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Why Measure Jitter?

Jitter can cause data transmission errors in digital systems

- When data rates were low, designers were mainly concerned
with functionality (1s and 0s)

- With rates > 1 GHz, the analog nature of signals becomes
significant

A timing instability (noise) called jitter affects system BER

BER = probability that a transmitted bit will be received in error

el @ (Z)H|O|A



Jitter and Bit Error Ratio
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We are interested in Jitter because it causes Bit Errors!
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What is Jitter?

* A dictionary definition of the verb “jitter”:
To make small, quick, jumpy movements.
* In the digital design world, jitter is defined as:

The deviation of the significant instances of a signal
from their ideal locations in time.

* The significant instances for data signals are the
transitions (edges)

» The ideal locations for the transitions are determined by
the time reference (clock)
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Analyzing a Transition

Ideal Location in Time (Reference)
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Expressing Jitter

» Absolute time: Example: Jpp = Atg,,, + At e
=60 ps +40 ps
=100 ps

 Relative to the Ul (most common):

For 2.5 Gb/s data rate, the Ul = 400 ps
So Jpp = 100 ps/400 ps per Ul = .25 Ul

In radians (2r radians per Ul):

Jpp = .25 Ul x 27= n/2 radians
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Expressing Jitter

Eye Diagram
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Measurement Trend Curve

BER Bathtub
_ = Dual-Dirac BER Bathtub == T]J Data

Transitions: 10.S M
Measured TJ: 1E-6

TI(1E- 3): 71.84 ps
TI(1E- 6): 76.87 ps
TI(1E- 9): 80.69 ps
TI(1E-12): 83.90 ps
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Constructing the Real-Time Eye-diagram
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Jitter Trend and Spectrum
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Bathtub curve
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We can estimate Total Jitter at specified BER level
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Question

imit Test) Ywaveforms: 500

imit Test) Wavefoms: 500

Youcan' tknow unless you measure the total jitter or its components!
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Decomposing Jitter

Total Jitter (TJ)
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Typical Characteristics of Individual Jitter Components
- Duty Cycle Distortion (DCD)
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Typical Characteristics of Individual Jitter Components
- Inter-Symbol Interference (ISI) due to BW problem
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Typical Characteristics of Individual Jitter Components
- ISI due to reflections
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Typical Characteristics of Individual Jitter Components

- Periodic Jitter (PJ) caused by capacitive coupling

Aggressor



Answer the Question

n/,q Limit Test) VWaveforms: 500

Ramdom Jitter = 9.74ps rms
Deterministic Jitter = Ops

TJ =14.1xrms+0=137.4ps

Total Jitter ER=1 0-12)

Ramdom Jitter = 2.03ps rms
Deterministic Jitter = 90.7ps

TJ =14.1xrms+90.7 =119.1ps

Total Jitter <119.1 ps (BER=10-12)
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The Dual-Dirac Model

All DJ RJ

No jitter

between * —
extremes e

Hy
x2
[O(x—p,) + O(x—pu,))* cxp[—z 2] =

a

» This model is a Gaussian approximation to the outer edges of the TJ
distribution, displaced by two Dirac delta functions

» All the TJ estimation methods require that we identify and measure
the DJ, estimate the rms value of the RJ distribution (c) by a
measurement, and then combine the two values
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The Relationship Between BER, RJppand RerS

BER n
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Total Jitter Estimate by the Dual-Dirac Model

Total peak-to-peak jitter, TJpp = RJpp + DJpp

For BER =102, RJpp = 14.26c

And thus, | TJ = 14.266 + DJ
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Jitter Analysis Software

Jitter Trend, Histogram, Advanced Vertical Noise
and Jitter Decomposition: Analysis and
Timing Measurements RJ/PJ/DDJ/DCD/ISI/ABUJ Decomposition
N
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File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Jun 22, 2016 WSLC L

Offline
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Spectral

V-
0 Hz 1.00 MHz 2.00 MHz 3.00 MHz 4.00 MHz 5.00 MHz 7.00 MHz 8.00 MHz 9.00 MHz 10.0 MHz
Results (Measure All Edges)
Measurement | Current Mean | Min
© Data TIE(m1) -28.71 ps 29fs -64.76 ps 6
Frequency(mt) 964.24108 kHz ~ 971.77659 kHz 963.85087 kHz 9

/ JesReA | seal swiL

Y Scale 14 hits/ Hist 17 50.4% Label | Horizontal | Vertical  [Popup Content]
Y Offset 0 hits Hist 27 100% Trend on TIE to break out SSC 2.0 ps 12.103 ps

X Scale 20.000 ps/ Hist 32 100% ® ssc -20ps  -3087mV

X Position -689 fs Hist p-p 128335 ps Jitter Spectrum: SSC Fundamental 10MHz  35.650 ps

Hist Mean 2272 fs Hist Min -64.856 ps

Hist Std Dev ~ 36.9478 ps Hist Max 63.479 ps
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EZJIT plus
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EZJIT Complete
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