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Fig. 1. Circuit configuration of power supply regulator consisting of frequency comparator, ring oscillator, and MOSFET resistor.

Fig. 2. Simulated delay variation of 100-stage subthreshold operated inverter chain.

Fig. 4. Experimental results of fRO and VDD. (A) fRO and VDD as a function of RREF, (B) Line regulation, (C) Load regulation.

Fig. 3. Chip micrograph. The circuit occupies 0.06 mm2.

Table 1. Performance summary of our supply regulator.
Process

Temp. range
VEX
VDD
fRO

Frequency line reg.
Voltage line reg.
Frequency load reg.
Voltage load reg.

Delay variation (σ µ)

T.C. of fROPower

0.35 µm, standard CMOS
-20 - 80 degC
1 - 3.3 V
0.5 - 1.2 V

0.02 - 20 MHz

5.8%/V (@ VEX = 1 - 2 V)
0.4%/V (@ VEX = 1 - 2 V)

74 ppm/µA (@ ILOAD = 0 - 300 µA)
70 ppm/µA (@ ILOAD = 0 - 300 µA)

11% (Monte Carlo simulation)

70 ppm/degC (T = -20 - 80 degC)0.34 - 3.6 µW (@ VEX = 1 - 2 V, RREF = 10 MΩ)
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