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Design and Verification of a Novel Crossed Dipole
Structure for Quasi-Optical Frequency Doublers

S. Helbing, M. Cryan, F. Alimenti, P. Mezzanotte, L. Roselli, and R. Sorrentino

Abstract—A novel structure suitable for quasi-optical fre-
quency doublers is presented. It is based on the crossed dipole
structure, but uses four diodes in a bridge configuration to form
a balanced multiplier layout and incorporates the necessary dc
path in a simple way within the structure. The entire structure is
analyzed using the lumped element (LE)-FDTD method. To allow
a comparison of the results, the concept ofjuasi-optical effective
apertureis introduced. Simulated as well as measured quasi-op-
tical results are presented and a good agreement is achieved.

Index Terms—Crossed dipoles, quasi-optic frequency multiplier.

I. INTRODUCTION

ODAY, quasi-optical devices are gaining interest for us
in millimeter and submillimeter wave frequency ranges
[1]. The main idea behind the quasi-optical approach is to avqi@). 1. Layout of the proposed structufg. = 21; = 32.0 mm,w, = 1.6
lossy transmission lines and to reduce the power handled by @ng w, = 2.0 mm, ande, = 0.2 mm. The substrate has a thicknes# ot
device by spreading it over an array of many low-power devicés813 mm and a dielectric constantef = 3.38.
For the simulations presented here the lumped element

(LE)-FDTD method [2], [3] is used which is an extension of 1 . | .
the traditional FDTD approach [4], [5]. LE-FDTD allows the ! || Long Dipole (uy) —
incorporation of lumped-element models of passive, active, and 0.75 ===~ T } - | Short Dipole (u) 1

nonlinear devices. Additionally, plane-wave excitation using
the total-field/scattered-field formulation [6] and radiation
pattern determination of the scattered field [7] is implemented
in the code, making it ideally suited to simulate quasi-optical
structures as a whole.

Compared with structures based on a single radiating element
such as single slots or dipoles, the crossed dipole approach of-
fers an interesting advantage: the incoming and outgoing waves
are orthogonally polarized and thus can be easily separated by
polarization grids. This concept was shown by Stetipl. [8],
where the multiplier is formed by a single diode per array ele-
ment which is biased by an external dc network. With this un-
balanced layout power is lost due to the creation of all even and
odd harmonics of the incident signal. To overcome this problerrig. 2. Voltages probed in the gaps of the Idng ) and shor{« ) dipole for
a quasi-optical multiplier based on an arrangement of four sRitinput frequency of, = 3.5 GHz after steady state has been reached.
antennas was proposed by Kanal.[9], which uses four diodes

in a bridge configuration to form a fully balanced layout. Thigag5ds to a more efficient device because only even harmonics
are created and the input and output ports are isolated.

In this letter, a structure suitable for quasi-optical multipliers
is proposed which combines the simplicity of crossed dipoles
with the advantages of a fully balanced diode configuration.
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Fig. 3. Brief sketch of the measurement setup. To reduce multipath propagation the measurements were performed in an anechoic chamber.

B E-plane H-plane lll. SIMULATED AND MEASURED RESULTS

The structure was simulated under sinusoidal plane wave ex-
-or L’ e K NN citation with the incident electric field vector parallel to the long
20F ; X 3 dipole. A field strength ofF;,. = 50 V/m was chosen. At the
- input frequency offy = 3.5 GHz this leads to a peak-to-peak

voltage ofug pp &= 1.5 V at the input ports of the diode quad as
seenin Fig. 2. Also the full-wave rectification is visible, as well
as the effectiveness of the dc path shorting the dc component of
the voltagew; in the gap of the short dipole.

To allow a comparison between simulated and measured re-
sults in terms of conversion efficency, the concepyadsi-op-
tical effective aperturé Ae) is introduced.A,. is defined as
the ratio of the isotropic radiated powg;,,, at the multiplied
frequency to the fundamental incident power densiyat the
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Fig. 4. Simulated and measured radiation pattern at the doubled frequency of A = Plirp ) 1)
f1 = 7 GHz. For the measurement only the copolar component is shown. The e So

planes are referred to the short dipole. ) o ) )
This definition already includes both focusing effects of the

device at fundamental and multiplied frequency and does not
depend on the type or distance of the antennas used to illuminate
The layout of the proposed structure of the quasi-optical frére multiplier and to extract the power.
guency doubler is shown in Fig. 1. It consists of two crossed The measurement setup is shown in Fig. 3. The multiplier is
A/2-dipoles. The long dipole receives the incoming power ataced in the far field of a dipole antenna, thus a plane-wave
the fundamental frequency, and the short dipole transmits tivecitation can be assumed. The illuminating antenna is placed
generated power at the doubled frequency in an orthogonatly the rotating base to provide a constant excitation. The power
polarized orientation. fed to this dipole was chosen to produce the same field strength
The multiplication is achieved by four diodes in a bridge coref £;,,. = 50 V/m as used in the simulation. The radiated power
figuration, thus forming a fully balanced multiplier layout. Al-at the doubled frequency is picked up with a waveguide horn
though the diodes are operating self-biased and no externaldich has a cutoff frequency above the fundamental frequency.
supply is necessary, a dc path for the generated dc comporiEmis, any disturbance of the result due to received power at the
must be provided for proper operation of the multiplier. Thifundamental frequency is voided.
is done with a thin metal strip which is embedded in the short The simulated and measured results for the copolar compo-
dipole connecting its outer ends. Thus, a sufficient amount oént of the radiation pattern at the doubled frequencf; t 7
inductance is provided to avoid a major disturbance of the RFHz are presented in Fig. 4 and show very good agreement. For
performance. This approach leads to a very compact quasi-te cross-polar component, only the simulated result is shown
tical multiplier element suitable for large arrays. due to difficulties in the measurement setup: although the input

Il. THE PROPOSEDSTRUCTURE
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IV. CONCLUSION

A novel fully balanced crossed dipole structure for quasi-op-
tical frequency multipliers was proposed. A good level of agree-
ment between LE-FDTD simulations and measurements was
achieved. The method will be used for further optimizations of
the structure.
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