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A Semi-Digital Charge-Domain CDC with Configurable Subtraction for

Wide-Range, High-Resolution Sensing
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A semi-digital capacitance-to-digital converter (CDC) supporting up
to 1 nF input range using a configurable charge subtraction capacitor
and a current mirror-based discharger. The single-slope discharge
technique enables energy-efficient operation without complex

analog blocks like OTAs. The design achieves high resolution and low
power , offering flexibility for various sensing applications. Post-
layout simulation confirms 10 fF resolution with stable performance.

e The proposed CDC is based on a self-sensing mechanism, allowing
the selection between an external sensing capacitor or an internal
capacitor.

e Current mirror-based discharger with a charging flag enables
repetitive, accurate capacitance measurement by resetting and
recharging the sensor capacitor each cycle based on a reference
voltage comparison

e Configurable subtraction capacitor array enables flexible
adjustment of input range and resolution, allowing accurate digital
conversion of sensor capacitance through discharge cycle counting.
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e The current mirror-based discharger uses a comparator to monitor
the sense node voltage and triggers a charging flag when it fall below
a reference level, resetting the discharge process.
e Current mirror-based discharger enables repetitive charge-
discharge cycles, allowing accurate digital conversion of sensor
capacitance while supporting a wide input range.
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e Configurable subtraction capacitor array allows dynamic selection
of discharge capacitor based on application needs, enabling flexibility
in input capacitance range and resolution.

e By adjusting the subtraction capacitor size, the number of
discharge cycles and voltage step size can be controlled, influencing
both measurement speed and accuracy.

e This architecture supports a wider range of sensor capacitances
and is especially suitable for adaptable, high-resolution sensing
applications.
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e Simulation results show that the proposed CDC accurately converts
capacitances up to 1 nF within 500 us, maintaining a consistent
minimum resolution of 10 fF across various ranges.
* |ncreasing the subtraction capacitor reduces conversion time and
discharge cycles, while enabling a broader measurable capacitance
range with low power consumption of 135.72 uW.
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The proposed CDC employs a semi-digital architecture with a
configurable subtraction capacitor and current mirror-based
discharger, enabling accurate and energy-efficient conversion over a
wide input range up to 1 nF. It eliminates the need for OTAs, reducing
complexity, and achieves 10 fF resolution, validating its suitability for
high-precision capacitive sensing applications.
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