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ABSTRACT

Always-on biomedical sensing enables continuous monitoring of physiological signals for wearable healthcare and long-
term health monitoring applications. Since these systems often operate under limited energy budgets, minimizing power
consumption is essential for extending battery lifetime and enabling energy-autonomous operation. As fundamental
building blocks of analog front-ends, amplifiers play a critical role in determining the overall power efficiency and signal
accuracy. However, reducing amplifier bias currents to the picoampere range introduces significant challenges in
maintaining sufficient gain, bandwidth, and linearity. Therefore, developing ultra-low-power amplifiers with improved
linearity is essential for energy-efficient always-on biomedical sensing systems.

This work investigates the integration of pW-level ampilifiers into a current-mode continuous-time A% modulator (CTDSM)
for fA—pA biomedical current sensing. The proposed architecture supports two operating modes to accommodate different
power and bandwidth requirements. Ultra-low-power circuit techniques are developed to improve amplifier linearity and
system-level energy efficiency. A prototype fabricated in 180-nm CMOS technology demonstrates nanowatt-level power
consumption and low-frequency current-sensing capability.
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