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Highlights:

o Presents a complete design and verification methodology for SRAM cells using GPDK 45 nm
technology in Cadence Virtuoso.

o Explains the transistor-level operation of the SRAM cell, verifying MOSFET functionality during read,
write, and hold modes.

o Performs schematic design, layout implementation, and post-layout verification including DRC and
LVS checks.

o Analyzes key performance parameters such as static noise margin (SNM), power consumption, access
delay, and leakage current.

o Validates the correctness and reliability of the SRAM design through pre-layout and post-layout

simulations under 45 nm process constraints.
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Abstract— Static Random Access Memory plays vital role in cache memory, processor and in high
speed computing applications. This work illustrates the design, simulation and physical verification of
SRAM cell using GPDK 45nm technology in cadence. Cadence design tools are widely used in the VLSI
industry for accurate circuit design and physical verification at deep sub-micron technology nodes. This
paper presents the design and verification of an SRAM cell using GPDK 45 nm technology implemented
in Cadence Virtuoso. The complete SRAM design flow is carried out using Cadence schematic and
layout environments, ensuring accurate transistor-level modeling and physical realization. Supporting
Peripherals such as pre-charge circuit, sense amplifier, read write circuit, decoder and 4*4 memory
array are also designed. Functional simulation verifies the read, write and hold operations whereas
physical design checks including DRC, LVS and ERC confirm that the layout is correct. It’s helpful in
understanding read, write and hold operation separately which was helpful in calculating the power and
area as well. Simulations are helpful in determining the functionality of each circuit through the
waveforms. Layout designs are useful in chip designing and comparing the schematic with layout.
Based on the improving technology the designing the reliable circuits and scaling is very challenging.
This paper represents the verification of six transistor SRAM using latest cadence virtuoso. It’s
abundantly used in chip designing, in low power portable devices and in digital processing systems. The
working of MOSFETS and transistors is verified. Through this read and write noise margins are
degraded. The SRAM cell must meet the requirements in nanometer range. Post-layout verification is
performed through Design Rule Check (DRC) and Layout Versus Schematic (LVS) to ensure physical
correctness and consistency between the schematic and layout. Key performance parameters such as
static noise margin (SNM), power dissipation, access delay, and leakage current are evaluated to assess
the reliability and efficiency of the SRAM design. The simulation results demonstrate stable operation
and acceptable performance at the 45 nm technology node. This work provides a systematic
methodology for SRAM design and verification at advanced technology nodes and serves as a practical
reference for low- power memory design in contemporary VLSI applications.The final section of the
paper presents simulation waveforms and performance metrics, such as static noise margin (SNM),
power consumption, access delay, and leakage current, confirming reliable operation of the SRAM cell
at the 45 nm technology node. Overall, the graphical abstract conveys a clear end-to-end workflow from
schematic design to post-layout verification, emphasizing accuracy, reliability, and performance
optimization of SRAM in advanced CMOS technology. This work demonstrates a structured and
industry-relevant SRAM design flow, making it suitable for low- power cache memory and embedded
system applications.

Keyword: Memory design; SRAM cell; Cadence virtuso; DRC check; LVS; Power consumption.

INTRODUCTION

Static Random Access Memory (SRAM) is broadly used in embedded systems, processors, cache memory,
buffer memory and in register files. The 6T SRAM cell is most liked choice for its low latency, low delay,
high speed, low power consumption and better performance for small memory sizes. The rapid growth of
portable electronics, high-performance processors, and embedded systems has significantly increased the
demand for high-speed and low-power memory circuits. Among various memory types, Static Random-
Access Memory (SRAM) is extensively used in cache memories and register files due to its fast access time,
simple read/write operations, and compatibility with standard CMOS technology. As CMOS technology
continues to scale toward deep sub-micron nodes, the design and verification of reliable SRAM cells have
become increasingly challenging. At advanced technology nodes such as 45 nm, SRAM design faces critical
issues including reduced noise margins, increased leakage current, process variability, and sensitivity to
parasitic effects. These challenges make transistor-level accuracy and thorough physical verification essential.
Hence, the use of industry-standard Electronic Design Automation (EDA) tools is crucial for achieving
reliable and manufacturable memory designs. Cadence Virtuoso is widely adopted in both academia and
industry for custom VLSI design, offering integrated environments for
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schematic capture, simulation, layout implementation, and physical verification. This project deals with
schematic design, simulation, layout design and its verification of 6T SRAM using 45nm technology. SRAM
does not require cyclic refreshing as required in DRAM. The 6T SRAM cell is selected due to its low power
consumption, high operating speed, low latency and better performance for small memory sizes. SRAM is a
class of semiconductor memory that stored data using the cross coupled inverter which forms a latch circuit. It
preserve data as long as power is supplied without use of cyclic refreshing. The 6T SRAM cells selected over
7T and 8T designs because it provides best overall balance between speed, power, area and stability. Where
SRAM is a fundamental building block used in various integrated circuit due to its low access latency, high
speed operations and compatibility with the other CMOS technologies. SRAM is widely used in applications
because of its scaling and improved technology. As semiconductor technology scaled to achieve reliability and
to reduce power consumption is challenging due to increment in leakage current and reduced supply voltage.
Functional Verification of SRAM cell is carried out by simulating memory operations including read, write,
and hold operations. The primary goal of this project is to develop efficient and reliable designs of SRAM cell
suitable for advanced VLSI applications. The developed work demonstrates successful verification and stable
operation of SRAM using generic process design kit of 45nm technology. It include design of SRAM layout
through which the comparison between schematic design of SRAM and layout is verified by using layout
versus schematic check and the parameters like sizing of transistors are been verified using design rule check
method. The layout connection can be done by using the wires such metal 1, metal 2 and by using poly. The
sizing of transistor plays important role in designing. The VLSI projects helps in understanding various
technologies along with the usage of various kits. A transmitter gate scheme and bitline balancing scheme are
proposed for high performance of SRAM cell. SRAM chips are often used in various devices such as cell
phones, wearable and other consumer devices. It also used as printer LCD display, disk drive as buffer and in
networking devices such as switch or routers. SRAM is more expensive and requires larger space than the
DRAM but it does not require periodic refreshing for every time. SRAM cells are common choice in RAM
design, which offers faster speed and lower power consumption compared to DRAM making it as a preferred
choice. The Semiconducting memory are designed on organizing and structuring the SRAM cells in array
fashion for minimal power dissipation and leakage enhancing operation under various temperature. There are
many possibilities through which we can enhance the performance of cell on varying width, length, power
supply or configuration for optimal result. This paper aims to achieve new configuration, which can store bits
efficiently with low leakage current. Various SRAM cells have been designed such as 6t, 7t, 8t, 9t, 10t but in
that 6t is effective and had efficient usage. SRAM uses bistable latching circuitry to store each bit efficiently.
The performance is analyzed considering factors such as leakage current, delay SNM, static power dissipation.
SRAM occupies a significant portion of the total silicon area in modern System-on-Chip (SoC) designs,
especially in cache memory architectures of microprocessors and digital signal processors. Due to its non-
destructive read operation and high-speed performance, SRAM is preferred over dynamic memory for on-chip
storage. However, as technology scales, the increased density of SRAM arrays intensifies challenges related
to power consumption, stability, and yield, making optimized SRAM design essential. At the 45 nm
technology node, short-channel effects, threshold voltage variations, and increased leakage currents
significantly impact SRAM cell stability. Reduced supply voltage further degrades static noise margin (SNM),
increasing the probability of read and write failures. Additionally, interconnect parasitics introduced during
physical layout can affect access time and power dissipation. These challenges necessitate detailed pre-layout
and post-layout analysis using reliable EDA tools. The General Purpose Design Kit (GPDK) 45 nm
technology provides scalable CMOS models and standard design rules, enabling realistic simulation of
nanometer-scale circuits. Although GPDK is not tied to a specific foundry, it is widely used for academic
research and training due to its consistency and ease of use. It allows designers to study the impact of
technology scaling on circuit performance without violating foundry confidentiality. The motivation of this
work is to provide a clear and systematic SRAM design and verification methodology using Cadence tools at
the 45 nm technology node. The major contributions include transistor-level analysis of SRAM operation,
complete schematic-to-layout flow, and performance evaluation under realistic conditions. This work serves
as a practical reference for students and researchers working on low-power and reliable SRAM design.
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LITERATURE SURVEY

The paper “Design and Analysis of 6T SRAM in 45NM technology” by V. Panduranga Vemula, S. Priyanka,
M. Raheez, and A. Sairam (IJERT, Vol. 11, Issue 05, May 2022) presents the design and performance
evaluation of a six-transistor (6T) static random-access memory cell using 45nm CMOS technology. The
authors explain that the 6T SRAM cell is composed of two cross-coupled CMOS inverters that store a single
bit of data and two NMOS access transistors that enable read and write operations. The paper discusses the
three modes of operation—standby, read, and write—and highlights how the cell maintains data without
refresh in standby mode, provides access to stored data during read, and allows overwriting during write.
Using Cadence Virtuoso with GPDK 45nm libraries and Spectre simulations, the study analyzes key
parameters such as power dissipation, delay, and static noise margin (SNM). Results show that scaling down to
45nm reduces power consumption and improves speed compared to larger nodes, though challenges such as
leakage currents and reduced SNM affect stability [1].

The paper ”Performance Analysis of 6T,8T,and 10T SRAM Cell in 45nm Technology” by M. G. Shrinivas
and Bhavana M. S (IJEAT, Vol. 13, Issue 5, June 2024) provides a detailed comparative study of different
SRAM cell architectures implemented in 45nm CMOS technology. The authors explain the design of
conventional 6T SRAM, which is widely used due to its compact area and fast operation, but highlight its
limitations in terms of reduced stability and static noise margin (SNM) at deep submicron nodes. To address
these issues, they analyze 8T and 10T SRAM cells, which incorporate additional transistors to improve read
stability, write margin, and overall robustness against process variations. Using Cadence Virtuoso and Spectre
simulations with GPDK 45nm libraries, the paper evaluates parameters such as power consumption, delay,
and SNM across the three designs. The results show that while the 6T cell is efficient in terms of area and
speed, the 8T and 10T cells achieve better stability and reliability, making them more suitable for low-power
and high-performance applications [2].

The paper “Performance Evaluation of 6T SRAM Cell Using 90nm Technology” by Varanasi Koundinya,
Jithendra Pulivarthi, Madanu Karun Chand, and D. Jayanth Sai Kumar (IJERT, Vol. 10, Issue 09, September
2021) presents the design and analysis of a conventional six-transistor (6T) SRAM cell implemented in 90nm
CMOS technology. The authors describe the structure of the cell, which consists of two cross-coupled CMOS
inverters for storing data and two NMOS access transistors for enabling read and write operations. They
explain the three modes of operation—standby, read, and write—and evaluate the cell’s performance using
Cadence Virtuoso and Spectre simulations. Key parameters such as power consumption, propagation delay,
and static noise margin (SNM) are analyzed to understand the impact of the 90nm node on efficiency and
stability. The results show that the 6T SRAM cell at 90nm achieves reliable performance with reduced leakage
compared to larger nodes, but faces challenges in maintaining adequate SNM and robustness under process
variations [4].

METHODOLOGY

Fig.1 is the schematic circuit of 6T SRAM using GPDK 45nm technology. A typical circuit of SRAM cell is
made of six MOSFETs.In this two inverters connected in cross coupled form providing two stable states given
as 0 or 1. In addition it consist of two nmos transistor known as access transistors which are enabled during
read and write operation and also responsible for controlling the word line (WL). The state word line defines
whether the connection is to be established with associated bitline such as BL and BLB. During the read
operation the data is driven from the inverterts and based on the given condition sutaible data is stored in
bitlines which act as a output node. In write operation BL and BLB acts as input nodes through which data is
written inside the cell. During a read operation, the access transistors connect the cell to the bit lines, allowing
the stored value to be sensed, while in a write operation, they enable new data to overwrite the existing state.
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Fig. 1 SRAM cell

This SRAM cell performes three different operation such as:

1. Hold operation.
2. Read operation.
3. Write operation.

The three operation work as follows:

1. Hold Operation:

Fig. 2 is the schematic diagram of hold operation. In this memory the hold operation refers to the condition in
which the cell provides the data previously stored inside the sram cell .In this the is isolated from bitlines and
simply store its state (‘0’ or ‘1”).During this period the Word line is kept active low, which turn off the access
transistors. Because of this this the bitlines are disconnected from the cell. This ensures that the logic levels at
the internal nodes (Q and Q’) remail unchanged. The SRAM cell is completely isolated from the bit lines, and
the data is preserved by the positive feedback of the cross-coupled inverters. As long as the power supply is
maintained, the stored data remains stable without any refresh operation. The hold operation represents the idle
state of the SRAM cell when no read or write access is performed. Data retention during the hold mode is
achieved through the cross- coupled inverter configuration, which provides positive feedback. The strength
ratio between the pull-up and pull- down transistors plays a crucial role in ensuring reliable data retention,
especially at reduced supply voltages. Larger HSNM ensures data is preserved even under voltage fluctuations or
minor disturbances. Leakage current during hold contributes to static power consumption, making low-leakage
design important in deep-submicron nodes. Cross- coupled inverters maintain data. One inverter reinforces the
other, ensuring logic retention.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM55763 | Page 6


https://ijsrem.com/

~ O]
¢ IJSREM . . . e . . .
s seurna International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 01 | Jan - 2026 SJIF Rating: 8.586 ISSN: 2582-3930

ey 1
B e
IR KEDUETES S e e e

g gty | Lghe e

Fig.2. 6T SRAM cell hold operation schematic in cadence virtuoso

2. Read operation:

Fig. 3 represents the design of read operation. In this operation, both bit lines are pre-charged to logical high
(1). These Bit lines are act as output node during read operation. The word line is asserted to logic 1 which
enables both the access transistors which are connected to internal nodes (Q & Q’) to the corresponding
bitlines. The node which store logic 0 slightly pull down its bitline through access transistor and another node
which store logic 1 keeps its bitline nearer to 1. At the last any one of the bitline discharge slightly creating a
small voltage difference between BLB and BL.This voltage difference is then sensed by the differential sense
amplifier and provide the neccessaried output without altering it. This is accomplished by using proper
transistor sizing. Overall this operation provides the sensing bitline voltage drop ensuring the original values
stored inside the internal nodes. At 45 nm, parasitic capacitances reduce voltage swing, so fast and sensitive
sense amplifiers are required. During read, the stored data must not flip. The node storing a ‘0’ is weakly held by
PMOS and accessed via NMOS pass-gate, so read disturbance can occur if transistor sizing is not optimized.
Increasing pull-down NMOS strength improves RSNM but may impact write margin.Careful balance between
read stability and write ability is required.
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Fig.3. 6T SRAM cell read operation schematic in cadence virtuoso

3. Write Operation:

Fig. 4 illustrate the design of write operation. This write operation is carried out on forcing logical values
which need to be stored directly to the bitlines. The logics driven in bitlines by using write drivers the assigned
value will be stored in BL and its compliment in BLB.Then the wordline is asserted to logic high, turning on
the access transistors which helps in connecting bitlines to its corresponding internal nodes. Then the updated
values are written inside the sram cell. Then the word line is lowered which helps in isolating the cell allow the
cross coupled inverters to store the updated data. The ability to successfully write depends on the ratio of
access transistor strength to pull-up transistor strength. This ensures the input data can overwrite
the previous value. The write operation is characterized by voltage forcing through strong bit-line drivers,
while the read operation relies on detecting a small voltage difference on the bit lines without disturbing
the stored data. The write static noise margin (WSNM) quantifies how easily the stored value can be
overwritten. Higher WSNM ensures robust writes even under process variations.
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Fig.4. 6T SRAM cell write operation schematic in cadence virtuoso

4*4 MEMORY DESIGN

A 4*4 memory array is a small block giving total storage capacity of 16 bits.

Fig. 5 shows the memory organization interfaced with precharge circuitry, row decoder, write driver
circuit,sense amplifier and 6t cell to achieve write,hold and read operation. One the left side of memory array, a
2:4 decoder using AND gate is implemented to activate single horizontal wordlines during each memory
access,where other wordlines are deactivated to prevent undesired cell operations. The first horizontal line in
the memory corresponds to precharge circuitry. Before read functionality the bitlines BL and BLB
corresponding to each column are precharged to vdd. Next four rows consists of 6t sram cells to perform
hold,write and read operation .In which each row is connected to unique word line driven by row decoder.In
last row first row consist of write driver circuit to load new data to be written. And last row consists of sense
amplifier block, which detects the small voltage difference developed between BLB and BL in read operation.
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Fig5. Design of 4*4 memory array

Layout

The layout of the 6t SRAM cell is implemented using symmetrical structure to ensure minimum area and
resilient read write operation. To make sure both write stability and read stability, transistors size must satisfy
certain dimensional limitation. Additionally, to achieve great layout density, transistors size must be designed
to be as small as possible. The layout of SRAM is designed to determine the achievable cell density and the area
occupied by single bit.The connection of the cella are implemented with metal 1 for wires and poly silicon
gates.

Layout of the proposed 6T SRAM is in Fig 6. The layout design and area efficiency are continuous reduce in
scale, size or extent for CMOS technology that strengthens the efforts for more compact structure and
contraction of circuit element. LVS check is used to ensure that the physical layout of circuit matches its
schematic.The check verifies pin names, transistor sizing and interconnection are identical in both
representation.The LVS has been verified it shown in Fig 7.
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RESULT

Cadence simulation is for analyzing of DC waveform which has given a good result in 45nm technology.
Here, the analyzsis was done by the support of DC simulation results by giving inputs as a DC signal to
understand the capability of the SRAM cell. Power consumed has been calculated with the help of Cadence
tool during simulation.

The Waveform of 4*4 memory array is given in below figure 8 to check how the read and write operations are
performed together by using suitable peripherals.Instead of using dummy input how practicslly the same
operation is been verified by using memory cell is analyzed by verifying dc simulation.Also usedsed to
dermine the power and delay consumed by the design.
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Fig 8: Output waveform of 4*4 memory.

. CONCLUSION

This research paper show cases the pattern of SRAM cell in 45nm technology that have reduced and also area
very low power consumption. The low power SRAM cell of 6t design is examined. The DC analysis is carried
during simulation process and the power consumption is evaluated. Also, the simulation is done by Cadence
Virtuoso tool. The simulation is done using 45nm technology for 6T SRAM cell. The design shows the
advancement of speed and also shrinking of technology also area is decreased. Power dissipation decreases
on scaling of technology. Simulation and result verification has been done in terms of area and power
dissipation. Both DRC and LVS checks has been satisfied with zero errors and low area consumption. Overall
usage of GPDK 45nm technology enables optimized sizing of transistor and reduced leakage power, making
SRAM cell appropriate in modern VLSI technology. The design methodology and verification approach
presented in this work provide foundation for future enhancements, including array level implementation and
further power optimization techniques for advanced semiconductor memory designs. Layout simulations were
performed to evaluate the impact of parasitic effects, confirming that the designed SRAM cell maintains
reliable performance under technology scaling. Performance parameters such as power consumption, delay
and noise margins were evaluated, demonstrating improved efficiency and stability compared to conventional
design. The results indicate that the proposed SRAM design is suitable for low power and high density
memory applications. The SRAM architecture was designed at the transistor level and implemented using
cadence virtuoso, ensuring accurate representation of device behavior in deep submicron technology.
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