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ABSTRACT:

The use of multilayer parasitic patéh subarrays in a microstrip phased array
.offer many potential advantages. 1In this paper an analytical study of
microstrip arrays with high gain multilayer parasitic patch subarrays and
coﬁventional patch antennas is,presented. It is indicated that a thinned
array of half as many multilayer parasitic patch subarrays (per row and
column) at twice the-spaciﬁg will perform as well as the full array of
ordinary patch antennas. Thertriterion for comparison was array gain, 3 dB
beamwidth and sideldbe leve]. The attendant reduction in the required number
of patch antennas and'conse§Uently, MMIC phase shifters is very significant in

terms of array complexity, cost and power loss.



INTRODUCTION:

It has been reported in the literature that the presence of parasitic patch
elements adjacent to excited ones enhances the gain of the patch antenna
[1-31. Recent experimental studies have established that parasitic patch
subarrays with ovef]aying'stack of parasitic patches above an excited one can
produce gain several dB higher than that of the single excited patch itself
[4). Using these higher gain multilayer patch subarrays as tne basic
radiatjng unit for a large array with MMIC.(Monolithic Microwave Integrated
Circuits) phase and amplitude control offer many advantages. For beam
pointing and sidelobe level control in a large array of batch antennas, the
number of MMIC's required is proportional to the number of patches comprising
the array. The resulting beam forming network introduces complex feed
architectufe, high power loss, spurious radiation in the feed network and high
cost due to MMIC's. To alleviate these problems, higher gain parasitic patch
subarrays can instead be employed that will meet the array design criterion

with fewer number of elements and hence fewer number of MMIC devices.

The aim of this paper is to study the feasibility of using a reduced numnber
of such high gain elements to maintain the design performance in large MMIC
phased array. The result of this study will serve as a reference performance
basis in large array design where array architecture is modified, addressing

critical configuration and performance ‘issues.



ARRAY TRADE-OFF ANALYSIS:

In the simulation, the‘trade—off'performance of a (16 x 16) array of
microstrip patch elementS'in the broadside direction was studied. The 34 dB
array gain was realized with the above array of 256 patch elements with 10 dB
individual gain and aperture dimension of (7.5\ x 7.5)\). Figure 3 shows such
an array. If instead, the muiltilayer parasitic patch subarrays with 15 dB
individual gain were choﬁen as the basic radiating unit then the array
performance goal (i.e. gain, sidelobe .level, beamwidth)'iS'achieveable with
only 81 elements; resulting in a substantial reduction in the number of MMIC -

required.

Figures 1 and 2 show the far-field patterns of a single patch and a multilayer
parasitic patch subarray respectively. For analysis; the element patterns
were approximated by appropriate cosine powered functions. Then

two-dimensional array pattérns were computed using generalized array theory.

Figures 5 through 10 show thé H-plané cut of the far-field plots for different
array configurations. For comparison, only the H-plane plots have been
displayed. Gain for each array was computed by integrating the total radiated

power.

RESULT AND DISCUSSION:

~The trade-off comparison for a planar array of mentioned gain, sidelobe level,
beamwidth is displayed in Table 1. The first three columns in Table 1
correspond to the array configufations with 34 dB array gain. The next three

columns give an alternate look at the array if element savings are not taken



into consideration. The resulting increase in array gain of 39 dB is
associated with higher.gain elements at the expense of a largar nuhber of MMIC
devices or with a large number of standard gain elements and proportional
number of MMIC devices. The study results indicate that an array of standard
gain patch élements retonstructed with reduced number of higher gain parasitic
elements within the same array aperture and consequently at increased element
spacing will produce same directivity, 3 dB beamwidth and tower sidelobe
enyelope. Hence for a large array, an improvement of 5 dB in element gain
will reduce the number of MMIC required by 66% to operate at the design

performance level.

The above study does not take into consideration the effect of mutual coupling
or radiation from the feed lines which would likely degrade the anticipated

performance and lower the array gain.

The performance degradation can be recovered somewhat without additional MMIC
devices by an array of (16 x 16) multi]éyer parasitic subarrays and connecting
the subarrays into.groups of two. Each such group can be controlled by an
MMIC device as indicated in Figure 4. Though the fesulting array has the same
number of radiating elements as its conventional counterpart but requires
fewer number of MMIC devices. Such an array produces even higher overall gain

and lower sidelobe envelope with identical 3 dB beamwidth and null location.
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FIGURE 1: E AND H-PLANE PATTERNS FOR
A SINGLE PATCH ELEMENT.
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FIGURE 2: E AND H-PLANE PATTERNS
FOR A MULTILAYER PARASITIC
SUBARRAY ELEMENT.
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FIGURE 3: (16 x 16) ARRAY OF SINGLE PATCHES.
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FIGURE 4: (16 x 16) ARRAY OF MULTILAYER
PARASITIC SUBARRAYS. SUBARRAYS
CONNECTED INTO GROUPS OF THO.
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FIGURE 5: H-PLANE PATTERN FOR A (16 x 16)
ARRAY OF SINGLE PATCHES AT 0.5)
- ELEMENT SPACING. -
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FIGURE 6: H-PLANE FOR A (9 x 9) ARRAY
OF MULTILAYER PARASITIC SUBARRAYS
AT 0.94) ELEMENT SPACING.
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FIGURE 7: H-PLANE PATTERN FOR A (9 x 9) ARRAY
OF MULTILAYER PARASITIC SUBARRAYS
AT 0.5\ ELEMENT SPACING.
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FIGURE 8: H-PLANE PATTERN FOR A (16 x 16) ARRAY

OF MULTILAYER PARASITIC SUBARRAYS
AT 0.5\ ELEMENT SPACING. -
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OF SINGLE PATCHES AT 0.5\ ELEMENT SPACING.



National Aeronautics and Report Documentatlon Page
Space Administration .
1. Report No. 2. Government Accession No. 3. Recipient’'s Catalog No.
NASA TM-101321 ’
4. Title and Subtitle ‘ . 5. Report Date
Array Trade-Off Study Using Multilayer Parasitic Subarrays
6. Performing Organization Code
7. Author(s) 8. Performing Organization Report No.
A. Zaman, R.Q. Lee, and R.J. Acosta E-4325
10. Work Unit No.
650-60-20
9. Performing Organization Name and Address
. . 11. Contract or Grant No.
National Aeronautics and Space Administration
Lewis Research Center ,
Cleveland, Ohio 44135-3191 : 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address Technical Memorandum
Natiogal Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, D.C. 20546-0001
15. Supplementary Notes
Prepared for the Antenna Applications Symposium cosponsored by the University of Illinois and the Rome Air
Development Center, Monticello, Illinois, September 21-23, 1988.
16. Abstract
The use of multilayer parasitic patch subarrays in a microstrip phased array offers many potential advantages. In
this paper an analytical study of microstrip arrays with high gain multilayer parasitic patch subarrays and conven-
tional patch antennas is presented. It is indicated that a thinned array of half as many multilayer parasitic patch
subarrays (per row and column) at twice the spacing will perform as well as the full array of ordinary patch
antennas. The criterion for comparison was array gain, 3 dB beamwidth and sidelobe ievel. The attendant reduc-
tion in the required number of patch antennas and consequently, MMIC phase shifters is very significant in terms
of array complexity, cost and power loss.
17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Array Unclassified ~ Unlimited .
Microstrip : Subject Category 32
Parasitic subarray
19. Security Classif. (of this report) 20. Security Classif. (of this page) 2i. No of pages 22, Price* -
Unclassified Unclassified 12 AO2

NASA FORM 1626 OCT 88

*For sale by the National Technical Information Service, Springfield, Virginia 22161




National Aeronautics and SECOND CLASS MAIL

Space Administration | “ " l 1.

Lewis Research Center ADDRESS CORRECTION REQUESTED S——
Cleveland. Ohio 44135 T
Official Business

Penalty for Private Use $300

Postage and Fees Paid
National Aeronautics anc
Space Administration
NASA-451

NASA






