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CMOS Voltage Reference Based on Threshold Voltage of a MOSFET
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Abstract We developed a voltage reference circuit using MOSFETSs operated in the subthreshold region, except
for the MOS resistor in the strong-inversion and deep triode region. The circuit consists of a current source sub-
circuit and a constant-voltage subcircuit without resistors. We confirmed the operation of the circuit by SPICE
simulation with a set of 0.35-um standard CMOS parameters. SPICE simulation demonstrated that the circuit
generates the threshold voltage of nMOSFET, about 0.81 V, at absolute zero. The accuracy of the reference circuit
was within £0.2 % in a temperature range of —20 - 100 °C and within +0.5 % for a Vpp range of 1.2 - 3 V. To
confirm the circuit operation with device variation, we carried out Monte Carlo simulations assuming process spread
and device mismatch in all MOSFETs. The error of the output voltage was within + 0.3 % in the temperature
range. The total power consumption of the circuit was 0.5 W with a Vpp of 1.5 V.

Key words CMOS, Voltage reference, Subthreshold region, Weak-inversion, Deep triode region, Ultralow-power
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Technology 0.35-pm, 2-poly, 4-metal CMOS
Temperature range —20 - 100 C
Vbbp 1.5V
VrReF 0.81 V (TYP))
Power 0.53 uW (T =100 C)

AVrer/VreF +0.3 % (T = -20 - 100 °C)
+05% (Vpp =12-3V)
PSRR ~45 dB (f=100 Hz)
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