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ABSTRACT

Specifically, memory architectures for single-bit caches are the focus of this research project. In
order to investigate a six-transistor static random-access memory, voltage differential sense
amplifiers and charge transfer differential sense amplifiers make use of their respective
capabilities. It has been demonstrated that the voltage differential sensing amplifier is the one that
consumes the least amount of power in a static random-access memory that is composed of six
transistors and a single bit.

Keywords: System; VLSI; Memory; Architecture; Circuit.

1.0 Introduction

As the VLSI industry continues to expand, batteries and systems that are built in are
becoming increasingly important. As a result of the memory cache’s significance in the design of
memory, it occupies sixty to seventy percent of the surface area of the chip [1,2]. The speed of the
central processing unit (CPU) decreases as more chips are added to it. There is an increase in the
number of single-chip failures for every million additional transistors. Now, the group that is working
on the development of VLSI systems has access to a memory circuit that slowly transfers data while
consuming very little power. This project revolves around the sensory amplifier as its primary design
element. At the moment, cache memories take up more than half of the transistors in high-
performance microprocessors, and it is anticipated that this percentage will continue to rise [3,4].
STSRAMC stock is frequently used to replace these chips because of its performance in challenging
environments with a lot of background noise. It was decided to take into consideration a number of
powerful central processing units (CPUs) that had low power requirements. One of the most ideal
memory devices is the STSRAMC [5-7], which is characterized by its compact size and sufficient
number of memory cells. If we have machinery that is both faster and more powerful, then our work
will be more productive. Every single high-frequency STSRAMC memory block necessitates the
presence of SA, which is an essential component. Memory access times and power consumption are
both directly impacted by the SA configuration. In order for a system to be able to store data in
memory, SA must be present. The SA is able to conserve energy because it reduces the distance that
exists between the logic circuit and the memory cells [8-10].

2.0 Single Bit Cache Memory Design

Figures 1 and 2 display the design and schematics for one-bit cache memory. Components of
the Single Bit Architecture Cache Memory Design include SA, WDC, and STSRAMC.
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Figure 1: Schematic Presentation of the Single-Bit STSRAMC VDSA Architecture
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2.1WDC

The WDC is illustrated in Figure 3. Once the write margin of the STSRAMC has been
reached, the pre-charging processes will eventually exhaust the bit lines. As a result of write enable
(WE) signals, the bit line moves from the pre-charge level to the ground potential when the WDC is
activated. Each of the PMOS and NMOS have their own unique numbering schemes in the WDC,
which are denoted by the letters NM1, NM2, NM3, NM4, and NM5. It is possible to reduce the pre-
charge levels of BTL and BTLBAR. In accordance with the information that has been obtained, one
of the transistors might be PM1 or NM1.

Figure 3: WDC Schematic
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2.2 STSRAMC working and schematic
Applications requiring low voltage and power will benefit from its utilization. It is easier to
test when using bistable latching since each bit remains in its circuit.

Figure 4: STSRAMC Schematic
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Figure 4 depicts the STSRAMC circuit, which consists of two two-position pull-up transistors
(PM6 and PM7) and two two-position pull-down transistors (PM7 and PM8). More noise is generated
as the number of bit lines increases. The magnitude of the output voltage variation is used to calculate
the output voltage of differential circuits. An integer between zero and one is retained so long as the
power is present. The efficiency of the STSRAMC design is dependent on the transistor size.

2.3 Sense Amplifier’s (SA) working

The SA improves the minor analog voltage differential between read-access bit lines. The
output is digital and single-ended. Bit lines that are longer and wider use more energy and take longer
to clean.

2.3.1VDSA

Everything users need to get started with differential sensing is in a small package. Single-
ended inputs and outputs are necessary for differential amplifiers that operate at low signal levels
[11]. The noise that makes an amplifier inefficient can be reduced while the difference between two
signals can be increased. In memory, a basic differential voltage amplifier is used. These have a
significant counterbalance in terms of electricity use. Figure 5 shows a picture of the VDSA.

Figure 5: VDSA Schematic
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2.3.2 Architectural and Operation of CTDSA
Through the use of low-capacity amplifier output nodes, a charge is transferred from high-
capacity bit lines and distributed throughout the CTDSA [12,13].
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Figure 6: CTDSA Schematic
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Figure 6 shows that CTDSA uses less energy and has a smaller voltage swing compared to bit
lines. The electricity required stays the same even when the processing speed is raised. If this little
capacitive element makes the capacitive element’s voltage vary more wildly, the voltage might

increase.

3.0 Evaluation of Findings and Discussion

Figure 7 displays the results produced by the WDC. There are four wires that both exit and

enter, in addition to the article (WE, Bit, BTL, and BTLBAR).

Figure 7: WDC Output Waveform

l | ' {
} ! | 1
b I 1 1
1 | §
el ——1 |
g0 ! —
£ rirCaseb b .3 ]
R@L: I | Cased |
d B S
: I I 1
- Casea | ICasec | |
N , :' " I

' Time (ys)

r— WE
r=—n BTLp.x
F— Bie
e BTL

The waveform was produced by the STSRAMC when holding and writing, as seen in Figure 8.
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Figure 8: STSRAMC O/P
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Figure 9: VDSA O/P
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Figure 10: CTDSA Output Waveform
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The VDSA and CTDSA read methods use SAEN=high, and WL=high read parameters, as

illustrated in Figures 9 and 10.

Table 1: Comparison of Single Bit STSRAMC and Design of VDSA Parameters

S.No. | Specifications Topology for Single-Bit STSRAMC VDSA
Dealy in Sensing Number of Transistors Consumption of Power
1. R=42.3Q 23.231ns 34 22.52uwW
2. R=42.3KQ 23.231ns 34 20.63uW

Resistance does not impact a circuit’s size, effectiveness, or speed, as illustrated in Tables 1

and 2. With this equation, power consumption and resistance are inversely related.

Table 2: Comparison of Single Bit STSRAMC and CTDSA Architecture Parameters

Single Bit STSRAMC CTDSA Architecture
S. No. Parameters - —
Sensor latency Transistor count Electricity Usage
1. R=42.3Q 23.23 ns 40 52.85uW
R=42.3KQ 23.23 ns 40 50.56puW

4.0 Conclusion

This study looks at different resistance values (R) and other features like sensing delay,

transistor count, and power consumption to evaluate the performance of various SAs, including
voltage differential sense amplifiers and charge transfer differential sense amplifiers.
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