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ABSTRACT: An Energy Harvesting PMIC (EH-PMIC) platform under development is presented. Stand-by wake-up
signals are pre-programmed with a 35-bit TDC. The main feature of the EH PMIC for ultra-low power is digitalization
of most of the blocks, including the compensation of the switching converters. For high conversion efficiency from
light-to-heavy current loads, retention mode, Pulse Frequency Modulation (PFM), and Pulse Width Modulation
(PWM) are implemented, respectively. The converter switching efficiency is achieved in the 4-switch (4-SW) quasi
resonant buck-boost converter by using a zero-voltage-switching (ZVS) technique.
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Block diagram

Figure 1 — Proposed ULP EH PMIC
Ultra-Low-Power (ULP) Energy-Harvesting (EV) PMIC PMIC
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Features

" Energy harvesting with Maximum-Power-Point-Tracking (MPPT)

= Digital 4-SW Quasi-resonant buck-boost w/i zero-voltage switch (ZVS)
& High-side-low-threshold (HSLT) comparator for improved switching.

= Low-power 12-bit SAR ADC assisting Digital Controls.

= Converters in tri-mode operation: Retention mode, PFM, PWM for

high efficiency through wide load range.

= Ultra-low-voltage cold start (200mV)
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Summary

Low voltage bandgap features:

= Current mirror with feedback converts I, into Vpqe,.
= Feedback purpose: improve Power-Supply-Rejection
(PSR), Process-Voltage-Temperature (PVT) variation.
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Table 1- Bandgap comparison table
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Flgure 3 a) VBG and b) PSRR
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Capacitance-Circuit(NCC), b) LDO with TTC, c) PSRR @ 2V, d) PSRR w/i & W/o NCC

An Energy-Harvesting Power Management IC (EH PMIC) utilizing digitalization techniques that enables Ultra-Low-Power (ULP) is proposed. Digital
filtering, control, and power stages are also digitalized to further reduce power consumption. For applications without high PSRR regulation, tri mode
operation for buck/boost converters is used to enhance power conversion efficiency. Furthermore, for higher regulation and PSRR while maintaining
low power, a Digital LDO is utilized. At the extreme, where highly linear regulation is required, a novel cap-less LDO with negative capacitance circuit
(NCC) and Tail-Current Compensation (TCC) for 1uA to 100mA load is proposed.
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