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(57) ABSTRACT 

The present invention is directed to an optical grating sensor 
con?gured to detect a phase change in light passing though 
the system due to a binding event caused by an analyte. The 
grating sensor may include a light source that may be, for 
example, a coherent light source. The invention may also 
include a ?rst diffraction grating having a ?rst period. A 
micro-electrical mechanical system (MEMS) may be dis 
placed from the ?rst diffraction grating and may be con?g 
ured to modulate the light received form the coherent light 
source. An analyte recognition material may be disposed on 
the surface of the ?rst grating. A detector may be con?gured 
to receive light form the coherent light source after the light 
has been diffracted from the ?rst diffraction grating and 
modulated by the MEMS. In another embodiment of the 
present invention, the grating sensor may be con?gured to 
operate in tWo modes. The ?rst mode may be a mode the 
detect a phase change in the light due to a binding event. The 
second mode may include the detection of ?uorescence due to 
a binding event and may employ tagging of the analytes. 
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SYSTEM AND METHOD FOR DETECTING 
PRESENCE OF ANALYTES USING 

GRATINGS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/350,508, ?led on Jan. 24, 2003, 
entitled “Grating Sensor”, Which is hereby incorporated by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to sensor devices for detecting 
the presence of an analyte. More particularly, the present 
invention relates to sensor devices for detecting the presence 
of a chemical or biological agent. More speci?cally, the 
present invention relates to chemical and biological agent 
sensor devices that detect phase changes in diffracted light 
When the light is incident on at least tWo diffraction grating 
sections. 

BACKGROUND OF THE INVENTION 

[0003] Biological and chemical Weapons, infectious dis 
eases, and environmental pathogens threaten both military 
and civilian personnel. Current technology lacks the capabil 
ity to accurately detect the presence of trace amounts of, for 
example, chemical and biological Warfare agents quickly and 
reliably. The present invention seeks to improve on the sen 
sitivity, speed and/or the reliability of such prior art sensors. 
[0004] Current technologies include those involving detec 
tion of analytes labeled With a ?uorescent, photo-lumines 
cent, radioactive or enZymatic marker. For example, the tech 
nique of radioimmunoassay may measure the competition 
betWeen radioactively labeled analyte and unlabeled analyte 
for binding sites on an antibody in an antiserum. Several 
de?ciencies in radioimmunoassay methodology have been 
identi?ed. First of all, it is necessary to make a physical 
separation of the antibody-bound, radiolabeled analyte from 
the free radiolabeled analyte. Furthermore, the methodology 
is very time-intensive and requires substantial labor to 
employ. 
[0005] Another broad category of currently used sensors 
includes those that employ optical Waveguides. Waveguide 
sensors typically have disadvantages of high sensitivity to 
changes in the ambient conditions such as temperature, 
resulting in undesirable signal to noise ratios. 
[0006] Other traditional sensors may be con?gured to 
monitor the changes in the irradiance of several diffraction 
orders to detect the occurrence of a biological binding event. 
HoWever, irradiance measurements are not sensitive enough 
for many applications and are sensitive to noise, resulting in 
dif?culty in relating and quantifying the changes in the 
detected diffraction irradiance signal to an input stimulus. 
[0007] Some exemplary issues involved With detection 
architectures may include sensitivity issues (e.g., a loW limit 
of detection) With a high probability of detection (i.e., loW 
false negatives); a loW probability of false positives; and a 
rapid response time or various combinations of these issues. 
[0008] In summary, some exemplary problems With tradi 
tional sensors may include complexity of the system needed 
to evaluate for the presence of an analyte; the intensive train 
ing required to operate such complex systems; relatively 
time-consuming detection processes to identify the presence 
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of an analyte; and resolution of the sensor, or the ability to 
detect very small amounts of analyte. 

SUMMARY OF THE INVENTION 

[0009] Thus, the present invention seeks to address at least 
some of the foregoing problems identi?ed in prior art sensors, 
particularly those that detect chemical and biological agents. 
Thus, the present invention pertains to a system and method 
for detecting, for example, trace amounts of analyte using a 
grating-based sensor. The sensor may be con?gured for use 
With an illumination source and a signal detector in an exem 

plary embodiment of the system. This system may include, 
for example, a ?rst and second periodic grating that is super 
imposed and shifted laterally relative to each other by a dis 
tance of less than one period, for example. This embodiment 
may permit the illumination from the source to be affected by 
both gratings prior to reaching the detector. An analyte rec 
ognition material may be disposed on a surface of, for 
example, the second diffraction grating. Alternative embodi 
ments of the present invention may include the use of a 
MEMS device to modulate the signal received from a grating 
having an analyte recognition material deposited upon the 
grating. 
[0010] The invention according to a ?rst aspect may 
include a ?rst periodic diffraction grating and a second peri 
odic diffraction grating. The gratings may be superimposed 
on one another and may also be shifted relative to one another 
by a distance of less than one grating period. An analyte 
recognition material may be disposed on the surface of one of 
the diffraction gratings, such as, for example, the second 
diffraction grating. A sensor according to this ?rst aspect of 
the present invention may also include an analyte recognition 
material. The analyte recognition material may be disposed 
on a surface of the second diffraction grating. The sensor 
according to the ?rst aspect of the present invention may also 
include an illumination source directing illumination onto the 
?rst grating. A detector may be disposed relative to the second 
grating such that illumination passing through the second 
diffraction grating is incident upon the detector. 
[0011] According to another aspect of the invention, the 
optical sensor may include a positioning system. In one 
embodiment of the invention, the positioning system may be 
con?gured to move one or both of the ?rst and second grat 
ings. According to yet another aspect of the present invention, 
the optical sensor may also include a spatial ?lter. The spatial 
?lter may be disposed such that predetermined orders of 
diffracted light are prevented from reaching the detector. 
According to another aspect of the present invention, the 
distance of less than one period may be, for example, 1A 
period. Various analyte recognition materials may also be 
used in connection With the present invention. Such analyte 
recognition materials include, for example, antibodies, 
nucleic acids, or lectins. 
[0012] According to another embodiment of the present 
invention, the invention may include a method of detecting an 
analyte. The method may include the steps of providing an 
optical sensor. Once the optical sensor has been provided, the 
output of the detector Within the optical sensor may be 
sampled to establish a baseline optical phase signal. After the 
baseline signal has been established, the analyte recognition 
material may be exposed to an analyte. The analyte may be a 
biological sample. By Way of example, the sample may be 
obtained from a mammal. The mammal may be, for example, 
a human. Alternatively, the sample may come from, for 


























