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ABSTRACT: 

Detecting vapour traces of different materials with low vapour pressure is a potentially powerful method to reveal the presence of target molecules in the air with applications in security, medicine, environmental control. The detection method is based on the fact that most materials constantly emit rather small, but detectable number of different molecules that constitute the material. In this work, we describe a design procedure of the sensor measurement system and signal processing implementation for integrated, high performance, low-noise sensor interface capable of measuring extremely small capacitive changes (smaller than 1aF) caused by adsorption of target molecules to the functionalized surfaces of the sensor. To provide appropriate sensitivity, the extremely low noise integrated analogue and mixed-signal processing electronics is needed together with area and power efficient digital signal processing hardware.
Common limitations of existing detection systems are rather large size, high power consumption and unreliable detection with false alarms, insufficient sensitivity, poor chemical selectivity, and hyper-sensitivity to environmental influences like temperature, acceleration, etc. In addition, such systems are extremely expensive. We wanted to build a sensor measurement system, which can be very cheap for high volume production, has a very small physical dimension, is powered by a small battery and in addition, is extremely sensitive and selective. 
The central part of the detection measurement system is an array of surface-modified differential capacitive sensors together with integrated electronics. Each differential sensor is composed of two unreleased MEMS COMB capacitors covered with a thin layer of SiO2; one is chemically modified [1]. Because both capacitors in a pair are very close to each other, an equal number of target molecules are on the average present in the space between the plates. The target molecules adsorb preferentially for a short time to the surface of the modified capacitor changing its relative dielectric constant and the distance between the plates [2]. Using appropriate excitation signals, extremely low noise input transducer electronics [3] and appropriate low-noise digital signal processing blocks, one can efficiently measure the difference of the two capacitances in each pair; therefore, a detection of a small number of adsorbed target molecules in the air is possible. All elements described above are integrated and packed together with differently modified sensors as a SiP (System in Package), which is capable to detect less than 3ppt of TNT in the atmosphere (3 TNT molecules in 10+12 molecules of air) at 25oC in 1Hz bandwidth using only a few mm3 and approximately 10mA current at 3.3V supply voltage [4]. 
The focus of the contribution is the description of the design steps for the whole measurement system including: system definition and high level simulations, circuit design issues of low noise analogue input amplifiers and other low-noise components like: analogue filters, mixers, mixed-signal modules for A/D and D/A conversion, and design steps to achieve low-noise digital signal processing electronics using 0.25um BCD technology. A demanding characteristic of the system is possible to achieve in a short design time frame using appropriate design flow, which is also shortly described. At the end, an example sensor measurement system for vapour trace detection of explosives is presented together with some exciting measured results [4].
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