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(57) ABSTRACT 

A dielectric polyrod having at least one tapered section, 
Where a section exposed outside of the Waveguide is tapered 
a long a curve that depends on the dielectric constant of the 
material used. The invention also relates to an aperture 
matched polyrod antenna Which includes the same and an 
inductive tuning element used to achieve Wideband imped 
ance match and to create a Gaussian beam in the radiating 
near ?eld of the antenna, suitable to mimic a small region 
plane Wave. 

14 Claims, 10 Drawing Sheets 
(6 of 10 Drawing Sheet(s) Filed in Color) 
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APERTURE MATCHED POLYROD ANTENNA 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to and the bene?t of Us. 
Provisional Application No. 60/871,548, ?led Dec. 22, 2006, 
the entire contents of Which are expressly incorporated herein 
by reference. 

FIELD 

Antennas With matched apertures are generally discussed 
herein, With particular discussions extended to an antenna 
With a polyrod and/or an incorporating an inductive obstacle 
element. 

BACKGROUND 

The measurements of surface impedance for small regions 
are typically done by tWo approaches. The ?rst approach is to 
create a small aperture on a screen to pass through the elec 
tromagnetic signal and the second approach is to use a system 
of lenses to focus the signal. 

The ?rst approach involves creating a small aperture on a 
metal screen through Which the microWave ?eld is coupled 
from a source on one side to a receiver on the other side. As 

such, When a material is placed over this aperture, the change 
in the transmitted ?eld is related to the properties of the 
material. The problem With this approach is that the ?eld at 
the aperture is not a plane Wave and thus the response of the 
material to a plane Wave is not being measured. 

The second approach involves using a system of lenses to 
focus the signal traveling betWeen a plane Wave source and a 
plane Wave. Such a focusing system can in principle concen 
trate the electromagnetic energy into a region approximately 
M3 in diameter, Where 7» is a Wavelength of the electromag 
netic Wave. The problem With this approach is that by de?ni 
tion the siZe of the spot generated is a strong function of 
frequency so that if a region 3" by 3" is being examined at 2 
GHZ, the region shrinks to 0.3" by 0.3" at 20 GHZ, thus any 
manufacturing inhomogeneities in the material become sig 
ni?cant sources of noise at high frequency. 

Another problem associated With the lens approach is the 
speed of light in the focal spot of a focused beam system is not 
equal to the speed of light in free space but is actually faster. 
Furthermore, it is also Well knoWn that the near radiating ?eld 
in the neighborhood of the focal spot is full of “hotspots” 
Where the amplitude and phase of the electromagnetic beam 
varies rapidly. 

Since the simplest, most reliable, and most broadband 
method for extracting constitutive properties from an electro 
magnetic material measurement occurs under plane Wave 
conditions, the ability to mimic a plane Wave condition at the 
material sample is of paramount importance. 

SUMMARY OF THE INVENTION 

An aspect of an embodiment of the present invention is 
directed toWard a dielectric polyrod that minimiZes or reduces 
end re?ection and phase variation across a beam of electro 
magnetic radiation, or speci?cally a Gaussian Beam, as Well 
as minimiZing or reducing the diameter of the Gaussian beam. 
In one embodiment, the dielectric polyrod includes a short 
tapered section, a long tapered section, and an intermediate 
section, Where the short tapered section is extended betWeen 
the intermediate section and a ?rst end, and the long tapered 
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2 
section is extended betWeen the intermediate section and a 
second end oppositely facing the ?rst end, and the long 
tapered section is tapered along a curve. 
An embodiment of the present invention is directed toWard 

an inductive obstacle such as a set of irises and/ or posts 
disposed near at a Waveguide mouth to provide a Wideband 
impedance match. In yet another embodiment of the present 
invention, there is provided an antenna With a rectangular 
Waveguide using one or both of the dielectric polyrod and the 
inductive obstacle discussed above. As a result, an aspect of 
an embodiment of the present invention is directed toWard an 
antenna system for providing a substantial plane Wave at a 
sample location at an operation frequency ranging from 7 
GHZ to 20.0 GHZ. 
The dielectric polyrod of an embodiment described above 

may have a short tapered section that is substantially linearly 
tapered. 
The dielectric polyrod may also have a long tapered sec 

tion, tapering along a curve that is substantially linear When 
the dielectric polyrod has a dielectric constant of about 2. 
Alternatively, the long tapered section is tapered along the 
curve that is exponentially shaped When the dielectric polyrod 
has a dielectric constant of about 3 or more. 

In one embodiment, the intermediate section of the polyrod 
has an intermediate thickness, Where the intermediate thick 
ness is substantially larger than a ?rst end of the polyrod 
thickness. 

The short tapered section may have tWo larger surfaces 
facing each other, Where the ?rst and second larger surfaces 
constitute upper and loWer portions and they both converge 
from the intermediate area to the ?rst end. 
The long tapered section may have tWo long sides extend 

ing from the intermediate area to a second end and Wherein 
both the ?rst side surface and the second side surface con 
verge from the intermediate area to the second end. In one 
embodiment, the thickness of the second end and intermedi 
ate thickness is substantially equal to each other. 

In one embodiment, the dielectric polyrod is con?gured to 
operate at a frequency range of 7 GHZ to 20 GHZ by having a 
length of about 4 inches at the short tapered section, a length 
of about 7 inches at the long tapered section, and an interme 
diate thickness of about 0.4 inches. 
An embodiment of the present invention is directed toWard 

a polyrod antenna that includes a dielectric polyrod having a 
curve as described above having a ?rst end, and a Waveguide 
for receiving the ?rst end of the dielectric polyrod, Where the 
Waveguide having a ?rst Waveguide surface facing a ?ange 
and a second Waveguide surface oppositely facing aWay from 
the ?rst Waveguide surface, and the dielectric polyrod With 
the short tapered end is inserted at the second Waveguide 
surface. 
The polyrod antenna may include one or a plurality of 

inductive tuning elements disposed at an inductive tuning 
distance aWay from the second Waveguide surface. 

In one embodiment of the present invention, the inductive 
tuning element includes a plurality of matching pins, Where 
each of the matching pins has a pin diameter, and the pins are 
spaced apart from each other by an interval distance equal to 
or larger than the pin diameter. 

In one embodiment of the present invention, the pin diam 
eter is about 0.83 mm, the inductive tuning distance is about 
1 .5 mm, Where both the pin diameter and the inductive tuning 
distances are con?gured to operate at a frequency ranging 
from about 7 GHZ to about 20 GHZ. 

In one embodiment of the present invention, the second 
inductive tuning distance is one half of an operating Wave 
length of the polyrod antenna. 
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Alternatively, the inductive tuning element may include a 
?rst and second inductive iris panels de?ning an iris, Wherein 
the ?rst inductive iris panel is disposed at a ?rst side Wall of 
the Waveguide, and the second inductive iris panel is disposed 
at a second side Wall of the Waveguide. 

In another embodiment of the present invention, the induc 
tive tuning element includes a plurality of matching pins 
spaced apart by an interval distance, Wherein each of the pins 
has a pin diameter, Where a ?rst pin of the pins is disposed at 
a 2-pin diameter distance aWay from a ?rst side Wall of the 
Waveguide, a second pin of the pins is disposed 1-pin diam 
eter aWay from the ?rst pin, a third pin of the pins is disposed 
at a 2-pin diameter distance aWay from a second side Wall of 
the Waveguide, and a fourth pin of the pins disposed 1-pin 
diameter aWay from the third pin. 

Another aspect of an embodiment of the present invention 
is directed toWard a method of manufacturing a dielectric 
polyrod and a polyrod antenna in accordance With the above 
descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, together With the speci?ca 
tion, illustrate exemplary embodiments of the present inven 
tion, and, together With the description, serve to explain the 
principles of the present invention. 

The patent or application ?le contains at least one draWing/ 
picture executed in color. Copies of this patent or patent 
application publication With color draWing/picture(s) Will be 
provided by the O?ice upon request and payment of the 
necessary fee. 

FIG. 1 is a schematic vieW of a conventional polyrod made 
of Te?on. 

FIG. 2A is a photograph of aperture-matched polyrod 
antennas according to an embodiment of the present inven 
tion. 

FIG. 2B is a photograph of aperture-matched polyrod 
antennas according to another embodiment of the present 
invention. FIG. 2C shoWs a line draWing of the polyrod por 
tion of the antenna depicted by FIG. 2B. 

FIG. 3 is a graph of re?ection coe?icients for an X-band 
Waveguide Without and With inductive obstacle tuned to cre 
ate a Wide band match from 8 to 13 GHZ. 

FIGS. 4A and 4B are, respectively, a front vieW and a 
perspective vieW of inductive tuning elements (or tWin iris 
obstacles) used at or toWard a mouth of the Waveguide accord 
ing to an embodiment of the present invention. 

FIGS. 5A and 5B are, respectively, a front vieW and a top 
vieW of an inductive tuning element (or an inductive obstacle 
element) used at or toWard a mouth of the Waveguide accord 
ing to an embodiment of the present invention. 

FIG. 6 is a graph of re?ection coef?cients from the mouth 
of the Waveguide for an antenna With a polyrod and an 
antenna With both a polyrod and an inductive tuning element 
according to embodiments of the present invention. 

FIG. 7 is a schematic side vieW of a polyrod according to an 
embodiment of the present invention. 

FIG. 8 is a graph shoWing a measurement of a resistive ?lm 
using an embodiment of the present invention Wherein the 
?lm is moved in betWeen tWo polyrod antennas in order to 
measure the ?lm’s insertion loss as a function of frequency. 
The edge of the ?lm is moved in 0.25 inch (or 0.25") incre 
ments from a starting point 3 inches aWay from the center of 
the polyrods’ Gaussian beam to an ending point 3 inches past 
the center of the Gaussian beam. The spotsiZe of the Gaussian 
beam produced by the polyrods can be estimated from the 
contour line Where the ?lm’s insertion loss is Within 10% of 
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4 
its true value. This ?gure shoWs that the spotsiZe varies from 
1.5 inch radius at 7 GHZ to approximately 0.75 inch radius at 
20 GHZ. 

FIG. 9 is a schematic vieW of a polyrod according to an 
embodiment of the present invention. 

FIG. 10 is a schematic vieW of a polyrod according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION 

In the folloWing detailed description, only certain exem 
plary embodiments of the present invention have been shoWn 
and described, simply by Way of illustration. As those skilled 
in the art Would realiZe, the described embodiments may be 
modi?ed in various different Ways, all Without departing from 
the spirit or scope of the present invention. Accordingly, the 
draWings and description are to be regarded as illustrative in 
nature and not restrictive. Like reference numerals designate 
like elements throughout the speci?cation. 
Embodiments of the present invention provide a broadband 

method and/or a broadband antenna for extracting constitu 
tive properties from an electromagnetic material measure 
ment occurs under plane Wave conditions, because the ability 
to mimic a plane Wave condition at the material sample is 
highly desired. The ability to perform such a measurement in 
a small region alloWs designers and users of electromagnetic 
materials to reliably determine the constitutive properties of 
materials of interest as a function of position. Applications for 
quality assurance and non destructive inspection of raW mate 
rials and ?nished structures are important. Determination and 
veri?cation of the controlled Impedance and Resistance gra 
dients of “Impedance Cards”, such as used to reduce the 
diffraction from the edges of parabolic dish antennas, is also 
another important application. 

Accordingly, an embodiment of the present invention is 
directed toWard an antenna having a shaped dielectric rod 
With a matched aperture. The resulting antenna has a Wide 
band impedance match that creates a Gaussian Beam in the 
radiating near ?eld of the antenna, suitable to mimic in a small 
region plane Wave conditions normally attained in the far ?eld 
of the antenna. 

Antennas are normally characteriZed in terms of their far 
?eld radiation patterns, directive gain and aperture e?iciency. 
Accordingly, in an embodiment, there is provided a resulting 
antenna that has a Wideband impedance match and a Gaussian 
Beam in the radiating near ?eld of the antenna, suitable to 
mimic a small ?eld of less than 2.5 in.><2.5 in., Which is 
normally attained in the far ?eld of the antenna. 

In one embodiment, the antenna has a polyrod section 
interior to the Waveguide is shaped like a Wedge in the E-plane 
to minimize re?ection in the air to dielectric transition as in 
the prior art but in addition the mo st signi?cant mismatch, the 
termination of the metal Waveguide, is essentially eliminated 
by matching the aperture using inductive obstacles (or induc 
tive tuning elements). 

FIGS. 2A and 2B are photographs shoWing an antenna 1, 1' 
utiliZing a polyrod 100, 100' With a tuning element (or induc 
tive obstacle) 200, 200'. As can be seen at one end there is 
provided a coax to Waveguide coupler 40, 40'. Connected to 
the coupler is a conventional X-band Waveguide 30, 30' that is 
rectangular in shape. The Waveguide has an open mouth 50, 
50' that terminates at an end opposing an end that connects the 
Waveguide to the coupler. The mouth 50, 50' of the Waveguide 
is substantially rectangular and adapted to received one end of 
the polyrod 100, 100', particularly the shorter tapered end of 
polyrod 100, 100'. 
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Referring still to FIGS. 2A and 2B, the outer portion of the 
polyrod 100, 100' is tapered from the mouth 50, 50' of the 
Waveguide 30, 30' and converged at the opposing end. At the 
mouth 50, 50' there is a notch or casing that enveloped an 
inductive obstacle 200, 200'. 

In one embodiment, as shoWn in FIG. 2A, the polyrod 100 
is linearly tapered from the mouth 50 to the opposing end. 
Alternatively, in another embodiment and referring to FIG. 
2B, the polyrod 100' is shoWn to be exponentially tapered 
from the mouth 50' to the opposing end. 

In an embodiment, the antenna has a polyrod section inte 
rior to the Waveguide that is shaped like a Wedge in the 
E-plane, and the exterior section is tapered along a curve to 
both minimize (or reduce) end re?ection and re?ection in the 
air to dielectric transition 

In yet another embodiment, as shoWn in FIG. 9, an antenna 
includes a polyrod 900 Which has a polyrod section interior 19 
that is insertable in a Waveguide, an intermediate section 905, 
and an exterior section 29 that is tapered along a curve to both 
minimize (or reduce) end re?ection and re?ection in the air to 
dielectric transition. 

In yet another embodiment, as shoWn in FIG. 10, an 
antenna has a polyrod 1000, Where it is linearly tapered at an 
internal portion 39 and a longer external portion 49 that is not 
tapered (i.e., Without having a tapered end). 

In more detail, FIGS. 9 and 10 are schematics of exemplary 
models used in forming aperture matched polyrod antenna 
according to various aspects of the present invention. FIG. 9 
shoWs a schematic of an external curve portion 29 of a poly 
rod 900, Where the internal portion 19 is inserted With an 
X-band Waveguide having a length of 58.23 mm and height of 
22.70 mm according to an embodiment of the present inven 
tion. 

FIG. 10 shoWs a schematic of a polyrod, Where it is linearly 
tapered at an internal portion 39. In this particular embodi 
ment, the length of the internal portion 39 is 58.23 mm, and 
the height at the longest path is 10.15 mm. Whereas, the 
longer external portion 49 has a length of 176.28 mm. The 
polyrod 1000 includes the internal portion 39, the longer 
external portion 49, and an intermediate section 1005 there 
betWeen. 

Referring noW to FIG. 1, a polyrod made of Te?on, poly 
tetra?uoroethylene (PTFE), is shoWn. This polyrod 60 
includes tWo linearly tapered sections 10, 20. While the poly 
rod 60 of FIG. 1 has controlled Wave end?re direction, the 
polyrod of an embodiment of the present invention minimizes 
(or reduces) end re?ection, as Well as phase variation across 
the Gaussian Beam and minimizes (or reduces) the diameter 
(1/ e Waist) of the Gaussian Beam. This is achieved by having 
the external part or the longer portion of the polyrod to be 
tapered along a curve to minimize (or reduce) end re?ection. 

In one embodiment, the antenna utilizes a conventional 
X-Band Waveguide and coax to Waveguide couplers and oper 
ates at an operating frequency ranging from 7.5 GHz to 20 
GHz. 

In one embodiment, the Wideband impedance match of the 
polyrod antenna is attained through the combination of the 
linear E-plane taper of the dielectric inside the Waveguide, the 
dielectric’s effect in increasing the electrical size of the 
Waveguide aperture, and the inductive tuning of its tuning 
elements (or metal aperture). Since there is nominally only 
one mode propagating inside the Waveguide, the impedance 
match properties of the internal taper can be derived using the 
theory of continuous impedance transformers in transmission 
lines. The impedance of any section of Waveguide partially 
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6 
?lled by the dielectric can be reliably derived from the Well 
knoWn solution to the rectangular Waveguide ?lled With a 
dielectric slab. 

It can be shoWn that re?ection coe?icients much less than 
—25 dB are easily attained With a feW inches of taper. The 
aperture of the Waveguide behaves as a capacitive disconti 
nuity that becomes less re?ective as frequency increases and 
the mouth of the aperture becomes electrically large. The 
dielectric ?lling increases the electrical size of the mouth and 
improves the match further at high frequencies. Therefore the 
task is to match the aperture at the loW frequencies. Again 
transmission line theory can be used to design the required 
inductive discontinuities at or near the mouth and behind it 
that combined Will produce the desired impedance match. 
Also, in one embodiment of the present invention, inductive 
tuning elements (or obstacles) such as irises, FIG. 4A are used 
for impedance matching. Moreover, in one embodiment of 
the present invention, tuning pins or posts as shoWn on FIG. 
5A are utilized because they are easier to manufacture. 

FIG. 3 is a graph shoWing the measurement of matching 
effect, Where re?ection coef?cient (dB) is measured as a 
function of frequency in GHz. The red curve shoWs the mea 
sured re?ection coef?cients from the mouth of an air-?lled 
X-Band Waveguide. Whereas, the blue curve shoWs the mea 
sured re?ection coe?icients from the mouth of the Waveguide 
in a presence of an inductive tuning (or obstacle) element, 
such as a pair of tWin iris obstacles, according to an embodi 
ments of the present invention. As can be seen, it is possible to 
have a match attained With tWin iris obstacles tuned to create 
a Wide band match at a frequency ranging from about 8 to 
about 13 GHz. 

FIGS. 4A and 4B illustrate exemplary tuning elements 
(i.e., tWin iris obstacles) of an embodiment of the present 
invention. FIG. 4A is a front vieW of a mouth of a Waveguide 
3011 With an inductive tuning (or obstacle) elements (or tWin 
iris obstacles) 200a disposed at about the Waveguide mouth 
area. In one embodiment, each iris panel 20111 of the inductive 
tuning elements 20011 is about 2 mm or less in Width. In 
another embodiment, each iris panel 20111 has a Width of 
about 1.66 mm. The size of the panels 201a may change and 
con?gure to adapt to different operating frequency. 

Here, as shoWn in FIG. 4B, to create a ?rst iris, a ?rst iris 
panel 20111 is disposed next to a ?rst side Wall of the 
Waveguide 3011 at the mouth of the Waveguide 30a, and a 
second iris panel 20111 is disposed next to a second side Wall 
of the Waveguide 3011 at the mouth of the Waveguide 30a. 

To create a second iris, a third iris panel 20111 is disposed 
next to the ?rst side Wall of the Waveguide 30a such that the 
?rst iris panel 20111 is betWeen the third iris panel 201a and 
the mouth of the Waveguide 30a, and a fourth iris panel 20111 
is disposed next to the second side Wall of the Waveguide 3011 
such that the second iris panel 20111 is betWeen the fourth iris 
panel 201a and the mouth of the Waveguide 30a. 

In more detail, in one embodiment, an antenna may include 
a plurality of inductive obstacle panels 20111 to form tWin 
irises. Referring to FIG. 4B, tWo sets of inductive tuning 
elements (or obstacles) 20011 are utilized. Here, as shoWn, a 
?rst set of the inductive tuning elements (or obstacles) 20011 is 
disposed at a ?rst distance, L1, aWay from the Waveguide 
mouth, Where the distance may be about 1.5 mm in length, 
and the second set is disposed at a second distance, L2, aWay 
from the ?rst set, Where L2 about 1/2 of an operating Wave 
length of the polyrod antenna. 

In one embodiment, the inductive turning element (or 
obstacle element) includes a plurality of tuning pines (e.g., 
four tuning pins). They are disposed at the mouth of the 
Waveguide as illustrated in FIGS. 5A and 5B to ensure a good 
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match at the loW end of the band since the increased electrical 
siZe of the aperture derived from the polyrod’s dielectric 
loading already enhances the match at the high end. 

FIG. 5A is a front vieW of a mouth of the Waveguide 30b 
With an inductive turning element (or obstacle element) 200!) 
disposed at about the Waveguide mouth area. The inductive 
obstacle element 200!) includes a plurality of pins 21011. In 
this particular embodiment as shoWn, there are four pins 
210b, each With a diameter, d, of about 0.83 mm, that are 
placed across the Waveguide mouth. A ?rst pin 21019 is placed 
about 2-pin-diameter distance from a ?rst Wall of the 
Waveguide 30b, a second pin 21019 is placed 1-pin diameter 
distance from the ?rst pin 210b, a third pin 21019 is placed 
about 2-pin diameter distance from a second Wall of the 
Waveguide 30b, and a fourth pin 21019 is disposed at about 
1-pin diameter distance from the third pin 2101). 

Like the tWin irises discussed above, there could be a 
plurality of inductive turning (or obstacle) element sets, 
Where a ?rst set of pins is placed at ?rst inductive distance, L1, 
aWay from the mouth of the Waveguide and a second set of 
pins is placed at a second inductive distance, L2, aWay from 
the ?rst set. 

Referring noW back to FIGS. 5A and 5B, in one embodi 
ment, the inductive turning (or obstacle) element 200!) is 
disposed at about an inductive distance, L1, of about 1.5 m 
aWay from the mouth of the Waveguide 30b, and the pin 
diameter, d, is about 0.83 mm. 

While particular embodiments have been described in con 
nection With What is presently considered to be practical 
exemplary embodiments, it is to be understood that the inven 
tion is not limited to the disclosed embodiment, but, on the 
contrary, is intended to cover various modi?cations and 
equivalent arrangements, such as there could be more than 
four pins comprising an inductive obstacle element and a 
plurality of sets of inductive obstacle elements disposed at the 
Waveguide mouth area, and equivalents thereof. For example, 
there could be a ?rst set of pins disposed With a second set of 
iris panels or a ?rst set of iris panels disposed With a second set 
of pins. 

FIG. 6 is a graph shoWing the measurement of matching 
effect using the above described polyrod and inductive ele 
ments. The graph shoWs re?ection coe?icients (dB) on the 
y-axis, Where the re?ection coef?cient is a function of the 
operating frequency in GHZ. The red curve shoWs the mea 
sured re?ection coe?icients from the mouth of the Waveguide 
in the presence of a polyrod of an embodiment of the present 
invention only. Whereas, the blue curve shoWs the measured 
re?ection coe?icients from the mouth of the Waveguide in 
both the presence of the polyrod and matching pins of 
embodiments of the present invention. As can be seen, it is 
possible to attain an aperture match equal to or better than — 1 3 
dB for a frequency range of from about 1 GHZ to about 20 
GHZ. 

Based on the foregoing, it is found that the external taper of 
the polyrod controls the planarity of the Gaussian Beam pro 
duced near its tip. The fundamental design rule to achieve 
maximum planarity is to create the smoothest possible 
change in phase velocity of the polyrod guided Wave from the 
mouth of the Waveguide to the tip. This change in phase 
velocity as a function of the polyrod Width in the H-Plane can 
be estimated by using a tWo-dimensional model of the poly 
rod composed of cascade of dielectric slabs carrying the 
loWest order surface Wave With H-?eld perpendicular to the 
dielectric Walls. 
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Using the above described model it can be shoWn that a 

linear taper causes the Wave to be tightly bound (sloW phase 
velocity) over mo st of the rod and then suddenly released near 
the tip. 

To optimiZe the release of the Wave and the ?atness of the 
produced Gaussian beam it is desirable to adjust the Wave 
velocity linearly along the entire rod. Full Wave three dimen 
sional modeling of the dielectric rod is used to accomplish 
this goal and the result is veri?ed by examining the radiated 
near ?eld. 

According to one embodiment of the present invention, 
When a dielectric constant of the polyrod is higher than 2, the 
polyrod should be exponentially tapered. In one embodiment, 
even When a dielectric material, such as Te?on, has a dielec 
tric constant of 2, the tapered of the polyrod should not be 
linear. Using this approach, a polyrod using any suitable 
dielectric material can be designed. 

Accordingly, various suitable materials With dielectric 
constants range from 1.7 to 3.5 can be used to design poly 
gons that are linear or substantially linear When the dielectric 
constant is less than 2, or tapered along curve When the 
dielectric constant is equal to or more than 2. In one embodi 
ment, the dielectric constant for the material used is 2.8. In 
another embodiment, Te?on is used as a polyrod material. 
HoWever, other suitable materials With other suitable dielec 
tric constants can also be used. 

FIG. 7 shoWs an embodiment for a polyrod that is about 7 
inches long. HoWever, it Will be understood that other geom 
etries can also be used. This design Was manufactured using 
stereolithography. HoWever, it Will be understood other 
manufacturing techniques that alloW formation of a polyrod 
can also be used. 

In one embodiment, a 7 inches (or 7") long polyrod ?tted to 
a standard X-Band Waveguide exhibits the spotsiZe behavior 
measured in FIG. 8. The antenna With the polyrod of this 
embodiment operates nominally from 7 GHZ to 20 GHZ. 

Longer polyrods can be designed to obtain ?atter phase 
fronts, if less ?atness is required then shorter polyrods can be 
used. The shape of the polyrod minimiZes or reduces the spot 
siZe and maximiZes the ?atness of the phase. Slight variations 
can be used to tWeak the results and favor one or the other 
requirement. 

Besides varying polyrod designs, further tWeaking for 
aperture matching, for example, can be attained by providing 
inductive tuning at the Waveguide mouth. In one embodiment, 
the aperture match is done using metal pins. HoWever designs 
using other suitable inductive turning (or obstacle) elements 
can be used since the essence of the matching is the compen 
sation of the Waveguide aperture capacitance by inductive 
scatterers. While certain embodiments With speci?ed dimen 
sions is disclosed, the geometry and matching of the polyrod 
can to be adjusted according to electromagnetic frequency 
band and/ or required operating Wavelength. That is, the 
design structure can be suitably scaled to any suitable fre 
quency band (e. g., from beloW UHF to m Wave) by suitably 
scaling the dimensions to the Wavelength proportionately. 

FIG. 8 shoWs the experimentally determined spotsiZe as a 
function of frequency of an antenna according to an embodi 
ment of the present invention, as seen 0.75" from its end. In 
the experiment, a pair of tapered matched polyrods aligned 
With each other are moved across a resistive sheet (R-Card) 
With insertion loss of the order of —2 dB so that as the card 
crosses the midplane of the polyrods it interrupts the signal 
propagating from one to the other. The measured insertion 
loss Was plotted (y axis) versus the position of the probes 
relative to the edge of the R-Card from 3 inches aWay (—3 
inches), Which does not interrupt the beam, to 3 inches past 
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the center of the beam (+3 inches), Which fully interrupts the 
beam. The point at Which the antennas register 90% of the 
correct value is demarcated by the dashed line. In this par 
ticular embodiment, it can be seen that the spotsiZe created 
varies from approximately 1 .5 in. radius around 7 GHZ to 0.75 
in. radius near 20 GHZ. 

The spotsiZe varies slowly With distance from the antenna 
tip so that a material to be measured can be placed anyWhere 
Within 3 inches of the tip and still be measured With excellent 
reliability. 

Referring to FIGS. 2B and 2C, an embodiment of the 
present invention provides a dielectric polyrod 100' including 
a short tapered section 210, a long tapered section 220, and an 
intermediate section 230, Where the short tapered section 210 
is extended betWeen the intermediate section 230 and a ?rst 
end With a length, L1, the long tapered section 220 is extended 
betWeen the intermediate section 230 and a second end oppo 
sitely facing the ?rst end With a length L2, and the long 
tapered section 220 is tapered along a curve, Where L2 is 
substantially longer than L1. 

In one embodiment, the short tapered section 210 is lin 
early tapered. In another embodiment, the long tapered sec 
tion 220 is tapered along the curve that is substantially linear 
When the dielectric polyrod has a dielectric constant of about 
2, or tapered along the curve that is exponentially shaped 
When the dielectric polyrod has a dielectric constant of about 
3 or more. 

An intermediate section 230 of the polyrod 100' has an 
intermediate thickness, Wherein the ?rst end has a ?rst end 
thickness, and Wherein the intermediate thickness is sub stan 
tially larger than the ?rst end thickness. 

In one embodiment, the short tapered section of the poly 
rod includes a loWer surface extending from the intermediate 
section to the ?rst end, and an upper surface extending from 
the intermediate section to the ?rst end, and Wherein both the 
loWer surface and the upper surface converge from the inter 
mediate area to the ?rst end. 

The long tapered section includes a ?rst side surface 
extending from the intermediate area to the second end and a 
second side surface extending from the intermediate area to 
the second end, and Wherein both the ?rst side surface and the 
second side surface converge from the intermediate area to 
the second end. Still referring to FIG. 1, the second end of the 
polyrod 100 has a second end thickness, T, Where intermedi 
ate thickness is substantially equal to the second end thick 
ness, T. 

In one embodiment, the short tapered section has a length 
L1 of about 4 inches, the long tapered section has a length L2 
of about 7 inches, and the intermediate thickness and the 
second end thickness, T, of about 0.4 inches. In this embodi 
ment, the length of the short tapered section, the length of the 
long tapered section, and the intermediate thickness are con 
?gured to operate at a frequency range of 7 GHZ to 18 GHZ. 

Referring to FIGS. 2A , 2B, 2C 4A, 4B, 5A, and 5B, 
embodiments of the present invention provides a polyrod 
antenna 1,1' that includes a dielectric polyrod 100, 100' hav 
ing a ?rst end, and a Waveguide 30, 30', 30a, 30b for receiving 
the ?rst end of the dielectric polyrod, Where the Waveguide 
30, 30', 30a, 30b having a ?rst Waveguide surface facing a 
?ange 45 and a second Waveguide surface oppositely facing 
aWay from the ?rst Waveguide surface. According to at least 
one of these embodiments, a dielectric polyrod 100' includes 
a short tapered section 210, a long tapered section 220 and an 
intermediate section 230 betWeen the short tapered section 
210 and the long tapered section 220, Wherein the short 
tapered section 210 extended betWeen the intermediate sec 
tion 230 and the ?rst end, and the long tapered section 220 is 
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10 
extended betWeen the intermediate section 230 and a second 
end oppositely facing the ?rst end, and Wherein the long 
tapered section 220 is tapered along a curve. 

In one embodiment, the short tapered section is linearly 
tapered and the long tapered section is tapered along the curve 
that is substantially linear When the dielectric polyrod has a 
dielectric constant of about 2. In another embodiment, the 
long tapered section is tapered along the curve that is expo 
nentially shaped When the dielectric polyrod has a dielectric 
constant of about 3 or more. 

Referring still to FIGS. 2A, 2B, 4A, 4B, 5A, and 5B, an 
embodiment of the present invention provides a polyrod 
antenna 1, 1' With an inductive tuning element 200, 200', 
200a, 2001) disposed at an inductive tuning distance aWay 
from the second Waveguide surface 50, 50'. The inductive 
tuning element 200, 200', 200a, 2001) may be a plurality of 
matching pins 210b, Wherein each of the matching pins 210!) 
has a pin diameter, and the pins 210!) are spaced apart from 
each other by an interval distance equal to or larger than the 
pin diameter. 

Alternatively, according to FIGS. 4A and 4B, the inductive 
tuning element 200, 200' 20011 may be a set of inductive 
tuning elements (or iris obstacles) 200a having ?rst and sec 
ond inductive iris panels 210a de?ning an iris, Where the ?rst 
inductive iris panel 21011 is disposed at a ?rst side Wall of the 
Waveguide 30a, and the second inductive iris panel 21011 is 
disposed at a second side Wall of the Waveguide 30a. 

Referring back to FIGS. 5A and 5B, a Waveguide 30 having 
a set of inductive obstacle element 200. Here, the inductive 
obstacle element 200 includes 4 pins, Where each pin diam 
eter is about 0.83 mm. In this embodiment, the pins are 
disposed at an inductive tuning distance, L1, about 1.5 mm 
from the mouth of the Waveguide, such that the pin diameter 
and the inductive tuning distance are con?gured to operate at 
a frequency ranging from about 7 GHZ to about 18 GHZ. 

Referring back to FIG. 4B. In one embodiment of the 
present invention, there is provided a plurality set of inductive 
turning (or obstacle) elements 200a. Here, there are tWo sets 
of inductive obstacle elements 200ahaving a ?rst set disposed 
at a ?rst inductive tuning distance, L1, aWay from the mouth 
of the Waveguide, or the second Waveguide surface 420, and a 
second set being disposed at a second inductive tuning dis 
tance, L2, aWay from the ?rst inductive tuning element and 
toWard the ?rst Waveguide surface 430. In one embodiment, 
the second inductive tuning distance, L2, is one half of an 
operating Wavelength of the polyrod antenna. 

In this embodiment, both the ?rst inductive tuning element 
and the second inductive tuning element are inductive irises. 

Referring back to FIG. 5A, an inductive tuning element 
200!) having a plurality of matching pins 21011 is shoWn. Here 
the pins 21011 are spaced apart by an interval distance, Where 
each of the pins 21011 has a pin diameter, and a ?rst pin of the 
pins 21011 is disposed at a 2-pin diameter distance aWay from 
a ?rst side Wall of the Waveguide, a second pin of the pins 
21011 is disposed 1-pin diameter aWay from the ?rst pin, a 
third pin of the pins 21011 is disposed at a 2-pin diameter 
distance aWay from a second side Wall of the Waveguide, and 
a fourth pin of the pins 21011 is disposed 1-pin diameter aWay 
from the third pin. 

In vieW of the foregoing, an embodiment of the present 
invention provides an aperture matched polyrod antenna that 
launches electromagnetic Wave from the tip of the polyrod to 
provide an ideal quasi-plane Wave compact region for exam 
ining the properties of materials, especially impedance 
sheets. The aperture matched polyrod antenna has a Gaussian 
beam in the Fresnel Zone of the antenna With nearly ?at phase 
fronts at the tip of the polyrod and throughout its Fresnel 
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Zone. This is accomplished by having a polyrodthat is tapered 
along a curve as a function of a dielectric constant of a polyrod 
material. The curve can be substantially linear if the dielectric 
constant is less than 2, or curve With an exponential shape if 
the dielectric constant is more than 2. In addition, aspects of 
embodiments of the present invention also provide inductive 
tuning elements that can be used at a Waveguide mouth to 
provide desired matching impedance. 

While particular methods have been described in connec 
tion With What is presently considered to be practical exem 
plary embodiments, it is to be understood that the invention is 
not limited to the disclosed embodiment, but, on the contrary, 
is intended to cover various modi?cations and equivalent 
arrangements included Within the spirit and scope of the 
appended claims, and equivalents thereof. 
What is claimed is: 
1. A polyrod antenna comprising: 
a dielectric polyrod having a ?rst end; and 
a Waveguide for receiving the ?rst end of the dielectric 

polyrod, 
Wherein the Waveguide has a ?rst Waveguide surface 

facing a ?ange and a second Waveguide surface oppo 
sitely facing aWay from the ?rst Waveguide surface, 

Wherein the dielectric polyrod comprises a short tapered 
section, a long tapered section, and an intermediate 
section, 

Wherein the short tapered section is extended betWeen 
the intermediate section and the ?rst end, Wherein the 
long tapered section is extended betWeen the interme 
diate section and a second end oppositely facing the 
?rst end, Wherein the long tapered section is tapered 
along a curve, and 

Wherein the Waveguide has an inductive tuning element 
disposed at an inductive tuning distance aWay from 
the second Waveguide surface. 

2. The polyrod antenna of claim 1, Wherein the short 
tapered section is linearly tapered. 

3. The polyrod antenna of claim 1, Wherein the long tapered 
section is tapered along the curve that is substantially linear 
When the dielectric polyrod has a dielectric constant of about 
2. 

4. The polyrod antenna of claim 1, Wherein the long tapered 
section is tapered along the curve that is exponentially shaped 
When the dielectric polyrod has a dielectric constant of about 
3 or more. 

5. The polyrod antenna of claim 1, Wherein the inductive 
tuning element comprises a plurality of matching pins, 
Wherein each of the matching pins has a pin diameter, and 
Wherein the pins are spaced apart from each other by an 
interval distance equal to or larger than the pin diameter. 

6. The polyrod antenna of claim 5, Wherein the pin diam 
eter is about 0.83 mm, Wherein the inductive tuning distance 
is about 1 .5 mm, and the pin diameter and the inductive tuning 
distances are con?gured to operate at a frequency ranging 
from about 7 GHZ to about 20 GHZ. 

7. The polyrod antenna of claim 1, Wherein the inductive 
tuning element comprises ?rst and second inductive iris pan 
els de?ning an iris, Wherein the ?rst inductive iris panel is 
disposed at a ?rst side Wall of the Waveguide, and the second 
inductive iris panel is disposed at a second side Wall of the 
Waveguide. 

8. The polyrod antenna of claim 1, Wherein the polyrod 
antenna has a Wideband impedance match that creates a 
Gaussian Beam in the radiating near ?eld of the antenna. 
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9. A polyrod antenna comprising: 
a dielectric polyrod having a ?rst end; and 
a Waveguide for receiving the ?rst end of the dielectric 

polyrod, 
Wherein the Waveguide has a ?rst Waveguide surface facing 

a ?ange and a second Waveguide surface oppositely 
facing aWay from the ?rst Waveguide surface, 

Wherein the dielectric polyrod comprises a short tapered 
section, a long tapered section, and an intermediate sec 
tion, 

Wherein the short tapered section is extended betWeen the 
intermediate section and the ?rst end, Wherein the long 
tapered section is extended betWeen the intermediate 
section and a second end oppositely facing the ?rst end, 
Wherein the long tapered section is tapered along a 
curve, and 

Wherein the Waveguide comprises a ?rst inductive tuning 
element disposed at a ?rst inductive tuning distance 
aWay from the second Waveguide surface, and a second 
inductive tuning element disposed at a second inductive 
tuning distance aWay from the ?rst inductive tuning 
element and toWard the ?rst Waveguide surface. 

10. The polyrod antenna of claim 9, Wherein the ?rst induc 
tive tuning element and the second inductive tuning element 
are inductive irises. 

11. The polyrod antenna of claim 9, Wherein the second 
inductive tuning distance is one half of an operating Wave 
length of the polyrod antenna. 

12. The polyrod antenna of claim 9, Wherein the polyrod 
antenna has a Wideband impedance match that creates a 
Gaussian Beam in the radiating near ?eld of the antenna. 

13. A polyrod antenna comprising: 
a dielectric polyrod having a ?rst end; and 
a Waveguide for receiving the ?rst end of the dielectric 

polyrod, 
Wherein the Waveguide has a ?rst Waveguide surface facing 

a ?ange and a second Waveguide surface oppositely 
facing aWay from the ?rst Waveguide surface, 

Wherein the dielectric polyrod comprises a short tapered 
section, a long tapered section, and an intermediate sec 
tion, 

Wherein the short tapered section is extended betWeen the 
intermediate section and the ?rst end, Wherein the long 
tapered section is extended betWeen the intermediate 
section and a second end oppositely facing the ?rst end, 
Wherein the long tapered section is tapered along a 
curve, and 

Wherein the Waveguide comprises an inductive tuning ele 
ment comprises a plurality of matching pins spaced 
apart by an interval distance, Wherein each of the pins 
has a pin diameter, 

Wherein a ?rst pin of the pins is disposed at a 2-pin diameter 
distance aWay from a ?rst side Wall of the Waveguide, a 
second pin of the pins is disposed l-pin diameter aWay 
from the ?rst pin, a third pin of the pins is disposed at a 
2-pin diameter distance aWay from a second side Wall of 
the Waveguide, and a fourth pin of the pins disposed 
l-pin diameter aWay from the third pin. 

14. The polyrod antenna of claim 13, Wherein the polyrod 
antenna has a Wideband impedance match that creates a 
Gaussian Beam in the radiating near ?eld of the antenna. 


