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Abstract An ultra-low power CMOS voltage reference circuit has been fabricated in 0.35-um standard CMOS
process [8]. The circuit generates a reference voltage based on threshold voltage of a MOSFET at absolute zero tem-
perature. Theoretical analyses and experimental results showed that the circuit generates a quite stable reference
voltage of 745 mV on average. The temperature coefficient and line sensitivity of the circuit were 7 ppm/°‘C and
20 ppm/V, respectively. The power supply rejection ratio (PSRR) was —45 dB at 100 Hz. The circuit consists of
subthreshold MOSFETSs with a low-power dissipation of 0.3 W or less, and a 1.5-V power supply. Because the
circuit generates a reference voltage based on threshold voltage of a MOSFET in an LSI chip, it can be used as an
on-chip process monitoring circuit and a part of the on-chip process compensation circuit systems.

Key words CMOS, Voltage reference, Subthreshold region, Weak-inversion, deep triode region, Ultra-low power
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0 1 Comparison of reported low-power CMOS voltage reference circuits

This work De Vita [3] Leung [4] Cheng [5] Giustolisi [6] Huang (7]
Process 0.35-pm, CMOS 0.35-um, CMOS 0.6-pm, CMOS | 0.35-pm, CMOS | 1.2-pym, CMOS | 0.18-um, CMOS
Temperature range —20 - 80°C 0-80C 0-100°C 0-70C —25 - 125°C 20 - 120°C
\%5¥5) 14-3V 09-4V 14-3V 14-3V 1.2V 085-25V
VREF 745 mV 670 mV 309.3 mV 579 mV 295 mV 221 mV
Power 0.3 LW (@1.4 V) | 0.036 pW(Q@0.9 V) | 29.1 pW(@3 V) | 4.6 uW(@2 V) | 4.3 xW(@1.2 V) | 3.3 uW(Q@0.85 V)
Room temp. Room temp. Max. temp N.A. N.A. Average
TC 7 ppm/°C 10 ppm/°C 36.9 ppm/°C 62 ppm/°C 119 ppm/°C 271 ppm/°C
Line sensitivity 20 ppm/V 2700 ppm/V 800 ppm/V 6700 ppm/V N.A. 9000 ppm/V
PSRR —45 dB(@100 Hz) | —47 dB(@100 Hz) | 47 dB(@100 Hz) | -84 dB(@1 kHz) N.A. N.A.
Chip area 0.052 mm? 0.045 mm? 0.055 mm? 0.126 mm? 0.23 mm? 0.0238 mm?
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0 2 Comparison of reported CMOS current reference circuits

This work Serrano [12] Bendali [13] Lee [14] Sansen [15] Pappu [16]
Process 0.35-pm, CMOS | 0.5-um, CMOS | 0.18-pgm, CMOS | 2-um, CMOS 3-um, CMOS 0.18-pm, BICMOS
Temperature range -20 - 80 °C 0-80 C 0- 100 °C 0-75°C 0-80 C N.A.
Vbp 14-3V >23V 1V N.A. >35V N.A.
InEr 16.2 puA 16 - 50 pA 144 pA 0.287 pA 0.774 pA 200 pA
Process sensitivity(o/u) | 4.4 % (M.C. Sim.) N.A. N.A. N.A. 2.5 % (90 samples) | 4 % (40 samples)
TC 87 ppm/°C 116 ppm/°C 185 ppm/°C 226 ppm/°C 375 ppm/°C N.A.
Load sensitivity 1.5%/V < 1%/V N.A. N.A. 0.04%/V N.A.
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