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Biomedical implant system has been adopted widely for the patients whose illness can not 
be cured solely by medication such as neurological, cardiovascular or diabetes etc. It not 
only enhances the survival rate by taking immediate preventive actions, but also improves 
the quality of life of the patients. However, the development of the implant comes with 
several challenges to which the designers have to face such as the low power consumption, 
miniaturized physical size, low noise, stability and bio-compatibility. This thesis has focused 
on both optimizing the system to achieve energy efficiency, noise robustness and improving 
the energy efficiency of the energy harvester at the implant side. The optimization has been 
carried out from architecture to the circuit level. 
Two implant prototypes have been designed and characterized for biomedical resistive and 
capacitive sensors. Both prototypes are powered by a 13.56 MHz radio frequency (RF) signal 
and performs sensor signal amplification, analog to digital conversion (ADC) and uplink 
data transmission through load shift keying (LSK). The first implant system aiming for 
Wheatstone-bridge piezo-resistive pressure sensor takes advantage of an extremely low duty 
cycle reducing the energy consumption significantly. A net differential input swing voltage is 
obtained from only a single resistive sensor branch by interchanging the sensor supply 
polarity alternately. The second prototype designed for capacitive sensor has a conversion 
rate of 1.5 Ksample/s with 9 bit accuracy, offset-free and consume a power as little as 5.5 
µW.  
While these first two lines of investigation have concentrated on power optimizing the 
sensor interface and ADC, another research focuses on optimizing the rectifier circuit that 
harvests the energy from the RF signal sent to power the sensor node. This hybrid rectifier 
simultaneously and efficiently scavenges energy from a low-amplitude radio-frequency 
signal and a low-frequency, low-energy signal from a piezoelectric transducer (PZT). The 
proposed design have been optimized to achieve the maximum DC output voltage 
and effectively eliminate dead-zones in the rectifier response. Compared with conventional 
counterpart, the proposed method yields a significant improvement in power conversion 
efficiency (PCE) for low levels of input power, implying a longer distance communication, 
smaller implant size and long-life battery can be achieved. 
  
 
 


