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Abstract

Portable electronic noses can be applied to biomedical areas to
identify diseases such as lung cancer, skin cancer, and urinary tract
disease. Although current electronic nose devices available in the
market can improve the "real-time" gas sensing issue, they are
restricted by bulky size (mostly laptops or desktop) and high price.
Consequently, their "portability" does not meet the requirements
for customer electronics such as smart phones. The purpose of the
"smell" chip is to design a high electronically compatible, multi-
purpose, low cost, small size, low power SoC. This chip is based on
a carbon black-polymer sensor array to provide very stable sensor
response to form odor fingerprints. The array has gas selectivity by
choosing a variety of different polymers. We adopted the standard
CMOS process technology to make the interdigitated electrodes with
the top metal layer; the protecting layer was removed by PAD mask
to define the sensing area, and then the sensing materials could be
deposited to form the on-chip sensors. The sensors were connected
to the signal processing circuits by the inner metal layers. In this way,
we could fabricate the sensors without any post-MEMS/MEMS/pre-
MEMS processing to achieve a fully integrated electronic nose SoC.
The chip was designed to aim for biomedical disease detection.
Because the gas composition is very complex from different
individuals, the front-end signal processing required high resolution
and noise immunity. The digital part of signal processing circuits was
implemented by a microcontroller with a digital processing unit, to
obtain flexibility and reduce dependence on the microprocessor.
This also reduced power consumption, which is suitable for portable
and consumer electronic devices. The electronic nose SoC could be
divided into six blocks: an array of integrated sensors (SA), a multi-
channel sensor interface circuit (IE), a successive approximation
analog to digital converter (SAR-ADC), a digital signal processing unit
- Continuous Restricted Boltzmann Machine (D-CRBM), an OpenRISC
microcontroller, and a static random access memory (SRAM). The

external components include a flash memory to load the program
to SRAM during system initialization, a LCD to show the results of
odor classification, and a quartz oscillator to offer the main operating

frequency.
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Fig.3 >The 3D structure of the E-Nose SoC

Fig.4 >Die photo of the E-Nose SoC with on-chip sensors (S1~58)



