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Å¢ƘŜ ŘƛŦŦŜǊŜƴǘƛŀƭ ǾƻƭǘŀƎŜΣ ǘƘŜ άŜȅŜέ ƛƴ ǘƘŜ ŜȅŜ 
diagram is shrinking as clock and bus 
frequencies increase

Undistorted eye diagram of  band limited  

signal

eye diagram of signal with  amplitude 

(noise) and phase (timing) errors

From  ñAnalyzing Signals Using the Eye Diagramò 

November 2005 High Frequency Electronics
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Little data exist on relationship of PWBA hardware variations and 
effects on signal integrity and software failures at

Affects in data transmission that were 2nd or 3rd order in previous 
designs begin to dominate as bus speeds increase

ïNot a big deal before, become a big deal in SI

ïMany new variables that are difficult to model correctly 

ï5ŜŎǊŜŀǎŜ ƛƴ L/ ƳŜǘŀƭƭƛȊŀǘƛƻƴ ŀƴ ƘƛƎƘŜǊ ŦǊŜǉǳŜƴŎȅΩǎ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ 
higher sensitivity to fabrication variations



Accelerated Stress Testing and Reliability 
Conference

No Fault Found (NFF) Field Returns

4

Many causes for warranty 
returns that are NFF 

Some Intermittent failures 
due to low SI margin 

Signal Integrity operational 
margin due to voltage, board 
impedance, crosstalk, noise,  
etc
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Many companies do not 
ŎƻƴǎƛŘŜǊ ƛǘ ŀ άŦŀƛƭǳǊŜέ

Åno root cause investigation 

Åmay be returned to field or as 
a replacement part for repair 
depot

ÅMarginal operation may be 
less in another system ςEx. 
graphics cards, or DIMMs 
(DRAM memory)
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SI  operational issues may significantly contribute 
to NFF 

Very difficult to observe in the field and on a test 
bench

ïMay take hundreds of operational cycles to observe

ïMarginality may only occur in the stack up of a 
specific whole system hardware

ïbCC ǿƘŜƴ ǘŜǎǘŜŘ ƻƴ ōŜƴŎƘ ƻǊ ƛƴ ǘƘŜ άƎƻƭŘŜƴέ  ǎȅǎǘŜƳ 
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ÅThermal Stress is very useful for stimulation of 
timing variations ςBoth high and Low
temperature limits

ïHigh temperature ςlower speed

ïLow temperature ςhigher speed
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Measured low-to-high propagation delay versus case 
temperature in Fairchild Octal buffer MM74HC244N 
(rated for -40 to 85C)

Referenced From L. Condra, D. Das, N. Pendse, and M. Pecht ñJunction Temperature Considerations in Evaluating Electronic Parts for Use 

Outside Manufacturers-Specified Temperature Rangesò IEEE Transactions on Components and Packaging Technologies, Vol. 21, No. 4, pp 721-

728, Dec. 2001 
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Thermal stress provides stimulation 

of  signal propagation variation

?
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Predicting the Future variations 
ÅHow much propagation variation die to die, and 

lot to lot?
ÅHow close to the specified maximum delay?
ÅHow will variation impact operational reliability in 

each in-circuit application of the component?  

??


