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ABSTRACT

The escalating demand for computing power, coupled with the power limitations of portable, battery-operated

devices, renders low-power memory an increasingly vital component. The power consumption of SRAM is significantly

influenced by its access frequency. The power consumption of certain integrated circuits (ICs) can attain several watts

at maximum bandwidth, exhibiting power demands comparable to dynamic RAM when functioning at elevated

frequencies. Conversely, static random access memory (RAM) exhibits minimal power consumption, often nearing

negligible levels—typically only a few microwatts—while idle, particularly when utilized with microprocessors

operating at lower clock speeds. Power consumption in SRAM-based memory systems has been managed using several

methods. This paper describes a dependable adiabatic SRAM. The primary purpose is to employ adiabatic switching

circuits to achieve medium throughput for SRAM, hence compensating for throughput loss. Adiabatic switching

constitutes the basis of the proposed design. To evaluate the proposed adiabatic SRAM, OrCAD PSpice is utilized. The

data indicate that adiabatic SRAM surpasses all other SRAM variants in current use.
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1.INTRODUCTION

Digital methodologies for system design are currently standard practice in the electrical design industry.
Extending the data bus and ensuring its compatibility with larger data buses is an effective method to enhance
the accuracy and efficiency of any digital architecture computer block. To synchronize with the expanded data
bus, intricate digital electronic systems must handle vast data buses, memory allocations, and the
amalgamation of computational and logical components with the requisite data bits. Designers have naturally
favored CMOS VLSI for integrating complex systems into compact silicon areas due to the technology's
inherent characteristics. The technology's rapid speeds and comparatively low power consumption render it
suitable for a majority of applications. Conversely, CMOS technology is ubiquitous in practically all electronic
devices.

Compared to traditional device technologies, CMOS technology exhibits considerably higher power dissipation.
The overall power dissipation in CMOS arises from three distinct sources: a) In a steady state, approximately
15% of the total power dissipation is attributed to static power dissipation resulting from subthreshold leakage
current and reverse leakage current of p-n junctions. The predominant portion of power loss during switching
arises from the charging and discharging of the load capacitance, constituting around 70-75% of the total. b)
When the power source and ground are directly connected with low resistance during switching, short circuit
power dissipation occurs.. To mitigate the effects of dynamic power dissipation, short circuits, and leakage in
CMOS circuits, various architectural and circuit strategies have been proposed in the literature. Power
consumption and dissipation have significantly advanced; yet, CMOS circuits continue to deplete battery
resources.

An adiabatic SRAM is currently in development. The objective of the current endeavor is to restrict power
dissipation at the system level. Section 4 delineates the design of the proposed adiabatic SRAM, whereas Part
3 describes its structure. This is the structure of the paper. Section 3 additionally addresses the literature
evaluation. The latter two sections of the essay encompass future paper directions and Conclusions /
discussions.
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2.LITERATURE REVIEW

Yibin Ye, Dinesh Somasekhar, and Kaushik Roy's 1996 paper "On The Design of Adiabatic SRAMs" recognized
the enormous potential of adiabatic logic for low-power circuit design. Nonetheless, adiabatic logic circuits and
their family have been the primary focus of research. Contemporary very large scale integration (VLSI) systems
encompass memory, random logic, and extensive modules. Consequently, it is essential to successfully
integrate random logic and other components of VLSI systems for the appropriate functioning of adiabatic
circuits. They offered a concept for adiabatic static RAM that could be implemented with minimal or no
increase in circuit size or complexity. This design seeks to address the challenge of creating memory circuits
with minimal power consumption within a very large scale integration (VLSI) system. Our findings indicate that
read and write operations on a 4Kb memory core block can diminish energy consumption by around 75%. The
significant power savings can be ascribed to the address decoder and input/output drivers. In 2004, Jianping
Hu, Xu Tiefeng, Junjun Yu, and Yinshui Xia presented a novel variant of adiabatic logic known as DTGAL,
capable of driving substantial capacitance. DTGAL mitigates non-adiabatic energy loss on output loads using
feedback control derived from the buffer outputs of the succeeding stage. The investigation focused on energy
reduction through the DTGAL circuit dimensions. A 64x64 bit adiabatic SRAM was utilized. The substantial
switching capacitances on bit-lines, word-lines, and address decoders may be entirely and adiabatically
recuperated by the proposed DTGAL circuits. The proposed SRAM design ensured effective energy recovery for
high-capacity buses, significantly reducing power consumption. Simulations of energy and functionality were
conducted utilizing the netlist obtained from the layout. At clock frequencies ranging from 25 to 200 MHz,
their SRAM demonstrates energy efficiency that is 65 to 90% superior to the traditional CMOS variant, as
indicated by the outcomes of their HSPICE simulation. In 2006, Jun-Jun Yu and Peng-Jun Wang conducted a
paper on power dissipation in adiabatic logic circuits. Timed transmission gate adiabatic logic (CTGAL) is an
innovative type of adiabatic logic circuit engineered to utilize power clocks operating in two phases. The CTGAL
circuit was utilized to construct this adiabatic SRAM. This device integrates a CMOS-latch design with
bootstrapped NMOS transistors to decode addresses, sense amplified lines, write bit lines, and recover charge
from substantial word line switching capacitances, among various other functions. All activities were
conducted in an adiabatic atmosphere. The CTGAL circuit, specifications of the TSMC 0.25um CMOS chip, and
HSPICE were utilized to model the adiabatic SRAM. The simulation results indicated that the SRAM exhibited
low-power circuit attributes and accurately performed its logical function. Power consumption has become a
significant concern for portable and high-performance applications, as noted by Sunil Jadhav, Vikrant, and
Munish Vashisath in late 2012. Research on adiabatic methods to reduce power consumption in CMOS devices
has markedly intensified. To prevent losses, the adiabatic energy transfer process through a dissipative
medium ensures that the transfer occurs at the appropriate velocity. The researchers employed the adiabatic
method to reduce the mean power dissipation. A 6T SRAM cell was modeled utilizing 180nm CMOS
technology. The adiabatic approach can decrease average power dissipation by up to 75% and substantially
influences the static noise margin, as demonstrated in the presentation. Ankita Singh and Vishal Moyal
discovered a novel adiabatic approach in the 8-t SRAM cell in their 2014 paper. The 8T SRAM cell, facilitating
uncomplicated read and write operations, was developed utilizing a single bit line architecture. Due to its
potential for low-power applications and diverse uses, SRAMs are currently the focus of extensive paper across
various phases. Static Random Access Memory (SRAM) cells are increasingly focused on leakage power and
stability factors. There are speculations that a new 8T SRAM cell design may address stability and leakage
issues more effectively than a 6T SRAM cell. The integration of adiabatic circuits into 8T SRAM cells is an
intriguing and potentially effective approach for reducing power consumption.

The research explores the many adiabatic SRAM circuits that have developed in recent years. Poonam Boora
and Ramnish Kumar utilized TANNER TOOLS with 180nm CMOS technology to model a 6T SRAM. In
contemporary very large scale integration (VLSI) digital circuits, power consumption is a critical factor for
designers. The proliferation of portable applications demanding high performance has rendered power
consumption a significant issue. The authors examine two methodologies for reducing power consumption in
their paper. Methods may be classified as either adiabatic or bulk-biased. A comparison is made between the
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performance of traditional 6T SRAM circuits, bulk-biased 6T SRAM circuits, adiabatic 6T SRAM circuits, and a
standard 6T SRAM circuit. The power reduction attained by these systems was more significant.

Research conducted by R. Patel, Sindhu, Shivani, and P. Ram Mohan Rao (2015) asserts that SRAM is a crucial
technology for enduring data storage. The bitline is the primary cause of power leakage in SRAM. Enhancing
circuit performance and preventing chip damage both rely on minimizing leakage. Significant leakage occurred,
resulting in suboptimal circuit performance throughout its construction. The circuit consumes less power due
to the utilization of a single bitline in its manufacturing. A single bitline SRAM employs a solitary bitline for
reading and sustains a low voltage at a singular bitline node. The static noise margin significantly exceeds that
of two-bitline SRAM. The SRAM circuit, which is based on NBTI, efficiently reuses excessive leakage and lowers
it. Consequently, the SRAM circuit can read data with greater reliability and reduced current loss. The ongoing
regulation of memory circuits was facilitated by significant advancements in large-scale system designs, as
articulated by Sriramoju Nagarani in 2015. This facilitated the packing of additional cells onto a smaller
microchip. Nanoscale SRAM exhibits significant changes in threshold voltage. To mitigate the issue of Vt
variation in SRAM, our research presented the adiabatic SRAM cell. Subsequently, we constructed an SRAM
utilizing NBTI, or Negative Bias Temperature Instability, which considerably streamlined the process. A 2015
paper by Nikita V. Keche and Ashish E. Bhande concluded that the implementation of low voltage circuits is
essential for reducing energy consumption. Due to the extensive utilization of static random access memory
(SRAM), NVSRAM has been suggested as an alternative to SRAM cells. NVSRAM preserves data integrity during
power outages, and the on/off cycles are exceptionally rapid. This paper introduces a novel approach for the
design and construction of NVSRAM cells utilizing volatile SRAM cores. The integration of CMOS processing
technology with the nanoscale architecture and nonvolatile nature of NVSRAM enhances packing density,
introduces innovative power management strategies, and improves data security. This could significantly
reduce power loss. NVSRAM cell velocities may increase as technology advances. Researchers Weigiang Zhang
and colleagues have discovered a method to diminish the power dissipation of SRAM during its expansion. The
proposed SRAM design employed a pass-transistor adiabatic logic with an NMOS pull-down topology to reduce
dynamic energy usage. Leakage power consumption is reduced with the implementation of DTCMOS (dual-
threshold CMOS) and GLB (gate-length biasing) techniques. An improved storage cell was utilized to diminish
the power dissipation of the array of storage devices. The proposed SRAM was constructed using technology
from DTCMOS, GLB, and the PAL-2N architecture. Utilizing multiple voltage sources, we examined the system's
energy consumption and maximum operational frequency. The SMIC 130nm CMOS technology was employed
in HSPICE to mimic every circuit. The results indicate that at a source voltage of 1.2V, the proposed SRAM can
decrease power consumption by 80% relative to static SRAM. The simulation results indicate that super-
threshold adiabatic SRAM can considerably reduce energy dissipation while attaining a satisfactory operating
speed in medium strong inversion regions. The extensive operational lifespan is now significantly influenced by
power consumption, as discovered by Santhiya V and Mathan N in 2015. Power dissipation can be reduced
using many methods. A prevalent technique is to reduce the supply voltage. Employing replica circuits is one
method to mitigate the effects of operating power and performance variations. Researchers developed
multiple static random access memory (SRAM) methods to meet the requirements of reduced power
consumption and improved circuit performance. A comprehensive examination of the properties of these
designs was conducted, and the findings were subsequently published. Priyanka Ojha and Charu Rana
demonstrated in 2015 that employing a diverse array of adiabatic logic circuits reduces power dissipation. We
analyzed CMOS circuit design utilizing two adiabatic logic families—PFAL and ECRL—to identify the optimal
method for enhancing circuit performance and functionality. To construct a MASTER-SLAVE D flip-flop, SPICE
simulation and files pertinent to 90nm technology were utilized. The simulation findings indicate that PFAL
surpasses ECRL logic circuits in energy efficiency. According to Saravanan et al. (2015), FinFET technology is
significantly superior to CMOS and holds greater potential. It delivers exceptional performance and durability
across many applications and circuit designs while effectively mitigating the power constraints of CMOS.
FinFETs can mitigate concerns associated with short-channel effects. The CMOS technology employed to
fabricate the SRAM in the proposed paper achieved a 98% reduction in leakage power. The implementation of
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stack and SVL approaches results in diminished latency and power consumption.

A distinct discrepancy exists between the anticipated and actual power consumption of SRAMs, as evidenced
in the literature review. Furthermore, it demonstrates that SRAM possesses significant potential for
enhancement in power efficiency. A viable method for decreasing SRAM power consumption is the adiabatic
SRAM.

3.STRUCTURE OF PROPOSED ADIABATIC SRAM

The proposed adiabatic SRAM cell design is illustrated in Figure 1. The proposed design primarily emphasizes a
more efficient basic inverter pair within the memory cell for low voltage operations. A pair of adiabatic
inverters is constituted of one set of four transistors followed by another set of four transistors. The transistor
pairs also serve as bit line access transistors. During the process of reading or transitioning from 0 to 1, the
stability of the cross-coupled inverter pair is a critical factor, and the Schmitt trigger configuration is employed
to enhance this stability at low voltage levels. The output transition direction dictates the adjustment of the
inverter's switching threshold by the Schmitt trigger. The Schmitt trigger action is more versatile due to the
utilization of a series transistor feedback mechanism, which diminishes the required quantity of transistors.
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Figure 1: Proposed adiabatic SRAM cell design

4.DESIGN OF THE ADIABATIC SRAM

The adiabatic SRAM architecture employs Dynamic Voltage Scaling (DVS) to reduce static power and leakage
current in SRAM cells while preserving stored data during periods of inactivity. Short channel effects cause the
leakage current in deep submicron processes to diminish as the operating voltage rises. The adiabatic SRAM
cell employs two pass transistors, N4 and N5, to provide distinct ground voltages for normal and idle modes,
respectively. The adiabatic SRAM would be inoperative without these pass-transistors. The pass transistor N4
of the adiabatic SRAM cell supplies a positive voltage during the dormant period, while the pass transistor N5
provides virtual ground while the cell is active. Memory cells markedly diminish power leakage when their
operating voltages are modified to switch between active and idle states. The fundamental concept of
adiabatic SRAM is utilizing two pass-transistors to provide the memory cell with distinct ground supply
voltages during its active and dormant stages, respectively. The pass-transistors supply a positive ground
voltage when inactive. When the cell is active, these transistors facilitate the connection of the cross-coupled
inverters to the ground supply, causing the cell to function as a conventional 6T-cell. By modifying the
operating voltages of a select group of memory cells, we can substantially reduce leakage power and transition
between active and standby modes. Both access transistors utilize high-voltage components, which aids in
reducing bit line leakage (M5, M6). The source voltages of the NMOS transistor and the leakage current from
the positive control voltage v to ground are regulated by the two pass transistors in the cross-coupled inverter,
which is a high-voltage apparatus. Maintaining connectivity among all nodes, even during periods of inactivity,
allows us to circumvent unneeded complexity and circuitry while safeguarding data integrity. This technology
yields superior results in energy and transition time due to the significantly greater capacitance of wells
compared to ground supply lines. The source voltage, rather than the substrate voltage, governs the threshold
voltage of NMOS transistors in sleep mode, hence eliminating any issues associated with body bias.

The gate leakage current of an adiabatic SRAM cell can be reduced. The adiabatic SRAM is designed to provide
distinct ground levels for the active and idle states of the memory cell. In an adiabatic SRAM cell, the
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subthreshold currents and gate leakage during the idle state diminish as the voltage above ground rises.
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Figure2:BasicAdiabaticSRAMcell

5.RESULTS AND DISCUSSIONS

The Adiabatic SRAM is constructed via the OrCad PSpice Simulator, with operational parameters and the
fundamental logic of each gate developed through a structural modeling approach.

This asynchronous SRAM comprises 256 cells per bit line and possesses a total capacity of 2 kilobytes. Each
byte comprises eight bits. Figure 3 illustrates the architectural configuration of the adiabatic SRAM
architecture. It operates within a voltage range of 0.3t0 0.6 V.

Figure3:Architecture of proposed Adiabatic SRAM

The system comprises eight 10 ports: one for data, one for column addresses (D0-D7), and read/write enable
signals (RD/WR). Additionally, there are eight input ports designated for row addresses (A0-A7). An ADIABATIC
SRAM device comprises two principal components: the memory core and the peripheral circuitry. The memory
core comprises the following components: the boost circuit, sense amplifiers, dummy row, and dummy
column. The names and corresponding positions of each individual are outlined below. By means of testing
and modeling, we assessed the power consumption of the novel SRAM and compared it to that of
conventional 6T and 7T SRAM cells.

Power Dissipation Comparision

800

6T Conventional 7T SRAM Cell Proposed SRAM
Static (nW) M Total (uW)
Figure 4: Power dissipation comparision
The proposed adiabatic SRAM consumes 25% less energy than both the traditional 6T SRAM and the 7T CMOS
SRAM, as indicated by the simulation results. Figure 3 illustrates the comparative performance of the 7T CMOS
SRAM, the proposed adiabatic SRAM, and the 6T conventional SRAM.

6.CONCLUSION

We introduced a novel method for fabricating SRAM utilizing the adiabatic switching concept, eliminating the
necessity for additional space or circuit complexity. Our approach enables the optimization of SRAM according
to architectural parameters. Research indicates that SRAM can achieve the primary advantage of adiabatic
logic—namely, a decrease in power consumption.

7.FUTURE WORK

This paper enhances our comprehension of SRAM energy recovery. The suggested Adiabatic SRAM aims to
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diminish power usage during the write cycle and overall.

» The primary objective of this paper is to investigate the functions of intermediate-range memory.
Nonetheless, the structuring of memory and the activities of writing, reading, and retaining knowledge
must be considered to enhance memory capacity.

> New topologies for SRAM cells and bit lines should be explored to diminish power usage.

» The user did not input any text. Participation in abstract design is optional. The creation of analytical
models for energy consumption and performance measures is essential for enhancing SRAMs in deep
submicron technology.
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