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(57) ABSTRACT 

Micro-cavity gas or vapor sensors and gas or vapor detection 
methods. Optical energy is introduced into a resonant micro 
cavity having a deformable coating such as a polymer. The 
coating sWells or expands When it is exposed to or absorbs a 
gas or vapor, thereby changing the resonant Wavelength of 
optical energy circulating Within the micro-cavity/coating. 
Expansion or sWelling of the coating may be reversible such 
that it contracts When gas or vapor diffuses from the coating. 
The coating deformation and/or a change of one or more 
optical properties of the optical energy circulating Within the 
micro-cavity are used to detect the presence of the gas or 
vapor or molecules or particulates thereof 
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MICRO-CAVITY GAS AND VAPOR SENSORS 
AND DETECTION METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. application Ser. No. 12/243,580, ?led Oct. 1, 2008, 
Which claims the bene?t under 35 U.S.C. §119 of US. Pro 
visional Application Ser. Nos. 60/997,141; 60/997,142 and 
60/997,143, all of Which Were ?led on Oct. 1, 2007, the 
contents of all of Which are incorporated herein by reference 
as though set forth in full. 
[0002] This application may also be related to the following 
applications, the contents of Which are also incorporated 
herein by reference as though set forth in full: U.S. applica 
tion Ser. No. 11/733,480 (Publication No. 2007/0269901) 
and US. application Ser. No. 10/678,354 (Publication No. 
2004/0179573). 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0003] Not Applicable. 

FIELD OF INVENTION 

[0004] The present invention relates to micro-cavity gas or 
vapor sensors and associated detection methods. 

BACKGROUND 

[0005] Various knoWn sensor devices and methods have 
been utiliZed to detect different types of target molecules or 
particulates. Certain sensors involve detection or measure 
ment of biological elements utiliZing antibody-antigen inter 
actions. With these types of biological sensors, a surface or 
sensor can be labeled such that highly speci?c responses to 
molecules of interest can be generated. While such sensors 
may have high speci?city, they may also have a number of 
limitations including inadequate sensitivity and limited appli 
cations, particularly in the context of gas or vapor detection. 
For example, such biological sensors may be suitable for 
detecting certain gas or vapor molecules that have syntheti 
cally matched antibodies (such as Trinitrotoluene or “TNT”), 
but most gas or vapor molecules do not involve matched 
antibodies and the same degree of surface speci?city. 
[0006] Emission and absorption spectroscopic techniques 
may appear to be suitable methods for use in gas or vapor 
detection since they provide a “chemical ?ngerprint” of indi 
vidual molecules in a mixture. HoWever, such systems and 
methods have limited sensitivities for detection of a number 
of gas or vapor molecules and particulates of interest. 
[0007] Other knoWn sensors and detection methods also 
involve limited speci?city, sensitivities and/or limited appli 
cations such that they are not suitable or are not satisfactory 
for various gas or vapor sensing applications. In addition to 
these limitations, response times of sensors suitable for use in 
gas or vapor environments are often sloW, particularly folloW 
ing exposure to high concentrations of a gas or vapor. 

SUMMARY 

[0008] One embodiment is directed to a method for detect 
ing a gas or vapor that comprises introducing optical energy 
into a micro-cavity having a coating or ?lm and detecting the 
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gas or vapor based on deformation of the coating. Deforma 
tion of the coating results from the coating absorbing the gas 
or vapor. 

[0009] Another embodiment is directed to a method for 
detecting a gas or vapor that comprises introducing optical 
energy into a micro-cavity having a polymer coating and 
detecting the gas or vapor based on a resonant Wavelength 
shift of the optical energy. The resonant Wavelength shift is 
caused by deformation of the polymer coating, Which results 
from absorption of the gas or vapor by the polymer coating. 
[0010] A further embodiment is directed to a method for 
detecting a gas or vapor that comprises introducing optical 
energy into an ultra-high Q optical micro-cavity having a 
polymer coating and detecting the gas or vapor based on 
deformation of the polymer coating, Which results from 
absorption of the gas or vapor by the polymer coating. 
[0011] Yet another alternative embodiment is directed to a 
sensor for detecting gas or vapor. The sensor comprises an 
optical micro-cavity and a coating on an outer surface of the 
optical micro-cavity. The coating has material properties or is 
structured or con?gured to deform as a result of absorbing the 
gas or vapor to alter optical energy resonating Within the 
optical micro-cavity to indicate the presence of the gas or 
vapor. 
[0012] Another alternative embodiment is directed to a sen 
sor for detecting a gas or vapor that comprises an optical 
micro-cavity and a polymer coating or ?lm on an outer sur 
face of the micro-cavity. The polymer coating has material 
properties or is structured or con?gured to deform as a result 
of absorbing the gas or vapor and to shift a resonant Wave 
length of optical energy resonating Within the micro-cavity to 
indicate the presence of the gas or vapor. 
[0013] An additional embodiment is directed to a sensor for 
detecting a gas or vapor that comprises an ultra-high Q micro 
cavity and a polymer coating on an outer surface of the 
micro-cavity. The polymer coating has material properties or 
is structured or con?gured to deform as a result of absorbing 
the gas or vapor and to alter optical energy resonating Within 
the micro-cavity to indicate the presence of the gas or vapor. 
[0014] In one or more embodiments, the coating, Which 
may be a polymer such as Polymethyl methacrylate 
(PMMA), polyethyleneimine, Na?on , ?uorosciloxane or 
polyp -xylylene), or another deformable coating, may expand 
or sWell or may contract as a result of absorbing the gas or 
vapor. Expansion or contraction of the micro-cavity may also 
be reversible. Thus, if the coating expands as a result of 
absorption of the gas or vapor, the coating may contract as a 
result of diffusion of the gas or vapor from the coating. Simi 
larly, if the coating contracts as a result of absorption of the 
gas or vapor, then it may expand as a result of diffusion of the 
gas or vapor from the coating. These changes are used to 
detect a gas or vapor While optical energy resonates Within the 
micro-cavity. A sensor may also be re-usable for subsequent 
detection. 
[0015] In one or more embodiments, physical changes of 
the deformable coating and/or changes of optical energy reso 
nating Within a coated micro-cavity may be used to detect 
various types of target molecules or particulates in a gaseous 
environment, gases or vapors including, but not limited to, 
nitrogen dioxide (N02), ammonia (NH3), a chlorinated 
hydrocarbon, an aromatic hydrocarbon, an aliphatic hydro 
carbon, an acetate, an alcohol, 1,2-dichloroethane, bromo 
chloromethane, trichloromethane, dichloromethane or tetra 
chloromethane and other gases or vapors. 
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[0016] In one or more embodiments, a gas or vapor is 
detected based on a change of one or more of a dimension 

(e.g., diameter, height or thickness) of the coating, a dimen 
sion of a combination of the micro-cavity and the coating, and 
an optical property (e. g., resonant Wavelength) of the optical 
energy resonating Within the micro-cavity and/ or coating. For 
example, expansion or sWelling of the coating may cause a 
red shift of the resonant Wavelength of the optical energy 
resonating in the micro-cavity, Whereas contraction of the 
coating may cause a blue shift of the resonant Wavelength of 
the optical energy. 
[0017] In one or more embodiments, a gas or vapor sensor 
includes a planar micro-cavity. The planar micro-cavity may 
be in the form of a toroid, a disk, or a ring. Other embodiments 
of a gas or vapor sensor include a non-planar micro-cavity 
such as a micro-sphere. 

[0018] The optical micro-cavity may be made of various 
materials including silica. Embodiments may be imple 
mented using a single coated micro-cavity or array of coated 
micro-cavities. Micro-cavities in an array may have the same 
or different diameters, be made of the same or different mate 
rials, and have the same or different coatings to provide for 
different resonant Wavelengths and different responses to dif 
ferent gases and vapors. Sensors may be implemented using 
micro-cavities having Q values that are greater than 1 ,000 and 
micro-cavities having substantially higher Q values, e.g., 
ultra-high Q values greater than 106. Embodiments may be 
utiliZed to detect various types of gases and vapors and may 
be used in various applications including but not limited to 
environmental monitoring, explosives detection, toxicology 
and medical diagnostics and embodiments may be used to 
detect unlabeled molecules in gas or vapor. 

[0019] In one or more embodiments, the micro-cavity may 
be supported by a substrate. The micro-cavity and the sub 
strate are con?gured such that an outer edge of the micro 
cavity extends outWardly beyond a top of the substrate. For 
example, the substrate may extend upWardly and taper such 
that the micro-cavity extends beyond the outer edge of the top 
of the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The foregoing and other aspects of embodiments 
Will best be appreciated With reference to the detailed descrip 
tion of illustrated embodiments in conjunction With the 
accompanying draWings, Wherein: 
[0021] FIGS. 1A-C illustrate a gas or vapor sensor con 
structed according to one embodiment and having a deform 
able coating or ?lm on an outer surface of a resonant micro 
cavity and detection of a gas or vapor, FIG. 1A illustrating a 
coated micro-cavity that is not exposed to or placed Within a 
gas or vapor environment, FIG. 1B illustrating the micro 
cavity exposed to or placed Within a gas or vapor environment 
and the coating absorbing the gas or vapor and deforming or 
changing shape and/or siZe, and FIG. 1C illustrating the gas or 
vapor diffusing from the coating and reversibility of coating 
deformation; 
[0022] FIG. 2 is a block diagram of a gas or vapor sensor 
system constructed according to one embodiment that 
includes a gas or vapor sensor having a resonant micro-cavity 
and a deformable coating; 

[0023] FIG. 3 is a side vieW of a toroid-shaped micro-cavity 
of a gas or vapor sensor constructed according to one embodi 

ment; 
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[0024] FIG. 4 is a How diagram illustrating a method of 
manufacturing a toroid-shaped micro-cavity as shoWn in FIG. 
3; 
[0025] FIGS. 5A-C further illustrate fabrication stages of 
the method shoWn in FIG. 4; 
[0026] FIG. 6A illustrates application of a deformable coat 
ing to a toroid-shaped micro-cavity, and FIG. 6B illustrates a 
gas or vapor sensor constructed according to one embodiment 
having a toroid-shaped micro-cavity and a coating that 
deforms in the presence of a target gas or vapor; 
[0027] FIG. 7 is a perspective vieW of a gas or vapor sensor 
constructed according to one embodiment in the form of a 
toroid-shaped micro-cavity having a deformable coating; 
[0028] FIG. 8A is a perspective vieW of gas or vapor sensor 
in the form of a toroid-shaped micro-cavity having a deform 
able coating that is optically coupled to Waveguide for cou 
pling optical energy into the micro-cavity, and FIG. 8B is a 
top vieW of a gas or vapor sensor in the form of a toroid 
shaped micro-cavity having a deformable coating that is opti 
cally coupled to the Waveguide; 
[0029] FIG. 9 illustrates one example of a coupler or 
Waveguide in the form of a ?ber taper coupler that may be 
utiliZed With embodiments; 
[0030] FIG. 10 illustrates an array of gas vapor sensors in 
the form of toroid-shaped micro-cavities having deformable 
coatings and that are coupled to Waveguides; 
[0031] FIGS. 11A-D are more detailed top vieW illustra 
tions of a gas or vapor sensor constructed according to one 
embodiment and including a toroid-shaped micro-cavity and 
a deformable coating at various detection stages of detecting 
a gas or vapor, FIG. 11A illustrating a gas or vapor sensor and 
dimensions thereof, FIG. 11B illustrating the gas or vapor 
sensor being exposed to or placed Within a gas or vapor 
environment; FIG. 11C illustrating the deformable coating 
absorbing the gas or vapor and expanding or sWelling, and 
FIG. 11D illustrates diffusion of gas or vapor from the coating 
thereby resulting in contraction of the coating, e.g., to a thick 
ness or siZe before being exposed to the gas or vapor; 
[0032] FIG. 12 is a graph illustrating test results of embodi 
ments of a gas or vapor sensor including a toroid-shaped 
micro-cavity having a polymer coating and illustrating the 
sWelling response of the polymer coating relative to resonant 
Wavelength shift as a result of absorbing acetone; 
[0033] FIG. 13 illustrates a gas or vapor sensor constructed 
according to another embodiment that includes spherical 
micro-cavity or micro-sphere and a deformable coating or 
?lm; and 
[0034] FIG. 14 illustrates hoW the coating on the micro 
sphere as shoWn in FIG. 13 expands or sWells as a result of 
absorbing a gas or vapor. 

DETAILED DESCRIPTION OF ILLUSTRATED 
EMBODIMENTS 

[0035] Embodiments of the invention are related to a sensor 
and arrays of sensors for detecting gas or vapor molecules and 
aerosols, airborne particulates or collections of gas or vapor 
molecules (generally referred to as “gas or vapor”). Gas or 
vapor sensor embodiments include an optical or resonant 
micro-cavity (generally referred to as “micro-cavity”) and a 
deformable coating or ?lm (generally referred to as a “coat 
ing” or “deformable coating”) that is applied to at least a 
portion of an outer surface of the micro-cavity. The micro 
cavity and the deformable coating collectively form a hybrid 
gas or vapor sensor that is used to detect the presence of 














