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Y-Flash-Based Analog Digital Converter for
Compute-in-Memory Circuits

Compute-in-memory (CIM) systems can effectively reduce data movement overhead and improve
energy efficiency compared to traditional von Neumann architectures. A key bottleneck in CIM systems,
however, lies in the analog-to-digital conversion (ADC) stage. Generated by memristor array, currents
are converted by ADC into digital values for subsequent processing. The performance, energy efficiency,
and accuracy of this ADC strongly affect the overall CIM system.

For convolutional neural network (CNN) models, the first and last layers are typically more sensitive to
quantization, while intermediate layers are relatively robust. Therefore, selecting an appropriate ADC
resolution for different layers in is important to balance system throughput, accuracy, and energy
efficiency.

In this project, students will design and simulate the functional behavior of an ADC described in the
reference paper using Python or cadence Virtuoso. This project aims to develop fundamental skills in
the CIM/ADC working principles, simulation, and modeling of emerging memory-based computing
systems.
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Project Goals:

The goal of this project is to develop a simulation framework that reproduces the functional behavior of
a memristor-based ADC (Q-cell) within a CIM system.

The students will:

e Understand the role of ADCs in compute-in-memory architecture, including the basic workflow
of ACIM systems such as programming and inference.

e Implement a Y-Flash-based Q-cell (replacing the original PCM device), build two ADC
architectures with 3-bit and 6-bit resolutions using Python or Cadence Virtuoso schematic
design.

e Simulated responses to the input voltage, including voltages at nodes A and B, and the output
of the Q-cell.



e Calculate and analyze key ADC parameters, including energy per operation, sampling
frequency, linearity metrics (DNL/INL) and ENOB.

Prerequisites:
e Courses: Electronic Circuits
e Programming: Python / cadence virtuoso
For more information: xiaoyu.lin@technion.ac.il (Xiaoyu Lin)
Reference:
- Memristor-based adaptive analog-to-digital conversion for efficient and accurate compute-in-memory
- A memristive deep belief neural network based on silicon synapses
supplementary:

- ISAAC: a convolutional neural network accelerator with in-situ analog arithmetic in crossbars
- A mixed-precision memristor and SRAM compute-in-memory Al processor



