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I.  INTRODUCTION 
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beetles [2] using a fundamental frequency o
second harmonic of 18.8GHz. In this pap
design for a harmonic radar transponder 
millimeter-wave frequencies is presented. 
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A schematic diagram of the harmonic ra
harmonic transponder is presented in Fi
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system [3] will allow both range and 
transponder to be estimated. The conf
harmonic transponder circuit is shown in Fi
two inset-fed microstrip patch antennas [4] t
to each other using a x2 multiplier circuit.
operates at the fundamental frequency of 3
smaller patch operates at the harmonic frequ
These particular bands have been chosen to
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Fig. 1. Block diagram of harmonic rad

Fig. 2. Configuration of passive harm

III. ANTENN
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designed using CST Microwav
and multiplier circuit are printe
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while changing the inset leng
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NA DESIGN 
nas, shown in Fig. 1, have been 
ve Studio [5]. Both the antennas 
ed on a low-loss 0.127mm thick 
= 2.2, tan δ = 0.0009). Varying 
 controls its resonant frequency, 

gth varies the input impedance, 
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ed reflection coefficient for port 
ed in Fig. 3, and shows that the 
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is 6.9dBi at 38.25GHz, and the gain of patch antenna 2 is 
8.8dBi at 76.5GHz. 

 
Fig. 3. Simulated reflection coefficient (S11) for port 1 of the transponder. 

 
Fig. 4. Simulated reflection coefficient (S22) for port 2 of the transponder. 

IV. MULTIPLIER DESIGN 
The multiplier circuit used in the transponder is based on a 

typical design where the filters are realized using a short 
circuit λ/4 stub at the input and an open circuit λ/4 stub at the 
output [6]. In this implementation the Skyworks DMK2790 
GaAs Schottky diode is used as the nonlinear element of the 
multiplier. A circuit diagram of the x2 multiplier is depicted in 
Fig. 5, and it has been analysed using Ansys Designer 2014 
[7]. The computed harmonic conversion efficiency of the x2 
multiplier is presented in Fig. 6 for an input frequency of 
38.25GHz and harmonic frequency of 76.5GHz. This figure 
shows the efficiency has a linear dependence on the input 
power, for input powers from -30 to 0dBm. 

 
Fig. 5. Circuit diagram of the x2 multiplier circuit 

 

 

Fig. 6. Conversion efficiency of the x2 multiplier circuit. 

V. CONCLUSION 
Preliminary design results for a harmonic transponder suitable 
for a microsensing system have been presented. 
Electromagnetic analysis results confirm the antennas operate 
efficiently in the bands 38-38.5GHz and 76-77GHz. A passive 
x2 frequency multiplier has also been shown to work 
successfully, with the conversion efficiency a function of the 
input power. While the overall size of the proof-of-concept 
transponder is 4x9mm, it is expected that this can be reduced 
significantly in the future. More details on the transponder, 
including measured data, will be presented at the conference. 
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