A 65nm Time-Domain Computing-in-Memory 6 T-SRAM Macro for 8b-MAC Operations
for Edge-Al Devices
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Background

« Convolutional Neural Network (CNN) is powerful for image sensing and voice recognition application.

« Multiply and Accumulation (MAC) operations is repeatedly performed in CNN. It’s of interest to reduce Its energy consumption.

e Computing-In-Memory (CIM) is an approach to perform MAC in memory unit, which can save data transmitting energy.

« Decreasing Signal Margin Problem: Signal margin of the voltage output decreases exponentially as increasing accumulation
number under same power supply. It’s a critical problem for the charge sharing [1] and the voltage dividing [2] approaches.

Time-Domain CIM Macro [3] MAC Output = (8bINx1bw) x 64 accumulations

In this project, | implement a time-domain CIM macro with TSMC 65nm process technology. It solves decreasing signal margin
Issue by counting the number of time delay accumulation of the output. However, it has non-uniform delay time caused by process-
voltage-temperature (PVT) variation and leakage problem.
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Weights stored in SRAM array are selected by edge delay cell E o 00w
MUX (EDC-MUX) and word line (WL). Fig.4 EDC and RCM-EDC Results
EDC-MUX passes weight to edge delay cell (EDC) through EDC
local bit lines (LBL\LBLB) and multiplies it with input. Pros | o o
EN enables first delay computing unit (DCU), and the output | © S!gnal margin keeps identical with different number of
enables second DCU, and so on. = Accumulation accumulations. There Is no precision loss.
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(D2REF-TDC) counts output delay and reference delay, then « EDC suffers from PVT variation severely because transistors
generates digital output. operate in small operating voltage with analog input voltages.

There Is leakage problem when EDC is waiting for enable
signal. It makes each EDC output rises from different starting

. R point and has inaccurate delay time.
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« Computes with shorter delay time.
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ROF Roff Rdsr IN=0 EDC has leakage problem and PVT variation influence.

_ _ Vss Time-domain approach is suitable for result-concentrate and
RCM-EDC with Anti-PVT Variation Performance high-precision data set.

* Represent 2b place value with different size. .
- Modulates RC time constant with different discharge path. New Design: RCM-EDC

 Digital input for higher operating voltage and stability. shorter delay time » smaller PVT variation influence

« Add metal-insulator-metal (MIM) capacitor to dominate node : ____ Anti-PVT Variation Performance
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1. Reset: VDD1 =EN =0
and RST =1=» EOUT =0
2. Multiply: feed VINO and ™|
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to 2bInx 1b W value. Fig.3 RCM-EDC Operation Stages
3. RC Discharge: capacitor discharge voltage with R, parallel 10° Dol Delay = Delay=2 Delay=3
to different number of R, and R corresponding to input value. Fig.5 RCM EDC Antl PVT Varlatlon Performance
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