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Abstract

In this dissertation, two analog front-end (AFE) local-field potential (LFP) amplifier
circuits with real-time artifact removal and an implantable closed-loop deep brain stimulation
(DBS) SoC powered by a rechargeable battery are proposed for real-time efficient control of
Parkinson’s diseases (PDs). In chapter 2, a synchronized sample-and-hold stimulation artifact
blanking (SSAB) AFE LFP acquisition unit with real-time artifact removal, right-leg-driven
(RLD) circuit and monopolar electrode-tissue impedance (ETI) measurement circuit is
designed and fabricated in TSMC 0.18-um CMOS technology. Under #+3.6V, 130-Hz
stimulation, the measured total harmonic distortion (THD) at the SC amplifier output of
fabricated acquisition unit is 1.12%. With the RLD circuit, the measured CMRR is 124 — 145
dB in the signal bandwidth. The fabricated monopolar ETI measurement circuit has a
measurement error less than 8.3% with an extra power consumption of 2.65 uW.

In Chapter 3, a CMOS AFE LFP chopper amplifier is designed with analog template
artifact removal method to achieve good signal linearity during stimulation. Input impedance
boosting auxiliary path, improved RLD circuit and improved monopolar ETI measurement
circuit associated with the chopper amplifier are also proposed. With the improved auxiliary
path, the measured input impedance is larger than 133 MQ in the signal bandwidth and reaches
8.2 GQ at DC in the fabricated AFE LFP chopper amplifier. The measured CMRR is 131 — 144
dB in the signal bandwidth. Under 60-us pulse width and 130-Hz constant current stimulation
with +£1-V CMAYV and £50-mV DMAYV, the measured THD at the amplifier output is 1.28%.
The improved monopolar ETI measurement circuit has a measurement error less than 7.4%
with an extra power consumption of 3.16 pW.

In chapter 4, the 16-channel SSAB AFE LFP acquisition unit with artifact tolerance, a
real-time closed-loop control bio-signal processer (BSP), a 16-channel monopolar dual-mode
stimulator, and a wireless bidirectional data and power telemetry including a battery power
management unit were designed and integrated in the proposed SoC. The closed-loop control
algorithm with the averaged power over the narrow band of +3 Hz around the peak-power
frequency in the beta-band as a biomarker are implemented in the BSP. The proposed SoC was
fabricated in a 0.18-um CMOS technology with the chip area of 19.67 mm?. The measured
averaged power consumption of the SoC in the stimulation mode is 7.39 mW. The fabricated
SoC is integrated with the graphical user interface (GUI) to form a closed-loop DBS system for
animal tests. In-vivo animal experiments on mini-pigs with induced PD symptoms have been
performed successfully to verify the real-time closed-loop functions of the fabricated SoC. The
proposed closed-loop DBS SoC is suitable for real-time efficient control of PDs.

Keywords— analog front-end local-field potential amplifier, monopolar electrode-tissue
impedance measurement, real-time stimulation artifact removal, real-time closed-loop deep barin
stimulation system-on-chip, implantable biomedical device, in-vivo animal test, Parkinson’s
disease.



