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LIGHT DETECTION DEVICE WITH MEANS FOR 
TRACKING SAMPLES SITES 
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FIELD OF THE INVENTION 

[0007] The invention relates to optical detection. More 
particularly, the invention relates to apparatus and methods 
for optical detection With improved read speed and/or sig 
nal-to-noise ratio. The apparatus and methods may be used 
With microplates, biochips, chromatography plates, micro 
scope slides, and other substrates for high-throughput 
screening, genomics, SNPs analysis, pharmaceutical 
research and development, life sciences research, and other 
applications. 

BACKGROUND OF THE INVENTION 

[0008] Optical spectroscopy is the study of the interaction 
of light With matter. Typically, optical spectroscopy involves 
monitoring some property of light that is changed by its 
interaction With matter, and then using that change to 
characteriZe the components and properties of a molecular 
system. Recently, optical spectroscopy has been used in 
high-throughput screening procedures to identify candidate 
drug compounds. 

[0009] Optical spectroscopy is a broad term that describes 
a number of methods, such as absorption, luminescence 
(such as photoluminescence and chemiluminescence), scat 
tering/re?ectance, circular dichroism, optical rotation, and 
optical microscopy/imaging, among others. In turn, each of 
these terms describes a number of more closely related 
methods; for eXample photoluminescence includes ?uores 
cence intensity (FLINT), ?uorescence polariZation (FP), 
?uorescence resonance energy transfer (FRET), ?uores 
cence lifetime (FLT), total internal re?ection ?uorescence 
(TIRF), ?uorescence correlation spectroscopy (FCS), ?uo 
rescence recovery after photobleaching (FRAP), and their 
phosphorescence analogs, among others. 

[0010] Unfortunately, optical detection systems for use in 
optical spectroscopy suffer from a number of shortcomings. 
In particular, optical detection systems generally involve 
alignment of a sample and portions of an optical relay 
structure (such as an optics head) for directing light to and 
from the sample. Such alignment may be accomplished by 
physically moving the sample relative to the optical relay 
structure, or by physically moving the optical relay structure 
relative to the sample. Typically, such movement is folloWed 
by a Waiting period before measurement to permit vibrations 
to subside. Time spent during alignment and subsequent 
Waiting periods is doWntime because it is time during Which 
data cannot be collected from the sample. Such doWntime is 
especially signi?cant in high-throughput screening, Where 
tens or hundreds of thousands of samples must be aligned 
With an optical relay structure to conduct a particular study. 

[0011] In principle, the number of alignment steps can be 
reduced by reading simultaneously from a plurality of 
samples or from a larger area of a single sample. HoWever, 
simultaneous reading typically Will reduce intensities, 
because excitation light is distributed to a larger area and 
because the distance betWeen the sample and optical relay 
structure is increased. Reduced intensities may decrease 



US 2001/0033381 A1 

signal-to-noise ratios, decreasing reliability, especially With 
less intense nonlaser light sources. 

SUMMARY OF THE INVENTION 

[0012] The invention provides apparatus and methods for 
optical detection With improved read speed and/or signal 
to-noise ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic vieW of a light detection 
device constructed in accordance With aspects of the inven 
tion, shoWing the device in use to read from a substrate. 

[0014] FIG. 2 is an alternative schematic vieW of the light 
detection device of FIG. 1. 

[0015] FIG. 3 is a schematic vieW of an alternative light 
detection device constructed in accordance With aspects of 
the invention, shoWing the device in use to read from a 
substrate. 

[0016] FIG. 4 is an alternative schematic vieW of the light 
detection device of FIG. 3. 

[0017] FIGS. 5-7 are schematic vieWs of other alternative 
light detection devices constructed in accordance With 
aspects of the invention. 

[0018] FIG. 8 is a partially exploded perspective vieW of 
yet another light detection device constructed in accordance 
With aspects of the invention, shoWing a transport module 
and an analysis module. 

[0019] FIG. 9 is a schematic vieW of an optical system 
from the analysis module of FIG. 8. 

[0020] FIG. 10 is a partially schematic perspective vieW 
of portions of the apparatus of FIG. 8. 

[0021] FIG. 11 is a schematic vieW of photoluminescence 
optical components from the optical system of FIG. 9. 

[0022] FIG. 12 is a schematic vieW of chemiluminescence 
optical components from the optical system of FIG. 9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The invention provides apparatus and methods for 
optical detection With improved read speed and/or signal 
to-noise ratio. These apparatus and methods may involve 
among others moving a sample substrate While simulta 
neously detecting light transmitted from one or more sample 
sites on the substrate by sequentially tracking the sample 
sites as they move. In this Way, doWntime associated With 
starting and stopping the sample substrate and With an 
inability to read during or immediately after moving the 
substrate may be reduced or eliminated. The folloWing 
examples illustrate Without limitation additional aspects of 
the invention. 

EXAMPLE 1 

[0024] FIG. 1 shoWs a light detection device 100 con 
structed in accordance With aspects of the invention. Device 
100 includes a stage 101, an examination region 102, and an 
optics head 104. Examination region 102 is delimited by a 
detection initiation position 106a and a detection termina 
tion position 106b. Stage 101 may be used to support a 
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substrate 108 having a plurality of sample sites 110, such as 
a microplate and associated microplate Wells, and optics 
head 104 may be used to direct light 112 to and/or from a 
sensed volume 114 positioned in a sample site located in the 
examination region. Speci?cally, light may be directed to the 
sample site from a light source 116, and/or light may be 
directed from the substrate to a detector 118. Typically, the 
examination region Will be larger than the sensed volume, 
and the separation betWeen adj acent/examined sample sites 
Will be larger than the separation betWeen the initiation 
position and the termination position. Suitable substrates, 
light sources, detectors, and optical relay structures for 
directing light to an optics head and substrate from a light 
source, and from a substrate and optics head to a detector are 
described beloW. 

[0025] Device 100 also includes a scanning mechanism 
120 con?gured to scan the substrate, so that device 100 may 
read from a plurality of positions on the substrate. In device 
100, scanning mechanism 120 includes a re?ective surface 
122 and is con?gured simultaneously to move (at least a 
portion of) the optics head and substrate, preferably in a 
single direction. The optics head tracks the substrate 
betWeen detection initiation position 106a and detection 
termination position 106b, and signal is collected continu 
ously during an integration time over Which there typically 
is no substantial relative motion betWeen the optics head and 
the sample being analyZed. After the integration time, the 
position of the sensed volume (or optical beam) may be reset 
to the detection initiation position so that the sensed volume 
can track and detect from the next sample site on the 
substrate. If the reset time is small compared to the integra 
tion time, the percentage of time lost Will be small. The 
scanning mechanism improves read time by reducing the 
time that the detection optics spends over areas of the 
substrate that do not contain sample to be interrogated. (Any 
time spent over such areas can be considered doWntime.) 
The scanning mechanism also improves read time because 
the substrate moves continuously, more rapidly bringing 
neW areas of the substrate into position for reading, and 
because the need for a Waiting period for vibrations to 
subside is reduced or eliminated if the substrate does not 
jostle the samples by starting, stopping, or otherWise sig 
ni?cantly changing speed. In this regard, the sample sites 
may move at a substantially constant speed, at least through 
the examination region. 

[0026] Device 100 may use any of various strategies to 
read from multiple sample sites. The device can read from 
the sample sites sequentially, one-by-one, as described 
above, or it can read from the sites in groups of tWo or more. 
Here, such reading groups may be parallel or perpendicular 
to the direction of reading, or a combination thereof. The 
device also can read from a ?rst array in a ?rst direction, 
move or offset in a second (typically perpendicular) direc 
tion, and then read again in the ?rst direction from a second 
array parallel to the ?rst array. Mechanisms for moving a 
sample substrate in one, tWo, or three directions are 
described in PCT Patent Application Serial No. PCT/US00/ 
12277, ?led May 3, 2000, Which is incorporated herein by 
reference. 

[0027] Signal from samples on the (moving) substrate may 
be read by point-to-point reading or by constant velocity 
scanning. In point-to-point reading, the optics head is ?xed 
relative to the substrate, as described above, While the signal 
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from the detector is integrated for a desired period. In 
constant velocity scanning, the optical beam is moved 
relative to the substrate, While the signal from the detector 
is “binned” into pixels. The siZe of each pixel is simply the 
product of the scanning speed (relative to the substrate 
speed) and the integration time. For example, if the (relative) 
scanning speed is 10 mm per second and the integration time 
is 100 milliseconds, the pixel siZe is 1 mm. 

[0028] With this technique, a point-to-point reading detec 
tion system can read photoluminescent samples essentially 
as rapidly as a charge-coupled device (CCD)-based reading 
system With an equivalent light source and numerical aper 
ture. This is because the light source is the limitation, not the 
detector. A CCD is faster for chemiluminescence, because it 
collects the light emitted (Which is not affected by detector 
area) from all samples simultaneously. The light output of 
each Well is decreased in large-area photoluminescence, 
because the illumination per Well is reduced, so that the 
increased speed resulting from collecting light from all Wells 
in parallel is cancelled by the reduced illumination per Well. 
nevertheless, the invention can be effective With ?uores 
cence, phosphorescence, and chemiluminescence measure 
ments, because for a given total read time, more time is spent 
integrating signal, and less time is spent aligning the optics 
With neW samples. The invention is particularly effective 
With ?uorescence polariZation measurements, because good 
signal-to-noise ratios preferably involve collection of a 
minimum number of photons (e.g., 10,000) during the 
integration period, as described in US. patent application 
Ser. No. 09/349,733, Which is incorporated herein by refer 
ence. 

[0029] FIG. 2 is an alternative vieW of light detection 
device 100 shoWing details of the optical relay structures. 
Here, light 112 is directed from light source 116 (or equiva 
lently from a ?ber or other optics operatively connected to 
light source 116) through a collimating (e.g., convex-plano) 
lens 124 and onto a beamsplitter 126, Which directs a portion 
of the light toWard substrate 108. Light emitted from the 
substrate is directed onto the beamsplitter, Which transmits 
a portion of the light through a focusing (e.g., a plano 
convex) lens 128 toWard detector 118 (or equivalently a ?ber 
or other optics operatively connected to detector 118). 

[0030] Here, re?ective element 122 (a parabolic section) 
may be moved to track the plate motion during integration, 
and then to “?y-back” quickly to the starting position for the 
next integration. If the input/output light 112 is collimated, 
the change in path length Will not affect focus, spot siZe, or 
light collection, among others. The optics is re?ective, 
Which can improve efficiency, optical bandWidth, and cost 
relative to refractive optics. The moving element can be 
supported on nonfriction bearings, such as ?exures (for 
example, on a four-bar linkage), because motion is small (~2 
mm for a 1536-Well plate). Feedback can be provided to 
reduce positional error of the mirror. In fact, by measuring 
stage and mirror position and feeding back the error to the 
mirror drive, the stage and mirror can be locked together so 
that the mirror tracks the Well location substantially exactly, 
even if the plate motion is not perfectly smooth. This has the 
signi?cant advantage that substantially precise motion may 
be accomplished on a much loWer mass object (the mirror, 
instead of the plate and its stage), so that bandWidth is higher 
and poWer requirements are loWer. 
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EXAMPLE 2 

[0031] FIG. 3 shoWs an alternative light detection device 
200 constructed in accordance With aspects of the invention. 
Device 200 includes a stage 201, an examination site 202 
delimited as above, and an optics head 204 for directing light 
206 to and/or from a substrate 208 positioned in the exami 
nation site. Device 200 also includes a scanning mechanism 
210 con?gured to scan the substrate. In device 200, the 
scanning mechanism is con?gured to move the substrate 
While holding the optics head ?xed. More speci?cally, the 
scanning mechanism is con?gured to rotate rather than 
translate. Scanning mechanism 212 may include a galva 
nometer mirror and/or a rotating polygon mirror for match 
ing illumination and/or detection With particular areas of the 
substrate. Galvanometer mirrors include small planar or 
convex mirrors attached to the rotating coil of a galvanom 
eter to move a spot of re?ected light, among others. Rotating 
polygon mirrors include a polygonal mirror attached to a 
driver to move a spot of re?ected light, among others. 

[0032] Device 200 may be used With any light source, 
although nonlaser light sources, such as arc lamps or LEDs, 
present special dif?culties. This is because the distance 
betWeen the source and detector may be relatively long, 
Which may result in loWer ef?ciencies With nonlaser light 
sources. Some of the dif?culty may be overcome by using a 
high color temperature continuous light source, as described 
in Us. patent application Ser. No. 09/349,733, Which is 
incorporated herein by reference. 

[0033] FIG. 4 shoWs an alternative vieW of light detection 
device 200, illustrating several techniques, including a gal 
vanometer technique and a rotating polygon technique. The 
optics are substantially as described above for FIG. 2, 
except that a lens such as a plano-convex, converging, or 
other positive strength lens is used betWeen the scanning 
mechanism and the substrate for ?eld ?attening. 

[0034] The primary draWing in FIG. 4 illustrates a galva 
nometer technique. Here, driven by a galvanometer-type 
movement, a mirror 220 pivots through a small angle and 
then returns to its start position to repeat the cycle. Suitable 
drivers include galvanometers, voice-coil drivers, and pieZo 
drivers. The mirror and driver typically are supported by 
nonfriction bearings, Which may include springs, torsion 
springs, and/or ?exures. A lack of stick-slip enables precise, 
loW-poWer positioning. The system can be resonant, mean 
ing that the compliance of the bearings resonates With the 
combined mass of the mirror and driver. If the system is 
resonant, poWer requirements Will drop signi?cantly. Feed 
back can be provided as above to reduce positional error of 
the mirror. 

[0035] The inset in FIG. 4 illustrates a rotating polygon 
technique. Here, instead of scanning a mirror back-and-forth 
as above, a polygonal mirror 230 (or section 232 thereof) 
rotates in synchrony With the stage. The motor drive may be 
much easier: if the mirrors are curved, or if an optic is added, 
the motion may be at constant angular velocity. To reduce 
dead time betWeen integrations, the polygon should be large 
compared to the collimated beam. (Dead time occurs When 
the beam is on tWo facets of the mirror at once.) 

[0036] With both the galvanometer and rotating polygon 
techniques, the focused spot tends to folloW an arc. If the 
plate is planar, resulting difficulties may be corrected by 
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effectively increasing the radius of curvature of the arc by 
adding a ?eld-?attening optic, by offsetting the axis of 
rotation of the galvanometer, and/or by providing a rotating 
polygon With curved faces. Whether corrected or not, the arc 
Will track the sample site in the same direction over the 
distance scale of the examination region. 

EXAMPLE 3 

[0037] FIGS. 5-6 shoW other alternative light detection 
devices constructed in accordance With aspects of the inven 
tion. These devices involve scanning an aperture over a 
larger area detector/source. In these (and other) embodi 
ments, the light may not be collimated as it goes through the 
scanning mechanism. 

[0038] FIG. 5 shoWs a ?rst pair of embodiments involving 
scanning an aperture. If the detector can accommodate the 
entire motion of the scanned location (e.g., an area of 2.25 
mm><4.5 mm for a 1536-Well microplate), Which is true With 
a photomultiplier tube (PMT), and if the source can illumi 
nate it, then only an aperture need be scanned. This is 
accomplished by imaging a small area of the plate adjacent 
the Well being measured onto a second “aperture plate.” The 
aperture plate is moved in synchrony With the sample plate, 
but in the opposite direction, so that light to and from only 
one Well can make it through the aperture. If the lens 
demagni?es by a factor 1/m, then the aperture plate should 
move at a speed m times the sample plate speed. The 
subsequent optics has much-relaxed imaging requirements 
because there is little or no possibility of cross-talk. The 
aperture plate also could have more than one set of associ 
ated optics to increase throughput (requiring multiple imag 
ing elements) or to provide “quick-change” capability for 
different Wavelengths, excitations, etc. The dichroic mirror 
can pivot to reduce the illuminated area requirement. 

[0039] A sample plate or other substrate can be imaged 
onto an “aperture plate” refractively or re?ectively, among 
others. A plate can be imaged refractively using a lens. A 
plate can be imaged re?ectively (With advantages as men 
tioned above) using a mirror, such as a section of an ellipse. 
The mirror may be dichroic, Which can eliminate all lenses 
and greatly increase bandWidth; this permits the focus to be 
adjusted Without moving the aperture plate or optics Oust 
the imaging unit), so that the light source(s) and detector(s) 
can be mounted at the optics head, eliminating the cost and 
light loss associated With ?ber optics. Again, mirrors can be 
scanned or pivoted to reduce illumination requirements. 

[0040] FIG. 6 shoWs a second pair of embodiments 
involving scanning an aperture. The imaging optics (mirror 
or lens) can be rotated, or a prism inside the imaging optics 
can be rotated. Alternatively, the techniques described above 
can be used With an ellipsoidal mirror, With or Without 
demagni?cation. 

EXAMPLE 4 

[0041] FIG. 7 shoWs yet another alternative device con 
structed in accordance With aspects of the invention, using 
a Digital Mirror Device (DMD). This device has a large 
array of very small (10-20 micron), very fast mirrors that can 
be rotated under electronic control. Placed in an image 
plane, they can be used to control the area that is re?ected 
into the optics. A suitable DMD (used for video projectors) 
may be obtained commercially from Texas Instruments Inc. 

(Dallas, Tex.). 

Oct. 25, 2001 

EXAMPLE 5 

[0042] The apparatus and methods for optical detection 
provided by the invention can be used in a large variety of 
optical systems and for a large variety of optical applica 
tions. This example describes a preferred system, namely a 
multi-mode high-throughput light-detection system for ana 
lyZing samples. 

[0043] FIG. 8 shoWs such a system 350, Which includes a 
transport module 352 and an analysis module 354 capable of 
detecting and analyZing light. The transport module includes 
I/O sites 356, a transfer site 358, and mechanisms (not 
visible) for transporting sample holders betWeen the I/O and 
transfer sites, as described above. The analysis module 
includes a housing 360, a moveable control unit 362, an 
optical system (not visible), and a transport mechanism 364. 
The housing may be used to enclose the analysis module, 
protecting both the user and components of the module, and 
may be used as a ?xed reference point to describe the 
motions of any moveable portions of the apparatus, such as 
a scanning optics head. The control unit may be used to 
operate the module manually and/or robotically, as 
described in US. Pat. No. 6,025,985, Which is incorporated 
herein by reference. The optical system and transport 
mechanisms are described in subsequent sections. 

[0044] FIGS. 9-12 shoW an optical system (and related 
components) 390 for use in system 350. The optical system 
may include components for generating and/or detecting 
light, and for transmitting light to and/or from a sample. 
These components may include (1) a stage for supporting 
the sample, (2) one or more light sources for delivering light 
to the sample, (3) one or more detectors for receiving light 
transmitted from the sample and converting it to a signal, (4) 
?rst and second optical relay structures for relaying light 
betWeen the light source, sample, and detector, and/or (5) a 
processor for analyZing the signal from the detector. System 
components may be chosen to optimiZe speed, sensitivity, 
and/or dynamic range for one or more assays. For example, 
optical components With loW intrinsic luminescence may be 
used to enhance sensitivity in luminescence assays by reduc 
ing background. System components also may be shared by 
different assays, or dedicated to particular assays. For 
example, steady-state photoluminescence assays may use a 
continuous light source, time-resolved photoluminescence 
assays may use a time-varying light source, and chemilu 
minescence assays may not use a light source. Similarly, 
steady-state and time-resolved photoluminescence assays 
may both use a ?rst detector, and chemiluminescence assays 
may use a second detector. 

[0045] Optical system 390 includes (a) a photolumines 
cence optical system, and (b) a chemiluminescence optical 
system, as described beloW. Further aspects of the optical 
system are described in the folloWing patent applications, 
Which are incorporated herein by reference: US. patent 
application Ser. No. 09/160,533, ?led Sep. 24, 1998; US. 
patent application Ser. No. 09/349,733, ?led Jul. 8, 1999; 
PCT Patent Application Serial No. PCT/US99/16287, ?led 
Jul. 26, 1999; and PCT Patent Application Serial No. PCT/ 
US00/04543, ?led Feb. 22, 2000. 

[0046] 
[0047] FIGS. 9-11 shoW the photoluminescence (or inci 
dent light-based) optical system of optical system 390. As 

a. Photoluminescence Optical System 
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con?gured here, optical system 390 includes a continuous 
light source 400 and a time-modulated light source 402. 
Optical system 390 includes light source slots 403a-a' for 
four light sources, although other numbers of light source 
slots and light sources also could be provided. Light source 
slots 403a-a' function as housings that may surround at least 
a portion of each light source, providing some protection 
from radiation and explosion. The direction of light trans 
mission through the incident light-based optical system is 
indicated by arroWs. 

[0048] Continuous source 400 provides light for absor 
bance, scattering, photoluminescence intensity, and steady 
state photoluminescence polariZation assays. Continuous 
light source 400 may include arc lamps, incandescent lamps, 
?uorescent lamps, electroluminescent devices, lasers, laser 
diodes, and light-emitting diodes (LEDs), among others. A 
preferred continuous source is a high-intensity, high color 
temperature xenon arc lamp, such as a Model LX175F 
CERMAX xenon lamp from ILC Technology, Inc. Color 
temperature is the absolute temperature in Kelvin at Which 
a blackbody radiator must be operated to have a chromatic 
ity equal to that of the light source. A high color temperature 
lamp produces more light than a loW color temperature 
lamp, and it may have a maximum output shifted toWard or 
into visible Wavelengths and ultraviolet Wavelengths Where 
many luminophores absorb. The preferred continuous 
source has a color temperature of 5600 Kelvin, greatly 
exceeding the color temperature of about 3000 Kelvin for a 
tungsten ?lament source. The preferred source provides 
more light per unit time than ?ash sources, averaged over the 
?ash source duty cycle, increasing sensitivity and reducing 
read times. Optical system 390 may include a modulator 
mechanism con?gured to vary the intensity of light incident 
on the sample Without varying the intensity of light pro 
duced by the light source. Further aspects of the continuous 
light source are described in US. patent application Ser. No. 
09/349,733, ?led Jul. 8, 1999, Which is incorporated herein 
by reference. 

[0049] Time-modulated source 402 provides light for 
time-resolved absorbance and/or photoluminescence assays, 
such as photoluminescence lifetime and time-resolved pho 
toluminescence polariZation assays. Apreferred time-modu 
lated source is a xenon ?ash lamp, such as a Model FX-1160 
xenon ?ash lamp from EG&G Electro-Optics. The preferred 
source produces a “?ash” of light for a brief interval before 
signal detection and is especially Well suited for time 
domain measurements. Other time-modulated sources 
include pulsed lasers, electronically modulated lasers and 
LEDs, and continuous lamps and other sources Whose 
intensity can be modulated extrinsically using a Pockels cell, 
Kerr cell, or other mechanism. Such other mechanisms may 
include an amplitude modulator such as a chopper as 
described in PCT Patent Application Serial No. PCT/US99/ 
16287, ?led Jul. 26, 1999, Which is incorporated herein by 
reference. Extrinsically modulated continuous light sources 
are especially Well suited for frequency-domain measure 
ments. 

[0050] In optical system 390, continuous source 400 and 
time-modulated source 402 produce multichromatic, unpo 
lariZed, and incoherent light. Continuous source 400 pro 
duces substantially continuous illumination, Whereas time 
modulated source 402 produces time-modulated 
illumination. Light from these light sources may be deliv 
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ered to the sample Without modi?cation, or it may be ?ltered 
to alter its intensity, spectrum, polariZation, or other prop 
erties. 

[0051] Light produced by the light sources folloWs an 
excitation optical path to an examination site or measure 
ment region. Such light may pass through one or more 
“spectral ?lters,” Which generally comprise any mechanism 
for altering the spectrum of light that is delivered to the 
sample. Spectrum refers to the Wavelength composition of 
light. A spectral ?lter may be used to convert White or 
multichromatic light, Which includes light of many colors, 
into red, blue, green, or other substantially monochromatic 
light, Which includes light of one or only a feW colors. In 
optical system 390, spectrum is altered by an excitation 
interference ?lter 404, Which preferentially transmits light of 
preselected Wavelengths and preferentially absorbs light of 
other Wavelengths. For convenience, excitation interference 
?lters 404 may be housed in an excitation ?lter Wheel 406, 
Which alloWs the spectrum of excitation light to be changed 
by rotating a preselected ?lter into the optical path. Spectral 
?lters also may separate light spatially by Wavelength. 
Examples include gratings, monochromators, and prisms. 

[0052] Spectral ?lters are not required for monochromatic 
(“single color”) light sources, such as certain lasers, Which 
output light of only a single Wavelength. Therefore, excita 
tion ?lter Wheel 406 may be mounted in the optical path of 
some light source slots 403a,b, but not other light source 
slots 403c,a'. Alternatively, the ?lter Wheel may include a 
blank station that does not affect light passage. 

[0053] Light next passes through an excitation optical 
shuttle (or sWitch) 408, Which positions an excitation ?ber 
optic cable 410a,b in front of the appropriate light source to 
deliver light to top or bottom optics heads 412a,b, respec 
tively. Light is transmitted through a ?ber optic cable much 
like Water is transmitted through a garden hose. Fiber optic 
cables can be used easily to turn light around corners and to 
route light around opaque components of the apparatus. 
Moreover, ?ber optic cables give the light a more uniform 
intensity pro?le. A preferred ?ber optic cable is a fused 
silicon bundle, Which has loW autoluminescence. Despite 
these advantages, light also can be delivered to the optics 
heads using other mechanisms, such as mirrors. 

[0054] Light arriving at the optics head may pass through 
one or more excitation “polariZation ?lters,” Which gener 
ally comprise any mechanism for altering the polariZation of 
light. Excitation polariZation ?lters may be included With the 
top and/or bottom optics head. In optical system 390, 
polariZation is altered by excitation polariZers 414, Which 
are included only With top optics head 412a for top reading; 
hoWever, such polariZers also can be included With bottom 
optics head 412b for bottom reading. Excitation polariZation 
?lters 414 may include an s-polariZer S that passes only 
s-polariZed light, a p-polariZer P that passes only p-polariZed 
light, and a blank O that passes substantially all light, Where 
polariZations are measured relative to the beamsplitter. Exci 
tation polariZers 414 also may include a standard or ferro 
electric liquid crystal display (LCD) polariZation sWitching 
system. Such a system may be faster than a mechanical 
sWitcher. Excitation polariZers 414 also may include a 
continuous mode LCD polariZation rotator With synchro 
nous detection to increase the signal-to-noise ratio in polar 
iZation assays. Excitation polariZers 414 may be incorpo 
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rated as an inherent component in some light sources, such 
as certain lasers, that intrinsically produce polarized light. 
Further aspects of the polariZation ?lters and their use in 
polariZation assay are described in US. patent application 
Ser. No. 09/349,733, ?led Jul. 8, 1999, Which is incorporated 
herein by reference. 

[0055] Light at one or both optics heads also may pass 
through an excitation “confocal optics element,” Which 
generally comprises any mechanism for focusing light into 
a “sensed volume.” In optical system 390, the confocal 
optics element includes a set of lenses 417a-c and an 
excitation aperture 416 placed in an image plane conjugate 
to the sensed volume, as shoWn in FIG. 11. Aperture 416 
may be implemented directly, as an aperture, or indirectly, as 
the end of a ?ber optic cable. Preferred apertures have 
diameters of 1 mm and 1.5 mm. Lenses 417a,b project an 
image of aperture 416 onto the sample, so that only a 
preselected or sensed volume of the sample is illuminated. 
The area of illumination Will have a diameter corresponding 
to the diameter of the excitation aperture. 

[0056] Light traveling through the optics head is directed 
onto a beamsplitter 418, Which re?ects light toWard a sample 
420 and transmits light toWard a light monitor 422. The 
re?ected light passes through lens 417b, Which is opera 
tively positioned betWeen beamsplitter 418 and sample 420. 

[0057] Beamsplitter 418 is used to direct excitation or 
incident light toWard the sample and light monitor, and to 
direct light leaving the sample toWard the detector. The 
beamsplitter is changeable, so that it may be optimiZed for 
different assay modes or samples. In some embodiments, 
sWitching betWeen beamsplitters may be performed manu 
ally, Whereas in other embodiments, such sWitching may be 
performed automatically. Automatic sWitching may be per 
formed based on direct operator command, or based on an 
analysis of the sample by the instrument. If a large number 
or variety of photoactive molecules are to be studied, the 
beamsplitter must be able to accommodate light of many 
Wavelengths; in this case, a “50:50” beamsplitter that 
re?ects half and transmits half of the incident light indepen 
dent of Wavelength is optimal. Such a beamsplitter can be 
used With many types of molecules, While still delivering 
considerable excitation light onto the sample, and While still 
transmitting considerable light leaving the sample to the 
detector. If one or a feW related photoactive molecules are to 
be studied, the beamsplitter needs only to be able to accom 
modate light at a limited number of Wavelengths; in this 
case, a “dichroic” or “multidichroic” beamsplitter is optimal. 
Such a beamsplitter can be designed With cutoff Wavelengths 
for the appropriate sets of molecules and Will re?ect most or 
substantially all of the excitation and background light, 
While transmitting most or substantially all of the emission 
light in the case of luminescence. This is possible because 
the beamsplitter may have a re?ectivity and transmissivity 
that varies With Wavelength. 

[0058] The beamsplitter more generally comprises any 
optical device for dividing a beam of light into tWo or more 
separate beams. A simple beamsplitter (such as a 50:50 
beamsplitter) may include a very thin sheet of glass inserted 
in the beam at an angle, so that a portion of the beam is 
transmitted in a ?rst direction and a portion of the beam is 
re?ected in a different second direction. A more sophisti 
cated beamsplitter (such as a dichroic or multi-dichroic 
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beamsplitter) may include other prismatic materials, such as 
fused silica or quartZ, and may be coated With a metallic or 
dielectric layer having the desired transmission and re?ec 
tion properties, including dichroic and multi-dichroic trans 
mission and re?ection properties. In some beamsplitters, tWo 
right-angle prisms are cemented together at their hypotenuse 
faces, and a suitable coating is included on one of the 
cemented faces. Further aspects of the beamsplitter are 
described in PCT Patent Application Serial No. PCT/US00/ 
06841, ?led Mar. 15, 2000, Which is incorporated herein by 
reference. 

[0059] Light monitor 422 is used to correct for ?uctuations 
in the intensity of light provided by the light sources. Such 
corrections may be performed by reporting detected inten 
sities as a ratio over corresponding times of the lumines 
cence intensity measured by the detector to the excitation 
light intensity measured by the light monitor. The light 
monitor also can be programmed to alert the user if the light 
source fails. Apreferred light monitor is a silicon photodiode 
With a quartZ WindoW for loW autoluminescence. 

[0060] The sample (or composition) may be held in a 
substrate (or sample holder) supported by a stage 423. The 
sample can include compounds, mixtures, surfaces, solu 
tions, emulsions, suspensions, cell cultures, fermentation 
cultures, cells, tissues, secretions, and/or derivatives and/or 
extracts thereof. Analysis of the sample may involve mea 
suring the presence, concentration, or physical properties 
(including interactions) of a photoactive analyte in such a 
sample. Sample may refer to the contents of a single 
microplate Well, or several microplate Wells, depending on 
the assay. 

[0061] The system and its components may be used With 
a variety of substrates. As used here, “substrate” generally 
comprises any material, surface, or other holder capable of 
supporting a sample for use in optical spectroscopy, and 
preferably for use With automated sample handling equip 
ment. The substrate may support discrete or continuous 
samples, Where sample sites refer to the locations of discrete 
samples or the locations of different regions Within a con 
tinuous sample, respectively. The substrate may support 
samples at loW, intermediate, or high density, and be 
designed for single or multiple use. 

[0062] Representative sample holders include micro 
plates, PCR plates, biochips, and chromatography plates, 
among others. A microplate is a multi-Well sample holder, 
typically but not exclusively used for luminescence appli 
cations. A PCR plate is a multi-Well sample holder used for 
performing PCR. Preferred PCR plates Would include a 
footprint, Well spacing, and Well shape similar to those of the 
preferred microplates, While possessing a stiffness adequate 
for automated handling and a thermal stability adequate for 
PCR. A biochip is a small, ?at surface (such as a glass or 
silicon Wafer, a semiconductor chip, or a multiple-Well 
CCD) onto Which biomolecules (such as nucleic acids and 
proteins) are immobiliZed in distinct spots or arrays. Bio 
chips include DNA chips, DNA microarrays, gene arrays, 
and gene chips, among others. Preferred biochips are 
described in Bob Sinclair, Everything’s Great When It Sits 
on a Chip: A Bright Future for DNA Arrays, 13 The 
Scientist, May 24, 1999, at 18. As de?ned here, a chroma 
tography plate is a ?at surface used for performing chroma 
tography, electrophoresis, or other separations. 
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[0063] In optical system 390, the preferred sample holder 
is a microplate 424, Which includes a plurality of discrete 
microplate Wells 426 for holding samples. Microplates are 
typically substantially rectangular holders that include a 
plurality of sample Wells for holding a corresponding plu 
rality of samples. These sample Wells are normally cylin 
drical in shape although rectangular or other shaped Wells 
are sometimes used. The sample Wells are typically disposed 
in regular arrays. The “standard” microplate includes 96 
cylindrical sample Wells disposed in an 8><12 rectangular 
array on 9-millimeter centers. Preferred microplates are 
described in US. patent application Ser. No. 09/478,819, 
?led Jan. 5, 2000, Which is incorporated herein by reference. 

[0064] The sensed volume generally comprises any vol 
ume from Which light is detected, and preferably any volume 
from Which light is substantially exclusively detected. The 
sensed volume may have an hourglass shape, With a cone 
angle of about 25° and a minimum diameter ranging 
betWeen 0.1 mm and 2.0 mm. For 96-Well and 384-Well 
microplates, a preferred minimum diameter is about 1.5 mm. 
For 1536-Well microplates, a preferred minimum diameter is 
about 1.0 mm. The siZe and shape of the sample holder may 
be matched to the siZe and shape of the sensed volume, as 
described in US. patent application Ser. No. 09/478,819, 
?led Jan. 5, 2000, Which is incorporated herein by reference. 

[0065] The position of the sensed volume can be moved 
precisely Within the sample to optimiZe the signal-to-noise 
and signal-to-background ratios. For example, the sensed 
volume may be moved aWay from Walls or other boundary 
interfaces in the sample holder to optimiZe signal-to-noise 
and signal-to-background ratios, reducing spurious signals 
that might arise from luminophores bound to the Walls and 
thereby immobiliZed. In optical system 390, position in the 
X,Y-plane perpendicular to the optical path is controlled by 
moving the stage supporting the sample, Whereas position 
along the Z-axis parallel to the optical path is controlled by 
moving the optics heads using a Z-axis adjustment mecha 
nism 430, as shoWn in FIGS. 9 and 10. HoWever, any 
mechanism for bringing the sensed volume into alignment or 
register With the appropriate portion of the sample also may 
be employed. In particular, mechanisms such as those pre 
sented above in Examples 1-4 may be employed for bringing 
the sensed volume into alignment With a preselected portion 
of a moving sample holder and for maintaining that align 
ment during sample reading. 

[0066] The combination of top and bottom optics permits 
assays to combine: (1) top illumination and top detection, or 
(2) top illumination and bottom detection, or (3) bottom 
illumination and top detection, or (4) bottom illumination 
and bottom detection. Same-side illumination and detection, 
(1) and (4), is referred to as “epi” and is preferred for 
photoluminescence and scattering assays. Opposite-side 
illumination and detection, (2) and (3), is referred to as 
“trans” and has been used in the past for absorbance assays. 
In optical system 390, epi modes are supported, so the 
excitation and emission light travel the same path in the 
optics head, albeit in opposite or anti-parallel directions. 
HoWever, trans modes also can be used With additional 
sensors, as described beloW. In optical system 390, top and 
bottom optics heads move together and share a common 
focal plane. HoWever, in other embodiments, top and bottom 
optics heads may move independently, so that each can 
focus independently on the same or different sample planes. 
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[0067] Generally, top optics can be used With any sample 
holder having an open top, Whereas bottom optics can be 
used only With sample holders having optically transparent 
bottoms, such as glass or thin plastic bottoms. Clear bottom 
sample holders are particularly suited for measurements 
involving analytes that accumulate on the bottom of the 
holder. 

[0068] Light may be transmitted by the sample in multiple 
directions. A portion of the transmitted light Will folloW an 
emission pathWay to a detector. Transmitted light passes 
through lens 417c and may pass through an emission aper 
ture 431 and/or an emission polariZer 432. In optical system 
390, the emission aperture is placed in an image plane 
conjugate to the sensed volume and transmits light substan 
tially exclusively from this sensed volume. In optical system 
390, the emission apertures in the top and bottom optical 
systems are the same siZe as the associated excitation 
apertures, although other siZes also may be used. The 
emission polariZers are included only With top optics head 
412a. The emission aperture and emission polariZer are 
substantially similar to their excitation counterparts. Emis 
sion polariZer 432 may be included in detectors that intrin 
sically detect the polariZation of light. 

[0069] Excitation polariZers 414 and emission polariZers 
432 may be used together in nonpolariZation assays to reject 
certain background signals. Luminescence from the sample 
holder and from luminescent molecules adhered to the 
sample holder is expected to be polariZed, because the 
rotational mobility of these molecules should be hindered. 
Such polariZed background signals can be eliminated by 
“crossing” the excitation and emission polariZers, that is, 
setting the angle betWeen their transmission axes at 90°. As 
described above, such polariZed background signals also can 
be reduced by moving the sensed volume aWay from Walls 
of the sample holder. To increase signal level, beamsplitter 
418 should be optimiZed for re?ection of one polariZation 
and transmission of the other polariZation. This method Will 
Work best Where the luminescent molecules of interest emit 
relatively unpolariZed light, as Will be true for small lumi 
nescent molecules in solution. 

[0070] Transmitted light next passes through an emission 
?ber optic cable 434a,b to an emission optical shuttle (or 
sWitch) 436. This shuttle positions the appropriate emission 
?ber optic cable in front of the appropriate detector. In 
optical system 390, these components are substantially 
similar to their excitation counterparts, although other 
mechanisms also could be employed. 

[0071] Light exiting the ?ber optic cable next may pass 
through one or more emission “intensity ?lters,” Which 
generally comprise any mechanism for reducing the inten 
sity of light. Intensity refers to the amount of light per unit 
area per unit time. In optical system 390, intensity is altered 
by emission neutral density ?lters 438, Which absorb light 
substantially independent of its Wavelength, dissipating the 
absorbed energy as heat. Emission neutral density ?lters 438 
may include a high-density ?lter H that absorbs most 
incident light, a medium-density ?lter M that absorbs some 
What less incident light, and a blank O that absorbs substan 
tially no incident light. These ?lters may be changed manu 
ally, or they may be changed automatically, for example, by 
using a ?lter Wheel. Intensity ?lters also may divert a portion 
of the light aWay from the sample Without absorption. 
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Examples include beam splitters, Which transmit some light 
along one path and re?ect other light along another path, and 
diffractive beam splitters (e.g., acousto-optic modulators), 
Which de?ect light along different paths through diffraction. 
Examples also include hot mirrors or WindoWs that transmit 
light of some Wavelengths and absorb light of other Wave 
lengths. 

[0072] Light next may pass through an emission interfer 
ence ?lter 440, Which may be housed in an emission ?lter 
Wheel 442. In optical system 390, these components are 
substantially similar to their excitation counterparts, 
although other mechanisms also could be employed. Emis 
sion interference ?lters block stray excitation light, Which 
may enter the emission path through various mechanisms, 
including re?ection and scattering. If unblocked, such stray 
excitation light could be detected and misidenti?ed as pho 
toluminescence, decreasing the signal-to-background ratio. 
Emission interference ?lters can separate photolumines 
cence from excitation light because photoluminescence has 
longer Wavelengths than the associated excitation light. 
Luminescence typically has Wavelengths betWeen 200 and 
2000 nanometers. 

[0073] The relative positions of the spectral, intensity, 
polariZation, and other ?lters presented in this description 
may be varied Without departing from the spirit of the 
invention. For example, ?lters used here in only one optical 
path, such as intensity ?lters, also may be used in other 
optical paths. In addition, ?lters used here in only top or 
bottom optics, such as polariZation ?lters, may also be used 
in the other of top or bottom optics or in both top and bottom 
optics. The optimal positions and combinations of ?lters for 
a particular experiment Will depend on the assay mode and 
the sample, among other factors. 

[0074] Light last passes to a detector, Which is used in 
absorbance, scattering and photoluminescence assays, 
among others. In optical system 390, there is one detector 
444, Which detects light from all modes. Apreferred detector 
is a photomultiplier tube (PMT). Optical system 390 
includes detector slots 4145a-a' for four detectors, although 
other numbers of detector slots and detectors also could be 
provided. 

[0075] More generally, detectors comprise any mecha 
nism capable of converting energy from detected light into 
signals that may be processed by the apparatus, and by the 
processor in particular. Suitable detectors include photomul 
tiplier tubes, photodiodes, avalanche photodiodes, charge 
coupled devices (CCDs), and intensi?ed CCDs, among 
others. Depending on the detector, light source, and assay 
mode, such detectors may be used in a variety of detection 
modes. These detection modes include (1) discrete (e.g., 
photon-counting) modes, (2) analog (e.g., current-integra 
tion) modes, and/or (3) imaging modes, among others, as 
described in PCT Patent Application Serial No. PCT/US99/ 
03678. 

[0076] b. Chemiluminescence Optical System 

[0077] FIGS. 9, 10, and 12 shoW the chemiluminescence 
optical system of optical system 390. Because chemilumi 
nescence folloWs a chemical event rather than the absorption 
of light, the chemiluminescence optical system does not 
require a light source or other excitation optical components. 
Instead, the chemiluminescence optical system requires only 
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selected emission optical components. In optical system 
390, a separate lensless chemiluminescence optical system 
is employed, Which is optimiZed for maximum sensitivity in 
the detection of chemiluminescence. 

[0078] Generally, components of the chemiluminescence 
optical system perform the same functions and are subject to 
the same caveats and alternatives as their counterparts in the 
incident light-based optical system. The chemiluminescence 
optical system also can be used for other assay modes that 
do not require illumination, such as electrochemilumines 
cence. 

[0079] The chemiluminescence optical path begins With a 
chemiluminescent sample 420 held in a sample holder 426. 
The sample and sample holder are analogous to those used 
in photoluminescence assays; hoWever, analysis of the 
sample involves measuring the intensity of light generated 
by a chemiluminescence reaction Within the sample rather 
than by light-induced photoluminescence. A familiar 
example of chemiluminescence is the gloW of the ?re?y. 

[0080] Chemiluminescence light typically is transmitted 
from the sample in all directions, although most Will be 
absorbed or re?ected by the Walls of the sample holder. A 
portion of the light transmitted through the top of the Well is 
collected using a chemiluminescence head 450, as shoWn in 
FIG. 9, and Will folloW a chemiluminescence optical path 
Way to a detector. The direction of light transmission 
through the chemiluminescence optical system is indicated 
by arroWs. 

[0081] The chemiluminescence head includes a noncon 
focal mechanism for transmitting light from a sensed vol 
ume Within the sample. Detecting from a sensed volume 
reduces contributions to the chemiluminescence signal 
resulting from “cross talk,” Which is pickup from neighbor 
ing Wells. The nonconfocal mechanism includes a chemilu 
minescence baf?e 452, Which includes rugosities 453 that 
absorb or re?ect light from other Wells. The nonconfocal 
mechanism also includes a chemiluminescence aperture 454 
that further con?nes detection to a sensed volume. 

[0082] Light next passes through a chemiluminescence 
?ber optic cable 456, Which may be replaced by any suitable 
mechanism for directing light from the sample toWard the 
detector. Fiber optic cable 456 is analogous to excitation and 
emission ?ber optic cables 410a,b and 434a,b in the pho 
toluminescence optical system. Fiber optic cable 456 may 
include a transparent, open-ended lumen that may be ?lled 
With ?uid. This lumen Would alloW the ?ber optic to be used 
both to transmit luminescence from a microplate Well and to 
dispense ?uids into the microplate Well. The effect of such 
a lumen on the optical properties of the ?ber optic could be 
minimiZed by employing transparent ?uids having optical 
indices matched to the optical index of the ?ber optic. 

[0083] Light next passes through one or more chemilumi 
nescence intensity ?lters, Which generally comprise any 
mechanism for reducing the intensity of light. In optical 
system 390, intensity is altered by chemiluminescence neu 
tral density ?lters 458. Light also may pass through other 
?lters, if desired. 

[0084] Light last passes to a detector, Which converts light 
into signals that may be processed by the apparatus. In 
optical system 390, there is one chemiluminescence detector 
460. This detector may be selected to optimiZe detection of 
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blue/green light, Which is the type most often produced in 
chemiluminescence. A preferred detection is a photomulti 
plier tube, selected for high quantum ef?ciency and loW dark 
count at chemiluminescence Wavelengths (400-500 nanom 
eters). 
[0085] Although the invention has been disclosed in its 
preferred forms, the speci?c embodiments thereof as dis 
closed and illustrated herein are not to be considered in a 
limiting sense, because numerous variations are possible. 
For example, the apparatus and methods described herein 
may be used With any of the light detection devices, light 
detection methods, and/or sample holders described in the 
above-identi?ed patent applications. The invention may be 
used for ?uorescence and phosphorescence measurements, 
Which involve illuminating With light of one Wavelength and 
detecting light of a longer Wavelength. The invention also 
may be used for epi-absorption measurements, Which 
involve illuminating With and detecting light of the same 
Wavelength. The invention also may be used for chemilu 
minescence measurements, Which involve only detecting 
light. Applicants regard the subject matter of their invention 
to include all novel and nonobvious combinations and 
subcombinations of the various elements, features, func 
tions, and/or properties disclosed herein. No single feature, 
function, element, or property of the disclosed embodiments 
is essential. The folloWing claims de?ne certain combina 
tions and subcombinations of features, functions, elements, 
and/or properties that are regarded as novel and nonobvious. 
Other combinations and subcombinations may be claimed 
through amendment of the present claims or presentation of 
neW claims in this or a related application. Such claims, 
Whether they are broader, narroWer, equal, or different in 
scope to the original claims, also are regarded as included 
Within the subject matter of applicants’ invention. 

We claim: 
1. An apparatus for detecting light transmitted from a 

substrate having a plurality of sample sites, the apparatus 
comprising: 

a stage for supporting the substrate, the stage being 
con?gured to move the substrate in a ?rst direction so 
that the sample sites pass sequentially through an 
examination region delimited by a detection initiation 
position and a detection termination position; 

a detector con?gured to detect light; 

an optical relay structure con?gured to transmit light from 
a sensed volume Within the examination region to the 
detector, the sensed volume being smaller than the 
examination region; and 

an automated scanning mechanism con?gured to move 
the sensed volume in the ?rst direction betWeen the 
detection initiation position and the detection termina 
tion position; 

Wherein the sensed volume tracks a ?rst sample site as it 
moves betWeen the initiation position and the termina 
tion position, so that light transmitted by the ?rst 
sample can be detected by the detector. 

2. The apparatus of claim 1, Wherein the sensed volume 
returns to the initiation position after the ?rst sample site 
passes the termination position to track the next sample site 
as it moves betWeen the initiation position and the termina 
tion position. 
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3. The apparatus of claim 1 further comprising a light 
source, Where the optical relay structure further is con?gured 
to transmit light from the light source to the sensed volume. 

4. The apparatus of claim 1, Wherein the sample sites 
move at a substantially constant speed through the exami 
nation region. 

5. The apparatus of claim 1, Wherein the time required for 
the sensed volume to return to the initiation position is less 
than the time required for the sensed volume to track a 
sample site as it moves betWeen the initiation position and 
the termination position. 

6. The apparatus of claim 1, Wherein the scanning mecha 
nism includes re?ective optics. 

7. The apparatus of claim 6, Wherein the re?ective optics 
is selected from the group consisting of a parabolic mirror, 
a polygonal mirror, and a galvanometer mirror. 

8. The apparatus of claim 6, Wherein at least a portion of 
the re?ective optics undergoes translational motion to track 
the sample sites. 

9. The apparatus of claim 6, Wherein at least a portion of 
the re?ective optics undergoes rotational motion to track the 
sample sites. 

10. The apparatus of claim 1, Wherein the scanning 
mechanism includes refractive optics. 

11. The apparatus of claim 6, Wherein the detector 
includes a Wide area detection device, and the scanning 
mechanism includes a light blocking member having an 
aperture positioned betWeen the detection device and the 
examination region so that sensed volume tracking through 
the examination region is facilitated by moving the light 
blocking member relative to the Wide area detection device. 

12. The apparatus of claim 1, Wherein the substrate is 
selected from the group consisting of a microplate, a bio 
chip, and a chromatography plate. 

13. The apparatus of claim 12, Wherein the substrate is a 
microplate and the sample sites are Wells in the microplate. 

14. The apparatus of claim 1, Wherein the separation 
betWeen the ?rst and second sample sites exceeds the 
separation betWeen the initiation position and the termina 
tion position. 

15. The apparatus of claim 1 further comprising a housing 
con?gured to support and enclose a least a portion of the 
apparatus, Where the initiation position and the termination 
position are referenced relative to a ?xed portion of the 
housing. 

16. The apparatus of claim 1, Wherein the ?rst sample site 
moves past the termination position before the second 
sample site moves into the initiation position. 

17. The apparatus of claim 1, Wherein the light transmitted 
from the substrate includes light selected from the group 
consisting of ?uorescence, phosphorescence, and chemilu 
minescence. 

18. The apparatus of claim 1, the composition being 
contained in a spatial volume lying betWeen boundary 
interfaces located at different points along a Z-axis, Wherein 
the Z-axis is substantially perpendicular to the stage 

19. The apparatus of claim 1, Wherein the substrate further 
includes a third sample site, and Wherein the sensed volume 
returns to the initiation position after the second sample site 
passes the termination position to track the third sample site 
as it moves betWeen the initiation position and the termina 
tion position. 




