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Abstract

3D Interdigitated extended CMOS MEMS capacitive pressure
sensor

CMOS MEMS technology for biomedical applications has been
a hot research topic in recent years. CMOS MEMS transducers
have the advantages of higher integration and lower power
consumption in comparison with piezoresistive ones. However,
the sensitivity of traditional CMOS MEMS capacitive sensors
is limited by the design rules of the process, and usually can
be improved by increasing the 2-D area. In the application of
intracranial pressure sensors, reducing the area of the sensor is
indispensable. Therefore, a novel 3-D capacitive pressure sensor
is proposed to improve the sensitivity with minimized area in
this study. The interdigitated capacitor is integrated with the
traditional 2-D capacitive transducer. The interdigitated capacitor
uses the upper and lower plates of the capacitor to generate
additional sensing capacitance. The sensitivity of the structure
is increased by 85%. In addition, this design can save 59% of the

area compared with the traditional 2-D transducers.

High energy-efficiency bypass capacitance-to-digital converter
In this work, a 10-bit successive-approximation register (SAR)
analog-to-digital converter (ADC) is integrated on the same chip.
The MEMS capacitive transducer is inserted in the capacitor
array with a bypass searching algorithm. When the sensing
capacitance value changes, the SAR ADC will convert the
change of capacitance to digital codes. The bypass window is
designed based on the intracranial pressure (ICP) signal. In an
extremely abnormal state of intracranial pressure, the intracranial
pressure is about 10.66~12kPa, and the patient may suffer
from brain damages. In a state of minor brain dysfunction, the
intracranial pressure is about 2.66~5.33 kPa. For healthy people,

the intracranial pressure stays at pressure lower than 2.66 kPa.

By using the bypass algorithm, unnecessary switching of the
capacitor array can be avoided according to the state of ICP and
lowered the power consumption, making it more suitable for
wireless biomedical applications. The integrated sensing system
includes the bypass SAR ADC, 3-D interdigitated extended
MEMS pressure transducer, and bypass control logics. The
sensitivity is 53.25 pF/Mpa in the pressure range of 0-40kPa. The
power consumption is 0.861uW/1.579uW (with/without bypass),
achieving a FoM of 0.102 pJ/conv.-step and 0.186 pJ/conv.-step

respectively.

Fig. 2 Bypass SAR capacitor to digital converter based pressure sensing

circuit
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