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COMPOSITION INCLUDING AN TEMAND 
AN ENCODED OPTICAL IDENTIFICATION 

ELEMENT THAT IS PHYSICALLY 
ASSOCATED WITH THE TEM 

TECHNICAL FIELD 

0001. This invention relates to optical identification, and 
more particularly to a method and apparatus for labeling 
using optical identification elements characterized by X-ray 
diffraction. 

BACKGROUND ART 

0002. It is often desirable to uniquely label or identify 
items, such as large or Small objects, plants, and/or animals 
for sorting, tracking, identification, Verification, authentica 
tion, or for other purposes. For example, in a form of chemical 
synthesis in combinatorial chemistry known as “solid phase' 
chemical synthesis, encoded beads or particles are used as a 
Solid Support for the synthesis of chemicals and or chemical 
libraries. The encoded beads or particles are used identify the 
attached chemicals. 
0003. In another example, in a DNA/genomic sequencing 
assay commonly referred to as a “random bead assay, known 
DNA sequences (probes) are attached to encoded beads or 
particles. The beads are then mixed with a labeled target 
analyte, and segments of the DNA sequence of the labeled 
target analyte will selectively bind to complementary DNA 
segments of the probe. The known probes are then spatially 
separated and examined for fluorescence. The beads that fluo 
resce indicate that the DNA sequence strands of the target 
analyte have attached or hybridized to the complementary 
DNA on that bead. The DNA sequences in the target analyte 
can then be determined by identifying the code on the bead, 
which uniquely identifies the complementary DNA (or 
cDNA) sequence of each probe. In addition the level of fluo 
rescence is indicative of how many of the target molecules 
hybridized to the probe molecules for a given bead. 
0004 Existing technologies for uniquely labeling or iden 
tifying items, such as bar codes, electronic microchips/tran 
sponders, radio-frequency identification (RFID), and fluores 
cence (or other optical techniques), are often inadequate. For 
example, existing technologies may be too large for certain 
applications, may not provide enough different codes, may 
require specific alignment of particles to the detector, or can 
not withstand harsh environments, e.g., harsh temperature, 
pressure, chemical, nuclear and/or electromagnetic environ 
mentS. 

0005. Therefore, it would be desirable to obtain a labeling 
technique that provides the capability of providing many 
codes (e.g., greater than 1 million codes), that can be made 
very Small, that can withstand harsh environments, and/or be 
independent of orientation with respect to the detector. 

SUMMARY OF THE INVENTION 

0006 Objects of the present invention include provision of 
a labeling technique that allows for a large number of distinct 
codes, can be made very Small, code is readable independent 
of orientation, and/or can withstand harsh environments. 
0007 According to a first aspect of the present invention, 
an optical identification element for identifying an item com 
prises a binder material and one or more materials embedded 
in the binder material. The one or more materials provide an 
encoded composite X-ray diffraction pattern when illumi 
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nated by an X-ray beam. The encoded composite X-ray dif 
fraction pattern is indicative of the item. 
0008 According to a second aspect of the present inven 
tion, a method of labeling an item comprises: selecting at least 
one material from a plurality of materials having differing 
X-ray diffraction patterns; embedding the at least one mate 
rial in a binder material to form at least one optical identifi 
cation element; and physically associating the at least one 
optical identification element with the item. The at least one 
material provides an encoded composite X-ray diffraction 
pattern when illuminated by an X-ray beam, with the encoded 
composite X-ray diffraction pattern being indicative of the 
item. 
0009. According to a third aspect of the present invention, 
a method of identifying an item comprises: illuminating an 
optical identification element physically associated with the 
item using an X-ray beam; detecting a composite X-ray dif 
fraction pattern from the illuminated optical identification 
element; and decoding the composite X-ray diffraction pat 
tern to identify the item. In various embodiments, the decod 
ing includes identifying at least a portion of Debye-Scherrer 
diffraction patterns in the composite X-ray diffraction pat 
tern. 

0010. In various embodiments of the above aspects of the 
present invention, the encoded composite X-ray diffraction 
pattern is indicative of a binary or higher order. The number of 
bits in the binary code may correspond to the number of 
unique Debye-Scherrer diffraction patterns in the encoded 
composite X-ray diffraction pattern. The binary code may be 
arranged in a protocol including one or more error-check bits 
and a plurality of data bits. 
0011. In various embodiments of the above aspects of the 
present invention, the one or more materials is selected from 
powdered crystal materials. The binder material may be 
selected from glass, plastic, one or more polymers, and com 
binations including one or more of the foregoing. 
0012. In various embodiments of the above aspects of the 
present invention, the optical identification element is shaped 
as a microbead or a macrobead. Alternatively, the binder 
material may be in the form of a thread or fiber. 
0013. In various embodiments of the above aspects of the 
present invention, the item is selected from the group, com 
prising: large or Small objects, products, Solids, powders, 
liquids, gases, plants, currency, ID cards, minerals, cells and/ 
or animals. The item may be a chemical or a DNA sequence. 
0014. The foregoing and other objects, features and 
advantages of the present invention will become more appar 
ent in light of the following detailed description of exemplary 
embodiments thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a schematic diagram illustrating a method 
for encoding an optical identification element in accordance 
with various embodiments of the present invention. 
(0016 FIG. 2 depicts front and back Debye-Scherrer dif 
fraction patterns for an optical element including powdered 
crystals in accordance with various embodiments of the 
present invention. 
(0017 FIG.3 depicts a Debye-Scherrer camera. 
0018 FIG. 4 depicts encoded X-ray diffraction patterns in 
accordance with various embodiments of the present inven 
tion. 
0019 FIG. 5 shows a bit format for a code in an optical 
identification element of the present invention. 
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0020 FIG. 6 illustration (a) shows an X-ray diffraction 
pattern for powdered aluminum, and illustration (b) is a plot 
of intensity and d spacing for various materials. 
0021 FIG. 7 is a schematic diagram of a system for iden 
tifying an item having one or more optical identification 
elements physically associated therewith in accordance with 
various embodiments of the present invention. 
0022 FIG. 8 illustrations (a)-(d) show various transparent 
items that can be labeled with an optical identification ele 
ment of the present invention. 
0023 FIG. 9, illustrations (a)-(c) show various integrated 
circuits or silicon wafers, that can be labeled with an optical 
identification element of the present invention. 
0024 FIG. 10 shows a cell or the like disposed on an 
optical identification element. 
0025 FIG. 11, illustrations (a)-(d) show fluids or powders 
that can be labeled with an optical identification element of 
the present invention. 
0026 FIG. 12, illustrations (a)-(v) show various other 
items that can be labeled with an optical identification ele 
ment of the present invention. 
0027 FIG. 13 illustrations (a) and (b) depict the optical 
identification element being applied as a paint or powder 
coating. 
0028 FIG. 14 is a flow chart for a chemical split and pool 
synthesis apparatus in accordance with various embodiments 
of the present invention. 
0029 FIG. 15 is a diagram of a chemical split and pool 
synthesis apparatus in accordance with various embodiments 
of the present invention. 
0030 FIG. 16 is a flow chart of a method of attaching a 
Substance to an optical identification element, performing an 
assay and analyzing the optical identification element in 
accordance with various embodiments of the present inven 
tion. 
0031 FIG. 17 is a side view of an optical identification 
element having a Substance attached to the outer Surface 
thereof in accordance with various embodiments of the 
present invention. 
0032 FIG. 18 is a side view of an optical identification 
element having a Substance attached to the outer Surface 
thereof, in accordance with various embodiments of the 
present invention. 
0033 FIG. 19 is a schematic view of a plurality of optical 
identification elements having different identification or 
codes and coated with different probe substances disposed in 
a cell with a plurality of test Substances, in accordance with 
various embodiments of the present invention. 
0034 FIG. 20 is a schematic view of plurality of optical 
identification elements after the performance of an assay, 
aligned in a plurality of grooves, disposed on a Substrate, and 
a bead detector that scans each optical identification element 
for determining the code and fluorescence of each optical 
identification element, in accordance with various embodi 
ments of the present invention. 
0035 FIG. 21 is a schematic view of a flow cytometer 
including a system for identifying an item having one or more 
optical identification elements physically associated there 
with in accordance with various embodiments of the present 
invention. 

0036 FIG. 22 is a side view of an optical identification 
element after the performance of an assay, and a schematic 
view of a bead detector that determines the code and fluores 
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cence of the optical identification element, in accordance with 
various embodiments of the present invention. 
0037 FIG. 23 is a cross-sectional view of an X-ray dif 
fraction encoded and a diffraction grating encoded identifi 
cation element in accordance with an embodiment of the 
present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0038 Referring to FIG. 1, an encoded optical identifica 
tion element (element) 8 for identifying an item is shown. The 
optical identification element 8 is a composite structure 
formed from one or more materials 1-4 embedded in a binder 
material 5. In the example shown in FIG. 1, the optical iden 
tification element 8 is in the shape of a bead, and four different 
materials 1-4 are embedded in the binder material 5 to form 
the bead. As will be described in further detail hereinafter, any 
number of materials may be used, and the optical identifica 
tion element 8 may take any convenient shape. 
0039 Each of the materials 1-4 provides a unique X-ray 
diffraction pattern, as indicated at 9-12 respectively, when 
illuminated by an X-ray beam. In the embodiment shown, the 
X-ray diffraction patterns 9-12 are rings 14, each of which are 
portions of a Debye-Scherrer diffraction pattern. 
0040. When the materials 1-4 are embedded in the binder 
material 5 to form the optical identification element 8, the 
X-ray diffraction patterns 9-12 of the materials 1-4 produce a 
composite X-ray diffraction pattern 13 for the optical identi 
fication element 8. In the present invention, the composite 
X-ray diffraction pattern 13 is encoded by the selection and 
omission of one or more of the different materials 1-4. A code 
58 provided by the composite X-ray diffraction pattern 13 is 
used to identify an item physically associated with the optical 
identification element 8. By physically associated, it is meant 
that the optical identification element 8 is attached to, embed 
ded in, disposed proximate to, mixed with, or otherwise 
located in Some relationship to the item. 
0041 Preferably, each of the materials 1-4 is a powdered 
crystal material having a well-defined Debye-Scherrer X-ray 
diffraction pattern. By a “powdered” crystal material it is 
meant that the material is formed from Some ten or more 
randomly oriented single crystals. For Such materials, a col 
limated, monochromatic, incident X-ray beam 18 is dif 
fracted in accordance with Braggs law to produce diffracted 
beams lying on the Surface of several cones 22 as shown in 
FIG. 2(a). The cones 22 may emerge in all directions, forward 
(in the direction of the X-ray beam 18) and backward (in a 
direction opposite that of the X-ray beam 18). When the cones 
22 are projected onto planes 26 and 28, the diffraction pattern 
includes one or more concentric rings 14 as shown in FIGS. 
2(b) and 20c). FIG. 2(b) depicts the backward plane 26, and 
FIG.2(c) depicts the forward plane 28. The diffraction pattern 
(e.g., rings 14) formed on the forward plane 28 or the diffrac 
tion pattern (e.g., rings 14) formed on the backward plane 26, 
or both, may be used in the encoding method of the present 
invention. 

0042. The diffraction patterns may be detected using any 
known optical detectors 30 (e.g., a charge coupled device 
(CCD) detector, film, image plate detectors, among others) 
positioned at the planes 26 and 28. Such optical detectors 30 
may have apertures 32 disposed therethrough for allowing 
passage of the incident X-ray beam 18 and the transmitted 
portion of X-ray beam 18 (indicated at 18). 
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0043 Referring to FIG. 3, it is contemplated that any 
portion of the cones 22 may be used to forman X-ray diffrac 
tion pattern. For example, FIG.3(a) depicts a Debye-Scherrer 
camera, in which an optical detector 30 (e.g., a charge 
coupled device (CCD) detector, film, image plate detectors, 
among others) is disposed concentrically around the identifi 
cation element 8. FIG. 3(b) depicts the detector 30 in a 
straightened state. As can be seen in FIG. 3(b), the X-ray 
diffraction pattern captured by the detector 30 is a portion of 
the rings 14, which appear on the detector as arcs or “lines’. 
All or part of the portion of the rings 14 may be used in the 
encoding method of the present invention. 
0044) Referring again to FIG. 1, combining one or more 
powdered crystal material in the binder material 5 will pro 
duce an element 8 with a composite X-ray diffraction pattern 
13 made up of one or more well-defined rings 14 (orportions 
of rings 14), as shown in FIG. 1. Selection and omission of 
certain materials allow the combined X-ray diffraction pat 
tern 13 of the optical identification element 8 to be encoded, 
with the presence or absence of each of the rings 14 (or 
portions of rings 14) indicating a binary “1” or “O'” in the code 
58, as indicated in FIGS. 4a-c. While FIGS. 1 and 4a-c show 
only five different codes, it will be appreciated that the four 
materials 1-4 in the example of FIG. 1 can be used to generate 
16 different codes 58 by virtue of either their presence or 
absence. It is contemplated that the number of materials used 
is a function of the number of different codes needed to 
identify the item. For example, the use of 10 materials pro 
vides 1024 different codes, and N materials provides 2Y dif 
ferent codes. Advantageously, the present invention provides 
a labeling technique that allows for a large number of distinct 
codes. 

0045 While the code 58 is shown as a binary code, it is 
contemplated that higher order codes may be used. For 
example, by providing N coding identifiers, each having M 
distinguishable states, M' unique codes can be created. 
Where M=2 (e.g., the two states could be the presence or 
absence of the materials 1-4), the code 58 is the base 2 or 
binary code described above. In the case of M-3 (e.g., where 
the three states could be three distinguishable intensity levels 
for a range of inter atomic (D) spacings, the code 58 would be 
defined by a base 3 code. It is also contemplated that code 58 
may be defined by analog coding methods; for example, the 
signature of each component of the entire composite spec 
trum 13 may be analyzed. 
0046 Referring to FIG. 5, the code 58 may be a simple 
code or may be a more complex code having many pieces of 
information located in the code 58. In addition, the code 58 
may have checks within the code to ensure the code 58 is read 
correctly. It can be viewed as a serial digital message, word, or 
frame consisting of N bits. 
0047. In particular, there may be start and stop bits 869, 
871, respectively. The start and stop bits may each take up 
more than one bit location if desired. In addition there may be 
an error checkportion of the message. Such as a check Sum or 
CRC (cyclic redundancy check) having a predetermined 
number of bits, and a code section 873 having a predeter 
mined number of bits. The error checkportion ensures that the 
code 8 which is obtained from the bead is accurate. Accord 
ingly, having a large number of bits in the element 8 allows for 
greater statistical accuracy in the code 8 readout and 
decreases the likelihood of providing erroneous data. Accord 
ingly, if a code 8 cannot be read without an error, no data from 
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that code 8 will be provided, avoiding an erroneous result. 
Any known techniques for digital error checking for single or 
multi-bit errors may be used. 
0048. The code section 873 may be broken up into one or 
more groups of bits, for example, three bit groups 863,865, 
867, each bit group containing information about the bead 
itself or the item attached to the bead or how the bead is to be 
used, or other information. For example, the first bit group 
863 may contain information regarding “identifying num 
bers'. Such as: lot number, quality control number, model 
number, serial number, inventory control number; the second 
bit group 865 may contain “type' information, such as: 
chemical or cell type, experiment type, item type, animal 
type; and the third bit group 867 may contain “date' infor 
mation, Such as: manufactured date, experiment date, cre 
ation date, initial tracking date. Any other bit groups, number 
of bit groups, or size of bit groups may be used if desired. 
Also, additional error or fault checking can be used if desired. 
0049. In particular, for a product manufacturing applica 
tion, the code section 873 may have the serial number, the lot 
number, date of manufacture, etc. or have other information 
that identifies the item and/or information about the item. For 
a chemical or assay application, the code section 873 may 
have information about the chemical attached to the bead, the 
date and/or time of creation of the chemical or experiment, or 
other information of interest. 

0050 FIG. 6 illustration (a) shows an X-ray diffraction 
pattern for powdered aluminum, which comprises four rings 
14. Other suitable materials include, for example, aluminum 
oxide, calcium carbonate, and nickel sulfide, as shown in FIG. 
6 illustration (b). 
0051 Referring again to FIG. 1, the binder material 5 is 
preferably a material that does not diffract the X-ray beam 18 
(FIGS. 2 and 3), or which diffracts the X-ray beam 18 in a 
known (i.e., filterable) manner. For example, the binder mate 
rial 5 may be selected from glass, plastic, one or more poly 
mers, and combinations including one or more of the forego 
ing. In other examples, the binder material 5 may be made of 
any one or more of various glasses, e.g., silica, phosphate 
glass, borosilicate glass, or other glasses, or made of glass and 
plastic, or Solely plastic. 
0.052 Referring to FIG. 7, a system for identifying an item 
having one or more optical identification elements 8 physi 
cally associated therewith is shown generally at 15. The sys 
tem 15 has the necessary optics, electronics, software and/or 
firmware to perform the functions described herein. The sys 
tem 15 may include any commercially available X-ray dif 
fractometer. 

0053 Referring to FIGS. 1 and 7, the system 15 includes a 
light source 16, an optical detector 30, a computer 22, and an 
output device 23. The light source 16 provides a collimated, 
monochromatic X-ray beam 18, which may be triggered or 
otherwise controlled by the computer 22. The optical detector 
30 (e.g., a multichannel charge-coupled device array) is situ 
ated to receive the composite X-ray diffraction pattern 13 
produced by the illuminated optical identification element 8 
and provide an output signal indicative of this composite 
X-ray diffraction pattern 13. In the embodiment shown, the 
optical detector 30 is arranged to receive only the back 
reflected portion of the composite X-ray diffraction pattern 
13. As previously discussed, the optical detector 30 may be 
arranged to receive all or a portion of any part of the compos 
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ite X-ray diffraction pattern 13. For example, the optical 
detector 30 may be arranged as described herein with refer 
ence to FIGS. 2 or 3. 

0054 The computer 22 receives the output signal from the 
optical detector 30, decodes the composite X-ray diffraction 
pattern 13, and provides a binary or higher order code 58 
indicative of the composite X-ray diffraction pattern 13. The 
decoding may be performed by identifying at least portions of 
unique Debye-Scherrer diffraction patterns in the composite 
X-ray diffraction pattern 13. A lookup table, database, or the 
like may then be used to determine the item associated with 
the code 58, and the name of the item may then be displayed 
on the output device 23. 
0055 Referring again to FIG. 1, the optical identification 
element 8 may be of any convenient shape. For example, the 
optical identification element 8 may be shaped as a bead, Such 
as a microbead (or microelement, micro-particle, or encoded 
particle) having at least one dimension of less than about 1000 
microns or a macrobead having at least one dimension of 
greater than about 1000 millimeters. Alternatively, the binder 
material may be in the form of a thread or fiber or may be in 
the form of a paint or coating. 
0056. As shown in FIGS. 8-12, the encoded element 8 may 
be used to label any desired item, Such as large or Small 
objects, products, Solids, powders, liquids, gases, plants, 
pharmaceuticals (drugs), minerals, and/or animals, or any 
combination of one or more thereof. The label may be used 
for many different purposes, such as for sorting, tracking, 
identification, Verification, authentication, anti-theft/anti 
counterfeit, security/anti-terrorism, or for other purposes. In a 
manufacturing environment, the elements 8 may be used to 
track inventory for production information or sales of goods/ 
products. As shown in FIG. 13, the encoded element 8 may be 
in the form of a paint or powder coating. The paint or powder 
coating can be applied to virtually any surface. For example, 
the paint or powder coating may be applied to a vehicle Such 
as a boat or car, or a container transported by ship. 
0057 Also, the X-ray diffraction material or substances of 
the present invention may be incorporated into an ink, paint, 
powder or any other printing Substance that allows printed 
documents to be uniquely identified by the X-ray diffraction 
pattern emitted in response to the incident X-ray. In that case, 
the text itself would emit a predetermined diffraction pattern 
that uniquely identifies the document. Such material could 
also be incorporated into the paper, document, or package 
making process, e.g., the pulp or the coatings, that uniquely 
identifies the product made. 
0058. For any of the labeled items described herein, the 
encoded elements 8 may be tiny discrete microbeads (0.01 
micrometers to 1000 micrometers long) embedded into the 
surface of the item or the encoded element 8 may be a long 
Strand of glass or plastic fiber that is woven, inserted, 
impressed, or injected into the item being labeled. Alterna 
tively, in the appropriate cases, the materials 1-4 may be 
impressed directly into the material. In any case, the proper 
ties of the encoded element 8 do not change. For labeled items 
that are pliable, bendable, or flexible, the element 8 may be 
made of a bendable material. Such as a polymer or plastic. 
Also, if the item material is soft or compliant the beads may be 
pressed, pushed, hammered or shot into the material. 
0059. In general, the encoded elements 8 may be used to 
label any products or components within a product and may 
be used for product manufacturing/production identification. 
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0060 Referring to FIG. 8, illustrations (a)-(d), encoded 
elements 8 may be used to label glass or plastic items, such as 
microscope slides 811, test tubes 813, beakers 815, cookware 
817, storage containers and/or covers, multi-well plates, 
micro-well plates, plastic bags, windshields, windows, 
glasses, contact lenses, other lenses, optical components, 
tape, bottles, displays, display cases, watch faces, mirrors, 
sample or pietri dishes, or any other item made of a material 
that is transparent or Substantially transparent to the incident 
X-ray 24 and reflected X-ray 27 used for read the code in the 
encoded elements 8. The invention may be used to identify 
Such glass or plastic items by embedding the materials 1-4 
directly into the item or by embedding into or otherwise 
attaching the encoded elements 8 to the item. In the case 
where the materials 1-4 are embedded directly into the item, 
the material forming the item is the binder material 5 and is 
preferably a material that does not affect the X-ray diffraction 
pattern provided by the materials 1-4, or which affects the 
X-ray diffraction pattern in a known (i.e., filterable) manner. 
0061 Referring to FIG. 9, illustrations (a) and (b), the 
encoded elements 8 may be used to label micron size prod 
ucts, such as, microcircuits computer chips, integrated cir 
cuits (IC’s), or other small products or portions thereof. 
Referring to FIG. 9, illustration (c), the elements 8 may also 
be used to label silicon wafers 59 or small portions or regions 
57 thereof before being cut into small devices or microcir 
cuits. 

0062 Referring to FIG. 10, the elements 8 may be used to 
label any single or multiple cells 101 that are attached to or 
otherwise disposed on the element 8. The cells 101 may 
include: molecules, particles, elements, compounds, organ 
isms, atoms, chemicals, acids, bases, nucleic acids, chemical 
libraries, DNA, polynucleotides, oligomers, RNA, proteins, 
peptides, polymers, hydrocarbons, or other cells. The cells 
101 may be alive or dead, organic or inorganic, and may be 
individual or groups or chains of cells and may change or 
mutate over time. 

0063 Referring to FIG. 11, illustrations, (a)-(d), the 
encoded elements 8 may be used to label a liquid or liquid 
products located in a container 801 or in an open or closed 
flowing pipe or conduit 803,805 respectively. In that case, the 
elements 8 are mixed with the liquid. In addition, the elements 
8 may also be used to label powders, such as powdered 
detergent, dirt, pulverized coal, gunpowder, anthrax, or any 
other powders located in a container 807, or in an open or 
closed flowing pipe or conduit 803,805, respectively. Also, 
the elements 8 may be used to label or identify any combina 
tion of fluids (liquids and/or gases) and/or powders. Also, the 
elements 8 may be used to label gases, such as gases in 
containers or gases flowing in a pipe or conduit, or gaseous 
by-products of reactions, such as combustion exhaust or other 
exhaust. Also, the elements 8 may be used to label liquid 
particles or droplets in gas, such as steam. The elements 8 
may be used to track the flow of a liquid, powder, gas, etc. in 
an industrial plant to determine where the liquid is flowing or 
has flown. 

0064. The elements 8 may be removed from a fluid, pow 
der and/or gas solution or mixture other material by electro 
magnetic attraction (if the elements 8 are electro-magnetic), 
skimmed off the surface (if the elements 8 are less dense than 
the solution, i.e., buoyant or semi-buoyant), or from settling 
to the bottom of a container (if the elements 8 are more dense 
than the solution), or by filtering the solution with a strainer or 
filter. 
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0065. The elements 8 can placed in a fluid or powder and 
the fluid or powder is used for labeling an item. For example, 
the elements 8 may be mixed with paint (or other adhesive 
fluid) and sprayed on an item, such as a car or boat (see FIG. 
12, illustrations (b) and (c)) or any other item that can be 
sprayed or painted. The same may be done with a dry powder 
that is sprayed on a newly painted or otherwise adhesive 
Surface, or with an adhesive powder that is sprayed on a dry, 
or painted or adhesive Surface. 
0066 Referring to FIG. 12, illustrations (a), (b), (c), (f), 
(g), and (h), in particular, the encoded elements 8 may be used 
to label large and/or valuable items such as cases 841 (e.g., 
Suitcases, briefcases, garment bags, and the like), cars 831, 
boats 833, paintings 835, china 837, jewelry 839, and the like. 
Also, the elements 8 may be used as a way of putting the 
vehicle identification number (VIN) or other similar identifi 
cation information in a hidden location and/or in many loca 
tions on an item that can only be read by the proper equip 
ment. 

0067 Referring to FIG. 12, illustrations (d), (e), and (r), 
the encoded elements 8 may also be used to label currency 
829, coins, bills, or credit cards. Also, the elements 8 may be 
used an alternative or addition to magnetic strips currently 
used on many types of cards 825, e.g., access cards, key cards, 
ID cards, debit cards, credit cards, and the like. In addition, 
the elements 8 may be used as part of a key 827. 
0068 Referring to FIG. 12, illustration (i), the elements 8 
may be used to label food containers 847 and the like. 
0069. Referring to FIG. 12, illustrations () and (l), the 
elements 8 may be used to label building materials 843, e.g., 
wood, pressboard, composite boards (e.g., made of wood, 
plastic, and/or metal particles), sheetrock, wallboard, wallpa 
per, molding, tiles and the like or other building materials. 
Similarly, the elements 8 may be used to label furniture or 
other home or office furnishings 845. 
0070 Referring to FIG. 12, illustrations (m), (o), and (p), 
the encoded elements 8 may be used to label any animals 649. 
creatures, people/humans 855, and/or plants, or parts thereof 
853. Such a label could be used in addition to or instead of 
fingerprints, retina Scans, DNA or other identification tech 
niques or labels. 
0071 Referring to FIG. 12, illustrations (n) and (q), the 
encoded elements 8 may be used to label documents 857. 
books 851, and/or packages. 
0072 Referring to FIG. 12, illustrations (s) and (t), the 
encoded elements 8 may be used to label weapons, ammuni 
tion, explosive devices, guns 819, artillery, bullets 821, mor 
tar, grenades, missiles, torpedoes, projectiles, fireworks, 
bombs, spacecraft, aircraft, satellites, jet engines, Submarines 
and tanks. 
0073. Referring to FIG. 12, illustration (u), the encoded 
elements 8 may be used to label clothing 823, garments, 
uniforms, linens, leather, footwear, headgear, or textiles. 
0074 Referring to FIG. 12, illustration (v), the encoded 
elements 8 may be used to label storage media, Such as 
compact discs and digital video discs (DVD’s), or any other 
devices that uses light to read information, video or audio 
tapes, disc drives, and the like. 
0075 Referring to FIG. 13, the optical elements described 
herein may be used to synthesize chemicals in a known split 
and pool synthesis technique. Such as that described in U.S. 
patent application Ser. No. 10/661.254 (CyVera Docket No. 
CC-0043), filed Sep. 12, 2003, which is incorporated by 
reference herein in its entirety. In particular, a known split and 
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pool bead based synthesis process 801, may be performed 
starting with a step 800 where a predetermined number M of 
compounds or chemicals are provided each in a separate bin 
or container and at step 802 where a predetermined number X 
of microbeads 8 are provided each having its own unique 
code. Steps 800, 802 are material preparation steps and can be 
done in either order. After the materials are prepared, a step 
803 combines or pools all the beads together. Then, a step 804 
determines the code for each microbead 8. This step can be 
skipped on the first time through the process if it is desired to 
randomly split up the beads into groups, i.e., to not split the 
groups up by code on bead during the first run. Next a step 806 
sorts the beads based on its code and deposits the bead into the 
appropriate bin for the chemical to be added to the bead. 
0076 Next, a step 808 tests to see if the chemical synthesis 

is complete for each bead. If not the process goes back to step 
803 where the remaining beads are recombined or re-pooled 
and the process starts again. The loop 814 repeats a predeter 
mined number of times N, where each time through the loop 
814 another chemical is added to each of the beads. If certain 
beads are to have fewer chemicals than others, then certain 
beads will drop out of the process before others. When the 
step 808 concludes that one or more beads have completed 
their synthesis process, a step 812 logs the completion of that 
bead and the remainder of the beads continue until all desired 
chemicals have synthesized on the beads. 
0077. For example, for M-4 compounds and N=10 chemi 
cals to add to each bead, the total number of different codes 
needed would be 1,048,576 or MY and if there will be only 
one bead with each desired chemical (i.e., no redundancy), 
then the number of beads X would also be MY=1,048,576. 
0078 Referring to FIG. 15, an automated synthesis 
machine is shown for synthesizing a chemical having four 
different possible compounds or cells or molecules (e.g., 
GCAT for a DNA synthesis), where a main bin 830 receives or 
pools all the beads 8 and provides the beads 8 to a sorting 
machine 832, which performs the sorting step 806 in the loop 
814. The sorting may be accomplished using the system 15 
described herein to identify the beads. In addition the 
machine 832 deposits the beads in the proper bins 834,836, 
838,840, having the bases G, C, A, T, respectively. Any other 
four chemicals can be used if desired. Once the specific base 
has been attached to a bead it is dropped or placed in a device 
which transports the beads back into the main bin 830 for 
resorting by the machine 832. When synthesis has been com 
pleted on a given bead the machine deposits the completed 
bead in a done bin 844. 
0079 If it is desired to produce multiple of the same 
chemical on separate beads this can be done by having mul 
tiple beads with the same code, or presetting certain groups of 
codes to have the same chemical composition. In that case, 
each of these beads may go to the same bins in the same order 
as a group. 
0080. The present invention may be used with any known 
combinatorial chemistry, chemical synthesis process, or Syn 
thesizing labeled combinatorial chemistry libraries, and are 
especially adaptable to Solid phase synthesis, for example: 
U.S. Pat. No. 6,417,010, “Methods and Apparatus for Syn 
thesizing Labeled Combinatorial Chemistry Libraries, U.S. 
Pat. No. 6,558,904 entitled “Method for producing struc 
tured, self-organized molecular monolayers of individual 
molecular species, in particular substance libraries”; U.S. Pat. 
No. 6,541,276 entitled “Methods for solid-phase synthesis of 
hydroxylamine compounds and derivatives and combinato 
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rial libraries thereof: U.S. Pat. No. 6,541.211 “Apparatus 
and method for synthesizing combinational libraries”; U.S. 
Pat. No. 6,528,324 entitled “Apparatus for pre-determined 
mass sorting of positional-encoded solid phase synthesis Sup 
ports”; U.S. Pat. No. 6,506.558 entitled “Very large scale 
immobilized polymer synthesis”; U.S. Pat. No. 6,495,539 
entitled “B-lactam-like chaperone inhibitors'; U.S. Pat. No. 
6,468,740 entitled “Cyclic and substituted immobilized 
molecular synthesis”; U.S. Pat. No. 6,417,010 entitled 
“Methods and apparatus for synthesizing labeled combinato 
rial chemistry libraries; U.S. Pat. No. 6.410,643 entitled 
“Solid phase synthesis method and reagent”; U.S. Pat. No. 
6.410.342 entitled “Method and apparatus for controlled pho 
toelution: U.S. Pat. No. 6,387,636 entitled “Method of 
shielding biosynthesis reactions from the ambient environ 
ment on an array”; U.S. Pat. No. 6,372,885 entitled “Solid 
phase technology for the preparation of amides”; U.S. Pat. 
No. 6.368,874 entitled “Methods for hard-tagging an 
encoded synthetic library”; U.S. Pat. No. 6,362,009 entitled 
“Solid phase synthesis of heterocycles”; U.S. Pat. No. 6,346, 
423 entitled “Methods and compositions for producing 
biopolymeric arrays'; U.S. Pat. No. 6,329,210 entitled 
“Method and apparatus for high volume polymer synthesis”; 
U.S. Pat. No. 6.294,694 entitled “Matrix metalloproteinase 
inhibitors and method of using same'; U.S. Pat. No. 6,274, 
385 entitled “Attached tags for use in combinatorial chemis 
try synthesis”; U.S. Pat. No. 6,265.228 entitled “Process for 
preparing combinatorial amide alcohol libraries”; U.S. Pat. 
No. 6,251,595 entitled “Methods and devices for carrying out 
chemical reactions”; U.S. Pat. No. 6,127,190 entitled 
“Method for producing combinatorial libraries having a pre 
determined frequency of each species of test compound: 
U.S. Pat. No. 5,929.208 entitled “Methods for electronic syn 
thesis of polymers'; U.S. Pat. No. 5,886,186 entitled “Syn 
thesis of substituted N-heteroaromatic compounds and meth 
ods of use thereof: U.S. Pat. No. 5,885,837 entitled “Very 
large scale immobilized polymer synthesis using mechani 
cally directed flow paths”; U.S. Pat. No. 5,859,191 entitled 
“Method for the site-specific modification of peptide alpha 
amines”; U.S. Pat. No. 5,763,263 entitled “Method and appa 
ratus for producing position addressable combinatorial librar 
ies”; U.S. Pat. NO. 5,712,171 entitled “Method of generating 
a plurality of chemical compounds in a spatially arranged 
array”; U.S. Pat. No. 5,690,894 entitled “High density array 
fabrication and readout method for a fiber optic biosensor': 
U.S. Pat. No. 5,545,568 entitled “Solid phase and combina 
torial synthesis of compounds on a solid support”; U.S. Pat. 
No. 5,545,531 entitled “Methods for making a device for 
concurrently processing multiple biological chip assays: 
U.S. Pat. No. 5,539,083 entitled “Peptide nucleic acid com 
binatorial libraries and improved methods of synthesis”; U.S. 
Pat. No. 5,384,261 entitled “Very large scale immobilized 
polymer synthesis using mechanically directed flow paths”; 
U.S. Pat. No. 5.288,514 entitled “Solid phase and combina 
torial synthesis of benzodiazepine compounds on a solid Sup 
port”; U.S. Pat. No. 5,264,563 entitled “Process for synthe 
sizing oligonucleotides with random codons'; U.S. Pat. No. 
5,010, 175 entitled “General method for producing and select 
ing peptides with specific properties”; U.S. Pat. No. 6,465, 
192 entitled “Compounds and methods for the inhibition of 
protein-protein interactions”; U.S. Pat. No. 6,440,669 
entitled “Methods for applying small volumes of reagents: 
U.S. Pat. No. 6,406,844 entitled “Very large scale immobi 
lized polymer synthesis”; U.S. Pat. No. 6,329,010 entitled 
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“Method and apparatus for high volume polymer synthesis”; 
U.S. Pat. No. 6,316,623 entitled “Ethylenediamine com 
pound libraries”; U.S. Pat. No. 5,780.241 entitled “Complex 
chemical libraries”; U.S. Pat. No. 5,712,171 entitled “Method 
of generating a plurality of chemical compounds in a spatially 
arranged array”; U.S. Pat. No. 5,593,853 entitled “Generation 
and screening of synthetic drug libraries”; U.S. Pat. No. 
6.569,631 entitled “Microplate thermal shift assay for ligand 
development using 5-(4"dimethylaminophenyl)-2-(4'-phe 
nyl)oxazole derivative fluorescent dyes’: U.S. Pat. No. 6,503, 
759 entitled “Complex combinatorial chemical libraries 
encoded with tags”; U.S. Pat. No. 6,492,125 entitled “Method 
to assess library X library interactions: U.S. Pat. No. 6,457. 
807 entitled “Mass-based encoding and qualitative analysis 
of combinatorial libraries': U.S. Pat. No. 6,455,263 entitled 
“Small molecule library screening using FACS”; U.S. Pat. 
No. 6,096,496 entitled “Supports incorporating vertical cav 
ity emitting lasers and tracking apparatus for use in combi 
natorial synthesis”; U.S. Pat. No. 5,770,455 entitled “Meth 
ods and apparatus for synthesizing labeled combiatorial 
chemistry libraries”; U.S. Pat. No. 5,751,629 entitled 
“Remotely programmable matrices with memories”; U.S. 
Pat. No. 6,537.504"Method and apparatus for concurrent and 
sequential multi-step reactions for producing a plurality of 
different chemical compounds': U.S. Pat. No. 6,468.806 
"Potential masking systems and methods for combinatorial 
library synthesis”; U.S. Pat. No. 6,429,027 “Composite 
arrays utilizing microspheres'; U.S. Pat. No. 6,420,169 
Apparatus for forming polynucleotides or polypeptides: 
U.S. Pat. No. 6,448,443 “Synthesis of combinatorial libraries 
of compounds reminiscent of natural products”; U.S. Pat. No. 
5,840.485 “Topologically segregated, encoded solid phase 
libraries’. 

I0081 Referring to FIGS. 16-21, the optical identification 
element (or microbead) 8 may be functionalized by coating or 
attaching a desired probe 76. Such as a compound, chemical 
or molecule, as described in U.S. patent application Ser. No. 
10/661,031 (CyVera Docket No. CC-0039A) filed Sep. 12, 
2003, which is incorporated by reference herein in its entirety. 
The probe 76 is then used in an assay as an attractant for 
certain complimentary compounds, chemicals or molecules, 
otherwise known as a “target' analyte 52-54 (see FIG. 19). 
This capability to uniquely encode a large number of micro 
beads 8 with a corresponding unique probe 76 attached 
thereto enables these functionalized microbeads 72 to be 
mixed with unknown “target analytes 52-54 to perform a 
multiplexed experiment. The procedure 40 for performing 
Such a multiplexed assay or experiment includes the steps of 
producing (step 42) the encoded optical identification ele 
ment (microbead) 8, as described hereinbefore, and function 
alizing (step 44) the substrate 10 of the microbead 8 by 
coating/depositing/growing it with a probe 76 that will react 
in a predetermined way with “target analytes 52-54. An 
assay is then performed (step 46) with a plurality of function 
alized microbeads 72 with different identification codes 58 at 
the same time. In step 48, the fluorescence of the functional 
ized microbeads 72 is analyzed, and the functionalized micro 
bead 72 is read to determine the code 58 thereof to thereby 
determine which “target analytes 52-54 are present in the 
solution 60. 

0082 In FIGS. 17 and 18, a functionalized microbead 72 
is shown, wherein the substrate 10 of the microbead 8 is 
coated with a probe 76 and used in an assay or as an attractant 
for certain “target” analytes 52-54 (see FIG. 19). In one 
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embodiment shown in FIG. 17, the microbead8 is coated with 
a linker molecule or complex 62 as is known in the art. A 
molecular group 64 is attached to the probe 76 to enable the 
probe to be bonded to the linker molecule or complex 62, and 
thus to the microbead 8 to form the functionalized microbead 
72. The probe 76 may include one of an Oligonucleitides 
(oligos), antibodies, peptides, amino acid strings, cDNA, 
RNA, chemicals, nucleic acid oliomers, polymers, biological 
cells, or proteins. For example, the probe 76 may comprise a 
single strand of DNA (or portion thereof) and the “target' 
analyte 52-54 comprises at least one unknown single strand of 
DNA, wherein each different “target analyte has a different 
DNA sequence. 
0083. In some instances as shown in FIG. 18, the probe 76 
may be attached directly to the substrate 10 of the microbead 
8, or directly synthesized (or grown) thereon, such as via 
phosphoramidite chemistry. Examples of Surface chemistry 
for the functionalized microbeads 72 include Streptavidin/ 
biotinylated oligos and Aldehydefamine modified oligos. 
Further, the microbead may be coated with a blocker of non 
specific binding (e.g., Salmon sperm DNA) to prevent bond 
ing of analytes 52-54 (e.g. DNA) to the non-functionalized 
surface 66 of the functionalized microbeads 72. 
0084. Referring to FIG. 19, an assay is performed by add 
ing a solution 60 of different types of “target analytes 52-54 
into a cell or container 70 having a plurality of functionalized 
microbeads 72-74 disposed therein. As discussed in step 46 of 
FIG. 16, the functionalized microbeads 72-74 placed in the 
cell 70 have different identification codes 58 that correspond 
to unique probes 76-78 bonded thereto. For example, all 
functionalized microbeads 72 disposed within the cell 70 
having an identification code of 12345678 is coated with a 
unique probe 76. All functionalized microbeads 73 disposed 
within the cell 72 having an identification code of 34128913 
is coated with a unique probe 77. All functionalized micro 
beads 77 disposed within the cell 70 having an identification 
code of 11778154 is coated with a unique probe 78. 
I0085. The “target” analytes 52-54 within the solution 60 
are then mixed with the functionalized microbeads 72-74. 
During the mixing of the “target analytes 52-54 and the 
functionalized microbeads 72-74, the “target” analytes attach 
to the complementary probes 76-78, as shown for function 
alized microbeads 72.73 having codes 12345678 and 
34128913. Specifically, as shown in FIG. 19, “target' ana 
lytes 53 bonded with probes 76 of the functionalized micro 
beads 72 having the code 12345678, and “target' analytes 52 
bonded with probes 77 of the functionalized microbeads 73 
having the code 34128913. On the other hand, “target ana 
lytes 54 did not bond with any probes, and not “target ana 
lytes 52-54 in the solution 60 bonded with probes 78 of the 
functionalized microbeads 74 having the code 11778154. 
Consequently, knowing which “target analytes attach to 
which probes along with the capability of identifying each 
probe by the encoded microbead, the results of the assay 
would show that the unknown “target analytes in the solution 
60 includes “target analytes 53, 54, as will be described in 
further detail. 

I0086 For example as discussed hereinbefore, each coded 
functionalized microbead 72-74 has a unique probe 76-78, 
respectively bonded thereto, such as a portion of a single 
strand of DNA. Similarly, the “target analytes 52-54 com 
prise a plurality of unknown and unique single strands of 
DNA. These “target analytes 52-54 are also processed with 
a fluorescent, Such as dyeing, Such that the test molecules 
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illuminate. As will be discussed hereinafter, the fluorescence 
of the “target analytes provide the means to identify, which 
functionalized microbeads 72-74 have a “target” analyte 
attached thereto. 
I0087. Once the reaction or combining is complete, the 
functionalized microbeads 72-74 are rinsed off with a saline 
solution to clean off the uncombined “target” analytes 52-54. 
As shown in FIG. 20, the functionalized microbeads 72-74 
may be placed in a tray 84 with grooves 82 to allow the 
functionalized microbeads to be aligned in a predetermined 
direction, such as that described in U.S. patent application 
Ser. Nos. 10/661,234 (CyVera Docket No. CC-0038A), 
10/645,689 (CyVera Docket No. CV-0038), XX/XXXXXX 
(CyVera Docket No. CV-0042), XX/XXXXXX (CyVera 
Docket No. CV-0053PR), XX/XXXXXX (CyVera Docket 
No. CV-0082), and XX/XXX.XXX (CyVera Docket No. 
CV-0086PR), which are all incorporated herein by reference. 
The grooves 82 may have holes (not shown) that provide 
Suction to keep the functionalized microbeads in position. 
Once aligned in the tray 84, the functionalized microbeads 
52-54 are individually scanned and analyzed by the bead 
detector 20, which includes one or more systems 15. 
I0088 Alternatively, the functionalized microbeads 72-74 
may be scanned and analyzed in a flow cytometer 20 includ 
ing one or more systems 15 as depicted in FIG. 21. 
0089. As best shown in FIG. 22, each functionalized 
microbead 72-74 is detected for fluorescence and analyzed to 
determine the identification code 58 of the functionalized 
microbeads. A light source (not shown) may be provided to 
luminate the microbeads 72-74. Once the fluorescent micro 
beads 72-74 are identified and knowing which probe 76-78 
(or single strand of DNA) was attached to each coded, func 
tionalized microbead 72-74, the bead detector 20 determines 
which “target” analytes 52-54 were present in the solution 60. 
As described hereinbefore, the system 15 illuminates the 
functionalized microbeads 72-74; detects a composite X-ray 
diffraction pattern for each illuminated, functionalized 
microbead 72-74; and decodes the composite X-ray diffrac 
tion pattern to determine the code 58 of the functionalized 
microbead 72-74. Secondly, the bead detector 20 includes a 
fluorescence detector 86 for measuring the fluorescence ema 
nating from “target' analytes 52-54 attached to the probes 
76-78. The fluorescence meter 86 includes a lens 88 and 
optical fiber 90 for receiving and providing the fluorescence 
from the “target analyte 52-54 to the fluorescence meter. 
0090 Generally, the assay of the present invention may be 
used to carry out any binding assay or screen involving immo 
bilization of one of the binding agents. Such solid-phase 
assays or screens are well known in the chemical and bio 
chemical arts. For example, Such screening may involve spe 
cific binding of cells to a molecule (e.g. an antibody or anti 
gen) immobilized on a microbead in the assay followed by 
analysis to detect whether or to what extent binding occurs. 
Alternatively, the beads may subsequently removed from the 
assay for sorting and analysis via flow cytometry (see e.g. by 
Needels et al. (1993). Examples of biological compounds that 
may be assayed or screened using the assay of the present 
invention include, e.g. agonists and antagonists for cell mem 
brane receptors, toxins, Venoms, viral epitopes, hormones, 
Sugars, cofactors, peptides, enzyme Substrates, drugs inclu 
sive of opiates and steroids, proteins including antibodies, 
monoclonal antibodies, antisera reactive with specific anti 
genic determinants, nucleic acids, lectins, polysaccharides, 
cellular membranes and organelles. In addition, the present 
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invention may be used in any of a large number of well-known 
hybridization assays where nucleic acids are immobilized on 
a Surface of a Substrate, e.g. genotyping, polymorphism 
detection, gene expression analysis, fingerprinting, and other 
methods of DNA- or RNA-based sample analysis or diagno 
S1S. 

0091 Any of the great number of isotopic and non-isoto 
pic labeling and detection methods well-known in the chemi 
cal and biochemical assay art may be used to detect binding 
with the present invention. Alternatively, spectroscopic meth 
ods well-known in the art may be used to determine directly 
whether a molecule is bound to a Surface coating in a desired 
configuration. Spectroscopic methods include e.g., UV-VIS, 
NMR, EPR, IR, Raman, mass spectrometry and other meth 
ods well-known in the art. For example, mass spectrometry 
also is now widely employed for the analysis of biological 
macromolecules. The method typically involves immobiliza 
tion of a protein on a surface of substrate where it is then 
exposed to a ligand binding interaction. Following ligand 
binding (or non-binding) the molecule is desorbed from the 
Surface and into a spectrometer using a laser (see, e.g. Mer 
chant and Weinberger, “Recent advancements in surface-en 
hanced laser desorption/ionization-time of flight-mass spec 
trometry.” Electrophoresis 21: 1164-1177 (2000)). The 
microbeads in the assay of the present invention may be used 
as Substrates in the mass spectrometry detection methods 
described above. 

0092 Various aspects of the present invention may be 
conducted in an automated or semi-automated manner, gen 
erally with the assistance of well-known data processing 
methods. Computer programs and other data processing 
methods well known in the art may be used to store informa 
tion including e.g. microbead identifiers, probe sequence 
information, sample information, and binding signal intensi 
ties. Data processing methods well known in the art may be 
used to read input data covering the desired characteristics. 
0093. The invention may be used in many areas such as 
drug discovery, functionalized substrates, biology, proteom 
ics, combinatorial chemistry, DNA analysis/tracking/sorting/ 
tagging, as well as tagging of molecules, biological particles, 
matrix Support materials, immunoassays, receptor binding 
assays, Scintillation proximity assays, radioactive or non 
radioactive proximity assays, and other assays, (including 
fluorescent, mass spectroscopy), high throughput drug?ge 
nome screening, and/or massively parallel assay applications. 
The invention provides uniquely identifiable beads with reac 
tion Supports by active coatings for reaction tracking to per 
form multiplexed experiments. 
0094. In particular, applications, uses, geometries and 
embodiments for the encoded element of the present inven 
tion may be the same as that described in the following patent 
applications which are all incorporated herein by reference in 
their entirety: U.S. patent application Ser. No. 10/661,234 
(CyVera Docket No. CC-0038A), filed Sep. 12, 2003, entitled 
“Diffraction Grating-Based Optical Identification Element': 
U.S. patent application Ser. No. 10/661,031 (CyVera Docket 
No. CV-0039A) filed Sep. 12, 2003, entitled “Diffraction 
Grating-Based Encoded Micro-particles for Multiplexed 
Experiments”; U.S. patent application Ser. No. 10/661,082 
(CyVera Docket No. CV-0040), filed Sep. 12, 2003, entitled 
“Method and Apparatus for Labeling Using Diffraction Grat 
ing-Based Encoded Optical Identification Elements”; U.S. 
patent application Ser. No. 10/661,115 (CyVera Docket No. 
CC-0041), filed Sep. 12, 2003, entitled “Assay Stick”; U.S. 
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patent application Ser. No. 10/661,836 (CyVera Docket No. 
CV-0042), filed Sep. 12, 2003, entitled “Method and Appa 
ratus for Aligning Microbeads in order to Interrogate the 
Same'; U.S. patent application Ser. No. 10/661.254 (CyVera 
Docket No. CV-0043), filed Sep. 12, 2003, entitled “Chemi 
cal Synthesis Using Diffraction Grating-based Encoded Opti 
cal Elements”; U.S. patent application Ser. No. 10/661,116 
(CyVera Docket No. CV-0044), filed Sep. 12, 2003, entitled 
“Method of Manufacturing of a Diffraction grating-based 
identification Element'; and U.S. patent application Ser. No. 
10/763,995 (CyVera Docket No. CV-0054), filed Jan. 22, 
2004, entitled, “Hybrid Random Bead/Chip Based Microar 
ray'. U.S. Provisional Patent Applications, Ser. Nos. (CyVera 
Docket Nos. CV-0082 PR, CV-0083 PR, CV-0084 PR, 
CV-0085 PR, CV-0086 PR, CV-0087 PR, CV-0088 PR, 
CV-0089 PR, CV-0091 PR, and CV-0092). 
0095. In that case, the X-ray encoding technique of the 
present invention would be used instead of or in addition to 
the diffraction based encoding described in the above patent 
applications. For example, as shown in FIG. 23, the substrate 
of binder material 5 may have at least one diffraction grating 
102 each having a predetermined number of bits (as described 
in the aforementioned patent applications) and at least one 
composite X-ray diffraction pattern as described herein. The 
materials 1-4 provide the X-ray diffraction pattern when illu 
minated by an X-ray beam 104, and the incident light 106 
provides the optical output signal from the diffraction grating 
102. For example, the X-ray diffraction pattern may add an 
additional bit to the code provided by the optical output 
signal. Thus, the X-ray diffraction pattern adds an additional 
level of code multiplexing. 
0096. Some current techniques used in combinatorial 
chemistry or biochemistry are described in U.S. Pat. No. 
6.294,327, entitled 'Apparatus and Method for Detecting 
Samples Labeled With Material Having Strong Light Scat 
tering Properties. Using Reflection Mode Light and Diffuse 
Scattering, issued Sep. 23, 2001 to Walton et al.; U.S. Pat. 
No. 6.242,180, entitled “Computer Aided Visualization and 
Analysis System for Sequence Evaluation', issued Jun. 5, 
2001, to Chee: U.S. Pat. No. 6,309,823 entitled “Arrays of 
Nucleic Acid Probes for Analyzing Biotransformation of 
Genes and Methods of Using the Same', Oct. 30, 2001, to 
Croninet al.; U.S. Pat. No. 6,440,667, entitled “Analysis of 
Target Molecules Using an Encoding System”; U.S. Pat. No. 
6,355.432, entitled “Products for Detecting Nucleic Acids': 
U.S. Pat. No. 6,197.506, entitled “Method of Detecting 
Nucleic Acids”; U.S. Pat No. 6,309,822, entitled “Method for 
comparing copy number of nucleic acid sequences”; U.S. Pat. 
No. 5,547,839, entitled “Sequencing of surface immobilized 
polymers utilizing micro-fluorescence detection, U.S. Pat. 
No. 6,383,754, entitled “Binary Encoded Sequence Tags', 
and U.S. Pat. No. 6,383,754, entitled “Fixed Address Analy 
sis of Sequence Tags’, which are all incorporated herein by 
reference to the extent needed to understand the present 
invention. 

0097. The invention can be used in combinatorial chem 
istry, active coating and functionalized polymers, as well as 
immunoassays, and hybridization reactions. The invention 
enables millions of parallel chemical reactions, enable large 
scale repeated chemical reactions, increase productivity and 
reduce time-to-market for drug and other material develop 
ment industries. 

0098. As discussed hereinbefore, although a fluorescent 
label is probably most convenient, other sorts of labels, e.g., 
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radioactive, enzyme linked, optically detectable, or spectro 
scopic labels may be used. An appropriate detection method 
applicable to the selected labeling method can be selected. 
Suitable labels include radionucleotides, enzymes, sub 
strates, cofactors, inhibitors, magnetic particles, heavy metal 
atoms, and particularly fluorescers, chemiluminescers, and 
spectroscopic labels. Patents teaching the use of Such labels 
include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 
3,996.345; 4,277,437; 4,275,149; and 4,366,241. 
0099. With an appropriate label selected, the detection 
system best adapted for high resolution and high sensitivity 
detection may be selected. As indicated above, an optically 
detectable system, e.g., fluorescence or chemilumnescence 
would be preferred but is not required. Other detection sys 
tems may be adapted to the purpose, e.g., electron micros 
copy, scanning electron microscopy (SEM), Scanning tunnel 
ing electron microscopy (STEM), infrared microscopy, 
atomic force microscopy (AFM), electrical conductance, and 
image plate transfer. 
0100. Unless otherwise specifically stated herein, the term 
“microbead is used hereinas a label and does not restrict any 
embodiment or application of the present invention to certain 
dimensions, materials and/or geometries. 
0101 The dimensions and geometries for any of the 
embodiments described herein are merely for illustrative pur 
poses and, as such, any other dimensions may be used if 
desired, depending on the application, size, performance, 
manufacturing requirements, or other factors, in view of the 
teachings herein. 
0102. It should be understood that, unless stated otherwise 
herein, any of the features, characteristics, alternatives or 
modifications described regarding a particular embodiment 
herein may also be applied, used, or incorporated with any 
other embodiment described herein. Also, the drawings 
herein are not drawn to Scale. 
0103 Although the invention has been described and illus 
trated with respect to exemplary embodiments thereof, the 
foregoing and various other additions and omissions may be 
made therein and thereto without departing from the spirit 
and scope of the present invention. 

1-37. (canceled) 
38. A composition comprising: 
an item; and 
an optical identification element that is physically associ 

ated with the item, the optical identification element 
comprising: 
a binder material; and 
one or more materials embedded in the binder material, 

the one or more materials providing a composite 
X-ray diffraction pattern when illuminated by an 
X-ray beam, the composite X-ray diffraction pattern 
being indicative of a code, the code relating to infor 
mation about the item. 

39. The composition of claim 38, wherein the code 
includes a binary or higher order code. 

Feb. 4, 2010 

40. The composition of claim 38, wherein the code 
includes a binary code having a number of bits that corre 
spond to a number of unique Debye-Scherrer diffraction pat 
terns in the composite X-ray diffraction pattern. 

41. The composition of claim 38, wherein the code is a 
binary code that is arranged in a protocol including one or 
more error-check bits and a plurality of data bits. 

42. The composition of claim 38, wherein the one or more 
materials each include a powdered crystal material. 

43. The composition of claim 38, wherein the binder mate 
rial is selected from glass, plastic, one or more polymers, and 
combinations including one or more of the foregoing. 

44. The composition of claim 38, wherein the optical iden 
tification element is shaped as a microbead. 

45. The composition of claim 38, wherein the optical iden 
tification element is shaped as a macrobead. 

46. The composition of claim 38, wherein the binder mate 
rial is in the form of a thread or fiber. 
47 The composition of claim 38, wherein the item is 

selected from the group consisting of large objects, Small 
objects, products, Solids, powders, liquids, gases, plants, 
pharmaceuticals, currency, ID cards, minerals, cells and/or 
animals. 

48. The composition of claim 38, wherein the item is a 
chemical. 

49. The composition of claim 38, wherein the item com 
prises a nucleic acid probe. 

50. The composition of claim 49 wherein the nucleic acid 
probe is hybridized to a target nucleic acid. 

51. The composition of claim 38 wherein the optical iden 
tification element is configured for labeling the item for at 
least one of Sorting, tracking, identifying, verifying, and 
authenticating the item. 

52. The composition of claim38 wherein the code includes 
an error check portion configured to ensure that the code is 
acCurate. 

53. The composition of claim 38 wherein the at least one 
material includes a plurality of materials, each material hav 
ing a predetermined diffraction pattern configured for a cod 
ing System. 

54. The composition of claim 53 wherein the plurality of 
materials is a plurality of crystal materials, each crystal mate 
rial having a predetermined Debye-Scherrer X-ray diffrac 
tion pattern configured for the coding system. 

55. The composition of claim 38 wherein the item includes 
material that is one of transparent to the X-ray beam and 
Substantially transparent to the X-ray beam. 

56. The composition of claim 38 wherein the binder mate 
rial either does not diffract the X-ray beam or diffracts the 
X-ray beam in a known manner. 

57. The composition of claim 41 wherein the code includes 
start and stop bits. 


