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Analog multilevel memories are the enabling device technologies for hardware acceleration of
artificial intelligence workloads. Compute-in-memory (CIM) is an emerging paradigm that
addresses the memory-wall problem in the deep learning accelerator. In this short course lecture,
we will survey the landscape of the emerging non-volatile memories that could serve the multi-bit
synaptic weights including RRAM, PCM, NOR Flash, 3D NAND and FeFET. We will highlight
the key device properties that are required for on-chip inference and/or training of deep neural
network (DNN) models. We will use a multi-bit RRAM test vehicle to characterize the
variability/reliability at array-level for inference. Then we will introduce an end-to-end benchmark
framework DNN+NeuroSim to that is interfaced with Tensorflow/PyTorch to evaluate versatile
device technologies for DNN inference. Compute-in-SRAM and digital TPU will be used as the
baseline for the benchmark. Hybrid precision synapse that combines non-volatile memories with
volatile capacitor is also presented to achieve in-situ training accuracy that is comparable with
software. State-of-the-art CIM prototype chips will be surveyed. We will summarize the general
design challenges in CIM chip design with regards to the device non-idealities, analog to digital
conversion, and process variations. Finally, we will present a promising research direction of 3D
monolithic integration that aims to place the weight memories (RRAM or FeFET) on back-endof-line (BEOL) at the legacy node, while scaling the front-end-of-line (FEOL) logic transistors to
the latest node.
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