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Raul Stavoli manages SI/PI analysis and design of high-speed interconnects spanning 

chip, package, board, and cable assemblies at Rosenberger North America. He holds a 

Bachelor of Science in Electrical Engineering from San Francisco State University (2014). 

Prior to RosenbergerNA, Raul led the SI/PI Applications Engineering team at Cadence 

Design Systems supporting hyperscaler and data center customers. These applications 

require high-speed serial links, power delivery networks (PDN), and system-level co-

simulation workflows. In RosenbergerNA, he is responsible for the design and validation 

of high-speed digital and RF interconnect solutions for automated test equipment (ATE), 

data center, and aerospace/defense applications. 
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▪ Manufacturing & Simulation Production Workflows

o 3D Field Solver

o Machine Learning/ AI Optimization Engine

▪ Test Fixture Design for 448 GB/s 

o RF Interconnect Modeling & Validation

o Precision Connectors

o Test Fixture Validation & Review

Outline
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High-Level Signal Integrity Workflow
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Outline
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▪ Production Facilities (Factory)

o Manufacturing processes, tooling, fixtures, raw materials, 

components, etc.  

o Operator independent processes improve yield and deliver 

consistency/quality. 

▪ Manufacturing Process & Workflows

o Key Pillars:

o Manufacturing/Mechanical Engineering, Product Design, 

standardization and controlled implementation of a process

o Successful Deployment == cost control, predictability & stability 

▪ Same Concepts apply to Signal Integrity Production 

Workflow 

Manufacturing vs. Simulation Production Workflows
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▪ Signal Integrity Production flow also requires tooling, 

fixtures to achieve consistency, scale, etc. 

▪ Signal Integrity Tooling/ Fixture Design

o Parametric Model of the interconnect and any mating assemblies 

(cable, PCB, other interconnect)

o A parametric model is an abstract model than enables the rapid 

modification of geometry. 

o 3D Field Solver (accurate and reasonable runtime)

o Validation of extracted performance vs. the target specification. 

o Consistent Material library, extraction settings (excitations, 

boundary conditions, etc.) and database of simulated data 

(SParameters)

▪ Artificial Intelligence/ Machine Learning (AI/ML)

o Enables operator independent basic signal integrity production 

workflows 

o Limited/Constrained Solutions Space

Manufacturing vs. Simulation Production Workflows
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Creating a SI “Tooling/Fixture” Design
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▪ RNA Model Databases (to be consumed by field solver)

o Layout Databases: Allegro (.brd or ODB++)

o Mechanical CAD: Creo, some solid works

▪ Model setup time  = sum of (the translation time, model editing, 

material assignment, excitations, boundary conditions, etc.) 

o The goal is to: 1) minimize setup mistakes, 2) minimize Model setup time and 

3) build the foundation for automation

▪ Reporting time = documenting the 3D model, simulation setup, 

field plots, 2D graphs and analysis/feedback. 

o The goal is to: 1) minimize the time to document the model in the EDA tool. 

Capture excitations, images and results with some semi-automation.  

▪ Database management: possible to leverage field solvers in layout 

tools? Or pass parametric properties to layouts? Show results in 

layout tool? Essentially any connections between EDA tool and our 

layout/modeling tools? 

Evaluating EDA Tools & Workflows
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▪ Manufacturing & Simulation Production Workflows

o 3D Field Solver

o Machine Learning/ AI Optimization Engine

▪ Test Fixture Design for 448 GB/s 

o RF Interconnect Modeling & Validation

o Precision Connectors

o Test Fixture Validation & Review

Outline
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3D and 2.5D Field Solvers
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▪ Goal: Minimize the runtime while 

ensuring 3D solver accuracy. 

▪ Application: 110 GHz 

Interconnect Design

▪ Parametric models were run with 

the same settings, material 

properties, and general 

simulation settings. 

▪ Extracted results show very 

similar results. 

▪ Primary difference is EDA Solver 

A’s runtime per frequency point is 

nearly twice as fast as Solver B. 

Benchmarking 3D FEM Solver
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Benchmarking 3D FEM Solver
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Benchmarking 3D FEM Solver
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TDR Rise Time 

Comparison

10 ps (35 Ghz)

7 ps (50 Ghz)

5 ps (70 Ghz)

3.1 ps (110 Ghz)
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Outline
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Machine Learning & “AI” Engines
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▪ AI / ML Engine: Bayesian Optimization

o Step # 1: Create a Parametric Model or Parameterize Upon Import, which enables the use of:

• 1) Machine learning and AI algorithms (geometry can be changed on the fly)

• 2) Optimization, Sensitivity Analysis, Robustness Correlation flow (Extract Dk and Df)

o Challenges: 

• Need to properly define the variable constraints to ensure manufacturable outcomes.

• Convergence of the ML/AI engine due to a large sparse solution space. 

• Time to create parametric model 

▪ Once ML/AI engine, parametric model and optimization parameters are defined this can be considered 

simulation “tooling”

o new Stackup and requirements are fed as inputs to the parametric model, kicking off the optimization workflow

o When a new interconnect is placed on the parameteric model and optimization parameters are re-defined a new set of 

“simulation tooling” has been created. 

▪ Each simulation to 110 Ghz takes ~ 40minutes to 1 hour. Efficient use of resources is essential to “mine” 

and identify the right geometric changes to optimize performance. 

Machine Learning & “AI” Engines
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▪ Manufacturing & Simulation Production Workflows

o 3D Field Solver

o Machine Learning/ AI Optimization Engine

▪ Test Fixture Design for 448 GB/s 

o RF Interconnect Modeling & Validation

o Precision Connectors

o Test Fixture Validation & Review

Outline
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Application: 448 GB/s Interconnect Design
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RF Vertical Launch Interconnect: Bandwidth DC- 110GHz



RF Vertical Launch Interconnect: Bandwidth DC- 110GHz
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Interconnect Correlation (Measurement vs. Simulation)



Interconnect Correlation (Measurement vs. DeEmbeded 1x Open, 

DeEmbedded 1x Short, Simulation)



▪ Manufacturing & Simulation Production Workflows

o 3D Field Solver

o Machine Learning/ AI Optimization Engine

▪ Test Fixture Design for 448 GB/s 

o RF Interconnect Modeling & Validation

o Precision Connectors

o Test Fixture Validation & Review

Outline
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Precision Connectors for 110 Ghz, VL
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Precision Connectors for 110 Ghz , VL

Best Optimizations

10, 28, 38(IL)



▪ Cadence Optimality AI/ML engine ran a parametric model 

with a target insertion/return loss spec line. The best 

manufacturable results for each pad diameter. (below)

▪ Going to a smaller signal pad improves the performance 

but reduces testing consistency (registration). 

▪ Reflections still increase above ~90 Ghz despite the 

smaller signal pad and other optimizations. 

Precision Connectors for 110 Ghz , VL
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Precision Connectors for 110 Ghz , VL
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Precision Connectors for 110 Ghz , EL
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• Optimized Footprint (IL/RL) cascaded with:

•  1inch and 1.5inch traces. 

• Signal Pad Diameter: 12 mil / 0.3048mm

Precision Connectors for 110 Ghz , Summary
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Interconnect 110 GHz Test Board Design
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▪ Manufacturing & Simulation Production Workflows

o 3D Field Solver

o Machine Learning/ AI Optimization Engine

▪ Test Fixture Design for 448 GB/s 

o RF Interconnect Modeling & Validation

o Precision Connectors

o Test Fixture Validation & Review

Outline
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Interconnect 110 GHz Test Board Design, Final Results
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Interconnect 110 GHz Test Board Design, Final Results, VL
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Full Measurement

Full Measurement, All Channels

De-Embedded w/ 2x Thru



Interconnect 110 GHz Test Board Design, Final Results, EL
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Full Measurement

Full Measurement, All Channels

De-Embedded w/ 2x Thru



▪ Signal Integrity Production flow also requires tooling, 

fixtures to achieve consistency, scale, etc. 

▪ Signal Integrity Tooling/ Fixture Design

o Parametric Model of the interconnect and any mating assemblies 

(cable, PCB, other interconnect)

o A parametric model is an abstract model than enables the rapid 

modification of geometry. 

o 3D Field Solver (accurate and reasonable runtime)

o Validation of extracted performance vs. the target specification. 

o Consistent Material library, extraction settings (excitations, 

boundary conditions, etc.) and database of simulated data 

(SParameters)

▪ Artificial Intelligence/ Machine Learning (AI/ML)

o Enables operator independent basic signal integrity production 

workflows 

o Limited/Constrained Solutions Space

o Scaling of Engineering Resources

Summary
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—

QUESTIONS?

Thank you!

Raul Stavoli

Senior Principal SIPI Engineer, RosenbergerNA

Raul.stavoli@Rosenbergerna.com | https://rna.rosenberger.com/
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