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Example Micro-Processor and Environment
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Die Communication Trends

• Chip designs are getting more challenging 
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Objective

• High volume production final test
• 5 nm Automotive product
• Lidded Flip Chip BGA
• Multiple high speed off chip communication protocols
• Significant digital content
• Hundreds of IO
• Approximately 1000 contacts
• PCIe 4.0
• LPDDR4X
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• Quantify and compare key aspects of socket performance in 
a highspeed digital application
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Socket Technology Early Life Cycle
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SIGNAL INTEGRITY (SI)
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Loopback Test Transmission Line

• Models needed for each component
• Interfaces and random effects are neglected
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Consumer

Socket Development
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• Collaborative and iterative cycle
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Measured Signal Integrity

• VNA values include loadboard effects
• Impedance is socket observed within the system
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Measurement Based Data Eye Simulation
• Integrate VNA 

measurements 
with silicon 
models

• Approximate 
data eye by 
socket type
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Eye approximation for different socket technologies
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ATE SOCKET VALIDATION
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Solder Ball Deformation
• Some sockets 

deform solder 
balls

• Hot and cold 
behave 
differently
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ICOS analysis of spheres before and after 7 inserts



Continuity
• Clear difference in 

socket performance
• Temperature effect 

not always consistent

• ~900 devices tested
• Some cells aborted early
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Socket Type
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Thermal Performance

• Socket design impacts thermal performance
• Same handler settings used for all sockets
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ATE Data Eye Characterization
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• Similar test conditions different socket technologies
• Data eye amplitude is clipped by CZ routine
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PCIe Data Eye Area
• Socket effect is 

slightly larger 
than die variation

• Plenty of margin 
with most designs
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PCIe Data Eye Area
• Socket effect is 

slightly larger 
than die variation

• Plenty of margin 
with most designs
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SOCKET CERTIFICATION
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Life Test

• Good sockets may not last
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PCIe Data Eye by Socket Usage

• Eye area trends 
smaller

• Variance trends 
larger
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Summary of Findings

• Socket integration to loadboard degraded SI
• Test hardware measurably affected data eye
• Test conditions measurably affected data eye
• Data eye often correlated to mechanical performance
• Socket design affects thermal performance
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Actual ATE PCIe Data Eye Examples
• Same silicon

• Same Scale

• Different test 
conditions
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PLC Effect on Data Eye

• PLC settings affect eye statistics differently
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Example Data Eye Prediction
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Example Data Eye Prediction
• Bench eye 

prediction is 
encouraging
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Conclusions

• Team precisely measured socket performance
• Test methods and socket design can improve SI robustness 
• Early joint SI development with vendors led to successful 

sockets
• Comprehensive socket evaluations expose specific 

improvement opportunities
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