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High-Accuracy, High-Speed, Low-Power
Consumption Time-Domain Smart
Temperature Sensor with Voltage Calibration
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Low cost but high performance temperature sensors are extensively
applied to the following applications:1) ambient temperature
monitoring for home or office electronics;2) thermal sensing for fire
and smoke detection systems;3) thermal compensation for flat panel
displays; 4) temperature management for backlight systems and power
electronics; 5) temperature control in portable or mobile consumer
electronics products such as personal computers and domestic
appliances ; 6) tyre monitoring systems and 7) combing integrated
temperature sensors with Radio Frequency Identification (RFID) tags.

Conventional temperature sensor digitizes a proportional to absolute
temperature (PTAT) signal according to temperature-independent
bandgap reference signals. A corresponding ADC is utilized for digital
output coding. The ADC-based temperature sensor (commonly known
as voltage-domain temperature sensor) has high accuracy, but the
corresponding architecture is usually complicated and possesses slow
conversion rate due to chopping, dynamic element matching (DEM)
and/or auto-zeroing to suppress 1/f noise and offset for excellent
accuracy [2-3]. One feasible way for reducing structure complexity and
speeding up operation is to process the sensed signal mainly in time-
instead of voltage-domain. The sensor converted the test temperature
into a time signal with a thermally sensitive width first and then utilized
a time-to-digital convertor (TDC) which could be much simpler and
more power efficient than ADC for output coding. However, the
expense was comparatively poor accuracy.

Regardless of voltage- or time-domain design, the sensors usually
needed one- or two-point thermal calibration to get enough accuracy.
Compared to voltage or current calibration, the temperature of test
chips needs much more time to be stabilized and thus the mass
production cost is hard to be reduced.

To overcome the calibration and mass production problem, this
thermal sensor presents the first voltage-calibrated CMOS time-domain
smart temperature sensor to reduce the cost of mass production. A
digitally adjustable relaxation oscillator designed as the temperature

sensor vibrates between CMOS-based CTAT, PTAT voltage references
with mutual curvature compensation to generate linear temperature-
dependent output pulses. Voltage instead of temperature calibration is
adopted to alleviate the impact of process variation and TDC is used for
output coding. Fabricated in a TSMC 0.18- . m standard CMOS process,
the proposed sensor is able to operate at a high speed of 486k Samples/
sec. Moreover, each sample consumes only 535pJ. The active area is
merely 0.122 mm’, resolution is 0.26 ‘C and inaccuracy is measured to
be =15 “C 30) for 15 test chips in a wide temperature range of -40 “C
to 120 “C. The performance is even superior to some chips with one- or
two-point temperature calibrations. A milestone is established for time-
domain smart temperature sensor to get rid of the heavy burden of
fixed-temperature calibration with reason error budget.

With the help of SAR, the temperature-insensitive variable current
source is fine-tuned to compensate for the process variations faced
by the oscillator under voltage calibration to get rid of the need of any
fixed calibration temperature. Monte Carlo simulation is adopted for
the critical device sizing of the VPTAT and VCTAT generator to ensure
acceptable spread for all 5 process corners. Even voltage-calibrated
over a wide temperature range of 0 ‘C ~ 80 ‘C, the proposed sensor
still achieves an inaccuracy approximately 0.8 “C along with a linear
master curve. Ensured by the experimental results, the proposed
sensor has great potential to exploit the most popular low cost market
with == 1°C error tolerance.
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