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Overview

– Understanding Jitter
– Clock Cleaning Applications
– A/D Clocking Applications
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The Jitter Family Tree
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Presenter
Presentation Notes
There are basically two kinds of jitter, deterministic and random.

Deterministic jitter is expressed in a peak to peak sense and does not vary over time.  For instance, if one was to do a divide by 3 and get a 33.3% duty cycle.  Supposed the desired duty cycle was 50%.  Then this duty cycle error would be the same for every cycle;  it does not depend on how many measurements one takes.  Deterministic jitter is typically measured with oscilloscopes.

Random jitter is typically expressed in an RMS sense.   It can be calculated from phase noise, but there is an application-specific integration bandwidth involved.  The RMS jitter is the standard deviation of this jitter;  if one waits long enough, it can be arbitrarily large.  To convert from RMS jitter to peak to peak jitter, one has to have some idea of how one can wait.  And in this case, it is more reasonable to give a bit error rate which corresponds to how may samples will fall outside a given limit.   This jitter is determined by phase noise, which is typically formed by thermal noise, shot noise, and flicker noise.

There is a large rift between the time domain people who use oscilloscopes and the frequency domain people who use spectrum analyzers that is caused by a misunderstanding between these jitter types.
Frequency integration limits seem foreign to those using oscilloscopes and because spectrum analyzers do not show phase information, it is harder to discern random and deterministic jitter with a spectrum analyzer.
It is true that deterministic jitter typically leads to spurs on the spectrum analyzer, but it is hard to translate these back to the time domain without the phase information.
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Gaussian Phase Noise Jitter
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Presenter
Presentation Notes
For a real signal that is not a pure sinusoid, the strongest power is concentrated at the center frequency, but there is also a continuum of frequencies at which the noise is concentrated.
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Frequency Domain
Jitter Measurement

Time Domain
Jitter Measurement

Measuring Phase Noise and Jitter
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τRMS = √

 
2∫Lφ(f)df

2πf0

f1
f2

f0
1.19 ns p-p

The trigger threshold is 
1 mV, so the histogram 
is offset from zero on 
the time axis

Even 40 GS oscilloscope is not recommended 
for measuring 316 fs of random jitter!

Presenter
Presentation Notes
RMS jitter can be derived from the phase noise spectrum by integrating the area under the phase noise PSD and scaling by 2f0.
Newer spectrum analyzers such as Agilent’s E4445A will directly calculate RMS jitter from the phase noise PSD.

Note that oscilloscopes aren’t up to the challenge of measuring low jitter!
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Jitter Integration Bandwidth
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Low End of Integration:Low End of Integration:
-- Carrier or Clock RecoveryCarrier or Clock Recovery
-- MultiMulti--Path or DopplerPath or Doppler
-- FFT or Frame LengthFFT or Frame Length

High End of Integration:High End of Integration:
-- ADC or DAC Input BandwidthADC or DAC Input Bandwidth
-- Channel BandwidthChannel Bandwidth

Presenter
Presentation Notes
When discussing jitter in an application, it is very important to know the limits of integration for the jitter value to have meaning.
The limits of integration need to be picked based on the application.
Jitter without limits is like saying a car goes from 0 to 60 mph.  -- compared to 0 to 60 mph in 2 seconds or 0 to 60 mpg in 40 seconds.
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Converting from peak to peak jitter to 
RMS jitter or vice-versa
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• Multiplier is how many 
standard deviations are 
included on a standard 
distribution

• (400 fs RMS) • (14.059)    
= 5.6 ps p-p jitter
– with 1 bit error in every 

1012 bits.
• (10 ps p-p jitter) / (15.883) 

= 630 fs RMS jitter
– with 1 bit error in every 

1015 bits.

BER Multiplier
1:104 7.438
1:106 9.507
1:109 11.996
1:1011 13.412
1:1012 14.069
1:1015 15.883

Presenter
Presentation Notes
Peak to peak – Margin in Eye Diagram for high speed communications.
Jitter PP < Setup & Hold time.

Converting between PP jitter and RMS jitter can be done with a multiper factor which accounts for a specific Bit Error Rate.
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Overview

– Understanding Jitter
– Clock Cleaning Applications
– A/D Clocking Applications
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Clock Cleaners

• Takes a dirty clock and a PLL with a narrow loop 
bandwidth to clean this up

• A PLL with a narrow loop bandwidth can be thought 
of as a tunable filter  with a very narrow passband
– How else could you filter noise at 10 kHz offset from a 400 

MHz carrier?
• VCO noise is important for this kind of appicatoin
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Narrow loop band width example
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SCAN25100 + LMK03000 Setup
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This example is taken from application note 1734
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Clock Cleaning Example with LMK03000
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Presenter
Presentation Notes
The red curve is the VCO noise and the 3 horizontal curves are the SCAN25100 recovered clock for 1,2, and 3 hops.

The loop bandwidth should be chosen somewhere close to where these curves cross the scaled VCO noise.  Typically, the loop bandwidth should be 1.2X this frequency for optimal jitter,
but sometimes for dirty clocks, just make it 1X if you are uncertain how much the dirty clock noise can change.
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SERDES – Recovered Clock Cleaning
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Presenter
Presentation Notes
Note that for the black curve, the phase noise of the SCAN25100 recovered clock can be greatly reduced at the higher offsets, which corresponds to reduced jitter.
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Overview

– Understanding Jitter
– Clock Cleaning Applications
– A/D Clocking Applications
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Distortion in a sampled waveform
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Presenter
Presentation Notes
Consider the three plots above.

The center plot represents a trapezoidal pulse (perhaps as captured on an oscilloscope).  It is a continuous waveform (i.e. for each position in time on the horizontal axis there is a corresponding voltage on the horizontal axis).  

The Black dots represent ideal sample points and these points are transposed to the plot on the top.  The original waveform can be determined by connecting the points.

Superimposed over the center plot are regions which represent a possible location of a sampling point if there is jitter on the sample clock.  While the top plot contains points which appear in the exact center of these regions, the actual sample point can appear randomly anywhere in the region.  Some possible sample points are show as red dots on the center plot.  These values are transposed to the plot on the bottom.  Notice the value recorded is not the correct voltage level because it is sampled at the incorrect location.  It is transposed to the point in time in which the sample was ideally to be taken (in the center of the sampling region).  This results in the signal being distorted as shown by the red trace on the bottom plot.
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Sampling is analogous to mixing

Presenter
Presentation Notes
Data converter clocking in the time domain is analogous to mixing and is equivalent to convolution in the frequency domain.  

Let’s take a closer look at what happens at the exact time that an input waveform is sampled.
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Sampling jitter
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Sampling jitter has two components:
1. Jitter on the sampling clock
2. Aperture jitter from the ADC.
Because they are uncorrelated, these 

jitters are combined as the root 
sum square:

Distribution of the sampled voltage value due 
to sampling jitter. 

22
CLKADC σ+σ=σ

Presenter
Presentation Notes
The plot shown above will be used to understand how the voltage error (noise) due to clock jitter is related to the frequency of the input signal 

The green, orange, and red lines represent portions of input signals with varying input frequencies.

The green waveform is DC (0Hz), the orange waveform in at frequency f, and the red is at frequency 3f.

The black vertical line represents an ideal sampling point and the yellow shaded region represents a normal distribution of where the sampling point actually occurs due to noise on the sampling clock.  Notice how the higher the input frequency (and hence the input slope), the wider the distribution of voltages will be read by the converter.
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SNR as a function of Sample clock 
jitter
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Assuming a sinusoidal input for Vin we have,

ftVtv o π2sin)( =

Differentiating with respect to time yields the signal slope,

ftfV
dt
dv

o ππ 2cos2=

Taking the RMS value,

σ
Δ

=
π

= RMSo
rms

VfV
dt
dv

2
2

Therefore, the RMS error voltage due to jitter is

2
2 0σπ

=Δ
fV

VRMS

Signal to noise ratio (SNR) is defined by,

⎥
⎦

⎤
⎢
⎣

⎡

Δ
=⎥⎦

⎤
⎢⎣
⎡=

rms

o

V
V

noise
signalSNR 2/log20log20 1010

Therefore, the SNR component due to jitter is:

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

σπ
=

max
jitter f

logSNR
2

120 10

Why do we care about SNR?

σ

Presenter
Presentation Notes
The slide above shows the derivation of theoretical data converter SNR (Signal to Noise Ratio) due to jitter.  It provides the following insight:

The frequency of the sample clock is not a factor.
The sample frequency of the data converter is not a direct factor, the input bandwidth of the data converter is (fmax).
The jitter value (tj) in Equation (6) represents total jitter which is the root sum squared of the sample clock jitter and the converter aperture jitter.

Why is  data converter SNR so important??

The expression listed below Equation (6) provides a clue.  This is known as Shannon’s equation.

C is channel capacity which is the ability of a communications channel to convey content reliably.
B is the Bandwidth of the communications channel

For many communications systems the bandwidth of the channel is fixed; however, the channel capacity needs to grow.  Why?
Multimedia content requires more capacity
High definition content requires more capacity
Growing populations and an expanding subscriber base requires more capacity.

In fixed bandwidth applications, SNR is the only lever engineers have to control channel capacity?  What types of applications have fixed bandwidths?
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Applications Example 
Data Converter Clocking (5)

SNR vs. Fin for Different Jitter Values
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Presenter
Presentation Notes
This figure plots SNR vs. input frequency for fixed values of jitter.
We can note a couple of things about this graph
Lower jitter = better SNR
For a constant jitter, SNR decreases as the frequency of the sampled signal increases
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