Design of the Double-Y Balun for use in GPR Applications
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ABSTRACT

The double-y balun, transitioning from a coplanar waveguide (CPW) to a coplanar strip (CPS), was originally
designed for use with balanced mixers. In this paper, numerical analysis of the double-y balun is conducted
using two commercial electromagnetic simulators, Momentum and HFSS. Using these numerical solvers, the
effect of substrate thickness on the performance of the double-y balun is investigated. A dipole, along with
the outer conductor of a coaxial feedline is modeled in NEC to illustrate the effects of an unbalanced feed
on the antenna pattern of a dipole. To accurately measure the amplitude pattern of a dipole, an automated
measurement system is constructed. Using this measurement system, amplitude patterns of a 3.3 GHz dipole
are measured with and without the double-y balun and compared with patterns obtained via NEC.
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1. INTRODUCTION

In order to properly transition from an unbalanced structure (e.g. coax) to a balanced structure (e.g. symmetric
antenna requiring balanced feed), a balun is required. In some cases there is an impedance mismatch between
the unbalanced and balanced structures, and it is desirable for the balun to provide inherent impedance trans-
formation capability. If the balun cannot provide inherent impedance transformation, an external impedance
taper is required to provide the necessary impedance transformation.

The double-y balun, transitioning from a coplanar waveguide (CPW) to a coplanar strip (CPS), has been
found to provide superior bandwidth performance compared to other baluns as well as other implementations of
the double-y balun.’™ This implementation of the double-y balun can be manufactured precisely, offers little
metal content, and is relatively small compared to other baluns; these features make this balun particularly
attractive for use in landmine detection applications.

Double-y baluns have been investigated for use with balanced mixers."»?4 In this paper, numerical analysis

is conducted on the double-y balun using two electromagnetic simulators, Momentum and HFSS. In Section
2, modeling of the double-y balun in Momentum and HFSS is discussed. Momentum is a method of moments
code while HFSS is a finite element based code. Resonances limiting the bandwidth of the double-y balun are
observed in the numerical results in Section 2. In Section 3, these parasitic resonances are studied, and the
effect of substrate thickness on the balun’s performance is investigated in Section 4. In Section 5, a dipole and
the outer conductor of a coaxial line are modeled in NEC to illustrate the effects of an unbalanced feed on
the antenna’s radiation pattern. In addition, numerical results from the NEC model provide a basis to which
experimental measurements can be compared with. To accurately measure the pattern of an antenna fed with
and without a balun, an automated measurement system was constructed. Details of this measurement system
are discussed in Section 6, along with preliminary amplitude patterns of a 3.3 GHz dipole fed with and without
the double-y balun.
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2. NUMERICAL ANALYSIS

The balun in this paper is intended to feed a resistively loaded V-dipole, whose input impedance is around
200 €. Therefore, the double-y balun is required to transition from a 50 2 coaxial line to a 200 2 V-dipole.
The double-y balun cannot inherently transform impedances. Also, for the double-y balun to exhibit all-pass
behavior, the impedances of the CPW and CPS lines must be equal. Furthermore, due to manufacturing
tolerances, it is difficult to achieve 50 €2 CPS lines and 200 2 CPW lines. Therefore, impedance tapers are used
to transition from the 50 2 coaxial line to the balun, and to transition from the balun to the 200 ©Q V-dipole,
as illustrated in Fig. 1.
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Figure 1. Design approach to transition from coaxial feedline to double-y balun and resistively loaded V-dipole.

The double-y balun, implemented with CPW and CPS lines, was analyzed numerically using two commercial
electromagnetic simulators, Momentum and HFSS. Momentum is a method of moments code, while HFSS is
a finite element based code. Analyzing the balun using two different electromagnetic simulators allows better
validation of simulated results. Figure 2 illustrates a double-y balun designed to transition from a 104 2 CPW
section to a 104  CPS section over 58 mil thick FR4 substrate (¢,=4.4 , §tan=0.012). The impedance tapers
were omitted to reduce computational time.
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Figure 2. Dimensions of double-y balun modeled in Momentum and HFSS.

In Momentum, the substrate was modeled as extending infinitely along the plane containing the double-y
balun. The substrate characteristics were modeled as illustrated in Fig. 3. The CPW and CPS lines were
drawn on the cond layer and mapped as strip. Mapping a layer as strip causes Momentum to assign conductive
properties to the objects drawn on the layer (in this case objects on cond layer are treated as PEC). In contrast,
mapping a layer to slot causes all objects drawn on the layer to be non-conductive and the surrounding layer
to be conductive. The vias were drawn on the hole layer, which was mapped as via. Mapping a layer to via
causes objects drawn on the layer to be conductive and cut vertically through one or more substrate layers.
The jumpers connecting the vias were drawn on the cond2 layer and mapped as strip along the bottom of the
substrate as illustrated in Fig. 3b. Dielectric loss was modeled in the substrate by adding a loss tangent value
of 0.012 for the FR4 substrate.

The balun in Fig. 2 was also modeled in HFSS. The CPW and CPS sections were excited using lumped
ports. Lumped ports excite a simplified, single-mode field excitation assuming a given reference impedance for
s-parameter referencing. The reference impedances were chosen from impedance equations for CPW and CPS
lines.® All conductors were modeled as PEC, and the substrate was modeled with a dielectric loss of 0.012.
Convergence criteria for the solution was established by setting a tolerance on the maximum change in the
magnitude of the s-parameters between two consecutive passes. During each simulation pass, HFSS calculates
the s-parameters and proceeds to refine the mesh if the convergence criteria is not met. A tolerance of 0.01 was
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Figure 3. Illustration of (a) 3-D view of double-y balun and (b) substrate characteristics as defined in Momentum.
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Figure 4. Illustration of (a) cross-section and (b) top view of double-y balun modeled in HFSS within bounded region.

chosen as the maximum allowable change in the s-parameters between two passes. This tolerance was chosen
to yield reasonable simulation times as well as memory consumption, with a tradeoff between accuracy and
simulation times.

HFSS is a 3-D finite-element based code that solves for the field quantities within a bounded region. There-
fore, unlike the FR4 substrate modeled in Momentum, the FR4 substrate modeled in HFSS has finite dimensions
(in Momentum only the substrate thickness was finite). The balun was enclosed in an air bounded region, as il-
lustrated in Fig. 4, and surrounded with perfectly matched layers (PMLs). The outer boundary of the PML was
assigned a PEC boundary condition in order to minimize reflections from the interface. The perfectly matched
layers act as absorbers that truncate the computational region while physically modeling unbounded space.
Scattering parameters obtained for the double-y balun in Fig. 2 from Momentum and HFSS are illustrated in
Figs. 5 and 6. It is seen from both figures that the resonant points agree very well with both simulators. The
discrepancy in the sj; curves could result from numerical error in both codes. Resonances limiting the band-
width of operation are labeled in Fig. 6; these resonances are addressed in the following sections. Obtaining
converging s-parameter data from two different simulators helps determine whether resonances that appear are
due to the double-y balun or numerical error from the different codes (e.g. reflections from the PML, improper
port excitations, etc.).
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