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(57) ABSTRACT 

An apparatus and method is provided for preparing and 
using a very large and diverse array of compounds on a 
substrate having rapidly accessible locations. The substrate 
contains cells in Which the compounds of the array are 
located. Surrounding the cells is a non-Wetable surface that 
prevents the solution in one cell from moving to adjacent 
cells. The compounds are delivered to the individual cells of 
the array by a micropipette attached to an X-Y translation 
stage. 

[327 302 324 525 

“03019204 [i 
22 [WUVUVU 

306' 

/ 308 



Patent Application Publication Oct. 17, 2002 Sheet 1 0f 10 US 2002/0151085 A1 

CAPILLARY TUBE v//////// 
DROPLET SIZE FOR 
5 NANOLITER VOLUME 

700 
702 

' 2704 

FIG! IA. 

P76 /5’. 



Patent Application Publication Oct. 17, 2002 Sheet 2 0f 10 US 2002/0151085 A1 

DATA PROCESSING CIRCUIT 



Patent Application Publication Oct. 17, 2002 Sheet 3 0f 10 US 2002/0151085 A1 

‘ t 

( PRO M2 
REF /|"|0 ‘ 

RET / 8 

EXP 6 

k * , SUB ' T4 

FIG. 2a - 



Patent Application Publication Oct. 17, 2002 Sheet 4 0f 10 US 2002/0151085 A1 

FIG: 3B. 



Patent Application Publication Oct. 17, 2002 Sheet 5 0f 10 US 2002/0151085 A1 

[00 

F/GI 3C 

u5=<? I 1;“ 

100"""1 1 

30. FIG _ 



Patent Application Publication Oct. 17, 2002 Sheet 6 0f 10 US 2002/0151085 A1 

/210 
2x2 

RESERVOIR 
r218 

SOURCE OF 
OSCILLATION 

242 

SIGNAL 
24% SOURCE /// 

FIELD 
POTENTIAL 
SOURCE 

F761 4. 



Patent Application Publication Oct. 17, 2002 Sheet 7 0f 10 US 2002/0151085 A1 

.m. “3k 

m; 
y 

* ////\ //////\,.§ 
Em?DbDBDB \JDJDng V NNAME 

Ar §A§Q_m\ 32”: _ a1 s1 :1 N2 Ni 21 5 , x222: 



Patent Application Publication Oct. 17, 2002 Sheet 8 0f 10 US 2002/0151085 A1 



Patent Application Publication Oct. 17, 2002 Sheet 9 0f 10 US 2002/0151085 A1 



Patent Application Publication Oct. 17, 2002 Sheet 10 0f 10 US 2002/0151085 A1 

[£76. 66'. 



US 2002/0151085 A1 

GUIDED DEPOSITION IN SPATIAL ARRAYS 

BACKGROUND OF TE INVENTION 

[0001] The present invention lies in the ?eld of methods 
and apparatus for preparing large arrays of polymers, recep 
tors, and other compounds. More particularly, it lies in the 
?elds of automated methods for preparing diverse arrays of 
polymers and of techniques for directing speci?ed materials 
to prede?ned locations on a substrate. 

[0002] Very diverse collections of compounds are often 
desired in research and other applications. Microtiter plates 
conventionally contain Wells for testing as many as 96 
different compounds. For many applications, 96 represents 
an unacceptably small number of samples. Further, When the 
compounds of interest are rare or valuable, the test samples 
must be minuscule. Unfortunately, signals from such small 
samples can be lost or diluted in the relatively large volume 
Wells of a conventional microtiter plate. If the Wells Were 
made smaller and placed in higher densities on microtiter 
plates, suitable methods Would still be needed for accurately 
delivering small aliquots to speci?ed Wells, and for identi 
fying Wells containing compounds that exhibit a desired 
activity. 

[0003] Often the compounds of interest are polymers, such 
as nucleic acids, polysaccharides, or peptides. Some 
attempts have been made to synthesiZe a limited number of 
peptide sequences on, for example, a number of “rods.” See, 
for example, Geysen, et al., J. Immun. Meth. (1987) 
102:259-274, incorporated herein by reference for all pur 
poses, Which describes a procedure in Which peptide syn 
theses are carried out in parallel on several rods or pins (to 
complement standard microtiter plates, 96 Were used in the 
described method). The Geysen et al. method is limited in 
the number of sequences that can be synthesiZed in a 
reasonable amount of time. For example, Geysen et al. 
report in the above journal that it has taken approximately 3 
years to synthesiZe 200,000 peptide sequences. In addition, 
such methods have continued to produce feWer peptide 
sequences for study than are often desired. Even if the large 
number of desired compounds could be produced quickly, 
they Would not be readily accessible for further study. The 
96 pin arrays of Geysen et al. Would occupy far too much 
space to rapidly screen thousands of candidate polymers. 

[0004] Techniques have recently been introduced for syn 
thesiZing large arrays of different peptides and other poly 
mers on solid surfaces. For example, in Pirrung et al., PCT 
Publication No. WO 90/15070, incorporated herein by ref 
erence for all purposes, a technique is disclosed for gener 
ating arrays of peptides and other materials using, for 
example, light-directed, spatially-addressable synthesis 
techniques. See also, Fodor et al., PCT Publication No. W0 
92/ 10092 (incorporated herein by reference for all purposes) 
Which discloses, among other things, a method of gathering 
?uorescence intensity data, various photosensitive protect 
ing groups, masking techniques, and automated techniques 
for performing light-directed, spatially-addressable synthe 
sis techniques. Arrays containing up to 64,000 different 
elements have been formed using this technology. See, US. 
patent application No. 805,727, ?led Dec. 6, 1991, Which is 
incorporated herein by reference for all purposes. Because of 
their relationship to semiconductor fabrication techniques, 
these methods have come to be referred to as “Very Large 
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Scale ImmobiliZed Polymer Synthesis,” or “VLSIPSTM” 
technology. Such techniques have met With substantial suc 
cess in, for example, screening various ligands, such as 
peptides, to determine their relative binding af?nity to a 
receptor such as an antibody. 

[0005] In some applications, it is desirable to study pre 
formed collections of synthetic chemical compounds or 
natural product extracts. For example, it Would be desirable 
to “immortaliZe” a collection of chemical samples from a 
rain forest threatened With destruction. In addition, thou 
sands of different synthetic compounds often are cataloged 
in “libraries” of Universities and corporations. Unfortu 
nately, the compounds of these libraries are not readily 
accessible for systematic study. 

[0006] Methods for immobiliZig collections of materials 
on a solid substrate are knoWn. For example, US. Pat. No. 
4,562,157 issued to Lowe et al., and incorporated herein by 
reference for all purposes, discusses a technique for attach 
ing biochemical ligands to surfaces through a photochemi 
cally reactive arylaZide. Irradiation of the aZide creates a 
reactive nitrene moiety Which reacts irreversibly With mac 
romolecules in solution to form a covalent bond. The high 
reactivity of the nitrene intermediate, hoWever, results in 
both loW coupling ef?ciencies and many potentially 
unWanted reactions through nonspeci?c reactions. 

[0007] An improved method for immobiliZing collections 
of compounds is disclosed in Barrett et al., PCT Publication 
No. WO 91/07087 Which is incorporated herein by reference 
for all purposes. This publication discloses a technique for 
immobiliZing arrays of anti-ligands, such as antibodies or 
antigens, hormones or hormone receptors, oligonucleotides, 
polysaccharides, and other materials. Cycles of irdiation on 
different regions of a surface and immobiliZation of different 
anti-ligands alloWs formation of an immobiliZed matrix of 
anti-ligands at de?ned sites on the surface. The immobiliZed 
matrix of anti-ligands permits simultaneous screenings of a 
liquid sample for ligands having high affinities for certain 
anti-ligands of the matrix. 

[0008] While the technique disclosed in PCT Publication 
No. WO 91/07087 as Well as the VLSIPSTM technique are 
useful for preparing and using large arrays of materials, 
other techniques emphasiZing efficient formation and use of 
much larger arrays of individual compounds Would be 
desirable. If a very large group of compounds is used to form 
a diverse array, the number of individual locations on the 
array can be enormous. For example, to synthesiZe all 
dimmers from 100 monomer starting materials requires 
100,000 (1002) separated locations. Forming an array of this 
siZe can be a daunting task. Further, once the array is 
produced, it can become quite dif?cult to locate speci?c 
members of the array for further processing or study. 

[0009] Some Work has been done to automate synthesis of 
polymer arrays. For instance, in Fodor et al., PCT Publica 
tion No. WO 92/10092, a method is described for using a 
computer-controlled system to direct a VLSIPSTM proce 
dure. Further, Southern, PCT Application No. W0 89/ 10977 
describes the use of a conventional pen plotter to deposit 
three different monomers at tWelve distinct locations on a 
substrate. These monomers Were subsequently reacted to 
form three different polymers, each tWelve monomers in 
length. This reference also discusses the possibility of using 
an ink-jet printer to deposit monomers on a substrate. Wong 
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et al., European Patent Application No. 260 965 describes a 
process in Which a single polymer species in solution Was 
putatively deposited in a single spot on a substrate by an 
apparatus resembling an ink-j et printer. HoWever, neither the 
method described in the Wong et al. reference nor the 
method described in the Southern application concerns very 
large arrays of polymers. 

[0010] Further, the methods described in these tWo refer 
ences Would be unacceptably sloW in accessing speci?c 
elements of a large array. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to methods and 
apparatus for preparing large arrays of chemical compounds. 
It is also directed to methods for using such arrays in a 
variety of applications, such as screening compounds in 
drug development research. The chemical elements of the 
array are located on very small prede?ned Zones or “cells” 
on a substrate surface. In one embodiment, a rotatable 
substrate surface is divided into tracks and/or sectors that 
alloW identi?cation of each cell’s location. In another 
embodiment, a substrate surface is divided into cells that are 
automatically accessed from a feW reference points by a 
dead reckoning navigation technique. Thus, reactants or 
other materials (eg from a library of compounds) are 
quickly and automatically delivered to any cell on the 
substrate surface by a dispenser. In many embodiments, the 
sequence of steps necessary to deliver speci?ed reactants to 
certain groups of cells Will be prerecorded and controlled by 
a processor such as a computer. The reactants Will then be 
delivered to precise locations by, for eXample, micropi 
pettes, electrophorectic pumps, or mechanisms adapted from 
inkjet printing technology. 

[0012] In one aspect of the present invention, the reactants 
are monomers and the cells of the array contain polymers 
having different monomer sequences. Thus, the present 
invention provides a method for synthesiZing a large array of 
different polymers on a substrate. A ?rst monomer solution 
is delivered to a ?rst set of cells on a suitably derivatZed 
substrate. Thereafter, a second monomer solution is deliv 
ered to a second set of cells, a third monomer solution is 
delivered to a third set, and so on until a number of cells each 
have one species of free monomer located therein. These 
monomers are then reacted With the surface, Washed, and 
prepared for reaction With a neW set of monomers. Dimers, 
trimers, and ultimately polymers of controlled length and 
monomer sequence are prepared by repeating the above 
steps With different groupings of the cells. In alternative 
embodiments, the polymers or other compounds of the array 
are delivered to the cells as complete species and, thus, the 
above polymer synthesis steps become unnecessary. Regard 
less of hoW the array is formed, the properties of its 
individual components can be studied by conducting simul 
taneous reactions in each cell. In this Way a large number of 
reactions can be studied in parallel. In some cases, samples 
from one array may be accessed and moved to a second 
array Where a reaction is conducted. 

[0013] In one embodiment, the system for conducting 
reactions (such as polymer synthesis) on selected cells 
includes a substrate on Which a plurality of cells are located 
and surrounded by non-Wetting surface regions. Thus, the 
reactants in one cell Will not How to adjacent cells Where 
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they could contaminate the reaction. In preferred embodi 
ments, the cells of the array are de?ned by selective irra 
diation of a substrate surface containing photolabile, hydro 
phobic protecting groups. In areas Where the surface is 
irradiated, the hydrophobic protecting groups can be 
removed to de?ne cells. When an aqueous or other polar 
reactant solution is deposited in the cell, it Will have a 
relatively large Wetting angle, thereby preventing How to 
adjacent cells. 

[0014] In some embodiments, the substrate includes digi 
tally encoded instructions governing the sequence of depo 
sition steps necessary to control the array of reactions. The 
instructions are typically readable by optical, electrical or 
magnetic sensors. Preferably, the cells and encoded instruc 
tions are located on tracks embedded on the disk surface. In 

this embodiment, a “read head” is necessary to receive the 
encoded information for further processing. In addition to 
the sequence of deposition steps, the encoded instructions 
Will, in some embodiments, identify characteristics or prop 
erties of the polymers located in individual cells. 

[0015] In preferred systems, the reactants are stored in one 
or more reservoirs Which are available to a dispenser. The 

dispenser delivers the individual reactants from the reser 
voirs to the various cells on the disk surface. Typically, the 
dispenser Will be mounted on an arm that can be moved 

across the substrate surface to any position by an actuator. 
The entire process is governed by a processor that controls 
the position of the dispenser With respect to the substrate and 
the reactant to be delivered. In this Way, precise control over 
a very large array of cells and reactions is available. 

[0016] A further understanding of the nature and advan 
tages of the inventions herein may be realiZed by reference 
to the detailed description of the speci?cation and the 
associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1(A) displays a side vieW of a reactant 
solution in a cell surrounded by a hydrophobic mask accord 
ing to one embodiment of the present invention; 

[0018] FIG. 1(B) displays a top vieW of an array of cells 
having circular perimeters; 

[0019] FIGS. 2A-B display elements of an optical record/ 
read apparatus and bumpforming media that can be used 
With such apparatus; 

[0020] FIGS. 3A-D display features of a dispensing appa 
ratus for delivering several different reactants to a disk 

substrate; 

[0021] FIG. 4 displays elements of a typical guided drop 
let dispenser that can be used to deposit the reactant solu 
tions of the present invention; 

[0022] FIG. 5 displays a preferred embodiment of the 
present invention; and 

[0023] FIGS. 6A-E shoW various formats for the disk 
arrays that can be used in certain embodiments of the present 
invention. 



US 2002/0151085 A1 

DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 

I. Glossary 
II. Overview of the Invention 

III. Isolation of Reaction Areas 

A. Dimples or recesses 

B. Controlling the Wetting Angle 
IV. Moving the Dispenser with Respect to the Substrate 

A. Mapping the Frame of Reference 
B. Rotational Mechanisms 

V. Delivering the Reactant Solution 
VI. Conducting the Reactions 
VII. Example 

A. Apparatus 
B. Locating Desired Cells 
C. Accessing Selected Cells 
D. Depositing Reactants in Selected Cells 
E. Peptide Synthesis 
F. Imaging the Array 

VIII. Conclusion 

[0024] 
[0025] The following terms are intended to have the 
following general meanings as they are used herein: 

I. Glossary 

[0026] 1. Substrate: Amaterial having a rigid or semi-rigid 
surface. In many embodiments, at least one surface of the 
substrate will be substantially ?at, although in some embodi 
ments it may be desirable to provide dimples, wells, raised 
regions, etched trenches, or the like. According to other 
embodiments, small beads or pellets may be provided on the 
surface within dimples or on other regions of the surface. 

[0027] 2. Cell: A cell is a localI area on a substrate which 
is to be used for conducting a reaction. This use of “cell” 
should not be confused with the common biological use of 
“cell.” In some instances, the cells (reaction locales) of this 
invention will contain one or more biological cells for study. 
When the biological usage of “cell” is intended, it will be 
clearly indicated herein. Some reactions within a cell 
involve binding between a ligand and a receptor, and other 
reactions, for example, involve synthesis of a selected 
polymer. A cell may have any convenient shape, e.g., 
circular, rectangular, elliptical, wedge-shaped, etc. In some 
embodiments, cells are smaller than about 1 cm2, more 
preferably less than 1 mm2, still more preferably between 
about 100 pm2 and 1 mmz. 

[0028] 3. Substantially Pure: A polymer or other com 
pound is considered to be “substantially pure” when it 
exhibits characteristics that distinguish it from the polymers 
or compounds in other cells. For example, purity can be 
measured in terms of the activity or concentration of the 
compound of interest. Preferably, the compound in a cell is 
sufficiently pure such that it is the predominant species in the 
cell. According to certain aspects of the invention, the 
compound is 5% pure, more preferably more than 10% pure, 
and most preferably more than 20% pure. According to more 
preferred aspects of the invention, the compound is greater 
than 80% pure, preferably more than 90% pure, and more 
preferably more than 95% pure, where purity for this pur 
pose refers to the ratio of the number of compound mol 
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ecules formed in a cell having a desired structure to the total 
number of non-solvent molecules in the cell. 

[0029] 4. Monomer: In general, a monomer is a member of 
a set of small molecules which are or can be joined together 
to form a polymer. The particular ordering of monomers 
within a polymer is referred to herein as the “sequence” of 
the polymer. As used herein, monomer refers to any member 
of a basis set used for synthesis of a polymer. For example, 
dimers of the 20 naturally occurring L-amino acids form a 
basis set of 400 monomers for synthesis of polypeptides. 
Different basis sets of monomers can be used at successive 
steps in the synthesis of a polymer. Furthermore, each of the 
sets may include protected members which are modi?ed 
after synthesis. The invention described herein can readily 
be applied in the preparation of diverse types of polymers. 
Such polymers include, for example, both linear and cyclic 
polymers of nucleic acids, polysaccharides, phospholipids, 
and peptides having either (X-, [3-, or uu-amino acids, hetero 
polymers in which a known drug is covalently bound to any 
of the above, polyacetates, polyamides, polyarylene sul?des, 
polycarbamates, polycarbonates, polyesters, polyethylene 
imines, polyimides, polynucleotides, polyphosphonates, 
polysiloxanes, polysulfones, polysulfoxides, polyureas, 
polyurethanes, or other polymers which will be apparent 
upon review of this disclosure. 

[0030] 5. Protective Group: A material which is bound to 
a monomer or other compound or group and which can be 
selectively removed therefrom to expose an active site such 
as, in the example of an amino acid, an amine group. A 
protective group will typically be used to block one reactive 
site of a bifunctional monomer from reacting during an 
addition reaction such as in the formation of a peptide from 
amino acids. A protective group can also cover certain 
regions of a substrate surface to impart certain properties 
such as non-wetability and to de?ne cell perimeters or other 
features. 

[0031] 6. Head: A head is a device that reads, records, or 
erases signals stored on a suitable medium, such as magnetic 
or optical storage disks. The portion of the medium along 
which the head moves is called the “track.” The head will 
typically be a transducer that senses (reads) or generates 
(writes) a signal corresponding to information provided by 
the medium or a processor. The transduction will typically 
involve electromagnetic ?elds or radiation, depending upon 
the type of media employed. 

[0032] 7. Receptor: Receptors used with the present inven 
tion may be naturally-occurring or manmade molecules. 
Also, they can be employed in their unaltered state or as 
aggregates with other species. Receptors may be attached, 
covalently or noncovalently, to a binding member, either 
directly or via a speci?c binding substance. Examples of 
receptors which can be employed by this invention include, 
but are not restricted to, antibodies, cell membrane recep 
tors, monoclonal antibodies and antisera reactive with spe 
ci?c antigenic determinants (such as on viruses, cells or 
other materials), drugs, polynucleotides, nucleic acids, pep 
tides, cofactors, lectins, sugars, polysaccharides, cells, cel 
lular membranes, and organelles. Receptors are sometimes 
referred to in the art as anti-ligands. As the term receptors is 
used herein, no difference in meaning is intended. A ligand 
is a molecule that is recognized by a particular receptor. 
Examples of ligands that can be investigated by this inven 
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tion include, but are not restricted to, agonists and antago 
nists for cell membrane receptors, toxins and venoms, viral 
epitopes, hormones (e.g., opiates, steroids, etc.), hormones, 
peptides, enZymes, enZyme substrates, cofactors, drugs, 
lectins, sugars, oligonucleotides, nucleic acids, oligosaccha 
rides, proteins, and antigens. A “Ligand Receptor Pair” is 
formed When tWo macromolecules have combined through 
molecular recognition to form a complex. Speci?c examples 
of receptors Which can be investigated by this invention 
include, but are not restricted to the folloWing: 

[0033] a) Microorganism receptors: Determination of 
ligands Which bind to receptors, such as speci?c 
transport proteins or enZymes essential to survival of 
microorganisms, is useful in developing neW classes 
of antibiotics. Of particular value Would be antibi 
otics against opportunistic fungi, protoZoa, and those 
bacteria resistant to the antibiotics in current use. 

[0034] b) Enzymes: For instance, the present inven 
tion can be used to identify ligands that bind to the 
binding site of enZymes such as the enZymes respon 
sible for cleaving neurotransmitters, and ligands that 
bind to certain receptors to modulate the action of the 
enZymes Which cleave the different neurotransmit 
ters, as Would be useful in the development of drugs 
Which can be used in the treatment of disorders of 
neurotransmission. 

[0035] c) Antibodies: For instance, the invention may 
be useful in investigating the ligand-binding site on 
the antibody molecule Which combines With the 
epitope of an antigen of interest; determining a 
sequence that mimics an antigenic epitope may lead 
to the development of vaccines of Which the immu 
nogen is based on one or more of such sequences or 
lead to the development of related diagnostic agents 
or compounds useful in therapeutic treatments such 
as for autoimmune diseases (e.g., by blocking the 
binding of the “self” antibodies). 

[0036] d) Nucleic Acids: Sequences of nucleic acids 
may be synthesiZed to establish DNA or RNA bind 
ing sequences. 

[0037] e) Catalytic Polypeptides: These receptors are 
polymers, preferably polypeptides, Which are 
capable of promoting a chemical reaction involving 
the conversion of one or more reactants to one or 

more products. Such polypeptides generally include 
a binding site speci?c for at least one reactant or 
reaction intermediate and an active functionality 
proximate to the binding site, Which functionality is 
capable of chemically modifying the bound reactant. 
Catalytic polypeptides and others are described in, 
for example, PCT Publication No. WO 90/05746, 
WO 90/05749, and WO 90/05785, Which are incor 
porated herein by reference for all purposes. 

[0038] f) Hormone receptors: Hormone receptors 
include, for example, the receptors for insulin and 
groWth hormone. Determination of the ligands Which 
bind With high af?nity to a receptor is useful in the 
development of, for example, an oral replacement of 
the daily injections Which diabetics must take to 
relieve the symptoms of diabetes, and in the other 
illustrative case, a replacement for the scarce human 
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groWth hormone Which can only be obtained from 
cadavers or by recombinant DNA technology. Other 
examples include the vasoconstrictive hormone 
receptors; determination of those ligands Which bind 
to these receptors may lead to the development of 
drugs to control blood pressure. 

[0039] g) Opiate receptors: Determination of ligands 
Which bind to the opiate receptors in the brain is 
useful in the development of less-addictive replace 
ments for morphine and related drugs. 

[0040] 
[0041] The present invention provides a method and appa 
ratus for conducting a number of different reactions in 
parallel on a single substrate. It improves on certain prior 
methods (eg the method of Geysen et al. discussed above) 
by providing a greater density of reaction sites, a more rapid 
technique for conducting numerous reactions, and a more 
accessible collection of reaction sites. Because the reactions 
are conducted in parallel, the number of separate Washing 
and other reaction steps can be minimiZed. Further, the 
reactions at different reaction sites can be controlled inde 
pendently. Thus, the reactant concentrations and other 
parameters can, to some extent, be varied independently 
from reaction site to reaction site, thus optimiZing the 
procedure. The invention can be used for a variety of 
purposes. For example, it can be used as a synthesis tool (as 
for example in peptide syntheses), as a screening tool (as for 
example in screening compound libraries for drug activity), 
or as a monitoring/diagnostic tool (as for example in medical 
or environmental testing). 

II. OvervieW 

[0042] As a tool for studying existing materials, the 
present invention can be employed to immobiliZe vast 
collections of synthetic chemical compounds or natural 
product extracts. In such methods, compounds are delivered 
by dispensing systems of the type described beloW to 
speci?ed cells Where they can be assayed for speci?c 
activities. As an example, a large complement of different 
human receptors could be deposited on a disk, one in each 
Well. Then, a plant/animal extract could be screened for 
binding to different receptors. Competitive assays or other 
Well-knoWn techniques can be used to identify such activi 
ties. 

[0043] In some embodiments, more than one cell of a disk 
Will have the same compound immobiliZed therein. The 
reaction of that compound With various compounds such as 
the members of the chemical library of the type discussed 
above can be tested by dispensing small aliquots of each 
member of the library to a different cell. A “caged biotin” 
(described in Barrett et al., US. patent application Ser. No. 
612,671, the PCT counterpart of Which Was previously 
incorporated herein by reference), or other immobiliZation 
technique can be used to immobiliZe the compounds to 
speci?c cells. Such techniques permit a variety of materials 
to be immobiliZed on the cells, including functional recep 
tors, or biological cells beaing receptors. When the array 
contains the same or similar compounds in each cell, the 
immobiliZation procedure is simpli?ed, because the cou 
pling chemistry is consistent from cell to cell. 

[0044] As a synthesis tool, the present invention can be 
used to prepare arrays of diverse polymers. This is accom 
plished by successively depositing monomers in groups of 
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cells. For example, assume a monomer “A” is to be bound 
to the substrate in a ?rst group of selected cells. If necessary, 
all or part of the total array of cells is activated for binding 
by ?owing appropriate reagents over all or part of the 
substrate, or by depositing the appropriate reagents (With a 
dispenser as described beloW) in the selected cells for 
example. After the dispenser is ?lled With a reagent con 
taining monomer A, the dispenser and/or the substrate are 
moved so that the dispenser can deposit a small quantity of 
monomer A in each of the ?rst group of selected cells. The 
activated cells are in ?uid contact With the dispensed mate 
rial, thereby binding monomer Aon the substrate directly or 
indirectly (via a linker) in the ?rst selected cells. 

[0045] Thereafter, the unreacted materials are removed 
from the substrate and a monomer “B” is coupled to a 
second group of selected cells, some or all of Which may be 
included among the ?rst selected cells. The second selected 
cells Will be available to the dispenser through translation 
and rotation of the dispenser and/or the substrate. If neces 
sary, a step is performed for activating at least the second 
group of cells. After monomer B is appropriately deposited, 
it is bound or reacted at the second selected cells. In this 
particular example, the resulting sequences bound to the 
substrate at this stage of the synthesis process can be, for 
example, A, B, and AB. The process is repeated, optionally 
With additional monomers, to form a vast array of sequences 
of desired length at knoWn locations on the substrate. 

[0046] Whether the present invention is used to synthesiZe 
a collection of polymers, immobiliZe one type of receptor, or 
immobilize a collection of compounds, the resulting array 
can be used for a variety of purposes, such as drug discovery 
and diagnostic assays. As described above, a collection of 
peptides or other bio-active compounds can be assayed for 
activity against one or more receptors. By quickly identify 
ing materials having a strong af?nity for the receptor of 
interest, researchers may discover potential neW drugs. In 
other embodiments, the arrays produced by the present 
invention can be used to diagnose, measure, and/or monitor 
speci?c conditions in organisms. Speci?c binding patterns 
on premade arrays can be expected to accurately identify 
speci?c pathogens or other factors present in the sera of a 
patient. In still other embodiments, the present invention can 
be used to monitor the quality of phaeuticals or other 
materials, particularly biomolecules produced by, for 
example, fermentation processes. In such uses, very speci?c 
patterns or “?ngerprints” on a very large array Will correlate 
With the purity of the compound of interest. Subtle or not so 
subtle changes in the preparation containing the compound 
of interest Will shoW up as variations in a baseline binding 
pattern of the array. 

[0047] In the delivery systems of the present invention, a 
small, precisely metered amount of reactant solution is 
dispensed into each cell. This can be accomplished by a 
variety of delivery techniques. For example, conventional 
micropipetting apparati can be adapted to dispense 5 nano 
liter or smaller droplets from a capillary. Such droplets can 
?t Within a cell having a diameter of 300 pm or less When 
a non-Wetting mask of the invention is employed. In another 
embodiment, the dispenser can be a pieZoelectric pump that 
generates charged droplets that can be guided to the cell by 
an electric ?eld as employed in conventional ink-j et printers. 

[0048] The reactant solutions in the individual cells must 
often be prevented from moving to adjacent cells. This may 
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be ensured by providing an appropriate barrier betWeen the 
various cells of the substrate. For example, a hydrophobic 
material can be used to coat the region surrounding the 
individual cells. Such materials prevent aqueous (and certain 
other polar) solutions from moving to adjacent cells. Of 
course, When non-aqueous or nonpolar solvents are 
employed, different surface coatings Will be required. By 
choosing appropriate materials (substrates, hydrophobic 
coatings, and reactant solvents), one can control the contact 
angle of the droplet With respect to the substrate surface. 
Large contact angles are desired because the area surround 
ing the cell remains unWetted by the solution Within the cell. 
In one embodiment of the invention, the perimeters of the 
individual cells of an array formed on a hydrophilic sub 
strate are de?ned by selectively irradiating a surface covered 
With photocleavable hydrophobic protective groups. In the 
irradiated areas, the protective groups are removed from the 
substrate to-form lipophilic cells. 

[0049] In some embodiments, the cells can be further 
de?ned by dimples in the substrate surface. This Will be 
especially advantageous When a head or other sensing 
device must contact or glide along a substrate surface. The 
dimples can also act as identi?cation marks directing the 
dispenser to the cell of interest. 

[0050] The dispenser of the present invention can be 
aligned With respect to the appropriate cells by a variety of 
conventional systems. Such systems, Which are Widely used 
in the microelectronic device fabrication and testing arts, can 
deliver droplets to individual cells at rates at up to 3-10 
drops per second. The translational (X-Y) accuracy of such 
systems is Well Within 1-5 pm. The position of the dispenser 
stage of such systems can be calibrated With respect to the 
position of the substrate by a variety of methods knoWn in 
the art. For example, With only one or tWo reference points 
on the substrate surface, a “dead reckoning” method can be 
provided to locate each cell of the array. The reference marks 
in any such systems can be accurately identi?ed by using 
capacitive, resistive or optical sensors. Alternatively, a 
“vision” system employing a camera can be employed. 

[0051] In another embodiment of the present invention, 
the dispenser can be aligned With respect to the cell of 
interest by a system analogous to that employed in magnetic 
and optical storage media ?elds. For example, the cell in 
Which the monomer is to be deposited is identi?ed by its 
track and sector location on the disk. The dispenser is then 
moved to the appropriate track, While the disk substrate 
rotates. When the appropriate cell is positioned beloW the 
dispenser, a droplet of monomer solution is released. 

[0052] 
[0053] A. Dimples or recesses 

[0054] If the substrates used in the present invention are to 
contain dimples or other recesses, the dimples must be 
suf?ciently small to alloW close packing on the substrate. 
Preferably, the dimples Will be less than 1 mm in diameter, 
more preferably less than 500 pm in diameter, and most 
preferably less than 300 am in diameter. The depth of such 
dimples Will preferably be less than 100 pm and more 
preferably less than 25 pm beloW the upper surface of the 
substrate. 

III. Isolation of Reaction Areas 

[0055] Dimples having these characteristics can be pro 
duced by a variety of techniques including laser, pressing, or 
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etching techniques. For example, a suitable dimpled sub 
strate surface can be provided by pressing the substrate With 
an imprinted “master” such as those commonly used to 
prepare compact optical disks. In addition, an anisotropic 
etching technique employing photolithography can be 
employed. In such techniques, a mask is used to de?ne the 
cell regions of the substrate. After the substrate is irradiated 
through the mask, selected regions of the photoresist are 
removed to de?ne the arrangement of cells on the substrate. 
The dimples may be cut into the substrate With standard 
plasma or Wet etching techniques. If the substrate is a glass 
or silicon material, suitable Wet etch materials can include 
hydrogen ?uoride or other common Wet etchants used in the 
?eld of semiconductor device fabrication. Suitable plasma 
etchants commonly used in the semiconductor device fab 
rication ?eld can also be employed. Such plasma etchants 
include, for example, mixtures of halogen containing gases 
and inert gases. Typically, a plasma etch Will produce 
dimples having a depth of less than 10 pm, although depths 
of up to 50 pm can be obtained under some conditions. 

[0056] Another method for preparing a suitably dimpled 
surface employs photochemically etchable glass or polymer 
sheets. For example, a photochemically etchable glass 
knoWn as “FOTOFORM” is available from Corning Glass 
Company (NeW York). Upon exposure to radiation through 
a mask, the glass become soluble in aqueous solutions. 
Thereafter, the exposed glass is simply Washed With the 
appropriate solution to form the dimpled surface. With this 
material, Well-de?ned dimples can be made having aspect 
ratios of 10 to 1 (depth to diameter) or greater and depths of 
up to 0.1 inches. Dimple diameters can be made as small as 
25 pm in a 250 pm thick glass layer. 

[0057] B. Controlling the Wetting Angle 
[0058] Even When a dimpled surface is employed, it is 
often important to ensure that the substrate material is not 
Wetted beyond the cell parameters. To ensure that the 
solutions in the individual cells do not Wet the surrounding 
surface and contaminate other cells, various techniques can 
be applied to control the physical interactions that affect 
Wetting. Whether or not a liquid droplet Will Wet a solid 
surface is governed by three tensions: the surface tension at 
the liquid-air interface, the interfacial tension at the solid 
liquid interface and the surface tension at the solid-air 
interface. If the sum of the liquid-air and liquid-solid ten 
sions is greater than the solid-air tension, the liquid drop Will 
form a bead (a phenomenon knoWn as “lensing”). If, on the 
other hand, the sum of the liquid-air and liquid-solid ten 
sions is less than the solid-air tension, the drop Will not be 
con?ned to a given location, but Will instead spread over the 
surface. Even if the surface tensions are such that the drop 
Will not spread over the surface, the contact or Wetting angle 
(i.e., the angle betWeen the edge of the drop and the solid 
substrate) may be suf?ciently small that the drop Will cover 
a relatively large area (possibly extending beyond the con 
?nes of a cell). Further, small Wetting angles can lead to 
formation of a thin (approximately 10 to 20 “precursor 
?lm” Which spreads aWay from the liquid bead. Larger 
Wetting angles provide “taller” beads that take up less 
surface area on the substrate and do not form precursor 
?lms. Speci?cally, if the Wetting angle is greater than about 
90°, a precursor ?lm Will not form. 

[0059] The contact angle is determined by the same three 
parameters that determine Whether a liquid Will spread. 
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Speci?cally, the contact angle is given by the folloWing 
expression, knoWn as Young’s equation: 

[0060] Where 0 is the Wetting angle, 05a is the solid-air 
tension, 051 is the solid-liquid tension, and 01a is the liquid-air 
surface tension. 

[0061] The surface tensions that determine the Wetting 
properties of a liquid-solid interface are governed by ther 
modynamic considerations including the chemical constitu 
ents of the liquid and the solid substrate. The liquid-air 
surface tension for various chemicals is easily measured by 
a variety of techniques such as those described in Adamson, 
Physical Chemistry of Surfaces (John Wiley and Sons, 5th 
Ed. (1990)), Which is incorporated herein by reference for all 
purposes. The solid-air tension is not determined so easily. 
Nevertheless, the difference of the solid-liquid and solid-air 
tensions can, for a given system, be determined empirically 
from a Zisman plot. In this approach, the contact angles are 
measured for a homologous series of liquids on a given solid 
surface. For some liquid in the series, a “critical contact 
angle” is observed, beyond Which loWer surface tension 
liquids Wet the surface. The liquid-air surface tension of the 
liquid at this critical contact angle is assumed to be the 
surface tension of the solid. This approach has been found to 
provide quite reasonable results for loW energy solids such 
as Te?on, polyethylene, hydrocarbons, etc. The information 
gained from such studies can be used to optimiZe substrate 
compositions to increase Wetting angles for a given reactant 
solution in the array. 

[0062] The surface chemistry can be varied from position 
to position on the substrate to control the surface free energy 
and, hence, the contact angle of the reactant solution drops. 
In this Way, an array of cells can be de?ned on the substrate 
surface. For example, if an aqueous reactant solution is used, 
the region inside the cells can be hydrophilic, While the 
region surrounding the cells can be hydrophobic. Methods 
for controlling the local surface free energy of a substrate 
include a variety of techniques that Will be apparent to those 
skilled in the art. 

[0063] In one method, various protecting groups are used 
to control the chemical composition of the surface. For 
example, a mono-layer of hydrophobic photoprotecting 
groups can be coupled to, for example, linker molecules 
attached to the substrate surface. The surface is then selec 
tively irradiated (or otherWise activated) through a mask to 
expose those regions Where the cells are to be located. This 
cleaves the protecting groups from the substrate surface, 
causing the cell regions to be less hydrophobic than the 
surrounding area. Because hydrophobic materials have 
loWer surface free energies (surface tensions) than Water, the 
solution droplet in the cell beads rather than spreads. Suit 
able hydrophobic protecting groups for use With the present 
invention include, but are not limited to, the alkyl silanes 
(e.g., octadecyl silane). 
[0064] For some systems, other protecting groups Will be 
preferable. For instance, if a non-aqueous solution chemistry 
is employed, the protecting groups can be tailored to 
increase the Wetting angle for the particular solution being 
used. Further, if different solvents are to be contacted With 
the same cell during polymer synthesis, the protecting 
groups surrounding that cell can be changed during the 
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course of the process by a VLSIPSTM technique. This Will 
ensure that no matter What type of solution is added to the 
cell, a large Wetting angle is obtained. 

[0065] FIG. 1A shoWs a droplet 700 after it Was deposited 
by a micropipette on a non-Wetting mask 702 above a 
substrate 704 according to the present invention. The aspect 
ratio shoWn (dome height equals one-half the Width) Was 
empirically determined to be stable using a non-Wetting 
mask having a tWo millimeter by tWo millimeter square area 
(the cell diameter Was 0.2835 millimeter). FIG. 1B illus 
trates a top vieW of a high-density droplet array 710. The 
four cells of the array are shoWn at 712, 714, 716 and 718. 
Because the cell array is de?ned With photolithographic 
techniques and the hydrophobic mask is on the order of one 
monolayer thick, the droplets can be packed very closely 
together. 

[0066] IV. Moving The Dispenser With Respect To The 
Substrate 

[0067] A. Mapping the Frame of Reference 

[0068] To consistently deposit reactant droplets at pre 
cisely speci?ed locations, a common frame of reference 
betWeen the delivery instrument and the substrate is 
required. In other Words, the reference coordinates of the 
instrument must be accurately mapped onto the reference 
coordinates of the substrate. Ideally, only tWo reference 
points on the substrate are required to completely map the 
array of cells. The dispenser instrument can locate these 
reference points and then adjust its internal reference coor 
dinates to provide the necessary mapping. Of course, in this 
situation, the dispenser instrument must provide precisely 
repeatable movements. Further, the individual cells must not 
move With respect to the reference marks on the substrate 
after the reference marks have been formed. Unfortunately, 
pressing or other mechanical operations commonly encoun 
tered during fabrication and use of a substrate can Warp the 
substrate such that the correspondence betWeen the refer 
ence marks and the cells is altered. 

[0069] To alloW for this possibility, a substrate containing 
both “global” and “local” reference marks can be employed. 
Only tWo global reference marks are needed de?ne the 
initial frame of reference. From these marks, the dispenser 
instrument can determine Where each cell of the originally 
imprinted substrate is located. In an initial, “course” adjust 
ment, the dispenser is positioned in the local area of the cell 
of interest. Once in the local region, the dispensing instru 
ment looks for local reference marks to de?ne a local frame 
of reference. From these, the dispenser is accurately posi 
tioned over the cell of interest. In this manner, the effects of 
Warpage or other deformation can be minimiZed. The num 
ber of local reference marks is determined by the amount of 
deformation eXpected in the substrate. If the substrate is 
sufficiently rigid that little or no deformation Will occur, very 
feW local reference marks Will be required. If substantial 
deformation is expected, hoWever, more local reference 
marks Will be required. 

[0070] Starting at a single reference point, the micropi 
pette or other dispenser can be translated to other cells of the 
substrate by a correct distance in the correct direction (as 
noted above, this is the “dead reckoning” navigational 
technique). Thus, the dispenser can move from cell to cell, 
dispensing correctly metered amounts of reactant. In order to 
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initially locate the reference point and align the dispenser 
directly over it, a vision or blind system can be employed. 
In a vision system, a camera is rigidly mounted to the 
dispenser noZZle. When the camera locates the reference 
point(s), the dispenser is knoWn to be a ?Xed distance and 
direction aWay from the point, and a frame of reference is 
established. Blind systems locate the reference point(s) by 
capacitive, resistive, or optical techniques, for eXample. In 
one eXample of an optical technique, a laser beam is 
transmitted through or re?ected from the substrate. When 
the beam encounters a reference mark, a change in light 
intensity is detected by a sensor. Capacitive and resistive 
techniques can be applied similarly. A sensor registers a 
change in capacitance or resistivity When a reference point 
is encountered. 

[0071] For purposes of this invention, the spacing betWeen 
the individual cells preferably Will be on the order of 10 pm 
or less. Further, the angular relation betWeen the cells is 
preferably consistent, to Within 0.1 degrees. Of course, the 
photolithographic or other process used to de?ne the 
arrangement of cells Will accurately de?ne the angle and 
spacing. HoWever, in subsequent processes (e.g., pressing 
processes), the angle can be distorted. Thus, in some 
embodiments, it may be necessary to employ “local” refer 
ence points throughout the array. 

[0072] Translational mechanisms capable of moving With 
the desired precision are preferably equipped With position 
feedback mechanisms (encoders) of the type used in devices 
for semiconductor device manufacturing and testing. Such 
mechanisms Will preferably be closed loop systems With 
insigni?cant backlash and hysteresis. In preferred embodi 
ments, the translation mechanism Will have a high resolu 
tion, i.e. greater than ?ve motor ticks per encoder count. 
Further, the electromechanical mechanism Will preferably 
have a high repeatability relative to the cell diameter travel 
distance (preferably 11-5 pm). 

[0073] To accurately deposit a drop of reactant solution on 
the substrate, the dispenser noZZle must be placed a correct 
distance above the surface. For a drop having a volume of 
approximately ?ve nanoliters, the dispenser tip preferably 
Will be located about 5-50 pm above the substrate surface 
When the drop is released. More preferably, the drop Will be 
about 10 pm above the substrate surface When the drop is 
released. The degree of control necessary to achieve such 
accuracy can be attained With a repeatable high-resolution 
translation mechanism of the type described above. In one 
embodiment, the height above the substrate is determined by 
moving the dispenser toWard the substrate in small incre 
ments, until the dispenser tip touches the substrate. At this 
point, the dispenser is moved aWay from the surface a ?Xed 
number of increments Which corresponds to a speci?c 
distance. From there, the drop is released to the cell beloW. 
Preferably, the increments in Which the dispenser moves Will 
be less than about 5 pm and more preferably less than about 
2 pm. 

[0074] In an alternative embodiment, the dispenser noZZle 
is encircled by a sheath that rigidly eXtends a ?Xed distance 
beyond the dispenser tip. Preferably, this distance corre 
sponds to the distance at Which the solution drop Will be 
most easily delivered to the cell. Thus, When the sheath 
contacts the substrate surface, the movement of the dis 
penser is halted and the drop is released. It is not necessary 
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in this embodiment to move the dispenser back, away from 
the substrate, after contact is made. In this embodiment, as 
Well as the previous embodiment, the point of contact With 
the surface can be determined by a variety of techniques 
such as by monitoring the capacitance or resistance betWeen 
the tip of the dispenser (or sheath) and the substrate below. 
Arapid change in either of these properties is observed upon 
contact With the surface. 

[0075] B. Rotational Mechanisms 

[0076] In some embodiments, the substrate rotates on an 
axis and the dispenser moves radially on a line from the 
substrate axis to the substrate perimeter. These embodiments 
employ mechanisms analogous to those encountered in the 
computing and recording arts. In magnetic media, a rigid or 
?oppy disk contains magnetiZed and unmagnetiZed regions 
that correspond to bits of data. In some instances, the 
direction of magnetiZation corresponds to the bits of data. 
The magnetiZation of these bits can be changed by moving 
a “recording head” close to the bit. The recording head 
generates magnetic ?ux that Will either magnetiZe, demag 
netiZe, or leave unchanged a selected region on the disk. 
Thus, by carefully controlling both the magnetic ?ux on a 
Write head and the relative position of the magnetic disk With 
respect to the Write head, data can be recorded at preselected 
locations on the disk surface. Further, by using standard 
formats for subdividing and labelling the disk, recorded data 
can be rapidly located and retrieved by a “read head.” 

[0077] TWo Widely used types of magnetic disk are the 
?oppy disk typically made from a mylar ?lm and the hard 
disk typically made from a rigid material such as an alumi 
num disk. Both disks require very close correspondence 
betWeen the read/Write head and the recording media (i.e. 
the disk). In a ?oppy disk, the read and Write head actually 
touches a magnetic disk, and must be lubricated to avoid 
excessive Wear. In contrast, a hard disk read/Write head 
never touches the surface, but rather “?ys” at submicron 
distances above the hard disk surface on a hydrodynamic 
bearing surface. The hydrodynamic bearing is created by the 
rapid rotation of the disk (typically, about 3600 rpm) and 
overcomes the force of gravity, thus preventing the head 
from “crashing” onto the disk. In this Way, disk Wear is 
minimiZed and the head can be rapidly moved across the 
disk surface. 

[0078] Large disk memories employ a stack of hard disks 
coated on both sides With the magnetic material and rotating 
together on a common spindle. A set of read/Write heads is 
used: tWo are required for each plate. Typically, large disk 
memory Will have an access time of about 20 milliseconds. 

[0079] In optical media, a beam of laser light is used to 
either read from or Write to a disk. When the read laser beam 
is passed over the surface of the disk, it normally encounters 
the ?at unrecorded regions of the surface and is re?ected 
back in the direction from Which it originated. A sensor of 
a form Well-knoWn in the art monitors the re?ected light to 
detect recorded information on the disk surface. Most pre 
recorded optical disks (commonly knoWn as “compact 
disks”) have a series of very small pits cut into the disk 
surface. Typically, the pit siZe can be as small as about 1 pm. 
When the laser beam passes over a pit, the path length of the 
re?ected beam increases. At the edge of the pit, the beam 
Will be divided into portions having different path lengths 
Which can destructively interfere With one another. This 
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change in intensity is interpreted as recorded information 
that can be interpreted by appropriate processing circuitry. 
Preferably, the pit depth Will be one quarter of the Wave 
length of the read laser light. Thus, the total change in path 
length of a laser beam passing over a pit Will be one half 
Wavelength, a distance corresponding With the maximum 
possible destructive interference. 

[0080] Information can be recorded on an optical disk by 
using a laser beam to change the optical properties of the 
disk surface. For example, the laser beam can ablate small 
regions of the surface to create pits. Other means of record 
ing information include, heating regions of the substrate 
above the Curie point and, thereafter, changing the magne 
tiZation of the region, and heating regions of the substrate to 
create readable bumps such as described in Marchant, Opti 
cal Recording, Addison-Wesley (1990), incorporated herein 
by reference in its entirety for all purposes. Other methods 
of optical recording suitable for use With the present inven 
tion Will be knoWn to those of skill in the art. 

[0081] FIG. 2A illustrates one example of an electro 
optical system for recording data on a data storage medium 
in accordance With various embodiments of the present 
invention. The recording system includes a digital data 
processing circuit 30 Whose output on line 31 controls the 
pulsed variable-intensity laser 32. The laser beam 33 emerg 
ing from the laser 32 is collimated by a lens 34 and then 
re?ected by a mirror 35. The re?ected beam from the mirror 
is propagated through a beam splitter 36. 

[0082] The laser beam emerging from the beam splitter 36 
is passed through a ?lter 37, Which can be a quarter 
Wavelength plate, and then propagated through an objective 
lens 38 Which focuses the laser beam on the moving optical 
data storage medium 39. Light re?ected back from the 
medium 39 is collected by the lens 38 and propagated 
through the ?lter 39 to the beam splitter 36, Which propa 
gates the re?ected light to a light sensor 40. 

[0083] The laser 32 is preferably a high-poWer laser (2-15 
mW at the media surface) and is either continuous or pulsed. 
The Wavelength of the laser beam 33 is the “Write” or 
“record” Wavelength, and is either continuous, shaped, or 
pulsed. The Write beam typically enters the medium at the 
substrate side, as shoWn in FIG. 2B, and passes through a 
transparent substrate 4 into an expansion layer 6. The 
expansion layer, Which is absorptive of light at the laser 
Wavelength, rises in temperature due to the absorption, but 
is kept from localiZed expansion by the rigid substrate 4 and 
a retention layer 8 (Which is in its glassy state). Expansion 
pressure thus builds up and the retention layer begins to 
deform in a broad manner. MeanWhile, the temperature of 
the retention layer rises by conduction from the expansion 
layer, and possibly by light absorption as Well. As the 
temperature of the retention layer increases, it approaches 
the glass transition temperature and a small Weak area is 
formed around the axis of the incident beam. The expansion 
layer then ?oWs into this Weak area alloWing expansion to be 
localiZed, thereby creating a Well-de?ned bulge or bump 18. 
The retention layer 8 deforms accordingly to folloW the 
contour of the bulge, and protrude into a soft re?ective layer 
10. When the laser is turned off, the various layers cool. The 
re?ective layer 10 acts as a heat sink rapidly draWing heat 
aWay from the retention layer 8, and the retention layer 8 
cools doWn beloW its glass transition temperature, increas 
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ing its shear modulus to lock in the deformation While the 
expansion layer 6 is still in its expanded state. 

[0084] Erasure is achieved by using a laser beam of a 
different Wavelength, one Which is absorbed primarily by the 
retention layer 8. The expansion layer 6 may also be 
absorptive at this Wavelength, to some degree, provided that 
the resulting temperature increase in the expansion layer is 
not great enough to record a mark. Absorption of the light 
from this beam by the retention layer Will raise it to its 
rubbery state, at Which point elastic forces in the expansion 
layer as Well as the viscoelastic properties in the retention 
layer Will draW the retention layer back to a bump-free 
con?guration. Re?ective layer 10 Will naturally ?oW back 
into the void left by the retention layer. 

[0085] In both magnetic and optical storage media, infor 
mation must be quickly accessed. As mentioned, a diskette 
typically spins at about 300 RPM and a hard disk typically 
spins at about 3600 RPM. The actuator that moves the 
recording/reading head across the disk radius is also fast: for 
a diskette, it takes an average of about one-sixth of a second 
to move to any radial position on the disk, and for a hard 
disk, it takes only about 1/25th of a second. 

[0086] In computer operating systems such as DOS, par 
ticular data such as program applications (eg spreadsheets, 
databases, etc.) and data ?les are stored as binary magnetic 
information at various locations on the surface of the disk. 
This information is organiZed on a series of concentric 
circles or “tracks.” Hard disks have hundreds of such tracks, 
each of Which is identi?ed by a number, starting With track 
Zero at the outer edge of the disk. Each track is divided into 
various “sectors” containing a prede?ned number of bytes. 
Like the tracks, the sectors are also numbered, starting With 
one (sector Zero is reserved for identi?cation rather than data 
storage). Thus, any particular piece of data can be located by 
de?ning the sector (or at least the ?rst sector if the data ?le 
is large) on Which it is recorded. By analogy to the above 
discussion on frames of reference, the tracks and sectors can 
be vieWed as local reference marks. 

[0087] On DOS formatted storage disks, the locations of 
the recorded data ?les are stored on a small “system area” of 
the disk. Speci?cally, the list of sectors on Which a given 
data ?le resides is recorded in the system area of a DOS 
formatted storage disk. Thus, by inputting a ?le name, the 
system area of the disk can identify the location of the ?le 
on the magnetic disk. Steps can then be taken to move the 
read/Write head to that location to access the ?le. 

[0088] Like conventional data storage disks, the disks 
used to hold the compound arrays of the present invention 
can provide “system” information (i.e., tracking/location 
information) prerecorded on a blank disk. HoWever, unlike 
conventional storage disks, the disks of the present invention 
also have “cells” in Which the individual compounds of the 
matrix are synthesiZed or stored. These cells can be inter 
spersed among the information tracks (including both sys 
tem and data regions) in a variety of formats, as Will be 
explained in the example beloW. The cells can take the form 
of dimples on the disk, especially if information is stored on 
magnetic media. HoWever, other forms of cells can be used 
if the individual solution drops can be adequately isolated 
from each other. Using these and similar disk designs, the 
user can record and quickly access the location and cells by 
techniques Well-knoWn in the art. 
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[0089] Alternatively, the monomer (or other compound) 
solutions can be distributed from a closely packed array of 
capillaries, or from a slit-shaped container covered With a 
conductive screen having holes small enough to preclude 
leakage due to gravity alone. In these embodiments, the 
individual dispensers Will have a limited range of movement 
over the disk radius and may even be ?xed in space. In any 
of the above apparati, electrodes can be provided in the 
individual noZZles to provide electrical contact to the mono 
mer solutions. 

[0090] A preferred precision placement dispenser is 
shoWn in FIGS. 3A-3D. FIG. 3C is a side vieW of cartridge 
100 Which contains several capillaries 102 ?lled With vari 
ous monomers. Electrodes (not shoWn) run doWn the center 
of each capillary 102. FIG. 3D is a top vieW of cartridge 
100, shoWing an arrangement of leads 115 to the electrodes. 
The cartridges are loaded into a delivery plate 104 such that 
terminals 106 on the cartridge ends mate With terminals 108 
on a spindle 110 as shoWn in top vieW FIG. 3B. Thus, a 
central poWer supply can control all the electrodes. The 
delivery plate 104 rotates above the substrate 112 as shoWn 
in FIG. 3A. Substrate 112 Will, in many embodiments, be 
made from a conductive material held at ground, or a 
non-insulating material covering a plate held at ground. A 
servo motor 114 rotates the delivery plate 104 and the poWer 
supply selectively charges the electrodes so that drops of 
desired monomer Will cross from the dispenser to the desired 
cells on substrate 112. If the basis set of monomers is 
suf?ciently small, the capillaries may be held in ?xed 
positions, relying on rotation of the substrate and electric 
?elds to guide the charged droplets to the cells. 

[0091] V. Delivering the Reactant Solution 

[0092] As explained above, commercially available 
micropipettes are a preferred delivery mechanism for the 
present invention. Commercially available micropipettes, 
such as the A203XVY Nanoliter injector, are able to repro 
ducibly dispense 4.6 nanolter droplets. In some embodi 
ments, the micropipette is accurately and precisely posi 
tioned above the cell, as described above, before the reactant 
solution is deposited. 

[0093] In a different preferred embodiment, the reactant 
solutions Will be delivered from a reservoir to the substrate 
by an electrophoretic pump. In such a device, a thin capillary 
connects a reservoir of the reactant With the noZZle of the 
dispenser. At both ends of the capillary, electrodes are 
present to provide a potential difference. As is knoWn in the 
art, the speed at Which a chemical species travels in a 
potential gradient of an electrophoretic medium is governed 
by a variety of physical properties, including the charge 
density, siZe, and shape of the species being transported, as 
Well as the physical and chemical properties of the transport 
medium itself. Under the proper conditions of potential 
gradient, capillary dimensions, and transport medium rhe 
ology, a hydrodynamic How Will be set up Within the 
capillary. Thus, bulk ?uid containing the reactant of interest 
can be pumped from a reservoir to the substrate. By adjust 
ing the appropnate position of the substrate With respect to 
the electrophoretic pump noZZle, the reactant solution can be 
precisely delivered to prede?ned cells. 

[0094] In one particularly useful embodiment, the electro 
phoretic pump can be used to produce an array containing 
various fractions of an unknoWn reactant solution. For 
















