individual drops roll off the apex into the 
adjacent wells thus giving Statistically accurate and even 
filling of wells. 
0129. The present invention improves the ability to dis 
pense uniform lines by eliminating communication and 
acceleration/deceleration problems. Conventional dispens 
ing Systems Suffer from a lack of uniformity in the spacing 
of droplets at the Start and finish of a line forming operation. 
Uniformity is very important, particularly when dispensing 
Short lines because the effects of Starting and finishing each 
line can dominate the quality of the entire array if composed 
of short lines. This could cause unacceptable Statistical 
variances, for example, when using a vision micro-well 
plate. 
0.130. In the non-synchronized mode of line dispense 
operation the valve dispense head and Syringe pump operate 
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at Some harmonic of the motion Stepper to produce a Series 
of drops. For every N Steps of the motion Stepper one drop 
is dispensed. For example, if the motion Stepper has a 
resolution of about 2 microns and the Syringe pump has a 
resolution of 192,000 steps per full stroke then to dispense 
a 20.8 nL drop every 0.5 mm using a 100 u, syringe then 
N=250 and M=40. Therefore, the amount of droplets dis 
pensed per unit of linear motion can be precisely controlled. 
For Simultaneous X and Y motion, Such as for forming a 
diagonal line, fairly simple adjustments can be made to the 
dispensing frequency to ensure the desired number of drops 
per unit of linear distance. 

EXAMPLE 4 

Dot Array Mapping 

0131 FIG. 10E is a schematic drawing illustrating a 
preferred mode of dot array mapping in accordance with one 
embodiment of the present invention. For example, it is 
often desirable to map (replicate or transform) one or more 
microplate arrays into a high density array on a membrane 
or glass slide. For instance, one could map Sixteen 96-well 
well plates having 9 mm center-to-center well spacings into 
a single 1536 dot array having center-to-center spacings in 
the range of 100-1000 microns. 
0132) This task can be accomplished several ways using 
the invention disclosed herein. One example would be to 
Successively operate one head at a time of a 8-head dispenser 
with 9 mm center-to-center head spacing using a synchro 
nous line dispense mode with a large spacing between drops. 
For example, a common Substrate is a Standard 25x76 mm 
microScope Slide. One can array 50 glass slides on an X-Y 
table and operate each of the 8 heads in Succession to 
produce drops with a spacing in the range of 25 mm on each 
Slide at the same position. The other 7 heads can be operated 
in linear Succession with Small offsets to produce an array of 
8 dots on the glass slides with a Small Separation of between 
about 100-1000 microns between dots. Note that this opera 
tion can be done using one head at a time or, more prefer 
ably, using all 8 heads dispensing in rapid Succession with 
Small time delays to provide the desired linear spacing. By 
repeating this function for all Sixteen plates and using 
Suitable offsets one can map the Sixteen well plates into a 
Single 1526 array on each glass Slide. In this case the map 
would be a miniaturized replica of each 96 well plate located 
in a 4x4 array. 
0133. The dispenser can also be programmed so as to 
transform one or more well plate arrays into a new or 
different high or low density array. For example, a Series of 
two dimensional arrayS may be transformed into rows or 
columns of a larger high-density array, or arrays may be 
transposed or inverted. Direct 1:1 mapping can also be 
achieved by operating the dispense heads in parallel Syn 
chronous line mode to produce 8 drops on each Slide with a 
spacing of 9 mm. Other modes and variations for the use and 
operation of the invention will be apparent to those skilled 
in the art. 

0134. Although this invention has been disclosed in the 
context of certain preferred embodiments and examples, it 
will be understood by those skilled in the art that the present 
invention extends beyond the Specifically disclosed embodi 
ments to other alternative embodiments and/or uses of the 
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invention and obvious modifications and equivalents 
thereof. Thus, it is intended that the Scope of the present 
invention herein disclosed should not be limited by the 
particular disclosed embodiments described above, but 
should be determined only by a fair reading of the claims 
that follow. 

What is claimed is: 
1. A method for high-Speed precision dispensing of liquid 

reagents onto a receptive Substrate, comprising the Steps of: 
receiving data representative of a desired reagent pattern; 
providing a first Signal to a table or carriage to provide 

relative X, X-Y or X-Y-Z motion between said Sub 
Strate and a dispenser; 

Simultaneously providing a Second Signal to Said dis 
penser to cause Said dispenser to dispense droplets of 
Said liquid reagent onto Said receptive Substrate at 
predetermined locations to form Said desired reagent 
pattern; and 

adjusting the phase lag or lead between Said first and 
Second Signals to compensate for the magnitude of Said 
relative motion between Said Substrate and Said dis 
penser given the probable trajectory of each Said drop 
let. 

2. The method of claim 1 comprising the Step of providing 
Said Second Signal to a valve to cause Said valve to open and 
close at a predetermined frequency and duty cycle as deter 
mined by Said Second Signal to dispense Said droplets of 
liquid reagent. 

3. The method of claim 2 comprising the Step of opening 
and closing Said valve with an electric Solenoid. 

4. The method of claim 2 comprising the Step of adjusting 
the frequency and duty cycle of Said valve opening and 
closing Substantially independently of the quantity or flow 
rate of Said liquid reagent to produce Said droplets having a 
desired size, frequency and/or exit Velocity. 

5. The method of claim 1 comprising the Step of receiving 
data in the form of a graphic bit map representative of Said 
desired reagent pattern. 

6. The method of claim 1 wherein said first and second 
Signals comprise electrical pulses having a frequency and 
duration. 

7. The method of claim 6 comprising the step of advanc 
ing the phase of Said Second Signal relative to Said first Signal 
in order to compensate for the magnitude of Said relative 
motion between Said Substrate and Said dispenser. 

8. The method of claim 6 comprising the step of advanc 
ing or retarding the phase of Said first Signal relative to Said 
Second Signal in order to compensate for the Viscosity, 
adhesion coefficient, temperature, pressure or density of Said 
liquid reagent. 

9. The method of claim 6 comprising the step of advanc 
ing or retarding the phase of Said first Signal relative to Said 
Second Signal by a predetermined amount determined to 
reduce or minimize dispensing inaccuracies or errors for a 
given reagent and/or set up. 

10. The method of claim 6 further comprising the step of 
providing a third Signal to a pump device for Supplying a 
quantity of Said liquid reagent to Said dispenser, Said pump 
device being hydraulically arranged in Series with Said 
dispenser So as to regulate the amount or flow rate of Said 
liquid reagent Supplied to Said dispenser. 
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11. The method of claim 10 further comprising the step of 
coordinating Said Second and third Signals to achieve a 
predetermined or Steady-state dispense pressure prior to 
dispensing operation. 

12. A method for dispensing desired patterns of liquid 
reagent onto a receptive Substrate, comprising the Steps of: 

providing a first signal to a valve to cause Said valve to 
open and close at a predetermined frequency and duty 
cycle as determined by Said first signal to dispense 
droplets of Said liquid reagent; 

providing a Second Signal to a platform to provide relative 
X, X-Y or X-Y-Z motion between said Substrate and 
Said valve So as to cause Said Substrate to receive Said 
droplets of Said liquid reagent at predetermined loca 
tions, and 

advancing or retarding the phase of Said first signal 
relative to Said Second Signal by a predetermined 
amount determined to reduce or minimize dispensing 
inaccuracies and/or to compensate for the magnitude of 
Said relative motion between Said Substrate and Said 
Valve given the probable trajectory of each Said droplet. 

13. The method of claim 12 comprising the step of 
opening and closing Said valve with an electric Solenoid. 

14. The method of claim 12 comprising the step of 
adjusting the frequency and duty cycle of Said valve opening 
and closing Substantially independently of the quantity or 
flow rate of Said liquid reagent to produce Said droplets 
having a desired size, frequency and/or exit Velocity. 

15. The method of claim 12 wherein said first and second 
Signals comprise electrical pulses having a frequency and 
duration. 

16. The method of claim 12 comprising the step of 
advancing the phase of Said first Signal relative to Said 
Second Signal in order to compensate for the magnitude of 
Said relative motion between Said Substrate and Said valve. 

17. The method of claim 12 comprising the step of 
advancing or retarding the phase of Said first signal relative 
to Said Second Signal in order to compensate for the ViscoS 
ity, adhesion coefficient, temperature, pressure or density of 
Said liquid reagent. 

18. A method for high-speed precision dispensing of 
fluids onto a target, comprising the Steps of: 
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receiving data representative of a desired fluid pattern; 
providing a first Signal to a table or carriage to provide 

relative X, X-Y or X-Y-Z motion between said target 
and a dispenser; 

Simultaneously providing a Second Signal to Said dis 
penser to cause Said dispenser to dispense droplets of 
Said fluid onto Said target at predetermined locations to 
form Said desired fluid pattern; 

providing a third Signal to a pump device for Supplying a 
quantity of Said fluid to Said dispenser; and 

adjusting the phase lag or lead between Said first and 
Second Signals, Said Second and third signals and/or 
Said first and third signals in order to provide desired 
offsets and/or to compensate for the magnitude of Said 
relative motion between Said Substrate and Said dis 
penser given the probable trajectory of each Said drop 
let. 

19. The method of claim 18 comprising the step of 
providing Said Second Signal to a valve to cause Said valve 
to open and close at a predetermined frequency and duty 
cycle as determined by Said Second Signal to dispense Said 
droplets of said fluid. 

20. The method of claim 18 comprising the step of 
receiving data in the form of a graphic bit map representative 
of said desired fluid pattern. 

21. The method of claim 18 comprising the step of 
advancing or retarding the phase of Said first Signal relative 
to Said Second Signal, Said first signal relative to Said third 
Signal and/or said Second signal relative to said third signal 
in order to compensate for the Viscosity, adhesion coeffi 
cient, temperature, pressure or density of Said fluid. 

22. The method of claim 18 comprising the step of 
advancing or retarding the phase of Said first Signal relative 
to Said Second Signal, Said first signal relative to Said third 
Signal and/or Said Second Signal relative to Said third signal 
by a predetermined amount determined to reduce or mini 
mize dispensing inaccuracies or errors for a given fluid 
and/or set up. 

23. The method of claim 18 further comprising the step of 
coordinating Said Second and third Signals to achieve a 
predetermined or Steady-state dispense pressure prior to 
dispensing operation. 
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