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Abstract

Among many kinds of neural networks, Convolutional Neural Network (CNN) is a popular
neural network in deep learning. It’s because CNN is powerful for image sensing and speech
recognition. In CNN, Multiply and Accumulations (MAC) between weights and inputs are
performed in all layers. Weights are usually stored in memory units, and inputs are fed by

users.

MAC operation is performed in memory unit in computing-in-memory (CIM) macro, and
SRAM is suitable for this approach. Existing voltage-domain approaches like charge sharing [ 1]
and voltage dividing [2] can correctly perform MAC operation, but they suffer from trade-offs

between output precision and signal margin.

In this project, I implement a time-domain CIM 6T-SRAM macro for 8b-MAC operation
[3] with TSMC 65nm process technology. It computes MAC result by counting delay time
accumulation and keeps same signal margin as increasing accumulation. It consists of delay
computing unit (DCU), reference delay generator, and dynamic differential-reference time-to-

digital converter (D2REF-TDC).

However, edge delay cell (EDC) in DCU suffers from process-voltage-temperature (PVT)
variation and leakage issue. It makes delay time nonuniform with same input value, which
degrades inference accuracy. Moreover, long computing cycle with larger macro slows down

inference speed.

In order to reduce PV T-variation influence, I design RC-Modulation EDC (RCM-EDC) with
shorter and more stable delay time. Currently, RCM-EDC has smaller PVT-variation influence,

and its standard deviation of time delay is hundreds of times smaller than EDC’s.
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1 Background

Convolutional Neural Network

Convolutional Neural Network (CNN) is powerful for image sensing and voice recognition.
In CNN, an input matrix, which could represent image or voice signal, is is passed through a
series of convolution filters. Each filter, which is associated with a set of weights, represents
an activation function such as ReLU, leaky ReL.U, or Sigmoid.

In each layer, Multiply and Accumulation (MAC) is performed on input data and weight,
and the result is passed to next layer. This process continues until the final layer of the network.
These output from the final layer are then processed through Max Pooling and Fully Connected
Layers to determine the most possible result.

Given that MAC operation is performed repeatedly in the process of a CNN, it’s of interest
to reduce its energy consumption.

Near Memory Computing and Computing In Memory

Near Memory Computing (NMC) performs computations near a memory unit. Sensing am-
plifiers (SA) located nearby process the results directly. NMC usually uses non-volatile memory
(NVM) with small area, such as MRAM and ReRAM. As a result, NMC has a higher Area Ef-
ficiency (AF) than CIM. However, due to the slower speed of NVM compared to SRAM, NMC
has lower speed than CIM.

Computing In Memory (CIM) performs computations directly in memory unit. Its memory
type is usually SRAM, which has larger area but faster speed compared to NVM. Hence, CIM
usually has a faster speed but lower AF compared to NMC.

CIM/NMC-Memories operate in two modes: (1) Memory mode and (2) CIM/NMC mode.
In memory mode, the memory stores weights like a normal storage process. In CIM/NMC
mode, the system performs MAC operations and obtain convolution results. Both computing
methods can save data transmission energy by reducing transmitting path to buffer, thereby
increasing Energy Efficiency (EF).

Voltage-Domain SRAM-CIM Approach

It’s intuitive to represent values using different voltage levels. It’s the concept of voltage-
domain approach. Voltage-Domain SRAM-CIM operation struggles with trade-off between
output precision and power consumption.

The supply voltage is divided in to segments, each representing a specific value. The size
of these segments shouldn’t be too small to maintain adequate signal margin. As accumulation
increases, the signal margin decreases, and this decrease is exponential under a fixed power
supply. Under fixed power supply Vpp, the relationship between output precision and signal



margin can be expressed by equation 1. This poses a significant challenge because output value
often includes a wide range of values.

VDD

S preciion = signal margin (1)

2 Research Methodology

Time-Domain SRAM-CIM Approach [3]

Iimplement a time-domain SRAM-CIM macro for 8b-MAC operation with TSMC 65nm pro-
cess technology, as shown in Fig.1. This macro computes MAC result of 8b input, 1b weight,
and 64 accumulations by counting delay time accumulation and keeps same signal margin as in-
creasing accumulation. Multiplications of weights and inputs are performed in edge delay cells
(EDC) by generating different delay time. Delay Computing Units (DCU) then pass delayed
enable signal to next DCU. This time accumulation process is continued until the final DCU
of the macro. Finally, dynamic differential-reference time-to-digital converter (D2REF-TDC)
converts different delay time to digital output.

However, edge delay cell (EDC) in DCU suffers from process-voltage-temperature (PVT)
variation and leakage issue. It makes delay time nonuniform with same input value, which
degrades inference accuracy. Moreover, long computing cycle with larger macro slows down
inference speed.

Currently, I attempt to design new EDC with higher anti-PVT variation performance, ad-
dress EDC leakage issue, and shorten computing cycle of D2REF-TDC.
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Fig. 1 Time-Domain SRAM-CIM Macro Block Diagram



3 Experimental Results

3.1 Measurement

8b Input*x64b Weight MAC Operation

Source Name || 2b Input || Voltage (V) || Time Delay || Total Delay || Digital Output
VREF 00 0 to 64ty 641,
Vins 00 0 fo 64ty 0
Vinsa 01 0.688 tot+ At 64ty+ 64At 64
Vinz2 10 0.699 to+ 2At 64ty+ 128 At 128
Vinto 11 0.718 tot 3At 64to+ 192At 192

Table 1: 8b Inputx64b Weight MAC Result Table
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Fig. 2 Signal Margin Improvement [3]
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Leakage Problem
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Fig. 3 Leakage Problem

4 RC-Modulated Edge Delay Cell

I design a RC-Modulated Edge Delay Cell (RCM-EDC) as shown in Fig.4.RCM-EDC appar-
ently has more separate and shorter time delay, which means it has stronger anti-PVT variation
performance.
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Fig. 4 RC-Modulated (RCM) EDC Scheme and Performance

5 Conclusion

In this Project, EDC wisely feed weight value through to gate port, this can avoid 6T SRAM
read disturb problem, and it use EDC-MUX to increase computing capacity with lower area



cost. D2REF-TDC can save power by deleting overlapped counted time delay. Although time-
domain design can indeed solve signal margin and output precision issue, but it has leakage and
long computing time problems. Moreover, it also suffers from PVT variation.

Beyond these potential problem, time-domain approach is an effective way to solve signal
margin issue. As a result, time-domain is suitable for result-concentrate dataset and high preci-
sion data set.

To solve PVT-variation issue of EDC. I design a new RCM-EDC which generates different
delay time by different equivalent discharge resistance generated by different parallel input on/
off resistors. This makes RCM-EDC has stronger immunity to PVT variation (Fig.5).
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Fig. 5 RCM-EDC Anti-PVT Variation Performance
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8 Review and Reflections

In this project, I learn knowledge of different types of memory, skills of EDAs, and presen-
tation skills. These are the things I’ve never touched before, and now I have the basic concept
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of them.

In the beginning, I read a lot of essays slowly and ask a lot of help from mentor. During this
project, I discuss different design with my classmates, know how to catch the important part
of the paper, and try to implement what I read. There are some challenges during the process,
but I put a lot of effort and get some helps from others. Eventually, I successfully get the right
results and find out the pros and cons of the design. It impresses me the fact that we need to
think the potential challenges that are not mentioned in what we read.

Finally, I can use what I read to design and name a new circuit with better performance I
wants. I failed many times and deletes the wrong paths I have tried. It’s a new experience that
I’ve never had.

I’'m really appreciate that professor Chang, Meng-Fan gives me this opportunity to conduct
this project. I’m also grateful to the seniors and mentor in this project. They provide resource,
point out the thing I miss, and tell me the better way to work efficiently, They really help me a
lot when I face difficulties and challenges.

After project, I know that there are still many knowledge that I must figure out. I hope this
experience will help me out in the future when I face similar challenges.
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