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A Brief Tutorial on Microstrip
Antennas (Part 4)

Wrapping up this series on microstrip antennas, attention turns to series feeds for microstrip
array antennas along with the series/parallel combination technique.

his article picks up where Part 3 left off by diving into
the topic of series feeds for microstrip array antennas.
The combination of series- and parallel-feed tech-
niques will also be examined.

SERIES FEED FOR MICROSTRIP ARRAY ANTENNAS

In addition to the parallel, or corporate, feed for microstrip
antenna arrays, the series feed represents another array
implementation method.! Figure 1 illustrates the microstrip
array series feed with an N-element array, as well as a five-
element array featuring the ease with which amplitude taper
may be implemented.

Recall from the introductory material that the width,
W, of the conductor is a determining factor with regard to
directivity and impedance. Its also instructive to view the
equivalent circuit of the series arrangement in combination
with admittance elements developed from the transmission
line and cavity models (Fig. 2). The equivalent circuit has
demonstrated utility in providing reasonable initial values for
the element dimensions and the connecting line impedance.

% j 000 A N

Z

1. Series-feed microstrip arrays include an N-element array, shown

on top, while the bottom reveals a five-element array.

== Rectangular Line-Fed Microstrip Antenna Analysis (transmission line madel)

Antenna

Patch length (cm) 1510 Patch width (cm) 1.900
Substrate thickness (cm) .. [g1578 Dislectric constant 255
Dislectric loss tangent 2001 Feed ne width (cm) XTI
Pattern type: [Rectangular, E/H; Step=1.00 | _ Select
Center frequency (GHz)... [53
P Frequency step (GHz)..... [g025
Number of frequencies . ..
o & Results ... b
(@) Plot Patterns
-~ E-plane
z’p":en : Frequency Inputimpedance (onms) Bandwidth ... ... ..
- and H-plane o
5.725  169.6 +] 65.3
Efficiency ............ [865%
23 Save Patierns 5.750  192.0 41 63.7 %
E-plane 5.775  208.5 +j 33.5 Directivity (dB)
H-plane 5.800  214.5 -3 2.4
) impedance 5.825  208.1 -7 3.2
Plotimpedance 5.850  181.3 -3  €8.1
Save Impedance 5.875  168.8 -3 89.3

3. The top portion shows rectangular microstrip antenna data entry
2. Depicted here is the equivalent circuit of the series-feed microstrip  and calculation, while the resonant impedance of 215 Q at 5.8 GHz is

array. noted on the bottom portion.
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Using the single-element microstrip antenna that was
initially investigated and empirical adjustment of element
width to produce an amplitude taper, a 1-x-5 array was
constructed and an electromagnetic (EM) analysis executed.
The results are graphically illustrated in Table 1.

SERIES/PARALLEL FEED FOR MICROSTRIP ARRAY
ANTENNAS

This final example of microstrip antenna arrays will examine
the combination of series- and parallel-feed techniques. The
series/parallel feed is quite common due to flexibility in the
ability to provide amplitude taper and phase progression. The
1-x-5 series-feed array of the previous section is repeated
four times to form a 4-x-5 array with amplitude taper in
azimuth and no amplitude taper in elevation. The results are
summarized in Table 2.

As a final example of microstrip antenna-array properties,

Table 1: 1-x-5 Element Linear Array

+|

the previous 4-x-5 array performance is enhanced by
amplitude taper in elevation to reduce the elevation beam
sidelobes. Table 3 reveals these results.

Notwithstanding the flexibility and ease of incremental
design and analysis, the series/parallel feed of microstrip
array antennas is limited, particularly with respect to
amplitude taper of the series-feed elements. The limitation
in magnitude of the amplitude distribution results directly
from the limited sensitivity of the single-element microstrip
antenna to variation in conductor width, W. A quantitative
evaluation of the sensitivity of microstrip antenna directivity
may be attained via numeric evaluation of the single-element
directivity equation (Part 2, Equation 7), with W as a variable.

A FINAL NOTE
A judicious approach to the EM simulation of antenna
arrays is represented in the incremental analysis structure,
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a. 1-x-5 Linear Array with Amplitude Taper
During a sequence of simulations, the width of each element was
adjusted to reduce the sidelobe levels to acceptable limits; in this
case, -20 dB.

b. Conductor Current Distribution
The conductor current distribution illustrates amplitude taper and
near O-degrees phase progression. The slight difference in the
excitation phase contributes asymmetry to the radiation pattern.
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Input Impedance
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c. 1-x-5 Array Radiation Patterns

The azimuth and elevation radiation patterns exhibit a perceptible
asymmetry due to minor unequal phase excitation. Ideally, the on-
boresight gain would be 14 dB. However, conductor losses have
modestly reduced the gain to 13.7 dB.

d. 1-x-5 Array Input Impedance
The input impedance at 5.8 GHz is 50 Q. The slight tail on the fifth
element of the array provided a convenient adjustment and is at
times used to improve the input impedance without a significant
impact to the radiation patterns.

2 MWRE.COM



i.e., starting with a complete exploration of a single element
of the array and subsequently advancing to additional
elements of the rows and columns. The investment of an
incremental structure yields benefits in the form of reduced
EM analysis time and improved correlation between expected
and achievable performance—not to mention reducing the
inherent anticipatory stress during simulation execution time.

The discussion related to microstrip antenna feed has
been limited to that of the direct feed at the conductor
edge, which results in limited operational bandwidth.

The operational bandwidth of microstrip antennas can be
significantly increased by implementing an aperture coupling
below the microstrip element. The improved performance is
accompanied by the added complexity and cost of a dielectric
and conductor layer below the radiating elements.

APPENDIX A

PCAAD 7.0 is a Windows-compatible antenna analysis,
modeling, and design software package. It contains more
than 50 routines treating wire antennas, aperture antennas,

Table 2: 4-x-5 Element Linear Array with Azimuth Amplitude Taper

a. 4-x-5 Linear Array with Azimuth Amplitude Taper

Each row of the array is fed from the output of an equal amplitude
power divider. As a result, each of the 1-x-5 composite arrays has an
equal distribution in elevation.

b. Conductor Current Distribution

The conductor current discloses near zero phase excitation. Note
the slight advance of the phase excitation at the first element. The
non-zero phase excitation contributes to pattern asymmetry.

Azimuth and Elevation Patterns
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c. 4-x-5 Array Radiation Patterns

The lower sidelobe levels of the azimuth pattern (red) disclose the
amplitude taper. The asymmetry of the azimuth pattern reflects the
minor, non-zero phase excitation as evident from the conductor
current. The expected gain increase of 6.0 dB over the 1-x-5 array is
not realized due to power divider and conductor losses.

Input Impedance

5.8CGHz
r0.848633
x-0.0316375

d. 4-x-5 Array Input Impedance

The 4-x-5 array input impedance appears well matched; the result
of optimization of the 1-x-5 prior to elevation expansion of the
array. The bandwidth of the matched impedance may be improved
by adjusting the center frequency impedance point to the right in
the 1-x-5 array. The input impedance at the band edges is
improved with only a slight degradation to the center frequency
impedance.
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microstrip antennas, arrays, transmission lines, and
waveguides. These routines are integrated into a menu-
driven, user-friendly system that facilitates rapid analysis and
performance evaluation of a wide variety of antenna types.
PCAAD 7.0 includes a 120-page printed user manual that
describes the use of the software, provides examples for each
of the routines, and lists technical references.? The PCAAD

data output offers an excellent starting point for subsequent

EM analysis.

Figure 3 gives details of the rectangular microstrip antenna
using a transmission-line feed. Note that the input impedance
calculation is 215 Q versus the calculation of 228 Q) based on
the previous equation from Part 1.

Appendix B

see figure on next page

Table 3: 4-x-5 Element Linear Array with Azimuth and Elevation Amplitude Taper

a. 4-x-5 Linear Array with Azimuth and Elevation Amplitude Taper

Each row of the array is fed from the output of an unequal
amplitude power divider. As a result, the amplitude has an unequal
distribution in elevation.

b. Conductor Current Distribution

The conductor current discloses near zero phase excitation. Note
the reduced conductor current of the top and bottom rows of the
array.

Azimuth and Elevation Patterns

- DB(|PPC_EPH(D,1,90,2, 1)) 1]
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-5 DB(IPPC_ETheta(0,1,0.2,1))[1]
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c. 4-x-5 Array Radiation Patterns

The lower sidelobe levels of both patterns reflect the two-
dimensional amplitude taper. The gain is slightly reduced from the
equal power distribution of the previous array. In many
applications, -20 dB sideband levels are acceptable.

Input Impedance

d. 4-x-5 Array Input Impedance

The 4-x-5 array input impedance appears well matched; the result
of optimization of the 1-x-5 array prior to elevation expansion of
the array. The bandwidth of the matched impedance may be
improved by adjusting the center frequency impedance point to the
right in the 1-x-5 array. The input impedance at the band edges is
improved with only a slight degradation to the center frequency
impedance.
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- 1. calculate the line width: {Balanis and Bancroft)

- 2. calculate the effective dielectric constant:

- 5a. calculate the radiation conductance of single slot: (Balanis)

I
gpe—L _caemsw?
2

120-ar

- 5b. calculate the mutual conductance of the radiating slots:

2

kW
1 m[ 2z 'mw] 3 -4
Gyp= —= 2 | .jo{k,-L-sin(8))-sin(8)" de=5.851x 10
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- 5c. calculate the resonant input resistance: xh;-m-m_m.

- 6. calculate the gtr-wave transformer impedance: f30-Rpy - 1114-12

-9, calculate the gtr-wave transformer length:

¥

2

foite -sin( 8] -m(p)D de dé- 3.438

PTC Mathcad is an engineering math software program that enables computation and analy-

sis using simplified data and formula entry. Additional information may be accessed at https://

www.ptc.com/en/products/mathcad.

References

1. The series-fed array is also referred to as a traveling-wave
antenna.

2. Additional information is available at the Antenna

Design Associate website: http://antennadesignassociates.
com/pcaad7.htm.
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