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An Area-Efficient Chopper VCO-based Sensor Interface
Circuit
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Conventional Sensor Readout System
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I Abstract

Sensors convert physical signals in daily life into
readable data, such like temperature, magnetic field, or
bio-medical signals. The physical signals are transferred
into voltage or current form by transducers, and
the sensor interface circuits convert them to digital
codes. The signals are very small with the resolution
requirement of microvolts, and occupies small
bandwidth from DC to several kHz.

The conventional implementation of sensor
readout circuits separates the design into low-noise
instrumentation amplifier (IA) and high-resolution
analog-to-digital converter ( ADC) . However, the
design is usually complex accompanied with high
cost. To save the hardware, it is possible to merge the
IA and ADC together. However in the state-of-the-
art, the approach with a Gm-C continuous-time delta-
sigma modulator ( CTDSM ) without a IA sacrifices
large circuit area to achieve the targeted resolution and
accuracy.

Recently, voltage-controlled oscillators ( VCO ) are
used to implement sensor interface circuits. The input
voltage is converted to time-domain or phase-domain
signal instead of voltage. It features infinite DC gain
so that stacking transistors are no longer needed,
and is suitable for low voltage operation in advanced
processes. Furthermore, the signal processing circuits
are highly digital, which makes them suitable to be
integrated to advanced processes. However, the state-
of-the-art works hardly achieve similar performances
compared to conventional approaches.

In this work, a VCO-based ADC for sensors without
preceding IA is proposed, which references the design
principle of Gm-C CTDSM. The three features of
this work are described below. First, the loop filter is
implemented with VCO-based integrator instead of
Gm-C integrator. Since the phase signal is limitless
unlike the voltage signal is limited by supply voltage,
large capacitor could be saved in the proposed design.

Second, by exploring the similarity of VCO-based
integrator and Gm-C integrator, chopper could be

added to mitigate the flicker noise problem.

Third, the feedback network similar to Capactively-
Coupled IA provides high input impedance, linearity
and input common-mode range. Compared to Current-
Feedback IA, the proposed design achieves better
power-noise efficiency.

The proposed work is implemented in 40 nm process,
and the total power consumption is 21 pW. With +
50mV input and 2 kHz BW, the measured SNDR is 74.9
dB and the THD is -82 dB. The circuit area is 0.06 mm2.
Compared to conventional works, we achieved similar
performance with 100X area reduction. While compared
to state-of-the-art VCO-based approach, we achieved
the best FoM. The function of the chip is further proved
in the magnetic field sensing applications.

This JSSC | ESSCIRC | Jssc Jssc Jssc Jssc
Work 2012 2012 2015 2017 2015 2017
VCO-ADC | CFIA+ Gm-C Amp+ | VCO-ADC | VCO-ADC |  Time
TYPology | “ciose) | DTDSM | cTDSM |vco-ADC | (Open) | (Close) | Domain
Tech 40nm 700nm 700nm 65nm 40nm 180nm 40nm
VDD 12V 5v 5v 05V 12V 18V 0.6V
Power 20W | 1.35mW | 12mW | 23uW W 3400w | 3.3uw
FSR 100mV,, | 8omv,, | 8omv,, | 1mv,, | 100mv,, | 4pAc | 4omv,,
BW 2kHz 10Hz 2kHz 500Hz | 200Hz | 125Hz | 150Hz
foampLe 1MHz 10kHz 5MHz 1kHz 3kHz 10MHz | 25MHz
SNDR | 749dB | 126dB* | 90dB™ | 48.7dB 74dB 73dB 40dB
THD -82dB 6ppm | -102dB | -52dB 79dB ~ -40dB
(f) (220Hz) | (INL) (10Hz) | (10Hz) | (203Hz) (11Hz)

FoMs 154.7dB 153.7dB 152.2dB 132.1dB 148.6dB 108.6dB 116.6dB

FoMw 146pd | 147pJ 1M6pd | 103pJ | 427ps | 373nJ | 135pJ

Area(mm?) 0.06 6 6 0.025 0.135 0.36 0.015
*DC SNR, corrected by 2v2 when calculating FoM

**Estimated from noise floor
Power
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Fig 3. Comparison Table
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Fig 4. Application with magnetic
field sensing
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