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BIOANALYSIS SYSTEMS INCLUDING OPTICAL 
INTEGRATED CIRCUIT 

RELATED APPLICATIONS 

[0001] This application claims priority to provisional 
application Ser. No. 60/408,821 ?led Sep. 7, 2002, the 
contents of Which are incorporated herein. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to bioanaly 
sis systems and methods, such as Surface Plasmon Reso 
nance systems, involving optical circuits. In particular, the 
present invention relates to using optical circuits to improve 
management of light in bioanalysis systems such as Surface 
Plasmon Resonance and providing improved sample arrays. 

BACKGROUND OF THE INVENTION 

[0003] The pharmaceutical industry is involved in the 
discovery and development of medicines that improve our 
health. Drug discovery and development requires vast sums 
of money and inordinate amounts of time. Speci?cally, 
current methods used to identify and validate “targets” and 
to optimiZe drug structures in the pharmaceutical industry 
are particularly di?icult and inefficient in large measure due 
to de?ciencies in analytical techniques. An appropriately 
chosen detection technology and the instrumentation 
required to perform the detection are vital to the success of 
any assay. This is particularly true for high throughput 
screening, Which requires continually higher throughput, 
loWer costs, and higher sensitivities for loWer quantities of 
reagents. 

[0004] A variety of analytical techniques are used to 
characterize interactions betWeen molecules, particularly in 
the context of assays directed to the detection and interaction 
betWeen biomolecules and of biomolecules With small 
chemical entities. For example, antibody antigen interac 
tions are of fundamental importance in many ?elds, includ 
ing biology, immunology and pharmacology. In this con 
nection, many analytical techniques involve binding of a 
“receptor” such as an antibody to a support, and contacting 
the bound receptor With an “analyte” such as an antigen. 
After contact betWeen the receptor and analyte, one or more 
characteristics are measured Which are indicative of the 
interaction, such as the ability of the receptor to bind the 
analyte. 
[0005] There are numerous methods of studying protein 
protein interactions, including ?uorescence, surface plasma 
resonance, mass spectrometry, and chemiluminescence. The 
goal of these studies is to determine What the protein of 
interest interacts With and hoW speci?c are the interactions. 
The data from these assays provides information on hoW 
proteins function in biological systems. 

[0006] In the important and economically signi?cant ?eld 
of Medical Diagnostics, a variety of assay types are per 
formed for many analytes of many different (chemical) 
types. The analytes are typically substances that indicate the 
health or disease status of a human or animal subject. Also, 
analytes that indicate the status of therapy are of great 
interest. There is a broad, unmet need in this ?eld for general 
methods to measure accurately and reliably ligand-receptor 
interactions. Presently, most methods currently used in the 
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diagnostics industry use employ labels such as a ?uor. There 
is an increasing need hoWever for measurements of many 
analytes in a single specimen. Moreover, the activities of the 
Human Genome Project and the burgeoning ?eld of pro 
teomics are identifying many neW analytes and there is a 
pressing need for methods by Which valid neW assays can be 
developed quickly. 

[0007] Surface Plasmon Resonance (SPR) is a “label free” 
method of assay development and is promising due to the 
possibility that it is faster to develop for any speci?c 
application and more reliable than label requiring methods 
such as those based on ?uorescence. SPR systems and 
methods are knoWn. Generally speaking, SPR is observed as 
a change such as a dip or reduction in intensity of light 
re?ected at a speci?c angle from the interface betWeen an 
optically transparent material and a thin metal ?lm, and 
depends on among other factors the optical path length, i.e., 
the integral product of refractive index and physical, thick 
ness, of the medium and the quantity and distribution of such 
refractive material close to the metal surface. A change of 
refractive properties at the metal surface, such as by the 
adsorption or binding of material With different optical 
properties (typically index of refraction) than the medium in 
Which the SPR metal surface is immersed, causes a corre 
sponding shift in the angle at Which maximum SPR occurs 
and Which can be related quantitatively to the quantity of 
material that binds or adsorbs. To couple the light to the 
interface With the assay such that SPR arises, alternative 
arrangements are used; either a metalliZed diffraction grating 
(Wood’s effect), or a metalliZed glass prism or a prism in 
optical contact With a metalliZed glass substrate 
(Kretschmann effect). 
[0008] While SPR is a promising technology, there are 
concerns associated With SPR that inhibit its Wide spread 
use. One problem is that conventional methods for SPR lead 
to less sensitive results than ?uorescence results. Another 
problem is that SPR has not been capable of high-throughput 
in terms of assays/unit time. Yet another limiting factor is 
non-speci?c binding to the sensing surface, a problem 
common to all types of direct-measuring sensors, i.e. Where 
no labelled reagent, such as an enZyme or a ?uorophore, is 
used to provide the detected signal. Since SPR generates a 
signal for all material bound to the surface having an index 
of refraction different than the surrounding ambient medium 
(solution), the analyte cannot be distinguished from non 
speci?c material. 

SUMMARY OF THE INVENTION 

[0009] The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an extensive 
overvieW of the invention. It is intended to neither identify 
key or critical elements of the invention nor delineate the 
scope of the invention. Rather, the sole purpose of this 
summary is to present some concepts of the invention in a 
simpli?ed form as a prelude to the more detailed description 
that is presented hereinafter. 

[0010] The present invention provides systems and meth 
ods that mitigate problems associated With the ine?icient 
management of light in conventional SPR systems. In this 
connection, the inventors have discovered that many of the 
concerns associated With SPR are attributable to the ine?i 
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cient management of light. Optical Integrated Circuits 
(OICs) are integrated into SPR systems to provide advances 
such as high throughput and high sensitivity Which conse 
quently make SPR a much more attractive technology in 
drug discovery. The bioanalysis systems and methods of the 
present invention permit faster and simpler discovery of neW 
targets for drugs, identi?cation of such targets, and screening 
candidate entities as directed to the targets. Moreover, the 
present invention enables the identi?cation of receptors for 
targets of unknoWn function. 

[0011] One aspect of the invention relates to a bioanalysis 
system, such as an SPR system, containing a light source; a 
metallic support; a light detector, such as re?ectance spec 
trophotometer; and at least one OIC. Another aspect of the 
invention relates to a method of monitoring a binding event, 
involving directing light at a metallic support, detecting light 
re?ected from the metallic support, and analyZing properties 
of the re?ected light, Wherein directing light and/or detect 
ing light involves the use of an OIC, or the light detector 
may be part of the OIC. 

[0012] Another aspect of the invention relates to a dispos 
able microWell array for the bioanalysis system, such as the 
SPR system, containing a silicon substrate having an insu 
lation layer formed thereover; a plurality of Wells formed on 
a top surface of the silicon substrate; and a metallic layer on 
the silicon substrate Within each of the Wells. A ?rst member 
of a binding pair may be attached to the metallic layer in 
some cases With appropriate intermediate linking layers 
While a second member of a binding pair is contacted With 
the ?rst member simply by exposure to a sample solution 
and a second reagent. A glass or plastic substrate may be 
employed in place of the silicon substrate. 

[0013] Another aspect of the invention relates to a method 
analyZing distribution in a Z direction and orientation of 
mass relative to a planar or graded (continuous or not 
continuous) SPR surface using at least one of multiple 
Wavelengths, physical surface modi?cation, depth pro?ling, 
and polariZation analysis. The Z direction is normal to the 
SPR surface. The method permits the evaluation of speci?c 
binding versus nonspeci?c absorption and concentration and 
binding pro?les of speci?cally bound mass. 

[0014] To the accomplishment of the foregoing and related 
ends, certain illustrative aspects of the invention are 
described herein in connection With the folloWing descrip 
tion and the annexed draWings. These aspects are indicative, 
hoWever, of but a feW of the various Ways in Which the 
principles of the invention may be employed and the present 
invention is intended to include all such aspects and their 
equivalents. Other advantages and novel features of the 
invention Will become apparent from the folloWing detailed 
description of the invention When considered in conjunction 
With the draWings. 

BRIEF SUMMARY OF THE DRAWINGS 

[0015] FIG. 1 shoWs some of the basic principles of SPR. 

[0016] FIG. 2, illustrates a high level cross-sectional vieW 
of the chemical binding events of an SPR method in accor 
dance With one aspect of the present invention. 

[0017] FIG. 3 illustrates a high level schematic vieW of a 
bioanalysis system in accordance With one aspect of the 
present invention. 
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[0018] FIG. 4 illustrates a high level schematic vieW of 
another bioanalysis system in accordance With one aspect of 
the present invention. 

[0019] FIG. 5 illustrates a high level schematic vieW of an 
SPR system in accordance With one aspect of the present 
invention. 

[0020] FIG. 6 illustrates a high level schematic vieW of a 
bioanalysis system With feedback control in accordance With 
one aspect of the present invention. 

[0021] FIG. 7 illustrates a speci?c example of an SPR 
system in accordance With one aspect of the present inven 
tion. 

[0022] FIG. 8 illustrates a cross-sectional vieW of an array 
of microWells useful in bioanalysis systems in accordance 
With another aspect of the present invention. 

[0023] FIG. 9 illustrates an array assembly for an SPR 
system in accordance With one aspect of the present inven 
tion. 

[0024] FIG. 10 illustrates an OIC for an SPR system in 
accordance With one aspect of the present invention. 

[0025] FIG. 11 illustrates cross section of a speci?c 
example of an SPR site Within an SPR system in accordance 
With one aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] There are three aspects to studying protein-protein 
interactions surface chemistry, protein puri?cation and cap 
ture agents, and detection technologies required to study 
these interactions. The present invention is particularly 
useful for the detection of protein-protein interactions. 

[0027] OICs, such as PLCs, are employed in bioanalysis 
systems and methods to facilitate monitoring binding inter 
actions betWeen Members of a Binding Pair (MBPs). That is, 
binding events betWeen MBPs can be e?iciently measured 
using an SPR system containing at least one OIC. Generally 
speaking, SPR relates to an electron charge density Wave 
phenomenon that arises at a surface of a metallic ?lm When 
light is re?ected at the ?lm under certain conditions. In this 
context, analysis is accomplished by measuring a change in 
the SPR due to effects caused by binding of MBPs on/near 
the metal surface. The e?icient measurement and handling 
of light by the OICs permit high throughput in SPR. 

[0028] The present invention involves the use of detection 
technologies that utiliZe optical biosensors that exploit sur 
face plasmon resonance, Waveguides and resonant mirrors. 
These sensors alloW the study of a?inity and real time 
kinetic of a Wide variety of molecular interactions, Without 
the use of any molecular tag or label traditionally used in 
many bioassay including proteinzprotein interactions. 
Advances in instrumentation provided by the present inven 
tion enable increasing use of optical biosensors in basic 
science research, drug discovery and diagnostics. Particular 
interest in the area of drug discovery Where increasing use 
of biosensor technology is seen in applications like target 
identi?cation, “ligand ?shing”, and con?rmation of high 
throughput “hits” using optical biosensors as an informa 
tion-rich secondary screen. Additionally, real time charac 
teriZation of interactions and a?inities of con?rmed hits, 
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integration of mass spectrometry in proteomics, determina 
tion of drug binding to serum proteins, and adsorption of 
drug to membrane interfaces are enabled. Process control 
and production for good laboratory practice (GLP)/and 
Good manufacturing process (GMP) validation, analysis of 
clinical samples, screening of membrane receptors, devel 
opment of multiplex assay for high-information content, 
high throughput screening are also applications that are 
facilitated by the present invention. 

[0029] The detection technology of the present invention 
offers high sensitivity and high throughput Without the use 
of label and is a signi?cant improvement in performance to 
existing biosensor technologies. Higher sensitivity, along 
With disposable consumables uniquely brings the technol 
ogy in par With ?uorescent assays, Which are Widely used 
methods of detection. The labeling step required by all 
?uorescence-based methods imposes burdensome time and 
cost requirements and in some cases may interfere With 
molecular interactions by occluding a binding site, Which 
leads to false negatives. In this connection ?uorescent com 
pounds are typically hydrophobic, creating background 
problems leading to the false positives. 

[0030] Generally speaking, OICs permit manipulation of 
light as they alloW branching, coupling, sWitching, separat 
ing, high resolution spectral analysis, multiplexing and 
demultiplexing of optical signals Without intermediate trans 
formation betWeen optical and electrical media. An OIC 
uses Waveguides to guide light and perform various func 
tions. OICs that may be employed in SPR systems include 
one or more of PLCs, arrayed Waveguide gratings (AWGs), 
multiplexers such as Wavelength division multiplexers 
(WDMs) and optical add/drop multiplexers (OADMs), 
demultiplexers, optical sWitches, multichannel Waveguide 
lasers, variable optical attenuators (VOAs), splitters, cou 
plers, taps, ?lters, and the like. Optical sWitches include 1x2 
sWitches/splitters, 2x2 sWitches/ splitters, l><N sWitches/ 
splitters, 2><N sWitches/splitters, N><M sWitches/ splitters, 
and the like. OICs provide improvements to SPR and permit 
the e?icient use of optical ?bers Within an SPR system. 

[0031] In addition to SPR methods, the systems and meth 
ods of measuring a change of the refractive index as being 
indicative of the binding MBP include both internal and 
external re?ection methods. For example, such additional 
methods include ellipsometry, external BreWster angle 
re?ectometry, and evanescent Wave re?ectometry, the latter 
including BreWster angle re?ectometry, critical angle re?ec 
tometry, SPR re?ectometry, evanescent Wave ellipsometry, 
scattered total internal re?ection (STIR), optical Waveguide 
sensors, refractometric optical ?ber sensors, ?uorescence, 
evanescent Wave based imaging, such as critical angle 
resolved imaging, BreWster angle resolved imaging, SPR 
angle resolved imaging; and the like. These methods and the 
components required to perform them are collectively 
referred to as bioanalysis systems. In this connection, the 
present invention generally relates to OIC bioanalysis sys 
tems. Although the present invention is discussed in detail 
for SPR, the same concepts, devices, and methods may be 
applied to any of the additional OIC bioanalysis systems. 

[0032] The practical consequence of this interaction is that 
the concentrations of speci?c molecules can be quantita 
tively measured by observing the SPR shifts that occur When 
the molecules bind to the surface of a support sensor. In a 
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support sensor, a gold (or other metal) surface is coated With 
a MBP Which may be antibodies, DNA probes, enZymes or 
other reagents chosen because they interact exclusively With 
a selected target, analyte or molecule. When the support 
sensor is exposed to a sample that contains analyte mol 
ecules, they bind to the sensor’s surface via their speci?c 
interaction With the surface attached MBP. Over a range of 
solution concentration that typically begins at Zero and 
extends to Within approximately at least 50% of the con 
centration at Which all the surface attached MIPs are occu 
pied by molecules from solution, the amount of binding that 
occurs is proportional to the concentration of the analyte in 
the sample solution. This binding event changes the com 
position of the medium at the surface and produces a SPR 
shift. The magnitude of the shift is typically proportional to 
the amount of binding that takes place, in particular When 
there are no strong interactions betWeen adjacent bound 
molecules and When the extent of binding is less than 
approximately 50% of the saturation occupancy of the 
binding layer. Comparison of the observed SPR shift With a 
stored calibration curve yields a quantitative measurement 
of the concentration of the analyte in the sample. 

[0033] When PLCs are employed as one of the light 
handling components in an SPR system, the SPR signal 
associated With binding events can be deconvoluted, thereby 
improving accuracy, sensitivity, and reliability of informa 
tion generated therefrom. For example, in instances Where 
multiple sources of light are employed, a multiplexer effec 
tively combines various paths and/or Wavelengths into a 
single light path, such as an optical ?ber. A PLC sWitch can 
direct light to the metallic surface Where binding events 
occur Without mechanical movement. In fact, OICs can 
effectively change, control, and/or measure the location, 
intensity, and dispersion of light, in a static or dynamic 
fashion. 

[0034] OICs such as optical sWitches permit the delivery 
of light to speci?c locations on the SPR metallic support 
(such as to different Wells on the SPR metallic support), and 
can permit the delivery of light to speci?c, di?ferent loca 
tions Within a Well on the SPR metallic support. This feature 
contributes to the ability to distinguish betWeen non speci?c 
binding and speci?c binding, since speci?c binding can be 
caused to occur at discrete locations While non speci?c 
binding occurs at all locations (generally). Thus, a de?ned 
region or Zone of the metallic support Within one Well can be 
used as an internal reference, the signal for example being 
subtracted from that generated by the detecting region or 
Zone of the same metallic support to correct for nonspeci?c 
adsorption or binding. Moreover, OICs and optical ?bers 
permit delivery of light to the SPR metallic support and 
collection of re?ected light from the SPR metallic support. 
OICs permit control over the precise angles and Wavelengths 
employed for incident light. OICs enable optimum combi 
nations of angle(s) and Wavelength(s) in SPR methods and 
higher sensitivity at a given Wavelength. 

[0035] Generally speaking, SPR relates to an electron 
charge density Wave phenomenon that arises at a surface of 
a metallic ?lm When light is re?ected at the ?lm under 
certain conditions. In this context, analysis is accomplished 
by measuring a change in the SPR due to effects caused by 
binding of MBPs on/near the metal surface. The e?icient 
measurement and handling of light by the OICs permit high 
throughput in SPR. 
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[0036] SPR is a quantum optical-electrical phenomenon 
arising from the interaction of light With a metal surface. 
Under certain conditions the energy carried by photons of 
light is transferred to packets of electrons, called plasmons, 
on a metal’s surface. Energy transfer occurs only at a 
speci?c resonance Wavelength of light at a speci?c angle of 
interaction of the light and the plane of the metal surface. 
That is, the Wavelength Where the quantum energy carried 
by the photons exactly equals the quantum energy level of 
the plasmons. The plasmon state is highly delocaliZed and 
formed collectively through Coulombic (electrostatic) inter 
action of Weakly bound electrons. Both metals and nonmet 
als, including plastics, shoW plasma energy losses. The lost 
energy may reappear in the form of ultraviolet or visible 
radiation; no chemical effect is knoWn to have occurred from 
such losses. 

[0037] SPR stems from one of the principles of optics: 
those of total internal re?ectance, or TIR. This is illustrated 
in FIG. 1, as occurring at the interface betWeen materials 
With differing refractive indices n1 and n2. Total re?ection 
occurs above a critical angle, When n1>n2. At the same time, 
an evanescent electromagnetic Wave propagates aWay from 
the interface. SPR occurs When a thin electrically conduct 
ing ?lm is placed at the interface betWeen the tWo optical 
media. At a speci?c incident angle, greater than the TIR 
angle, the surface plasmons (oscillating electrons at the 
edges of the metal) in the conducting ?lm resonantly couple 
With the light because their frequencies match. Since energy 
is transferred from the photons to the plasmons in this 
resonance, the re?ected intensity, I, shoWs a drop at the 
angle and Wavelength Where SPR is occurring, as shoWn. 

[0038] The resonance Wavelength can be determined very 
precisely by measuring the light re?ected by a metal surface 
at a particular angle. At most Wavelengths the metal acts as 
a mirror, re?ecting virtually all the incident light. At the 
Wavelength that ful?lls the resonance conditions for the 
selected angle, the incident light is almost completely 
absorbed by the generation of the plasmons. The Wavelength 
at Which maximum light absorption occurs is the resonance 
Wavelength. The measuring device for SPR is a simple, but 
highly sensitive, re?ectance spectrophotometer. 
[0039] The coupling of light into a metal surface results in 
the creation of a plasmon, a group of excited electrons that 
behave like a single electrical entity. The plasmon, in turn, 
generates an electrical ?eld that extends about 100 nm above 
and beloW the metal surface. The characteristic of this 
phenomenon that makes SPR an analytical tool is that any 
change in the chemical composition of the environment 
Within the range of the plasmon ?eld that causes a change in 
the optical properties of that environment (mo st typically the 
integral product of the index of refraction and physical 
thickness of a layer or ?lm Within that environment) Will 
change the Wavelength of light that resonates With the 
plasmon. That is, a chemical change results in a shift in the 
Wavelength of light that is absorbed rather than re?ected and 
the magnitude of the shift is quantitatively related to the 
magnitude of the optical change Which, in many cases, is 
proportional to the chemical change of a determined range 
of parameters. In many situations, the magnitude of the 
signal change can be related to the amount of mass adsorbed 
or desorbed on or from the surface of the SPR device. 

[0040] The use of OICs containing slab optical 
Waveguides in SPR sensors provides numerous attractive 
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features such as a simple Way to control and guide the 
optical path in the sensor system (e?icient control of prop 
erties of the light, suppression of the effect of stray light, 
etc.), small siZe, reproducibility, and ruggedness. A light 
Wave is guided by the Waveguide Which is in close physical 
proximity to a single use disposable used to perform assays 
and enters a region With a thin metal layer and, entering the 
region With a thin metal overlayer, it evanescently penetrates 
through the metal layer. If the surface plasma Wave (SPW) 
and the guided mode are phase-matched, the light Wave 
excites an SPW at the outer interface of the metal. 

[0041] Plasmons, although composed of many electrons, 
behave as if they Were single charged particles. Part of their 
energy is expressed as oscillation in the plane of the metal 
surface. Their movement, like the movement of any elec 
trically charged particles, generates an electrical ?eld. The 
plasmon’s electrical ?eld extends about 100 nm perpendicu 
larly above and beloW the metal support surface in the 
situation that the index of refraction of the material(s) above 
and beloW the metal surface is small and real (i.e., for 
dielectric materials such as air, vacuum, glass and other solid 
state electrical insulators, Water, organic chemicals includ 
ing polymers and plastics, as Well as biological molecules 
and polymers). The interaction betWeen the plasmon’s elec 
trical ?eld and the matter Within the ?eld determines the 
resonance Wavelength. Any change in the composition of the 
matter that affects the optical properties Within the range of 
the plasmon’s ?eld causes a change in the Wavelength of 
light that resonates With the plasmon. The magnitude of the 
change in the resonance Wavelength, the SPR shift, is 
directly and linearly proportional to the change in compo 
sition of the material in the illuminated Zone such that a 
change in composition causes a directly proportionate 
change in the integral optical thickness of material(s) Within 
said range of the plasmon’s ?eld. 

[0042] SPR coupling occurs When the incoming light 
mode matches to the resonance mode of the metal. Since the 
Wave vector of the SPR Wave at a metal dielectric interface 
is greater than the Wave vector of the incident light parallel 
to the interface a high index prism is used. The SPR Wave 
is excited by the evanescent Wave present in total internal 
re?ection from the glass to the metal. The mode matching 
occurs at a speci?c angle and Wavelength for the metal and 
dielectric indices that are adjacent to the metal. The SPR 
condition occurs When the metal has a loWer real part of the 
index than the glass, metals such as gold, silver, and molyb 
denum are typically used. The glass typically has an index 
in the range from about 1.3 to about 2.2, such as from about 
1.44 to about 2.1, in the Wavelength range from about 390 
nm to about 2500 nm, such as the range from about 400 nm 
to about 2000 nm. The SPR analysis systems of the present 
invention are directed to biological systems so the analyte is 
typically aqueous With an index from about 1.1 to about 1.5, 
such as about 1.33. The bound material typically has an 
index from about 1.3 to about 1.7, such as from about 1.4 to 
about 1.55 depending on the speci?c structure. The differ 
ence in the index at the metal surface betWeen the nonbound 
and bound condition gives a difference in SPR resonance 
conditions and thus the angle or Wavelength for mode 
matching. 

[0043] In one embodiment, the SPR spectrum is obtained 
by re?ection. In another embodiment, the SPR spectra is 
obtained by transmission. For example, the SPR spectra can 
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be obtained in transmission through nanometer siZe island 
structures of metal, such as gold or silver. The transmission 
angle of maximum intensity provides the SPR angle and is 
sensitive to the index of the analyate in the same Way as 
re?ection SPR. The re?ected SPR light has a phase change 
associated With the index of the analyte. The phase change 
can be used to produce an image of the surface. 

[0044] In one embodiment, SPR is carried out in a prism 
coupled con?guration. In another embodiment, SPR is car 
ried out in a Waveguide con?guration. The light propagates 
along the Waveguide and at the correct/desired Wavelength 
and mode angle the light couples to the surface plasmon 
mode. This leads to a large increase in attenuation in the 
Waveguide. The Wavelength for the plasmon mode depends 
on the indexes of the covering media, just as in a prism 
coupled con?guration. 
[0045] The present invention provides greatly improved 
SPR performance characteristics at a cost signi?cantly loWer 
than existing methods. For example, measurement of loW 
molecular Weight analytes is enabled, assays for macromol 
ecules With 100 fold higher sensitivity is facilitated; and 
assay arrays (especially for proteomic applications) With 
greatly increased numbers of elements can be constructed. 

[0046] High assay sensitivity in particular is facilitated by 
the present invention. Assay sensitivity of the present inven 
tion is greatly improved by one or more of three factors: the 
ability to successfully employ relatively long Wavelengths; 
measurement in the “Wavelength domain”; and greater sta 
bility of the optics of the OICs compared With free space 
optics. These factors effectively address tWo applications 
Which are currently problematic for conventional SPR sys 
tems. First, measurement of binding of small molecules is 
di?icult using conventional SPR systems. Since SPR 
responds to changes of bound mass, it becomes less sensitive 
on a molar basis When binding of small molecules is being 
measured. In particular, accurate measurement of com 
pounds in the siZe range of greatest interest for drug candi 
dates, for example from about 200 to about 2000 Daltons, is 
di?icult. Second, When attempting to measure the binding of 
macromolecules (MW>2000) With high sensitivity, it is 
often desirable to measure protein concentrations in the pM 
range. HoWever, conventional SPR systems measure in the 
nM range. The present invention facilitates the measurement 
of the binding of small molecules as Well as the measure 
ment of the binding of macromolecules. 

[0047] One factor in the sensitivity of nonlabeled assay 
systems such as SPR is the ability to discriminate “speci? 
cally” bound matter from that bound non-speci?cally. Con 
ventional SPR methods rely solely on the speci?city of the 
assay chemistry. The present invention enables optical dis 
crimination of speci?c from non-speci?c binding by analysis 
of the distribution of matter as a function of distance and 
angular orientation from the receptor surface using one or 
more of light of different Wavelengths, polariZed light and 
analysis of birefringence of the re?ected light. The ability to 
discriminate betWeen speci?c and non-speci?c binding is an 
advantage associated With the present invention. 

[0048] Conventional SPR systems measure changes in 
re?ectance at a ?xed Wavelength as a function of the angle 
betWeen the re?ected light and some reference vector such 
as the input light beam. HoWever, there is not a desirable 
response of such a system to changes of refractance (and 
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hence analyte concentration) at the illuminated surface. The 
range of concentrations measurable (dynamic range of the 
assay) is limited by the loWest concentration measurable and 
the highest concentration measurable. This range is limited 
in conventional SPR methods by loW sensitivity and/or the 
loss of resolution that occurs When re?ectance is reduced to 
almost Zero as it is at high concentrations of bound analyte. 
The present invention enables a Wider dynamic range by at 
least one of loWering the loWest concentration measurable 
and alloWing measurements at a variety of Wavelengths, 
some of Which are optimal and others not optimal for high 
sensitivity. At the sub-optimal Wavelengths, re?ectance is 
not reduced to Zero even at high concentrations of bound 
analyte thereby permitting accurate measurement of bound 
analyte. 

[0049] Conventional SPR systems are limited in through 
put because of the limitations of free space optics. OIC 
based optics such as PLC based optics enable a high number 
of closely spaced (separated by submillimeter distance) 
assay locations to be interrogated rapidly (each measure 
ment requiring only a feW milliseconds) in a serial or raster 
fashion Without the need to increase the bulk and complexity 
of instrumentation. In this Way, many assays can be moni 
tored essentially simultaneously supporting a throughput of 
hundreds of assays per minute. In one embodiment, the SPR 
systems of the present invention can monitor binding of 
MBPs in/on at least about 100 assay locations on a single 
substrate. In another embodiment, the SPR systems of the 
present invention can monitor binding of MBPs in/on at 
least about 225 assay locations on a single substrate. In yet 
another embodiment, the SPR systems of the present inven 
tion can monitor binding of MBPs in/on at least about 400 
assay locations on a single substrate. 

[0050] An OIC, such as a PLC based integrated optical 
element, that combines very precise Wavelength resolution 
and capability for optical sWitching in both time and space 
is inherently much more stable than any alternative optical 
scheme, especially those schemes using free space optics. 
Greater optical stability translates into greater assay preci 
sion and sensitivity. PLC optical elements can be easily 
replicated With very high reproducibility providing for ease 
of manufacture of many identical instruments. In other 
Words, PLC based optics can be fabricated less expensively 
than free space optical systems. PLC optical elements are 
typically much smaller and require much less physical space 
Within an instrument than do free space optics. 

[0051] OICs guide light by means of planar Waveguides 
betWeen the various integrated elements, such as splitters, 
sWitches and Arrayed Waveguide Gratings (AWG) that are 
used as Wavelength dispersive elements. The OICs are 
compact in siZe compared to discrete optical elements, even 
compared to micro optic elements. Because the light is 
con?ned in the Waveguide betWeen the elements there are 
none of the problems With stability When free space optics 
are used. For example, an AWG can provide a high resolu 
tion betWeen adjacent optical channels in an OIC having a 
siZe less than 5 cm by 8 cm When made in silica based OIC. 
If an indium phosphide based OIC is employed, the siZe 
becomes less than 1 cm on each side. Even the larger siZe 
AWG is smaller than the light handling elements in a 
conventional optical spectrometer With comparable resolu 
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tion. There are many con?gurations that are possible in 
designing a SPR instrument in accordance With the present 
invention. 

[0052] In one con?guration the OIC alloWs the light 
source(s), detectors, optical sample site sWitches and sam 
pling site to be integrated onto a single circuit that is less 
than about 10 cm on each side and less than about 1 cm in 
thickness. In comparison, free space optical instruments are 
generally more than 10 times and usually more than 100 
times larger. The OIC provides a stable optical guiding 
platform With respect to temperature and mechanical vibra 
tion. The design and fabrication of the optical circuit con 
trols the optical alignment and stability With high reliability. 

[0053] The enhanced sensitivity of the SPR systems of the 
present invention derives, in part, from the ability to use a 
Wavelength scan to detect the point of minimum re?ection, 
the SPR signal, mitigating/eliminating the need for mechani 
cal movement and With a stable optical path. The OIC 
enables the optical signal to be con?ned to the planar 
Waveguides from the source to the detector, Where the 
incident (and re?ectance) angle to the SPR surface is de?ned 
by the integrated Waveguide geometry. The OIC can include 
an AWG that functions as a Wavelength selective element. 
The AWG, depending on the speci?c design, can have a 
Wavelength resolution of better than about one Angstrom. 
The SPR signal can than be sampled at multiple Wavelengths 
along the SPR minimum. In one embodiment, AWGs can be 
made With more than about 500 channels, and high resolu 
tion. In another embodiment, AWGs can be made With more 
than about 1000 channels, and high resolution. In yet 
another embodiment, AWGs can be made With more than 
about 2000 channels, and high resolution. 

[0054] The detection limit, sensitivity of the SPR signal, is 
related to the resolution of the SPR minimum and line 
pro?le. The AWG, or other dispersive element in the OIC 
such as an integrated grating, provides the high resolution in 
a small siZe With high stability. This high resolution leads to 
index measurement sensitivity of better than about 1 part in 
107 When using an OIC With a 4 A resolution and 800 A 
Wavelength range. The OIC enables the design and operation 
of an SPR instrument With extraordinary sensitivity com 
pared to conventional free space methods. 

[0055] The sensitivity in index measurement is directly 
related to the measurement sensitivity of SPR for molecules. 
In one embodiment, the about 1><107 or more index sensi 
tivity translates to detection of molecules With a mass of less 
than about 750 Daltons at less than about 50% coverage. In 
another embodiment, the about 1><107 or more index sensi 
tivity translates to detection of molecules With a mass of less 
than about 500 Daltons at less than about 50% coverage. 
Even higher molecular sensitivity can be achieved With a 
design that alloWs detection sensitivity for about 10% or less 
coverage. 

[0056] The SPR systems of the present invention facilitate 
monitoring and measuring protein interactions. Proteins are 
large molecules With molecular masses in the range of 
thousands of Daltons. Such a large mass can lead to a large 
change of index. HoWever partial coverage of the SPR 
surface is frequently the case and the high sensitivity of the 
SPR systems of the present invention alloWs the detection of 
loW coverage. In a kinetic measurement, the rate sensitivity 
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is dependent on the initial loW coverage range. The high 
sensitivity enables more accurate kinetic measurement rates 
for protein binding. 

[0057] The use of OICs in the SPR systems of the present 
invention alloWs enhanced dynamic range to be achieved 
along With the enhanced sensitivity as described above. A 
large change in sample refractive index (or thickness) shifts 
the point of minimum re?ectivity outside of the Wavelength 
range for the initial lineWidth of the SPR signal. The AWG 
that is used, for example, in one embodiment, has a high 
sensitivity but also has a Wide dynamic range. The AWG 
Works in a high defractive order, typically higher than about 
50. Also associated With the design is the free spectral range 
that gives the scanning range for a single high resolution 
scan. By coupling an appropriate Wavelength source to a 
different input Waveguide a different di?fractive order may 
be used. Consequently, the same high resolution can be 
obtained in a separated Wavelength channel. As an example, 
by shifting the Wavelength source by 150 nm, the same 
resolution of about 1><10_7 index or more can be obtained 
even though the index has changed by about 0.05. In one 
embodiment, the dynamic range for measurement is thus at 
least about 1:500,000 in index. In another embodiment, the 
dynamic range for measurement is thus at least about 
1:500,000,000 in index. With such a dynamic range, index 
changes smaller than about 1><107 in index can be distin 
guished. 

[0058] The SPR systems of the present invention facilitate 
nonspeci?c background (N SB) rejection. Another aspect of 
the invention relates to a method analyZing distribution in a 
Z direction and orientation of mass relative to a planar or 
graded (continuous or not continuous) SPR surface using at 
least one of multiple Wavelengths, physical surface modi? 
cation, depth pro?ling, and polarization analysis. The Z 
direction is normal to the SPR surface. The method permits 
the evaluation of speci?c binding versus nonspeci?c absorp 
tion and concentration and binding pro?les of speci?cally 
bound mass. 

[0059] The SPR systems of the present invention facilitate 
depth pro?ling. Any suitable Wavelength of light may be 
employed, although visible light and infrared light are 
particularly useful. Visible light has a Wavelength from 
about 390 nm to about 700 nm. Infrared light as used herein 
means light having a Wavelength from about 700 nm to 
about 2500 nm. In one embodiment, the light employed has 
a Wavelength from about 390 nm to about 2,500 nm. In 
another embodiment, the light employed has a Wavelength 
from about 1,000 nm to about 2,000 nm. In yet another 
embodiment, the light employed has a Wavelength from 
about 1,200 nm to about 1,850 nm. At longer Wavelengths, 
higher penetration into the assay medium is achievable. 
Moreover, at longer Wavelengths, the SPR is much sharper 
(meaning having a much smaller range of Wavelength Where 
the effect can be detected) than at shorter Wavelengths; thus, 
SPR measurements at longer Wavelengths leads to improved 
accuracy and improved sensitivity. When employing a 
microWell array made of silicon based materials, an addi 
tional advantage is achieved in that glass or plastic trans 
parent supports are unnecessary as silicon and silicon nitride 
are transparent at longer Wavelengths (such as over 1200 
nm). Silicon based microWell arrays constitute disposable, 
solid state readily processable supports for bioanalysis. The 
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?atness and precision of silicon based arrays relative to 
plastic is a signi?cant advantage in making SPR measure 
ments With high precision. 

[0060] The SPR systems of the present invention facilitate 
improved sensitivity at longer Wavelengths (such as about 
1,000 nm or more). The SPR angle is dependent on Wave 
length. The penetration depth of the optical ?eld is also 
dependent on the Wavelength, With the longer Wavelength 
penetrating further. The use of multiple Wavelengths leads to 
a method of determining the difference betWeen the bound 
and nonbound molecules. A further Way of distinguishing 
betWeen bound and unbound molecules is to compare the 
SPR signal With the TIR signal. The TIR angle, or Wave 
length at a speci?c angle, is sensitive to the index of the 
analyte, but the optical ?eld penetrates further into the 
medium to give the index of the bulk analyte solution. 

[0061] The SPR systems of the present invention facilitate 
detection of bound non-spherically shaped analytes, due to 
the ability to analyze the birefringence pro?le. Most analyte 
molecules such as proteins, DNA, RNA, sugars, and other 
molecules, are not spherical in shape. Bound ellipsoids have 
a different index for polarization perpendicular to or parallel 
to the long axis of the molecule. The polarization detection 
of the SPR systems of the present invention leads to a 
method to distinguish betWeen bonded and nonbonded mol 
ecules. In particular, non bonded molecules generally have 
a random orientation and do not have birefringence Whereas 
bonded molecules generally have a detectable orientational 
birefringence. 
[0062] The SPR systems of the present invention can use 
light polarization to facilitate analyzing the bonding site 
betWeen the analyte and receptor and/or the relative orien 
tation betWeen MBPs When bound. Linear birefringence is a 
difference of refractive index for tWo different linear polar 
izations propagating in a speci?c direction. For example, 
proteins are frequently anisotropic in shape. When an aniso 
tropic material is bonded to a surface the ensemble is 
linearly birefringent due to the shape factor. The difference 
in index, birefringence of the bonded molecules for SPR can 
be detected and provides useful information for the analysis 
of the bonding site and orientation. Commonly, SPR is done 
for a single polarization, but it is possible to analyze both 
polarizations using a proper con?guration described herein 
after. 

[0063] Another aspect of the invention relates to a dispos 
able microWell array for the bioanalysis system, such as the 
SPR system, containing a silicon substrate having an insu 
lation layer formed thereover; a plurality of Wells formed on 
a top surface of the silicon substrate and insulation layer; and 
a metallic layer on the silicon substrate Within each of the 
Wells. A ?rst member of a binding pair may be attached to 
the metallic layer in some cases With appropriate interme 
diate linking layers While a second member of a binding pair 
is contacted With the ?rst member simply by exposure to a 
sample solution. A glass or plastic substrate may be 
employed in place of the silicon substrate. 

[0064] Another aspect of the invention relates to a dispos 
able protein chip array for the bioanalysis system, such as 
the SPR system, containing a silicon substrate having an 
insulation layer formed thereover, and suitable chemistries 
for attachment on the surface. A ?rst member of a binding 
pair may be attached to the metallic layer in some cases With 
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appropriate intermediate linking layers While a second mem 
ber of a binding pair is contacted With the ?rst member 
simply by exposure to a sample solution. A glass or plastic 
substrate may be employed in place of the silicon substrate. 

[0065] There are several con?gurations that provide mode 
matching from a glass to the metal in the SPR condition. In 
one con?guration, an SPR bioanalysis system has the 
Kretschmann con?guration, the metal is in contact With the 
high index glass and the analyte is in contact With the metal 
on the side aWay from the glass, glass-metal ?lm-loW index 
material. Another is an SPR bioanalysis system having the 
Otto con?guration. In this case there is a thin air gap 
betWeen the metal and the glass, glass-air-metal ?lm-loW 
index material. A third geometry for the SPR bioanalysis 
system is the Sarid con?guration, Where the metal ?lm is 
betWeen tWo loW index materials; that is, glass-loW index 
material-metal ?lm-loW index material. More sophisticated 
extensions of such a geometry can also be applied to 
signi?cantly extend the range of surface plasmons that can 
be coupled to practical optical inputs. By placing on one or 
both sides of the metal ?lms additional ?lms or other 
structures With features (i.e., ?lm thickness and/or litho 
graphic patterns) much smaller than the Wavelength of the 
incident light, an ‘arti?cial dielectric’ medium (more 
recently called ‘photonic crystals’) is created against the 
metal ?lm. With proper design of the physical geometry of 
this nanostructured composite, the arti?cial dielectric 
behaves like a homogenous medium With an optical index of 
refraction that is much different than any of the indices of 
refraction of the component materials. Indeed, an arti?cial 
dielectric can have an apparent index of refraction that is 
numerically beyond the range of any real material. By using 
a properly designed arti?cial dielectric as the incident 
medium for the optical signal, the optical signal can be 
coupled to surface plasmons of either polarization and on a 
Wider range of metals than are accessible through an homog 
enous adjacent medium. This can be used too glean infor 
mation as to the distribution and alignment of molecules 
proximal to the plasmon. 

[0066] This last con?guration can be particularly useful 
for generating long range surface plasmons (LRSP). In some 
instances, the LRSP condition gives a much sharper reso 
nance than the other con?gurations and provides and 
enhanced sensitivity. The SPR condition is polarization 
dependent in the glass-metal-loW index material con?gura 
tion that is most common. Modi?cation of the geometry With 
an additional loW index ?lm betWeen the metal and the 
analyte enables both s and p polarizations to couple to the 
metal. In this connection, U.S. Pat. No. 5,991,488 is hereby 
incorporated by reference. 

[0067] Another con?guration for the SPR geometry for the 
SPR bioanalysis system is the glass-loW index material 
metal ?lm-loW index material, Where the loW index material 
has a thickness from about 10 nm to about 100 nm and an 
index range from about 1.3 to about 2.2. This geometry 
facilitates the enhanced sensitivity of the long range surface 
plasmons With the sample birefringence detection. 

[0068] The blanking schemes as described herein can be 
practiced at a gross level by moving light beams from assay 
Well to assay Well. The schemes can also be applied if active 
and inactive locations Within a Well are patterned Within a 
Well since this gives a better quality blank (all experimental 



US 2006/0205092 A1 

variables are the same except the activity of the receptor). 
Use of multiple locations also can improve precision in 
assays by allowing averaging and identi?cation of anoma 
lous readings from identi?ed locations. A 2><N sWitch OIC 
facilitates delivering light to multiple locations Within a Well 
on an SPR support. 

[0069] The ability of PLCs to locate and spectrally analyZe 
light beams With greater accuracy and precision than con 
ventional light sources enables chemical multiplexing 
Within each single assay Well of an SPR support. By analogy 
With the blanking schemes outlined above, many different 
speci?c receptors can be arrayed Within a single assay 
location (Well) in, for example, an SPR disposable device. 
Receptors can be arrayed on a support made from one or 
more of (l) a constant thickness of a single metal, (2) a 
substrate made With varying thickness of a single metal and 
(3) from several different metals. The SPR signal is a 
function of metal identity and thickness and responds to 
analyte speci?c binding. Deconvolution of the SPR signal 
by physical location, Wavelength and angle alloWs multi 
plexed assays to be conducted. 

[0070] Sample supports (substrates) for bioassays may be 
disposable or re-useable. To facilitate performance of mul 
tiple assays, Microtiter plates (MTPs) are often used. These 
are physical arrays of small Wells usually set out in a 
rectangular fashion and integrated into a ?at plate typically 
made of plastic (glass, silicon, or silica may also be 
employed). The Wells are usually open ended so that small 
volumes of liquids (<uL of samples and reagents) can be 
dispensed into them. The MTPs are used to incubate assay 
reactions and permit evaluation of the assay by the bioanaly 
sis systems of the present invention optionally With the 
assistance of an optical instrument called a Microtiter plate 
reader. 

[0071] In one speci?c embodiment, an MTP has an array 
of 12x8 Wells for a total of 96 Wells each having a capacity 
of about 0.2 uL. Other MTPs may have, for example, 24x16 
(384 Wells) and 48x32 (1536 Wells) Well arrays. MTPs 
having standard Well locations and geometries are estab 
lished and can be used by existing detectors and dispensers. 
The physical form and other functionally important charac 
teristics of Well based assay formats are subject to standards 
set by convention. One such set of standards set forth by the 
Society for Biomolecular Screening (SBS) is knoWn as SPB 
standards. One aspect of this design involves con?guring a 
disposable made of plastic, glass, silicon, etc. using this 
format to meet SBS standards. 

[0072] In one embodiment, the support or substrate for the 
SPR bioanalysis contains assays or Wells Where each has a 
volume of about 0.5 uL or less. In another embodiment, the 
support or substrate for the SPR bioanalysis contains assays 
or Wells Where each has a volume of about 0.2 uL or less. In 
yet another embodiment, the support or substrate for the 
SPR bioanalysis contains assays or Wells Where each has a 
volume of about 0.05 pL or less. 

[0073] In one embodiment, the support or substrate for the 
SPR bioanalysis system is a gene chip, DNA chip, or 
proteome chip. Gene chips typically include a glass slide 
spotted With roWs of nanoliter siZed dots of genetic material. 
Analogous to a DNA chip, proteome chips carry thousands 
of nanoliter siZed dots of proteins (each having at least one 
MBP), primed to react With any compound of interest (the 
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other MBP) for Which binding information is sought. Chips 
or microarrays can carry anyWhere from about 100 to about 
50,000 protein ‘capture’ molecules (one MBP), each capable 
of identi?cation of one particular protein (the other MBP). 
Protein microarrays are capable of identifying a large num 
ber of proteins in a sample and quantifying hoW much of 
each protein is present. This type of high throughput chip 
alloWs one to determine Which proteins of a gene are 
expressed in a sample, and enables one to gather higher 
multiplicity protein pro?les from patients. 

[0074] In one embodiment, the support or substrate for the 
SPR bioanalysis system is a microarray material. In contrast 
to traditional hybridiZation assays that utiliZe ?exible mem 
branes such as nitrocellulose and nylon, radioactivity, and 
autoradiography, a traditional microarray or biochip assays 
utiliZe solid surfaces such as glass With ?uorescent labeling 
and detection. One advantage of the chip format is that the 
solid surface is non-porous and thus enables the deposition 
of small amounts of biochemical material in a precisely 
de?ned location. Porous substrates such as nylon and nitro 
cellulose alloW diffusion of applied materials. A non-porous 
substrate also prevents the absorption of reagents and 
sample into the substrate matrix, alloWing the rapid removal 
of organic and ?uorescent compounds during biochip fab 
rication and use. A non-porous surface permits the use of 
small sample volumes enabling high sample concentrations 
and rapid hybridiZation kinetics that increases the quality of 
the array elements. The inherent ?atness of the microarray 
format permits true parallelism, Which is lacking in all ?lter 
based assays. Parallel analysis provides a signi?cant 
increase in the accuracy of the assay data. MetaliZation is 
straightforWard and can be achieved With excellent toler 
ances and uniformity. 

[0075] There are many manners in Which to fabricate the 
supports. The biochip format is compatible With many 
advanced fabrication technologies and is thus amenable to 
automated manufacture. The three primary technologies 
used presently in microarray manufacture include photoli 
thography, ink jetting and mechanical microspotting. Each 
technology has speci?c advantages and disadvantages, 
though none of these technologies is compatible With the 
nonporous substrates used in traditional hybridization 
assays. 

[0076] Using photolithography relies on the use of semi 
conductor technologies in a biochip setting. The pieZoelec 
tric technologies utiliZe version of ‘ink jet’ printing to 
dispense sub-nanoliter volumes of reagent to de?ned loca 
tions. Electricity is used to deliver molecules via tiny 
delivery jets onto a solid surface. An XYZ motion control 
system directs the location of the jets during this noncontact 
printing process. The microspotting technologies rely on 
direct surface contact for microarray fabrication. A printhead 
containing microspotting pins, capillaries, or tWeeZers alloW 
transfer of pre-made substances from reagent trays onto 
solid surfaces. An XYZ motion control system directs the 
preparation of microarrays of biomolecules. 

[0077] These technologies each provide su?icient density 
to provide single chip that can represent a portion, substan 
tial portion, or even the entire human genome. The variable 
requirements of throughput, density, cost quality, ?exibility, 
and other criteria dictate the use of one of these technologies 
in a given setting. An alternative is to produce protein arrays 
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in a ?oppy disk sized microcard format that uses tiny 
channels allowing only one way How. A syringe can be used 
to load the sample manually. 

[0078] MEMS (micro-electrical mechanical systems) can 
also be used to manufacture the supports. MEMS can be 
manufactured using silicon, glass, polymers, and other mate 
rials. Microsystems may be constructed from parts produced 
using different technologies on different substrates, con 
nected together; ie a hybrid system. For example a silicon 
chip can be used to implement control circuitry, Whereas the 
actuators it controls can be micromolded in plastic, or 
electroplated metal (using the LIGA technique, for instance). 
Alternatively, components of a system may be constructed 
on a single substrate using one technology (a monolithic 
system). Hybrid systems have the advantages that the most 
appropriate technology for each component can be selected 
to optimiZe system performance. This can lead to a shorter 
development time since microfabrication techniques for 
each component may already exist, and compromises may 
not have to be made to ensure that each component can be 
fabricated Without damaging components already existing 
on the substrate. Monolithic devices typically are more 
compact than hybrid devices, and more reliable (feWer 
interconnections that can go Wrong, for example). 

[0079] MetaliZation of the support may be performed in 
any suitable manner. In one embodiment, the SPR substrates 
are glass slides coated With gold and then derivatiZed With 
a self assembled monolayer or a dextran type matrix. Planar 
metal surfaces made by highly uniform thin ?lms of noble 
metals formed by magnetron sputter deposition, evaporation 
or other techniques onto plane glass, polymer, or ceramic 
substrate plates are used. These plates are precision diced to 
produce substrates formed from deposited gold or platinum 
(for example, having a thickness from about 50 A to about 
5,000 A, such as about 1,000 A). The metal ?lms can be 
optionally deposited over an adhesion promoting layer of 
titanium-tungsten (for example having a thickness from 
about 50 A to about 500 A) (often termed an adhesion alloy). 
The metal is deposited onto a substrate, such as a very 
smooth (for example, 60/40 scratch and dig ?nish), highly 
insulating, chemically resistant and nonleaching, electronics 
grade borosilicate glass substrate. Substrates such as plastic, 
glass, silicon, With an oxidiZed silicon or silicon nitride 
insulating layer, can also be employed. 

[0080] A support may be fabricated as a protein chip and 
microtiter format. Most arrays are created on glass or silicon 
slides-standard in the production of DNA microarrays 
treated With an aldehyde moiety or other agent to immobi 
liZe the protein. Other materials investigated as immobiliZ 
ing coatings include layers of aluminum or gold, hydrophilic 
polymers, and polyacrylamide gels. Each material demands 
its oWn chemistries (Which must avoid denaturing the pro 
tein molecules) ideally to orient each molecule in the same 
direction While at the same time creating a hydrophilic 
environment in Which reactions can take place. 

[0081] For example, suitable chips include those manu 
factured by Zyomyx (Hayward, Calif.), use photolithogra 
phy to etch miniature Wells on the surface of silicon chips. 
The immobiliZed proteins or antibodies are located in the 
How chambers on the chip. 

[0082] Other suitable chips include those manufactured by 
Large Scale Biology (Vacaville, CA). Hundreds of thin 
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plastic rods, each doped With a particular antibody, are 
bundled together in a sheaf. The sheaf is then cut trans 
versely into micrometer thin slices, yielding chips contain 
ing antibody loaded plastic circles (the rods’ cross-sections). 
A meter long sheaf could generate a million loW density 
chips, each With ten to a feW hundred elements potentially 
a high volume, loW cost product. 

[0083] Still other suitable chips include those manufac 
tured by Packard BioScience Company uses hydrogel chip 
substrates Where proteins are imprinted on a porous poly 
acrylamide gel, similar to that used in electrophoresis, and 
immobiliZed using a coupling reagent that forms a covalent 
bond With amine groups on the protein molecules. The gel 
is aqueous, so immobiliZed proteins can undergo binding 
reactions in solution. 

[0084] Examples of substrate or support material for any 
of the above mentioned formats include silicon, silica, 
plastics, glass, or other dielectric or semiconductive sub 
strate material. Many the techniques required to make sub 
strates can be derived from the semiconductor industry and 
are based on silicon processing and materials. There are 
basic techniques associated With silicon micromachining. 
These are the deposition of thin ?lms of materials, the 
removal of material (patterning) by Wet chemical etchants, 
and the removal of material by dry etching techniques. 
Photolithography is the basic technique used to de?ne the 
shape of micromachined structures in the techniques out 
lined beloW, but any patterning technique including mask 
less lithography can be employed. The technique is essen 
tially the same as that used in the microelectronics industry. 

[0085] There are a number of basic techniques that can be 
used to pattern thin ?lms that have been deposited on a 
silicon Wafer, and to shape the Wafer itself, to form a set of 
basic microstructures (bulk silicon micromachining). The 
techniques for depositing and patterning thin ?lms can be 
used to produce quite complex microstructures on the sur 
face of silicon Wafer (surface silicon micromachining). 
Electrochemical etching techniques can be employed to 
extend the set of basic silicon micromachining techniques. 
Silicon bonding techniques can also be utiliZed to extend the 
structures produced by silicon micromachining techniques 
into multilayer structures. 

[0086] Typical plastics used for microtiter plates are ther 
moplastics, those retaining the ability to How at elevated 
temperatures for relatively long time periods. Key plastic 
design considerations include the softening point (glass 
transition temperature) of the material, stability of the mate 
rial to temperature, oxidation, etc. and the product require 
ments. Engineering thermoplastics can be de?ned With a 
unique combination of properties. For example, high purity 
materials With excellent transparency (loW absorption/scat 
tering), loW density, high heat de?ection temperatures, high 
dimensional stability, and excellent electrical properties may 
be obtained using commercially available materials. Addi 
tionally, Water vapor barrier properties and loW moisture 
absorption can be obtained in materials that How Well and 
shrink and Warp little during injection molding. 

[0087] Plastic parts can be made by techniques that can be 
inexpensive and fast in high volumes. Conversely, substrates 
made from inorganic materials, on the order of 100 cm2 
required for DNA sequencing or pharmaceutical candidate 
screening, Which require drilling and sealing processes can 
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be quite cumbersome to fabricate. Plastic substrates can be 
made so cheaply as to be disposable after a single use. This 
is advantageous in applications Where cross contamination 
of sequential samples is of concern. The high throughput 
screening of candidate pharmaceutical libraries and geno 
typing for forensic identi?cation are tWo instances Where 
contamination of one sample by another is most undesirable. 

[0088] FloW cell measurements on the supports involve a 
bulk or micro?uidic interface to the active optical element. 
Analyte is alloWed to pass over the sensor surface in a 
continuous and controlled ?oW or pulsed ?oW, preferably 
maintaining substantially constant analyte concentrations at 
the sensor chip surface. The bene?ts of a micro?uidics 
system are loW sample consumption and minimiZation of 
sample volume. The micro?uidics system may permit cer 
tain types of blanking schemes. The advantage of a How 
system is increased accuracy of kinetic and concentration 
analysis data. For example, an SPR detector having collector 
for eluted ligand uses a micro?uidic cartridge With a drain 
port; comprised ofan injection port, an open channel, a drain 
port in communication all in communication. U.S. Pat. No. 
5,395,587 describes such a How system, and is incorporated 
herein by reference for such systems. 

[0089] SPR bioanalysis systems may utiliZe microfabri 
cated channels. In one speci?c embodiment, the SPR bio 
analysis system uses a patterned photobiotin probe in 
micro?uidic channels for sensing proteins With SPR. SPR 
bioanalysis systems may use micro?uidics and surface 
chemistry to folloW biospeci?c interactions. 

[0090] In one embodiment, a silicon based standard 
microlithography processing is employed to make single use 
disposable supports. For example, a 2D array of microWell 
patterns on about 2.25 mm centers is laid out and diced from 
a Wafer to make up to 1536 Wells or Well arrays (siZe just 
under about 3 inches). This layout is compatible With 
commercially available microdispensers, Which are 
designed With a single dispense heads on either 9 mm, 4.5 
mm, or 2.25 mm spacing (for 96, 384, and 1536 Well plates, 
respectively). MetaliZation of the Wells (required for SPR) 
and attachment of receptors (antibodies and the like) involve 
employing knoWn, inexpensive processes. 

[0091] When using OICs in an SPR system, the use of 
monocrystalline silicon as an alternative to plastic or glass in 
the SPR support is facilitated. Relative to plastics, increased 
?exibility in the choice of metallic supports on Which assay 
speci?c chemistry occurs is thereby achieved due to a 
generally Wider latitude in thermal and chemical deposition 
and processing conditions. The OICs may additionally be 
produced using standard MEMS devices and techniques. 
Microlithography and microfabrication developed for stan 
dard MEMS semiconductor processing can be used. 

[0092] In one embodiment, the OIC device is designed to 
Work in the Wavelength range from about 1300 nm to about 
1650 nm using single mode Waveguides. The index and 
dimensions are different for other Wavelengths. The OIC 
starts With a silicon substrate or Wafer. The silicon Wafer is 
the type commonly used in fabrication of silicon based 
integrated circuits. The processes used here are also similar 
to those used in the fabrication of silicon integrated circuits. 
For example, a loWer cladding layer of silica is formed on 
the substrate, such as groWn by thermal oxidation or depos 
ited by PECVD (Plasma Enhanced Chemical Vapor Depo 
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sition). The PECVD process and equipment is similar to that 
used in fabricating integrated circuits. This loWer cladding 
layer is at least about 20 pm thick to ensure that the optical 
?eld in the core is not attenuated by the silicon. 

[0093] The core layer is next deposited and lithographi 
cally de?ned. A core layer of doped silica, doped for 
example With germania, is next deposited by PECVD. The 
doping increases the refractive index above that of pure 
silica. The index of the core layer is from about 0.25% to 
about 2%, such as from about 0.4% to about 1%, above that 
of the pure silica. The thickness of the doped core layer is 
typically from about 1 pm to about 25 pm, the thinner layer 
being used for the higher doping concentrations. In another 
embodiment, thickness of the core layer is typically from 
about 4 pm to about 8 um. The core layer may also have 
co-dopants, such as one or more of boron and phosphorus 
oxides to control the stresses caused by different coefficients 
of thermal expansion for the different materials in the 
device. 

[0094] The core layer is then patterned With the Waveguide 
circuit design by knoWn micro fabrication lithography pro 
cesses. A thin layer of amorphous silicon is deposited onto 
the core to serve as a hard mask. Photoresist is spin coated 
and imaged using photomask technology, standard in micro 
fabrication, With the speci?c device pattern. The photoresist 
is then developed and the silicon hard mask is etched by 
either standard Wet processes or by standard dry (plasma) 
processes. The photoresist is then removed. The patterned 
core layer on the silicon Wafer is then etched in plasma 
etching equipment standard in the fabrication of integrated 
circuits. The plasma process removes the doped silica from 
the regions that are not covered by the silicon hard mask. 
The etching is complete When the core layer is etched to the 
bottom clad layer. The hard mask is then removed by 
standard processes. 

[0095] The top clad layer is then deposited by PECVD. 
The top core layer has an index the same as the bottom clad 
layer. The top clad layer is typically doped With boron and 
phosphorous oxides to loWer the melting point beloW that of 
silica or the core material. The top clad layer is typically at 
least about 20 pm thick. 

[0096] An additional step for the fabrication of optical 
sWitches is the deposition of the sWitching electrodes. The 
optical sWitches described here are based on the thermo 
optic effect. That is, the sWitching occurs due to the change 
of index from the change in temperature in the Waveguide 
region caused by a local heater. The heater is typically made 
from a thin ?lm metal resistor on top of the cladding over the 
core region. Typical thin ?lm heaters are made from refrac 
tory metals such as tungsten, titanium or tantalum. The metal 
is deposited on the top clad of the OIC Wafer by sputtering 
or evaporating in the normal process used for metal depo 
sition in semiconductor processes. Sometimes plating is 
used to increase the thickness of the metal. Standard pat 
terning methods are used for the metal circuit de?nition: 
photoresist coating, expose the resist through a photomask, 
develop the resist, etch the metal and strip the resist. 

[0097] When the Wafer fabrication is complete the Wafer 
is diced into individual OIC devices. After optional optical 
testing, the OIC devices are assembled and packaged as 
necessary for the ?nal application. In the case described in 
FIG. 7, the optical ?bers connected to laser diodes are 
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attached to the OIC and a detector is assembled to the 
device. Additional optical coupling elements are assembled 
to bring the light to the SPR cell and to return the re?ected 
light to the OIC. 

[0098] Generally, the applications of the OIC in the bio 
analysis systems involves detecting and/or measuring index 
changes in analyte. The practical consequence of this inter 
action is that the concentrations of speci?c molecules can be 
quantitatively measured by observing the SPR shifts that 
occur When the molecules bind to the surface of a support 
sensor. In a support sensor, a gold (or other metal) surface is 
coated With a MBP Which may be antibodies, DNA probes, 
enzymes or other reagents chosen because they interact 
exclusively With a selected target, analyte or molecule. 
When the support sensor is exposed to a sample that contains 
analyte molecules, they bind to the sensor’s surface via their 
speci?c interaction With the surface attached MBP. Over a 
range of solution concentration that typically begins at zero 
and extends to Within approximately at least 50% of the 
concentration at Which all the surface-attached MIPs are 
occupied by molecules from solution, the amount of binding 
that occurs is proportional to the concentration of the analyte 
in the sample solution. This binding event changes the 
composition of the medium at the surface and produces a 
SPR shift. The magnitude of the shift is typically propor 
tional to the amount of binding that takes place, in particular 
When there are no strong interactions betWeen adjacent 
bound molecules and When the extent of binding is less than 
approximately 50% of the saturation occupancy of the 
binding layer. Comparison of the observed SPR shift With a 
stored calibration curve yields a quantitative measurement 
of the concentration of the analyte in the sample. 

[0099] The phenomenon of SPR is non-speci?c. It cannot 
per se distinguish betWeen different chemical changes. 
While this may appear to be a limitation, it is really a 
poWerful advantage. Speci?city depends upon selection of 
pairs of molecules that react only With each other. One 
member of the pair is the detector and the other is the target 
analyte (i.e. the substance to detect/quantitate). Any pair of 
molecules that exhibit speci?c binding can be adapted to 
SPR measurement. 

[0100] For example, an SPR binding event may occur as 
folloWs. In an immunoassay a thin ?lm of metal is applied 
to a surface (typically glass or plastic). The metal ?lm can 
be from about 35 nm to about 200 nm thick. Then antibodies 
speci?c to a particular analyte (e.g. hormone, drug, tumor 
marker, etc.) are chemically attached to the metal ?lm. When 
the sensor is exposed to a sample containing that analyte, the 
binding of the antibody and the analyte causes a change at 
the metal surface, Within the plasmon ?eld, and the shift in 
the resonant Wavelength of the incident light is measured. 
The size of the shift is typically proportional to the quantity 
of the analyte in the sample if the interaction is alloWed to 
reach chemical equilibrium and if the amount of analyte 
bound at equilibrium is less than approximately 50% of the 
amount required to interact With every antibody. Because of 
the very speci?c relationship betWeen the antibody and 
analyte, no other molecule in the sample can be mistakenly 
measured by the detector/sensor provided that substantially 
no other molecule adsorbs or binds “nonspeci?cally”. 

[0101] The surface plasmon is affected by changes in the 
dielectric value of the material in contact With the metallic 
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support. When a ?rst MBP is immobilized on the metallic 
support of an SPR system, and a solution containing a 
second MBP With speci?city for the ?rst MBP is contacted 
With the metallic support, a binding event occurs betWeen 
the ?rst and second MBPs. The binding event results in a 
change in the dielectric value and/or physical thickness of 
the material in contact With the metallic support. This 
change is monitored/detected by the light detector. The light 
detector may be or include an OIC. The light detector may 
be or include a re?ectance spectrophotometer or a mass 

spectrometer. 

[0102] Index changes in analyte indicate speci?c surface 
binding. MBPs, as used herein, include “receptors”, 
“ligands” and “analytes”, and encompass a Wide variety of 
molecules ranging from small molecules to large proteins 
and polynucleotides, as Well as a variety of interaction pairs. 
Examples of MBPs include the agents listed beloW (repre 
sentative interaction partners are parenthetically identi?ed): 
antigen (speci?c antibody), antibody (antigen), hormone 
(hormone receptor), hormone receptor (hormone), poly 
nucleotide (complementary polynucleotide), avidin or 
streptavidin (biotin), biotin (avidin or streptavidin), enzyme 
(enzyme substrate or inhibitor), enzyme substrate or inhibi 
tor (enzyme), lectins (speci?c carboxyhydrate), speci?c car 
boxyhydrate (lectins), lipids (lipid binding proteins or mem 
brane associated proteins), lipid binding proteins or 
membrane associated proteins (lipids), polynucleotides 
(polynucleotide binding proteins), polynucleotide binding 
proteins (polynucleotides), receptor (transmitter), transmit 
ter (receptor), drug (target), target (drug), as Well as more 
general types of interactions such as protein (protein), pro 
tein (polynucleotide), polynucleotide (protein), small mol 
ecule (protein), protein (small molecule), enzyme (small 
molecule), receptor (small molecule), polypeptide (small 
molecule), polynucleic acid (small molecule), DNA (DNA), 
DNA (RNA), and RNA (DNA) interactions. 

[0103] As used herein, the term “binding event” includes 
dissociation kinetic parameters and association kinetic 
parameters as Well as the steady state aspects of the binding 
interaction betWeen the MBPs, such as betWeen a ligand and 
analyte of interest (e.g., af?nity or avidity). Binding events 
thus include association rate, analyte surface concentration 
at steady state, dissociation rate, and regeneration e?fect, all 
of Which may be measured. The measured binding event 
may then be compared With a set of predetermined charac 
terizations of other test molecules so as to provide valuable 
information concerning the potential activity or functional 
ity of the MBPs. 

[0104] Assays generally sulfer problems due to signal 
generation due to nonspeci?c binding. In SPR, this is a 
concern since any matter binding to the solid phase can be 
confused With an analyte speci?c signal. Blanking is a 
method that is routinely used in biochemical assays. In this 
method, a signal corresponding to no-analyte or no active 
receptor is measured and subtracted from the assay speci?c 
signal. In the SPR system of the present invention, a PLC 
light sWitching component permits rapid measuring of the 
differential signal (speci?c versus non speci?c) taking 
advantage of rapid sWitching in the time domain and accu 
rate light beam steering in the x-y domain of the SPR device. 
This consequently permits tWo types of blanking: static 
(difference in a signal to no-analyte or no active receptor and 
the assay speci?c signal after equilibrium) and kinetic, 
















