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METHOD AND APPARATUS FOR J ITTER 
ANALYSIS 

[0001] This application claims the bene?t of priority of 
Provisional Application Number 60,073,276, entitled “Data 
Comm Jitter Analysis System,” ?led Jan. 30, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates in general to measurement 
apparatus and method; more particularly, to a system and 
method for analyzing components of a signal; and more 
particularly still, to a system and method for analyZing jitter 
in a serial data signal. 

[0004] 2. Description of Related Art 

[0005] Jitter in serial data communication is a difference 
of data transition times relative to ideal bit clock active 
transition times. Jitter represents a deviation, typically in 
picoseconds, from the ideal. As data transfer rates increase 
Within semiconductor devices and other high speed appli 
cations increase, the jitter component may become more 
signi?cant. For eXample, in video graphics chips, jitter can 
cause a ?icker or jumping of the video image. Also, in serial 
data communication systems jitter Will cause errors. In order 
to understand the effects that jitter may have on semicon 
ductor devices and data communication systems, measure 
ments of jitter and other aspects of timing are critical during 
the prototyping stages and production tests. 

[0006] Jitter has four major components, inter-symbol 
interference (ISI), Duty Cycle Distortion (DCD), periodic 
jitter (PJ), and random jitter (RJ). ISI is caused by a data path 
propagation delay that is a function of past data history and 
occurs in all ?nite bandWidth data paths. DCD is caused by 
differing propagation delays for positive and negative data 
transitions. PJ is caused by one or more sine Waves and 
its/their harmonics. RJ is assumed to be Gaussian (normal) 
and has a poWer spectral density that is a function of 
frequency. 

[0007] ISI, DCD and PJ are all bounded. They may be 
described as a peak or peak to peak value in bit period, unit 
interval (UI), or seconds. PJ in general has a magnitude for 
each spectral line. 

[0008] RJ is unbounded. It may be described by a standard 
deviation in UIs or seconds. In production testing a jitter 
tolerance mask is used to mimic the behavior of an actual 
data communications receiver in that it rejects loW fre 
quency jitter. A jitter tolerance mask is a function that is 
de?ned in the frequency domain. It has a magnitude that is 
a function of frequency. In most serial data communications 
systems, the data/clock recovery circuit tolerates loW fre 
quency jitter more than high frequency jitter and the shape 
of the mask re?ects this fact. 

[0009] An analysis of the jitter components is valuable to 
the product designer and tester. For eXample, measuring PJ 
helps determine Whether there is cross-talk on a circuit. 
AnalyZing ISI and DCD permits the cause of the bit error 
rate to be determined. 

[0010] The present available measurement instruments, 
hoWever, do not separate the jitter components. For 
eXample, oscilloscopes shoW jitter as an overall distribution 
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Without a separation of RJ and PJ. Although spectrum 
analyZers may measure jitter, they typically cannot be used 
on data streams. Moreover, When a spectrum analyZer mea 
sures a jitter value it does not separate PJ and RJ. 

[0011] Bit error test equipment alloWs a serial data pattern 
to be compared With a test pattern. Although a bit error rate 
is determined, no information is provided about any of the 
jitter components of the bit error rate. The relative propor 
tions of the components is undetermined. Also, bit error test 
equipment provides a sloW method of estimating bit error 
rate. TWo hours is typically necessary to estimate the bit 
error rate With statistical con?dence for a bit rate of one gb/s. 

[0012] The present invention provides a solution to this 
and other problems, and offers other advantages. Indeed, 
various embodiments construed in accordance With the 
principles of the present invention include the advantages of 
measuring jitter components Without the need of a bit clock, 
performing statistical checks on measurements, and gener 
ating a statistical prediction of the failure rate. 

SUMMARY OF THE INVENTION 

[0013] The present invention discloses a method, appara 
tus, and article of manufacture for analyZing jitter. Inter 
symbol interference, duty cycle distortion, random jitter and 
periodic jitter are measured. The method includes the steps 
of obtaining measurements of the spans of a signal, gener 
ating variation measurements for each of the spans, trans 
forming the variation estimates from a time domain to a 
frequency domain, and determining the random component 
and the periodic component of the jitter signal. 

[0014] Another embodiment provides for the measure 
ment of ISI, DCD, RJ and PJ in serial data communications. 
The method includes the steps of measuring a unit interval 
of the data pattern, determining a matching pattern, calcu 
lating a measurement schedule de?ning a measurement set 
for each span, obtaining a plurality of measurements for 
many of the spans, generating variation estimates each of the 
spans, transforming the variation estimates from a time 
domain to a frequency domain, and determining the random 
component and the periodic component of the signal. The 
random and periodic components are determined through 
the application of a constant false alarm ?lter. 

[0015] According to another aspect of the invention, there 
is provided an apparatus for measuring jitter in a signal 
having a repetitive data pattern. The apparatus comprises a 
measurement apparatus for collecting data and an analyZing 
unit for analyZing the signal and determining the random 
component and the periodic component of the signal. 

[0016] According to yet another aspect of the invention, 
there is provided an article of manufacture comprising a 
program storage medium for storing instructions to execute 
method steps for analyZing jitter in a signal and for deter 
mining the random component and the periodic component 
of the signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0018] FIG. 1 is an exemplary illustration of a represen 
tative hardWare environment for a signal analyZing system 
according to an embodiment of the present invention; 
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[0019] FIG. 2 is a How diagram illustrating the steps 
performed by the analysis program according to an embodi 
ment of the present invention; 

[0020] FIG. 3 is a How diagram illustrating the steps 
performed by the analysis program 106 in determining a 
matching pattern; 

[0021] FIG. 4 is a How diagram illustrating the steps 
performed by the analysis program 106 in computing mea 
surement sets for a variance; 

[0022] FIG. 5 is a How diagram illustrating the steps 
performed by the analysis program 106 in running a FFT on 
the autocorrelation function; 

[0023] FIG. 6 is a graph of the displacement of actual data 
transitions relative to an ideal bit clock; 

[0024] 
ment; 

FIG. 7 is graph shoWing a one-shot time measure 

[0025] FIG. 8 is diagram of a simple repetitive ideal 
pattern; 

[0026] 
pattern; 

[0027] FIGS. 10a-10d are graphs of rotations With mea 
sured data; and 

[0028] FIGS. 11 and 12 are diagrams illustrating the 
application of a constant false alarm ?lter. 

FIGS. 9a-9a' are graphs of rotations of a simple 

DETAILED DESCRIPTION 

[0029] In the folloWing description of the preferred 
embodiment, reference is made to the accompanying draW 
ings Which form a part hereof, and in Which is shoWn by Way 
of illustration a speci?c embodiment in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the present invention. 

[0030] FIG. 1 is an exemplary illustration of a represen 
tative hardWare environment for a signal analyZing system 
100 according an embodiment of the present invention. A 
typical con?guration may include a measurement apparatus 
102 that measures the time interval betWeen tWo events 
(start and stop) through counters. 

[0031] A measurement apparatus is disclosed in US. Pat. 
No. 4,908,784, Which is hereby incorporated by reference. A 
typical measurement apparatus is the Wavecrest DTS-2075, 
available from Wavecrest Corporation, Edina, Minn. 

[0032] Those skilled in the art Will recogniZe that other 
systems that enable signal/distribution analysis that are 
based on real World measurement (i.e., measurements that 
are non-ideal or subject to uncertainty) Would be applicable. 

[0033] The measurement apparatus 102 interfaces to a 
Workstation 104 and operates under the control of an analy 
sis program 106 resident on the Workstation 104. The 
analysis program 106 is typically implemented through data 
analysis softWare. One commercially available analysis soft 
Ware is the Wavecrest Virtual Instrument (VI) softWare, 
available from Wavecrest Corporation, Edina, Minn. The 
Workstation 104 comprises a processor 108 and a memory 
including random access memory (RAM), read only 
memory (ROM), and/or other components. The Workstation 
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104 operates under control of an operating system, such as 
the UNIX® or the Microsoft® WindoWs NT operating 
system, stored in the memory to present data to the user on 
the output device 110 and to accept and process commands 
from the user via input device 112, such as a keyboard or 
mouse. 

[0034] The analysis program 106 of the present invention 
is preferably implemented using one or more computer 
programs or applications eXecuted by the Workstation 104. 
Those skilled in the art Will recogniZe that the functionality 
of the Workstation 104 may be implemented in alternate 
hardWare arrangements, including a con?guration Where the 
measurement apparatus 102 includes CPU 118, memory 
140, and I/O 138 capable of implementing some or all of the 
steps performed by the analysis program 106. Generally, the 
operating system and the computer programs implementing 
the present invention are tangibly embodied in a computer 
readable medium, eg one or more data storage devices 114, 
such as a ZIP® drive, ?oppy disc drive, hard drive, CD 
ROM drive, ?rmWare, or tape drive. HoWever, such pro 
grams may also reside on a remote server, personal com 
puter, or other computer device. 

[0035] The analysis program 106 provides for different 
measurement/analysis options and measurement sequences. 
The analysis program 106 interacts With the measurement 
apparatus 102 through the on-board CPU 118. In one 
embodiment, the measurement apparatus 102 provides arm 
ing/enabling functionality such that the apparatus 102 can 
measure a signal either synchronously or asynchronously. 
The signal is fed to the channel input arming/enabling 
controls 120, 122, 124, and 126 to Which event that a 
measurement is made. This is typically the pattern start 
signal. Counter/interpolators 128, 130, and 132 measure the 
time elapse betWeen the start and stop events. A one-shot 
measurement is taken from the nth start (Nstart) data edge 
after the pattern start signal to the nth stop edge (Nstop) after 
the pattern start signal. Nstart and Nstop are integers. 
Interpolators typically provide ?ne time resolution doWn to 
0.8 ps. In response to input controls 120, 122, 124, and 126, 
multiplexer 134 controls the counter/interpolators 128, 130, 
and 132 based on a clock 136 signal. Clock 136 is typically 
a precise crystal oscillator. A design for a measurement 
apparatus 102 provides arming/enabling functionality is 
disclosed in application Ser. No. 09/039,121, entitled 
“Analysis of Noise In Repetitive Waveforms,” ?led Mar. 13, 
1998, Which is hereby incorporated by reference. Such 
application is commonly assigned to the assignee of the 
present application. 
[0036] The time betWeen measurements is randomiZed. 
This is to ensure that the autocorrelation function performs 
correctly. This is random sampling in the statistical sense. 
An autocorrelation function is de?ned as the multiplication 
of a signal and a time shifted replica of this signal math 
ematically or electrically, or both. Use of an autocorrelation 
function is a Well knoWn signal analysis technique. In one 
embodiment, the measurement apparatus 102 takes one-shot 
measurements over a random time interval of about 21 us to 
25 us plus the measured time interval. An “and” function of 
the internal arm signal, Which is randomiZed, and the 
external arm signal (pattern start) initiates a single one-shot 
time interval measurement. 

[0037] The measurement apparatus 102 is provided With a 
serial data signal either at input 120 or input 122. This data 
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signal must have a known pattern and it repeats. In ?ber 
optic systems, this signal may be supplied by a optical to 
electrical converter. 

[0038] The measurement apparatus 102 is provided With a 
pattern start signal either at input control 124 or input control 
126. The pattern start signal has a transition that has an 
unambiguous relationship to an arbitrary data reference 
edge. It may come from the equipment under test or from a 
hardWare-based pattern recogniZer that “triggers” on a Word 
Which has one unique position in the data pattern. 

[0039] In the exemplary embodiment of this invention, no 
bit clock is required or desired. In many cases, a loW jitter 
bit clock is not available. 

[0040] Those skilled in the art Will recogniZe that the 
exemplary environment illustrated in FIG. 1 is not intended 
to limit the present invention. Indeed, those skilled in the art 
Will recogniZe that other alternative hardWare environments 
may be used Without departing from the scope of the present 
invention. 

[0041] FIG. 2 is a How diagram illustrating the steps 
performed by the analysis program 106 according to one 
embodiment of the present invention. A method for mea 
suring inter-symbol interference, duty cycle distortion, ran 
dom jitter and periodic jitter is described. 

[0042] Block 200 represents the analysis program 106 
measuring the UI. This forms the basis for subsequent 
measurements and data analysis. 

[0043] Block 202 represents the analysis program 106 
pattern matching. The measured data is tested against an 
ideal image of the expected pattern. The analysis program 
106 then estimates ISI+DCD. 

[0044] Block 204 represents the analysis program 106 
computing the measurement sets needed to estimate PJ and 
RJ. 

[0045] Block 206 represents the analysis program 106 
taking measurements of various data sets and computing the 
variance of each set. Although the statistical variance is used 
in the preferred embodiment described herein, those skilled 
in the art Will recogniZe that other methods of measuring the 
variations in the measurements may be applied. 

[0046] Block 208 represents the analysis program 106 
running a FFT (Fast Fourier Transform). In another embodi 
ment, a mask may be applied in order to model the jitter 
tolerance of serial data communications receiver. A jitter 
tolerance mask is a function that is de?ned in the frequency 
domain. A mask is used for modeling jitter rejection in 
receivers. 

[0047] Block 210 represents the analysis program 106 
separating the PJ and RJ and computing their estimates. 

[0048] FIG. 6 is a graph of the displacement of actual data 
transitions relative to an ideal bit clock. The deltas in FIG. 
6 are the differences in time from data transitions and active 
bit clock transitions. d0 is the delta associated With data edge 
0; d1 is the delta associated With data edge 1, etc. 

[0049] If a given data pattern is repeated many times, 
ISI+DCD Will be static relative to a pattern boundary 
(reference edge 0). Each delta Will be a constant. The serial 
data edge positions, for ISI+DCD, have converged to a 
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steady state. HoWever, ISI+DCD Will have jitter relative to 
a bit clock. The deltas Will not be the same value. 

[0050] PJ and R] will cause each delta to vary in time. The 
variance of these deltas over N (an integer>0) UI time 
intervals yields an autocorrelation function of P] and RJ. 

[0051] The means of the deltas alloW an estimation of 
ISI+DCD. The variance of the deltas alloWs PJ and RJ 
estimations. In this Way, ISI+DCD estimates may be sepa 
rated from P] and RJ estimates. 

[0052] Amodi?ed version of the Blackman-Tukey method 
of signal analysis is used, as is Well-knoWn in the art. This 
alloWs the application of jitter tolerance masks to ensure 
compliance to data communication standards. An applica 
tion of modi?ed Blackman-Tukey autocorrelation function 
is demonstrated through FIG. 7 and the folloWing discus 
sion. 

[0053] FIG. 7 is a graph shoWing a one one-shot time 
measurement. FIG. 7 shoWs an enlarged vieW of one arbi 
trary edge transition to another arbitrary edge transition 
compared to an ideal bit clock. In one embodiment, the 
mathematical equations beloW are directed toWards appli 
cation on a Wavecrest DTS-2075, available from Wavecrest 
Corporation, Edina, Minn. Those skilled in the art Will 
recogniZe that modi?cations to the mathematical equations 
Will make the described embodiment applicable to other 
hardWare instruments. 

[0054] The one-shot measurement spans N*UI, Where N is 
approximately an integer. A span is approximately N*UI or 
approximately N*T, Where T is the signal period and N is an 
integer. X0 and Xn are the deltas for the jitter. As shoWn in 
FIG. 7, (1.1) tmeas(N)=N*UI+Xn-X0. M measurements on 
a randomiZed time schedule are taken for each N. 

[0055] Therefore 

l M (1.2) 

M — 1 k: 

If ISI+DCD is ‘small’ the mean of (Xn-XO) is small, 

then: 

WW) 2 N *UI. Substitute into (1.2). (1-5) 

1 M (1.6) 
‘ ~ _ 2 

Vanance(rmeas(N)) = M _ lgmt X0) 

Variance(rmeas(N)) a (1.7) 

1 

M-1 

[0056] The ?rst term in (1.7) is constant as a function of 
N and the second term is —2 times the autocorrelation 
function of P] and R], see (1.8). 
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1 (1.8) M 

Variance(rmeas(N)) ; c - 2 * [M _1;(Xn * X0) 

[0057] N*UI is "c(tau), the lag time of the autocorrelation 
function. The Fourier transform of the autocorrelation func 
tion from a signal gives the poWer spectral density of the 
signal. 
[0058] When an FFT is performed on (1.8), the mean of 
the data record is forced to 0: This makes the value of C 
irrelevant. This is justi?ed by the fact that P] and R] are not 
static, as they have no “DC” component. 

[0059] UI Estimation 

[0060] The signal analysis system 100 takes M1 (an 
integer) measurements of the start pattern signal and com 
putes the mean and standard deviation. The mean is divided 
by the length of the pattern in UI (Lpatt), With the results 
being the UI estimate. The standard error of the mean may 
then be estimated using the standard deviation as folloWs: 
STD(measurements)/SQRT(M1). Typically, if the standard 
error of the mean is too large, increasing the number of 
measurements Will reduce the error. This estimate Will 
typically Work Well if M1>100. The estimate may be tested 
against a default or user-de?ned constant. For example, an 
acceptable error is de?ned by the data communications 
and/or telecommunications industry. Also, the error may be 
such that the accuracy of subsequent measurements is 
impaired. Increasing M1 may suf?ciently reduce the error. 

[0061] Pattern Match 

[0062] The signal analysis system 100 compares measured 
data With an image of the eXpected pattern. The image of this 
pattern must be rotated to perform this match as the rela 
tionship betWeen the start pattern signal and the reference 
data edge is arbitrary. The match uses a least square criteria. 
Those skilled in the art Will recogniZe that other methods of 
performing the match may be used. Generally, the match 
may be found using any measure of error betWeen the actual 
measured pattern and the rotated image. FIG. 3 is a How 
diagram illustrating the steps performed by the analysis 
program 106 according to one embodiment of the present 
invention in determining a matching pattern. It Will be 
appreciated that the processor 108 acts on program steps as 
set forth in the How diagrams in order to implement the 
method in accordance With the principles of the invention. In 
the preferred embodiment, such program is Written in C. 
HoWever, the program can be Written in a number of other 
languages, including C++ and FORTRAN. 

[0063] Block 300 represents the analysis program 106 
taking M2 measurements from data edge 0 (reference edge) 
to data edge 1. The mean and error of the mean are 
computed. The error of the mean is tested against a default 
or user-de?ned constant. 

[0064] Block 302 represents the analysis program 106 
repeating the steps represented by block 300 for edge 0 to 
edge 2, edge 0 to edge 3 . . . edge 0 to edge (end-1), Where 
“end” is the number of the edge Where the pattern repeats. 

[0065] Block 304 is a decision block representing the 
analysis program 106 testing if the error of the mean of the 
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measurements taken is too great. For eXample, the error of 
the mean is compared to a default or user-de?ned constant. 
If so, block 306 represents the analysis program 106 increas 
ing M2 and returning to block 300 and repeating the 
measurements; otherWise, the pattern is rotated as repre 
sented by block 308. The error may be too great especially 
in the presence of large amounts of P] and RJ. Increasing M2 
may alloW this test to pass. Typically, M2 Will be greater 
than 100. 

[0066] Block 308 represents the analysis program 106 
rotating the patterns as described beloW. 

[0067] Block 310 represents the analysis program 106 
comparing each rotated pattern to the actual measured mean 
by ?nding the sum of the squares of the errors as described 
beloW. 

[0068] Block 312 represents the analysis program 106 
choosing the best pattern match as described beloW. 

[0069] Block 314 represents the analysis program 106 
calculating the I51 and DCD based on the pattern match as 
described beloW. 

[0070] FIG. 8 is diagram of edge transitions vs. time for 
an ideal repetitive pattern. All the edge transitions are integer 
boundaries. No jitter is present. The folloWing material 
describes a pattern image, rotations and a pattern match of 
one embodiment, as represented by blocks 308, 310, and 312 
of FIG. 3. Time moves CW (clock-Wise) as shoWn by the 
arroW. The numbered lines represent edge (transition) posi 
tions in UI (Unit Interval). 

[0071] The top of the circle in FIG. 8 is the reference 
position of the pattern. This pattern starts on position 0 and 
ends on position 8. Eight (8) is the length of the pattern 
(Lpatt) in UI. This pattern is described by the set: [0 1 3 7 
8]. 
[0072] This pattern has 4 edges (end=4). The start and end 
positions are counted as one edge. From above: edge number 
0 is the reference edge at 0 UI, edge number 1 at 1 UI, edge 
number 2 at 3 UI, etc. The number of edges in a pattern must 
alWays be even, otherWise its’ start and end edges Would 
have opposite polarities. 

[0073] In the above circle shoWn in FIG. 8, no polarities 
are shoWn. HoWever, assume that a positive (+) transition 
occurs at 0 Ui, negative (—) at 1 UI, + at 3 UI, — at 7 UI and 
+ at 8 U1. The pattern has repeated. Ageneral Way of looking 
at patterns is to ignore polarity. This alloWs pattern de?ni 
tions on both inverted and non-inverted data Without con 
cern about polarities. 

[0074] The above circle of FIG. 8 displays no jitter. All of 
the edges have integer UI positions and they Will have Zero 
displacements relative to ideal bit clock transitions. 

[0075] FIGS. 9a-9a' are exemplary graphs shoWing rota 
tions of a simple pattern, as represented by Block 308 of 
FIG. 3. The reference pattern [0 1 3 7 8] as represented by 
circle 900 in FIG. 9A is rotated CCW 1 edge number by 
subtracting the edge position of the ?rst edge after the 
reference position from all of the edge positions. In this case, 
subtract 1. This results in circle 902 of FIG. 9b de?ned as 
[0 2 6 7 8]. Edge numbers: [0 1 2 3 4] The rotation of the 
initial pattern results in the folloWing circles: [0 1 3 7 8]900, 
[0 2 6 7 8]902, [0 4 5 6 8]904 (FIG. 9c), and [0 1 2 4 8]906 
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(FIG. 9a) All of these circles 900, 902, 904, and 906 of 
FIGS. 9a-9a' come from the same pattern. Only the refer 
ence edge has changed. It is noted that the transitions are 
independent of plus or minus edges in that a match Will 
occur regardless of edge polarity. One more rotation Will 
result in [0 1 3 7 8], the initial circle 900. Four rotations of 
the initial pattern (the number of edges in the pattern) Will 
yield the initial pattern. 

[0076] FIGS. 10a-10d are exemplary graphs of rotations 
With measured data. The rotated patterns of circles 1000, 
1002, 1004, and 1006 (shoWn in FIGS. 10a-10d, respec 
tively) are compared to the actual measured means, as 
represented by block 310 of FIG. 3. The measured means 
2.2 m, 5.6 m and 7.3 m are placed on the four possible 
rotations of the pattern [0 1 3 7 8]. These measured means 
are from the reference edge to the ?rst, second and third 
edges. 
[0077] As represented by block 312 of FIG. 3, the goal is 
to ?nd out Which rotation of the pattern Will match the 
measured data. The ith delta, Where i is the edge number, is 
the ith ideal position minus the ith measured mean. The 
deltas are squared and then summed for each rotation. The 
“match” rotation has the smallest sum 

[0078] [0 1 3 7 8] S=square(1.0-2.2)+square(3.0 
5.6)+square(7.0-7.3)=8.29 

[0079] [0 2 6 7 8] S=square(2.0-2.2)+square(6.0 
5.6)+square(7.0-7.3)=0.29 

[0080] [0 4 5 6 8] S=square(4.0-2.2)+square(5.0 
5.6)+square(6.0-7.3)=5.29 

[0081] [0 1 2 4 8] S=square(1.0-2.2)+square(2.0 
5.6)+square(4.0-7.3)=25.29 

[0082] [0 2 6 7 8] is the rotation that matches: it has 
the smallest sum. The quality of the match may be 
found by computing the standard deviation of the 
deltas that have the least sum. Typically, using many 
random data patterns and large amounts of jitter 
(ISI+DCD), a standard deviation less than 0.5 U1 is 
a very good match. 

[0083] Block 314 represents the calculation of ISI and 
DCD. The estimate for ISI+DCD peak to peak is: 

[0084] MAX[—MIN(deltas), (MAX(deltas)-MIN(d 
eltas)),MAX(deltas)] 

[0085] The deltas are the set of deltas computed from the 
matched pattern. In the above equation, the —MIN(deltas) 
and the MAX(deltas) are needed When d0 (the reference 
edge delta) is at the loWer or upper extreme of the overall 
delta distribution. Those skilled in the art Will recogniZe that 
these simple illustrations are for exemplary purposes only. A 
typical signal may have hundreds or thousands of transitions 
in the pattern. 

[0086] Compute Measurement Sets for Variance To Esti 
mate PJ and RJ 

[0087] FIG. 4 is a How diagram illustrating the steps 
performed by the analysis program 106 according to one 
embodiment of the present invention in computing measure 
ment sets for a variance. The signal analysis system 100 
computes measurement sets for Variance(tmeas(N)) (called 
VAR(N)) using the edge positions from the matched pattern. 
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VAR(N) is used to feed data to the FFT, Which provides PJ 
and RJ data. Those skilled in the art Will recogniZe that other 
measurements of the variations in the measurements, such as 
peak to peak measurements or any statistical measure of 
variation, may be used instead of the statistic variance. The 
goal is to compute measurement sets such that only one set 
of measurements is taken for each N. 

[0088] Block 400 represents the analysis program 106 
calculating the expected N. In the equations shoWn beloW, 
“end” is the last edge number in a matched pattern. Lpatt is 
the length of the pattern in UI. p(i) is an ideal edge position 
in UI for edge i in the matched pattern. Given that p(end)= 
Lpatt, the expected N’s are calculated from: 

[0089] a. p(2*end)—p(0). p(2*end)—p(1). 

[0090] p(2*end)—p(2) . . . . p(2*end)—p(2*end—1). 

[0095] 

[0096] 

[0097] ZZZ. p(1)—p(0). 

[0098] Block 402 represents the analysis program 106 
?nding, from all of the combinations found represented by 
the steps in block 400, measurement sets Which “cover” N 
from 1 to Lpatt and have only one measurement set for each 
N. Each measurement set Will have a unique edge pair and 
an expected N. Some patterns Will not cover all N: there Will 
be “holes” (gaps). The hole locations are stored. 

[0099] Block 404 represents the analysis program 106 
converting the edge number pairs into a hardWare-speci?c 
format, if necessary. For example, in an emodiment 
described herein, the analysis program 106 is implemented 
through the Wavecrest DTS-2075, available from Wavecrest 
Corporation, Edina, Minn. In the DTS-2075, the data rep 
resented by the steps described in block 402 are converted 
to Nstart +/— and Nstop +/— for the arm on nth event 
counters. Those skilled in the art Will recogniZe the appli 
cability of similar conversions When implementing the 
analysis program 106 according to this invention in other 
hardWare embodiments. For example, although the steps 
performed by the analysis program 106 in analyZing the 
jitter of the serial data communication signal are polarity 
independent, the actual signal has a polarity Which is deter 
mined With respect to the hardWare measuring the signal. 

[0100] Take M3 Measurements of Each Edge Pair. 

[0101] As represented by block 206, the signal analysis 
system 100 takes M3 measurements for each edge pair and 
calculates the variance and mean of each set. The mean is 
tested against expected N. The VAR(N) in stored in location: 
“expected N” for that particular pair. Interpolated data is 
used to “?ll holes” (if any). A VAR(N) record has been 
created. This record is an autocorrelation function of P] and 
RJ. 



US 2002/0120420 A1 

[0102] Run the FFT 

[0103] FIG. 5 is a How diagram illustrating the steps 
performed by the analysis program 106 according to one 
embodiment of the present invention in running a FFT on the 
autocorrelation function determined in block 206. This Will 
provide RJ and PJ information. Taking the FFT of the 
autocorrelation function of a signal is the basis of a modi?ed 
version of the Blackman-Tukey signal analysis method. In 
one embodiment of this invention, the analysis program 106 
uses this method to estimate PJ and RJ. Generally, those 
skilled in the art Will recogniZe that other methods of 
transforming the function from the time domain to the 
frequency domain may also be applied. 

[0104] Block 500 represents the analysis program 106 
determining mirror VAR(N) to create MVAR(N). Var(0) is 
set to Zero. The mirror function makes use of the symmetry 

of VAR(N) around N=0. VAR(N)=VAR(—N). This nearly 
doubles the length of the VAR(N) record and this improves 
the frequency resolution of the FFT output. 

[0105] Block 502 represents the analysis program 106 
forcing the mean of MVAR(N) to Zero. 

[0106] Block 504 represents the analysis program 106 
determining WindoW MVAR(N). The Blackman-Tukey 
method usually uses a triangular WindoW. Those skilled in 
the art Will recogniZe that other WindoWs such as a Kaiser 
Bessel, Gaussian, or others may also be used. 

[0107] Block 506 represents the analysis program 106 
determining the Padd of the record. This improves the FFT’s 
resolution and accuracy. Padd is also knoWn as Zero aug 
mentation. 

[0108] Block 508 represents the analysis program 106 
running the FFT. A radiX 2 FFT is usually used. 

[0109] Block 510 represents the analysis program 106 
using a mask to Weigh the FFT output as a function of 
frequency. Generally, serial data communication systems are 
more tolerant of loW frequency jitter than high frequency 
jitter. This step is optional. 

[0110] Block 510 represents the analysis program 106 
applying the constant false alarm ?lter as described beloW. 

[0111] Block 514 represents the analysis program 106 
separating R] And P] as set forth beloW. 

[0112] Separate PJ and RJ 

[0113] The signal analysis system 100 adds amplitudes of 
the PJ spectral lines to give the magnitude of P] in peak U1. 
The signal analysis system 100 sums the RJ curve and take 
the square root to estimate RJ expressed as a standard 
deviation in UI’s. 

[0114] In one embodiment according to the present inven 
tion, the method of separating PJ and RJ uses a technique 
called a constant false alarm ?lter that is used in radar. In 
video use this is also called a median ?lter. It consists of a 
sliding WindoW that is applied to the FFT output bins. This 
WindoW has a odd number of bins. For eXample, for a 
WindoW having 9 bins the loWer 4 and upper 4 bins are 
averaged. If the central bin is larger than this average by a 
de?ned ratio, the magnitude and position of the central bin 
is stored aWay and later used to identify the spectral lines 
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created by P]. The WindoW is moved over one bin and this 
process is repeated until the all of the FFT output bins have 
been processed. 

[0115] FIGS. 11 and 12 are diagrams illustrating the 
application of a false alarm ?lter. FIG. 11 displays the raW 
output of an FFT of P] and RJ. This provides the input to the 
false alarm ?lter. The vertical aXis is in dB and the horiZontal 
aXis is frequency. The spectral peaks in the display are P] 
and the underlying envelope in the display is R]. At this 
point, the FFT raW data may be multiplied by a jitter 
tolerance mask for standards testing. The constant false 
alarm ?lter is applied. 

[0116] FIG. 12 displays the output of the constant false 
alarm ?lter output. The sliding WindoW of the ?lter has a 
Width of 9 bins. The magnitude and frequency of each PJ 
spectral line has been isolated from R]. An estimate of the 
total P] is the algebraic sum of the spectral line magnitudes. 
This gives an estimate of total P] in peak UI or seconds. 

[0117] An estimate of R] is calculated by removing the 
spectral lines from the FFT raW data. The magnitude of the 
bins are summed and a square root is taken. The result is a 
one-sigma estimate of R] in UI or seconds. 

[0118] The foregoing description of the preferred embodi 
ment of the invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
Many modi?cations and variations are possible in light of 
the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. 

What is claimed is: 
1. A method of analyZing jitter in a signal having transi 

tions Which de?ne spans over a time interval, the jitter 
having a random component and a periodic component, 
comprising the steps of: 

(a) obtaining a plurality of measurements for a plurality of 
spans; 

(b) generating variation estimates for the measurements 
for each of the spans; 

(c) transforming the variation estimates from a time 
domain to a frequency domain; and 

(d) determining the random component and the periodic 
component of the jitter signal. 

2. The method of claim 1, Wherein the determining step 
comprises the step of applying a constant false alarm ?lter 
to the frequency domain variation estimates to separate the 
random component and the periodic component. 

3. The method of claim 2, Wherein the transforming step 
is performed through a FFT. 

4. The method of claim 1, Wherein the variation estimates 
comprise variance estimates. 

5. A method of analyZing jitter in a signal having a 
repetitive data pattern comprising transitions Which de?ne 
spans over a time interval, the jitter having a random 
component and a periodic component, comprising steps of: 

(a) measuring a unit interval of the data pattern; 

(b) determining a matching pattern; 
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(c) calculating a measurement schedule de?ning a mea 
surement set for each span; 

(d) obtaining a plurality of measurements for a plurality of 
spans; 

(e) generating variation estimates for the measurements 
for each of the spans; 

(f) transforming the variation estimates from a time 
domain to a frequency domain; and 

(g) determining the random component and the periodic 
component of the signal. 

6. The method of claim 5, Wherein the jitter comprises an 
ISI component and a DCD component, the determining a 
matching pattern step comprising the step of calculating ISI 
and DCD based on a comparison of the matching pattern and 
the measurements. 

7. The method of claim 5, Wherein the determining a 
matching pattern step further comprises the steps of: 

rotating a reference pattern through a plurality of rota 
tions; 

comparing the rotations to the data pattern; and 

choosing the matching pattern. 
8. The method of claim 7, Wherein the comparing step 

comprises the step of comparing the rotations to the data 
pattern by the least-squared method. 

9. The method of claim 5, Wherein the determining the 
random component and the periodic component step com 
prises the step of applying a constant false alarm ?lter to the 
frequency domain variation estimates to separate the random 
component and the periodic component. 

10. The method of claim 5, Wherein the transforming step 
is performed through a FFT. 

11. The method of claim 5, Wherein the variation esti 
mates comprise variance estimates. 

12. The method of claim 5, further comprising the step of 
measuring the statistical con?dence of the unit interval. 

13. The method of claim 2, further comprising the step of 
measuring the statistical con?dence of the matching pattern. 

14. An apparatus for analyZing jitter in a signal having a 
repetitive data pattern comprising transitions Which de?ne 
spans over a time interval, the jitter having a random 
component and a periodic component, the apparatus com 
prising: 
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(a) a measurement apparatus for collecting data; 

(b) an analyZing unit, operatively connected to the mea 
surement apparatus, for collecting data from the mea 
surement apparatus, for measuring a unit interval of the 
data pattern, for determining a matching pattern, for 
calculating a measurement schedule de?ning a mea 
surement set for each span, for obtaining a plurality of 
measurements for a plurality of spans, for generating 
variation estimates for the measurements for each of 
the spans, for transforming the variation estimates from 
a time domain to a frequency domain; and for deter 
mining the random component and the periodic com 
ponent of the signal. 

15. The apparatus of claim 14, Wherein the analyZing unit 
further comprises: 

means for calculating ISI and DCD based on a compari 
son of the matching pattern and the measurements. 

16. The apparatus of claim 14, Wherein the analyZing unit 
further comprises: 

means for applying a constant false alarm ?lter to the 
frequency domain variation estimates. 

17. An article of manufacture comprising a program 
storage medium readable by a computer having a memory, 
the medium tangibly embodying one or more programs of 
instructions eXecutable by the computer to perform method 
steps for analyZing jitter in a signal having a repetitive data 
pattern comprising transitions Which de?ne spans over a 
time interval, the jitter having a random component and a 
periodic component, the method comprising the steps of: 

(a) measuring a unit interval of the data pattern; 

(b) determining a matching pattern; 

(c) calculating a measurement schedule de?ning a mea 
surement set for each span; 

(d) obtaining a plurality of measurements for a plurality of 
spans; 

(e) generating variation estimates for the measurements 
for each of the spans; 

(f) transforming the variation estimates from a time 
domain to a frequency domain; and 

(g) determining the random component and the periodic 
component of the signal. 

* * * * * 


