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Abstract

The rectenna is a rectifying antenna circuit which is used to
convert RF energy to usable DC voltage. The rectenna system consists
of received antenna, rectifying circuit based on tunnel diodes,
impedance matching network, and the load resistance. This thesis
focused on the analysis and design of a miniaturized rectenna integrated
circuit for implantable applications. The proposed rectenna circuit is
simulated using an ADS software and operated at dual bands 1.5GHz
for wireless medical telemetry services and 5.8GHz for battery-
powered implantable medical devices. The rectenna design has to meet

important requirements including small size and high efficiency.

A compact planar L-shaped sections folded dipole antenna
namely FDA is proposed for operating at dual band resonant frequency.
The FDA antenna is simulated using CST software inside a human's
arm phantom at a 2mm beneath the skin layer. The proposed size of the
antenna is 1x4.5 mm?. The optimization of the antenna is performed by
numerical analysis in CST. The simulated impedance bandwidth of the
proposed antenna is 227MHz and 540MHz at 1.5GHz and 5.8GHz
respectively. The minimum reflection coefficient (S;;) is -22.6 dB and
-23.1 dB at the both bands respectively. Whereas the gain 1s -36.9 dBi,
and -24.3 dBi at the both proposed bands respectively.

The rectifying circuit is designed based on asymmetric spacer
tunnel layer (ASPAT) diodes. Four structures of the ASPAT devices
have been modelled physically using SILVACO ATLAS software.
Two optimized standard structures (structure #1 and #2) and two
proposed Quantum Well ASPAT structures (structure #3 and #4) are
created on semi-insulator (SI) GaAs and InP substrate for GaAs/AlAs
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and Ings3Gag47As/AlAs ASPAT respectively. Different parameters of
ASPAT diodes are extracted from the electrical characteristics at zero
bias voltage for rectification applications. Both proposed QW-ASPAT
diodes with a mesa size of 10x10um? have the highest curvature
coefficient about 33V~ compared to standard ASPAT about 13V,
Whereas the cut-off frequencies are 26GHz and 46GHz respectively.

The proposed FDA antenna is fully integrated with voltage
doubler rectifier (VDR) circuit based on the proposed QW-ASPAT
diodes to build the rectenna system utilizing a proper impedance
matching network and optimum load resistance to deliver maximum
voltage and power at the output of the rectenna. The optimum load
resistance has been obtained is 1.7 kQ and 0.5 kQ at 1.5 GHz and 5.8
GHz respectively. Using single stage and double stage of the VDR
circuit, the simulated DC output voltage is 0.75 V and 1.5V at both
bands when the RF input power is 0 dBm. The full rectenna efficiency
has been calculated about 4.4% and 16.5% at both bands respectively,
when both path loss and cable loss are taken into consideration.
Whereas the power conversion efficiency of the RF-to-DC rectifier

circuit is 75% and 93% at the optimum load resistance respectively.
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