
Chapter 7.0 Microstrip antennas 
 
Microstrip antennas have been developed primarily in the last 15 years, receiving the creative 
attentions of engineers and researchers throughout the world. As a result, microstrip antennas have 
quickly evolved from a research novelty to practical reality, with applications in a wide variety of 
microwave and RF systems. 
 
The geometry of the basic microstrip antenna element is shown in Figure 7.1, below. It is seen to 
consist of a metallic patch etched on a grounded dielectric substrate. The antenna radiates 
broadside to the patch element. 
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Figure 7.1 Geometry of the basic microstrip antenna. 
 
 
Features of microstrip antennas: 
Although microstrip antennas represent a significant advance in the field of antenna technology, it 
must be noted that it is usually their non-electrical characteristics that make microstrip antennas 
preferred over other elements. Microstrip antennas have a low profile and are light in weight, can 
be made conformal, and are well-suited to integration with microwave integrated circuits (MICs). 
If the expense of materials and fabrication is not prohibitive, they can also be low in cost. When 
electrical performance is compared to traditional antenna elements such as wire or aperture 
antennas, however, the basic microstrip antenna or array often suffers from a number of serious 
drawbacks. These can include narrow bandwidth, high feed network losses, poor cross polarization, 
and low power handling capacity. Intensive research and development has shown that most of these 
drawbacks can be avoided, or at least alleviated to some extent, with innovative variations and 
extensions to the basic microstrip element. Some of the basic features of microstrip antennas are 
listed below: 
 



• low profile form factor 
• potentially light weight 
• potentially low cost 
• can be conformable with mounting structure 
• easily integrated with planar circuitry 
• capable of linear, dual, and circular polarizations 
• versatile feed geometries 

 
Microstrip antenna bandwidth: 
Microstrip antenna elements have a number of useful and interesting features, but probably the most 
serious limitation of this technology is the narrow bandwidth of the basic microstrip element. While 
antenna elements such as dipoles, slots, and waveguide horns have operating bandwidths ranging 
from 15 - 50%, the traditional microstrip patch element typically has an impedance bandwidth of 
only a few percent. Figure 7.2 shows the impedance bandwidth versus substrate thickness for a 
rectangular microstrip antenna with substrate permittivities of 2.2 and 10.2. Observe from the figure 
that bandwidth increases as the substrate becomes thicker, and as the dielectric constant decreases. 
Both of these trends are explained as a result of the increased Q of the resonator, basically due to the 
fact that the patch current is in close proximity to its negative image in the substrate ground plane. In 
terms of bandwidth, it is preferable to use a thick antenna substrate, with a low dielectric constant. 
But because of inductive loading and possible spurious radiation from co-planar microstrip circuitry, 
the thickness of a microstrip antenna substrate is typically limited to 0.02λ or less. This illustrates 
the essential compromise associated with the microstrip antenna concept, as it is not possible to 
obtain optimum performance from both a microstrip antenna and microstrip circuitry on a single 
dielectric substrate. These two functions are distinct electromagnetically, since the bound fields 
associated with nonradiating circuitry precludes efficient radiation. 



 

0 0.02 0.04 0.06 0.08 0.1

Substrate Thickness d/λo

0

5

10

15

20

Pe
rc

en
t B

an
dw

id
th

 (S
W

R
<2

)

 
 
Figure 7.2 Impedance bandwidth (VSWR < 2) for a rectangular microstrip antenna, versus substrate 
thickness. The red curve is for εr = 2.2, the green curve is for εr = 10.2. 
 
 
While the bandwidth of the basic element is limited, considerable research and development during 
the last 15 years has led to a number of creative and novel techniques for the enhancement of 
microstrip antenna bandwidth, so that impedance bandwidths ranging from 10 to 50% can now be 
achieved. There have been dozens of proposed techniques for the enhancement of microstrip 
antenna bandwidth, but they can all be categorized according to three canonical approaches: 
 

• impedance matching using a matching network 
• introducing dual resonances with stacked or parasitic elements 
• reduce efficiency by adding lossy elements 

 
The interested reader is referred to the literature for further discussion of these techniques. 



7.1 Analysis of the Microstrip Antenna 
 
The basic rectangular microstrip antenna element is derived from a λg/2 microstrip transmission 
line resonator. As shown in Figure 7.1, the patch has a length L along the x-axis, and width W 
along the y-axis. The dielectric substrate has a thickness d and a dielectric constant εr, and is 
backed with a conducting ground plane. When using a coaxial probe feed, the outer conductor of 
the coaxial line is connected to the ground plane, and the inner conductor is connected to the 
patch element. The position of the feed point relative to the edge of the patch controls the input 
impedance level of the antenna. In operation, the length of the patch element is approximately 
λg/2, forming an open circuit resonator. Because the patch is relatively wide, the patch edges at x 
= -L/2 and L/2 effectively form slot apertures which radiate in phase to form a broadside 
radiation pattern. 
 
Transmission line model: 
Many analytical models have been developed for the impedance and radiation properties of 
microstrip antennas, but most of the qualitative behavior of the basic microstrip antenna element 
can be demonstrated using the relatively simple transmission line model. As shown in Figure 7.3, 
the patch element is modeled as a length, L, of microstrip transmission line of characteristic 
impedance Z0. The characteristic impedance of the line can be found using either approximate 
formulas or microwave circuit CAD software, and is a function of the width, W, of the line as 
well as the substrate thickness and dielectric constant. The ends of the transmission line are 
terminated in admittances, Y = G +jB, where the conductance serves to model the radiation from 
the ends of the line, and the susceptance serves to model the effective length extension of the line 
(due to fringing fields). Several approximations are available for calculating the end admittances, 
with a typical result for d << λ0 given as, 
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= . The susceptance B is typically positive, implying a 

capacitive end effect. This means that the resonant length of the patch will be slightly less than 
λg/2. If the feed probe is located a distance s from the edge of the patch, the input impedance 
seen by the probe can be calculated using basic transmission line theory from the circuit of 
Figure 7.3. Resonance is defined as the frequency at which the imaginary part of the input 
impedance is zero. 
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Figure 7.3 Transmission line circuit model for a rectangular microstrip antenna. The feed point is 
positioned a distance s from the radiating edge of the patch. 
 
 
Due to symmetry of the transmission line resonator, the voltage along the transmission line will 
have maxima at the ends, and a null at the center of the line. Conversely, the current on the patch 
will have a maximum at the center of the patch, and will be zero at the ends. The variation of the 
voltage and current on a resonant patch antenna is sketched in Figure 7.4. 
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Figure 7.4 Variation of voltage and current along the length of a resonant microstrip antenna. 
 
 
Impedance characteristics of the microstrip antenna: 
Since input impedance is the ratio of voltage to current at the feed point, the variations shown in 
Figure 7.4 imply that the input impedance of the probe-fed microstrip antenna will be maximum 
when the feed point is at the edge of the patch, and decrease to zero as the feed is moved to the 
center of the patch. Figure 7.4 shows a Smith chart plot of the input impedance of a coaxial 



probe-fed microstrip antenna versus frequency, for two different probe positions. Observe that 
the input impedance locus decreases as the feed point moves toward the center of the patch. Also 
observe that the impedance locus becomes more inductive as the feed point moves toward the 
center of the patch. 

 

 
 
Figure 7.4 Smith chart plot of the input impedance of a probe fed rectangular microstrip antenna 
versus frequency, for two different feed positions. Patch parameters are L = 2.5 cm, W = 3.0 cm, 
εr = 2.2, d = 0.79 cm, s = 0 cm (blue curve) and s = 0.75 cm (red curve). Frequency sweep runs 
from 3.6 GHz to 4.25 GHz, in steps of 50 MHz. 



The Smith chart plot of Figure 7.4 also shows that the microstrip antenna has an inductive 
reactance at frequencies below resonance, and a capacitive reactance above resonance. This is 
similar to the impedance characteristics of a slot antenna, and so the driving point impedance of 
the antenna can be modeled as a parallel RLC circuit. 
 
 
Example 7.1 
A square microstrip antenna has a length and width of 4.02 cm, with a substrate dielectric 
constant of 2.55 and thickness of 0.16 cm. Compute the approximate resonant frequency, and 
compare with the results from PCAAD. 
 
Solution: 
From the transmission line model, we know that the resonant frequency of a microstrip antenna 
corresponds to the frequency where the patch is about λg/2, where λg is the guide wavelength of 
the microstrip line. For a wide microstrip line, the effective dielectric constant is approximately 
equal to the substrate dielectric constant, so we have, 
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Running PCAAD (the cavity model) for this antenna gives a resonant frequency of 2.275 GHz. 
The measured resonant frequency for this antenna was 2.28 GHz, which gives an error of 2.6% 
for the approximate calculation above, and 0.2% for PCAAD. PCAAD also gives the directivity 
as 5.8 dB, and the impedance bandwidth as about 2%. 
♦ 
 
 
Far-fields of the microstrip antenna: 
The far-field radiation patterns of the microstrip antenna element can be derived from the 
transmission line model by treating the radiating edges at x = -L/2 and L/2 as equivalent slots. In 
the coordinate system of Figure 7.1, the normalized far-zone fields of the rectangular patch can 
be expressed as, 
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and θ and φ are spherical coordinates. These patterns have maxima broadside (θ = 0) to the 
patch, with 3 dB beamwidths typically in the range of 90° to 120°. Typical E-plane (φ = 0) and 
H-plane (φ = 90°) microstrip antenna radiation patterns are shown in Figure 7.5. The probe-fed 
antenna of Figure 7.1 is linearly polarized along the resonant dimension of the patch, or the x - z 
plane. 
 
The directivity of the microstrip antenna can be found by integrating these far-field expressions, 
which must be done numerically. The result will depend on the length and width of the patch 
element, as the radiation mechanism of the patch can be viewed as two magnetic slot currents 
along the radiating edges of the patch. Since the resonant length of the microstrip antenna 
decreases as the substrate dielectric constant increases, the directivity decreases as the substrate 
dielectric constant increases. For εr = 2.2, the directivity is about 6 dB; for εr = 10, the directivity 
is about 5 dB. 
 

 
 
Figure 7.5 E-plane (red) and H-plane (blue) far-field radiation patterns of the rectangular 
microstrip antenna of Figure 7.4. 
 
 
7.2 Feeding methods 
 
While Figure 7.1 shows a coaxial probe-fed microstrip antenna element, it is also possible to 
feed the patch element using several other methods. Figure 7.6 shows a rectangular patch 
element fed with a microstrip transmission line coplanar with the patch element. The amount of 
inset of the feed line controls the input impedance level at resonance, in a manner analogous to 
the positioning of the coax probe feed for impedance control. The equivalent circuit of this 
element is a parallel RLC resonant network, with a series inductance that represents the near field 
effect of the microstrip feed line. (The same equivalent circuit applies to the probe-fed microstrip 
antenna.) Both the probe feed and the line feed excite the patch element through coupling 



between the equivalent Jz electric current of the feed and the Ez directed field of the patch 
resonator, which has a maximum below the center of the patch. The ability to feed the microstrip 
antenna with a microstrip transmission line is especially useful when integrating the element into 
an array, or with active circuitry. 
 
The direct-contacting coax probe and inset microstrip line feeds have the advantage of 
simplicity, but suffer from some disadvantages. First, bandwidth is limited due to the 
requirement of a thin substrate, as discussed above. In addition, the inherent E-plane asymmetry 
of these feeds generates higher-order modes which lead to cross-polarization. And, in the case of 
the coax feed, the need for soldering can decrease reliability and increase cost if a large number 
of elements are involved. 
 

 
 
Figure 7.6 Geometry and equivalent circuit for a microstrip antenna fed with an inset microstrip 
transmission line. 
 
 
It is also possible to feed a microstrip antenna element using noncontacting feeds of various 
forms. Figure 7.7 shows a proximity feed, where a two-layer substrate houses an embedded 
microstrip transmission feed line, with the radiating patch located on the top of a substrate layer 
placed over the microstrip feed line. The feed line is terminated in an open circuited stub below 
the patch. Proximity coupling is sometimes referred to in the literature as “electromagnetic 
coupling”, but this term is less descriptive since all feeding methods could be categorized as 
“electromagnetic” of one form or another. Proximity coupling has the advantage of allowing the 
patch to reside on a relatively thick substrate, for enhanced bandwidth, while the feed line sees 
an effectively thinner substrate, which is preferred to minimize spurious radiation and coupling. 
Fabrication is a bit more difficult than the single layer coax or line feed, due to the requirement 
of bonding and aligning two substrates. The equivalent circuit of the proximity coupled element 
is also shown in Figure 7.7, where the series capacitor is indicative of the capacitive nature of the 
coupling between the open ended microstrip line and the patch element. 
 
 



 
 
Figure 7.7 Geometry and equivalent circuit for a proximity fed microstrip antenna. The 
microstrip feed line is sandwiched between the two dielectric layers. 
 
 
Another type of noncontacting feed is the aperture coupled microstrip antenna, shown in Figure 
7.8. This configuration consists of two parallel substrates separated by a ground plane. A microstrip 
feed line on the bottom of the bottom substrate is coupled through a small aperture in the ground 
plane to a microstrip patch element on the top of the top substrate. The coupling aperture is 
typically a thin rectangular slot, but other shapes can be used as well. This arrangement allows a 
thin, high dielectric constant substrate to be used for the feed line, and a thicker, low dielectric 
constant substrate to be used for the radiating element. In this way, the two layer design of the 
aperture coupled element allows the substrates to be optimized for the distinct functions of circuit 
components and radiating elements. In addition, the ground plane provides isolation between the 
radiating aperture and possible spurious radiation or coupling from the feed network. An important 
aspect of the aperture coupled approach is that the coupling aperture is below resonant size, so that 
the backlobe radiated by the slot is typically 15-20 dB below the main forward beam. 
 
The aperture coupled geometry affords several degrees of freedom for control of the electrical 
properties of the antenna. The slot size (length) primarily determines the coupling level, and hence 
input impedance. Tightest coupling occurs when the slot is centered below the patch, with the input 
impedance decreasing as the slot size is decreased. As with any microstrip antenna, the resonant 
frequency is controlled primarily by the length of the patch. The feed line stub length can be used 
to adjust the reactance loading of the element, and the antenna substrate thickness and dielectric 
constant has a direct effect on the bandwidth of the element. It is also possible to use the slot to 
provide a double tuning effect to significantly increase impedance bandwidth. Such aperture 
coupled antennas have been demonstrated with bandwidths up to 40%. Another unique feature of 
the aperture coupled patch is that the principle plane patterns have theoretically zero cross 
polarization due to the perfect symmetry of the element and the (centered) feed slot. 



 

 
 
Figure 7.8 Geometry and equivalent circuit for an aperture coupled microstrip antenna. (The two 
substrates are shown separated for clarity.) 
 
 
Besides rectangular patch elements, it is possible to use a variety of other patch shapes as 
resonant radiating elements. For purposes of polarization purity and analytical simplicity, 
however, it is usually preferable to use either rectangular, square, or circular elements. Linear 
polarization is best obtained with rectangular elements, while dual linear or circular polarization 
can be obtained with square or circular patch elements. 
 
 
7.3 Microstrip antenna arrays 
 
One of the most useful features of microstrip antenna technology is the ease with which array 
antennas can be constructed, since the feed network can be fabricated with microstrip 
transmission lines and microstrip circuit components at the same time as the microstrip radiating 
elements. This eliminates the cumbersome and expensive coaxial or waveguide feed networks 
that are necessary for other types of arrays. In fact, microstrip technology offers such versatility 
in design that a wide variety of series-fed, corporate-fed, fixed-beam, scanning, multilayer, and 
polarization agile microstrip arrays have been demonstrated, many examples of which can be 
found in the literature. 
 
One of the most convenient architectures for microstrip arrays is the single layer design where the 
microstrip feed lines are printed on the same substrate layer as the radiating patch elements. This 
results in a simple, low-profile, inexpensive, and easily fabricated antenna assembly. An example 
of a 2 × 4 microstrip array using this type of configuration is shown in Figure 7.9, with the 
principal plane radiation patterns shown in Figure 7.10. The microstrip feed network consists of a 
main feed line driving three levels of co-planar two-way power dividers, which in turn drive eight 
edge-fed patches. This is an example of a corporate feed network, in contrast to a series-type of 



feed where array elements are tapped off of a single microstrip line. The corporate feed provides 
good bandwidth and allows precise control of element excitation, but requires considerable 
substrate area and can be lossy. A series feed can be very compact and efficient, but its bandwidth 
is typically limited to a few percent. Both types of feeds can be used for single and dual 
polarizations. More flexibility for feed network layout can be obtained by using a two-sided 
aperture coupled patch geometry. This allows the feed network to be isolated from the radiating 
aperture by the ground plane, and the extra substrate area can be very useful for arrays that require 
dual polarization or dual frequency operation. Similar features can be obtained by using feed 
through pins or vias, but the added fabricational complexity of solder connections can be 
formidable in a large array. 
 

 
Figure 7.9 A corporate-fed 8-element microstrip array antenna. 



 
 

 

 
Figure 7.10 Principal plane patterns for a 2 x 4 array of rectangular microstrip patches. 
 
 
A serious limitation of microstrip array technology is that array gain is limited by the relatively 
high losses of microstrip transmission lines. While array directivity increases linearly with the area 
of the radiating aperture, the losses of the feed network increase exponentially with array size. This 
is especially serious at higher frequencies, where it is usually impractical to design a microstrip 
array with a co-planar feed network for gains in excess of 28 - 32 dB. Off-board feed networks or 
multilayer designs can be used to partially circumvent this problem, but at the expense of simplicity 
and cost. 
 
Figure 7.11 shows this effect, where the gain of a square planar microstrip array is plotted versus L, 
the length of the sides of the array, for typical feed line losses at various frequencies. The curve for 
100% efficiency is the gain that would result if the corporate feed network were lossless, and we 
see that the gain (in dB) increases linearly with array size. For typical microstrip feed lines, the feed 
line loss increases with frequency, so that the gain begins to drop as the array size increases. This 
trend becomes more severe as frequency increases. 



 

 
Figure 7.11 Gain versus size for a square planar array for different microstrip corporate feed line 
losses. 



Review Questions for Chapter 7: 
 
Q7.1 A rectangular microstrip antenna lies in the x-y plane, with its resonant dimension along 
the y-axis. What coordinate plane defines the E-plane of the antenna? 
(a) the x-y plane 
(b) the x-z plane 
(c) the y-z plane 
(d) the constant-φ plane 
 
Q7.2 Two microstrip antennas operating at the same frequency are fabricated on two different 
substrates, with different dielectric constants. Which one has the larger directivity? 
(a) the one with the lower dielectric constant 
(b) the one with the higher dielectric constant 
(c) they have the same directivity 
(d) not enough information to decide 
 
Q7.3 A particular probe-fed microstrip antenna has a measured input impedance of 200 Ω. 
How should the feed probe be moved to match the antenna to 50 Ω? 
(a) move the probe closer to the edge 
(b) move the probe closer to the center of the patch 
(c) move the probe to the other side of the patch 
(d) change the size of the patch 
 
Q7.4 A square planar microstrip array consists of 4 × 4 elements, with λ/2 spacing. What is the 
approximate directivity of the array? 
(a) 10 dB 
(b) 12 dB 
(c) 13 dB 
(d) 15 dB 
 
Q7.5 How does the resonant frequency of a microstrip antenna vary with changes in the 
element length or substrate dielectric constant? 
(a) decreases with length, decreases with dielectric constant 
(b) decreases with length, increases with dielectric constant 
(c) increases with length, decreases with square root of dielectric constant 
(d) decreases with length, decreases with square root of dielectric constant 



Problems for Chapter 7: 
 
P7.1 What is the approximate size of a square microstrip antenna operating at 2.45 GHz, for a 
substrate 0.16 cm thick with a dielectric constant of 2.55? 
 
P7.2 A particular microstrip antenna is fabricated with a resonant length of 3.95 cm, and 
measured to have a resonant frequency of 2.2 GHz. If the desired resonant frequency is actually 
2.45 GHz, what should be the new length dimension for the next experimental iteration? 
 
P7.3 A particular probe-fed microstrip antenna has a measured input impedance of 200 Ω when 
the probe is at the edge of the patch. If the patch length is 3.4 cm, find a new position of the 
probe feed so that the input impedance will be 50 Ω. 
 
P7.4 The E-plane beamwidth of a rectangular microstrip antenna is determined by its length, 
which is primarily set by the operating frequency and substrate parameters. The H-plane 
beamwidth is determined by the width of the patch, which can be varied over a relatively wide 
range with only a small effect on the resonant frequency. Find the width of a rectangular 
microstrip antenna operating at 2.45 GHz so that the H-plane beamwidth is 90°. Assume a 
substrate of thickness 0.16 cm, with a dielectric constant of 2.55. (This problem can be solved 
using either the approximate formulas of (7.2), or by using PCAAD.) 
 


