
���������������	��
��

���
�����
������
�����



Luca De Vito



���������	���
	������������	���
	���

� Gli strumenti eseguono misure riferite 
ad uno specifico livello funzionale, 
individuato da un ridotto sottoinsieme 
di strati e verificano:

� interazione tra strati omologhi di 
apparati diversi

� interazione tra strati contigui dello 
stesso apparato
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� crescente complessità delle specifiche :
� tecnologie di accesso: WCDMA, ADSL, WiFi,
� PLC
� core network: fibra ottica (WDM)
� componenti sofisticati, prestazioni avanzate

� grande complessità dei test in R&S e per le 
verifiche di conformità

� necessità di progettare test efficienti, rapidi 
ed a basso costo (es., dispositivi “consumer”)
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� Diagramma ad occhio
� Jitter
� Bit error rate
� Inter-symbol interference



EYE PATTERNS
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An eye pattern is a persistence display showing the overlay of a data signal's transitions. 

masks can be used for 
compliance testing

The quality of a data signal can be determined by the dimensions of the eye. 

Eye patterns generally display a time window of approximately 1.25 UI  

1 Unit Interval (UI)
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A Unit Interval (UI) is the time corresponding to the period of one bit of a data signal 
(also the same as the reciprocal of the bitrate)

1 UI

XAUI has a bitrate of 3.125 Gb/s.  Bit period = 1 UI = 1/(3.125 Gb/s) = 320 ps.    
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Eye Width

Eye 
Amplitude

Eye 
Height

One Level

Zero Level

Crossing
Percentage

Extinction ratio: log(power(one level)/power(zero level))
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1. In the traditional eye pattern, data is aligned with respect to the trigger point.  

2. The eye pattern is formed from multiple acquisitions.

3. Aligning data with respect to the trigger and combining multiple acquisitions 
introduces instrument trigger jitter. 

4. Instrument trigger jitter results in measurement inaccuracy. 



11

22

S
lic

e 
1 

S
lic

e 
2

S
lic

e 
3 

S
lic

e 
4 

S
lic

e 
5 

S
lic

e 
6 

S
lic

e 
7 

S
lic

e 
8 

S
lic

e 
9 

S
lic

e 
10

 

S
lic

e 
11

 

S
lic

e 
12

 

33

44

���������������	
�������
�������
���
��������		��
���
�������


�������


���������������	
�������
�������
���
��������		��
���
�������


�������


1.  This method is immune to trigger jitter because data is aligned with the unit interval, not the trigger.
2.  Multiple acquisitions (multiple triggers) can be used and still no trigger jitter will be introduced 
because data from those acquisitions are not combined using a trigger point reference. 

NRZ data record acquired
from a single trigger

Clock recovered using 
software "golden PLL"

Data record divided into 1 UI 
segments equal to recovered 
clock period

Segments overlayed to form 
eye pattern

ZERO CDR JITTER

ZERO TRIGGER JITTER



Numerically controlled clock

Digital phase comparator
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Digital Phase
Detector

(subtraction)

Digital
Filter
(IIR)

Multiplier

Base Period

fixed numeric constant
1/(datarate) Digital

(numeric)
output values

(addition)

Memorized
previous result

(addition)

Time Interval Error (TIE) 
measured where phase 
detector and clock are 
subtracted

A list of recovered 
clock edge times 
matching the data 
rate is produced by 
the PLLReference value feedback

Incoming 
waveform 
data edges

Control 
value

Edge density, set to 1x to 
account for every edge

Filter equation is to used to control rate of correction, limit the speed of phase adaption, and influence 
response of PLL:

iii ttt D+-¢D=¢D - aa )1(1

New correction factor

Previous correction factor
� = 2� /N, where N is the PLL 
cutoff divisor from SDA menu 

Measured time value

User-selected bitrate 

Golden PLL is an industry term defined as the PLL cutoff divisor set to 
1667.  PLL filter is single pole lowpass.
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Conventional 

Trigger and CDR jitter: 150ps p-p

LeCroy SDA 6000
Low jitter reveals detail

Deterministic jitter Random jitter

Same Fibre Channel 1063 source was used to produce both eye patternsSame Fibre Channel 1063 source was used to produce both eye patterns
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Transmit 
Data

Receive 
Data

IEEE 1394 transmit and receive data blocks

Traditional Eye Pattern 
combines Transmit and 

Receive data

Transmit and Receive data in eye pattern

Transmit or receive data can 
be extracted by zooming

Zooming can isolate transmit or receive data

Continuous bit eye pattern 
rendering of Zoom trace can 
isolate Transmit or Receive 
data

This view could not be achieved using 
traditional eye pattern methods

Receive data block isolated in eye pattern



MASK VIOLATION

LOCATOR
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Each location where data 
violates the mask boundary is
circled in red by the scope
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Simple edge trigger
No frame sync required
Captures all bits in a single 

record
Zooms specific bits where 

violation occurred

Mask hits 
are correlated 

with data stream

Mask test failure was 
caused by this glitch
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Each failed bit is listed and 
can be viewed individually

148th consecutive bit in datastream failed 
the mask test and is displayed here



Bits adjacent to the failed bit are also 
displayed showing signal activity preceding 
and following the bit failure
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A third trace can be added which is 
time-correlated with the bit failure 

User signal can reveal crosstalk from an 
adjacent line, power supply noise, and other 
potential causes of failure

User signal droop correlates 
with mask test failure
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User-defined masks can be graphically designed 
using the free utility Polymask

... or numerically designed using the free utility 
Masks Database Editor

… and incorporated directly 
into SDA compliance test



INTERSYMBOL

INTERFERENCE



Intersymbol Interference (ISI)
is the leading cause of deterministic jitter

3.125 Gb/s
NRZ signal
without ISI

3.125 Gb/s
NRZ signal

with ISI
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� Extreme cases define worst-case ISI.  In image abov e, three 1's 
followed by a 0, three 0's followed by a 1, and the  two alternating 
1,0 patterns provide the boundaries for the worst-c ase ISI (labeled 
with arrow in the above screen image).

11101110

00010001

10101010

01010101

ISI

1 1 1 0

1 0 1 0

0 0 0 1

0 1 0 1

The ISI plot shows an overlay 
of the (N-1)th bit of each 
averaged N-bit combination 
in the data stream

� Wave shape of a given bit is affected by the preced ing N bits and 
by the bit that follows it
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Distorted eye pattern indicates 
Data-Dependent Jitter
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Intersymbol Interference From Effective Frequency

1. The pattern 10101010 transitions more rapidly than 11001100 
(twice the bitrate), resulting in higher effective frequency. 

2. Lowpass characteristics of the transmission medium can result in 
lowpass filtering of the higher frequency (10101010) data pattern. 

3. This can result in amplitude attenuation and/or phase shift of 
those bits contained within the higher frequency data pattern, and 
can be verified by superimposing both patterns.

4. System resonances can also cause similar frequency effects.

Eye Pattern Distortion From Impedance Mismatch

1. An impedance mismatch can result in capacitive transmission 
line reflection of a recently-transmitted edge.

2. As the high-frequency energy content of the rising edge 
(zero to one bit transition) is reflected , this reflection will "pull 
down" the voltage level (and vice-versa).  

3. This droop can be quantified using the ISI plot, and verified using 
the mask violation locator.  Each droop due to an impedance 
mismatch will occur at a fixed distance from the transition edge.



ISI can be identified with Mask Violation Locator by selecting 
each failure number, and inspecting for the existence of edge 
and droop
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Distance between edge and droop can reveal reflection propagation delay time



BATHTUB CURVE
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Measurement cursors can 
trace the Bathtub curve to 
identify sampling margin at 
any value of BER.

1 UI

1 UI

10-0.5 BER:  50% probability 
of a bit error when sampling 
at the crossing point 

10-8 BER:  1 in 100 million 
chance of a bit error when 
sampling at 140 mUI from 
the crossing point 
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Eye opening for 3.8 Million bit acquisition

Eye opening for 1x108 bit acquisition

Eye opening for 1x1016 bit acquisition
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BIT ERROR RATE

TESTING
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11
The SDA is able to use the 
single acquisition dataset to 
perform bit error rate analysis

22
Clock recovered using 
software golden PLL

1
0 0 1 

1
1 

0 0 1
0 1 1 33 The digital waveform is 

decoded from the data record  

User-defined template is used
to check for bit errors

44
1

0 0 1 
1

1 
0 1 1

0 1 1 

Bit error map color codes 
position of bit error

55

Bit error calculation reports 
numerical result

66
Number of Bits = 12
False Ones = 0
False Zeros = 1
Bit error rate = 1/12 = 0.08333  
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Bit locations Bit locations

Random Errors Pattern-Dependent Errors

A graphical display of bit failures can indicate the source of bit errors.  The display below shows the status of 
bit values in each frame.  Dark squares represent correct bit values while white squares show bit errors.  
When bit errors occur at the same position relative to the start of frame, pattern dependency can be 

determined.
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Bit Error Rate Test lines up the 
start of pattern and cycles through 
bitstream using template to test 
compliance to bit pattern

BIT ERROR RATE TEST 

SERIAL DATA STREAM 

1
1

1

1

1

1 1 1 1 1

Framing and test pattern 
options are user-selectable:
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� PRBS – standard 
pseudo-random 
bit sequences per 
ITU O.150

� File – bit pattern 
recalled from ASCII 
text file

� Pattern – user 
defined pattern of 
bytes entered from 
the prompt



K28.5 comma character
Hex 58160
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Bit Error Rate

Number of Bits Tested
Number of False Readings
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Testing K28.5 comma character using 
hex 58160 pattern reports zero bit errors



Bit Error Rate

Number of Bits Tested
Number of False Readings
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Testing K28.5 comma character (58160) using hex 
5816058161 pattern reports bit error of 2.5%

One byte = 8 bits = 
2 hex characters



Bit Error Rate

Number of Bits Tested
Number of False Readings
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Testing K28.5 comma character (58160) using hex 
58161 pattern reports bit error of 5%

One byte = 8 bits = 
2 hex characters



Consider the example of a MUX 
which is outputting very clean signal 
transitions but with incorrect data 
pattern.
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MUX output signal quality test

MUX output bit error rate test

BER testing works in conjunction 
with the eye pattern to ensure not 
only that signal physical quality is 
good, but that the bit values are 
correct also.



SERIAL TRIGGER



1 0 1 0 0 1 0 1

A 5
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Serial trigger can be selected with patterns up to 32 bits



���������������
�������$�
�����
����
���������������
�������$�
�����
����


Transmit 
Data

Receive 
Data

The serial trigger is able to trigger on and
isolate specific areas of a bitstream.

Anomalies can be located by setting 
trigger conditions to search for error 
patterns



SERDES

Clk

SERDES

Embedded Clock and Serial Data with 
periodically transmitted K28.5 sync word

Lane 1

Lane 2

K28.5 sync word is 
transmitted with the 
datastream and is 
used to measure 
skew between lanes
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Embedded Clock and Serial Data with 
periodically transmitted K28.5 sync word
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Multilane architectures transmit serial streams in parallel.  Using the serial trigger, 
lane-to-lane skew is measured by subtracting the edge timing of the comma 

character in each lane



RANDOM AND

DETERMINISTIC JITTER
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Step 1: Histogram of distribution 
of time interval error (TIE)

# Events

TIE
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Log (# Events)

TIE

Step 2: Histogram 
displayed on log 
scale

Step 3:  A least-squares fit of the quadratic curve is 
performed on each tail of the log histogram 

Log (# Events)

TIE
Step 4:  Histogram tails are extrapolated to form complete probability 
density function (PDF) equivalent to the observation of 10,000 trillion bits

PDF

Step 5:  Integrating the PDF for each value of offset produces the total jitter curve
with unity area 

BER

TIE

CDF

Step 6: The width of this curve at a given BER is 
the Total Jitter (Tj).

Tj is valid when greater than 100,000 
TIE measurements are used
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Periodic Jitter (Pj) is calculated from the spectral components of the time trend of time 
interval error (FFT of TIE). 
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Trend of Time Interval Error (TIE)

Spectrum of TIE Trend

Serial Data Acquisition

Frequency component of modulation

Pj is computed as the peak-to-peak vector summation of magnitude and phase 
of the TIE spectral components of TIE for all values of time in the acquisition
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Duty Cycle Distortion (DCD) is the mean difference between the width of positive-going 
pulses and negative-going pulses measured over all pulses in the acquired waveform

Positive pulse

Negative pulse

Fast 
rising
edge

Slow
falling
edge

45.69% positive duty cycle 54.31% negative duty cycle

This difference results in 
Duty Cycle Distortion



Data Dependent Jitter / Intersymbol Interference (DDj/ISI) is jitter caused by systematic 
effects related to the order  in which logical values in the waveform occur
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DDj measurement is the 
ISI plot width at the 
threshold crossing
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Deterministic Jitter (Dj) is computed as the sum of Pj and ISI.  
DCD is already included as a component of ISI.

Dj = Pj + DDj

Dj and Tj are measured 

waveform parameters.  

Lookup table for �  

Tj = � Rj + Dj

The following equation is given by the Fibrechannel 
Methodologies for Jitter and Signal Quality (MJSQ):

Tj, Dj, and �  are known.  Rj can be solved for:   

Rj =
Tj - Dj

�



This signal is NRZ.  
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OC-12

100_T

Logic High 

Logic Low

The SDA can perform full 
analysis on any NRZ signals 
whose bitrate is 50 Mb/s to 
3.5 GB/s.  

These signals are 
not NRZ.  

The SDA can generate eye 
patterns on these non-NRZ 
signals, but cannot perform 
full analysis such as BER

RaSerX

NRZ data signals transition 
between two logic states.
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A- HISTOGRAM OF ACCUMULATED DISPLAY PIXEL EXCITATIO N (# HITS)
 AGED TO SIMULATE ANALOG CRT INTENSITY DECAY
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B - RENDERING DISPLAY INTENSITY OR COLOR PROPORTION AL TO HISTOGRAM LEVEL.
"SATURATE AT" CONTROL SETS  HISTOGRAM LEVEL WHERE D ISPLAY SATURATES

Persistence is a display mode that uses intensity to indicate frequency of occurrence of 
waveform activity.  Display intensity is proportional to the number of times a pixel has 
been lit by the waveform. Repetitive events are brighter than rarely occurring events. 

Disk Drive Signal

XAUI

CDMA I & Q PHP wireless

Application examples using persistence display
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Q factor = 

EyeBER = 

Q factor is a measure of signal to noise ratio of an eye diagram (and conforms to the OSFTP-9 standard)

Q factor is calculated as the difference between the mean values of a one and zero (signal level) 
divided by the sigma values (noise level).  

EyeBER is the estimated bit error rate from an eye diagram.

EyeBER is calculated using the interception area of the distribution of the one and zero levels. 


