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Abstract: Recently, the need for low-power temperature sensors that can operate under wide supply voltage
has been increasing. Voltage reference is commonly used to achieve wide voltage range operation. However,
generation and distribution of reference voltage across the chip causes area and energy overhead. In addition,
ON resistance of switch transistors at low voltage increases preventing low voltage operation. To solve the
above problems, we propose a time-domain temperature sensor that chooses a suitable pair of MOSFETSs so
that additional bias voltage is not required. Furthermore, the conversion of MOSFET current to delay is
performed only when the switch resistances are low utilizing different threshold comparators. Simulation re-
sults based on a commercial 65 nm process confirm our proposed sensor. The sensor achieves energy-efficient
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Time-domain Wide-supply-voltage CMOS Temperature Sensor

temperature sensing and wide voltage operation.
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12 V—hAA
R 1 IR VYR B
Aty (2] [6] [7] [8]
Process 65 nm 65 nm 180 nm 180 nm 55 nm
Type MOSFET MOSFET MOSFET MOSFET MOSFET
Range (°C) 0~100 0~100 —20~80 0~100 —40~125
Error (°C) —2.5/1.4%1%%5 | _1.6/1.0"1° —0.9/1.2%1¢ —1.4/1.5%1¢ —0.7/0.7
Energy/Conversion (nlJ) 0.065%3¢ 7.0 8.9 2.2 12.2
Conversion time(ms) 2.4%3¢ 25 839 30 1.31
Power (pW) 0.028 *3¢ 0.280 0.011 0.071 9.3
Area (mm?) Not evaluated 0.022%32 0.074%3¢ 0.09*3¢ 0.00177*3°
Resolution (mK) Not evaluated 250 145 300 16*2*
Line sensitivity (°C/V) 7.6 — *6 38 14 2.53 ~ 5.22,
(0.6~1.0V) (0.7~1.5 V) (1.0~1.4 V) (0.8 ~1.3V)
*1e Peak to Peak
*la g
*3¢ Total area
*3b a7+ ADC/FDC 2 &b 0. 7272 L% OO HIEETIER< .
*3c

HIEEBIEE £\, EIFEEL 0.8 V, 20 °C.
*4 OB P AZHEME X [ O S A
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