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(57) ABSTRACT 

Microstrip antenna having a single radiator element or 
an array of radiator elements. The radiator elements 
are elliptical with the minor axis in the E plane being 
approximately M(2 Vue). The radiator elements and 
feed elements are contained in a broad surface which 
is uniformly spaced from a ground element by a di 
electric layer, and are impedance matched to a trans 
mission line by selecting a feedpoint on the periphery 
of the radiator element at which the input impedance 
of the radiator element effects an impedance match to 
the transmission line. 

24 Claims, 7 Drawing Figures 
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MCROSTRP ANTENNA 

BACKGROUND OF THE INVENTION 

There is a growing need to provide a low cost, com 
pact, low profile, and readily mass-producible, 
high-aperture-efficiency antenna of useful bandwidth 
in which the raidator elements can be readily matched 
to a range of useful transmission line impedances for 
radiating or receiving a directional, linearly polarized, 
electromagnetic radiation beam. Such an antenna 
would be especially useful for low cost object sensing 
and microwave communications. 
The desirable characteristics of low profile, of high 

aperture efficiency and of a highly directional linear 
beam of useful bandwidth are provided by compact 
printed circuit stripline antennas, such as described by 
Jones in "Integrated Radome-Antenna Designs,' Mi 
crowaves, September, 1967, wherein a conductor is 
spaced by two dielectric layers between two ground 
planes, one of which is slotted. However, such stripline 
antennas have severe registration and mode suppres 
sion requirements and are too complex for low cost ap 
plications. 
Another low profile antenna is described in U.S. let 

ters Pat. No. 3,680,136. However, this antenna is also 
of somewhat complex construction in that it requires 
electrical feed means at two points on the under sur 
face of a circular or polygonal radiator element to de 
fine an axis of polarization and further requires a pair 
of tuning capacitors positioned at the edge of the radia 
tor element between the radiator element and a ground 
element. 
A simpler form of low profile antenna employs a 

printed circuit construction including a microstrip ele 
ment. "Microstrip" is a term which is commonly ap 
plied to non-radiating circuit element such as micro 
wave filters, couplers, tuning stubs and other elements 
comprising flat conductive strips which are spaced 
from a single continuous ground plane element by a di 
electric layer. 
One type of compact readily mass-producible an 

tenna having a microstrip configuration is described in 
U.S. letters Pat. No. 3,016,536 wherein rectangular ra 
diator elements are distributed in an array over a broad 
surface and the major axis of the rectangle approxi 
mates NI (2 VFre). Er and pur are respectively the di 
electric constant and permeability of the dielectric 
layer. However, the rectangular radiating element an 
tenna disclosed in the cited patent requires a balanced 
drive, has a poor aperture efficiency and a narrow 
bandwidth, and requires a dielectric thickness of about 
one quarter wavelength, in that it is designed to use the 
ground plane element as a relector whereby the dielec 
tric layer thickness is a function of the wavelength of 
the propagated radiation. 
Studies of microstrip elements have indicated that in 

common configurations they possess the properties of 
low radiation and low attenuation. Microstrip elements 
are generally known to be poor radiators of electro 
magnetic energy. For example, the theoretical studies 
concerning elliptical microstrip elements repprted by 
Irish in "Electronics Letters' Apr. 8th 1971, Vol. 7, 
No. 7, page 149; and by Kretzschmar in "IEEE Trans 
actions on Microwave Theory and Techniques,' May, 
1972, page 342, indicate that although such an element 
would resonate efficiently at a wavelength for which 
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2 
either ellipse axis approximates M(2 Vpire), or in a 
number of other modes, the Q factor of such element 
would be on the order of 1,000 or higher, thereby pre 
cluding efficient radiation. 
Tests with common rectangular microstrip elements 

supported by a thin low-loss dielectric layer and having 
a strip width on the order of, or less than M/4, demon 
strate unloaded O factors of several hundred, and 
loaded Q factors on the order of 100 or more. These 
high Q factors indicate a radiation resistance which is 
too high for most antenna applications. 

SUMMARY OF THE INVENTION 

I have learned how to convert a microstrip element 
into an efficient radiator of electromagnetic radiation. 
In order to realize efficient radiation, it is critical that 
the feed element be coupled to the microstrip element 
at the correct position. When so coupled, the micro 
strip element provides an antenna of high aperture effi 
ciency and useful bandwidth which is readily mass 
producible at low cost. 
An antenna according to the present invention, 

which is constructed to be impedance matched to a 
transmission line of an input impedance Z at a wave 
length N for radiating or detecting electromagnetic ra 
diation signals having the wavlength M, includes 
a thin conductive radiator element having a broad sur 
face and two unequal orthogonal axes of symmetry in 
the broad surface for defining E and H planes, which 
planes respectively include said axes; 
a conductive ground element uniformly spaced from 
and more than coextensive with the radiator element 
for defining a radiator aperture; and 
a dielectric layer of relative dielectric constant e, and 
relative permeability u, and of uniform thickness for 
spacing the radiator element from the ground element. 

In order to achieve high radiation efficiency a single 
electrical feed element is coupled to the radiator ele 
ment at an off-axis feedpoint on the latter selected for 
impedance matching the radiator and feed elements to 
the transmission line. Also the axis which is within the 
E plane should be approximately M/(2 Vue,). A 
broader bandwidth is provided when the minor axis is 
in the E plane. 

Selection of the feedpoint on the radiator element is 
facilitated by the feature that the input impedance of 
the radiator element is dependent upon the position of 
the feedpoint on the periphery of the radiator element. 
This input impedance is approximately zero at the axis 
which lies in the H plane and increases along the pe 
riphery, becoming maximum at the axis which lies in 
the E plane. The feedpoint-input impedance relation 
ship is symmetrical in the quadrants on either side of 
the E plane and in the quadrants on either side of the 
H plane, except that the relative phase of the radiated 
signal reverses by 180 as the feedpoint crosses the H 
plane. This feature makes it relatively easy to impe 
dance match the radiator element and the electrical 
feed element to the transmission line, since one need 
only select a feedpoint on the radiator element periph 
ery which provides the desired input impedance at the 
wavelength of the electromagnetic radiation to be radi 
ated or received. Also, except when the radiator ele 
ment is a circle, the orientation of the plane of polariza 
tion is relatively independent of the position of the 
feedpoint. 
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The embodiment of the antenna wherein the radiator 
element is circular has certain unique properties. Be 
cause the polarization plane of the circular radiator ele 
ment antenna is dependent upon the combination of 
the feedpoint and the transmission line characteristics, 
and not dependent upon the physical placement of 
major and minor axes, the polarization plane can be 
predetermined by merely adjusting the electrical char 
acteristics of the impedance match to the transmission 
line. Thus the plane of polarization can be varied for 
scanning or searching functions by electronically vary 
ing the reactive characteristics of the impedance match 
to the transmission line. 
The preferred shape of the radiator element is that of 

an ellipse, although rectangles or other orthogonally 
symmetrical configurations may also be used. I found 
that the best combination of high aperture efficiency 
and useful bandwidth are realized with an ellipse hav 
ing an eccentricity of about 0.65. The upper practical 
limit of eccentricity appears to be about 0.9. 
For the preferred radiator element shape of an el 

lipse, an excellent impedance match can thus be made 
to transmission lines having an input impedance in a 
range of from 20 to 150 ohms. 
The following effects of varying the eccentricity have 
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been observed. As the eccentricity increases above 
about 0.4 the frequencies of the two lowest resonant 
modes which occur for the two possible orientations of 
the E field along the major and minor axes become fur 
ther apart, thereby resulting in better decoupling of the 
lowest mode from the desired mode in which the E 
plane includes the minor axis. However, as the eccen 
tricity increases above about 0.8 there is an increasing 
likelihood of coupling of energy into an unwanted still 
higher resonant mode. With the dimension of the radia 
tor element along the minor axis (E plane) held con 
stant, increasing the major axis dimension results in 
only a slight increase in the operating frequency. How 
ever, with the major axis dimension held constant, in 
creasing the minor axis dimension causes the operating 
wavelength to proportionately increase within the lim 
its of eccentricity. 
For microstrip antennas constructed according to the 

present invention, the unloaded O factor, as measured 
with a network analyzer was observed to be less than 
75, and the loaded Q factor less than 25. For the pre 
ferred elliptical radiator element embodiment, wherein 
the eccentricity is 0.65, the unloaded Q factor was ob 
served to be less than 25, and the loaded O factor less 
than 12, thereby resulting in a usable half-power band 
width of about 2%. For elliptical radiator element an 
tennas having an eccentricity of 0.65 again of about 6 
db was measured for a single element antenna, and a 
gain of about 1 1 db was measured for a four element 
array antenna. The radiation efficiency was determined 
to be greater than 95% of theoretical efficiency. 

In the antennas of the present invention, the spacing 
of the radiator element from the ground element is not 
a function of the wavelength of the electromagnetic ra 
diation. Thus extremely low profile antennas may be 
provided, wherein the thickness of the dielectric layer 
for uniformly spacing the radiator element from the 
ground element is extremely thin. A thickness in a 
range between about A/(20 Vpire,) and A/(50 Vple) 
is preferred. Within this range a greater bandwidth is 
obtained with thicker substrates. 
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4 
In view of the foregoing features constructions of 

high gain arrays are easily achieved by etching the radi 
ator and feed elements from one side of high quality 
double clad circuit boards of the desired design thick 
ness. To produce high gain antennas an array of radia 
tor elements is appropriately distributed on a broad 
surface of the circuit board. By suitably selecting the 
impedances and lengths of the feed elements which in 
terconnect the array of radiator elements to the trans 
mission line, and by suitably selecting the quadrants 
and locations of the raidator element feedpoints, 
power may be distributed to a plurality of radiator ele 
ments in accordance with the desired illumination 
function, wherein the side lobes may be controlled. 
Thus the radiator elements may be properly phased and 
individually impedance matched to the feed elements 
and to the transmission line. For a large more or less 
square array of radiator elements, the radiated or re 
ceived radiation beam is a pencil beam which is highly 
directional in both the E and H planes. 
Linear arrays may also be constructed to produce fan 

beams which are highly directional in a plane which in 
cludes a line joining the radiator elements, which plane 
may be either and E or an H plane depending upon the 
orientation of the elliptical radiator elements. 
Because the individual radiator elements are then 

selves directional the fields in the plane of the array 
near the radiator elements are low, thereby allowing 
the transmission line and the connector element lines 
to be routed close to the radiator elements. Also when 
adjacent radiator elements are placed close together, 
the usual problems of mutual field coupling are not as 
great. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of an antenna according 
to the present invention, having a single radiator ele 
et. 
FIG. 2 shows approximate values of input impedance 

of an elliptical radiator element at various feedpoints 
on the periphery thereof. 
FIG. 3 is a graph showing the value of the resistance 

component of the input impedance of the radiator ele 
ment of FIG. 2, as a function of the height of the feed 
point from the H axis. 
FIG. 4 is a graph of a measured radiation pattern for 

the antenna of FIG. 1. 
FIG. 5 is a plan view of a multiple element array an 

tenna according to the present invention. 
FIG. 6 is a graph of measured gain and radiation pat 

terns for the antenna of FIG. 5. 
FIG. 7 is a schematic representation of a system em 

ploying an antenna having a circular radiator element 
for scanning or search applications, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A single radiator element embodiment of the antenna 
of the present invention is shown in FIG. 1, wherein the 
thicknesses of the copper clad radiator, ground and 
feed elements are exaggerated. The antenna 10 in 
cludes a dielectric layer 12, which uniformly separates 
a ground element 14 from a radiator element 16 and an 
electrical feed element 18. The radiator element 16 is 
an ellipse having an eccentricity of 0.65. The feed ele 
ment 18 is illustrated as being directly connected to the 
radiator element 16, at a feedpoint 22 but it may be ca 
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pacitively coupled thereto. Also the feed elements 18 
may be connected to a transmission line by quarter 
wave transformers or other impedance transitions. 
The antenna 10 is made from a double copper clad 

low-loss printed circuit board material by etching one 
layer to form the radiator element 16 and the feed ele 
ment 18. 
The feedpoint 22 was selected to match a transmis 

sion line characteristic impedance of 50 ohms to a radi 
ator element input impedance of 50 ohms. the impe 
dance of the feed element 18, as determined by its 
width, is also 50 ohms. 
The dielectric layer 12 is polytetrafluoroethylene 

(PTFE), which has a relative dielectric constant e, of 
about 2.5, and a relative permeability ur of 1.0. The 

10 

15 
copper layers are about 35 micrometers thick, and the 
dielectric layer has a thickness of about 1.5 millimeters. 

FIG. 2 shows approximate values of radiator element 
input impedance, in ohms, at various feedpoints on the 
periphery on the elliptical radiator element, as empiri 
cally determined for the embodiment described above, 
when designed to radiate at approximately 2.6 GHz, 
with the E field parallel to the minor axis. 
FIG. 3 is a graph showing the value of the resistance 

component of the radiator element input impedance in 
ohms as a function of the height of the feedpoint from 
the H axis in terms of wavelength M. FIG. 3 is applicable 
for only the above described embodiment. 
The gain for this antenna 10 was measured at -5.95 

db over isotropic. This measurement was made by 
using the commonly used two antenna technique. This 
measured gain is about 95% of the theoretical gain. The 
gain and radiation pattern for the antenna 10, as de 
signed in accordance with the teaching of the present 
invention for radiating a 2.6 GHz signal, is shown in 
FiG. 4. Measurements were made in the E plane. 
A multiple element array antenna 24 is shown in FIG. 

5. The antenna 24 is made from the same materials as 
used in the single element antenna 10 described above. 
The antenna 24 has four radiator elements 26 which 
are individually coupled to interconnected feed ele 
ments 28 and 29. The feed elements 28 and 29 branch 
out from a trunk feed element 30 which is connected 
to the transmission line. The trunk feed element 30 is 
tapered so as to change its impedance from 50 ohms at 
the terminal 32 for connection to the transmission line, 
to 25 ohms at the junction 34 where it divides to form 
the branch elements 36. The branch feed elements 36 
are each tapered so as to change their respective im 
pedances from 50 ohms at the junction 34 to 35 ohms 
at the junction 38 where it divides to form the feed ele 
ments 28 and 29. The feed elements 28 and 29 are each 
70 ohms, and the feedpoints 42 on the radiator ele 
ments 26 are selected to match a radiator element 
input impedance of 70 ohms. 
The feedpoints may be at any of four different points 

on the periphery of the radiator elements 26 for any 
given selected input impedance. The 180° phase differ 
ence which exists for feedpoints on either side of the 
major ellipse axis enables groupings of two or four radi 
ator elements 26 to be fed from a single trunk feed ele 
ment 30 with the difference in the lengths between the 
lines 28 and 29 being only A12 rather than a full wave 
length X. In the four element array of this embodiment 
an estimated loss of approximately 0.5 db was saved by 
using this technique. 
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6 
FIG. 5 is drawn to scale. The E planes 46 and 48 are 

separated by 0.55 M and H planes 52 and 54 are sepa 
rated by 0.42 M. 
The gain for the four element array antenna 24 was 

found to be about 11 db, which is approximately equal 
to the theoretical gain, as based on the antenna aper 
ture corresponding to the area of the ground plane. The 
gain and radiation patterns 56 and 58, respectively 
measured in the E and H planes, are shown in the polar 
graph of FIG. 6. The frequency of the radiated signal 
was 2.57 GHz. The voltage standing wave ratio 
(VSWR) was observed to be 1.5 to 1. 
A 26 db gain array involves the use of the same de 

sign techniques described above. The major problems 
are related to the physical size of the array and the need 
to control phase and power distribution across the ar 
ray. In most applications the array will generate pencil 
beams or flat fan beams both of which will often re 
quire binomial or other power distribution to eliminate 
high side lobes. With a planar array of elliptical radia 
tor elements, accurate control of this power distribu 
tion is readily achievable because of the design flexibil 
ity in choosing the feed points, phase and load impe 
dance. Approximately 128 elements are required for a 
26 db gain uniformly illuminated square array 9 x 9 
wavelengths in size. This figure of 128 is an estimate 
based on the 11 db achieved for the 4 element array 
and further based on the assumption that an additional 
3 db is obtained each time the array is doubled in size 
and that near theoretical efficiency is not sacrificed by 
the additional line loss, mismatch loss and phasinger 
ror. For arrays this size, the greatest design difficulty 
will be in eliminating phase errors and in reducing side 
lobe content, especially for designs in monopulse appli 
cations. 

FIG. 7 shows an embodiment wherein an antenna 60 
has a circular radiator element 62 connected to a trans 
mission line 64 by a feed element 66. The transmission 
line 64 is connected to a radio frequency signal source 
68. Variable reactance elements, such as varactors 70 
and 72, are respectively connected between the trans 
mission line 64 and an electrical ground, and between 
the radiator element 62 and ground. Both varactors 
70,72 are connected to a variable D.C. source 74. By 
varying the D.C. voltage to the varactors 70,72 the 
plane of polarization of the antenna 60 is likewise var 
ied, thereby enabling the antenna to be used for scan 
ning or search applications. 
What is claimed is: 
1. A microstrip antenna which is impedance matched 

to a transmission line of an impedance Z at a wave 
length M for radiating or detecting electromagnetic ra 
diation signals having the wavelength M, comprising 
a thin conductive radiator element having a broad 
surface and two unequal orthogonal axes of sym 
metry in the broad surface for defining E and H 
planes which planes respectively include said axes, 

- with the axis within the E plane being approxi mately A/(2 Vue); 
a conductive ground element uniformly spaced from 
and more than coextensive with the radiator ele 
ment for defining a radiator aperture; 

a dielectric layer of relative dielectric constant e, and 
relative permeability u, and of uniform thickness 
for spacing the radiator element from the ground 
element; and 
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a single electrical feed element for connection to the 
transmission line and coupled to a peripheral por 
tion of the radiator element at a feedpoint which is 
off of said axes. 

2. An antenna according to claim 1, with the minor 
axis being in the E plane. 

3. An antenna according to claim 1, wherein the radi 
ator element is an ellipse having an eccentricity greater 
than zero. 

4. An antenna according to claim 3, wherein the ec 
centricity is between 0.4 and 0.9. 

5. An antenna according to claim 4, wherein the ec 
centricity is 0.65. 

6. An antenna according to claim 4, wherein the radi 
ator element has a minor elliptical axis in the E plane. 

7. An antenna according to claim 6, wherein the ec 
centricity is 0.65. 

8. An antenna according to claim 1, wherein the feed 
element has a broad surface uniformly spaced from the 
ground element by the dielectric layer. 

9. An antenna according to claim 1, wherein the feed 
element has a broad surface uniformly spaced from the 
ground element by the dielectric layer. 

10. A microstrip antenna which is impedance 
matched to a transmission line of an impedance Z at a 
wavelength. A for radiating or detecting electromag 
netic radiation signals having the wavelength. A, com 
prising 
a thin circular conductive radiator element having a 
broad surface and a diameter of approximately 
M/(2 Vitré); 

a conductive ground element uniformly spaced from 
and more than coextensive with the radiator ele 
ment for defining a radiator aperture; 

a dielectric layer of relative dielectric constant e, and 
relative permeability u, and of uniform thickness 
for spacing the radiator element from the ground 
element; 

an electrical feed element for connection to the 
transmission line and coupled to the radiator ele 
ment at a feedpoint selected for impedance match 
ing the radiator and feed elements to the transmis 
sion line; and 

variable reactance elements coupled to the radiator 
element and the transmission line for enabling a 
plane of polarization of the antenna to be varied by 
varying the reactance of the variable reactance ele 
nets. 

11. A microstrip antenna which is impedance 
matched to a transmission line of an impedance Z at a 
wavelength \ for radiating or detecting electromag 
netic radiation signals having the wavelength A, com 
prising 
an array of thin conductive radiator elements distrib 
uted on a broad surface, said radiator elements in 
dividually having two unequal orthogonal axes of 
symmetry in the broad surface for defining E and 
H planes which planes respectively include said 
axes with the axis within the E plane being approxi 
mately Af(2 Vitré); 

a conductive ground element uniformly spaced from 
and more than coextensive with the radiator ele 
ments for defining a radiator aperture; 

a dielectric layer of relative dielectric constanter and 
relative permeability ur and of uniform thickness 
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8 
for spacing the radiator elements from the ground 
element; and 

electrical feed elements for connection to the trans 
mission line and individually coupled to each radia 
tor element at feedpoints wherein each radiator el 
ement has a single said feed element, at least some 
of which are coupled to the radiator elements at 
feedpoints off of said axes. 

12. An antenna according to claim 11, with the minor 
axes of the individual radiator elements being in the E 
plane. 

13. An antenna according to claim 11, wherein the 
individual radiator elements are ellipses having an ec 
centricity greater than zero. 

14. An antenna according to claim 13, wherein the 
eccentricity is between 0.4 and 0.9. 

15. An antenna according to claim 14, wherein the 
eccentricity is 0.65. 

16. An antenna according to claim 14, wherein the 
individual radiator elements have a minor elliptical axis 
in the E plane. 

17. An antenna according to claim 16, wherein the 
eccentricity is 0.65. 

18. An antenna according to claim 16, wherein the 
feed elements are coupled to the peripheries of the ra 
diator elements. 

19. An antenna according to claim 11, wherein the 
feed elements are coupled to the peripheries of the ra 
diator elements. 

20. An antenna according to claim 19, wherein the 
individual feed elements each have a broad surface uni 
formly spaced from the ground element by the dielec 
tric layer. 

21. An antenna according to claim 11, wherein the 
feed elements each have a broad surface uniformly 
spaced from the ground element by the dielectric layer. 

22. A microstrip antenna which is impedance 
matched to a transmission line of an impedance Z at a 
wavelength. A for radiating or detecting electromag 
netic radiation signals having the wavelength A, com 
prising 
an array of thin circular conductive radiator elements 

distributed on a borad surface, said radiator ele 
ments individually having a diameter in the broad 
surface of approximately M? (2 Vue); 

a conductive ground element uniformly spaced from 
and more than coextensive with the radiator ele 
ments for defining a radiator aperture; 

a dielectric layer of relative dielectric constant e, and 
relative permeability u and of uniform thickness 
for spacing the radiator elements from the ground 
element, and 

electrical feed elements interconnected to one an 
other for connection to the transmission line and 
individually coupled to each radiator element at 
feed points selected for impedance matching the 
radiator and feed elements to the transmission line; 
and 

variable reactance elements coupled to the radiator 
elements and the transmission line for enabling a 
plane of polarization of the antenna to be varied by 
varying the reactance of the variable reactance ele 
etS. 

23. An antenna according to claim 1, wherein the po 
sition of the feedpoint on the radiator element is se 
lected so that the impedance of the radiator element at 
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the feedpoint is equal to the impedance of the feed ele- selected so that the impedance of each radiator ele 
ment at said feedpoint. ment at its feedpoint is equal to the impedance of the 
24. An antenna according to claim 11, wherein the feed element at said feedpoint. 

positions of the feedpoints on the radiator elements are ck sk. k. xk sk 
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