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ABSTRACT 

Apparatus for the conduct of electrochemiluminescence 
measurements includes an ECL chamber having a transpar 
ent Window de?ning one Wall of the chamber and a photo 
detector mounted closely adjacent thereto. An assay ?uid is 
subject to a magnetic ?eld and is electrically energized. 
Electrochemiluminescence induced in the ?uid is measured 
by the photodetector. 
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APPARATUS AND METHODS FOR CARRYING 
OUT ELECTROCHEMILUMINESCENCE TEST 

MEASUREMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This application relates generally to apparatus and 
methods for detecting and measuring analytes of interest by 
inducing electrochemiluminescence (ECL) in a test sample 
and detecting the resulting light. 

[0003] Numerous methods and systems have been devel 
oped for detecting and quantitating analytes of interest in 
chemical, biochemical, biological, and environmental 
samples. Methods and systems that are capable of measuring 
toxins, environmental contaminants, pharmacological 
agents, bioactive substances, metabolites, pathogenic organ 
isms, proteins and nucleic acids are of substantial value to 
researchers and clinicians. At this time, there are a number 
of commercially available instruments that utiliZe ECL for 
analytical measurements. These instruments have demon 
strated exceptional performance. 

[0004] The high cost, complex engineering and long 
development time required to custom-design and manufac 
ture ECL instruments have delayed broad implementation of 
ECL technology. Clearly, there remains a need for ECL 
subsystems or modules that can be easily adapted to a broad 
variety of different applications. 

[0005] Current needs for precision analytical testing 
instrumentation are extraordinarily diverse. For example, 
pharmaceutical screening analyses require instruments that 
can perform large numbers of analyses at very high speeds 
on very small quantities of sample. In addition, such instru 
ments may need to perform many different types of highly 
sensitive quantitative tests utiliZing different detection meth 
ods. Similarly, clinical diagnostic analyses for human health 
care typically require highly sensitive and exceptionally 
reliable instrumentation. In contrast, it is expected that 
commercial instruments intended for ?eld use Would be 
small, perhaps portable, simple to use, and operable With 
only limited poWer. LoW production and maintenance costs 
are often predominant considerations. 

[0006] 2. Description of the Prior Art 

[0007] An apparatus for carrying out electrochemilumi 
nescence test measurements is found in US. Pat. No. 
5,466,416 assigned to IGEN, Inc. A cross-sectional vieW of 
a How cell is depicted in FIG. 1. FloW cell 18 comprises a 
removable plug 20, a gasket 22, a retainer block 24, a 
counter electrode 26, an ECL test chamber 28, a Working 
electrode 30, a transparent block 32, a counter electrode 34, 
a retainer block 36, a conduit 46, a main housing 48, a 
chamber 40, a lateral block 42, a frit 44, a gasket 50, a plug 
52, an O-ring seal 56, a threaded coupling 58, a conduit 60, 
a pivot arm 61, a magnet 62, and a threaded coupling 64. 

[0008] How cell 18 includes a main housing 48 formed of 
a durable, transparent and chemically inert material such as 
acrylic or polymethyl methacrylate. Threaded coupling 64 
de?nes a ?uid inlet in a loWer surface of housing 48 and is 
contiguous With conduit 46. Conduit 46 extends through 
housing 48 from coupling 64 to an upper surface of housing 
48. Threaded coupling 58 de?nes a ?uid outlet in a loWer 
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surface of housing 48 and is contiguous With conduit 60. 
Conduit 60 extends through housing 48 from coupling 58 to 
the upper surface of housing 48. ECL test chamber 28 is 
bounded by the upper surface of housing 48, a loWer surface 
of block 32, loWer and side surfaces of counter electrodes 26 
and 34, the upper surface of Working electrode 30, and the 
interior surface of gasket 22. Chamber 28 communicates 
With both conduit 60 and conduit 46. Fluid introduced 
through coupling 64 may travel through conduit 46 to 
chamber 28 and exit through conduit 60 and coupling 58. 

[0009] Working electrode 30, counter electrode 26, and 
counter electrode 34 may consist of electrically-conductive 
materials such as platinum or gold. Working electrode 30 has 
a generally ?at, elongate, rectangular shape having a longi 
tudinal axis arranged generally transverse to a longitudinal 
axis of chamber 28. Electrode 30 is positioned centrally 
betWeen conduits 60 and 46 in a shalloW groove formed in 
the upper surface of housing 48. An adhesive (not shoWn) 
bonds electrode 30 to the groove in housing 48. Accordingly, 
at least three seams betWeen electrode 30 and housing 48 
abut chamber 28; one on each latitudinal side of electrode 30 
and a third at a longitudinal end of electrode 30. As 
displayed in FIG. 1, electrode 30 is approximately as Wide 
as the gap betWeen counter electrodes 26 and 34 and is 
positioned centrally therebetWeen. 

[0010] Counter electrodes 26 and 34 have an “L”-shaped 
cross-section, the shorter arm having a length slightly longer 
than the thickness of block 32 and the longer arm having a 
length of less than half of the Width of block 32. The tWo 
arms of each electrode are ?at, thin and positioned perpen 
dicular to each other but in different planes. The Widths of 
electrodes 26 and 34 are approximately less than half of the 
thickness of block 32. Counter electrode 26 is af?xed to a 
side of transparent block 32 and is held in place by retainer 
block 24. On the opposite side of transparent block 32, 
counter electrode 34 is similarly af?xed by retainer block 36. 

[0011] Magnet 62 is af?xed to pivot arm 61. In its raised 
position, pivot arm 61 positions magnet 62 beneath Working 
electrode 30, sandWiching a segment of housing 48 therebe 
tWeen. In its loWered position, pivot arm 61 pivots doWn and 
aWay from housing 48 thereby signi?cantly increasing the 
distance betWeen Working electrode 30 and magnet 62. 

[0012] A reference electrode assembly, integrated into 
housing 48, comprises chamber 40, block 42, gasket 50, frit 
44, plug 52, and gasket 56. An ionic ?uid (not shoWn) is 
retained Within chamber 40. Chamber 40 comprises a cavity 
de?ned by housing 48, gasket 50 and block 42. Frit 44 
extends into conduit 60 and is sealed by O-ring 56 and plug 
52 to prevent ?uidic interchange. 

[0013] Are?ll aperture (not shoWn) is provided in housing 
48 to alloW replacement of the ionic ?uid held in chamber 
40. The re?ll aperture is sealed by removable plug 20. To 
achieve useful and reproducible ECL test measurements, 
?oW cell 18 utiliZed a temperature-controlled environment. 
FIG. 2 illustrates an apparatus 80 from US. Pat. No. 
5,466,416 for providing a temperature-controlled environ 
ment for How cell 18. Apparatus 80 comprises a photomul 
tiplier tube (PMT) 82, an insulating cover 92, a housing 94, 
a plurality of foil heaters 96, a circuit board 84, How cell 18, 
a magnet 62, a pivot arm 61, a linear actuator 98, a coil 
spring 102, an air space 90, and a fan 104. For reference 
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purposes, housing 48, block 42, retainer block 24, counter 
electrode 26, and block 32 are speci?cally labelled on ?oW 
cell 18. 

[0014] Foil heaters 96 are positioned on the outer lateral 
surfaces and the outer loWer surface of housing 94. The 
upper surface of housing 94 adjacent PMT 82 is formed of 
a transparent material while the remaining portions of hous 
ing 94 are preferable opaque. Insulating cover 92 covers foil 
heaters 96 as Well as the remaining uncovered outer surfaces 
of housing 94 to provide thermal insulation and prevent the 
entry of light into ?oW cell 18. PMT 82 is a conventional 
photomultiplier tube mounted on the upper surface of hous 
ing 94. PMT 82 is physically large compared to the siZe of 
the ?oW cell, requires a high-voltage poWer supply, and is 
highly sensitive to the surrounding temperature and the 
presence of magnetic ?elds. It is preferable that PMT 82 be 
maintained at a relatively low temperature. FloW cell 18 is 
positioned beloW PMT 82 inside ternperature-controlled 
housing 94. 

[0015] Circuit board 84, incorporating operating electron 
ics for apparatus 80, is mounted on an interior surface of 
housing 94 adjacent ?oW cell 18. As shoWn, linear actuator 
98 is connected to coil spring 102 Which, in turn, is con 
nected to pivot arm 61. Magnet 62 is af?Xed to an end of 
pivot arm 61. 

[0016] The temperature Within housing 94 is controlled 
through the operation of foil heaters 96 in conjunction With 
fan 104. Fan 104, affixed to the interior surface of housing 
94, circulates air Within air space 90. Air space 90 eXtends 
throughout the interior of housing 94 and surrounds each 
component therein, including, speci?cally, ?oW cell 18. Air 
space 90 further includes an air gap betWeen the upper 
surface of ?oW cell 18, e.g., block 32, and the upper interior 
surface of housing 94. 

[0017] As described above, pivot arm 61, shoWn in its 
loWered position, can pivot upWard to place magnet 62 
Within housing 48 of ?oW cell 18. Linear actuator 98, 
operating in conjunction With coil spring 102, causes pivot 
arm 61 to move. 

[0018] In an ordinary operation, magnet 62 is raised into 
a position adjacent to Working electrode 30 of ?oW cell 18 
to attract magnetic particles in an assay ?uid in chamber 28 
to the vicinity of Working electrode 30. Shortly thereafter, to 
avoid rnagnetic interference With the operation of PMT 82, 
magnet 62 is withdrawn from ?oW cell 18 prior to the 
induction of electrochernilurninescence in the assay sarnple 
?uid. Conventionally, magnet 62 is not positioned to collect 
magnetic particles during the application of electrical energy 
to the assay ?uid. Magnet 62 is usually retracted before 
electrochernilurninescence is induced to avoid rnagnetic 
interference With ECL measurements by PMT 82. Removal 
of the magnetic ?eld from Working electrode 30 may alloW 
a ?oWing-assay sarnple ?uid to carry aWay rnagnetic par 
ticles collected there. 

[0019] Methods of calibration for apparatus 80 convolve 
diagnosis of the effectiveness of bead capture and the 
effectiveness of the ECL cell. Therefore, calibration is 
preferably achieved using bead-based standards (e.g. mag 
netic beads coated With ECL labels). 

[0020] As shoWn, apparatus 80 includes thermal insulation 
betWeen PMT 82 and ?oW cell 18. PMT 82 is very tern 
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perature-sensitive in that heat increases the background 
noise signal generated by PMT 82. Typically, PMT 82 is 
maintained in a moderate to low temperature environrnent. 
Since the ECL process generates considerable heat, ?oW cell 
18 is thermally isolated from PMT 82. The use of thermal 
insulating material betWeen ?oW cell 18 and PMT 82 
increases the length of the optical path from Working elec 
trode 30 to PMT 82 and, therefore, reduces the ef?ciency 
With Which light emitted at Working electrode 30 is trans 
rnitted to PMT 82. 

[0021] Additionally, it should be readily apparent that the 
optical path betWeen chamber 28 of ?oW cell 18 and PMT 
82 includes multiple air-solid and solid-solid boundaries. 
These transitions betWeen rnedia reduce the amount of 
ECL-generated light which ultimately reaches PMT 82. 
Light generated betWeen counter electrode 26 and Working 
electrode 30 or betWeen counter electrode 34 and Working 
electrode 30 passes from the assay ?uid in chamber 28 
through a bottom surface of block 32, through the bulk of 
block 32 and through the upper surface of block 32. At the 
loWer surface of block 32, light is re?ected back toWards 
housing 48 and, in particular, Working electrode 30. Light 
travelling through, the bulk of block 32 is diffused and may 
be gradually separated into cornponent Wavelengths. At the 
upper surface of block 32, a portion of the incident light is 
internally re?ected back into the bulk of block 32 While the 
remainder is transmitted into air space 90. Additionally, at 
the boundary betWeen block 32 and air space 90, the light 
rays Will be bent away from PMT 82 due to the decrease in 
refractive index across the boundary. Consequently, the 
amount of light directed toWards PMT 82 is reduced. 

[0022] The light travels through air space 90 to the loWer 
surface of housing 94 Where, again, some light is re?ected 
back toWards ?oW cell 18 While the remainder is transmitted 
into the bulk of housing 94. Within the bulk of housing 94, 
the light is diffused and may be further caused to separate 
into cornponent Wavelengths. At the upper surface of hous 
ing 94, Where PMT 82 abuts housing 94, a portion of the 
light is internally re?ected into the bulk of housing 94 While 
a remainder portion is transmitted to PMT 82. The afore 
described diffusion, bending, and re?ection of light may 
signi?cantly reduce the amount of ECL-generated light 
Which is actually incident upon PMT 82. 

[0023] As shoWn, ?oW cell 18 includes electrode-housing 
searns Within ECL chamber 28. The adhesive present at 
these seams and used to af?X Working electrode 30 to 
housing 48 may deteriorate and erode over time. As a result, 
assay ?uid cornponents, cleaning ?uid components, or other 
materials may collect in the seams betWeen electrode 30 and 
housing 48. The collected materials may react With or 
otherWise contarninate components of subsequent assays 
and thereby affect assay results. 

OBJECTS OF THE INVENTION 

[0024] It is, therefore, a primary object of the present 
invention to provide apparatus and methodology for carry 
ing out irnproved electrochernilurninescence test rneasure 
rnents. 

[0025] A further object of the invention is to provide 
apparatus and methodology for the ef?cient detection of 
light generated during an electrochernilurninescence assay. 
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[0026] Still a further and related object of the invention is 
to provide a modular ECL measurement apparatus for rapid 
and ef?cient incorporation into an application-speci?c diag 
nostic device. 

[0027] Another object of the invention is to provide appa 
ratus and methodology for conducting electrochemilumines 
cence test measurements under conditions of continuous 
?uid ?oW upon an assay sample containing magnetic par 
ticles. 

[0028] A still further object of the invention is to provide 
apparatus and methodology for applying a magnetic ?eld to 
assay materials during the induction of electrochemilumi 
nescence and simultaneously detecting the light generated 
thereby. 
[0029] Another object of the invention is to provide appa 
ratus that integrates each of the components needed to 
perform an ECL measurement in a single open-architecture 
ECL module. 

[0030] Yet another object of the invention is to provide a 
modular apparatus for carrying out an ECL measurement 
that comprises a modular system interface. 

[0031] A further object of the invention is to provide 
apparatus and methodology for an integrated system for 
assaying one or more samples for one or more analytes of 
interest. 

[0032] A related object of the invention is to provide 
apparatus for conducting multiple simultaneous or near 
simultaneous ECL measurements and for sharing an assay 
sample sampling device, a poWer supply, a controller, a 
system interface, and a user interface. 

[0033] An additional object of the invention is to provide 
apparatus and methodology for normaliZing the operations 
of tWo or more ECL modules. 

[0034] Another object of the invention is to provide an 
apparatus for ECL measurements that comprises a modular 
system interface that is adapted for convenient coupling to 
other analytical or processing devices. 

[0035] Another object of the invention is to provide appa 
ratus and systems capable of detecting analytes in a sample 
by means of electrochemiluminescence and one or more 

other analytical techniques. 

[0036] Still another object of the invention is to provide an 
integrated system for processing samples, amplifying 
nucleic acids, and measuring nucleic acids. 

SUMMARY OF THE INVENTION 

[0037] These and other objects of the invention are 
achieved in an apparatus for the conduct of electrochemi 
luminescence measurements Which includes a cell having at 
least one cell Wall Which includes a transparent portion 
adjacent to an ECL chamber de?ned Within the cell, a 
Working electrode abutting the ECL chamber and in optical 
registration With the transparent portion, a counter electrode 
abutting the ECL chamber and an electrically-shielded Win 
doW adjacent to and in optical registration With the trans 
parent portion of the cell Wall. 

[0038] The apparatus of the invention may also include a 
photodetector, eg a photodiode, in optical registration With 
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the electrically-shielded WindoW, the transparent portion of 
the cell Wall and the Working electrode. 

[0039] In preferred embodiments of the invention, the 
Working electrode is removably ?tted Within the cell and has 
a planar electrode surface abutting the ECL chamber such 
that no seam is created betWeen the Working electrode and 
the ECL chamber. A removable magnet is provided for 
applying a magnetic ?eld to the Working electrode. 

[0040] The object of creating an integrated system for 
assaying a sample or plurality of samples for a plurality of 
analytes of interest is also achieved in systems comprising a 
plurality of modules Which may share a common sample 
handling subsystem, a common poWer supply, a common 
controller and/or a common system or user interface. 

[0041] According to an aspect of the present invention an 
apparatus for the conduct of electrochemiluminescence 
measurements includes a cell having at least one cell Wall 
Which includes a transparent portion adjacent to an ECL 
chamber de?ned Within the cell, a Working electrode abut 
ting the ECL chamber and in optical registration With the 
transparent portion, a counter electrode abutting the ECL 
chamber, and an electrically-shielded WindoW adjacent to 
and in optical registration With the transparent portion. 

[0042] According to another aspect of the present inven 
tion an apparatus for the conduct of electrochemilumines 
cence measurements includes a cell having at least one cell 
Wall Which includes a transparent portion adjacent to an ECL 
chamber de?ned Within the cell, a Working electrode abut 
ting the ECL chamber and in optical registration With the 
transparent portion, a counter electrode abutting the ECL 
chamber, a photodiode in optical registration With the trans 
parent portion, and an optical ?lter adjacent to and in optical 
registration With the transparent portion. 

[0043] According to another aspect of the present inven 
tion an apparatus for the conduct of electrochemilumines 
cence measurements includes a cell-having at least one cell 
Wall Which includes a transparent portion adjacent to an ECL 
chamber de?ned Within the cell, a Working electrode abut 
ting the ECL chamber and in optical registration With the 
transparent portion, and a counter electrode abutting the 
ECL chamber and having an aperture in optical registration 
With the transparent portion. 

[0044] According to still another aspect of the present 
invention an apparatus for the conduct of electrochemilu 
minescence measurements includes a cell having at least one 
cell Wall Which includes a transparent portion adjacent to an 
ECL chamber de?ned Within the cell, a Working electrode 
abutting the ECL chamber and in optical registration With 
the transparent portion, and a counter electrode abutting the 
ECL chamber, Wherein the Working electrode is removably 
?tted Within the cell and has a planar electrode surface 
abutting the ECL chamber. 

[0045] According to still another aspect of the present 
invention an apparatus for the conduct of electrochemilu 
minescence measurements includes a cell having at least one 
cell Wall Which includes a transparent portion adjacent to an 
ECL chamber de?ned Within the cell, a Working electrode 
having a planar electrode surface abutting the ECL chamber 
and in optical registration With the transparent portion of the 
cell Wall, the Working electrode being positioned Within the 
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cell such that no seam between the Working electrode and 
the cell abuts the ECL chamber, and a counter electrode 
abutting the ECL chamber. 

[0046] According to still another aspect of the present 
invention an apparatus for the conduct of electrochemilu 
minescence measurements includes a cell having at least one 
cell Wall Which includes a transparent portion adjacent to an 
ECL chamber de?ned Within, the cell, a Working electrode 
abutting the ECL chamber and in optical registration With 
the transparent portion, a counter electrode abutting the ECL 
chamber, a photodiode adjacent to and in optical registration 
With the transparent portion, and a magnetic ?eld generating 
device operable to apply a magnetic ?eld at the Working 
electrode. 

[0047] According to yet another aspect of the present 
invention an apparatus for the conduct of electrochemilu 
minescence measurements includes a cell having at least one 
cell Wall Which includes a transparent portion adjacent to an 
ECL chamber de?ned Within the cell, a Working electrode 
abutting the ECL chamber and in optical registration With 
the transparent portion, a counter electrode abutting the ECL 
chamber, and a photodiode adjacent to and in optical reg 
istration With the transparent portion, the photodiode having 
a detection sensitivity substantially limited to light having a 
Wavelength in a range of 400 nm to 900 nm. 

[0048] According to yet another aspect of the present 
invention an apparatus for the conduct of electrochemilu 
minescence measurements includes a cell having at least one 
cell Wall Which includes a transparent portion adjacent to an 
ECL chamber de?ned Within the cell, a Working electrode 
abutting the ECL chamber and in optical registration With 
the transparent portion, a counter electrode abutting the ECL 
chamber and having an aperture in optical registration With 
the transparent portion, a photodetector adjacent to and in 
optical registration With the transparent portion, and a mag 
netic ?eld generating device, in registration With the aper 
ture, operable to apply a magnetic ?eld to the Working 
electrode. 

[0049] According to another aspect of the present inven 
tion an apparatus for the conduct of electrochemilumines 
cence measurements includes a cell having at least one cell 
Wall Which includes a transparent portion adjacent to an ECL 
chamber de?ned Within the cell, a Working electrode abut 
ting the ECL chamber and in optical registration With the 
transparent portion, a counter electrode abutting the ECL 
chamber, a photodiode adjacent to and in optical registration 
With the transparent portion, a magnetic ?eld generating 
device operable to apply a magnetic ?eld to the Working 
electrode, and a magnetic ?eld detector, in registration With 
the magnet device. 

[0050] According to another aspect of the present inven 
tion an apparatus for the conduct of electrochemilumines 
cence measurements includes a cell having at least one cell 
Wall Which includes a transparent portion adjacent to an ECL 
chamber de?ned Within the cell, a Working electrode abut 
ting the ECL chamber and in optical registration With the 
transparent portion, a counter electrode abutting the ECL 
chamber, a photodiode, adjacent to and in optical registra 
tion With the transparent portion, for detecting electrochemi 
luminescence induced in an assay ?uid in the ECL chamber 
and for producing an ECL signal representative of an 
intensity of the electrochemiluminescence, a storage device, 
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coupled to the photodiode, in Which a calibration signal 
representative of a calibration electrochemiluminescence 
may be stored, and a processor, coupled to the photodiode 
and to the storage device, operable to calculate an intensity 
value as a function of the ECL signal and the calibration 
signal. 
[0051] According to another aspect of the present inven 
tion a cell for the conduct of electrochemiluminescence 
measurements includes a ?rst base having a ?rst interior 
surface, a planar Working electrode positioned on the ?rst 
interior surface, a second base having a second interior 
surface and having a transparent portion therein to alloW 
light to pass therethrough, a planar counter electrode posi 
tioned on the second interior surface, the counter electrode 
having at least one opening therein to alloW the light to pass 
therethrough in registration With the Working electrode and 
the transparent portion of the second base, a gasket posi 
tioned betWeen the Working electrode and the counter elec 
trode to de?ne therebetWeen a cell volume, the volume 
communicating With the opening in the counter electrode, 
and a retaining device, coupled to the bases, Wherein the 
interior surfaces of the bases are in opposing relationship to 
form the cell and Wherein the second base includes a conduit 
through Which ?uid may be introduced into and removed 
from the cell volume. 

[0052] According to another aspect of the present inven 
tion a cell for the conduct of electrochemiluminescence 
includes cell structural elements, a Working electrode and a 
counter electrode, at least one of the structural elements 
having a transparent portion therein, Wherein the Working 
electrode is mounted on an interior surface of a structural 
element, a portion of the Working electrode and the trans 
parent portion of the at least one structural element de?ning, 
at least in part, a chamber for the conduct of electrochemi 
luminescence, the Working electrode including the entirety 
of a continuous planar surface of the chamber and the 
portion of the Working electrode and the transparent portion 
of the structural element being optically in registration With 
one another. 

[0053] According to another aspect of the present inven 
tion a method for conducting an ECL measurement includes 
the steps of introducing an assay sample into an ECL 
chamber Within a How cell, simultaneously applying an 
electric ?eld and a magnetic ?eld to the assay sample in the 
ECL chamber, and measuring, through an electrically 
shielded WindoW de?ning a Wall of said ECL chamber, 
electrochemiluminescence induced in the assay ?uid in the 
ECL chamber While the electric ?eld and the magnetic ?eld 
are applied. 

[0054] According to another aspect of the present inven 
tion a method for conducting an ECL measurement includes 
the steps of introducing an assay sample into an ECL 
chamber Within a How cell, simultaneously applying an 
electric ?eld and a magnetic ?eld to the assay sample in the 
ECL chamber, and measuring With a semiconductor photo 
detector electrochemiluminescence induced in the assay 
?uid in the ECL chamber While the electric ?eld and the 
magnetic ?eld are applied. 

[0055] According to another aspect of the present inven 
tion a method for normaliZing a plurality of ECL measure 
ment instruments includes the steps of conducting an ECL 
measurement With a reference ECL measurement instrument 
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upon a reference sample to produce a reference ECL signal, 
conducting an ECL measurement With a test ECL measure 
ment instrument upon the reference sample to produce a test 
ECL signal, and calculating a correction transform function 
as a function of the reference ECL signal and the test ECL 
signal. 

[0056] According to another aspect of the present inven 
tion an apparatus for the conduct of assay measurements 
includes a cell having at least one cell Wall Which includes 
a transparent portion adjacent to an ECL chamber de?ned 
Within the cell, a Working electrode abutting the ECL 
chamber and in optical registration With the transparent 
portion, a counter electrode abutting the ECL chamber, a 
?rst light detector, optically coupled to the ECL chamber 
and in optical registration With the transparent portion, for 
detecting electrochemiluminescence induced Within the 
ECL chamber, a light source, optically coupled to the ECL 
chamber, for providing light to the ECL chamber, and a 
second light detector, optically coupled to the ECL chamber. 

[0057] According to another aspect of the present inven 
tion an assay system includes a plurality of ECL modules 
and a controller device coupled to each of the plurality of 
ECL modules and operable to control an operation of each 
of the plurality of ECL modules. 

[0058] According to another aspect of the present inven 
tion an assay system includes a plurality of ECL modules 
and a poWer supply coupled to each of the plurality of ECL 
modules and operable to supply electrical poWer to each of 
the plurality of ECL modules. 

[0059] According to another aspect of the present inven 
tion an assay system includes a plurality of ECL modules 
and a sample introduction device coupled to each of the 
plurality of ECL modules and operable to supply a sample 
to each of the plurality of ECL modules. 

[0060] According to another aspect of the present inven 
tion an assay system includes a plurality of ECL modules 
and a Waste handling device coupled to each of the plurality 
of ECL modules and operable to receive Waste from each of 
the plurality of ECL modules. 

[0061] According to another aspect of the present inven 
tion an assay system includes a temperature-controlled 
enclosure and a plurality of ECL modules positioned Within 
the temperature-controlled enclosure. 

[0062] According to another aspect of the present inven 
tion an assay system includes an ECL module having an 
assay ?uid outlet and an assay module having an assay ?uid 
inlet coupled to the assay ?uid outlet. 

[0063] According to another aspect of the present inven 
tion an assay system includes an assay module having an 
assay ?uid outlet and an ECL module having an assay ?uid 
inlet coupled to the assay ?uid outlet. 

[0064] According to another aspect of the present inven 
tion an assay system includes an ECL module having a ?rst 
assay ?uid inlet and a ?rst Waste ?uid outlet and an assay 
module having a second assay ?uid inlet coupled to ?rst 
assay ?uid inlet and having a second Waste ?uid outlet 
coupled to the ?rst Waste ?uid outlet. 

[0065] According to another aspect of the present inven 
tion a modular ECL assay subsystem adapted for connection 
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to and use With a poWer supply, a controller, and a ?uid 
exchange system common to a plurality of the modular ECL 
subsystems includes a cell having at least one cell Wall 
Which includes a transparent portion adjacent to an ECL 
chamber de?ned Within the cell, a Working electrode abut 
ting the ECL chamber and in optical registration With the 
transparent portion, a counter electrode abutting the ECL 
chamber, a light detector, optically coupled to the ECL 
chamber, for detecting electrochemiluminescence induced 
Within the ECL chamber, a Waveform generator coupled to 
at least one of the Working electrode and the counter 
electrode and operable to generate an electric signal, a 
subsystem controller coupled to the Waveform generator and 
operable to control an operation of the Waveform generator, 
and an interface to the cell, coupled to each of the subsystem 
controllers, to the poWer supply, to the controller, and to the 
?uid exchange system, the controller being operable to 
control the subsystem controller, the poWer supply being 
operable to supply electrical poWer to the subsystem con 
troller and the ?uid exchange system being operable to 
provide an assay ?uid to the cell and to receive a Waste ?uid 
from the cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] FIG. 1 illustrates a prior art ?oW cell; 

[0067] FIG. 2 illustrates a prior art ECL measurement 
apparatus; 

[0068] FIGS. 3A and 3B illustrate a ?oW cell according to 
an embodiment of the present invention; 

[0069] FIGS. 4A, 4B, 4C, and 4D illustrate a ?oW cell 
component according to an embodiment of the present 
invention; 
[0070] FIG. 5 illustrates an ECL measurement apparatus 
according to an embodiment of the present invention; 

[0071] FIG. 6 is a ?oW chart illustrating an ECL testing 
method according to an embodiment of the present inven 
tion; 
[0072] FIG. 7 is a block diagram of an integrated system 
for ECL measurements according to an embodiment of the 
present invention; 
[0073] FIGS. 8A and 8B illustrate components of an 
integrated system for ECL measurements according to an 
embodiment of the present invention; 

[0074] FIG. 9A is a block diagram of an integrated system 
for ECL measurements according to an embodiment of the 
present invention; 
[0075] FIG. 9B is a block diagram of an integrated system 
for ECL measurements according to an embodiment of the 
present invention; 

[0076] FIGS. 10A, 10B, 10C and 10D illustrate compo 
nents of an integrated system for ECL measurements and for 
measurements With other devices according to an embodi 
ment of the present invention; and 

[0077] FIG. 11 illustrates a ?oW cell according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0078] The invention is in an ECL module capable of 
carrying out ECL measurements and capable of being inte 


































