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What is Jitter?

• Hi Frequency deviation from the ideal timing of an event.  Jitter 
is a period / frequency displacement of a signal from its ideal 
location.  

• These displacements  can occur in amplitude, phase, pulse 
width, and are generally categorized as either deterministic, or
random in nature.
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“Signal Integrity”

“As Clock & Data speeds approach the gigaHertz 
and gigabit rates, how does the IC manufacturer 

guarantee 1 year of error free operation to NCITS 
specifications . . . In a 1 second test?”

What’s at stake . . . “Interoperability”
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“Peak to Peak” is not adequate. . .

• It’s impossible to know if you’ve measured 
the worse case timing uncertainty for an 
event, Consequently. . . 

• It’s necessary to characterize the jitter 
characteristics of the events in question and 
separate the Deterministic and Gaussian 
components to derive a “Clock or Data Error 
Rate” from the “Probability Density 
Function” of the parameter your measuring. 
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“Signal Integrity”
(from Fibre Channel Specification)
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Signal Integrity breakdown
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Total Jitter is made up of various components. . . 

• Deterministic components. . . Bounded jitter
– Periodic jitter (Pj)
– Duty cycle distortion (DCD)
– Data dependent jitter (DDj)
– Inter symbol interference (ISI)
– Bounded uncorrelated jitter (Buj)

• Random component (rmsj). . . Unbounded jitter
– Gaussian component is the long term failure mechanism.
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Jitter Analysis

• Jitter
• Jitter Tolerance ( Receiver)
• Jitter Generation ( Xsmitter)
• Jitter Transfer (Xmit/Rcv )
• Correlated 
• Duty Cycle Distortion Jitter
• Data Dependent Jitter
• Non Correlated Jitter (Rndm)
• I / O Jitter

• Period Jitter
• Cycle to Cycle Jitter
• Long Term ( Accumulated )
• Low Frequency Jitter
• Jitter Modulation
• High Frequency Jitter
• Jitter Spectrum
• Bit Error Ratio ( BER )
• Eye Diagram
• Intersymbol Interference ( ISI )
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Short cycle + Skew. . . 
• Short cycle + path skew in one measurement
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How to measure Period + skew. . . 
• Because of the different PLL transfer functions it is necessary to 

differentially measure the instantaneous time between the CPU clock 
input and the DIMM PLL clock output. . . 
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Clock to Data Jitter. . .  
• Because the DIMM Data has a transfer function which is different than 

the CPU clocks PLL transfer function, it is necessary to measure the 
actual clock to data setup and hold times. . .
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“By characterizing the JITTER components you can 
accurately estimate the long term reliability of any 

signal .”  (Reference ANSI . . . MJS document.)
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Applying PDF to results. . . 

• Generate Total Jitter specifications based on a specified 
“Probability of Failure” value. . . 10e-12 for example.  This 
approach eliminates inherent errors of Pk-Pk specifications.

• The simplified formula for Total Jitter:
– Tj is equal to Dj + (rmsj * sigma).  Conservative estimate.
– The probability density function of the measured distribution gives 

a more accurate estimate of the failure rate.
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PLL specifications

• PLL loop transfer function
• PLL damping factor & natural frequency (or 

loop bandwidth)
• PLL jitter transfer (external jitter effects)
• PLL Jitter Tolerance
• PLL jitter generation (internal jitter effects)
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PLL Response. . . 
• Loop transfer function. . . 
• Damping factor and natural frequency (or loop bandwidth)
• To guarantee minimal jitter transfer when cascading PLL’s
• To guarantee repeatable jitter generation or RJ specifications.
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PLL Response. . . 
• Loop transfer function. . . With spread spectrum. . . 
• Damping factor and natural frequency (or loop bandwidth)
• To guarantee minimal jitter transfer when cascading PLL’s
• To accurately measure spread spectrum modulation 

contribution to short cycle specifications.
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PLL Response. . . 
• Loop transfer function. . . 
• Damping factor and natural frequency (or loop bandwidth)
• To guarantee minimal jitter transfer when cascading PLL’s
• To account for Mother Board layout and noise problems.
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PLL Response. . . 
• Loop transfer function. . . 
• Damping factor and natural frequency (or loop bandwidth)
• To guarantee minimal jitter generation when cascading PLL’s
• The main jitter contributor here is the PLL’s charge pump.
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Jitter Tolerance
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The next step to higher speeds. . .

• Adopt the NCITS pdf model for total timing 
uncertainty (TJ) for all specifications in place of the 
current pk-pk nomenclature.

• Add “Period + Skew” measurement criteria to 
EIA/JESD65 specifications.

• Add “Data to Clock” measurement criteria to 
EIA/JESD65 specifications.

• Add PLL response specifications to EIA/JESD65 
specifications.
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