ACES JOURNAL, Vol. 35, No. 11, November 2020

1414

Design of Dual-Polarized Pyramidal Log-Periodic
Antenna with Integrated Feed for Additive
Manufacturing

Gaeron R. Friedrichs, Jake A. Cazden, and Dejan S. Filipovic
Department of Electrical, Computer, and Energy Engineering
University of Colorado Boulder, CO 80309-0425, USA
{Gaeron, Jake.Cazden, Dejan}@Colorado.EDU

Abstract—A dual-polarized log-periodic antenna with 5:1
bandwidth is considered for wideband, amplitude only direction-
finding applications. The proposed system is comprised of two
identical, orthogonal, sets of trapezoidal log-periodic arms. The
arms’ inclination from planar facilitates reduced back lobe
radiation to improve directivity and efficiency once absorber is
introduced. One arm of each polarization set contains a variable
radius coaxial shell to achieve impedance matching such that the
system impedance at the base of the antenna is matched to 50
ohms. Analysis and design for the 3d printed direction-finding
antenna system is accomplished using a commercial off the shelf
(COTY) finite element method (FEM) solver.

Keywords— 3d printing, direction finding, integrated feed, log
periodic, wideband.

l. INTRODUCTION

The relevance of amplitude only (AQ) direction finding (DF)
was reasserted with the ascension of most recent ultra-wideband
spectral power measurement technologies, such as one
demonstrated in [1]. This technology facilitates the need for
wideband apertures to enable spectrum monitoring and DF
without any gaps in frequency. Antennas with frequency
independent behavior are desired, ideally with wide field of
view and low gain rippling through frequency. These facilitate
the decisive power ratios that are needed for meaningful AO-
DF. Several antenna classes are feasible for this application
inclusive of sinuous antennas projected onto a pyramid [2]. An
objectively difficult structure to manufacture, the impedance
behavior required matching to 250 Q, without consideration
of a balun. In [3], a balun was demonstrated; however, the
increased integration complexity and cost to the manufacturing
process, make the entire system cumbersome to produce.

Rectifying these shortcomings yields the proposed antenna
system, Fig. 1. The trapezoidal log-periodic antenna in the
pyramidal configuration is drastically simpler to manufacture,
support, and feed. The addition of an integrated coaxial feed
housed within the boom eliminates the need for a balun,
effectively reducing the additional space, time, and cost
resources a balun demands. The structure also lends itself to 3d
printing technology, which can then be complemented with a
metal plating process. Overall, this drastically reduces cost,
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duration, and complexity of manufacturing for the entire system.
The system is designed for operation from 1.67 GHz to 8.525
GHz using ANSY'S HFSS. The patterns in both, the E-, and H-
plane need a wide field of view with minimal gain rippling. The
reduction of the back lobe is desired to maximize the efficiency
payoffs precipitated by the pyramidal structure, and to reduce
the impact of surrounding radiators on patterns’ smoothness.

Fig. 1. Proposed dual-polarized log-periodic antenna with integrated impedance
transforming feed.

Il.  DUAL POLARIZED LOG-PERIODIC ANTENNA

The proposed configuration is comprised of two orthogonal
two-arm log-periodic structures. In order to reduce the back lobe
and minimize the impact the eventual absorber has on efficiency
and pattern smoothness; the arms are placed at an incline. The
system parameter v is the angle between the two arms, such that
a planar structure has a y of 180°. This, and the other parameters
referenced in the design of this structure were summarized by
DuHamel and Ore in [4]. The structure’s outer angle is the angle
prescribed by the tips of the elements on either side of the boom,
and the tip of the pyramid. This parameter, a, becomes coupled
with y in the dual-polarized case; the outer angle of one structure
dictates the minimum angle of incline for the other. An increase
in o shrinks the height of the structure, but disallows aggressive
inclination, increasing the back lobe. The width of the boom
is also dictated by an angle, B, which has some pertinence to
the stability of the device’s impedance. Element widths are
described with a growth factor, 1, and selected based on a
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compromise between manufacturability and performance. The
feed is a hollowed-out tunnel with a variable radius (to perform
an impedance taper) that, after plating, serves as the outer
conductor of a coaxial line. A dielectric and conductor from
a COTS coax are modelled within the boom tunnel. However,
to maximize efficiency of computational resources, the
implemented system has a tip-located lumped port with reference
impedance of 105 Q, which represents the output port impedance
of the internal transformer. Detailed parametric study resulted
in antenna parameters shown in Table I.

Table I. Chosen log-periodic parameters for system implementation

o B \ T
50° 10° 65° 0.85

I1l. PERFORMANCE

VSWR < 2 was obtained across the band at both the lumped
port (with respect to 105 Q) and at the input of the integrated
impedance transformer (with respect to 50 Q), shown in Fig. 2.
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2 == D= 105 Lumped Port, Tip Feed 4
502 Wave Port, Coax Feed

VSWR for Different Excitations

Frequency [GHz]

Fig. 2. Simulated VSWR for the proposed antenna system, demonstrating the
impact of the integrated, impedance transforming feed.

The gain at boresight and half-power beamwidth (HPBW) of
the system are shown in Fig. 3. The gain is stable throughout
the band of interest, whereas HPBW changes +8° across
bandwidth. While not demonstrated herein, the addition of an
absorber reduces the back lobe, improves pattern stability, but
decreases radiation efficiency. This reemphasizes the importance
of the pyramidal nature (a-y tradeoff) to extract as much
radiation efficiency from the system as possible by improving
main beam efficiency, while not compromising the performance
or overall system size.
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Fig. 3. Simulated boresight gain and HPBW from HFSS model featuring a tip-
located lumped port.
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To determine the behavior of the system as a direction-
finding subsystem, a custom numerical subroutine, implemented
in MATLAB, was used. The system function, a combination of
two duplicate radiation patterns, squinted at some angle, was
generated. The ratio of powers at each angle was obtained,
resulting in the direction-finding function. The slope of this
function, shown in Fig. 4, demonstrates the system’s resolution,
and correlates to its robustness to noise. In this case, the field
of view is clearly 40° in the H-plane with near 0.5 dB/° slope
throughout the band. The practical implications of the additive
manufacturing process, including surface roughness and
surface impedance is part of the future work.
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Fig. 4. Radiation pattern (top) in the H-Plane and derivative of the Direction-
Finding Function (bottom) for the dual-polarized log-periodic antenna system
squinted at 25°.

IV. CONCLUSION

A dual-polarized, log-periodic antenna in pyramidal
configuration is proposed. The approach leveraged an integrated
feed to perform impedance matching, improve integration ease
with COTS components, and remove the need for a balun. Good
performance over 5:1 bandwidth is obtained from simulations in
ANSYS HFSS, while maintaining a structure that lends itself to
additive manufacturing processes. The demonstrated field of
view for the direction-finding function with 0.5 dB/° resolution
is 40°.

REFERENCES

[1] R. Mohan, T. Chang, et al., “Ultra-wideband spectral analysis using S2
technology,” in The Journal of Luminescence., no. 127, Mar. 2007, pp.
116-128.

[2] D. I. L. deVilliers, “Initial Study of a Pyramidal Sinuous Antenna as a
Feed for the SKA Reflector System in Band-1,” 2017 IEEE International
Symposium on Antennas and Propagation & USNC/URSI National Radio
Science Meeting, San Diego, CA, July 2017, pp. 555-556.

[3] M. Johnston, C. V. Niekerk, and D. I. L. deVilliers, “Ultra-wideband
Planar Marchand Balun Design for the Pyramidal Sinuous Antenna,”
2019 IEEE International Symposium on Antennas and Propagation &
USNC/URSI Radio Science Meeting, Atlanta, GA, July 2019, pp. 735-
736.

[4] R. H. DuHamel and F. R. Ore, “Logarithmically Periodic Antenna
Designs,” in 1958 IRE International Convention Record, New York, NY,
Mar. 1966, pp. 139-151.



	Article 91.pdf
	I. Introduction
	II. Design of a Varifocal Metalens
	References


	Article 55.pdf
	I. Introduction
	II. Motor Drive System Characterization Module
	III. The Taguchi-EM-PSO Design Envirnoment
	Initial and Optimal Design
	IV. Conclusion
	References

	Article 54.pdf
	I. Introduction
	II. IM Drive System under Study
	III. FEA Model Results
	A. Details of the Motor
	B. FEA Results

	IV. Conclusion

	Article 46.pdf
	I. Introduction
	II. Modeling of Non-Ideal Cable Shield Connections
	III. Parallel Direct ACA Solver
	IV. RL-GO Edge and Wedge Diffraction
	V. Automotive Radar
	References


	Article 9.pdf
	I. INTRODUCTION
	II. SHAPE SYNTHESIS TECHNIQUE AND IMPLEMENTATION
	III. DESIGN EXAMPLE
	REFERENCES



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210122154821
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     1264
     TR
     1
     0
     0
     435
     74
     0
     1
     R0
     8.0000
            
                
         Odd
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     191
     190
     db184e26-052b-4cd4-989d-0b3e02d0f8e6
     96
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210122154828
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     1264
     TR
     1
     0
     0
     435
     74
    
     0
     1
     R0
     8.0000
            
                
         Even
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     191
     189
     1ad0ed6e-3cbe-4c74-9d20-e6d446af96b6
     95
      

   1
  

 HistoryList_V1
 qi2base





