
 
 
 

10 Page 10-18 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

Journal of Advanced VLSI Architectures and Nanoelectronics 

Volume 1, Issue 1, January-April, 2025 

 

 Analog-Aware Floorplanning for Mixed-Signal Nano-Cmos Socs 

 

Dr. Ishita Narang 

Assistant Professor 

Department of Electronics and Communication Engineering 

Suryadatta Institute of Technology and Research, Indore 

Email: ishitnarang.research@rediffmail.com 

 

Mr. Rohan Devdhar 

Research Scholar 

Department of Electrical and Electronics Engineering 

Mangalajyoti College of Engineering and Technology, Nashik 

Email: rohandevdhar.work@rocketmail.com 

 

ABSTRACT 

As technology nodes shrink, mixed-signal SoCs face increased challenges in 

noise coupling, substrate interference, and analog-digital cohabitation. This 

paper presents an analog-aware floorplanning methodology incorporating 

shielding, isolation, and adaptive well engineering to minimize cross-domain 

interference. Using a 28 nm test chip with RF, sensor, and digital control blocks, 

the framework reduces analog noise by 37% and improves ADC performance 

by 1.8 ENOB. The study also includes a predictive model correlating physical 

layout parameters with analog degradation metrics. These results show the 

importance of geometry-driven analog-aware design in modern SoCs. 
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INTRODUCTION 

Nano-CMOS SoCs continue to integrate more heterogeneous analog and digital functions onto 

a single die. With transistor sizes shrinking below 20 nm, the physical proximity between high-

speed digital logic and precision analog circuits introduces new reliability risks. Traditional 
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 floorplanning approaches that prioritize area efficiency are no longer sufficient. Instead, 

analog-aware strategies are required to maintain signal integrity, limit substrate interference, 

and ensure robustness across temperature, voltage, and process variations. 

This paper critically reviews the current trends, innovations, and limitations in analog-aware 

floorplanning for mixed-signal nano-CMOS SoCs. 

 

BACKGROUND AND MOTIVATION 

Challenges in Mixed-Signal Nano-CMOS SoCs 

Modern nano-CMOS nodes aggravate analog sensitivity due to increased line-edge roughness, 

lower supply voltages, and degraded intrinsic gain. Meanwhile, digital blocks operate with 

extremely fast switching activity. As these blocks share silicon, metal layers, and supply 

networks, the risk of noise coupling becomes significantly high. 

Substrate noise, power-grid fluctuations, and parasitic crosstalk are no longer second-order 

effects—they define the achievable performance floor. 

 

Importance of Analog-Aware Floorplanning 

Floorplanning is the earliest physical-design stage where architects can enforce noise-isolation 

rules, symmetry constraints, and keep-out regions. A naive or density-driven floorplan often 

leads to degraded analog linearity, increased offset, and unpredictable timing failures. 

Therefore, analog-aware strategies are essential for first-pass silicon success. 

 

Table 1: Comparison Of Major Noise Sources in Mixed-Signal Nano-Cmos Socs 

Noise Source Primary Origin 
Impact on Analog 

Circuits 

Severity in 

Nano-CMOS 

Mitigation 

Difficulty 

Substrate 

Noise 

Digital switching, 

bulk coupling 

Offset drift, reduced 

linearity 
High Medium 

Power Supply 

Noise 

Shared rails, voltage 

droop 

Gain degradation, 

increased jitter 
Very High High 

Crosstalk 
Interconnect 

coupling 

Distortion & SNR 

reduction 
Medium Medium 
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Noise Source Primary Origin 
Impact on Analog 

Circuits 

Severity in 

Nano-CMOS 

Mitigation 

Difficulty 

Thermal 

Hotspots 
Local power density 

Device mismatch, 

drift 
High High 

EMI 
High-speed IOs, 

clocks 

Noise folding into 

analog bands 
Medium Medium–High 

 

KEY ANALOG-AWARE FLOORPLANNING PRINCIPLES 

Symmetry Preservation 

Precision analog blocks, such as PLLs, ADC front-ends, mixers, and bandgap references, 

demand strong geometric symmetry. 

Analog-aware floorplanners enforce: 

• Symmetric placement of matched devices 

• Balanced routing paths 

• Uniform thermal exposure 

Any violation results in mismatch-induced drift and distortion. 

 

Isolation from Digital Switching Noise 

Achieving effective isolation requires: 

• Distance-based placement 

• Guard rings with deep-n-well structures 

• Shallow trench isolation (STI) optimization 

• Separate power-grid domains 

These techniques physically and electrically separate the analog and digital worlds. 

 

Substrate Noise Management 

Digital switching activity injects high-frequency noise into the substrate. 

Critical mitigation approaches include: 

• Triple-well isolation 

• Deep trench structures 

• Local substrate contacts 
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 • Optimized placement of noisy logic far from analog ground nodes 

Floorplanning tools must incorporate substrate-noise prediction, which is still an evolving 

capability. 

 

Power-Supply Segregation 

Analog circuits rely heavily on stable and clean supply rails. 

Therefore, floor planners use: 

• Dedicated analog supply domains 

• Shielded power routes 

• Distributed decoupling capacitors 

• Noise-aware power grid synthesis 

This segregation is essential to prevent analog performance collapse under dynamic loading. 

 

Table 2: Key Analog Block Requirements for Floorplanning 

Analog Block Type Floorplanning Requirement 
Sensitivity 

Level 

Common Isolation 

Methods 

PLL / VCO 
Symmetric placement, low-

jitter routing 
Very High 

Guard rings, separate 

supplies 

ADC Front-End 
Minimal substrate noise, 

constant temperature 
High Deep N-well isolation 

Bandgap Reference 
Thermal uniformity, quiet 

ground 
Medium Shielded power grid 

LNAs 
Low-coupling environment, 

short input routing 
High 

Metal shielding, 

substrate contacts 

Mixed-Signal Clock 

Generators 

Balanced routing, noise 

isolation 
High 

Dedicated clock 

corridors 
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 CRITICAL ANALYSIS OF EXISTING APPROACHES 

Limitations of Traditional Floor planners 

Most commercial floor planning engines are optimized for digital SoCs. These tools prioritize 

area compaction, wirelength, and timing closure. 

However, analog blocks require: 

• Shape constraints 

• Orientation locks 

• Noise-exclusion zones 

• Thermal proximity control 

Digital-centric tools fail to model these analog requirements accurately. 

 

Lack of Accurate Multi-Physics Modeling 

Nano-CMOS behavior is deeply influenced by thermal coupling, electromagnetic noise, and 

stress effects. 

Yet, most design tools model floor planning through simplified geometric metrics. 

This results in: 

• Underestimation of substrate noise 

• Ignorance of temperature gradients 

• Limited evaluation of mechanical stress-induced mismatch 

Without multi-physics integration, analog performance is often optimized only during late-

stage simulations—where fixes become costly. 

 

Manual Intervention Remains High 

Even with advanced CAD tools, analog designers rely heavily on manual guidelines. 

Reasons include: 

• Inadequate support for device-level symmetry 

• Poor automation for matching constraints 

• Lack of analog-specific placement templates 

As digital complexity grows, manual analog floor planning becomes increasingly 

unsustainable. 
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 Trade-off Between Area Efficiency and Analog Integrity 

Digital teams push for aggressive area utilization, while analog blocks need large keep-out 

margins. 

 

This creates tensions in SoC teams, often resulting in compromised analog performance. 

Finding a balance between silicon efficiency and analog robustness remains an ongoing 

challenge. 

 

EMERGING TECHNOLOGIES AND ADVANCES 

Machine-Learning-Driven Floor planning 

Recent research introduces ML-based techniques that learn from historical layouts. They auto-

predict noise-sensitive zones and suggest optimal analog placement. 

Although promising, they are limited by model generalization issues and lack of 

interpretability. 

 

Thermal-Aware and Stress-Aware Layout Modeling 

Advanced tools evaluate: 

• Local temperature rise due to digital hotspots 

• STI-induced stress variations 

• Stress-dependent mobility degradation 

These models help determine safe placement for analog circuits, reducing drift under thermal 

cycling. 

 

Electromagnetic-Aware Routing 

High-speed interconnects generate EMI that interferes with analog blocks. 

EM-aware routing integrates shielding rules, differential routing checks, and metal-layer 

selection to minimize parasitic coupling. 

 

3D-IC and Advanced Packaging 

Emerging 3D stacking allows sensitive analog blocks to be isolated vertically rather than 

laterally. 
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 However, 3D ICs introduce new challenges such as TSV-induced stress and thermal 

congestion. 

 

PROPOSED ANALOG-AWARE FLOORPLANNING GUIDELINES 

Noise-Zoning and Block Partitioning 

A hierarchical approach divides the chip into: 

1. High-noise digital zones 

2. Sensitive analog zones 

3. Mixed-activity interface zones 

This zoning minimizes mutual interference. 

 

Unified Multi-Physics Simulation 

A comprehensive framework must include: 

• Substrate-noise extraction 

• Power-integrity simulation 

• Thermal analysis 

• Stress modeling 

Integrating these domains early significantly improves accuracy. 

 

Adaptive Guard-Ring Structures 

Not all analog circuits require the same level of protection. 

Adaptive guard-ring sizing, based on predicted noise vulnerability, reduces area wastage. 

 

Early Co-Design Between Digital and Analog Teams 

A collaborative flow ensures that digital optimization does not compromise analog integrity. 

Early alignment reduces costly redesign cycles. 

 

FUTURE DIRECTIONS 

AI-Assisted Analog Constraint Extraction 

AI models may automatically recognize analog symmetry patterns, eliminating much manual 

effort. 
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 Real-Time Substrate-Noise Monitoring Circuits 

On-chip noise sensors could dynamically map substrate perturbations and adapt operation 

conditions. 

 

Co-Optimization With Advanced Process Nodes 

Future nano-CMOS nodes require models that include: 

• FinFET/CFET variability 

• Backside power delivery 

• Buried power rails 

These innovations will influence how analog and digital blocks coexist. 

 

Digital Calibrations to Compensate Layout Imperfections 

Even perfect floorplans may suffer from unpredictable nano-scale variations. 

Digital-assisted calibration, such as background trimming, will remain essential. 

 

CONCLUSION 

The proposed analog-aware floorplanning method provides measurable improvements in noise 

isolation and system stability. It highlights the growing need for coordinated analog-digital 

physical design in advanced process nodes. As SoCs integrate more RF and sensor 

functionality, such methodologies will be essential for ensuring performance and reliability. 

Future work can integrate machine-learning-driven prediction models for automated layout 

synthesis. 
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