DETERM NI NG FREQUENCY COVPONENTS OF JI TTER CROSS REFERENCE TO RELATED CASE
100011This application is related to United States Patent Application
Serial 11/272,027, now United States Patent Number 7,349,818 with a title
"Det erm ni ng Frequency Conponents of Jitter” filed on Novenber 10, 2005,
which is incorporated herein by reference in its entirety. This application
Is further related to United States Patent Application Serial 11/271,507,
with atitle "Jitter Measurenent Al gorithm Using Locally In-Order Strobes”

filed on NovembepriERRANINGIREDUENCPRBIPGNES TR ORI PyR' ef erence in
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BACKGROUND

[0003] Automatic test equipment is commonly used by electronics device manufacturers for
detecting manufacturing defects. For example, automatic test equipment allows semiconductor
device manufacturers to test, on a large volume basis, the functionality of each device sold in the
marketplace. The tester drives signals to and detects signals from a device-under-test (DUT) and
evaluates the detected results to expected values. Timing jitter degrades electrical systems and
the push to higher data rates and lower logic swings has increased interest and necessity for the
measurement and characterization of jitter.
[0004] Jitter is a key performance factor in high-speed data communications. Jitter is defined
as the misalignment of the significant edges in a sequence of data bits from their ideal positions.
. Misalignments can result in data errors. Tracking these errors over an extended period of time
determines system stability. Jitter can be due to deterministic and random phenomena.
'Determining the level of these jitter components guides design improvement.
. [0005] Jitter measurement techniques typically have the ability to measure the timing of
significant edges in a data stream. For example, oscilloscopes and digitizers have been used to
- measure the voltage of a signal at fixed time intervals and to analyze this data to determine edge
times. Other examples are time interval analyzers and time stampers. These devices directly
measure edge times or the time between a pair of edges. In yet another example, asynchronous

strobing comparator techniques are used to measure whether a signal is above or below a



significant edges in a data stream For exanple, oscilloscopes and
digitizers have been used to neasure the voltage of a signal at fixed tine
intervals and to analyze this data to determ ne edge tinmes. Qher exanples
are tinme interval analyzers and tine stanpers. These devices directly
nmeasure edge tinmes or the time between a pair of edges. In yet another
exanpl e, asynchronous strobi ng conparator techniques are used to neasure
whet her a signal is above or below a threshold at fixed tine intervals.
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there is a need in the art for an asynchronous sampling method of measuring the jitter found in a
waveform as a function frequency that is effective at measuring desired frequencies and is
relatively inexpensive.
SUMMARY
[0008]  The above-mentioned problems as well as other problems are addressed by
embodiments of the present invention and will be understood by reading and studying the
following description.
[0009] In one example of an embodiment a method of determining frequency components of
jitter in a waveform is provided. The method comprises strobing a waveform having a repetitive
- pattern. Forming a locally-in-order strobing scheme of a representative one of the repetitive
pattern including subsets of locally-in-order strobes. Locating transition regions in the subsets of
locally-in-order strobes. Determining random jitter associated for each transition region and. |

determining jitter as a function of frequency.



jitter in a waveformis provided. The nethod conprises strobing a waveform
having a repetitive pattern. Formng a |ocally-in-order strobing schene of
a representative one of the repetitive pattern including subsets of

| ocal l y-i n-order strobes. Locating transition regions in the subsets of

| ocal | y-in-order strobes. Determ ning randomjitter associated for each
transition region and determning jitter as a function of frequency. BRIEF
DESCRI PTI ON OF THE DRAW NGS 100101The present invention will be nore easily

under st ood and further BRVEMDERIERTANONUSETHEBRAGINGY e readily apparent,
when considered in view of the description of the preferred enbodi nents and
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i |l ust reitbodiments 2ad thefollo @iy figufedlni feicaf the signal strobe neasurenment of
Figure 1 aﬁ according to the teaching of the prior art. [0013]Figure 2a is
a grapHPldl i | Figaedans verapicd idostptirndiinan embpdisieghef sigal giebe measueraenint

B
[6012] Figure 1b is a graphical illustration of an in-order strobing of the signal strobe
measurement of Figure 1(a) according to the teaching of the prior art.

[0013] Figure 2a is a graphical illustration of one embodiment of signal strobe measurement
using a walking strobe (locally-in-order strobing) according to the teachings of the present
invention.
[0014} Figure 2b is a graphical illustration of a locally-in-order strobing of the signal strobe
measurement of Figure 2a in one embodiment of the present invention.
[0015] Figure 2c is an illustration of the frequency jitter magnitude in relation to the
acquisition time of a set of strobes that comprise a subset, as shown in Figure 2b,
[0016] Figure 2d is a representative illustration of digital results of the strobing of a locally-
in-order waveform.
[0017] Figure 3a is a graphical illustration of another embodiment of signal strobe
measurement (locally-in-order strobing) using a walking strobe of the present invention.
[0018] Figure 3b is a graphical illustration of a locally-in-order strobing of the signal strobe
measurement of Figure 3a in one embodiment of the present invention.
[0019] Figure 3¢ is an illustration of the frequency jitter magnitude in relation to the
acquisition time of a set of strobes that comprise a subset, as shown in Figure 3b.
[0026] Figure 4a is a graphical representation of an undersampled DUT signal according to
one embodiment of the present invention;
[0021] Figure 4b is a graphical representation of the periods of a DUT signal from Figure 4a
overlaid on top of oné another, respectively;
[0022] Figure 5 is a block diagram of one embodiment of a system for strobing signals

_ according to the teachings of the present invention;
[0023] Figure 6 is a flow chart for one embodiment of a method of determining frequency

components of jitter in the present invention; and
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[0014] Figure 2b is a graphical illustration of a locally-in-order strobing
of the signal strobe neasurenent of Figure 2a in one enbodi nent of the
present invention. [0015]Figure 2c is an illustration of the frequency
jitter magnitude in relation to the acquisition time of a set of strobes
that conprise a subset, as shown in Figure 2b. [0016]Figure 2d is a
representative illustration of digital results of the strobing of a

| ocal ly- in-order waveform [0017]Figure 3a is a graphical illustration of
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using a wal king strobe of the present "I nvention. [00 Figure 3b is a
gr aphi e&theipr¢senitinesmniion of a | ocal | y-i n-order strobing of the signal strobe
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rel ati genld Buttaledrawn to emphasize specific features relevant to the present invention.
DETAILED DESCRIPTION

[0026] In the following detailed description, reference is made to the accompanying drawings
that form a part hereof, and in which is shown by way of illustration specific illustrative
embodiments in which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be
understood that other embodiments may be utilized and that logical, mechanical and electrical
changes may be made without departing from the spirit and scope of the present invention. The
following detailed description is, therefore, not to be taken in a limiting sense.
[0027] Embodiments of the present invention provide methods and systems for improved
signal strobing techniques. The present application is related to application number
US patent application no. 11/271,507 filed herewith. The present application herein incorporates
the US patent application no. 11/271,507 application in its entirety by reference. In embodiments
of the present invention methods of determining frequency components of measured jitter are
provided. In particular, in one embodiment, acquisition time and strobe spacing are adjusted to
reveal different frequency components of measured jitter. As a result, jitter frequencies within a
particular range can be differentiated.
[0028] Embodiments of the present invention are based on undersampling strobing
techniques. In one embodiment, an undersampling strobing method uses a strobe that appears to
walk across an output signal of a device under test (DUT). The DUT signal waveform has a

| repeating pattern and a sample is taken every time Ts over a repeating pattern of the signal

- waveform. Ts=(Tpat + Tres)/N. Wherein N is the number of strobes which is an integer greater
than 1. Tpat is the period of time for a single pattern of the DUT waveform to occur. Tres is the

~ effective sampling resolution.
[0029] The methods of undersampling are described as “Walking Strobe” because an
asynchronous clock is used to describe a signal under test. The signal under test must be a

- repetitive pattern. The asynchronous nature of the strobe causes it to appear to walk across the

test signal. As aresult, even though the actual samples (or strobes) will be taken over a time

4



acquisition tinme of a set of strobes that conprise a subset, as shown in
Figure 3b. [0020] Figure 4a is a graphical representation of an undersanpl ed
DUT signal according to one enbodi nent of the present invention;

[0021] Figure 4b is a graphical representation of the periods of a DUT
signal from Figure 4a overlaid on top of one another, respectively;

[0022] Figure 5 is a bl ock diagram of one enbodi nent of a systemfor
strobing signals according to the teachings of the present invention;
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'n one O?lgtc)lge?lllagggc} onto a single period Tpat of the DUT waveform, the strobes for a given strobe
subset are effectively spaced by Tres and are in-order.
[0030] To provide further background, Figure 1a is a graphical representation of an in-order
undersampled DUT signal, shown generally at 100. Graph 100 includes a representation of DUT
signal 102 heing sampled at time intervals Ts by strobes 106, through 10615 over twenty periods
of Tpat 104. It will be understood that not all strobes have been shown in Figure 1a. In this
embodiment, it takes 20 x Ts to acquire the data and Ts = (Tpat + Tres). Figure 1b is a graphical
representation of each of the 20 periods of DUT signal 102 from Figure 1a overlaid on top of one
another, respectively. A single period Tpat of DUT signal 120 is shown expanded with each
strobe 106, through 1069 spaced at Tres.
[0031] Figure 2a is a graphical representation of an undersampled DU signal, shown
generally at 200, according to one embodiment of the present invention. In this embodiment, the
acquisition of data is four times as fast as the acquisition of data for the DUT shown in Figures
la and 1b. Graph 200 includes a representation of a DUT signal 202 being sampled at time
intervals Ts by strobes 206, through 2069 over five periods of Tpat 204. In this embodiment, it
also takes 20 x T's to acquire the data but Ts is now 4 times shorter where Ts=(Tpat + Tres)/4.
As a result, it only requires 5 x (Tpat + Tres) to acquire the data versus 20 x (Tpat + Tres) for the
acquisition with respect to Figure 1a.
[0032] Figure 2b is a graphical representation of the five periods of DUT signal 202 from
Figure 2a overlaid on top of one another, respectively. A single period Tpat of DUT signal 202
is shown with each strobe 206, through 2195 spaced at approximately Tres. In this embodiment,
subsets of strobes are grouped for further analysis. In this example, four subsets of 5 strobes are
defined. Subset 1 (SS)) includes samples 206y, 2064, 2063, 2061, and 20646, from sample
-numbers 0, 4, 8, 12 and 16, subset 2 (8S,) includes samples 2064, 2065, 2069, 20613 and 20647
| from sample numbers 1, 5, 9, 13 and 17, subset 3 (SS3) includes samples 206,, 2064, 20619, 2064
and 2063 from sample numbers 2, 6, 10, 14 and 18 and subset 4 (SS,4) includes samples 2063,
2067, 20611, 2065 and 20649 from sample numbers 3, 7, 11, 15 and 19. Each subset SS;- SSy4
~ contains samples that are effectively, locally in-order and are each separated by Tres. Moreover,

the total acquisition time of the locally-in-order strobing (i.e. the time it took to acquire all the



of the present invention. [0025]1n accordance with common practice, the
various described features are not drawn to scale but are drawn to

enphasi ze specific features relevant to the present invention. DETAILED
DESCRI PTI ON [0026]In the follow ng detailed description, reference is nade
to the acconpanying drawings that forma part hereof, and in which is
shown by way of illustration specific illustrative enbodinents in which the
i nvention may be practiced. These enbodi nents are described in sufficient
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fromthe spirit and scope of .the present inventjgon.. The follow ng detail ed
descri _fifél?mfé}wetﬁsﬁé?lﬂﬂmdw uged foseapls ﬁei%?fﬂ%%qng sense.
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. time of out-of-order sampling as more than one strobe is taken for each repetition of the test

. pattern. Each strobe subset is analyzed in-order and the results are combined to provide results
for the entire pattern. Using the locally-in-order sampling method achieves the benefits of in-
order and out-of-order strobing techniques without the problems of either technique.

[0035] As a result, the individual subsets described with respect to Figure 2b are utilized in
performing frequency analysis of the waveform over time. Figures 2a and 2b are meant for
illustration and it is understood that any number of strobes may be utilized. After all analyses are
complete, jitter magnitude can be expressed as a function of acquisition time. An example of the
frequency jitter magnitude in relation to the embodiment of Figures 2a is illustrated in Figure 2c.
In particular, Figure 2c¢ illustrates how the magnitude of different frequency jitter is captured
during the acquisition period associated with Figure 2b. As illustrated in Figure 2c, the total

- magnitude of high frequency jitter 254 is captured within this acquisition time (T acquisition).

However, the magnitude of mid frequency jitter 256 is only 70% captured and the magnitude of
low frequency jitter is only 30% captured within this acquisition time.

[0036] In some embodiments of the present invention, the acquisition time is either increased

“or decreased depending on the level of information needed for jitter analysis. Since, information

- required to calculate jitter is determined as we walk across an effective edge, not across the

6



[ 0029] The net hods of undersanpling are described as "Wal ki ng Strobe"
because an asynchronous clock is used to describe a signal under test. The
signal under test must be a repetitive pattern. The asynchronous nature of
the strobe causes it to appear to wal k across the test signal. As a result,
even though the actual sanples (or strobes) will be taken over a tine
period many tinmes larger than that of the test pattern (T pat), they can be
mapped to "effective tinmes" all within Tpat. The sanples are analyzed in M
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enbodinent, it takes 20 x Ts to .acquire, t dat.a,an = (Tpat + .Tres).
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respectively. single period Tpat of DUT signal 202 is shown with each
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subset s, of ,strobes a qar.ouped. f.or r r,anal.ysi s, this, ex | e, four
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2064, 20k8ing2Q68e2 3864300610%,;, BOGTMSEIN, § sibiblfes S8, intluddhg skdbayBD6e16, subset

2 (SS2) includes sanples 2061, 206s 2069, 20613 and 20617 from sanple
nurber 206, 30§10, 30614 anda}{ifis1and sybstiour 8S4igduling siphrgS8§6s 3hsi 69,2862, and 066,
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effectjvelﬁgu Ioc%lnl% i n-order and are each separated by Tres. Moreover, the
total BewatedirsBdne¥ne of the locally-in-order strobing (i.e. the time it

took t@eagaui Refdihg fot8gure 3¢ an example of the frequency jitter magnitude in relation to the

embodiment of Figures 3b is illustrated. In this embodiment with the increased acquisition time
352, all of the high frequency 354 and mid frequency jitter 356 is captured. Moreover, 70% of

- the low frequency jitter 358 is captured. Accordingly, the increase in acquisition time has an

* impact on the frequency components and consequently the amount of jitter that is detected by the
measurement. As illustrated, a jitter measurement of a given acquisition period will detect less
low frequency jitter than high frequency jitter. However, an increase in acquisition time allows
more of the lower frequency jitter to enter into the measurement. In embodiments of the present

invention, sampling and analysis is repeated several times. Each time the signal is sampled, the
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data gathered for the locally-in-order strobing) is close to the total
acquisition tine to strobe the five periods of the DUT signal since the
strobes in the subsets SS1, SS2, SS3 and SS4 interl eave each ot her

t hroughout the five periods required to sanple the DUT signal. [0033]A

met hod of sanpling is provided where |ocally-in-order strobes are taken for
each repetition of test pattern Tpat. Each strobe subset 551- 554 appears
to wal k across a portion of the pattern. In one enbodi nent,
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armount NP Y5k oG QRfelFey ey o e e e s B P HSPISLOBETES ¢ he
tine tqeRahhrb fékﬁ&@@,tjitﬁ_?ﬁ'ssé'ﬁﬁﬂﬁdﬂ of RGLERTE SincPehbGedu@GRAIl Qbnialr BE GREr Sanpl i ng
generally takes Tess tine than in-order sanpling, it is |less susceptible to
| ow f r éngaesnsies alsp sentailipd i theastngmehts withedhortértpeguipition Hames,ovd ewidiferpetiateyr aphs.
[ 0034] kﬂ%g &Qg agrqge eh§r3§ iven sthobeﬁéubfet are locally-in-order,
they ary ot fiammng R TERCPHE TR QAR R B0B%  ed wi th out - of - or der
sanpl i pgp39fhe BeAsthed dnltRdinkd ahe ARQisHRAUGRIbdHWER 10¢all9lih-vider Oh6IRE, AMP! i NQ
as nore than one strobe is taken for each repetition of the test pattern.
Each stpwssauesilpdhe bandwidth pftheditenmersyeamenhdan headiesed dingicasiepibitimed t o
provid or e [0, B 0Q - I -1 n: sanpl i ng
et hodPas etk RLor R Bhls o P b Ellia v naibe e iRl Ve HrBhATLs.

t echni Gueaxanipld) plehsetbfer pr thbkbmbsdigfensil lufiaited i@ FiduiréUr. anl @635 ghte 4n is@sul t, the
i ndi vi dua| , subsets described with respect to Figure 2b are utilized in

per f or FARGICHTERfGEREon AL wdstsgrpled D WA igndr thogmegensrpibpat 480 arceingdo ang 2b
are ne - i : 4o h ol 1gngg 3 f strobes
may begﬁf% ? I ?(gdéﬂél&tﬁ {ﬂ{eeﬁﬁgsﬁh %ﬂ%ﬂu‘?gg{sﬁgr e C(??rl%)?%?ag , ] rte?{eé%(en%{gsﬁﬁ? ude can be
expr espetbdaof BUTisignal 4od Hdmdbgre 4o birotid omep ofonexmtipraegpkctivedy. f A=quency

jitter. i tu in relation .t he _enbodi nenf. of Fi 2a.is illustrated
1 oSl R ap el 44 Mot oF RS B W PFEA BT MoEtde of
di f f er gRéselstrEBHdCHBed 4065 Hrough c_m%P.t; b QBB el st Be AMGMbsd SPNhRRIEh0d
associated with Figure 2b. As illustrated in Figure 2c, the total magnitude

of hi gAStQ axjliesieajed in Figure 45 4iniFigure de.streblesvin thei samelsiese geahi asistrplas 40me (T

acqui sit4 . j e .d.fr cy jitter i.s only
7096ca%%%@g%z%ﬁ@ﬁgﬁgé%ﬁ%ﬂﬁ?ﬁ%@ﬂg%ﬁgﬁﬁ?%W%dﬁ%%%%ﬂﬁggfngFg&gﬁ?éggﬁﬁﬁ%aptured
Wi t hi nillustrste@moRi it Bh.OHotvever, in[tRi0 34delthe Saes SobputedBNBETIQAL +Thes/ DI BSead
inventifn, the acquisition time is either increased or decreased depending
on t heof Bt bl risth §ihmtubets picis dBraEH i Figrer3baergeres, sinsedg&eatif or mat i on
2333' "efh2 i€ gﬂspg&%iﬁtéaé th I & T /4R TS R LpRing' R L6 AEbPSTuRRLE e Ct | Ve

" strobes in the subsets of this embodiment will have about the same spacing as the strobes in the

subsets of the embodiment illustrated in Figure 2b. Moreover, the total acquisition time in this
embodiment will be very close to the total acquisition time (5Tpats) of the embodiment
illustrated in Figure 2a. Accordingly, in this embodiment, the acquisition time between locally-
in-order strobes, and consequently, the bandwidth of the jitter measurement, can be adjusted by
increasing the time between locally-in-order strobes without substantially changing the time
between strobes, T's.

[0040] As discussed above, the number of samples or strobes per total acquisition period
can vary and this invention is not limited to a select amount, Moreover, in one embodiment of
the present invention the bandwidth of the jitter measurement is adjusted by increasing the

- number of strobes and the number of sample subsets per acquisition period. This technique
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effective width of a strobe region, only the transition acquisition tinme or
peri od needs to be considered. For exanple, referring to Figure 2d a
representation of the digital results of a strobing of a |ocally-in-order
waveformis provided. In this exanple, periods of stable data signals 2541,
2542 and 2543 and transition periods 2521 and 2522 nake up the total
acquisition tine, generally designated as 245, of the locally-in-order
strobing in Figure 2d. Accordingly, since we are only interested in the
transi a0, REWOHS bARRARDY 1R TR ARhEnt 1 BE ErckdaBOBAh RN iR Rlabing theNRBMIIL O be
anal yzed to determne jitter. The acquisition period (or tine) for the

t r ansi acqusitieginasMaintdihiag lsharabveyall acquisiion tises abimpgrigsafoblcepingtesismed as Ts

X Nx Tjitter/ Tre r this transition acquisition tine equation

frequeﬁ%ﬁ”@gﬁ%??fjrggsﬁthhe measurenent can be deternined since the

freque gi)ﬁlf ensifiry 5tiya Block BRABASIU 18ERRLinlofded stratifd §yRRMDEhARMkinsiallyen ti me.
e

[0037] Referring to Figure 3a another exanple of a graphical representation
of an @PGeceudipk édomymbsidimert of hepwmserjaneantipi.y Systen36Q inclubesautomaiedigsted

acqui siti.on ti e present inventiqQn.i s prQyi . ln thi.s enbodi.ment,
e bentiget BTEL oot MGLREGTS s T EH bitBu sla B 301, Sid spf= i BRI ST o)
acqui sisbd et prowdes BY ouiit SOS bOBobBBEr 505 Fo@AlyER. TPk embodingent, AR 502
illustrates a graphi representation of a locally-in-order strobing over

the f } frchidgs fifégg tf(ca%&ms sbefferest DB ﬁignéllé@é t9 EARaTtgU? KO- A oBYer | aid on
oot e BSaiig Bt HERPEREAH RIS SHTLIR! B3, MIPHLTORE 1RO

i ncl udbmgusdigmbei1 30631 1.3067one3R Gidre 30Giants BOGILredatistht biffuretbsigigd

i ncl udi ng strqbes 3062, 306 30610, 30614 and 3Q6i s an ubhset four SS4
i ncl udisrfg’“_g’P’Peng‘éé refgrgace ?jw é@%_éﬂ,n 3o S D 0 e miny, tt Q%Er%fgméf t,
the ef fLeglieMed.” msRk iibBfinkht, V45S a HitedhDRI rSfEnffg iHa®aRE £¥sRIbh voliRd! ABNT

only the tinme Ts between strobes has been extended and the total™ TAcQ tinme
i s i ncre@psed canpaatdir A6 is.repro@dsikiRe bEthe logical stafeiof thredD BT’ samtrark aapéfernnf t he

freque jltter magnitude.in l.ation t.o t nbodi ment .of Figures 3b is
| oa Y ahipi o}l G a e FeS b 1t Rl a TR IRE b e kb 352

al | of pidag oh sahpIfrpQILRITOY c@6Y $ButbeldRRABLOC BahplitetdlockS7iis fedapt ur ed.

Mor eover, 70% of the |ow frequency jitter 358 is captured. Accordingly, the

i ncr eas@mitas 542 ged ktohi SdA and panmesofdhe Didawavednm die obtpingdie Res/saapigsdfent s and
conse Lyt Nt Qf. j.i i | t easurenent. As
P oo B e AdEY 10 ol dd Bfssiofl 3 plelc 6! R Bl i BRR0 T STEnt - B0
| ess | pw4Ry equeony/embddiraént] dladck sou@d 520 eprefamnieditd sttobetbyBYAT waveforinnCr ease

in acquisition tinme allows nore of the |ower frequency jitter %ﬁenter into
t he nmebasgd endsitice spaciipgsioniand 4ee igputy. Hésepwuts e sPeGEA LS %,D%ﬂ*efh g and

anal ysji&iks Si—gﬁg%ﬂﬂmﬁ‘ﬁ‘ﬁ‘é‘%@eg:‘ bR enfRGIndd BTH: 562 ﬁ%%@lai!ncfuﬁ ssaalsgq Rt the

“acquisition Tinme is chan y Increasing the tine tween | ocal |l y-1n-order
st r obedeviddf 350rthalid eithheintaged] ps resndiels chagded 0ATHE 862 dnjont embodiagni, sefthearas a
function of acquisition tine.can he expressed, reover, since the.

fr equeWéVr’%fmﬁ‘?cg“ia@V n-Reder yERbingesiden Wi sysiem sperciiae PR IREGEPETHER on
tine, WemGRR BhRAEPS5 PR dalchla®d ardSep s\iGh 500 fRfjitdkf &PURECH onel NCE each

result will contain the jitter frequencies also contained in nmeasurenents
Wi t h sémobedimentoesr Biptis dreladerms or wereefithel bit periasherivitantetvel ofdbelitter t o

determ ne the jitter frequengies within a particular r e,. 100391l n

anot el el meas SR et o s DeERiteh g YRR Av o PRI opes,
and copselauaiddythe hihd an Piedh RopofitidliETld jitte? meABRRE Pine IMRIate WHIGh D&IAd] ust ed
by increasing the tine between Fbcally-in-order straobes w thout

subst atitnsany gmcwillhyimepsuned. Therbithesrpalern gro theaamber of bithef 1ag spEItIE pl ease
refer i il [ i i I is a

- or apni R By o RRE R ek Bk el e O 3F RGBT 7
400, afreqendyn THeaumber sfifaaeinremititiohs indikates Rew Aiani MR to effecaingly kialkure 4b i s
a graphical_  representation of the periods of DUT signal 404 from Figure 4a
over | af¥ossharspeagpes el wavsiorar paticBs pecti vel y. As illustrated in Figure 4a,
waveform 404 is strobed or sanpled by strobes 4060 through 40621. These
strobes, strobes 4060 through 40621, are selectively positioned in subsets
551 through SS10 as illustrated in Figure 4b. In Figure 4a, strobes in the
sanme subset, such as strobes 4060 and940612 of subset SS1, are spaced by
3XTRAT TRES simlar to the strobes in the enbodinent illustrated in Figure
3a. However, in this case the strobes are spaced by 3xTEAr + TRE5/ 12
instead of 3XTEAT + TREs/4 in the subsets as is illustrated in Figure 3b.
-Moreover, since 3XTEAT + TREs/12 is approximate to TPAT + TRES/4 (which is
the spacing in the subsets of Figure 2b), the strobes in the subsets of




[ 0040] As di scussed above, the nunmber of sanples or strobes per total
acquisition period can vary and this invention is not limted to a sel ect
anount. Mbreover, in one enbodi ment of the present invention the bandw dth
of the jitter neasurenent is adjusted by increasing the nunber of strobes
and the nunber of sanple subsets per acquisition period. This techni que
further allows the bandw dth of the measurenent to be increased w thout

i ncreasing the overall acquisition time. Mintaining short overal

acqui sidg ti LS hd i I J t a DUT
ot O e Lo B e e pAnkfied AR, Gk LB U T
syst endatg tovacwan emdbinyiter R500the BB Eowavafigrnt. Fwiher @ine dineditneof, usdréymitesent

i nvention. stem 500 inclu ayt o d test equi.pnent (ATE) 502 t hat
ovel v DIk b kot 957 aRne SRR IS iR B e P R Rt 504
and pr exidAatha NF@HP Wil RhelethbRIEDE 868REre 30 Perfiin 185RMYSinSorddr RrOhi8g

enbodi ment, ATE 502 includes buffer 508 that feeds a buffered DUT out put
si gnal r®oles pethingwpamai0frang rglizas yseieputhisodvedeinm ubfifmyt d&0e: $3 ta

dif i Ll byt f d peceives. diff i al f i
oi gnal Eopte a8 s SERE UERE SRS iR - SRR PraPa i he

buf f er efle ahiihentSproOd¥RETIVE Uk the FeBhl®Y fedE ruiiJd Aeasvferbdhs t0RRpRYJaGE ed
signal) to determne if the DUT performed as expected. In one enbodi nent,

VT i s Hagpifudeaspductpr abasqpisiipnitine adgiter panimetonphfsapens®. An out put of

conpar 516;:] } . 1.ogi . . ' t put
waver of o Fike SAPLASG LA IS 100 To o B BRI ALRIRle i BB PHL D,
for saffl,iangrdifg tohenewmbetlonamt bithe @resent Saveptiom JTled metkodbOompisegdluced by source
cl ock 520. Sanp i,gﬁg@pc 507 s fed to counter 512 and |l afch 514 and

sanpl e@sya?hr?wsglﬁgl ardersamplee gtexicn dader e (LA hhpwrutaravelomgr dgei n nenory
devi cenpBdbefint A0% HIRA Alinkfll PEARARAOLn 06U sck W ddifAvcgnal ysi s, [0042] In
one enbodi nent, clock source 520 1I's progranneg to strobe the DUT waveform
based banddedthdesqegrey fdriapatitiolhmeasdreuser. Areattx sttdbarg afpddidE oatpet speforfi ¢ t o

the DUT .and t he.desire tgnal _information required. In o e i ment, ATE
505 T ubtneen fnstee: Soag bt padoGLYRa st g <hamg Pesapriat dogtar or

r endt ebdtaiaddBbRdhd arobile i8 Hdred 41 60N ETRINOEH TRA LS thePidalPed td RotRBAAO B

| ogically in-order strobing resides within system 500 and utilizes user

i nput sfor gednifigbbandwidthySieguangyp at 604e Ji is ehepBletermined ifoudrafigtenfienusesidstasiy st em

500 fogr. j.d r . . i t ef .l nput I e.or nore
o0 hclegbbid E089PHAG 3RS ST Blerpl i SRS S £OR
meas ur sdjtgisat 61 fleTheipidedss Benlbhisnyee at G02tunel flo mblgitted figGhened H@e6 9 réguifednpl | NQ
resol utign d the nunmber of pattern repetitions, The jitter neasure_pins

i ndi ca%té%%ffgw fpytferidataris Fﬁqfufﬁfs) #SORi jitfer pea fngten elfreangacyds deremuipeda®0érn are
the nuﬂpﬁrﬂl%uﬁip_tesreﬁﬁtst&% bERERK eﬂaiﬂ%ta%ff?r}ﬂ%easmﬁwh@{riaﬁfgnﬁ Fggtive

sanpling resolution (Tre determ nes the effective sanp equency. The
nunber proéesp thieh ends. r Bpekiembodsndnn ditienssesfuhavendifyeqtémy 3s deterafidedet 6021 y wal k

across, the r ating..DUT wavef or m pattern. 043] I n. one, enbodi nent ,
pr 0oosHd. %!b@%%%&lﬂ? ‘éerd’é?ﬁ"éﬂlé‘ij"a&é@a??‘?‘?ﬁﬁéd a%%&w&f’%acaﬂﬁlt%w ata to
cal cul @& theReRhdy dftjfler Ria mcﬂd%flaé&wﬁé&?{i@%glue]fm NekidloaRQuendedh nent

user inputs received fromuser input device 550 further include paraneters
whi ch bardsteseinedrdhe aquation forlzameisiticn Hae used; istbe transition doquisition simsoghatiomt |

f | .0gi Ly in-ord i id i t i ] 500
and i 1T RuB LR g RS Aoen e B DR el TR 8 €SS o e

and sedfuhe BYSt@pRQviformmul tiple jitter captures, each with a different
bandw dth. | n_one_ enbodi ment, processor 506 uses the results fromnmultiple

measur @ttt s Refesqertedigyre 7 adlovwrbyrifoudsécrainiag fitierdn poraveforacdamsi tion tine
and ji éeﬁlglrall?% ’)@)0]: %@Sltd'ir%r}o%]crae Eﬁl%g&iﬁ'ﬂ:ﬁy of the present invention is provided. First at 702

the data within a sample region is looped through one sample at a time, starting at the first bit
sampled and ending at the last bit sampled. Most of the data will consist of logically Lows or
Highs surrounded by data of the same state. At 704, the transition regions are identified. The
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[0044] Figure 6 is a flow chart for a logically in-order strobing technique,
shown generally at 600, according to one enbodi nent of the present

i nvention. The method conprises asynchronously digitally undersanpling a
devi ce under test (DUT) output waveform The nethod begins at 601 where an
initial timng between strobes is set to achieve a bandw dth/frequency for
an initial neasurenent. At 602 the strobing of a DUT output waveform using
an asynchronous cl ock based on a locally-in-order strobing schene is

perf or %ti%ﬁioﬁp&@"&ﬁqﬁw am ge!'f' 6t &d QRIS %ﬁ Hﬁ%ﬂfﬁe& Alos8¢ ones ke LT €d
data is then aha yzeé to determne Jitter Por the 1nitial

bandw etdmiile egitigme2daiGefi@ally, latruleds hdeded thatedineimhettbepdratemoee frarsition régi@guency

data is required at 608 |f further data is required.at 608, .t.he spacing
bet w_ee?rﬂinoaglamep fjf%@éfﬂaelﬁ dheghin ?iaswaa’afoe?gf@awa’? Lt"mtw‘fi*%@t ?ff : gerdon

cont i NpEs/4a) sRAR; HAE] dny O TEFR Qadal ill e HRGIHENRY sERR 2 hdwiRHMlis LR eRn. 608. | f
no further data’is required at 608, jitter as a function of frequency is
det er mMygebvat, ageTerilrroln is hlgo nedded i ignere datatthat medhdierdte alransitiqgracgianastheo a
differgnt nga%H%enggt fre Zenc%. The process then ends. In one enbodi nent,
i tt er PEENHTY O RE B Off SAPICISEREY s deternined at 607 based on the fact

that | jgousy nBGetedélLirsiRRion@cBNPIMERERE altBppArdnt Bddel A708TaldGIE bR Ard ON i M
and since the frequency of | itter is a function of acquisition tine,

j i tt er perforged tmdaterarnagihe slapdpid dexjatiarpiisachdeansition sdge. Bethastanémid f or

acqui Sit j: t] 1.S: th nsi i on acqui Sitl 1] '

Tacq t Povybn'drdH yRon Jichl R drllAlch R0 aglibesR T S TBp OY Bl

i S t heag@esdé or eoddemli sfudré Rverate of e sRddaddcpiatiomalV4T the trandifdéidialides.eFari ng t o
Figure 7 a flow chart for determining jitter in a waveform shown %ﬁgerally

at  700PragliabPypoRgstthe gardashicyintions therandam jptes althqueh framt soutpn BegisNs ded.
First it [T i anmpl e
at ot Phouitfel o fie: dhidh Bl AT Al liiRE: (%l SORRHIGFHE LY e SETP
sanpl edsed Mpsmbadfimete ofl depreseht invamtisn &t expfesh figercalalfyndtionst Gequdnghs

surrou by data of the, sa tate. At 704, the.transition regjons are
Cdent) AREd Tas3e Ot IP R AG 1FHR RSP oroars IplP R By

cont ai RcAg-&-dFitstbBing byst&h OBmBBEinRAB D1 dbdibesihR BARNP IR loBalfliBlrGer2d.
CGenerally,” a rule is needed to define what separates one transition region
f r om asteabing systemrmasxbemipipdsmentediih digitat ele¢uronie cirgvidfypemnwitlo a programmatde

equi val ent offunit iptervaJ ﬁLH§é4 of steadg st@te an differept data wil|l
be conPEEFEd Y EVBRIS, T SRSFeLPYRGTCIrATETOE Phi S BHIPORLPISETE P S G Rer al

rul e i conihsie MeeAed séBwirgNQiR céiabiBatidiglof tRh)] APHABIE eMbbdyaRSihkicon I egion at
t he begi nning or the end of a sanple region. [0046] Since each transition

r egi onfCriydquca may ingludepparapriatedppye andpuipggleises graegranmable proserspbapdd t o

det er nj : ] hatl.l N he

ot anday FiELaRARhARRALY itifby Bl FREMRENR ch@llof B ffberdiinnte

enbodi precdssdrhissprosess embodying thissertecliniimesinay b performed by apusgragmable aver age of
the standard devi ati on of al/l the_transi&jog%ne ions., For practical

pur posRFecessY EXequLing 2 PEPeauY Lt Brrtions faRerionR disHed; fipdions, ¥PJ§“6%}H’giqn‘ﬂ&§F

.cont ai s |WalE e hii r ; ik 5 I e random
i tte‘r&(t??ﬁgir%etgﬁlgh% iRt Sl Fgﬁ% clutif b m A ifenidnkdin bho bfmblRE 150

pr esenprogmawe iyat ere execwalide es 8 pjdgtanemalds sytedmuinehidmg abteatromg pergrammalil©0471As
stat ed above, the t hods,and t.echni.ques descri bed here arge inpl.enented by
& Tood PR el Faprat ik Sybban B RrBce Tarrib e B PHARERE up ¢ he
| ocal | yddtistBFage bysidot, AP1cAS oh¥ SpRNMidRk, BRI dNTHsaRYugsht UEvield. hdnatallg] £ct roni ¢
circuitry, or with a programuabl e processor (for exanple, a special-purpose

pr ocesiyeeesgr vell geogbiednstpgtignssad dete dwesa mad ergory andiop & random; acessar e,

sof t war r J.n_conbi nati. f them. ratu ing th t achni ques

oy ot SRR AR Sl B oREG Rl RSP MhRER 48 o dor

and a ddtDindlgle Ak Hirthgof At Sladlc@REdRay | ingudib by aay ioh stdmifté sediiSorfdactoeXxecut i on

by the programmabl e processor. rocess enbodyigp t hese techni ques may be
5]

A
* per f ormEROBeNicHs é‘gﬁhaﬁﬁ%@dgﬁ%%g%ﬁn‘éﬂmﬂﬁw pieey mgneic disks suehasi ons

- to perfonm ﬂ&ﬁitdlfosg? .aﬁd#%ﬁidv%lﬁ dﬂxs-%&g%a@t@i@gcafm%k@%h B ROMUMLI AT Fihd'9

appropriate ou e techni ques I mpl emented I n one or “nore
.prograns that are executable on a programmabl e system i ncluding at |east
one programmuabl e processor coupled tollreceive data and instructions from
and to transmt data and instructions to, a data storage system at |east
one input device, and at |east one output device. Cenerally, a processor
will receive instructions and data froma read-only nenory and/or a random
. access nmenory. Storage devices suitable for tangibly enbodyi ng conputer
programinstructions and data include all fornms of non-volatile nenory,




foregoi ng may be suppl enented by, or incorporated in, specially-designed
application-specific integrated circuits (ASICs). [0048] Al t hough specific
enbodi ments have been illustrated and described herein, it will be

appreci ated by those of ordinary skill in the art that any arrangenent,
which is calculated to achieve the sane purpose, nmay be substituted for the
speci fic enbodi nents shown. This application is intended to cover any
adaptations or variations of the present invention. Therefore, it is

i nt end%}e%&a% mwbmpwe%mntéamﬁ@r 1hbdﬂ)$1§féd%{”s¥ec@ﬂytdé§1 GRAIPRcARA-pBSfic
equi val ents 1 hereof is clained is: E met hod of deternlnlng
frequenuyﬂﬁghywn@ﬁtéSK%)j|tter in a waveform the nmet hod conpri si ng:

ocal | IR or calsuEh SR e bt PeBr b ng dessriboShOERE kbt ¢ ve
patter appreaataaibﬁmow@fs&aﬁla@fskh%ahé Mt ihAt Sfyd@anSdnk R SehichMi RE R LAl e

| ocal | y-in-order strobings are based on undersanpllng strobln% t echni ques
t hat raghievertbbwmequaross, hay be jupeitytetl forghe mﬁﬁﬁsc@mbpdmﬁts showaf fTbist i ve times

W' thin yﬁ}ihtcgt%n dlg‘;fﬁtél%e(feg 1o 0(9/%951% ”{Etaf?l gr?slt}r Iv %9' f {111% eseﬁtqgve%tj ei‘lilser&{)re

ocal | n-or ning ran on1j| assocCl a or “eath
t ransi itiioihtdnded that thriflvention be limited only by the claims and the equivalents thereof.
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determning jitter wthin a specific frequency range. 2. The nethod of
claim1, further conprising: changi ng the frequency range by one of
i ncreasi ng the nunber of subsets of |ocally-inorder strobes and decreasing
t he nunber of subsets of locally-in-order strobing. 3. The nethod of claim
1, further conprising: adjusting a tinme period between |ocally-in-order
strobes in each subset. 4. The nethod of claim3, wherein adjusting the
time period between locally-in-order strobes in the subsets further
conprises: adjusting the total acqucsiaiv@ tinme to strobe the repetitive
pattern. 5. The nmethod of claim3, wherein adjusting the tine period

bet weeVhaséetlpigneds or der strobes in the subsets further conprises: adding
additional strobes to the locally-in-order strobes; and

1. A method of determining frequency components of jitter in a waveform, the method
cormprising;

strobing a waveform having a repetitive pattern;

forming a locally-in-order strobing scheme of a representative one of the repetiﬁve
pattern including subsets of locally-in-order strobes; wherein the locally-in-order strobings are
based on undersampling strobing techniques that map strobes over a relatively large period of
time to effective times within a test pattern; _

locating transition regions in the subsets of locally-in-order strobes;

determining random jitter associated for each transition region; and

determining jitter within a specific frequency range.

2. The method of claim 1, further comprising:
changing the frequency range by one of increasing the number of subsets of locally-in-

order strobes and decreasing the number of subsets of locally-in-order strobing.

3. The method of claim 1, further comprising:

adjusting a time period between locally-in-order strobes in each subset.

4. The method of claim 3, wherein adjusting the time period between locally-in-order
~ strobes in the subsets further comprises:

- adjusting the total acquisition time to strobe the repetitive pattern.

5. The method of claim 3, wherein adjusting the time period between locally-in-order
strobes in the subsets further comprises:

adding additional strobes to the locally-in-order strobes; and

adjusting the number of strobes in the subset.
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adj usting the nunber of strobes in the subset. 6. The nethod of claima1,
wherein determning randomjitter associated for each transition region
further conprises: determ ning the standard devi ation of each transition
region. 7. The method of claim®6, further conprising: calculating at | east
one of the average and root square average of all standard deviations. 8.
The nmethod of claiml1l, wherein determning jitter as a function of
frequency further conprises: determning an acquisition tine of an

associ & ed tThafftHodf cla88 |10ﬁhe@ﬁdieﬁaﬁ§ﬁﬁﬂgaﬂahﬂtgn fifer AGSH&d fok e htthal R ion
associated with the transition region with a frequency.
region further comprises:

determining the standard deviation of each transition region.

7. The method of claim 6, further comprising:

calculating at least one of the average and root square average of all standard deviations.

8. The method of claim 1, wherein determining jitter as a function of frequency further
comprises:
determining an acquisition time of an associated transition region; and

associating the acquisition time associated with the transition region with a frequency.
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