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I. INTRODUCTION 

Microcontroller Units (MCUs) are integral to embedded 

systems. Ensuring their reliability and performance under 

varying conditions is crucial. Traditional methods of MCU 

validation often face limitations in adaptability and efficiency. 

This paper presents a novel approach incorporating a Pattern 

Latching Algorithm (PLA) along with a Digital Delay Locked 

Loop (DDLL) to address these challenges. 

This paper proposes a PLA-based framework that enhances 

MCU performance assessment. By integrating a configurable 

ring oscillator with a Digital Delay Locked Loop (DDLL), the 

model dynamically tracks performance metrics and ensures 

precise measurements. 

“Ring oscillator uses an odd number of inverters to achieve 

more gain than a single inverting amplifier. The inverter gives a 

delay to the input signal and if the numbers of inverters are 

increases then oscillator frequency will be decreased. So, the 

desired oscillator frequency depends on the number of inverter 

stages of the oscillator.” 

The figure below shows the ring oscillator layout. This is a 71-

stage oscillator to produce the signal at 27MHz frequencies. The 

inverters used in this oscillator are connected using L1M1 and 

PYL1 contact. With this contact, the input and output of 

theinverters are connected together. The Vdd pin is for source 

connection purposes. 

As seen in the transient response, the output oscillates with a 

stable frequency, confirming the expected behavior of the 

designed oscillator. 

The waveform’s amplitude and periodicity demonstrate the 

circuit’s reliability and consistency in producing oscillations. 

 

 

 

 

 

 

Fig. 1. Ring oscillator 

                

            Fig. 2. Transient Response of the Ring Oscillator 

Ring oscillators are widely used to measure timing 

characteristics and voltage dependencies in integrated circuits. 

In this study, we analyze the behavior of a ring oscillator by 

measuring the rise time and fall time at each inverter output stage 

for capacitors C1,C2,C3. The frequency of oscillation is noted for 

each case.The ring oscillator circuit receives input through pin 

6, with pin 14 connected to the supply voltage (Vdd) and pin 7 

connected to ground (Vss). 
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Fig. 3. CMOS Ring Oscillator Circuit 

The capacitors C1,C2,C3 each have a capacitance of 0.1 µF. 

 For initial operation: 

• Vdd is set to 3.3V. 

• The output is taken from pin 12. 

• The frequency is set to 250 Hz. 

CMOS Ring Oscillator Circuit 

1. Measure the rise time and fall time at each inverter output 

stage for capacitors C1,C2,C3. 2. Note the frequency of 

oscillation. 3. Increase Vdd to 5V and repeat the above steps. 4. 

Record propagation delay times and oscillation frequency at 

different voltage levels. 

- As the supply voltage increases, the gate delay (rise time and 

fall time) decreases. - As the supply voltage decreases, the gate 

delay increases. 

The frequency of oscillation for a ring oscillator with n 

inverter stages is given by: 

  (1) 

where: 

• n = Number of inverter stages 

• T = Delay time per inverter stage 

Since the frequency depends on the number of stages and the 

delay time of each stage, the delay time is a crucial parameter in 

determining the final stable oscillation frequency of the ring 

oscillator. 

By varying the supply voltage and measuring propagation 

delays, we can observe the impact of voltage scaling on oscillator 

performance. The decrease in gate delay with an increase in 

supply voltage highlights the importance of power management 

in optimizing ring oscillator efficiency. 

II. RELATED WORK 

Extensive research has emphasized the utility and versatility 

of ring oscillators in performance monitoring across various 

applications. Notable contributions in this field have explored 

their integration into scalable, power-efficient designs while 

addressing critical parameters such as noise reduction, thermal 

monitoring, and energy optimization. 

A prominent study, conducted by Kilian et al. (2021), 

introduced a scalable ring oscillator-based monitor. This 

innovative solution demonstrated significant advantages in terms 

of power consumption and area efficiency, highlighting its 

potential for integration into compact and energy-sensitive 

systems. The design’s scalability further underscores its 

applicability in diverse performance monitoring scenarios. 

Pei et al. (2020) shifted the focus to CMOS ring amplifiers, 

investigating their capability to reduce noise and enhance 

stability. The study’s findings emphasize the importance of noise 

control in ensuring reliable operation, particularly in high-

precision applications where stability is paramount. 

In 2019, Ku et al. explored the use of ring oscillators in thermal 

monitoring. They proposed a voltage-scalable temperature 

sensor that leverages the unique characteristics of ring oscillators 

to achieve efficient and accurate thermal measurements. This 

design addressed the growing need for temperature monitoring 

in energy-constrained environments, such as portable devices. 

Another significant contribution came from Chen et al. 

(2019), who developed an all-digital Bluetooth Low-Energy 

(BLE) transmitter. This transmitter was optimized for power 

efficiency, with ring oscillators playing a key role in achieving 

the low-power requirements necessary for BLE applications. 

The study highlights the adaptability of ring oscillators in 

meeting stringent energy constraints without compromising 

functionality. 

While these studies have made substantial strides in 

harnessing the capabilities of ring oscillators, a common 

limitation persists: their adaptability to real-time performance 

changes remains underexplored. The need for dynamic 

performance tuning in response to varying conditions is critical 

for advancing the utility of ring oscillators in modern, adaptive 

systems. 

Addressing this gap, the proposed model seeks to enhance the 

adaptability of ring oscillators to real-time performance changes. 

By integrating dynamic tuning mechanisms, the model aims to 

optimize performance across diverse operating conditions, 

ensuring greater reliability and efficiency. This represents a 

significant step forward in expanding the application horizon of 

ring oscillators. 

In summary, the contributions of Kilian et al., Pei et al., Ku et 

al., and Chen et al. have collectively enriched the field of 

performance monitoring using ring oscillators. Their innovative 

approaches have addressed key challenges related to power 

efficiency, noise reduction, thermal sensing, and energy 

optimization. However, the proposed model’s emphasis on 

realtime adaptability marks a pivotal advancement, positioning 

ring oscillators as critical components for next-generation 

performance monitoring systems. 

III. PROPOSED SYSTEM 

The proposed system is designed to significantly enhance 

performance screening through the integration of advanced 

methodologies. By leveraging innovative techniques, it 

addresses critical challenges in performance monitoring, such as 

accuracy, variation mitigation, and real-time adaptability. The 

system achieves this by incorporating three key components: the 

Pattern Latching Algorithm (PLA), the Digital Delay Locked 

Loop (DDLL), and Dynamic Performance Monitoring. Each of 

these elements contributes uniquely to optimizing the 

performance screening process. 

A. Pattern Latching Algorithm (PLA) 

The Pattern Latching Algorithm (PLA) plays a pivotal role by 

enabling structured and systematic analysis of ring oscillator 

configurations. By categorizing and analysing the patterns 

generated by ring oscillators, PLA facilitates an in depth 

understanding of performance metrics. This structured approach 

not only enhances the analysis process but also ensures that key 

performance indicators are accurately identified and monitored. 

B. Digital Delay Locked Loop (DDLL) 

The Digital Delay Locked Loop (DDLL) serves as another 

cornerstone of the system. Its primary function is to maintain 

performance accuracy by actively compensating for variations 

that may arise due to environmental changes or system-level 

inconsistencies. By dynamically adjusting delay parameters, the 

DDLL ensures stable and reliable performance. This capability 

is crucial in applications where precision and consistency are 

paramount. 
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C. Dynamic Performance Monitoring 

Dynamic Performance Monitoring, the third component, is 

geared towards real-time adaptability. It tracks changes in clock 

frequency and jitter, providing immediate feedback on 

performance shifts. This real-time tracking capability allows the 

system to respond promptly to fluctuations, ensuring optimal 

performance under varying conditions. By continuously 

monitoring these critical parameters, the system can identify and 

address performance bottlenecks as they occur. 

D. Holistic System Integration 

In unison, these components create a robust framework for 

performance screening. The PLA’s analytical capabilities, 

combined with the DDLL’s precision maintenance and the 

realtime adaptability of Dynamic Performance Monitoring, 

ensure comprehensive performance oversight. This integration 

not only enhances the accuracy and reliability of performance 

measurements but also positions the system as a versatile 

solution for modern performance monitoring challenges. 

By addressing both static and dynamic aspects of 

performance, the proposed system represents a significant 

advancement in the field. It demonstrates a well-rounded 

approach that considers the nuances of real-time operations 

while maintaining a strong foundation in structured analysis and 

stability. This holistic methodology ensures that the system is 

wellsuited to meet the demands of contemporary performance 

monitoring applications. 

IV. METHODOLGY 

The implementation process for the proposed system 

encompasses a series of detailed and systematic steps, designed 

to ensure both accuracy and adaptability in performance 

screening. The process highlights key aspects of performance 

monitoring, emphasizing rigorous analysis, metric evaluation, 

precision integration, and comprehensive testing. The following 

steps outline the implementation process: 

A. Analysing MCU Clocking 

The initial step involves a thorough examination of the MCU’s 

clocking architecture. Critical parameters, such as clock 

frequency, clock domains, and components like Phase Locked 

Loops (PLLs) and Delay-Locked Loops (DLLs), are analysed to 

understand their behavior under various operational conditions. 

This step establishes the foundational understanding needed to 

optimize clocking configurations for ring oscillator integration. 

B. Establishing Performance Metrics 

The next phase focuses on defining and evaluating key 

performance metrics. Parameters such as jitter, skew, and 

setup/hold times are meticulously assessed to identify potential 

bottlenecks or vulnerabilities. These metrics provide a 

quantitative framework to gauge the system’s reliability and 

efficiency. 

C. Integrating Digital Delay Locked Loop (DDLL) 

Once the performance metrics are established, the DDLL is 

integrated into the system. The DDLL plays a crucial role in 

maintaining precision by mitigating variations and ensuring 

external control over performance parameters. Its integration is 

carried out in a way that aligns with the clocking analysis and 

metric evaluation, ensuring a seamless fit within the architecture. 

D. Testing with Varied Patterns 

To validate the system’s robustness and adaptability, rigorous 

testing is performed using a diverse range of operational 

patterns. Simulations are conducted to replicate varying 

conditions and workloads, enabling the identification of any 

performance discrepancies. This step ensures the system can 

adapt to real-world scenarios, maintaining consistent 

performance across dynamic environments. 

By iterating through these steps, the implementation process 

guarantees a well-optimized system that is capable of Realtime 

monitoring and precise performance adjustments. The structured 

approach ensures that all aspects, from foundational analysis to 

dynamic adaptability, are addressed comprehensively. The result 

is a robust performance screening system that meets the demands 

of modern technological applications. 

V. SYSTEM ARCHITECTURE 

The proposed system architecture, as illustrated in Figure 4, is 

designed to facilitate efficient and accurate performance 

screening by integrating key components such as the Clock Tree 

Distribution, Reconfigurable Ring Oscillator, Digital Delay 

Locked Loop (DDLL), and Pattern Latching Algorithm (PLA). 

This structured approach ensures real-time adaptability, 

precision monitoring, and enhanced system stability. 

The architecture follows a sequential data flow, described as 

follows: 

 

Fig. 4. System Architecture Block Diagram 

A. Global Clock and Reset Initialization 

The system begins with a global clock and global reset, which 

serve as the primary inputs to maintain synchronization across 

all components. These signals ensure a stable and controlled 

startup sequence for performance monitoring. 

B. Clock Tree Distribution 

The clock tree distribution module processes the global clock 

signal, distributing it effectively across various system 

components. It plays a crucial role in minimizing clock skew and 

ensuring consistent timing across the architecture. 

C. MCU Architecture and Stabilized Operating Clock 

The MCU (Microcontroller Unit) architecture interfaces with 

the clock tree to generate a stabilized operating clock. This step 

ensures that clock variations are mitigated before being fed into 

the Reconfigurable Ring Oscillator (RRO). 

D. Reconfigurable Ring Oscillator (RRO) 

The ring oscillator generates dynamic frequency variations 

that are used for evaluating performance metrics. It provides 

insights into delay characteristics and timing stability under 

different operational conditions. 

E. Digital Delay Locked Loop (DDLL) 

To counteract timing inconsistencies, the DDLL actively 

adjusts delay parameters, stabilizing the clock signal. This 

component is essential for compensating for variations caused 

by environmental fluctuations and operational changes. 
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F. Pattern Latching Algorithm (PLA) 

The Pattern Latching Algorithm (PLA) analyses the frequency 

patterns generated by the RRO and DDLL. It categorizes the 

patterns to detect anomalies, aiding in precise performance 

evaluations. 

G. Variation and Jitter Detection 

The system then proceeds to detect variations in clock signal 

integrity and further identifies jitter levels and skew. These 

parameters are crucial in assessing the accuracy and stability of 

the entire system. 

H. Performance Measurement (Latency, Area, Power) 

The final stage involves comprehensive performance 

evaluation, where latency, area, and power consumption are 

measured. These metrics provide a quantitative assessment of the 

system’s efficiency, ensuring its applicability in real-world 

scenarios. 

I. Conclusion 

The proposed system architecture integrates a structured 

workflow to enhance performance monitoring. By utilizing 

clock stabilization, dynamic adaptation, and real-time anomaly 

detection, the system ensures accuracy and efficiency in 

performance screening. The inclusion of PLA, DDLL, and jitter 

detection mechanisms significantly improves the reliability of 

the system under varying conditions, making it a robust solution 

for contemporary performance monitoring applications. 

VI. TOOLS AND TECHNOLOGY 

The proposed system leverages a suite of advanced tools and 

technologies to achieve its performance objectives. These 

include simulation environments, hardware implementation 

platforms, and specialized programming languages, each 

tailored to the unique needs of the system. 

A. Simulation: Model Sim 6.3G Altera 

Model Sim 6.3G Altera is utilized for simulating and verifying 

the system’s functionality. This software enables the detailed 

examination of the digital design by creating testbenches to 

validate the behavior of the ring oscillator configurations. Its 

advanced debugging tools allow for identifying and resolving 

issues in timing, logic, and performance, ensuring the robustness 

of the system before hardware implementation. 

B. Hardware Implementation: Xilinx ISE 

For translating the validated designs into hardware, Xilinx ISE 

(Integrated Software Environment) is employed. This robust 

toolchain supports the synthesis and implementation of digital 

circuits on FPGA (Field-Programmable Gate Array) platforms. 

By leveraging Xilinx ISE, the system transitions seamlessly from 

theoretical simulations to practical hardware deployment. The 

platform provides optimizations in terms of resource utilization, 

timing constraints, and power efficiency, ensuring the hardware 

aligns with performance goals. 

C. Programming Language: VHDL 

The system is programmed using VHDL (VHSIC Hardware 

Description Language), a high-level language used to describe 

hardware behavior. VHDL is well-suited for creating modular, 

reusable, and scalable designs, making it ideal for the complexity 

of the ring oscillator-based system. It enables precise control 

over the logic and timing, ensuring alignment with the system’s 

performance metrics, such as jitter control and frequency 

stability. By combining these tools and technologies, the system 

ensures a robust workflow that transitions smoothly from 

simulation to hardware implementation. Each component plays 

a critical role in optimizing the design for accuracy, efficiency, 

and adaptability, addressing the demands of advanced 

performance monitoring applications. 

VII. FPGA IMPLEMENTATION 

The practical realization of the Pattern Latching Algorithm 

(PLA) integrated with a Ring Oscillator (RO) and Digital Delay 

Locked Loop (DDLL) was carried out on a Field Programmable 

Gate Array (FPGA) platform. FPGAs offer high flexibility, fast 

prototyping, and dynamic reconfigurability, making them well-

suited for performance testing architectures like the one 

proposed in this work. 

A. Design Architecture 

The ring oscillator circuit, composed of an odd number of 

inverters (typically 3 or 5 stages), was implemented using 

configurable logic blocks (CLBs) available in the FPGA fabric. 

The output of the ring oscillator is routed to the PLA module, 

which is responsible for detecting and capturing oscillation 

patterns over time. The PLA was implemented using lookup 

tables (LUTs) and flip-flops, utilizing a clocked sampling 

mechanism to monitor the signal transitions. 

To ensure accurate timing measurements, a Digital Delay 

Locked Loop (DDLL) was incorporated. The DDLL stabilizes 

the phase and compensates for variations due to voltage scaling 

or temperature shifts. This feedback-based delay adjustment 

ensures consistent frequency output despite environmental 

changes. 

B. Signal Monitoring and Measurement 

A signal tapping mechanism was implemented to monitor the 

intermediate nodes of the ring oscillator. Rise and fall times were 

measured at different stages, and propagation delay values were 

recorded across a range of operating voltages. These signals were 

captured using integrated logic analyzers and UART interfaces, 

enabling real-time monitoring through a connected PC. 

The oscillator frequency was calculated using counters that 

recorded the number of oscillation cycles within a fixed 

reference time window. This approach allowed for precise 

calculation of performance metrics such as: 

• Frequency drift under variable Vdd conditions 

• Gate delay at each inverter stage 

• Jitter and phase noise behaviors 

C. Resource Utilization and Timing Analysis 

The FPGA implementation was synthesized and mapped using 

Xilinx Vivado Design Suite. The design consumed a moderate 

number of LUTs and flip-flops, leaving sufficient resources for 

further extension. Timing analysis revealed that the critical path 

lay in the RO-PLA-DDLL feedback loop. Static timing 

constraints were applied to ensure the design met timing closure, 

especially under high-frequency switching conditions. 

D. Advantages of FPGA-based Evaluation 

The FPGA-based implementation provides a versatile 

platform to evaluate the dynamic performance of MCUs under 

real-world conditions. Some key benefits observed include: 

1)Rapid prototyping and iterative testing. 

2)Fine-grained delay characterization with high accuracy.  

3) Real-time adaptability to environmental changes. 

4) Power-aware measurement support via voltage-controlled 

RO performance. 

This implementation not only validates the theoretical design 

of the PLA-based monitoring framework but also demonstrates 

the practical feasibility of deploying such systems in 

performance-critical applications. The experiment provides 
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valuable insights into how voltage, delay, and frequency 

interrelate in ring-based architectures and supports the design of 

more robust and energy-aware microcontroller systems. 

VIII. EXPERIMENTAL RESULTS & DISCUSSION 

The simulation data underscores the effectiveness of the 

Pattern Latching Algorithm (PLA)-based system, showcasing its 

superiority over traditional approaches. By integrating the PLA, 

the proposed model demonstrates a comprehensive improvement 

in critical performance metrics such as frequency stability, jitter 

control, and phase noise reduction. These advancements 

highlight the potential of this innovative system in addressing the 

demands of modern performance monitoring, particularly in 

next-generation Microcontroller Unit (MCU) validation. 

A. Enhancement in Frequency Stability 

One of the most significant outcomes of the simulation data is 

the enhancement in frequency stability. The PLA based system 

ensures that the oscillator maintains a consistent frequency 

output across a wide range of operating conditions. This 

improvement minimizes frequency drift, which is crucial for 

reliable system performance, especially in timing-sensitive 

applications. 

B. Jitter Control and Timing Accuracy 

In addition to frequency stability, the system excels in jitter 

control. By leveraging the structured analysis capabilities of the 

PLA, the system effectively minimizes timing variations 

between clock edges. This reduction in jitter ensures precise 

synchronization across various components, thereby improving 

overall system reliability. 

C. Reduction in Phase Noise 

Another critical metric where the system shines is phase noise 

reduction. Phase noise, a common challenge in oscillator-based 

systems, is significantly mitigated through the PLA’s structured 

approach. By addressing phase noise, the system ensures cleaner 

signal output, which is vital for highfidelity applications such as 

communication systems and signal processing. 

 

 

 

 

 

 

 

Fig. 5. Results 

D. Accuracy Adaptive Performance 

The proposed model not only excels in these performance 

metrics but also ensures greater accuracy in operation. This is 

achieved through its ability to dynamically adapt to real-time 

changes in operational conditions. The integration of the Digital 

Delay Locked Loop (DDLL) further enhances precision, 

allowing the system to maintain optimal performance even in 

variable environments. 

E. Energy Efficiency and Power Consumption 

One of the standout features of the PLA-based system is its 

reduced power consumption. By optimizing the operation of the 

ring oscillators and associated components, the model 

significantly lowers energy requirements. This attribute makes it 

particularly well-suited for energy-constrained application, such 

as portable and battery-operated devices. 

F. Overall System Validation 

Overall, the simulation data validates the proposed system as 

a robust and efficient solution for MCU validation. By 

addressing **critical performance challenges and demonstrating 

**marked improvements over conventional approaches, the 

system positions itself as an ideal candidate for next generation 

applications. Its blend of frequency stability, jitter control, phase 

noise reduction, accuracy, and energy efficiency highlight its 

potential to meet the evolving demands of advanced 

technological systems. 

IX. PARAMETERS VERIFIED 

A. Latency 

The proposed approach achieved an overall latency of 3.890 

ns, composed of 3.240 ns of logic delay and 0.650 ns of routing 

delay. This corresponds to 83.3% logic and 16.7% routing, 

highlighting the efficiency of the implemented design. 

B. Power Analysis 

Power estimation was conducted using Xilinx XPower 

Analyzer. The total static power was found to be 13.71 mW, and 

the total power consumption was 15.07 mW. The dynamic power 

is calculated as: 

The dynamic power consumption is calculated by subtracting 

the static power from the total power: 

Pdynamic = Ptotal−Pstatic =15.07 mW−13.71 mW =1.36 mW (2) 
 

TABLE I 

FPGA POWER ANALYSIS SUMMARY 
Block Power (mW) Used Avail. % Util. 
Clocks 0.02 4 – – 
Logic 0.30 131 5720 2 
Signals 0.91 198 – – 
IOs 0.13 23 102 23 
Quiescent 13.71 – – – 
Total 15.07    

 

C. Area Utilization Summary 

The FPGA device utilization statistics are shown in Table. 

 

TABLE II 

FPGA AREA UTILIZATION SUMMARY 
Resource Used Available Utilization 
Slice Registers 90 11,440 1% 
Slice LUTs 131 5,720 2% 
Occupied Slices 48 1,430 3% 
LUT-FF Pairs Used 151 – – 
Fully Used LUT-FF Pairs 56 151 37% 
Bonded IOBs 23 102 22% 
BUFGs 3 16 18% 

 

The results confirm that the design requires only a small 

fraction of the available hardware resources, confirming its area 

efficiency. 
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In comparison to the method proposed by Agord de Matos 

Pinto Jr et al. (2023), which utilized a dual delay path ring 

oscillator with a power consumption of 4.68 mW at an operating 

frequency of approximately 500 MHz and a supply voltage of 

1.8 V, the proposed design demonstrates a significant reduction 

in power consumption. The reconfigurable path-based ring 

oscillator used in the proposed method operates within a 

frequency range of 100–500 MHz at a reduced supply voltage of 

1.2 V, achieving a power consumption of just 1.36 mW. This 

highlights the efficiency and low-power advantages of the 

proposed architecture. 

D. Result Analysis 

The proposed Pattern Latching Algorithm (PLA) for MCU 

performance analysis using ring oscillators was implemented 

and validated on an FPGA. Several critical performance metrics 

including latency, power consumption, and area utilization were 

analyzed and compared to existing techniques. 

E. Latency 

The latency observed from the FPGA implementation is 

approximately 3.890 ns, indicating fast response time, which is 

suitable for real-time MCU performance evaluations. 

F. Power Consumption 

The power measurements demonstrate the efficiency of the 

proposed method: 

• Total Power (Ptotal): 15.07 mW 

• Static Power (Pstatic): 13.71 mW 

• Dynamic Power (Pdynamic = Ptotal − Pstatic): 1.36 mW 

Compared with previous designs, the proposed approach  

shows notable improvements: 

G. Power Consumption Comparison 

• Agord de Matos Pinto Jr et al. (2023): Dual delay path ring 

oscillator consumed 4.68 mW at ˜500 MHz and 1.8V. 

• Proposed Method: Reconfigurable path ring oscillator 

consumed only 1.36 mW within 100–500 MHz at 1.2V. 

H. Area Utilization 

The area utilization after FPGA synthesis is summarized as 

follows: 

• LUTs: 63 

• Flip-Flops: 47 

• Slices: 34 

This low area footprint indicates that the proposed PLA is 

highly suitable for low-power and resource-constrained 

embedded system applications. 

I. Key Observations 

• Clock Signal (clk): The periodic nature of the clock (clk) 

remains stable throughout the simulation, ensuring 

synchronized operations. The transition between high and 

low states is uniform, indicating a well-defined duty cycle. 

• Data Input and Output (datain, yout): The datain signal, 

which represents the input data, follows a consistent 

pattern, ensuring proper data feed into the memory module. 

The yout output signal corresponds to processed data, 

confirming successful read/write operations. • Control 

Signals (wr en, rd en, write clk): The wr_en (write enable) 

and rd_en (read enable) signals are properly toggling, 

signifying memory read and write operations at expected 

intervals. The write_clk signal aligns with the system clock 

to ensure accurate timing control during data transactions. 

• Memory Addressing (chip  select, memory value): The 

chip_select signal determines the active memory module, 

effectively controlling which segment of the memory is 

being accessed. The memory_value signal exhibits stable 

values, confirming correct data retention and processing 

within the module. 

• Jitter and Delay Analysis (delay line, delay value): 

The delay_line and delay_value signals indicate the 

presence of controlled delays, which are essential for jitter 

minimization. These results validate the effectiveness of the 

Digital Delay Locked Loop (DDLL) in maintaining phase 

noise reduction and improved frequency stability. 

• Oscillation Behavior (dout a, dout  b): The waveform 

pattern of dout_a and dout_b suggests a smooth oscillation 

response. These outputs confirm the functional correctness 

of the ring oscillator structure used for performance 

monitoring. 

X. CONCLUSION 

This research proposes an innovative method for evaluating 

microcontroller unit (MCU) performance, combining the Pattern 

Latching Algorithm (PLA) with the integration of a Digital 

Delay Locked Loop (DDLL). By addressing critical challenges 

in stability, accuracy, and efficiency, the approach offers a fresh 

perspective on performance monitoring. The structured nature of 

the PLA facilitates detailed analysis of ring oscillator 

configurations, ensuring that performance metrics such as 

frequency stability, jitter control, and phase noise reduction are 

thoroughly assessed. Concurrently, the DDLL ensures precision 

by mitigating variations and maintaining stable performance 

under fluctuating conditions. 

The results of this study demonstrate considerable 

advancements over traditional approaches. One key outcome is 

the enhanced accuracy achieved through the dynamic 

adaptability of the proposed system. By effectively addressing 

real-time performance fluctuations, the system is capable of 

maintaining optimal operational efficiency. Additionally, the 

integration of the DDLL contributes to improved stability, 

ensuring that critical metrics such as jitter and phase noise 

remain within acceptable thresholds. These enhancements make 

the system particularly well-suited for modern applications 

where reliability and consistency are paramount. 

In conclusion, this study highlights the transformative 

potential of combining PLA and DDLL for MCU performance 

evaluation. By addressing critical performance challenges and 

setting the stage for future advancements in machine-learning 

integration, the proposed approach paves the way for next 

generation performance monitoring systems that are accurate, 

stable, and energy-efficient 

REFERENCES 

[1] T. Kilian et al., “A scalable design flow for performance 

monitors using functional path ring oscillators,” in Proc. 

IEEE Int. Test Conf. (ITC), Oct. 2021. 

[2] T. Kilian et al., “A path selection flow for functional path 

ring oscillators using physical design data,” in Proc. IEEE 

Int. Test Conf. (ITC), Sep. 2022. 

[3] “Reducing routing overhead by self-enabling functional 

path ring oscillators,” in Proc. IEEE Eur. Test Symp. (ETS), 

May 2022. 

[4] S. Pateras et al., “Automotive semiconductor test,” in Proc. 
Int. Symp. VLSI Design, Automation and Test (VLSI-DAT), 
Apr. 2017. 

[5] G. Georgakos et al., “Reliability challenges for electric 

vehicles: From devices to architecture and systems 

software,” in Proc. DAC, 2013, pp. 1–9. 

[6] R. Raina, “Achieving zero-defects for automotive 

applications,” in Proc. IEEE Int. Test Conf., 2008, pp. 1–10.     

[7] S. Ma et al., “An experimental chip to evaluate test 

techniques experiment results,” in Proc. IEEE Int. Test 

Conf., 1995, pp. 663–672. 



TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org 

TIJER2504075 TIJER – INTERNATIONAL RESEARCH JOURNAL  www.tijer.org a523 
 

[8] B. Cory et al., “Speed binning with path delay test in 150-

nm technology,” IEEE Design & Test of Computers, Sep. 

2003, pp. 41–45. 

[9] J. Zeng et al., “On correlating structural tests with 

functional tests for speed binning of high performance 

design,” in Proc. MTV, 2004, pp. 

103–109. 

[10] P. Maxwell et al., “Comparing functional and structural 

tests,” in Proc. IEEE Int. Test Conf., 2000, pp. 400–407. 

[11] R. McLaughlin et al., “Automated debug of speed path 

failures using functional tests,” in Proc. IEEE VLSI Test 

Symp., May 2009. 

[12] P. Bernardi et al., “Applicative system level test 

introduction to increase confidence on screening quality,” in 

Proc. DDECS, Apr. 2020. 

[13] I. Polian et al., “Exploring the mysteries of system-level 

test,” in Proc. IEEE Asian Test Symp., Nov. 2020. 

[14] J. Chen et al., “Data learning techniques and methodology 

for fmax prediction,” in Proc. IEEE Int. Test Conf., Nov. 

2009. 

[15] J. Chen et al., “Selecting the most relevant structural fmax 

for system fmax correlation,” in Proc. IEEE VLSI Test 

Symp., Apr. 2010. 

[16] S.-P. Mu et al., “Statistical framework and built-in self-

speed-binning system for speed binning using on-chip ring 

oscillators,” IEEE Trans. VLSI Syst., May 2016, pp. 1675–

1687. 

[17] S. Asai, Ed., VLSI Design and Test for Systems 
Dependability. Springer Japan, 2019. 

[18] M. Sadi et al., “SoC speed binning using machine learning 

and on-chip slack sensors,” IEEE Trans. CAD, May 2017, 

pp. 842–854. 

[19] T.-B. Chan et al., “Synthesis and analysis of design-

dependent ring oscillator (DDRO) performance monitors,” 

IEEE Trans. VLSI Syst., Oct. 2014, pp. 2117–2130. 

[20] J. Heo et al., “Synthesis of hardware performance 

monitoring and prediction flow adapting to near-threshold 

computing and advanced process nodes,” in Proc. ASP-

DAC, Jan. 2020. 

[21] X. Wang et al., “A novel architecture for on-chip path delay 

measurement,” in Proc. IEEE Int. Test Conf., Nov. 2009. 

[22] R. Cantoro et al., “Machine learning based performance 

prediction of microcontrollers using speed monitors,” in 

Proc. IEEE Int. Test Conf., Nov. 2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AUTHOR’S DETAILS: 

 

 

1. 

  

Sri. B. Mysura Reddy, Ph.D, 

Assistant Professor, 

Department of ECE, 

NBKR Institute of Science and 

Technology, Vidyanagar, India 

 

 

     

2. 

 
Ch. Prasanthi, 

Student, 

Department of ECE, 

 NBKR Institute of Science and 

Technology, Vidyanagar, India 

 

 

 

3. 

  

B. Praveen Kumar, 

Student, 

Department of ECE, 

 NBKR Institute of Science and 

Technology, Vidyanagar, India 

 
 

 

4. 

  

     Sk. Faiz Ahamed, 

Student, 

Department of ECE, 

 NBKR Institute of Science and 

Technology, Vidyanagar, India. 
 


