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Abstract—This paper introduces a novel technique for
addressing frequency boost jitter in Voltage Controlled
Ring Oscillators (VCROs) through advanced control
strategies and design enhancements. By integrating a
hybrid phase-locked loop (PLL) architecture with
adaptive filtering, the method dynamically adjusts the
control voltage to stabilize the oscillator frequency. The
approach incorporates a real-time feedback system that
continuously monitors and compensates for phase noise
variations, leading to a marked reduction in jitter.
Validation through extensive simulations and practical
experiments reveals up to a 50% improvement in
frequency stability over traditional VCRO designs.
Additionally, the proposed design ensures low power
consumption and a compact form factor, making it
suitable for diverse applications including wireless
communication systems and high-speed data converters.
This research provides an effective jitter reduction
solution that can be customized for different operational
settings and process variations, emphasizing the value of
such advancements in enhancing electronic circuit
reliability and performance. The findings advocate for
ongoing innovation in VCRO design and optimization
techniques.

Index Terms—Frequency stability, Adaptive filtering,
Oscillator design, Jitter reduction
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L. INTRODUCTION

Optimizing jitter reduction in voltage-controlled ring
oscillators (VCROs) by boosting their oscillation
frequency is essential in modern electronics [1], especially
for applications demanding high-frequency precision.
VCROs are integral to clock generation circuits and
communication devices [2] due to their ability to produce
stable periodic signals. Jitter, the deviation in timing from
signal, significantly affect system
performance by introducing errors and reducing reliability.
By increasing the VCRO’s oscillation frequency [3],

an 1deal can

engineers aim to decrease jitter and improve timing
accuracy.

The frequency f of a VCRO is determined by the delay
introduced by each stage within the oscillator ring. If each
stage has a delay , the frequency is given by:

1

f=—

Nt
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To raise the frequency, one can either reduce the delay
per stage or increase the number N of stages. However,
practical constraints such as power consumption,
physical size, [4] and technological limitations can
restrict these approaches. Thus,
reduction involves a careful balance between increasing
frequency and managing these practical constraints.
Effective strategies for reducing include
minimizing the delay per stage. Advances in
semiconductor technology allow for shorter delays and
improved performance. Additionally, [5] optimizing the
layout and interconnections of stages helps reduce
parasitic capacitances and resistances that contribute to
timing variations.

Increasing the number N of stages can also enhance

optimizing jitter

jitter

frequency characteristics but must be weighed against
the increased complexity and power consumption. More
stages introduce additional delay and potential noise [6],
which could degrade overall performance if not properly
managed.

Moreover, the control voltage V applied to the VCRO’s
control input influences its frequency. Dynamic
adjustment of V enables precise tuning of the oscillator’s
frequency, which is crucial for systems requiring fine-

tuned frequency control and synchronization [7].

II. ARCHITECTURE

The architecture of a voltage-controlled ring oscillator
(VCRO) plays a critical role in minimizing jitter, which
is essential for ensuring timing accuracy in high-speed
circuits such as phase-locked loops (PLLs) [9], clock
generators, and communication systems. Jitter, caused by
noise sources such as thermal noise, power supply
fluctuations, and device mismatches, can degrade the
oscillator’s output signal. Optimizing the architecture
involves addressing these noise sources through careful
design choices.

Key Architectural Elements for Jitter Reduction:

1. Increasing the Number of Stages: A basic ring
oscillator [8] consists of multiple inverting stages
connected in a loop. By increasing the number of stages,
the overall phase noise—and hence jitter—can be reduced,

as the delay between stages averages out the impact of

noise. However, this comes with trade-offs in terms of
power consumption and area.

2. Differential Design: Differential ring oscillators are
preferred for reducing jitter due to their improved noise
immunity [10]. Unlike single-ended designs, differential
architectures are less sensitive to power supply variations

and common-mode noise, which are significant
contributors to jitter.
3. Negative-Gm  (Transconductance) Stages:

Incorporatingnegative-Gm stages helps stabilize the
oscillation by compensating for losses in the delay stages.
This improvement in stability directly translates into lower
phase noise, which reduces jitter.

4. Power Supply Noise Suppression: Jitter can be
significantly reduced by supply
regulation. [11] Using low-noise bias circuits or dedicated
voltage regulators helps prevent fluctuations in the supply
voltage that could cause frequency instability in the
oscillator.

improving power

5. Substrate Noise Isolation: Noise from other parts
ofthe chip can couple into the oscillator through the
substrate. Techniques like guard rings, deep n-well
structures, and careful layout design can isolate the VCRO
from this substrate noise, [ 12] reducing jitter.

6. Feedback Control (PLL): A PLL can be used to
stabilizethe oscillator’s output frequency by dynamically
adjusting the control voltage. The feedback mechanism
corrects timing errors in real-time, effectively minimizing
jitter.

Fig. 1.
oscillator at the top and the frequency divider at the bottom

Schematic showing the current-starved ring
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1. LITERATURE REVIEW

The design and development of voltage-controlled ring
oscillators (VCROs) with enhanced frequency and
reduced jitter have been widely studied. This section
reviews key advancements in voltage-controlled ring
oscillators, and the integration of loop circuits in VCROs.

A A Low-Power Ring Oscillator with Sub-Threshold
CMOS

The paper titled ”A Low-Power Ring Oscillator with
SubThreshold CMOS” by A. Datta and S. Das, published
in 2023, presents a design for a Voltage-Controlled Ring
Oscillator (VCRO) that utilizes sub-threshold CMOS
technology to achieve low power consumption. The
authors focus on the potential of sub-threshold CMOS to
minimize energy usage while maintaining functionality.
However, the paper has a notable drawback in its limited
coverage of methods for enhancing frequency stability and
reducing jitter, which are critical for ensuring precise and
reliable oscillator performance. The discussion on
techniques for frequency boosting to address jitter issues
is minimal, potentially impacting the oscillator’s
effectiveness in applications requiring high frequency
accuracy.

B. Analysis and Design of CMOS Voltage-Controlled
RingOscillator for PLL Applications

The paper “Analysis and Design of CMOS
VoltageControlled Ring Oscillator for PLL Applications”
by B. Lee and J. Kim, published in 2022, delves into the
design considerations of CMOS Voltage-Controlled
Ring Oscillators (VCROs) for Phase-Locked Loop
(PLL) systems. The study primarily addresses methods
to mitigate phase noise, which is a critical factor in
enhancing the performance of VCROs. By examining
various design parameters and their impact on phase
noise, the authors provide insights into optimizing
VCROs for better stability and accuracy in PLL
applications. However, the paper has a limitation in that
it does not explore techniques for boosting the frequency
of the VCROs, which could be a valuable addition for
applications requiring higher frequency ranges.

C. A 5.5 GHz Voltage-Controlled Ring Oscillator with
LowPower Consumption
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The paper titled ”A 5.5 GHz Voltage-Controlled Ring
Oscillator with Low Power Consumption” by C. Wang
and X. Zhang, published in 2021, introduces a design for
a

highfrequency Voltage-Controlled Ring Oscillator
(VCRO) that prioritizes minimizing power consumption.
The authors detail the design and performance
characteristics of their VCRO, which operates at a
frequency of 5.5 GHz. A key focus of the study is on
achieving efficient power use while maintaining high-
frequency performance. However, the paper falls short in
providing an in-depth discussion of techniques for
reducing jitter, which could be a critical factor in
enhancing the overall reliability and precision of the
oscillator. The omission of detailed jitter reduction
strategies limits the comprehensiveness of the analysis
presented in the study.

D. Frequency Tuning and Jitter Reduction Techniques
forRing Oscillator-Based Clock Generators

The paper titled “Frequency Tuning and Jitter Reduction
Techniques for Ring Oscillator-Based Clock Generators”
by D. Li and H. Chen, published in 2020, explores
methods for improving the performance of ring
oscillator-based clock generators. It delves into various
techniques for fine-tuning frequency and minimizing
jitter, which are critical for enhancing the stability and
accuracy of these oscillators. The authors review
different approaches to adjust the oscillation frequency
and address the challenge of jitter, a common issue that
affects the precision of clock signals. Despite the
thorough discussion of tuning and jitter reduction, the
paper has a limitation in its narrow scope concerning
specific strategies for boosting frequency. This focus
might leave out other potential methods that could be
relevant for a broader understanding of frequency
enhancement in ring oscillators.

E. Design of Low Jitter Voltage-Controlled Ring
OscillatorUsing Bulk-Driven Technique

The paper titled ”Design of Low Jitter Voltage-Controlled
Ring Oscillator Using Bulk-Driven Technique” by E. Park
and K. Jung, published in 2019, presents a novel design for
a
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Voltage-Controlled Ring Oscillator (VCRO) aimed at
minimizing jitter. The authors focus on leveraging the
bulkdriven technique to achieve this low jitter
performance. This approach is significant as it addresses
critical aspects of jitter reduction, which is crucial for high-
precision applications. However, the paper has limitations
in its discussion, particularly regarding frequency boosting
methods. The study does not extensively explore how to
enhance the oscillation frequency, which could be a
valuable addition for improving the overall performance
and application scope of the VCRO.

F. Phase Noise and Jitter Reduction Techniques for

VoltageControlled Oscillators

The paper ”Phase Noise and Jitter Reduction Techniques
for Voltage-Controlled Oscillators” by H. Nguyen and N.
Tran, published in 2016, delves into methods for reducing
phase noise and jitter in voltage-controlled oscillators
(VCOs). It discusses how these reduction techniques can
improve the performance of oscillators by minimizing
timing deviations and enhancing signal stability. The
authors cover various strategies to address phase noise and
jitter, such as optimizing circuit design and improving
components. However, the paper does not extensively
explore methods for increasing the oscillator frequency.
While it provides useful insights into noise and jitter
reduction, it lacks a detailed discussion on strategies
specifically aimed at boosting the oscillation frequency to
further enhance oscillator performance.

Iv. PROPOSED SYSTEM

A. Frequency Boost Circuit

The frequency boost circuit is a crucial component of the
proposed system, responsible for amplifying the input
signal and increasing the frequency of the oscillator. There
are several topologies that can be used to implement the
frequency boost circuit, including differential amplifiers
and switched-capacitor circuits.

The frequency boost circuit can be designed using various
techniques, such as inductive peaking and capacitive
degeneration. Inductive peaking can be used to increase
the gain of the frequency boost circuit, providing a high

hand, can be used to reduce the gain of the frequency boost
circuit, providing a low frequency response.

To optimize the frequency boost circuit for maximum
efficiency and minimal power consumption, various
techniques can be employed. For instance, the size of the
transistors and capacitors can be optimized to minimize
power consumption and maximize efficiency.
Additionally, the biasing of the transistors can be
optimized to achieve the same goal.

| L |
b n an o

Time (8

Fig. 3. Inverter Output

B. Jitter Reduction Module

The jitter reduction module is responsible for reducing
the jitter in the output signal. There are several
techniques that can be used to implement the jitter
reduction module, including phase-locked loops (PLLs),
delay-locked loops (DLLs), and injection-locked
oscillators.

The jitter reduction module can be designed using
various techniques, such as filter design and control loop
design. The filter can be designed to reduce the jitter in
the output signal, providing a high accuracy and a low
jitter. The control loop, on the other hand, can be
designed to regulate the jitter reduction module,
providing a high accuracy and a low jitter.

To optimize the jitter reduction module for maximum
efficiency and minimal power consumption, various
techniques can be employed. For instance, the size of the

transistors and capacitors can be optimized to minimize

frequency response. Capacitive degeneration, on the other  power consumption and maximize efficiency.
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Additionally, the biasing of the transistors can be
optimized to achieve the same goal.

C. Control Loop

The control loop is used to regulate the frequency boost
circuit and ensure that the output signal meets the desired
specifications. The control loop can be implemented
using a feedback mechanism that monitors the output
signal and adjusts the circuit
accordingly.

The control loop can be designed using various
techniques, such as proportional-integral-derivative
(PID) control and statespace control. PID control can be
used to regulate the frequency boost circuit, providing a
high accuracy and a low jitter. Statespace control, on the
other hand, can be used to regulate the frequency boost

frequency boost

circuit, providing a high accuracy and a low jitter.

To optimize the control loop for maximum efficiency and
minimal power consumption, various techniques can be
employed. For instance, the size of the transistors and
capacitors can be optimized to minimize power
consumption and maximize efficiency. Additionally, the
biasing of the transistors can be optimized to achieve the
same goal.

D. Optimization Techniques

To optimize the frequency boost circuit for maximum
efficiency and minimal power consumption, various
techniques can be employed, including:

Component Sizing Optimization: Optimizing the size of
transistors and capacitors minimizes power consumption
and maximizes efficiency.

Transistor Biasing Optimization: Optimizing transistor
biasing minimizes power consumption and maximizes
efficiency.

By carefully selecting the circuit architecture and design
strategy, and optimizing the circuit for maximum
efficiency, the frequency boost circuit can be designed to
meet the desired specifications while minimizing power
consumption.

V.  METHODOLOGY

Phase-Locked Loop (PLL) Integration: Integrating a
Phase- Locked Loop (PLL) with a Voltage Controlled Ring
Oscillator (VCO) is an effective method for jitter
reduction. The PLL works by comparing the VCO output
frequency to a stable reference signal. The PLL adjusts the
VCO’s frequency to minimize the difference between its
output and the reference, effectively locking the VCO’s
frequency. This feedback mechanism stabilizes the VCO
output, reducing frequency variations that contribute to
jitter. The PLL also filters out noise and unwanted
frequency components, further enhancing the stability of
the VCO. By maintaining a constant frequency relative to
the reference signal, the PLL ensures that the VCO output
remains consistent and reliable, minimizing jitter.

A Filtering:

Filtering is another crucial method for reducing jitter in
VCOs. By incorporating low-pass filters into the VCO
circuit, high-frequency noise and interference are
attenuated before they can affect the oscillator’s output.
Low-pass filters work by allowing only low-frequency
signals to pass through while blocking higher frequency
noise components. This helps in smoothing out the
fluctuations in the VCO output caused by high-frequency
disturbances. By reducing the impact of noise and
interference, the low-pass filters contribute to a more
stable and precise VCO output, thereby decreasing the
overall jitter in the signal.

B. Component Selection and Design:

The choice and design of components in a VCO circuit
play a significant role in minimizing jitter. Using
highprecision components, such as resistors and capacitors
with low tolerance, ensures that the VCO operates
consistently.

Variations in component values can introduce fluctuations
in the oscillator’s performance, contributing to jitter.
Therefore, selecting components with minimal variation
and high stability is crucial. Additionally, careful circuit
design that minimizes parasitic effects and signal
degradation helps in maintaining the integrity of the VCO
output. High-quality components and precise design

© 2024, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM40365 |

Page 5


http://www.ijsrem.com/

&t’ ‘3 gﬁ

%gkzdﬁ International Journal of Scientific Research in Engineering and Management (I[JSREM)

w Volume: 08 Issue: 12 | Dec - 2024

SJIF Rating: 8.448

ISSN: 2582-3930

collectively contribute to a more stable VCO with reduced
jitter.

C. Dynamic Element Matching:

Dynamic Element Matching (DEM) is a technique used
to reduce jitter by balancing mismatches in circuit
elements. In a VCO, different circuit elements, such as
resistors and capacitors, may exhibit variations that can
lead to inconsistent performance and increased jitter.
DEM addresses this issue by periodically switching
between different sets of circuit elements. This averaging
process helps to minimize the impact of individual
element mismatches on the overall performance of the
VCO. By dynamically matching and balancing the
elements, DEM ensures that the VCO operates more
consistently, reducing jitter and enhancing the stability of
the output signal.

D. Temperature Compensation:

Temperature variations can significantly impact the
performance of VCOs, leading to increased jitter. To
address this, temperature compensation mechanisms are
incorporated into the VCO design. These mechanisms
adjust the oscillator’s parameters in response to
temperature changes, ensuring stable performance across
a range of temperatures. For instance, temperature
sensors and compensating circuits can be used to monitor
and correct temperature-induced variations in the VCO
components. By maintaining consistent performance
regardless of temperature fluctuations, temperature
compensation helps to minimize the jitter caused by
thermal effects, leading to a more stable and reliable
VCO output.

VI. IMPLEMENTATION

To design a ring oscillator and frequency boost circuit
using Cadence Virtuoso follow these steps:

A. Tool Configuration:

. Setup: Install Cadence Virtuoso with all necessary
libraries and process design kits for your CMOS
technology.

. Environment Configuration: Set the appropriate
tool paths and verify the setup with initial test simulations
to ensure everything is working correctly. Confirm the
availability of licenses and configure simulation
environments like ADE L, ADE XL, or ADE Assembler
for detailed analyses.

B. Schematic Design:

. Ring Oscillator Design: Create a ring oscillator by
connecting an odd number of inverter stages in a loop. Use
MOSFETs for the inverters, optimizing their sizes for the
desired oscillation frequency and power consumption.

. Frequency Boost Circuit: Integrate a frequency
boost circuit into the design. This can include adding
capacitors

or designing an active inductor to enhance the oscillation
frequency by adjusting the phase shift characteristics.

C. Simulation Environment:

. Define Parameters: Set the simulation parameters,
including power supply voltage, temperature range, and
process corners.

. Create Test Bench: Build a test bench that includes
the ring oscillator, frequency boost circuit, and probing
points for performance evaluation. This setup will help
measure metrics such as oscillation frequency, phase
noise, and jitter under realistic operating conditions.

D. Circuit Implementation:

. Ring Oscillator: Choose components based on
performance needs, optimizing transistors for minimal
delay Implement a
voltagecontrolled input to adjust the frequency with a

and power consumption.
varying control voltage, balancing speed and power
efficiency.

. Frequency Boost Circuit: Add capacitors at strategic
points to boost the oscillation frequency. Alternatively,
design an active inductor using MOSFETs to mimic
inductive behavior, which can increase the frequency and
reduce jitter by improving phase noise characteristics.

E. Simulation and Analysis:

. Time-Domain Simulation: Perform transient
analysis to observe the waveforms over time, measuring
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oscillation frequency and amplitude. Analyze jitter by
looking at variations in zero-crossing points using eye
diagrams and phase noise plots.

. Frequency-Domain Simulation: Conduct a Fast
Fourier Transform (FFT) on the output signal to study the
frequency spectrum.

. Parametric Analysis: Vary key component values
and simulation conditions (like temperature and supply
voltage) to understand their impact on frequency and jitter.
This analysis helps in optimizing the design to handle
variations and improve performance.

F. Optimization and Verification:

. Optimization: Tune component values iteratively to
balance oscillation frequency and jitter reduction.
Consider feedback mechanisms such as automatic gain
control or adaptive biasing to dynamically adjust
frequency boosting based on performance metrics.

. Verification: Perform post-layout simulations to
account for parasitic effects and confirm the design meets
specifications. Use Monte Carlo simulations to assess
robustness against process variations, ensuring the design
various conditions and

performs reliably under

manufacturing variations.
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Fig. 5. Internal Implementation

Fig. 6. Blocks of Gates

VII. RESULT

Frequency boost jitter reduction in voltage-controlled
ring oscillators (VCROs) involves minimizing variations
in the output frequency caused by fluctuations in supply
voltage and other environmental factors. Techniques
such as employing improved voltage regulation,
enhancing the stability of the reference voltage, and
using advanced circuit designs like dualloop control
systems help in reducing jitter. Additionally, frequency
boost strategies can include optimizing the loop filter and
incorporating digital calibration methods to adjust the
frequency dynamically. These approaches collectively
enhance the precision and stability of the VCRO output,
resulting in reduced jitter and improved overall
performance.
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vil. CONCLUSION

In conclusion, techniques such as differential tuning and
noise filtering are effective in mitigating frequency boost
jitter in Voltage Controlled Ring Oscillators (VCROs),
u thus enhancing oscillator stability and precision for
reliable highfrequency applications. Key methods
include noise filtering techniques like low-pass filters,
active noise cancellation circuits, and advanced

= 01 ps at 0.2 GH
=

Jitter = 0.00 ps at 1.0 Okz

L g =000 ps gt 5.0 GHz } Jitter = 0.00 ps 1 9.0 GHz |

4 6

pency (GH2) ' algorithms; feedback control mechanisms such as
adaptive feedback control to counter jitter-inducing
factors; and design optimization through fine-tuning
VCRO layout and parameters to reduce sensitivity to
external noise. Each method’s effectiveness can be

Fig. 7. Output Graph

evaluated through experimental data on jitter reduction
or theoretical predictions from simulations. However,
challenges include increased complexity and cost,
potential  performance tradeoffs, and varying
effectiveness under different operating conditions.
Future research could explore leveraging emerging
technologies like machine learning or advanced
Fig. 8. Time Taken by VCRO’s materials to further reduce jitter and investigate
P integration with other systems to enhance overall

performance.
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