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Multi-Domain Stochastic Computing (MDSC) Circuits

with Low Energy and High Speed
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This dissertation presents a three-stage attempt to develop a multi-domain stochastic
computing (MDSC) circuit exploiting analog and stochastic domains concurrently. Firstly,
focusing on reducing complexity, we design a totally different and way simpler SNG than
the original TBSC circuit by utilizing neuron-MOS technology. In the second stage, we
revise the simplified circuit and devote the concern to improve the number representation
and operation accuracy. For the convenience and validity of data collection, we also design
a duty-cycle detector. Finally, extending the circuit further establishes an MDSC circuit
that facilitates number representations in the form of pulse-strength (analog) and
pulse-width (stochastic) of a signal. The design is then simulated in a 180nm CMOS
technology. The 4-variable multiply and accumulate calculations (MACs) are implemented
for proof-of-concept, achieving an average accuracy of 95.3%. More importantly, the
transistor counting, power consumption, and latency decrease to 6.1%, 55.4%, and 4.2%
of the state-of-art TBSC circuit, respectively. Detailed investigation of the circuit's
robustness against temperature and process variations is presented. Additionally, we
provide example usage of the TBSC circuit in realizing the MacLaurin Polynomial and

stochastic neural networks.
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