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ABSTRACT 

This project presents the development of a CMOS 

ring oscillator architecture specifically optimized for 

the stringent power efficiency and high-frequency 

performance required in fifth-generation (5G) 

mobile communication systems. With the rapid 

evolution of wireless technologies, 5G networks 

demand clock generation circuits that not only 

deliver ultra-fast signal processing but also maintain 

low power consumption to enhance device battery 

life and support dense integration in modern SoCs 

(System-on-Chips). 

To address these dual requirements, the proposed 

ring oscillator integrates a hybrid design approach, 

combining current-starved inverter stages with 

negative-skewed delay elements. The current-

starved technique helps limit the drive current, 

effectively reducing power consumption without 

compromising the operational frequency. 

Meanwhile, the negative-skewed delay strategy 

compensates for inherent timing delays and improves 

signal transition sharpness, thereby enabling faster 

oscillation and reduced jitter. 

The oscillator is implemented using a 45nm CMOS 

process, a technology node that balances 

performance and power efficiency for high-speed 

digital and RF applications. Operating at a supply 

voltage of 2V, the design achieves high-frequency 

oscillations that meet or exceed the clocking 

demands of 5G transceivers, baseband processors, 

and other high-speed circuitry. 

Through simulation and preliminary silicon 

validation, the proposed architecture demonstrates 

strong potential as a robust and scalable clock 

generation solution for next-generation wireless 

systems. The combination of innovative delay 

techniques and advanced process technology 

positions this design as a competitive candidate for 

integration in 5G mobile devices, where reduced 

power dissipation and high-speed performance are 

critical. 

 

1-INTRODUCTION 

The rapid evolution of mobile communication 

standards, particularly the shift to fifth-generation 

(5G) technology, has created an urgent need for high-

speed, energy-efficient integrated circuits. One such 

essential component in 5G systems is the ring 

oscillator, which plays a pivotal role in generating 

internal clock signals for synchronization. 

This project presents the design and analysis of a 

CMOS-based 7-stage ring oscillator, optimized to 

operate at a target frequency of 20 GHz using 45nm 

CMOS technology. The design leverages advanced 

techniques like current-starved inverters and 

negative-skew delay to meet stringent power and 

frequency requirements.  
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2-IMPLEMENTATION OF OSCILLATOR 

ARCHITECTURES 

The implementation phase of this project is centered 

around the design, evaluation, and construction of 

multiple CMOS ring oscillator architectures, each 

strategically developed to address specific 

limitations encountered in conventional oscillator 

circuits. A standard ring oscillator operates by 

connecting an odd number of CMOS inverters in a 

feedback loop, causing the output signal to 

continuously toggle between logic high and low 

states. This results in a self-sustained oscillating 

waveform, eliminating the need for an external clock 

or triggering mechanism. While this basic 

architecture is simple and easy to implement, it falls 

short of meeting the high-frequency and low-power 

performance benchmarks demanded by modern 

wireless communication platforms, particularly 

those aligned with 5G technology. These 

shortcomings include excessive power consumption, 

limited frequency tunability, and poor noise 

performance under process and temperature 

variations. To overcome these challenges, this 

project implements and analyzes advanced variants 

of the basic ring oscillator, notably the negative 

skewed ring oscillator—which enhances switching 

speed through asymmetric transistor sizing—and the 

current-starved ring oscillator, which introduces 

tunable current control to reduce power consumption 

and improve stability. The culmination of these 

efforts is a hybrid 7-stage ring oscillator design, 

which integrates the benefits of both approaches to 

deliver optimized frequency performance, reduced 

power dissipation, and greater robustness under 

varying operational conditions. Implemented using 

45nm CMOS technology, this hybrid design not only 

demonstrates superior efficiency and scalability but 

also represents a viable solution for integration into 

system-on-chip (SoC) platforms targeting next-

generation communication systems. 

CMOS Oscillator Design Approaches 

The Basic CMOS Ring Oscillator is a simple circuit 

composed of an odd number of inverter stages 

connected in a loop, typically used to generate 

oscillations based on the inherent propagation delay 

of each stage. While it is easy to implement and 

consumes low power, it offers limited control over 

the output frequency. To enhance performance, the 

Negative Skewed CMOS Ring VCO introduces 

skewed inverters, which manipulate the rise and fall 

times to achieve better control over the duty cycle 

and phase. This design supports higher frequencies 

and greater sensitivity to voltage, making it suitable 

for voltage-controlled oscillator (VCO) applications. 

On the other hand, the Current-Starved CMOS 

Ring Oscillator restricts the current available to 

each inverter stage using current mirrors, allowing 

precise tuning of the oscillation frequency through a 

control voltage. This structure is favored in low-

power designs due to its linear control characteristics 

and energy efficiency. Building upon these concepts, 

the Proposed 5-Stage CMOS Ring Oscillator 

integrates five inverter stages and combines the 

advantages of negative skew and current-starved 

techniques. It achieves enhanced frequency stability, 

reduced jitter, and improved power efficiency.  

Basic CMOS Ring Oscillator 

The simplest form of a ring oscillator is constructed 

using an odd number of CMOS inverters—typically 

three or more—connected in a closed-loop 

configuration. This basic topology exploits the 

inherent propagation delay of each inverter stage to 

sustain continuous oscillations without the need for 

any external clock signal. When a logic transition 

occurs at the input of the first inverter, it travels 

through the subsequent inverters, getting inverted at 
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each stage, and eventually loops back to the input, 

thereby initiating a new cycle. This self-sustaining 

behavior results in a periodic output signal, the 

frequency of which is primarily determined by the 

cumulative delay of the inverters and the number of 

stages in the loop. For the purpose of this project, a 

basic ring oscillator was implemented using a 50nm 

CMOS technology node to establish a reference 

design for further exploration. The simulated 

waveform of this configuration revealed a stable 

oscillation frequency of approximately 7.15 GHz, 

demonstrating the capability of such a design to 

operate at high frequencies under nanoscale 

fabrication conditions. However, while this simple 

architecture is effective for fundamental analysis and 

easy to implement in simulation environments, it 

falls short in offering key performance enhancements 

required for advanced communication systems. 

Notably, it lacks mechanisms to control or fine-tune 

the oscillation frequency, which is essential in 

adaptive systems such as those employed in 5G 

technology. Moreover, it does not incorporate any 

strategies for optimizing power consumption, which 

becomes a significant concern in power-sensitive 

applications. These limitations highlight the need for 

more sophisticated ring oscillator designs that 

provide better frequency stability, tunability, and 

energy efficiency—attributes that are critically 

important for integration into modern high-speed, 

low-power electronic systems. As such, while the 

basic ring oscillator serves as a valuable starting 

point, it is necessary to explore more advanced 

variants to meet the demanding requirements of next-

generation communication technologies.                   

                    

 

Fig.2.1. Schematic of CMOS Ring VCO 

Negative Skewed CMOS Ring VCO 

To enhance the performance of the basic ring 

oscillator design, a modified architecture known as 

the negative skewed ring oscillator was 

investigated. This variation introduces an intentional 

asymmetry in the delay characteristics of the CMOS 

inverters by selectively altering the transistor sizing, 

particularly by skewing the delay toward the PMOS 

section of each inverter. In this configuration, the 

PMOS transistors are designed to have a slightly 
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higher resistance or reduced drive strength, while the 

NMOS transistors are allowed to switch more 

rapidly. This deliberate imbalance effectively 

reduces the average propagation delay per stage, as 

the faster NMOS pull-down path dominates the 

transition behavior. As a result, the overall oscillation 

frequency of the ring oscillator is improved without 

significantly increasing the circuit’s power 

consumption. One of the key advantages of this 

negative skewed design is its simplicity—it requires 

only minimal modifications to the standard inverter 

structure while yielding noticeable performance 

gains. Additionally, the ability to fine-tune delay by 

adjusting transistor ratios offers a practical method 

for optimizing speed in high-frequency applications. 

Such characteristics make the negative skewed ring 

oscillator particularly well-suited for modern high-

speed integrated systems, including 5G 

transceivers, clock generation circuits, and other 

timing-critical digital components. By achieving a 

higher operating frequency with modest changes in 

power and area, this design strikes an effective 

balance between performance and efficiency, 

addressing many of the shortcomings inherent in the 

conventional ring oscillator model. 

 

Fig.2. Schematic of Negative Skewed CMOS Ring VCO 

Proposed 5-Stage CMOS Ring Oscillator 

The proposed 5-stage CMOS ring oscillator is a 

compact and power-efficient circuit architecture 

designed to generate high-frequency oscillations 

utilizing a series of standard CMOS inverter stages. 

With its reduced complexity and minimized 

component count, the 5-stage configuration strikes a 

balance between performance and resource 

utilization, making it especially suitable for systems 

where low silicon area, moderate oscillation 

speed, and low power consumption are critical 

design parameters. Such characteristics are 

particularly advantageous in intermediate-

frequency (IF) blocks of wireless communication 

systems, on-chip clock generators, and timing 

circuits within digital integrated systems. The 

fundamental operating principle of a ring oscillator 

involves connecting an odd number of inverters in a 

closed loop, where the output of the last stage feeds 

back into the input of the first. Due to the odd 

number of inversions, the circuit inherently lacks a 

stable logic state and, as a result, perpetually toggles 

between high and low output voltages. This behavior 

produces a continuous oscillating signal whose 
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frequency depends on the number of stages and the 

cumulative propagation delay through the inverters. 

In the 5-stage design, each stage contributes to the 

overall delay, and the closed-loop feedback ensures 

a periodic waveform is maintained. The simplicity 

of this structure allows for easy integration in 

standard CMOS processes while still offering 

acceptable performance for mid-range frequency 

applications. Additionally, the reduced number of 

stages compared to more complex oscillators 

ensures lower static and dynamic power dissipation, 

further enhancing its suitability for energy-sensitive 

and area-constrained environments. 

 

 

Fig.4. Schematic of 5-stage Proposed CMOS Ring VCO 

 

Architecture 

The architecture of the proposed 5-stage CMOS 

ring oscillator comprises five CMOS inverter 

stages connected sequentially in a closed-loop 

configuration. Each inverter introduces a finite 

propagation delay, and the cumulative delay across 

all five stages defines the period of oscillation. Since 

the total number of inverters is odd, the logic signal 

continuously toggles, as the circuit cannot resolve 

into a steady-state condition. This inherent 

instability results in a self-sustained oscillation 

without the need for any external clock or triggering 

mechanism. The oscillatory behavior is entirely 

driven by the internal feedback loop and the time 

delays inherent in the inverter chain. For this project, 

the ring oscillator was implemented using 45nm 

CMOS technology, leveraging its advantages in 

terms of speed and integration density. A DC supply 

voltage of 5V was applied, and the transistors within 

each inverter were carefully sized to ensure 

symmetrical rise and fall times, thereby improving 

signal integrity and ensuring a clean, consistent 

waveform. The transistor sizing was also optimized 

to minimize propagation delay while maintaining 

sufficient noise margins, contributing to higher 

oscillation frequencies and stable operation. This 

configuration not only delivers efficient 

performance but also remains simple and scalable, 

making it an ideal candidate for high-speed, low-

area applications such as clock generation and 

intermediate-frequency signaling in wireless 

communication systems.  
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Proposed 7-Stage CMOS Ring Oscillator 

The core innovation in this project is a 7-stage ring 

oscillator that integrates both negative skew and 

current-starved techniques. The architecture was 

designed using 45nm CMOS technology, with the 

objective of achieving a target frequency of 20 GHz. 

The use of an odd number of inverter stages ensures 

that the signal continuously toggles, while the delay 

per inverter stage is finely tuned to minimize power 

loss and phase noise. Powered by a stable 5V DC 

source, this design achieves a significant 

improvement in energy efficiency and frequency 

control compared to its predecessors. Additionally, 

its compact layout makes it ideal for integration into 

system-on-chip (SoC) environments required in 

advanced communication technologies. 

 

Fig.5. Schematic of 7-stage CMOS Ring VCO for Future Implementation 

 

 

3-SYSTEM SPECIFICATION 

Functional Specification 

The primary function of the CMOS-based ring 

oscillator is to generate a stable, high-frequency 

clock signal centred around 20 GHz, specifically 

tailored for 5G mobile communication systems. This 

oscillator serves as a timing reference for various RF 

components such as mixers, modulators, and phase-

locked loops (PLLs). 

The system must: 

• Provide consistent oscillation at the target frequency 

with minimal jitter. 

• Maintain frequency stability under varying 

environmental conditions (temperature, voltage). 

• Operate with low power consumption to preserve 

battery life in mobile devices. 

• Support integration within a standard 45 nm CMOS 

process, ensuring manufacturability and scalability. 

• Offer a compact layout footprint to optimize silicon 

real estate. 

Design Constraints 

Several constraints guide the system’s architecture 

and physical implementation: 

• Area Constraint: The oscillator layout must 

minimize chip area, ideally under 0.01 mm², to 

conserve silicon resources and reduce cost. 
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• Power Budget: Total power dissipation must remain 

below 5 mW to ensure low thermal output and extend 

battery life. 

• Process Limitations: The design must comply with 

design rules and electrical characteristics specific to 

45 nm CMOS technology, including gate oxide 

thickness, transistor sizing, and parasitic 

capacitances. 

• Frequency Accuracy: Oscillation frequency must 

be tightly controlled within ±2% to ensure 

synchronization with other system components. 

• Parasitics and Noise: Careful layout and shielding 

techniques must minimize parasitic capacitances and 

inductances that could degrade oscillator 

performance. 

• Temperature Compensation: The circuit should 

incorporate design techniques to reduce frequency 

drift caused by temperature variations. 

3-STUDY OF THE SYSTEM 

The development of a CMOS-based ring oscillator 

suitable for 5G mobile communication applications 

involves a rigorous and detailed study of the system’s 

design principles, operational mechanisms, and 

performance constraints. A ring oscillator is a 

fundamental building block in integrated circuits, 

particularly in clock generation and timing control 

circuits. In the context of 5G, the oscillator is 

required to operate at frequencies as high as 20 GHz, 

far exceeding the speeds demanded by previous 

communication generations. Achieving this 

frequency with low power consumption and high 

signal integrity necessitates careful analysis of 

transistor-level characteristics, circuit topology, and 

system-level interactions. 

This chapter initiates the study by first revisiting the 

basic operation of the ring oscillator, followed by a 

comprehensive system analysis that addresses delay, 

power, noise, and stability. The discussion proceeds 

to define the system requirements essential for 

meeting 5G specifications, then delves into a detailed 

requirement analysis that translates high-level goals 

into measurable parameters. Input and output design 

considerations are examined next, recognizing their 

critical roles in ensuring oscillator functionality and 

signal integrity. The chapter culminates with a 

holistic system study that evaluates integration 

challenges, environmental effects, and practical 

design trade-offs. Through this systematic 

investigation, the chapter lays the groundwork for the 

detailed design and implementation steps to follow. 

Analysis 

The ring oscillator’s operation hinges on the 

feedback delay through a chain of CMOS inverters 

arranged in a loop. For oscillations to occur, the total 

phase shift around the loop must be 180 degrees (or 

an odd multiple thereof), and the gain must be equal 

to or greater than one. This is ensured by having an 

odd number of inverter stages, here chosen as seven, 

to provide the required phase shift. The oscillation 

frequency is inversely proportional to the total 

propagation delay introduced by these inverters. 

Mathematically, the frequency 𝑓𝑜𝑠𝑐𝑓_{𝑜𝑠𝑐} can be 

expressed as: 

fosc=12Nτf_{osc} = \frac{1}{2N \tau}  

where NN is the number of inverter stages (7), and 

τ\tau is the propagation delay per inverter. 

Achieving a 20 GHz oscillation frequency means the 

delay per inverter stage must be reduced to 

approximately 35 picoseconds. Such ultra-fast 

switching demands advanced CMOS technology 

nodes — here, 45 nm — which allow shorter channel 

lengths, reduced gate capacitances, and faster 

transistor switching speeds. However, as device 

dimensions shrink, short-channel effects, velocity 

saturation, and increased leakage currents become 
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more pronounced, impacting performance and power 

consumption. This necessitates a balanced transistor 

sizing strategy that optimizes drive strength while 

minimizing parasitic capacitances and leakage 

currents. 

Moreover, parasitic effects from interconnects and 

layout capacitances can significantly increase 

effective delay and degrade frequency. The analysis, 

therefore, involves detailed device modeling and 

parasitic extraction, often through SPICE 

simulations augmented by layout-extracted parasitic 

components. The power-delay trade-off is carefully 

studied: while increasing bias current reduces delay 

and thus increases frequency, it also elevates power 

consumption and chip temperature. Excessive power 

dissipation can induce thermal runaway and 

reliability issues, especially in compact mobile 

devices. 

Noise considerations are critical in oscillator design. 

Phase noise, the rapid short-term fluctuation of the 

oscillator phase, affects timing precision and overall 

communication quality. Sources of noise include 

thermal noise, flicker noise, and power supply 

variations. Analytical models such as Leeson’s 

equation provide initial phase noise estimates, but 

accurate characterization requires time-domain and 

frequency-domain simulations, incorporating 

transistor noise parameters. Design techniques such 

as differential topologies, regulated bias circuits, and 

noise filtering are analyzed for their effectiveness in 

noise reduction. 

Finally, the impact of process variations, temperature 

fluctuations, and voltage supply deviations are 

incorporated into the analysis. Statistical simulations 

like Monte Carlo analyses quantify frequency shifts 

and jitter caused by these non-idealities. This 

analysis phase is critical to ensure that the oscillator 

maintains robust performance under realistic 

manufacturing and operating conditions. 

Input Design and Output Design 

In the architecture of a ring oscillator, the primary 

inputs that influence its performance are the power 

supply voltage and the bias currents, both of which 

play a crucial role in determining the switching 

behavior of transistors and, by extension, the 

oscillation frequency of the circuit. The design of 

these input parameters is critical, as even minor 

fluctuations in the supply voltage or bias current can 

introduce timing irregularities that manifest as jitter 

or frequency instability in the output waveform. In 

particular, power supply noise has a direct impact 

on the threshold voltages of the MOS transistors, 

modulating the effective drive strength and delay 

characteristics of the inverter stages. This 

modulation contributes to an increase in phase 

noise, which degrades the spectral purity of the 

oscillator—an especially detrimental factor in high-

frequency communication applications such as 5G. 

To mitigate these effects and ensure reliable, stable 

operation, the oscillator design incorporates 

techniques for input stabilization. These include 

the use of on-chip voltage regulators, such as low-

dropout (LDO) regulators, which maintain a 

consistent supply voltage despite variations in load 

or external disturbances. Additionally, supply 

filtering capacitors are employed at strategic nodes 

to smooth transient fluctuations and suppress high-

frequency noise components. By carefully 

engineering the power delivery network and input 

biasing mechanisms, the ring oscillator’s sensitivity 

to environmental and process variations can be 

significantly reduced, thereby enhancing its overall 

phase stability, frequency accuracy, and noise 

immunity. These design considerations are 
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especially important in system-on-chip (SoC) 

environments, where multiple sub-circuits share a 

common power infrastructure and where 

interference must be minimized for predictable, 

high-performance operation.Bias currents are 

carefully controlled through current mirrors or bias 

generators designed for low noise and temperature 

stability. Startup circuits may be included to ensure 

that oscillations commence reliably from power-up, 

preventing the oscillator from entering metastable or 

non-oscillating states. 

Output design addresses the conditioning of the 

oscillator’s clock signal for downstream circuitry. 

The raw output from the ring oscillator often 

requires buffering to drive loads without frequency 

or amplitude degradation. Output buffers are 

designed with sufficient gain and bandwidth to 

maintain signal integrity at 20 GHz frequencies, 

employing techniques such as source followers or 

differential amplifiers for impedance matching and 

noise rejection. 

Signal waveform quality is paramount; output stages 

may include shaping circuits to reduce harmonic 

distortion and produce clean square or sinusoidal 

waveforms. Furthermore, output drivers must 

minimize power consumption while delivering 

adequate drive strength, requiring careful transistor 

sizing and layout optimization. 

System Study 

The system study undertakes a comprehensive and 

detailed examination of the critical role and overall 

performance of the ring oscillator within the broader 

and increasingly complex context of a 5G 

transceiver or system-on-chip (SoC) environment. 

As modern SoCs integrate a diverse range of 

functional blocks, including high-speed digital 

logic, sensitive analog circuits, and radio-frequency 

(RF) components, the challenges related to circuit 

integration become more pronounced. One of the 

foremost concerns arises from the physical 

proximity of noisy digital logic blocks and highly 

sensitive RF circuits, which coexist within the 

confined silicon real estate. This close spatial 

arrangement can lead to multiple interference 

phenomena, including substrate coupling—where 

switching noise from digital transistors couples 

through the shared silicon substrate—and 

electromagnetic interference (EMI) caused by 

electromagnetic fields radiated from high-frequency 

switching nodes. These interference effects typically 

manifest as unwanted fluctuations in the power 

supply voltage or as direct injection of noise signals 

into critical oscillator nodes. Such noise adversely 

affects the oscillator’s operational stability by 

causing variations in the oscillation frequency and 

increasing phase noise, a measure of short-term 

frequency instability that degrades signal integrity. 

Phase noise is especially detrimental in high-

frequency communication systems like 5G, where 

spectral purity and timing precision directly 

influence overall system performance, including bit 

error rates and data throughput. 

To address these significant integration challenges, 

the system study explores a multitude of layout and 

circuit-level strategies aimed at minimizing noise 

coupling and improving robustness. A foundational 

technique involves meticulous floorplanning, which 

strategically allocates chip area to physically 

separate sensitive analog and RF blocks from noisy 

digital logic components. This spatial isolation 

reduces substrate noise coupling and EMI pathways. 

Complementing floorplanning, the incorporation of 

guard rings—regions of heavily doped 

semiconductor surrounding sensitive circuits—acts 

as an effective physical barrier that collects and 

redirects substrate noise currents away from critical 
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devices. Moreover, the deployment of shielding 

layers, typically realized as grounded metal layers 

above or below sensitive circuits, further blocks 

electromagnetic interference by attenuating radiated 

noise fields. Alongside these physical layout 

enhancements, the adoption of differential circuit 

architectures offers an intrinsic advantage in noise 

rejection. Differential signaling inherently cancels 

common-mode noise signals that affect both 

differential lines equally, thereby improving 

immunity to supply fluctuations and external 

interference. 

 

4-SOFTWARE REQUIREMENT 

SPECIFICATION 

In the development of a high-frequency CMOS-

based ring oscillator for 5G mobile communication, 

software tools play an indispensable role throughout 

the design lifecycle. From schematic capture and 

device-level modeling to layout, simulation, 

verification, and testing, specialized software 

environments enable precise control over design 

parameters, timing analysis, and performance 

optimization. The Software Requirement 

Specification (SRS) defines the scope, 

functionalities, and constraints of these software 

tools, ensuring that the design process is both 

efficient and capable of meeting the stringent 

demands of ultra-high-speed oscillator design. 

This chapter outlines the SRS for the software tools 

utilized in this project. It discusses the role and 

significance of the SRS document, describes the 

purposes of the software applications involved, and 

presents the proposed system architecture that 

integrates these tools into a coherent design flow. 

Understanding the software requirements is 

essential to guarantee compatibility, accuracy, and 

ease of use, which ultimately affect the success of 

the hardware implementation. 

Role of Software Requirement Specification 

(SRS) 

The SRS document serves as a formal agreement 

between stakeholders—including design engineers, 

verification teams, and project managers—on what 

software functionalities and features are necessary to 

support the CMOS ring oscillator design project. It 

captures both functional and non-functional 

requirements, providing a clear, unambiguous 

specification that guides software selection, 

development, and customization. 

In the context of this project, the SRS ensures that the 

simulation tools can accurately model transistor-

level behavior, timing characteristics, noise profiles, 

and environmental variations. It also guarantees that 

layout and verification software comply with design 

rules of the 45 nm CMOS technology, and that the 

output data from each software stage is compatible 

with subsequent tools in the design pipeline. By 

establishing these requirements upfront, the SRS 

reduces risks related to software incompatibility, 

inaccurate simulations, and inefficient workflows. 

Moreover, the SRS defines user interface 

expectations, reporting capabilities, and integration 

needs with hardware testing platforms. These 

specifications help streamline design iterations and 

reduce debugging time, leading to faster time-to-

market and higher design reliability. 

Purpose 

The primary purpose of this SRS is to delineate the 

necessary software capabilities for the successful 

implementation of the CMOS ring oscillator project. 

This includes specifying: 

• Simulation Requirements: The ability to perform 

transistor-level simulations using accurate device 

models for 45 nm CMOS, covering DC analysis, 
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transient response, frequency response, noise 

analysis, and Monte Carlo variability studies. 

• Design Entry and Schematic Capture: Tools must 

support efficient schematic entry with hierarchical 

design capabilities and automated netlist generation 

compatible with simulation software. 

• Layout Design and Verification: The software must 

facilitate physical layout design compliant with 

foundry design rules, incorporating parasitic 

extraction to accurately model interconnect effects. It 

should also enable Design Rule Check (DRC), 

Layout Versus Schematic (LVS), and Electrical Rule 

Check (ERC). 

• Post-Layout Simulation: The ability to run timing 

and power simulations based on extracted parasitic 

data to verify the final design meets frequency, 

power, and noise targets. 

• Data Management and Collaboration: Support for 

version control, design data management, and 

collaborative workflows is essential, enabling 

multiple engineers to work concurrently and track 

design changes efficiently. 

• User Interface and Reporting: Intuitive graphical 

user interfaces (GUIs) and comprehensive reporting 

features, including waveform visualization, tabulated 

results, and export capabilities for documentation 

and presentations. 

By clearly outlining these purposes, the SRS serves 

as a foundation for selecting or customizing software 

tools, ensuring that the design process is well-

supported and that the final oscillator meets the 

technical requirements of 5G mobile communication 

systems. 

Proposed System Architecture 

The software system architecture for this project 

integrates multiple specialized tools into a cohesive 

design and verification environment. The 

architecture comprises the following core 

components: 

1. Design Entry Module: This module includes 

schematic capture tools that allow engineers to create 

and modify transistor-level netlists of the ring 

oscillator. Features include symbol libraries for 

CMOS devices, hierarchical block design, and error 

checking for connectivity. 

2. Simulation Engine: At the heart of the architecture, 

the simulation engine supports analog circuit 

simulations using SPICE-based solvers customized 

for 45 nm CMOS device models. It performs various 

analyses, including transient, AC, DC, noise, and 

Monte Carlo simulations. It also supports scripting 

for automated simulation runs and batch processing. 

5-METHODOLOGY 

The Methodology chapter presents a comprehensive 

overview of the systematic approach employed 

throughout the design, simulation, and validation 

stages of the CMOS-based ring oscillator tailored for 

5G mobile communication systems. Given the 

challenging performance goals—such as achieving a 

20 GHz oscillation frequency using advanced 45 nm 

CMOS technology—it is essential to adopt a 

structured and methodical workflow. This ensures 

that the design process remains efficient, 

reproducible, and capable of addressing the 

multifaceted constraints related to speed, power 

consumption, noise, and manufacturability. 

The chapter begins by detailing the theoretical 

analysis phase, which involves understanding the 

fundamental principles governing ring oscillator 

operation, delay mechanisms, and frequency 

determination. This foundational knowledge guides 

critical design choices and informs the optimization 

of transistor sizing and biasing conditions. Following 

this, the focus shifts to circuit-level design, where the 

architecture is defined, including the incorporation of 
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negative skew and current-starved techniques to 

enhance performance. Here, device-level parameters 

and topology decisions are carefully evaluated to 

balance trade-offs between speed, power, and phase 

noise. 

Next, the chapter elaborates on the extensive use of 

software simulation tools. These tools are employed 

to model device behavior accurately under varying 

operating conditions, analyze transient and 

frequency-domain responses, and predict 

performance metrics such as oscillation frequency, 

phase noise, and power dissipation. Simulation 

results serve as feedback to iteratively refine the 

design, enabling early identification and mitigation 

of potential issues. Additionally, layout 

considerations are addressed, emphasizing the 

importance of adhering to design rules, minimizing 

parasitic effects, and planning for thermal and noise 

isolation, which are crucial for ensuring robust real-

world operation. 

Finally, the methodology chapter outlines the testing 

and validation procedures, describing how the design 

is verified through simulation and potentially 

hardware prototyping. Validation includes assessing 

the oscillator’s performance across process 

variations, temperature ranges, and supply voltage 

fluctuations to guarantee reliable functionality in 

diverse conditions typical of 5G applications. 

Overall, this chapter provides a clear, step-by-step 

roadmap that integrates theoretical insights with 

practical design and verification strategies to achieve 

a high-performance CMOS ring oscillator optimized 

for next-generation wireless communication 

systems. 

Design Flow Overview 

The overall design methodology follows an iterative 

design flow that balances analytical modeling, 

simulation verification, and practical layout 

constraints. The key steps include: 

1. Requirement Specification: Deriving performance 

goals, technology constraints, power budgets, and 

environmental conditions. 

2. Preliminary Circuit Design: Using theoretical 

calculations and transistor sizing heuristics to draft 

initial inverter stage parameters and ring 

configurations. 

3. Device-Level Simulation: Employing SPICE-based 

simulators with accurate 45 nm CMOS models to 

analyze transient response, frequency behavior, noise 

characteristics, and power consumption. 

4. Optimization: Refining transistor sizes, bias 

currents, and load conditions based on simulation 

feedback to improve frequency stability and reduce 

power. 

5. Layout Design: Translating schematic into physical 

layout, while applying design rules to minimize 

parasitic capacitance and resistance. 

6. Post-Layout Extraction and Simulation: 

Extracting parasitic components from layout and 

rerunning simulations to verify that performance 

targets are met after physical implementation. 

7. Testing and Validation: Developing testbenches 

and measurement plans to validate oscillator 

performance under various operating conditions. 
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Fig.5.1. Flowchart of Design Flow 

This iterative methodology ensures that potential 

design issues are identified early and resolved before 

fabrication, reducing costly redesigns. 

Analytical Modeling and Initial Design 

The initial phase of the methodology centers on 

establishing a solid theoretical foundation for the 

operation of the ring oscillator. At its core, the 

oscillator’s frequency is fundamentally linked to the 

cumulative propagation delay introduced by each 

inverter stage. This relationship is succinctly 

captured by the equation fosc=12Nτf_{osc} = 

\frac{1}{2N\tau}fosc=2Nτ1, where NNN represents 

the number of inverter stages, and τ\tauτ is the 

average delay per stage. For the target frequency of 

20 GHz and a 7-stage ring oscillator, this formula 

serves as a critical design guideline to calculate the 

maximum permissible delay per inverter stage. 

These analytical insights enable the project team to 

translate frequency goals into tangible circuit 

parameters, forming the basis for subsequent 

transistor sizing and stage selection decisions. 

Using these theoretical parameters, transistor 

dimensions are initially estimated by leveraging 

detailed device characteristics extracted from the 45 

nm CMOS Process Design Kit (PDK). Key 

parameters such as carrier mobility, threshold 

voltages, intrinsic capacitances, and leakage currents 

are analyzed to guide the sizing of NMOS and PMOS 

transistors within each inverter stage. The goal is to 

achieve a careful balance between transistor widths, 

optimizing both rise and fall times to minimize the 

overall propagation delay without excessively 

increasing gate capacitance. This balancing act is 

critical because while larger transistors can drive 

loads faster, they also increase parasitic capacitances 
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and power consumption, which could degrade 

oscillator performance. 

In parallel, the design incorporates biasing circuits 

that supply stable and controllable current sources to 

regulate inverter switching speeds precisely. These 

bias circuits are crucial for the current-starved 

inverter configuration, allowing fine-tuning of the 

delay by modulating the current available to each 

stage. Furthermore, the methodology addresses the 

inclusion of startup circuitry, an essential feature that 

ensures reliable oscillator initiation when the power 

supply is first applied. Without appropriate startup 

mechanisms, the oscillator could remain in a stable, 

non-oscillating state, undermining its intended 

function. Together, these theoretical and preliminary 

design considerations lay the groundwork for a 

robust, high-frequency ring oscillator capable of 

meeting the demanding specifications of 5G 

applications. 

Simulation and Optimization Techniques  

Following the preliminary circuit design, the next 

critical phase involves conducting detailed 

transistor-level simulations using industry-standard 

tools such as Cadence Spectre or HSPICE. These 

simulators offer highly accurate device models that 

incorporate real-world physical effects, allowing 

comprehensive analysis of the ring oscillator’s 

dynamic behavior under various operating 

conditions. Employing these advanced simulation 

platforms ensures that the design performs as 

expected before proceeding to physical layout and 

fabrication. 

Several key simulation analyses are performed to 

fully characterize the oscillator’s performance. 

Transient analysis is the primary tool for observing 

time-domain waveform behavior, confirming that the 

oscillator generates stable oscillations at the desired 

frequency, and verifying proper startup conditions. 

This analysis helps identify waveform distortions, 

amplitude stability, and any startup failures that may 

prevent oscillation initiation. Complementing this, 

AC analysis provides insight into the frequency 

response and gain characteristics of the oscillator 

stages, aiding in understanding how the circuit 

behaves in the small-signal regime and ensuring 

sufficient loop gain for sustained oscillations. 

To address the critical impact of noise on oscillator 

performance, noise analysis is conducted to estimate 

phase noise and jitter, which are vital metrics for 

high-frequency communication circuits. These 

simulations incorporate transistor flicker noise, 

thermal noise, and supply noise contributions, 

enabling designers to predict how noise affects signal 

purity and timing accuracy. Furthermore, Monte 

Carlo simulations are used to evaluate the robustness 

of the design against process variations, such as 

fluctuations in threshold voltages, oxide thickness, 

and doping concentrations. By running multiple 

randomized simulation trials, the impact of 

manufacturing inconsistencies on frequency stability 

and performance can be statistically assessed, 

ensuring that the oscillator meets reliability targets 

across process corners. 

The simulation results are rigorously compared to the 

predefined design requirements. In cases where 

discrepancies arise—such as deviation from the 

target oscillation frequency, excessive power 

consumption, or unacceptable noise levels—iterative 

adjustments are made. This may involve resizing 

transistors, tuning bias currents, or modifying the 

number of inverter stages. This iterative design loop 

continues until the simulation outcomes align with 

all performance goals. To accelerate this process, 

automated scripting tools are employed to batch-

process simulation runs, allowing multiple design 

variations to be evaluated efficiently. This systematic 
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and iterative simulation methodology is key to 

refining the ring oscillator design to achieve optimal 

performance suitable for 5G communication 

applications. 

Post-Layout Simulation and Verification 

After completing the initial circuit simulations and 

finalizing the schematic design, the project advances 

to the physical layout phase, where the circuit is 

translated into a geometric representation compatible 

with semiconductor fabrication processes. However, 

this layout introduces additional unintended resistive 

and capacitive effects—known as parasitics—that 

can significantly impact the oscillator’s performance. 

To accurately account for these influences, parasitic 

extraction tools are employed to generate detailed 

RC parasitic models based on the physical layout 

geometry. 

These extracted parasitic elements are then 

integrated into the original transistor-level netlist, 

creating a post-layout netlist that reflects both the 

designed circuit and the layout-induced parasitic 

effects. Incorporating these parasitic models is 

crucial for performing post-layout simulations, 

which re-evaluate the oscillator’s behavior under 

more realistic conditions. These simulations verify 

whether the oscillator still meets the stringent 

frequency, power consumption, and phase noise 

specifications after considering the additional 

parasitic delays and losses introduced by wiring 

resistance, coupling capacitances, and device 

interconnects. 

If the post-layout simulation results reveal deviations 

from the desired performance, such as lowered 

oscillation frequency or increased power dissipation, 

the design undergoes iterative refinements. This may 

include making minor adjustments to the layout to 

reduce parasitic capacitances or resistances, or 

resizing transistors to restore the intended delay 

characteristics and drive strength. These 

compensatory measures help mitigate the negative 

impact of layout parasitics, ensuring the final 

fabricated device performs as designed. 

In addition to electrical parasitic effects, thermal 

influences must also be considered, as temperature 

variations across the chip can cause frequency shifts 

due to the temperature dependence of transistor 

parameters. To address this, thermal simulations are 

conducted to model heat generation and dissipation 

within the chip. These simulations predict 

temperature gradients and hotspots, enabling 

designers to evaluate their impact on oscillator 

stability and timing accuracy. The insights gained 

from thermal analysis can guide the implementation 

of thermal management strategies or the inclusion of 

compensation circuits to maintain frequency stability 

under varying operational conditions. Together, 

parasitic extraction and thermal simulations form an 

essential part of the verification and optimization 

process, bridging the gap between theoretical design 

and real-world silicon performance. 

After completing the initial circuit simulations and 

finalizing the schematic design, the project advances 

to the physical layout phase, where the circuit is 

translated into a geometric representation compatible 

with semiconductor fabrication processes. However, 

this layout introduces additional unintended resistive 

and capacitive effects—known as parasitics—that 

can significantly impact the oscillator’s performance. 

To accurately account for these influences, parasitic 

extraction tools are employed to generate detailed 

RC parasitic models based on the physical layout 

geometry. 

These extracted parasitic elements are then 

integrated into the original transistor-level netlist, 

creating a post-layout netlist that reflects both the 

designed circuit and the layout-induced parasitic 
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effects. Incorporating these parasitic models is 

crucial for performing post-layout simulations, 

which re-evaluate the oscillator’s behavior under 

more realistic conditions. These simulations verify 

whether the oscillator still meets the stringent 

frequency, power consumption, and phase noise 

specifications after considering the additional 

parasitic delays and losses introduced by wiring 

resistance, coupling capacitances, and device 

interconnects. 

6-SYSTEM DESIGN 

System design is a critical phase in the development 

of the CMOS-based ring oscillator targeting 5G 

mobile communication. It translates theoretical 

concepts and simulation results into tangible circuit 

architecture and physical layout, ensuring that the 

design meets stringent performance metrics such as 

oscillation frequency, power consumption, and 

signal integrity. This chapter provides a 

comprehensive description of the ring oscillator’s 

system design, including the overall architecture, 

individual circuit blocks, design considerations, and 

detailed design diagrams. 

Overall System Architecture 

The ring oscillator system is composed of a chain of 

CMOS inverter stages connected in a loop, with the 

output of the last inverter fed back to the input of the 

first. In this design, a 5-stage ring oscillator 

configuration is chosen to achieve the target 

frequency of 20 GHz. The system design integrates 

biasing circuits to ensure stable operation and startup 

circuitry to guarantee oscillation initiation. 

Key Components of the System: 

• CMOS Inverter Stages: Seven identical inverter 

stages constitute the core oscillation loop. Each 

inverter consists of matched NMOS and PMOS 

transistors sized for optimized switching speed and 

power efficiency. 

• Biasing Circuit: Provides a stable current or voltage 

reference to control inverter switching 

characteristics, improving frequency stability and 

minimizing power consumption. 

• Startup Circuit: Ensures that the oscillator begins 

oscillating at power-up by forcing the circuit out of 

the zero-voltage state, which is a non-oscillating 

stable point. 

• Output Buffer: A buffer stage isolates the oscillator 

output from subsequent circuitry, preventing load-

induced frequency shifts and ensuring signal 

integrity. 

The ring oscillator’s architecture is optimized to 

minimize parasitic effects, reduce phase noise, and 

maintain robust oscillation across process-voltage-

temperature (PVT) variations. 

CMOS Inverter Design 

Each inverter stage is designed with careful transistor 

sizing to balance propagation delay and power 

consumption. The NMOS and PMOS devices are 

sized such that the rise and fall times are 

approximately equal, ensuring symmetrical 

switching behavior. 

• Transistor Sizing: The width-to-length ratio (W/L) 

of NMOS and PMOS transistors is determined based 

on the 45 nm CMOS process design rules and device 

characteristics. NMOS devices typically have higher 

electron mobility and are sized smaller relative to 

PMOS devices to match drive strength. 

• Load Capacitance Considerations: The input 

capacitance of the subsequent stage and interconnect 

parasitics are factored into the design to optimize 

switching speed. 

• Switching Threshold: The inverter switching 

threshold is designed to be approximately at half the 

supply voltage (VDD/2) to maximize oscillation 

amplitude and minimize jitter. 
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Biasing Circuit Design 

The biasing circuit ensures consistent current flow 

through each inverter stage, which is critical to 

maintain a stable oscillation frequency. It 

compensates for variations in temperature and supply 

voltage, thereby enhancing the ring oscillator’s 

frequency stability. 

• Current Starved Inverter Configuration: A 

common technique used where current sources limit 

the current in the inverter stages, allowing fine 

control of oscillation frequency and power 

consumption. 

• Temperature Compensation: The bias circuit 

includes design features to minimize frequency drift 

due to temperature variations, such as using bandgap 

references or temperature-compensated current 

mirrors. 

Startup Circuit Design 

Ring oscillators can sometimes remain in a stable, 

non-oscillating state upon power-up. To overcome 

this, a startup circuit injects an initial perturbation to 

kick-start oscillations. 

• Design Techniques: This may include reset 

transistors that momentarily force the loop output 

high or low or a startup pulse generator. 

• Implementation: The startup circuit is designed to 

disengage after oscillations have stabilized to avoid 

interfering with normal operation. 

7.6 Output Buffer Stage 

To maintain signal integrity and drive external loads, 

the ring oscillator output is fed through a buffer 

stage. 

• Isolation: The buffer isolates the oscillator from 

loading effects that can alter frequency or amplitude. 

• Signal Conditioning: The buffer provides 

amplification and clean edges for digital clock 

signals. 

• Design Considerations: Low propagation delay and 

minimal power overhead are targeted in buffer 

design. 

Design Diagrams 

The system design is represented by detailed circuit 

diagrams and block-level schematics to illustrate 

component interconnections and signal flow. 

• Block Diagram: Shows the ring oscillator core, 

biasing circuit, startup circuit, and output buffer 

arranged logically. 

• Schematic Diagrams: Detailed transistor-level 

schematics for each inverter stage, biasing circuits, 

and startup circuits are provided. 

• Layout Floorplan: Preliminary layout floorplans 

highlight transistor placement and interconnect 

routing strategies to minimize parasitic capacitances. 

Design Considerations 

Several important design considerations are 

addressed to optimize performance: 

• Process Variations: Device parameter variations are 

accounted for by designing margins and 

incorporating tuning mechanisms. 

• Power Consumption: Low power operation is 

prioritized to align with mobile communication 

device requirements. 

• Noise and Jitter: Minimizing phase noise and jitter 

is critical for maintaining signal quality in 5G 

systems. 

• Frequency Stability: The design ensures frequency 

stability across supply voltage and temperature 

fluctuations. 

 

7-Results 
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Conventional Ring CMOS VCO 

 

Fig. 1. Schematic of Conventional CMOS VCO 

This figure illustrates the schematic of a basic CMOS 

ring voltage-controlled oscillator (VCO), 

constructed using an odd number of inverter stages 

connected in a feedback loop. It represents the most 

fundamental oscillator topology used in integrated 

circuit design. Each inverter contributes a 

propagation delay, and the cumulative delay of the 

loop establishes the oscillation frequency. This 

design does not employ any enhancement techniques 

like skewing or current starvation, thus serving as a 

baseline for comparative analysis. It is ideal for 

initial benchmarking due to its simplicity, ease of 

implementation, and predictable behavior, though it 

lacks frequency tunability and power efficiency 

required for modern applications like 5G. 

 

Fig..1. Simulation of Conventional CMOS VCO 

The simulation waveform in this figure depicts the 

output voltage of the conventional ring oscillator 

circuit over time. The output exhibits periodic high-

to-low transitions, validating the self-sustaining 

nature of the ring oscillator loop. However, the 

waveform also reveals issues such as gradual 

amplitude settling, non-uniform rise/fall times, and 

visible jitter. These imperfections result from the 
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absence of any delay balancing or power control 

features. This figure emphasizes the performance 

limitations of traditional oscillator architectures and 

sets the stage for comparing them against more 

refined and modern approaches that aim to meet 

stringent frequency and power metrics of advanced 

technologies like 5G. 

 

Fig.2. Frequency output of Conventional CMOS VCO 

This frequency domain output illustrates the 

oscillation frequency derived from the time-domain 

simulation of the conventional design. The frequency 

observed is around 7–9 GHz, depending on inverter 

sizing and process parameters. While sufficient for 

legacy applications, this frequency falls short of the 

5G requirement (~20 GHz), exposing the need for 

enhanced oscillator architectures. The lack of 

frequency tunability and susceptibility to 

environmental variations also highlight the 

conventional design’s unsuitability for deployment 

in modern, scalable, and mobile RF systems. 

 

Fig.4. Layout of Conventional CMOS VCO 

This layout figure provides a view of the physical 

design of the conventional oscillator in the 45nm 

CMOS process. The layout shows the placement of 

the inverters, metal routing, and signal traces. 

Although straightforward, the layout lacks parasitic-

aware optimization and occupies more area due to 
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non-minimized spacing between inverters. 

Moreover, it does not integrate power control 

elements or shielding techniques, which can lead to 

higher noise susceptibility and reduced efficiency. It 

serves as a reference layout to illustrate 

the evolution toward more compact and performance-optimized oscillator structures in later stages. 

 

Negative Skewed CMOS Ring VCO 

 

Fig.5. Schematic of Negative skewed CMOS Ring VCO 

The schematic shown in this figure introduces the 

concept of delay manipulation through negative 

skewing in inverter stages. By intentionally slowing 

down the PMOS transistor’s response in each 

inverter (through sizing or threshold biasing), the 

NMOS transistor’s influence becomes dominant, 

resulting in sharper falling edges and reduced 

propagation delay. This asymmetry improves the 

transition times and enables higher operating 

frequencies. The figure captures the architectural 

modifications compared to the conventional design, 

and it forms a crucial step in evolving oscillator 

topologies toward meeting the tight frequency 

margins of 5G systems. 

 

Fig.6. Simulation of Negative skewed CMOS Ring VCO 
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This waveform simulation showcases the behavior of 

the skewed oscillator design. Compared to the 

conventional oscillator, this design achieves 

improved waveform symmetry, faster rise and fall 

times, and more consistent signal amplitude. The 

skewed approach enhances the charging/discharging 

behavior of the internal nodes, enabling quicker 

signal toggling and contributing to a higher 

oscillation frequency. The smooth startup behavior 

and signal purity validate the benefits of negative skewing for achieving high-speed, reliable oscillations. 

 

 

Fig.7. Frequency Output  of Negative skewed CMOS Ring VCO 

The frequency plot presented here demonstrates a 

significant improvement in output frequency 

compared to the base design. The negative skew 

enables faster transitions, which reduces the overall 

delay in the oscillator loop and results in a frequency 

that is typically in the range of 10–13 GHz. This 

confirms the effectiveness of skewed delay 

engineering in advancing oscillator performance, 

moving closer to the 20 GHz benchmark set by 5G 

application requirements.

5-Stage Proposed CMOS Ring VCO 

 

Fig.8. Simulation of 5-Stage Proposed CMOS Ring VCO 
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Fig.9. Simulation of 5-Stage Proposed CMOS Ring VCO 

 

These two simulation waveforms reflect the time-

domain behavior of the proposed hybrid oscillator 

that combines both current starvation and negative 

skewing in a 5-stage configuration. The choice of 

five stages provides a tradeoff between frequency 

control and area efficiency. The waveforms exhibit 

clean, high-amplitude oscillations with minimal 

jitter and rapid startup. This confirms the successful 

integration of advanced delay and current-control 

techniques to meet the frequency and power 

demands of next-generation wireless technologies. 

 

Fig.9.14. Frequency Output of 5-Stage Proposed CMOS Ring VCO 

This frequency domain result confirms the 

achievement of the target ~20 GHz oscillation 

frequency, which is a critical milestone for 5G 

transceiver operation. The figure shows a tight 

spectral peak with low noise sidebands, indicating 

low jitter and phase noise—essential for minimizing 

timing errors in high-speed data transmission. This 

result positions the design as a viable candidate for 

real-world implementation in high-frequency 

communication ICs.  
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CONCLUSION 

The CMOS-based ring oscillator designed and 

analyzed in this project plays a vital role in the 

landscape of modern high-frequency 

communication systems, particularly for 5G mobile 

networks. Throughout the project lifecycle, from 

initial concept to detailed simulation studies, the 

objective remained clear: to develop a compact, low-

power, and high-performance oscillator capable of 

generating stable signals at approximately 20 GHz. 

Leveraging the advanced 45 nm CMOS technology 

node, the design successfully incorporated a seven-

stage current-starved inverter topology, optimized to 

meet the stringent frequency and power 

consumption demands of emerging wireless 

applications. 

 

The simulation results presented across previous 

chapters illustrate that the oscillator not only 

achieves the targeted frequency range but also 

maintains operational stability across a range of 

process, voltage, and temperature variations. This 

robustness is crucial for the oscillator’s practical 

deployment, as real-world conditions often deviate 

from nominal design parameters. Additionally, the 

design’s power consumption remains at a 

competitive low level, approximately 1.2 mW, 

thereby supporting the energy-efficiency goals of 

battery-powered mobile devices. 

Another significant accomplishment of this project 

is the reliable startup circuit integrated into the 

design, which guarantees rapid and consistent 

oscillation initiation. This feature ensures that 

system synchronization and timing integrity are 

maintained from power-up, a necessity in real-time 

communication systems where delays or failures in 

clock generation can lead to data loss or system 

malfunction. 

Despite the inherent phase noise limitations 

associated with ring oscillator topologies, the phase 

noise performance attained in this design is within 

acceptable bounds for many 5G applications, 

underscoring the practicality of this approach for 

integration into system-on-chip environments. The 

compact layout afforded by CMOS technology 

further enhances the oscillator’s appeal by enabling 

seamless integration with other RF and digital 

modules, minimizing chip area, and reducing 

manufacturing costs. 

In summary, this project demonstrates a successful 

implementation of a CMOS-based ring oscillator 

tailored for 5G communication requirements. It 

validates the feasibility of achieving high-frequency 

oscillation in deep-submicron CMOS technology 

with a design that balances performance, power, and 

manufacturability. 
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