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(57) ABSTRACT 

A method a low cost and production-integrable technique for 
providing a signal diagram. The data signal is edge-detected 
and asynchronoulsy sampled (or alternatively a clock signal 
is latched). The data signal or a second signal is compared to 
a settable threshold voltage and sampled. The edge and com 
parison data are folded according to a sWept timebase to?nd 
a minimum jitter period. The crossing of the signal diagram 
edges is determined from a peak of a histogram of the folded 
edge data. A histogram of ratios of the sample values versus 
displacement from the position of the crossing location is 
generated for each threshold voltage. The technique is 
repeated over a range of settable threshold voltages. Then, the 
ratio counts are differentiated across the histograms With 
respect to threshold voltage, from Which a signal diagram is 
populated. 
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METHOD AND APPARATUS FOR 
CONSTRUCTING A SYNCHRONOUS SIGNAL 

DIAGRAM FROM ASYNCHRONOUSLY 
SAMPLED DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to co-pending U.S. appli 
cation Ser. No. 1 1/279,651 entitled “METHOD AND APPA 
RATUS For Determining Jitter and Pulse Width from Clock 
Signal COMPARISONS” ?led on Apr. 13, 2006; Ser. No. 
11/ , Atty. Docket Number AUS920050913US1, 
entitled “METHOD OF Generating an Eye Diagram for Inte 
grated Circuit Transmitted SIGNALS” and Ser. No. 
11/ , Atty. Docket Number AUS920060199US1, 
entitled “METHOD AND APPARATUS FOR DETERMIN 
ING DATA SIGNAL JITTER VIA ASYNCHRONOUS 
SAMPLING” ?led concurrently With this application, by the 
same Inventors and assigned to the sameAssignee. The speci 
?cations of the above-referenced applications are incorpo 
rated herein by reference. 
[0002] This invention Was made With Government support 
under NBCH3039004, DARPA. THE GOVERNMENT HAS 
CERTAIN RIGHTS IN THIS INVENTION. 

BACKGROUND OF THE INVENTION 

[0003] 1. Technical Field 
[0004] The present invention relates generally to digital 
interface circuits, and more particularly, to circuits and sys 
tems that evaluate data integrity and jitter via an eye diagram 
or other data diagram display. 
[0005] 2. Description of the Related Art 
[0006] Eye diagrams are commonly used to display the 
integrity and jitter characteristics of a data signal. Typically, 
eye diagrams are used to vieW binary data, but have also been 
used in analog systems to vieW a modulation pattern or other 
analog signal variation and can also be applied to digital 
signals having more than tWo levels. 
[0007] In general, an eye diagram is displayed by synchro 
niZing the data channel of an oscilloscope With the data rate of 
the signal under observation. The result is that the display of 
the data WindoW is made stationary via the synchronization of 
the timebase to the data rate, thereby permitting the ob serva 
tion of the amount and distribution of jitter at the data WindoW 
edges, as Well as observing the integrity of the data Within the 
“eye”, Which is the generally empty area betWeen the transi 
tion regions and betWeen the tWo signal levels. For example, 
a change in data Within the eye such as a spike, indicates a 
mechanism other than jitter that may cause data errors. At the 
edges of the eye, the Width of the diagram gives and indication 
of the amount of jitter, and if gaps are seen in the transition 
regions, chaotic and other meta-stable phenomena can be 
observed as speci?c lines Within the jitter. 
[0008] Data jitter and integrity determination is necessary 
to evaluate the performance of high-speed interface compo 
nents and interfaces, as Well as other circuits Where jitter 
affect the bit error rate (BER) and eye diagrams provide a 
valuable tool for such determination. Other types of signal 
diagrams may also be employed in synchronization With a 
data signal. For example, a second signal or poWer supply 
voltage may be observed for noise, crosstalk or other varia 
tion that is synchronous With the data signal used to synchro 
niZe the timebase. 
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[0009] In laboratory environments, high-accuracy labora 
tory instruments may be used to provide eye diagrams via 
stable reference clocks. HoWever, the challenge of probing a 
very high frequency data signal and/ or high-impedance data 
signal is signi?cant, as the effects of the probe must be 
accounted for in the measurements and probe characteristics 
can vary over time and the probe compensation model may 
not be accurate under actual measurement conditions. Fur 
ther, signi?cant circuit area can be consumed in the imped 
ance-matched and isolated output pads that permit such pre 
cision measurements. Such equipment is expensive and it is 
typically unfeasible to incorporate the equivalent of such 
instrumentation Within production circuits. 
[0010] On-chip sampling of a data signal is typically either 
performed using an internal global clock or an external 
sample clock With an internal delay line. Use of the internal 
global clock is limited in that clock jitter and data j itter cannot 
be separated. When an external sample clock is used, the 
delay accuracy, and thus the accuracy of the presumed posi 
tions of the sampled data, is dif?cult to control. 
[0011] It is therefore desirable to provide a method and 
apparatus for generating a signal diagram that is loW cost, can 
be at least partially integrated in a production circuit With no 
probing error. 

SUMMARY OF THE INVENTION 

[0012] The above-stated objectives of providing a loW-cost 
apparatus and method for generating a signal diagram is 
provided in a method and apparatus. 
[0013] The method analyZes raW data provided by the appa 
ratus, and the performance of the method may be distributed 
betWeen a test circuit and a Workstation computer or may be 
completely embedded in a test instrument or production inte 
grated circuit. 
[0014] The method samples edges of a signal provided 
from an edge detector using a sampling clock signal that 
differs at least slightly in frequency from rational multiples of 
the data rate of interest. The method also collects the values of 
the signal or a second signal via comparison With a settable 
voltage threshold. Alternatively, a clock signal can be 
sampled rather than edge-detected and the samples used to 
provide the edge position indications. 
[0015] The sampled edge position data is folded into a unit 
interval according to a guess of the relationship betWeen the 
periods/frequencies of the sampling clock and the data rate. 
The guess is adjusted either over a range, or until an indication 
that the guess is correct is obtained, such as minimum jitter in 
the folded edge position data. 
[0016] The period obtained above is used to generate a 
timebase to fold the edge position data and the signal value 
samples. The frequency or period of neither the sampling 
clock signal or edge data signal needs to be knoWn in order to 
further analyZe the data, only the relationship betWeen the 
tWo, as determined by the method described above. 
[0017] The values of the signal value samples are then 
folded according to period determined above and the entire 
process is repeated over a range of settable threshold voltage, 
in order to generate histograms of sampled data values for 
time slots Within the period. The histograms correspond to the 
cumulative distribution function (cdf) for each threshold volt 
age, Which are then differentiated to obtain the probability 
density function (pdf) for each threshold voltage. The pdfs 
can then be used to populate the signal diagram, Which may 
be an eye diagram of the data signal that Was edge-detected, or 
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may be a signal diagram of another signal that Was sampled 
along With the edges of the data signal. 
[0018] Drift betWeen the frequency of the sampling clock 
signal and the data signal providing the edge data can be 
removed from the analysis results by using a linear or other 
shift model to progress the guessed period across the sample 
set, and the exact frequency drift can be identi?ed from the 
histogram having the minimum Widths of peaks in the prob 
ability density function. 
[0019] The sampling circuit canbe included in a production 
die and the data collected by a Workstation computer via 
direct probing or a boundary-scan data interface. Alterna 
tively, a processing circuit or algorithm may be present or 
loaded into a production integrated circuit that includes a 
processor or a dedicated digital circuit use to conduct the 
above-described analysis. The analysis method may be 
embodied in a computer-program product containing stored 
program instructions for carrying out the steps of the method. 
[0020] The foregoing and other objectives, features, and 
advantages of the invention Will be apparent from the folloW 
ing, more particular, description of the preferred embodiment 
of the invention, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Details of the invention and the uses thereof Will be 
understood by a person of ordinary skill in the art, When 
reading the folloWing detailed description of illustrative 
embodiment in conjunction With the accompanying draW 
ings. Further objectives and advantages presented by the 
invention Will be apparent in light of the folloWing description 
and draWings, Wherein like reference numerals indicate like 
components, and: 
[0022] FIG. 1 is a block diagram of a ?rst electronic unit 
connected by an interface to a second electronic interface in 
accordance With an embodiment of the invention. 

[0023] FIG. 2 is a pictorial diagram of a manufacturing 
tester and Workstation computer connected to a device under 
measurement implementing a method in accordance With an 
embodiment of the present invention. 

[0024] FIGS. 3A and 3B are schematics of differing edge 
detectors that may be employed in second electronic interface 
10B of FIG. 1 in accordance With embodiments of the inven 
tion. 

[0025] FIG. 4 is a schematic diagram of a signal value 
detector 22 of FIG. 1 in accordance With an embodiment of 
the invention. 

[0026] FIGS. 5 and 6 are ?oWcharts illustrating a method in 
accordance With an embodiment of the invention. 

[0027] FIGS. 7A-7E are graphs depicting data processing 
operations and measurements in a method according to an 
embodiment of the present invention. 

[0028] FIG. 8 is a timing diagram illustrating a method of 
determining estimated clock periods in accordance With an 
embodiment of the invention. 

[0029] FIGS. 9A-9D are graphs depicting other data pro 
cessing operations and measurements in a method according 
to an embodiment of the present invention. 

[0030] FIGS. 10A and 10B are graphs comparing a eye 
diagram (FIG. 10B) generated according to an embodiment 
of the present invention With an actual eye diagram (FIG. 
10A) of the signal under measurement. 
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[0031] FIGS. 11A-11D are graphs depicting operations in 
correcting frequency drift in a method according to an 
embodiment of the present invention. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENT 

[0032] The present invention concerns the generation and 
display of signal diagrams, and in particular, the eye diagram 
of interface data signals. In order to produce accurate results, 
the capture of measurement data is generally performed by a 
sampling circuit Within the interface (or other data-receiving 
circuit) rather than a separate test probe. HoWever, the tech 
niques of the present invention can be applied to and Within 
test equipment, as Well. 
[0033] Primarily, the present invention provides neW meth 
ods for generating and displaying a signal diagram obtained 
by sampling a signal under measurement With an asynchro 
nous sampling clock simultaneously With sampling edge 
position of either the signal under measurement of or another 
signal for Which synchronous variation in the signal under 
measurement is to be observed. If the reference source is a 
clock signal, then the clock signal can be sampled With a latch 
to obtain the edge positions, otherWise an edge detector is 
used. Rather than synchroniZing the sampling clock With the 
signal under measurement or other reference source, as is 
done Within a digital oscilloscope, the present invention 
resolves the sampled data to identify a relationship betWeen 
the period of the signal for Which edges that Were sampled 
relative to the sampling clock. The method then analyzes the 
sample values of the signal under measurement according to 
the determined relationship betWeen edge position samples 
and the sampling clock to generate the signal diagram. 
[0034] Therefore, the sampling clock used to sample the 
signal under measurement and the signal for Which edges are 
sample (and integer multiples of its frequency) must differ in 
frequency at least slightly and a su?icient number of samples 
must be collected so that jitter can be distinguished from 
variation due to slight frequency differences. Neither the 
period/frequency of the data signal under measurement (and 
optional other edge position data source) nor the sampling 
clock period/frequency need be knoWn in order to generate 
the signal diagram. If the edge position data source and the 
signal under measurement are the same, then the generated 
signal diagram is an eye diagram of the signal under measure 
ment. 

[0035] With reference noW to the ?gures, and in particular 
With reference to FIG. 1, there is depicted a block diagram of 
electrical units 10A and 10B connected by a Wired interface 
or other channel 12 that includes one or more Data signals. 
Interface circuits 13A, 13B may be located Within a device 
such as a computer peripheral, a computer system, or Within 
integrated circuits interconnected Within a system or may be 
a Wireless device interface having a clock signal embedded in 
a received signal. Clock 9 provides for synchronous genera 
tion of data provided from electrical unit 10A and optional 
Clock signal provided on interface 12. Functional circuits 
14A, 14B do not generally form part of the present invention, 
but perform the functions associated With the normal opera 
tion of units 10A and 10B. Functional circuit 14B is included 
to illustrate that the techniques of the present invention can be 
applied to a functional device rather than a laboratory model. 
HoWever, in some instances, the circuits required to perform 
the measurements of the present invention Will already be 
present in functional circuits 14B of a particular electrical 
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unit 10B Without modi?cation, and the use of such functional 
circuits to perform data collection as input to a method 
according to an embodiment the present invention are con 
templated herein. 
[0036] The circuit required for data collection is illustrated 
separately as a measurement circuit 11 and includes a data 
edge detector 20, a sampling clock 15 and a storage 16 for 
samples of edges of interface 12 Data signal collected from 
the output of an edge detector 20 at edges of sampling clock 
15. Alternatively, if the edge position reference source is a 
clock signal such as the Clock signal shoWn optionally pro 
vided from interface 12, then a latch 21 can be used to provide 
the edge position data that is stored in storage 16. Storage 16 
also collects samples of the outputs of a signal value detector 
22 at the same time that edge position samples are collected 
from data edge detector 20 (or alternatively from latch 21). 
Signal value detector, for the purposes of generating eye 
diagrams, receives the Data signal of interface 12, but may 
alternatively be provided With input from optional Other sig 
nals for Which characteristics in synchronization With the 
Data signal may be observed (e.g., a poWer supply rail inter 
nal to electrical unit 10B might be observed for noise syn 
chronous With Data signal). 
[0037] A processor 18 and memory 19 are optionally 
included for performing methods according to the present 
invention, or the raW sample data from storage 16 may be 
clocked out by a test system via boundary latches 17 or 
otherWise read from unit 10B via interface 13B, e.g., by 
electrical unit 10A as Sample Data over interface 12. Also, if 
processor 18 and memory 19 are included, and the sampled 
data is processed locally, interface 13B and/or boundary 
latches 17 may be read to retrieve the results of the analysis 
performed by a method according to the present invention. 
[0038] Some degree of tuning of sampling clock 15 must 
generally be provided, so that the sampling clock frequency 
Will not land on an exact multiple of the data rate of the Data 
signal (or period of the Clock signal), thus generating a Zero 
beat frequency that Will yield only a signal dependent on the 
presence or absence of data signal edges in the folded data and 
not revealing the jitter, Which Will be used to determine the 
correct relationship betWeen the data rate of the Data signal 
and the sampling clock. Sampling clock 15 is therefore shoWn 
coupled to boundary latches in order to provide to least a 
single bit adjustment that can change the clock frequency of 
sampling clock 15 if needed to avoid sampling too close to a 
multiple of the data rate of the Data signal. Sampling clock 15 
may also be optionally provided from an external source such 
as a test system. 

[0039] Referring noW to FIG. 2, a Wafer test system, in 
Which methods according to an embodiment of the present 
invention are performed, is depicted. A Wafer tester 30 
includes a boundary scan unit 31 for providing stimulus to 
and reading data from a die 32A on a Wafer under test 32, via 
a probe head 33 having electrical test connections 33A to die 
32A. An optional sampling clock 15A is included for option 
ally providing a stable and accurate clock to the above-de 
scribed sampling circuits Within die 32A, to either improve 
the measurement results, or to provide additional measure 
ment of the data rate of the data signal under measurement. 

[0040] A Workstation computer 38, having a processor 36 
coupled to a memory 37, for executing program instructions 
from memory 37, Wherein the program instructions include 
program instructions for executing one or more methods in 
accordance With an embodiment of the present invention, is 
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coupled to Wafer tester 30, Whereby the sampled clock data 
(or analysis results from processor 18 and memory 19 of FIG. 
1) can be retrieved. A CD-ROM drive 35 is also coupled to 
processor 36 for transfer of program products from media 
such as CD-ROM CD that contain program instructions for 
executing methods in accordance With embodiments of the 
present invention. 
[0041] Workstation computer 38 is also coupled to a 
graphical display 39 for displaying program output such as 
the signal diagram computed by embodiments of the present 
invention, as Well as graphical data such as the graphs 
depicted in FIGS. 7A-7E, 9A-9D, 10A-10B and 11A-11D as 
described beloW. Workstation computer 38 is further coupled 
to input devices such as a mouse 34B and a keyboard 34A for 
receiving user input. Workstation computer may be coupled 
to a public netWork such as the lntemet, or may be a private 
netWork such as the various “intra-nets” and softWare con 
taining program instructions embodying methods in accor 
dance With embodiments of the present invention may be 
located on remote computers or locally Within Workstation 
computer 38. Further, Workstation computer 38 may be 
coupled to Wafer tester 30 by such a netWork connection. 

[0042] While the system of FIG. 2 depicts a con?guration 
suitable for sequential test of a plurality of dies on a Wafer, the 
depicted system is illustrative and not limiting to the present 
invention. Probe head 33 may be a multi-die full Wafer probe 
system, or may comprise multiple probe heads for simulta 
neously testing multiple Wafers on a single or multiple die 
basis. Additionally, While boundary scan data retrieval is 
illustrated, the techniques of the present invention may also 
be applied to a data interface including the loading of program 
code to memory 19 (FIG. 1) for execution by processor 18 
(FIG. 1) incorporated on die 32A to an interface other than 
boundary scan unit 31, for example, via a dedicated test 
interface device that retrieves sampled clock data from stor 
age 16 (FIG. 1) or test results from memory 19. 
[0043] Referring noW to FIG. 3A, a data edge detector 
circuit 20A as may be employed in measurement circuit 11 of 
FIG. 1 is depicted. Data edge detector 20A receives the Data 
Signal under measurement and the sampling clock signal. A 
?rst comparator K1 compares Data Signal to a reference bias 
voltage VB to provide an output that changes When Data 
Signal changes logical state. A second comparator K2 com 
pares Data Signal to a slightly differing reference bias voltage 
VB+d, causing the output of comparator K2 to change either 
slightly earlier or later than the output of K1, depending on 
the direction of the transition in Data Signal. A logical exclu 
sive-OR gate XOR1 produces a logical high output only When 
the outputs of comparators K1 and K2 differ, thus providing 
an output signal that contains pulses in the near vicinity of the 
transitions of Data Signal. 
[0044] Referring noW to FIG. 3B, a data edge detector 
circuit 20B as may be alternatively employed in measurement 
circuit 11 of FIG. 1 is depicted. Data edge detector 20B 
receives the Data Signal under measurement and the sam 
pling clock signal. A ?rst latch D1 latches the value of the 
Data Signal at an edge of the Reference Clock signal and a 
second latch D2 latches the value of the Data Signal at an edge 
of a delayed version of the Reference Clock signal as pro 
vided by delay 22. A logical exclusive-OR gate XOR2 pro 
duces a logical high output only When the outputs of latches 
D1 and D2 differ, thus providing an output signal that con 
tains pulses in the near vicinity of the transitions of Data 
Signal. 
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[0045] Referring noW to FIG. 4, a signal value detector 
circuit 22 as may be employed in measurement circuit 11 of 
FIG. 1 is depicted. Signal value detector 22 receives the Data 
Signal under measurement and the sampling clock signal. A 
comparator K3 compares Data Signal to a data value thresh 
old voltage VT to provide an output that changes When Data 
Signal crosses a predetermined voltage. The output of com 
parator K3 clocked via Sampling Clock and the resultant data 
comparison value stored in storage 16 in conjunction With the 
samples of the edge position data provided by edge detector 
20 (or latch 21, if the edge reference source is a clock signal). 
A programmable voltage source or ramp generator 24 is used 
to control data value threshold voltage V], so that the com 
plete range of data voltage values can be sampled using a 
single comparator. 
[0046] If the edge reference source is not a clock signal, a 
reasonably large number of edge samples is required due the 
edge detector output forming a very small portion of the 
overall data period. Therefore, the sample values may be 
encoded in storage via a run-length or other compression 
code, and also the number of edge samples collected may be 
larger than that of the data value samples. For example, the 
threshold voltage may be ramped or programmed to different 
values during the collection of data and edge values in one 
measurement so that the number of edge samples is larger 
than each individual set of per-threshold data samples. In 
order to conserve storage space, edge location values such as 
those stored in storage 16 of FIG. 1 may be stored With an 
encoding mechanism such as a run-length limited (RLL) or 
other compression technique that takes advantage of the rela 
tive sparse presence of detected edges in the data set. As 
mentioned above, the data comparison values may also be 
encoded. 

[0047] Referring noW to FIG. 5, a method according to an 
embodiment of the present invention is illustrated in a How 
chart. First, a threshold voltage value is set for the data com 
parator (step 50). The edges of the reference signal provided 
by edge detector 20 (or output of latch 21) and the comparison 
of the data signal under measurement With the threshold 
voltage are sampled With an asynchronous local sampling 
clock (step 51) to obtain N samples of each. Next, the effec 
tive sample period and corresponding timebase are deter 
mined from the period having the minimum jitter in the edge 
sample data (step 52), according to the steps described beloW 
With respect to FIG. 6. Then, the data comparison and edge 
detector samples are folded according to the period deter 
mined in step 52 into a unit interval and the eye crossing is 
located from the mode or mean of the histogram data that Was 
gathered in step 52, as Will be explained in further detail With 
reference to FIG. 6 beloW. 

[0048] Next, the timebase is adjusted according to the rela 
tive position betWeen each sample and the eye crossing loca 
tion, and the data values are placed in histogram bins accord 
ing to the timebase (step 55). The ratio of logical “1” counts 
to logical “0” counts is computed for each histogram bin, 
forming a histogram representing the cumulative distribution 
function of the data signal values for each position Within the 
unit interval (step 5 6). Until all comparator threshold voltages 
(VT) are scanned (decision 57), steps 50-56 are repeated for 
each threshold voltage. Finally, the signal diagram is gener 
ated by differentiating the cdf at each bin position With 
respect to the change in threshold voltage betWeen the histo 
grams, i.e., computing a rate of change of the count ratios in 
corresponding bins With respect to the change in threshold 

May 29, 2008 

voltage betWeen histograms (step 58). The result of the dif 
ferentiation yields a histogram of the probability density 
across the period of the data signal, i.e., the pdf of the signal 
values. Next the eye diagram is displayed from the pdf histo 
gram (step 59). If the method is used to generate a signal 
diagram as described above, rather than an eye diagram, the 
steps taken are the same; hoWever, the histogram and deriva 
tive Will not be the cdf and pdf of the data values, but rather the 
cdf and pdf of the signal under measurement. 
[0049] Referring noW to FIG. 6, details of the timebase 
period determination of step 52 of FIG. 5 are shoWn in a 
?owchart. First, if the period of the data signal under mea 
surement is knoWn, then T is set to that period, otherWise T is 
set to 1 (step 60). Next, an initial guess of the sampling clock 
period TG is made as a number <:T/2N (step 61). A coher 
ency check is made on the relationship betWeen T and TG to 
reject clock period guesses that are closely related (decision 
62) and if the coherency check fails, TG is incremented (step 
63). Next, a timebase is calculated as tbase:{TG, 2TG, 3TG 
. . . N*TG} modulo T, an optional drift correction is applied, 
and the edge position samples are folded to a unit interval 
using the optionally drift-corrected timebase (step 64). The 
edge position samples are then binned into histogram bins 
according to the sub-intervals indicated by the timebase (step 
65) and the probability density function (pdf) computed by 
the count of the logical “1” values each bin (step 66). The jitter 
is determined from the pdf (step 67). At one particular TG 
value, the jitter value Will drop dramatically, With a sharp peak 
in the pdf indicating that TG is at the correct value per step 71. 
Even a small deviation in period from the actual period of the 
sampling clock Will result in an essentially equal distribution 
of values across the bins if a suf?cient number of values are 
collected, and thus a high jitter value in the folded edge 
position data. 
[0050] The above-described steps from decision 62 to step 
67 are repeated for all increments of TG up to T/ 2 (decision 
68). Also, until all desired drift corrections are applied (deci 
sion 69), neW drift corrections are applied (step 70) and step 
61 through decision 68 are repeated. After the edge position 
data values have been analyZed over all timebase periods and 
drift corrections, the TG period for Which the minimum jitter 
is present (step 71) is taken as the correct clock period and the 
edge data histogram for the period is also used in step 54 of 
FIG. 5 to determine the eye diagram crossing location. The 
method described in FIG. 6 can be used in conjunction With 
the method disclosed in the above-incorporated US. patent 
application “METHOD AND APPARATUS FOR DETER 
MINING DATA SIGNAL JITTER VIA ASYNCHRONOUS 
SAMPLING”, in order to determine jitter characteristics of 
the data signal. 
[0051] Referring noW to FIGS. 7A-7D, the graphs depicted 
illustrate the method described above With respect to FIGS. 5 
and 6. FIG. 7A shoWs the input data signal When sampled at 
the correct TG, provided here for illustrative purposes. The 
nominal crossing of the large bands seen in the data set 
corresponds to the location of the nominal data rate With 
respect to the sampling clock period. 
[0052] FIG. 7B shoWs the distribution of accumulated edge 
sample values (corresponding 1V and 0V) after folding With 
the correct estimated period. The overlapping regions corre 
spond to the range of time across Which data signal transitions 
are spread are due to jitter. The period in the graphs is 
expressed as the modulo remainder of the position in the 
timebase period With respect to T, Which provides a unit 
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interval of reference for the folded data. The position in the 
period is calculated as t:{TG, 2TG, 3TG . . .N*TG} modulo 
T. 
[0053] FIG. 7C shoWs a graph of estimated jitter vs. sam 
pling clock period. The sharp drop in jitter at approximate 
period ?t:0.2 indicates the correct sampling clock period. 
FIG. 7D shoWs the distribution of edge values in the histo 
gram after ?nding the correct period. 
[0054] Referring noW to FIG. 7E a graph of jitter versus 
sampling clock period is shoWn across the unit interval from 
a Zero modulus period 82 corresponding to a Zero difference 
in periods betWeen the data signal under measurement and the 
sampling clock, to a period 83 that indicates a difference in 
clock periods corresponding to one clock being tWice the 
frequency of the other. (The 1.0 and 0 values are essentially 
the same point on the unit interval since mod [2T/T]:0.) 
[0055] The very loW jitter values at periods 82 and 83 are 
due to the DC value yielded from the sample set being read at 
effective identical positions Within the Waveform of the clock 
under measurement, i.e. coherent sampling, Which is rejected 
by the above-described method in step 62 of FIG. 6. Periods 
80 and 81 are the correct estimated periods, having the mini 
mum amount of actual jitter and correspond to modulus of the 
ratio betWeen the data signal data rate and the sampling clock 
periods. As can be observed from the ?gure, the graph is 
symmetrical around T/2, so the estimated period only needs 
to be sWept over half of the unit interval. The other drops in 
jitter value correspond to products of harmonic relationships 
of higher order betWeen the guessed period, the sampling 
clock and the data signal data rate. 
[0056] Referring noW to FIG. 8, a pictorial diagram illus 
trating the folding technique is shoWn. The illustration is a 
simpli?ed diagram that illustrates a Sampling Clock signal 
providing an oversampling factor of approximately, but not 
exactly 10, Where in actuality the data signal may be over 
sampled or undersampled. The Data Signal is the actual data 
signal under measurement and Data Signal Edges signal is the 
output of edge detector 20 of FIG. 1. In the scale shoWn, the 
output of data signal detector 22 of FIG. 1 Will resemble Data 
Signal for all but the most extreme threshold voltages, for 
Which the output Will be a constant “1” or “0”. The Waveforms 
beneath, though draWn as continuous Waveforms, represent 
samples in the data set provided by sampling the Data Signal 
Edges signal With the Sampling Clock signal and selecting 
speci?c samples from the data set to “reconstruct” the edges 
of the Data Signal Edges signal. In the Correct Estimated 
Period signal, the samples are chosen according to a period 
that corresponds to the correct relationship betWeen the Data 
Signal period (data rate) and the Sampling Clock signal 
period, and therefore only jitter and any deviations in the edge 
detector pulse Width or delay Will cause differences betWeen 
the expected position of an edge and the actual position of the 
edge in the data set (illustrated by the arroWs). For the Incor 
rect estimated period signal illustrated, the progressive (and 
cyclic) edge differences Will yield a “jitter” distribution that is 
uniform for large enough sample sets, as the distance betWeen 
the expected edge locations and the actual edge locations 
cycle through a full range of phase differences. Therefore, the 
minimum jitter distribution Will occur When the guessed 
period is equal to the correct sampling clock period. 
[0057] FIGS. 9A-9D illustrate the generation of an eye 
diagram according to the methods of the present invention. 
FIG. 9A is provided for illustrative purposes, and is the value 
of the original data signal prior to sampling, but synchroniZed 
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to the correct guessed period. FIG. 9B superimposes a voltage 
grid according to discrete steps of the comparator threshold 
voltage supplied to data signal detector 22 of FIG. 1. FIG. 9C 
illustrates the histogram bin data (cdf) versus threshold volt 
age across the unit interval, With the relative density shoWing 
the ratio of count values according to key 90. Similarly, FIG. 
9D shoWs the differentiated histogram (pdf), With the relative 
density shoWing the change in count distribution per change 
in threshold voltage level, according to key 92. 
[0058] FIG. 10A illustrates an eye diagram as also shoWn in 
FIG. 9A, for comparison With a reconstructed eye diagram 
shoWn in FIG. 10B as generated according to the above 
described method. 
[0059] FIGS. 11A-11D illustrate the application of a fre 
quency drift correction function in the methods of the present 
invention. FIG. 11A depicts an optional drift correction func 
tion used to increase or decrease the guessed period progres 
sively over the sample set during the method described above. 
FIG. 11B illustrates the distribution of the data signal edge 
samples Without drift correction. FIG. 11C illustrates the 
spread of the data signal edges in time Without drift correction 
and corresponds to FIG. 7B described above. FIG. 11D shoWs 
the spread of data signal edges after the proper drift correction 
has been applied. 
[0060] The description provided above constitutes a 
description of the preferred embodiments of the invention, 
but the invention is not limited to the particular implementa 
tions shoWn or described. Those skilled in the art, having seen 
the above description and accompanying draWings, Will 
understand that changes in form, structure and other details, 
as Well as the order of operation of any operative steps may be 
varied Without departing from the spirit and scope of the 
invention. 

1. A method of generating a signal diagram of a signal 
under measurement, comprising: 

collecting ?rst samples of indications of edge positions of 
a ?rst signal at regular intervals having a sampling 
period differing from a multiple of a period of said ?rst 
signal; 

collecting second samples of values of said signal under 
measurement at said regular intervals; 

determining a timebase period corresponding to a relation 
ship betWeen said sampling period and said period of 
said ?rst signal from said ?rst samples; 

analyZing said second samples in accordance With said 
determined timebase to provide said signal diagram of 
said values of said signal under measurement across said 
period of said ?rst signal; and 

displaying said signal diagram. 
2. The method of claim 1, Wherein said signal under mea 

surement is said ?rst signal, Whereby said signal diagram is an 
eye diagram of said signal under measurement. 

3. The method of claim 1, Wherein said signal under mea 
surement is a signal differing from said ?rst signal, Whereby 
said signal diagram is a diagram displaying variation in said 
signal under measurement that is synchronous With said 
period of said ?rst signal. 

4. The method of claim 3, Wherein said ?rst signal is a clock 
signal and Wherein said collecting ?rst samples collects 
sampled values of said clock signal. 

5. The method of claim 3, further comprising detecting 
edges of said ?rst signal and Wherein said collecting ?rst 
samples collects sampled values of a result of said detecting. 
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6. The method of claim 5, wherein detecting is performed 
by generating a pulse commencing When a sampling clock 
samples a change in said ?rst signal and ending after expira 
tion of a predetermined delay. 

7. The method of claim 5, Wherein said detecting is per 
formed by generating a pulse commencing When said ?rst 
signal crosses a ?rst transition voltage level and ending When 
said ?rst signal crosses a second transition voltage level. 

8. The method of claim 1, further comprising: 
comparing said signal under measurement to a variable 

threshold voltage to obtain said values of said signal 
under measurement; 

setting said threshold voltage to each of a plurality of 
threshold voltage values during said collecting second 
samples, Whereby said samples provide a cumulative 
distribution function of a value of said signal under 
measurement for each of said threshold voltage values; 

populating bins of histograms, one histogram for each of 
said threshold voltage values, With a ratio of values of 
said said second samples to obtain a cumulative distri 
bution histogram; and 
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computing a rate of change of counts in corresponding bins 
of said cumulative distribution histograms With respect 
to change in corresponding threshold voltage values to 
obtain said signal diagram. 

9. The method of claim 1, Wherein said determining said 
timebase period comprises: 

computing an indication of an amount of effective jitter of 
said ?rst signal for said estimated period; and 

adjusting said timebase period until a timebase period 
yielding a minimum amount of said effective jitter is 
found. 

10. The method of claim 1, further comprising changing 
said timebase period across said ?rst and second samples 
during said determining to correct for drift in at least one of a 
Width of said regular intervals and said period of said ?rst 
signal. 

1 1 -3 0. (canceled) 


