
                                                         IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
                                                           Research paper       © 2012 IJFANS. All Rights Reserved,  Volume 11, Iss 11, 2022 

 

 
 

3866 
 

   
 

AN EFFECTIVE APPROACH FOR ANALOG LAYOUT 

OPTIMIZATION USING AI/ML 

Eppala shashi kumar reddy1, S.Vamsee Krishna2
 

1,2Department of Electronics and Communication Engineering, Koneru Lakshmaiah 

Education Foundation (KLEF), Vaddeswaram, Green fields, Guntur, Andhra Pradesh, 

India -522302 

DOI : 10.48047/IJFANS/V11/ISS11/471 

Abstract:  

The integration of Artificial Intelligence and Machine Learning techniques into the domain of 

Very Large Scale Integration has ushered in a new era of possibilities for enhancing the 

efficiency of analog layout. This research investigates into the utilization of OpenCV, a 

computer vision library, in conjunction with AI and ML algorithms, to advance the design 

methodology and the quality of analog layout design. This design process is implemented and 

verified on phase locked loop circuit using 45nm technology node. By scrutinizing layout 

images and discerning areas of underutilized space, OpenCV emerges as a powerful tool, 

guiding designers towards the optimization of spatial resources. The result of this work 

assured creation of smaller, more efficient layouts that harness the potential of AI and ML 

tools, ultimately streamlining the design process and elevating the performance of integrated 

circuits (ICs). The proposed methodology applied on PLL circuits using Python based color 

identification algorithm results unused layout area of 77.5%. 
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1. Introduction 

In the ever-evolving landscape of semiconductor technology, the design and layout of 

analog integrated circuits play a pivotal role in the development of cutting-edge electronic 

devices. The analog circuitry [1], which handles continuous signals, is integral for various 

applications, including wireless communication, sensors, audio processing, and power 

management. However, the design and optimization of analog layouts [2-4] are complex and 

time-consuming processes, traditionally relying on human expertise and iterative manual 

adjustments. To meet the demands of today's rapidly advancing technology, there is an 

increasing need for innovative solutions that can expedite the analog layout design process 

while maintaining or even enhancing circuit performance. This introduction explores the 

promising field of using Artificial Intelligence (AI) and Machine Learning (ML) for analog 

layout optimization, presenting an effective approach that has the potential to revolutionize 

analog IC design. 

Challenges in Analog Layout Optimization:Analog layout design is a meticulous task that 

involves placing and routing various components, such as transistors, resistors, capacitors, 

and interconnects, on the semiconductor wafer. The layout's quality [5] directly impacts the 

circuit's performance, power consumption, and area, making it crucial for achieving the 

desired specifications. Historically, analog layout has been a manual and iterative process, 

heavily reliant on the experience and intuition of skilled designers. While this traditional 

approach can yield high-quality results, it is time-consuming, expensive, and prone to human 

errors. As integrated circuits become increasingly complex and stringent design requirements 

emerge, there is a growing demand for innovative and efficient methods to expedite the 

analog layout optimization process[6]. 
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The role of AI/ML in Analog Layout Optimization: Artificial Intelligence (AI) and Machine 

Learning (ML) techniques have shown remarkable promise in automating and optimizing 

various aspects of semiconductor design. These technologies harness vast amounts of data 

and computational power to learn patterns and make data-driven decisions. When applied to 

analog layout optimization, AI and ML have the potential to revolutionize the way circuits 

are designed. This approach can significantly reduce design time, enhance the performance of 

analog circuits, and minimize the need for costly manual intervention[7-8].  

The primary objective of the research presented in this paper is to develop an effective 

approach for analog layout optimization using AI/ML. The proposed approach leverages AI 

and ML algorithms to automate key aspects of the analog layout design process, including 

component placement, routing, and performance optimization. By doing so, it aims to address 

the following key research goals Speed and Efficiency: Accelerate the analog layout design 

process, reducing time-to-market for new ICs, and increasing the productivity of design 

teams. Optimized Performance: Improve the performance of analog circuits by allowing 

AI/ML algorithms to explore design spaces that may be challenging for manual designers to 

navigate. Cost Reduction: Minimize the costs associated with manual design iterations and 

potential errors, which can be financially burdensome in semiconductor manufacturing. 

Design Consistency: Achieve a higher level of design consistency and reliability by 

automating routine design tasks and reducing human bias. Scalability: Develop a scalable 

approach that can adapt to the growing complexity of modern analog circuits and evolving 

design requirements. 

This paper aims to present a comprehensive overview of the proposed AI/ML 

approach for analog layout optimization, detailing the methodologies, tools, and case studies 

that demonstrate its effectiveness. Through a blend of theoretical discussions, practical 

applications, and empirical evidence, this research seeks to showcase the immense potential 

of AI and ML in revolutionizing the field of analog integrated circuit design. This work will 

give  thorough understanding of the impact and implications of this innovative approach, 

positioning them at the forefront of the evolving landscape of semiconductor technology[9]. 
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The application of Artificial Intelligence (AI) and Machine Learning (ML) techniques 

in analog layout optimization represents a promising frontier in semiconductor design[10]. 

This literature review explores the existing body of knowledge on this subject, providing 

insights into the current state of research, challenges, and the potential of AI/ML to 

revolutionize analog integrated circuit (IC) design. Traditionally, analog IC layout design has 

been a labor-intensive and iterative process, relying on the expertise and intuition of skilled 

designers. The complexity of analog circuits, coupled with stringent design requirements, 

often made this approach time-consuming and costly. However, as AI and ML technologies 

have matured, there has been a shift toward automating and optimizing various aspects of 

semiconductor design, including layout. 

The challenges in analog layout optimization are well-documented. Analog circuits 

are highly sensitive to layout changes, and the quality of the layout directly impacts circuit 

performance, power consumption, and area. Manual layout design is not only time-

consuming but also prone to human errors and inconsistencies, which can be costly to rectify 

during the fabrication stage. Hence, there is a pressing need for more efficient and automated 

methods. AI and ML techniques offer the potential to address these challenges effectively. 

They can automate component placement, routing, and optimization tasks, significantly 

reducing design time and improving performance[11]. The use of AI/ML in analog layout 

optimization is a multidisciplinary effort, involving concepts from computer science, 

electrical engineering, and semiconductor physics. Researchers have made notable progress 

in this field, utilizing various machine learning algorithms to tackle specific aspects of layout 

design. AI/ML approaches have been used to optimize component placement in analog 

layouts. These methods consider various factors, including signal propagation delay, 

parasitics, and power consumption, to arrive at an optimal component placement. 

Reinforcement learning, genetic algorithms, and neural networks have been employed to 

explore design spaces and find better layouts. 

Routing[12] is another critical aspect of layout design. Machine learning algorithms 

have been used to automate the routing process, considering constraints such as signal 

integrity, area, and power. This automated routing can reduce design iterations and improve 

circuit reliability[4]. AI/ML techniques have been applied to optimize the performance of 

analog circuits. These approaches can explore a vast design space, identifying design 

configurations that may be challenging for human designers to discover. This can lead to 

circuits with improved power efficiency, reduced noise, and enhanced performance 

characteristics. Researchers have also developed specialized tools and software platforms that 

integrate AI/ML into the analog layout design process. These tools aim to streamline the 

design flow, making AI/ML-based optimization accessible to designers without extensive 

machine learning expertise. Despite the promise of AI/ML in analog layout optimization[13-

14], several challenges remain. These include the need for large labeled datasets, the 

interpretability of machine-learned layouts, and the integration of AI/ML into the existing 

design ecosystem. The field is rapidly evolving, with ongoing research focused on addressing 

these challenges and expanding the scope of AI/ML in analog IC design[15]. The application 

of AI and ML in analog layout optimization represents a transformative approach to 

semiconductor design. It offers the potential to significantly reduce design time, enhance 

performance, and reduce costs. As researchers continue to explore and innovate in this field, 

it is evident that AI/ML will play an increasingly critical role in the development of next-

generation analog integrated circuits, shaping the future of the semiconductor industry. 
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II. Methodology: 
 

In our pursuit of effective analog layout optimization, we initiated the methodology by 

acquiring representative phase-locked loop (PLL) layout designed at the 45nm technology 

node. These layouts implemented using the Cadence design tools, were then transformed into 

PNG images to serve as our core data input. Within the preprocessing phase, we harnessed 

the capabilities of the OpenCV library, which enabled us to transform the PNG images into a 

suitable format for subsequent color recognition and quantification, facilitating an in-depth 

analysis of the layout's color distribution. This innovation resides in the meticulous 

recognition and quantification of colors present in the layout image. Analog layouts employ 

diverse colors to signify distinct components, such as transistors, wiring, and other elements, 

often designated for specific layers like poly, metal1, metal2, and oxide[16]. Through the 

development of Python code, we devised an algorithm capable of accurately identifying and 

quantifying the percentage of each color within the layout image. This involved applying 

segmentation and pattern recognition techniques to pinpoint color regions corresponding to 

specific layout components. The calculated percentages of each color provide invaluable 

insights into the distribution of these components. Utilizing Black Color for Empty Space 

Optimization: With a primary focus on color percentages, our attention gravitated toward the 

presence of black within the layout images. In our context, black symbolizes the empty 

spaces within the layout, indicating areas devoid of layout components[17-18]. The 

quantification of black color percentages served as a precise measure of the unused or 

'hidden' space within the layout. 

The percentage of black color, which represents the empty space, stands as a critical 

indicator for optimizing the area of analog layout circuits. This knowledge proves 

instrumental in identifying regions where circuit components are thinly spread or 

underutilized. Armed with this data, we are positioned to propose optimization strategies that 

make more efficient use of the available layout space, ultimately enhancing the layout's 

overall efficiency. The proposed methodology harnesses computer vision and color 

recognition techniques to quantify color percentages within analog layout image. Our 

emphasis on black color percentages guides us in identifying underutilized areas, leading to 

the proposal of layout optimization strategies aimed at improving the efficiency and area 

utilization of analog integrated circuits. Through case studies and validation, we underscore 

the practical applicability of our approach for optimizing analog layout circuits, promising 

enhanced resource allocation and data-driven decision-making for improved layouts[19]. 

 

III. Simulation results: 
 

The layout of PLL circuit implemented is shown in Figure 2 is processed in proposed 

algorithm for identification of unused area in the layout. 
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Figure 2. PLL Layout 

The openCV analysis identified the different colours in the analog layout. The pie chart 

shown in Figure 3, that a large percentage of the layout was black, which means that there 

was a lot of unused space. The results of the openCV analysis can be used to improve the 

efficiency of the PLL layout by rearranging the modules to make better use of the space. 

 

                                  Figure 3.Pie chart analysis of analog layout.  

This analysis from Table 1 suggests that openCV can be a useful tool for improving the 

efficiency of analog layout area. By identifying areas of unused space, openCV can help 

designers to make better use of the available resources. This can lead to smaller and more 

efficient layouts compared to existing techniques[19,20], which can save time and money in 

the design process. 
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Table 1. Percentage of utilization in layout 

  Colour number        Colour       component          percentage 

1 Yellow     N-implant     1.5% 

2 Light purple     Via     0.3% 

3 Green     Polysilicon     5.3% 

4 Red     Metal2     9.7% 

5 Purple     N-well     0.9% 

6 Black      Unused place     77.5% 

7 Blue     Metal1     4.9% 

 

IV. Conclusion: 

The use of AI and ML techniques in analog layout has the potential to improve the efficiency 

and performance of the design process. Pattern matching and design enhancement are two 

promising techniques that can be used to automate the design process and to improve the 

performance of existing designs. A new technique that integrates openCV with VLSI analog 

layout has also been proposed. This technique has the potential to overcome some of the 

limitations of PM and design enhancement, and it is currently being evaluated on a variety of 

analog layouts. 
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