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(57) 
An apparatus for using microwave energy for treating an 
infected site infested with insects or other small pests is 
disclosed. The apparatus comprises a source of microwave 
energy connected to a power Source and a power controller, 
a transmission element, and an antenna. The apparatus can 
also comprise an isolator to protect the source of microwave 
energy. Methods to use Such an apparatus for treatment of an 
infected site are also disclosed. 
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APPARATUS FOR USING MICROWAVE 
ENERGY FOR INSECT AND PEST 

CONTROLAND METHODS THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/575,240, filed Dec. 18, 2014, which 
is a continuation of U.S. patent application Ser. No. 13/766, 
672, filed Feb. 13, 2013, which claims the benefit of U.S. 
Provisional Patent Application 61/600,508, filed Feb. 17, 
2012. The contents of the Ser. No. 14/575.240 application, 
the Ser. No. 13/766,672 application, and the 61/600,508 
application are incorporated herein by reference in their 
entireties. 

FIELD OF THE DISCLOSURE 

0002 The present disclosure relates to systems and meth 
ods used in the performance of insect and pest control. More 
specifically, the present disclosure relates to an apparatus for 
using microwave energy for treating an infected site infested 
with insects or other small pests and methods thereof. 

BACKGROUND 

0003 Bedbugs (Cimex lectularius and other varieties) as 
household pests were largely eliminated in the early 1940s 
in developed countries. However, over the past decade, there 
has been a resurgence of bedbug infestations throughout the 
world, and particularly in the United States. This resurgence 
has been attributed to many factors, including increased 
international travel, increased exchange and use of previ 
ously owned furniture, and resistance to insecticides previ 
ously used in control treatments. Despite this resurgence, 
there has not been adequate developments in managing 
bedbug infestations. 
0004 Bedbugs, while typically found in the seams and 
crevasses of mattresses and in the folds of sheets and 
blankets on beds and in the linings of pillows, can also 
spread via and live on traveling bags, clothing, carpeting, 
and almost every location of an infected site. 
0005. In the past, many insect infestations were treated 
through the use of the chemical insecticide DDT (dichlo 
rodiphenyltrichloroethane). However, due to the environ 
mental impact and health risks involved with its use, DDT 
as an insecticide has been banned in the United States since 
1972 and in agricultural use throughout much of the world 
under the Stockholm Convention in 2004. It should be 
noted, however, that bedbugs resistant to DDT have been 
plaguing the population for decades. 
0006 Aside from DDT, other insecticides that have been 
used to control an insect infestation include pyrethroids, 
dichlorvos, and malathion. However, the insecticide 
approach has disadvantages. Chemical insecticides are sel 
dom effective in controlling an infestation with just one 
application, and often require several repeat applications or 
treatment sessions in order to properly clear the infestation. 
Also, the use of chemical insecticide treatments on items 
Such as mattresses requires Sufficient ventilation and time for 
the chemicals to disperse from the item before it can be used 
again. Further, insecticides also pose problems after their use 
in that any chemical residue left by the insecticide can 
trigger allergic reactions, and the possibility of health risks 
Such as cancer or neurotoxicity in humans and pets after long 
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term exposure have not been thoroughly explored. Thus, for 
a personal item Such as a mattress, where prolonged and 
close contact is typical, chemical treatments are undesirable. 
In any case, bedbugs and a few other insect species are 
immune to virtually all insecticides. 
0007 Alternatives to insecticides involve the use of inor 
ganic material (such as boric acid), vacuuming, and heat 
treatment. Heat treatments are generally effective in con 
trolling bedbugs. A typical heat treatment may involve 
steam, which, while effective in killing all stages of bed 
bugs, may not be effective or practical for large items such 
as mattresses or treating large areas of the Surrounding 
environment. Also, moisture left over by Steam treatments 
may lead to mold or moisture damage. Dry high heat 
treatments generally require repeated applications, and are 
difficult to apply at infection sites and can damage the 
treated material. Because the bedbugs and their eggs are so 
Small and the bugs themselves can retreat within crevices or 
penetrate deep into fabrics, treatment methods must be able 
to address locations or items where depth is an issue, without 
the damaging effects of residual moisture or high, dry heat. 
0008. In order to address the above problems and defi 
ciencies associated with the bedbug and insect treatments 
discussed above, an apparatus for microwave energy treat 
ment of infection sites infested with insects or other small 
pests is disclosed. The microwave energy is generated and 
transmitted to an antenna, where it is radiated to an infected 
site. The microwave energy is absorbed by the insects, their 
eggs or larvae, or Small pests, which raises their internal 
temperature up to the point of death, with little or no impact 
on Surrounding fabrics or mattress materials and wood. 

BRIEF SUMMARY OF THE DISCLOSURE 

0009. In certain aspects, an apparatus for using micro 
wave energy for treating an infected site infested with 
insects or other Small pests is provided. In one embodiment, 
the instrumentation comprises a source of microwave energy 
connected to a power source, a transmission element, and an 
antenna. 

0010. In other embodiments, the instrumentation com 
prises a source of microwave energy connected to a power 
Source, a transmission element, and an antenna. The instru 
mentation optionally further comprises a waveguide or a 
coaxial cable as a transmission element. 
0011. In yet another embodiment, an apparatus comprises 
a source of microwave energy connected to a power source, 
an isolator, a transmission element, and an antenna. Option 
ally, the antenna further comprises a beam forming antenna 
that focuses the microwave energy into a beam that can be 
directed at an area of infestation. The beam forming antenna 
optionally further comprises a baffle to absorb or prevent 
unwanted radiation from the beam forming antenna from 
reflecting or scattering toward the operator or towards other 
uncontrolled directions. 
0012. In yet another embodiment, an apparatus for using 
microwave energy for treating an infected site infested with 
insects or other Small pests comprises a source of microwave 
energy connected to a power Source, an isolator, a transmis 
sion element, and an antenna. The antenna optionally further 
comprises a beam forming antenna that focuses the micro 
wave energy into a beam that can be directed at an area of 
infestation. The beam forming antenna optionally further 
comprises a baffle to absorb or prevent unwanted radiation 
from the beam forming antenna from reflecting or scattering 
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toward the operator. The beam forming antenna is optionally 
flexibly connected to the source of source of microwave 
energy, allowing for the operator to easily position by hand 
the antenna toward an infected site that is infested with 
insects for illumination by the microwave energy. The 
flexibly connected beam forming antenna also allows for the 
operator to scan an infected site to illuminate the infected 
site a portion at a time until the entire site has been 
illuminated and effectively treated. 
0013. In certain aspects, a method for treating an infected 
site infested with small insects and other pests is provided. 
The method optionally comprises providing an apparatus for 
using microwave energy for treating an infected site infested 
with insects or other Small pests comprising a source of 
microwave energy connected to a power Source, an isolator, 
a transmission element, and an antenna. The method option 
ally further comprises generating microwave energy sourced 
from the microwave generator. The method optionally fur 
ther comprises forming the microwave energy into a beam 
of microwave energy. The method optionally further com 
prises directing the beam of microwave energy toward the 
infected site. The method optionally further comprises illu 
minating the infected site. 
0014. In certain aspects, a method for treating an infected 
site infested with small insects and other pests is provided. 
The method optionally comprises providing an apparatus for 
using microwave energy for treating an infected site infested 
with insects or other Small pests comprising a source of 
microwave energy connected to a power Source, an isolator, 
a transmission element, and an antenna. The method further 
comprises generating microwave energy sourced from the 
microwave generator. The method further comprises form 
ing the microwave energy into a beam of microwave energy. 
The method further comprises directing the beam of micro 
wave energy toward the infected site. The method further 
comprises illuminating the infected site. The method further 
comprises scanning the infected site to illuminate at least a 
portion of the infected site. The method further comprises 
scanning a remaining portion of the infected site such that an 
area encompassing the infected site is illuminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The above and other aspects, features and advan 
tages of the present disclosure will be more apparent from 
the following more particular description thereof, presented 
in conjunction with the following drawings, wherein: 
0016 FIG. 1 is a diagram depicting an apparatus for 
insect pest control according to one embodiment. 
0017 FIG. 2 is a diagram depicting an apparatus for 
insect pest control according to another embodiment. 
0018 FIG. 3 is a diagram depicting an apparatus for 
insect pest control according to yet another embodiment. 
0019 FIG. 4 is a flowchart illustrating an exemplary 
method or process for employing an apparatus for insect pest 
control for treating an infected site infested with small 
insects and other pests according to one embodiment. 
0020 FIGS. 5A-5C are diagrams illustrating the area 
illuminated in scanning operations from the exemplary 
method or process of FIG. 4 according to one embodiment. 
0021 FIG. 6 is a diagram depicting a pyramidal horn 
antenna in an apparatus for insect pest control according to 
yet another embodiment. 
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0022 FIG. 7 is a diagram depicting an end fire array 
antenna in an apparatus for insect pest control according to 
yet another embodiment. 
0023 Corresponding reference characters indicate corre 
sponding components throughout the several views of the 
drawings. Skilled artisans will appreciate that elements in 
the figures are illustrated for simplicity and clarity and have 
not necessarily been drawn to scale. For example, the 
dimensions, sizing, and/or relative placement of Some of the 
elements in the figures may be exaggerated relative to other 
elements to help to improve understanding of various 
embodiments of the present disclosure. Also, common but 
well-understood elements that are useful or necessary in a 
commercially feasible embodiment are often not depicted in 
order to facilitate a less obstructed view of these various 
embodiments of the present disclosure. It will also be 
understood that the terms and expressions used herein have 
the ordinary meaning as is usually accorded to Such terms 
and expressions by those skilled in the corresponding 
respective areas of inquiry and study except where other 
specific meanings have otherwise been set forth herein. 

DETAILED DESCRIPTION 

0024. The following description is not to be taken in a 
limiting sense, but is made merely for the purpose of 
describing the general principles of the disclosure. The 
scope of the disclosure should be determined with reference 
to the claims. The present embodiments address the prob 
lems described in the background while also addressing 
other additional problems as will be seen from the following 
detailed description. Numerous specific details are set forth 
to provide a full understanding of various aspects of the 
subject disclosure. It will be apparent, however, to one 
ordinarily skilled in the art that various aspects of the subject 
disclosure may be practiced without some of these specific 
details. In other instances, well-known structures and tech 
niques have not been shown in detail to avoid unnecessarily 
obscuring the Subject disclosure. 
0025 FIG. 1 is a diagram depicting the configuration of 
components of an embodiment of an apparatus for use in 
treating insect and other Small pest infestations according to 
certain aspects of the present disclosure. The apparatus 
comprises a power source 101 connected to a power con 
troller 102, which controls the power input to a microwave 
energy generator 103. The microwave energy generated by 
the microwave energy generator 103 is transmitted via a 
transmission element 104 to an antenna 105, where the 
microwave energy is then radiated to effectuate treatment of 
an infected site infested with insects or other small pests. 
0026 FIG. 2 is a diagram depicting the configuration of 
components of another embodiment of an apparatus for use 
in treating insect and other Small pest infestations according 
to certain aspects of the present disclosure. The apparatus 
comprises a power source 201 connected to a power con 
troller 202, which controls the power input to a microwave 
energy generator 203. The microwave energy generated by 
the microwave energy generator 203 is passed through an 
isolator 204 and is then transmitted via a transmission 
element 205 to an antenna 206, where the microwave energy 
is then radiated to effectuate treatment of an infected site 
infested with insects or other small pests. 
0027. A typical operator of the apparatus controls the 
microwave radiation power and energy intensity via the 
power controller 202, depending on the characteristics of the 
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infected site. For example, a greater microwave energy 
intensity or power may be desired for eliminating insect 
pests deep within a mattress compared to those pests located 
within carpet or other comparatively thin material. The level 
of power or intensity desired varies depending on the desired 
treatment time, insect type/size, or other environmental 
factors. 

0028. In various embodiments, the microwave energy 
generator 203 comprises any of a wide variety of devices 
capable of generating microwave power known to those 
skilled in the art. A magnetron, for instance, may be used as 
the Source of microwave energy, as Such devices are readily 
and commercially available at a variety of different power 
levels. A typical magnetron, as used in a household micro 
wave oven, operates in the 2.35 to 2.65 GHz band and can 
heat protein, fats, carbohydrates, water, oils, and electrolytes 
found in food, thus making it suitable for raising the internal 
temperature of insects, their eggs or larvae, or Small pests at 
an infection site to fatal levels. 
0029. In various embodiments, the magnetron comprises 
a cylindrical cathode, a heater, and an anode arranged in a 
vacuum sealed glass envelope. The anode is configured with 
a number of recesses in the interior face and has external fins 
or slots to facilitate cooling by an electric fan. The space 
within the glass envelope between the cathode and the anode 
comprise a resonant cavity. A magnetic circuit comprising 
pole pieces and a permanent magnet assembly configured to 
provide an essentially axial magnetic field within the space 
between the cathode and anode. When the cathode is heated 
to emission temperatures, and a Voltage is applied between 
the cathode and anode, electrons flow from the cathode to 
the anode. Due to the presence of the magnetic field, the 
electrons are diverted to move in a circular pattern, which 
builds up electromagnetic fields resonating at the frequency 
of the resonant cavity space. The entire assembly comprising 
the vacuum tube, the magnetic material, and the cooling fan 
bear considerable weight. 
0030 The magnetron requires two sources of voltage to 
operate. A first voltage provides power to the heater needed 
to raise the temperature of the cathode to the point at which 
it emits a Substantial quantity of electrons into the cavity, 
and is generally on the order of 3-6 volts; the second voltage 
is applied to the anode, and is generally on the order of 
several thousand volts. The wiring to carry the heavy heater 
current and the very high Voltage anode Voltage should be 
installed in a secure well protected and well insulated 
conduit for safety. Thus, it is preferential to place these 
components in a location where the wiring is short and 
SCU. 

0031. The configuration of the isolator 204 between the 
microwave energy generator (or Source) 203 and transmis 
sion element 205 prevents almost all reflected power from 
returning to the microwave energy generator 203, which 
would affect its performance. 
0032. According to principles understood by those 
skilled in the art, the energy source (e.g., a magnetron) and 
the antenna (the load) can be configured to be impedance 
matched. Such that almost all the power generated by the 
energy source is transmitted through the antenna. However, 
in practice, the antenna may be placed at varying distances 
to the area targeted for treatment, depending on the scale and 
extent of the pest infestation. When the target area is in close 
proximity to the antenna, some power will be reflected back 
into the antenna, and will propagate back through the 
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transmission element to the energy source. In the example of 
a magnetron, this reflected energy reentering the magnetron 
cavity will disturb the circulation pattern of the electrons, 
causing a change of frequency and efficiency and can lead to 
ineffective treatment of an infection site. If the reflected 
energy is of Sufficient magnitude, this will result in insta 
bility which interferes with the proper operation of the 
energy source. The isolator 204 minimizes the detrimental 
effects of reflected power due to impedance mismatches 
while the apparatus is in use. Non-limiting examples of 
isolators that can be used include ferroelectric material, 
ferromagnetic material, or other isolation devices, materials, 
or methods known or commercially available to those 
skilled in the art. The isolator may be placed anywhere along 
the path of the transmission element, preferably near the 
output of the energy source. In some circumstances, where 
the detailed design can accept a loss of efficiency due to 
reflected power, the isolator may be omitted. 
0033. In some embodiments, the transmission element 
205 comprises a transmission element, which may include a 
waveguide or a flexible cable. Such as a coaxial cable, 
depending on the characteristics of the infected site and the 
desired location of treatment. For instance, an extended 
slotted waveguide antenna array or other multi-element 
array may be more Suitable than a pyramidal horn for greater 
flexibility and easier access to certain infestation areas. 
Optionally, the use of a flexible coaxial cable can provide 
versatility in treating a variety of items and locations, 
without increasing the overall footprint of the apparatus. 
Also, a flexible coaxial cable could allow for an operator to 
treat infection sites of various sizes via a scanning method, 
lessening or eliminating the need to change the configuration 
of the antenna to adjust radiation area, beam size, or other 
radiation characteristics. 
0034. In one embodiment, the antenna 206 comprises a 
beam forming antenna for shaping the microwave energy as 
a directed beam of microwave energy. This allows for 
targeted treatments to isolate Surrounding areas not infected, 
or for concentrating the intensity of the beam for deep 
penetration as required for treatment. An example of such an 
antenna is a pyramidal horn antenna. Optionally, a baffle 
further comprises antenna 206 in order to provide some 
protection to the operator from unwanted microwave radia 
tion due to Scattering and reflection. 
0035 FIG. 3 illustrates an example of the embodiment of 
an apparatus for use in treating insect and other Small pest 
infestations of FIG. 2. The apparatus 300 comprises a 
portable apparatus case 301, a transmission element 311, and 
an antenna 321. 

0036. According to aspects in the present disclosure, in 
various embodiments, the apparatus is plugged into a stan 
dard power Socket, or the apparatus case 301 houses a 
portable power source such as a battery to bolster its 
portability. In the example apparatus of FIG. 3, the apparatus 
case houses a battery or a line cord to connect to a wall outlet 
as the power Source, a power controller, a magnetron as an 
example of the microwave energy source, and an isolator to 
protect the functionality of the energy source from reflected 
energy. The apparatus case 301 also comprises, in some 
embodiments, other considerations as to portability, such as 
wheels, a handle, and other accessories. 
0037. The transmission element 311 in the apparatus of 
FIG. 3 is, in one embodiment, a flexible coaxial cable, which 
also aids in portability as well as provides greater versatility 
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in treating a variety of items and locations. Flexibility in the 
transmission element 311 also allows an operator to use the 
antenna 321 to scan an infected site where the infected site's 
area is larger than the area covered by the microwave energy 
radiated by the antenna 321. 
0038. The antenna 321 in FIG. 3, in accordance with one 
embodiment, comprises a pyramidal horn beam-forming 
antenna 322, a handle 323, and a baffle 324. The handle 323 
allows for handheld use of an operator during a treatment of 
an infected site, and aids in Scanning an infected site where 
the infected site's area is larger than the area covered by the 
microwave energy radiated by the antenna 321. The baffle 
324 provides some protection to the operator from unwanted 
microwave radiation scattered or reflected from the pyrami 
dal horn beam-forming antenna. The Control Cable 325, 
conveniently bundled with the microwave coaxial cable, 
connects to Control Pad 326 which is attached to the handle 
to facilitate operator control of the apparatus. 
0039. In yet another embodiment of the apparatus, an 
example of an antenna comprising a pyramidal horn antenna 
is illustrated in FIG. 6. The antenna may be shaped accord 
ing to characteristics of infected sites or in accordance with 
desired radiation parameters for effective treatment of 
infected sites. 
0040. In yet another embodiment of the apparatus, an 
example of an antenna comprising an end fire array antenna 
is illustrated in FIG. 7. In this embodiment, the end fire array 
antenna comprises an insulated board whereupon at least 
one transmission line pair and at least one radiating element 
are secured. As illustrated in FIG. 7, a circuit board 701 
comprises the insulated board upon which a parallel pair of 
transmission lines 702 is secured. The parallel pair of 
transmission lines 702 is coupled with radiating elements 
703 also secured on circuit board 701. The circuit board 701 
is mounted to a transition section 704 that couples the 
parallel pair of transmission lines 702 to a coaxial cable 706. 
The transition Section 704 is mounted on a baffle 705. The 
coupling of the parallel pair of transmission lines 702 and 
the coaxial cable 706 within the transition section 704 is 
understood by those skilled in the art. The coaxial cable 706 
is connected to a microwave power source as recited in this 
disclosure (not shown). The end fire array antenna also 
comprises a microwave-transparent cover 707 that covers 
the circuit board 701. 

0041 As illustrated in FIG.7, multiple radiating elements 
may be secured to the circuit board 701, which will alter the 
radiation pattern of the Subsequent beam. Adjustment of the 
number, spacing, shape, size, and arrangement of the both 
the transmission line and radiating elements may be utilized 
to effectuate desired radiation patterns based on the infes 
tation site to be treated. Adjustment of the size of the beam 
effective area is set by the length and number of radiating 
elements. Adjusting the spacing and phase feed of the 
elements results in adjustments to the far field beam pattern. 
0042. The radiated beam in the normal, or far field, of the 
end fire array is coaxial to the array. One advantage to use 
of the end fire array antenna is utilization of the end fire array 
antenna's near field radiating pattern. When the antenna is 
laterally placed close to the target area, the energy from the 
radiating elements is more directly radiated to the target site 
or object being treated. For instance, Such an antenna allows 
an operator to treat an infestation site such as a rugby 
holding the antenna array close, which maximizes the 
energy transfer from the radiating elements to the target. 
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Alteration of the beam characteristics via modification of the 
radiating elements is understood by those skilled in the art. 
0043 FIG. 4 is a flowchart illustrating an exemplary 
method or process 400 employing an apparatus for using 
microwave energy for treating an infected site infested with 
insects or other Small pests according to certain aspects of 
the present disclosure. The exemplary process 400 begins at 
start state 401 and proceeds to operation 410 where an 
apparatus for using microwave energy to treat an infected 
site infested with insects or other small pests is provided. 
Non-limiting examples of Such an apparatus for using 
microwave energy to treat an infected site infested with 
insects or other small pests are described above with respect 
to FIG. 1 through FIG. 3 and FIGS. 6 and 7. 
0044) The exemplary process 400 proceeds to operation 
420 in which microwave energy is generated from the 
apparatus for using microwave energy to treat an infected 
site infested with insects or other small pests. The exemplary 
process 400 proceeds to operation 430 in which a beam of 
microwave energy is formed. Non-limiting examples of 
antennas for forming Such a beam of microwave energy are 
described above with respect to FIGS. 3, 6 and 7. 
0045. The exemplary process 400 proceeds to operation 
440, where the beam of microwave energy is directed 
toward the infected site. The exemplary process 400 proceed 
to operation 450 in which an operator scans at least a portion 
of the infected site with the beam of microwave energy. The 
rate of Scanning can depend on the size and depth of the 
infected site, the magnitude of insect and/or small pest 
infestation, the microwave power level and intensity, and the 
type of antenna used during treatment. 
0046. The exemplary process 400 proceeds to operation 
460, which is a decision point for the operator whereby a 
determination is made whether an area encompassing the 
infected site has been scanned by the scanning performed 
from operation 450. If the operator determines that an area 
encompassing the infected site has not been illuminated (i.e., 
the infected site is larger than an area of radiation covered 
by the microwave energy radiated by the antenna during the 
scanning process), then the exemplary process 400 proceeds 
to operation 470, wherein the operator scans a remaining 
portion of the infected site with the beam of microwave 
energy. The exemplary process 400 proceeds again to opera 
tion 460, wherein the operator must again determine if an 
area encompassing the infected site has been illuminated by 
the scanning performed from operations 450 and 470. If an 
affirmative determination has been reached at operation 460, 
the exemplary process 400 terminates at end process 409. 
However, if the operator determines that an area encom 
passing the infected site has still not been illuminated at 
operation 460, the process 400 repeats the scanning opera 
tion of 470 until an affirmative determination that an area 
encompassing the infected site has been illuminated is 
reached at operation 460. 
0047 Certain operations of the exemplary process of 
FIG. 4 are further illustrated in FIG. 5A through FIG. 5C. In 
FIG. 5A, a beam of microwave energy is directed toward an 
area encompassing an infected site 502. The beam of micro 
wave energy has an area of radiation 501, which is the area 
covered by the microwave energy radiated by an antenna in 
an apparatus for microwave energy for treating an infected 
site infested with insects or other Small pests according to 
certain aspects of the present disclosure. An operator can 
perform the scanning procedure from operation 450 of FIG. 
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4 by Scanning at least a portion of an area encompassing an 
infected site 505, illustrated in FIG. 5B by a directional scan 
encompassing a first Scanned area 511. As can be seen, the 
size of the area of radiation 501 is comparatively smaller 
than the size of the area encompassing an infected site 502. 
The operator would then determine at operation 460 of FIG. 
4 that the first scanned area 511 Scanned from the scanning 
procedure from operation 450 of FIG. 4 does not encompass 
an area encompassing an infected site, and thus proceed to 
operation 470 of FIG. 4 as illustrated in FIG. 5C, whereby 
the operator scans a remaining portion 506 of the area 
encompassing an infected site 502. The scan of the remain 
ing portion 506 encompasses a second scanned area 512, 
which, in combination with the first scanned area 511, 
encompasses the area encompassing an infected site 502. 
Upon this determination, he operator would then terminate 
the process of FIG. 4. 
0048. The operator is not limited to the directions nor the 
angles with which scans may be performed, as the infected 
area may have varying characteristics in both area and depth. 
The level of power and duration of exposure during the 
scanning process may vary depending on the size and extent 
of the infestation as determined by methods familiar to those 
skilled in the art in view of the present disclosure. Further, 
the selection of a single frequency or a band of frequencies 
used for the apparatus may be enhanced depending on the 
characteristics of the infestation or the location for treat 
ment. 

0049. An operator, in using an apparatus according cer 
tain aspects of the present disclosure and the methods also 
disclosed herein, can wear protective clothing to provide 
additional protection against Stray microwave radiation, and 
employ additional procedures as dictated by safety concerts. 
For instance, the use of microwave absorbent material may 
be when scanning such things as clothing with metal but 
tons, fasteners or ornaments that may concentrate, Scatter, or 
reflect the microwave energy. The microwave absorbent 
material can be used to cover any metal material or orna 
ments in order for the operator to Scan the items safely. 
0050. The description herein is provided to enable any 
person skilled in the art to practice the various embodiments 
described herein. While the present disclosure has been 
particularly described with reference to the various figures 
and embodiments, it should be understood that these are for 
illustration purposes only and should not be taken as limiting 
the scope of the disclosure. 
0051. There may be many other ways to implement the 
disclosure. Various functions and elements described herein 
may be partitioned differently from those shown without 
departing from the spirit and scope of the disclosure. Various 
modifications to these embodiments will be readily apparent 
to those skilled in the art, and generic principles defined 
herein may be applied to other embodiments. Thus, many 
changes and modifications may be made to the disclosure, 
by one having ordinary skill in the art, without departing 
from the spirit and scope of the disclosure. 
0052 A reference to an element in the singular is not 
intended to mean “one and only one unless specifically 
stated, but rather "one or more.” The term "some' refers to 
one or more. Underlined and/or italicized headings and 
Subheadings are used for convenience only, do not limit the 
disclosure, and are not referred to in connection with the 
interpretation of the description of the disclosure. All struc 
tural and functional equivalents to the elements of the 
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various embodiments of the disclosure described throughout 
this disclosure that are known or later come to be known to 
those of ordinary skill in the art are expressly incorporated 
herein by reference and intended to be encompassed by the 
disclosure. Moreover, nothing disclosed herein is intended 
to be dedicated to the public regardless of whether such 
disclosure is explicitly recited in the above description. 
What is claimed is: 
1. An apparatus for using microwave energy to treat an 

infected site infested with insects or other small pests, the 
apparatus comprising: 

a source of microwave energy that provides the micro 
wave energy at a frequency greater than about 2.3 GHZ, 

a transmission element configured to propagate the micro 
wave energy; and 

an end fire array antenna that receives the microwave 
energy via the transmission element and emits the 
microwave energy Substantially longitudinally from the 
end fire array in a focused beam toward the infected 
site, wherein the end fire array antenna is configured to 
Scan the infected site, the end fire array antenna com 
prising: 
a circuit board; 
a transmission line, comprising a parallel pair of con 

ductors electromagnetically coupled to one another, 
the parallel pair of conductors comprising: 
a first conductor secured along a plane of the circuit 

board; and 
a second conductor secured along the plane of the 

circuit board; 
a first plurality of radiating elements secured on the 

circuit board and extending from the first conductor 
away from the second conductor; 

a second plurality of radiating elements secured on the 
circuit board and extending from the second conduc 
tor away from the first conductor; 

wherein the first conductor is not electrically wired to 
the second conductor, and 

a cover that covers the circuit board, the transmission line, 
and the first and second plurality of radiating elements. 

2. The apparatus in claim 1, wherein the first and second 
plurality of radiating elements are spaced to create a beam 
pattern, wherein the first plurality of radiating elements 
extends substantially perpendicularly from the first trans 
mission line, and wherein the second plurality of radiating 
elements extends substantially perpendicularly from the 
second transmission line. 

3. The apparatus in claim 1, wherein the end fire array 
antenna comprises a transition section and a baffle. 

4. The apparatus of claim 1, wherein the transmission 
element comprises a waveguide. 

5. The apparatus of claim 1, wherein the cover comprises 
a microwave transparent cover. 

6. An apparatus for using microwave energy to treat an 
infected site, the apparatus comprising: 

a source of microwave energy that provides the micro 
wave energy at a frequency greater than about 2.3 GHZ, 

a transmission element configured to propagate the micro 
wave energy; and 

an end fire array antenna that receives the microwave 
energy via the transmission element and emits the 
microwave energy Substantially longitudinally from the 
end fire array in a beam toward the infected site, 
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wherein the end fire array antenna is configured to Scan 
the infected site, the end fire array antenna comprising: 
a circuit board; 
a transmission line, comprising a parallel pair of con 

ductors electromagnetically coupled to one another, 
the parallel pair of conductors comprising: 
a first conductor secured along a plane of the circuit 

board; and 
a second conductor secured along the plane of the 

circuit board; 
a first plurality of radiating elements secured on the 

circuit board and extending from the first conductor 
away from the second conductor, and 

a second plurality of radiating elements secured on the 
circuit board and extending from the second conduc 
tor away from the first conductor. 

7. The apparatus of claim 6, wherein the first plurality of 
radiating elements extends Substantially perpendicularly 
from the first transmission line, and wherein the second 
plurality of radiating elements extends Substantially perpen 
dicularly from the second transmission line. 

8. The apparatus of claim 6, wherein the end fire array 
antenna comprises a transition section and a baffle. 

9. The apparatus of claim 6, wherein the transmission 
element comprises a waveguide. 

10. The apparatus of claim 6, wherein the end fire array 
antenna further comprises a cover that covers the circuit 
board, the transmission line, and the first and second plu 
rality of radiating elements. 

11. The apparatus of claim 10, wherein the cover com 
prises a microwave transparent cover. 

12. An apparatus for using microwave energy to treat an 
infected site, the apparatus comprising: 

a source of microwave energy that provides the micro 
wave energy at a frequency greater than about 2.3 GHZ, 
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a transmission element configured to propagate the micro 
wave energy; and 

a scanning microwave antenna that receives the micro 
wave energy via the transmission element and emits the 
microwave energy, the scanning microwave antenna 
comprising a handle; and 

a microwave isolator connected between the source of 
microwave energy and the transmission element, 
wherein the microwave isolator is configured to reduce 
an amount of the microwave energy reflected back 
from the Scanning microwave antenna toward the 
Source of microwave energy. 

13. The apparatus of claim 12, wherein the transmission 
element comprises a waveguide. 

14. The apparatus of claim 12, wherein the scanning 
microwave antenna comprises a slotted waveguide antenna 
array. 

15. The apparatus of claim 12, wherein the scanning 
microwave antenna is a beam forming antenna. 

16. The apparatus of claim 15, wherein the beam forming 
antenna comprises a pyramidal horn antenna. 

17. The apparatus of claim 16, wherein the pyramidal 
horn antenna further comprises a baffle around an end of the 
pyramidal horn antenna, and wherein the baffle does not 
substantially follow a slope of an outer surface of the 
pyramidal horn antenna. 

18. The apparatus of claim 15, wherein the beam forming 
antenna is an end fire array antenna. 

19. The apparatus of claim 19 wherein the end fire array 
antenna comprises a transition section and a baffle. 

20. The apparatus of claim 19, wherein the end fire array 
comprises a transmission line comprising a parallel pair of 
conductors electromagnetically coupled to one another. 
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