DETERM NI NG FREQUENCY COVPONENTS OF JI TTER CROSS
REFERENCE TO RELATED CASE [0001] This application is
related to United States Patent Application Serial
11/ 272,027, now United States Patent Nunber 7,349, 818
with a title "Determ ning Frequency Conponents of
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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
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[0008] f ol TRWIHAYc-HRBAEAIrMlems 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.



[0009] In one exanple of an enbodi nent a nethod of
determ ning frequency conponents of jitter in a
waveformis provi ded. The nethod conprises strobing a
waveform having a repetitive pattern. Formng a
| ocal l'y-in-order strobing schene of a representative
one of the repetitive pattern including subsets of
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[0019] n of the

igure 3c is an illustratio 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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[0019] Figure 3c is an illustration of the frequency
jitter magnitude in relation to the acquisition tine
of a set of strobes that conprise a subset, as shown
in Figure 3b. [0020] Figure 4a is a graphica
representati on of an undersanpl ed DUT signal according
to one enbodi nent of the present invention; [0021]
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to enable those skilled in the art to practice the
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er US patent application no. 11/271,507 filed . .
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techniq%gs. e gr%bg hnrggt?gﬁj{lﬁd%rgalintp n?gr stl%rb(lang 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
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provided. In particular, in one enbodi nment,
acquisition tinme and strobe spacing are adjusted to
reveal different frequency conponents of measured
jitter. As aresult, jitter frequencies within a
particul ar range can be differentiated. [0028]

Enbodi nents of the present invention are based on
under sanpl i ng strobing techniques. In one enbodi nent,
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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



generally at 200, according to one enbodi nent of the
present invention. In this enbodinent, the
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set 4 (S$4) inc es sa 063, 2067, 20611,
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advant ages over current nethods of strobing for jitter
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- magnithd ESTURIICKeqBhS SitlE L Srk %thbl\édavlthm 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



measurenent increases as the time to performthat

nmeasur enent increases. Since |locally-in-order

sanpling generally takes less tine than in-order

sanpling, it is |l ess susceptible to | ow frequency

noi se. This is further described in the foll ow ng

par agraphs. [0034] Since the strobes for a given

strobe subset are IocaIIy i n-order, they are not
et ST rob TR AL ETEQBRRAE AL EF Yot o e
consideredu died exdrﬂp}v, referrimgtte Bfguor 2tba repeaspitativg cfshendigieal tdsahs of a

.on tr be is taken for each r ition_of th
Stmbmgé? 1&3 Glly g epdes vai ey i peesiideds elgﬁgw FROWLS ﬁelawffé).f S’éfﬁ'& data
signald ml,rﬁayéﬂd%ﬁg eﬁldct%pihﬂﬁ geltl&is @rSQVérQQSQ%%Hi(é p thb @Jtalta'a&msmon

entire pattern. | ocal y i n-order ‘sanpling
time, gamrhl@ddﬁmated es245h ef ﬂae rlmcrallysn-ofder stroborede Figmel2d. Accordmgly,

since vg?f arg P{)]P{glﬁtglieeét Iggl%l L echn %.g&% \rglgé ES#tonbEtglo&rtloa?lm%on periods
need td Bldnalydedlo c&tﬂ?ﬁﬁiﬁl‘c@? SEld RQdisiioh Pefi®BRR Enel for FheOnBitiéR regions

are utilized in perform frequency anal ysis of the
of the ingallytirasdessepbing pe bemxgmsaﬂ% adsxly Xélﬁlt@r/&eﬁe demitkjp transition
acqulsi!tloh lﬁg{e e%hét?o@l r&gﬂc&iséﬁzs c}w}&%t ereorg%sﬁll&ﬁit A0 bl lﬂg{ggmngé since the

ana ySes

frequemmpﬂl@ﬂiﬁty qfltlietlﬁéasﬁi&gfd:ht iy d&i’uﬁoﬁﬁnbéa@mt‘sﬁtﬁﬁﬂﬁﬁb as a
functjon of ach|S|t|on tinme. An exanple of the
[0037}¢ r cBelering tp Figues w’@mef Rnmln of Beapbien repsesepi@tion of an
I
undesFEPRATEE 2 L OHESRAD &b LHShiAh ) Bl St o
presentifivetitivh és pravidéd. elpulin embpdititest, ting hB&p&eumenhecmmelstrgbetshSEmcreased

acqui siti eri pd, assocj at ed
by a PP OE  HheSfl oo armetor ficertdimen b £8 fusiorFigrgib
illustrates @PeRIREN] ieb;etsﬁftat%%‘bf h3oafPliMbREr Mc;blﬂigb\xep the fifteen periods (Tpat
acqui sition tine (T acquisition). However, the
306) omgﬁﬂgmkﬁ Bffrom § lglurfe%fuewdm anttoepf @BENPhen msyecm%y Figure 3b

st o e B 00w o8 OR8N

includihg) siBshze 3@5}‘0393@4,,636;1 S308f 5 dnldS 0PI E5BRdt thrody 8B in€ladink b@obes 306,
acquisition tine is either increased. or decreas

306¢, 3@petiiigd 3A6H rad $l@§f§lf01€ﬁ334rﬁlﬁfélﬂ4m $tmbeﬁ%%é@6f,ép69, 30613 and
30645. Jﬁltﬂglg 'émﬂ&ﬂlﬂéﬁt' the eﬁ}e&% reéoﬂ‘ujt ??tfggsrls tl{ees? a?ﬂ’ne Pevious

culate jitfer i's determne across an
embodmﬁdneailﬂy/lhe Bﬂlgé“,s baivteemsiral®s hadigeeh crtehdetand ehanotdl Ta@f tirae is

. r obe ion, only the transition acquisition tine or

increas; ?%%Hi ds to be considered. For exanple, referring

[0038] t O RLOHIG & Fighrd ﬁ:%ee%%ﬁfaﬁtdf AUk RLqubhS jHicOhdahitdd€ Sitdistion to the
a strobing of a locally-in-order waveformis

embodm@t/oﬂ&gureat Bb tshibestrased b &us pebddidentofithsthe bicesaskal agquisition time

QRN T R R R

- the lowdRRRERy/ Jmefi o56 YRAIBRA AR cedingRf, tHeferbA6 dl AdfuisiicA AR has an
strobing in Figure 2d. Accorglng |y,

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



since we are only interested in the transition periods
2521 and 2522 only those transition periods need to
be anal yzed to deternmine jitter. The acquisition
period (or tinme) for the transition regions of the
| ocal l y-i n-order strobing can be expressed as Ts x N x
Tjitter/ Tres. Fromthis transition acquisition tine
equation frequency sensitivity of the neasurenment can
Rfond6h &4 Thiteld B Mefealiflg the tRObEREN 1B&MSLihloYddr ¥tr .“;l?t Ilth
mnumne§5ureneﬁ?%?s % unctfon 5? ach¥§|t n P?ne. 0037] e
analysikdfag btanmgnmbstéa jifter exaBaitwlect hdunctiwa wphausition tgnagnibeakpressed.
rese |on of .an under sa Sj nal., shawn .
Moredyh Siigt 15 TR0 019 () CPA SHASahS 2RISR O Bl 4 g fime,
we caﬁ 5190 edph &8 ?ﬁ&r ds @."fﬁﬁﬂtieﬁ R R qRneY. | Siack cakh résﬁlt Svill contain the jitter
nmbodi nent, tinme between consecutlve strobes is

frequenm& @ﬁs@mtanwl inufegpranenss wih sikhisr papuiditiqucttnéss e icamdifferentiate
then 15 TPAT.. Figure 3b

the reshl ' lpld B PR S IGH s il SRR o

[0039]I ocm énbthea eﬁb&ﬁfmeﬁtt Rl feisiayR timlebetwdeh I RBIMY-BES1dedrobes, and
( TPAT 306% of DUT signal 302 from Figure 3a overlaid

conse%lﬁn% hedfan wéﬂwfdhmﬁer IRAASHEmERty ginybe Ajugied &y depreasing the time

oot 5 s BRSNS DO BRSSP ey 7

For exaimple/ysisass 0, 13 Melemtddaihdnt ilhGaed anigdfs 489 andah SEikure 4a is a
three SS3 .inc| udi ng strobes_ 3062 3066, 30610, 30614
graphicg) sepresertation of a8 ypdesarmled DEEssignabishehgensralbise 40% @gcprding to

one enﬁ%??nen@@ﬁtﬂeg {?&%\%ﬁ@o TREéuII clB 1%1 ﬁ@@?gd %%tloﬁ BEihe

ective r ution
periodpoENUD ugnalef#%cﬁ:bnmﬁme 4mdveribidenttoprel dis dpethes erspadttivelye #s

ilustraip e T BT A is Sobeb Replar By slobss Dby rh 4062

. These oY %ﬂ‘BﬂJé@, 406 Mlﬁlgfl "4@%‘1‘ Shé ¥eld:dt1§1&1§'bo§lﬁgﬁﬁdt1ﬂ d$bski SS1 through
rel ation to the ment of Figures 3b is

- SS10 gsjillysyated irebiguierfbt ﬁlil Eigarevind tnehes ingihe Ramnaubsetcsugh aesfrobes 406,
and 40@ g&' Elﬁfgétj s 5116 e)t/ceg’ g%?x’ﬂ% ij?g 311%11er tg fh Cfrtrte)ﬁfgs in qfﬁ’e em5bodunent

frequen cap ture

111ustra?dﬂ%1 Gigurd T Hewever, &g theNeie metstrebes&%spa&mﬂiﬂﬁ: §[d+ TRES/ 12 instead
Accor di ngl the increase in acquisition tinme has an

of 3xTparabies/Gan éu'ﬁe@qaa anichsteaserb g San MoEyek gieh $x par +
Tras/13 RSpAfRHR e & %T '-I—t’lf &4 gvbﬁkla isstgg ?ﬁa@fflgqﬁl tHOub & of F1gure]; 2?2, the

measur enent . measur enent
strobesgn\ﬂ&:rsuhmmnfsthm lemboqhﬂrenod'ﬂl/\hdvle aﬂmtelm' salrespacihmar the strobes in the

uenc |tt r th jgh frequency jitter. However, .
subsers i T oot ‘&Ea‘iﬁaél? ity 26 R utbe et e in tis
embodrauife till hEAS BloYe w thé ﬁ:&alta@qlﬁﬁﬁ&{ tilnB (ST 1S o BR SHLS Bkt

I n enbodi nents of present invention, sanpling and

illustrageddn ?w PES A@p@a@xﬂ ns&meqcrabochmmgsthe Bequisitiomigme hqween locally-
ord 0 AR BB RSSO 10450
increas@igltBdBMe bohwler 10ahlly-fnb@ der 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



anal ysis has been conpleted jitter nmagnitude as a
function of acquisition tine can be expressed.

Mor eover, since the frequency of jitter that gets
nmeasured is a function of the acquisition tine, we
can . al so express jitter as a function of frequency.
Since each result will contain the jitter frequencies
al so contained in neasurenents with shorter

furthe 2RV S BaQBwidiESthe WRa GGt kS 6 Bblehal %Vhithto{iﬁn&%&lﬁé the overall

to determne the jitter frequencies wthin a
acquisjtian ttinweu |IMainmanggeshoft088]] abquisition tiees isninpolitant fur keeriag the time
. acqui siti time between |ocally-in-order strobes, and
qu”“%&ﬂ&?g%b%ﬁﬂ?Pﬂthe bandwi dt h of the jitter measurenent,
[0041)CaNFRArdSlisuHISk d?él%rhtﬁ%'fﬁ?&!a il-Bflet drMBingROStWREIhown generally at
| ocally-in-order strobes w thout substantially

500, agsheding togng kmbodimenbefi the present inybetion. BystemP¥)) ingladeg lavtomated test

. pl r to the enbodi ment il.l ustrat kn Fi gures
caipr R} 0 o el 4§ o SR Ml b 36, S5 b B pcer s
504 and Providis 6 d0PLESOWh Fb@BRr 506 hR\WRalgas Ehalnk ¥mdbdidEt, ATE 502

accaording to one enbodi nent of the &resent i nvention

includegrwler i batdpedsa buligred NV E aptrpeyignsd 6kt Wrooswagtorie. In one

embodRfld: A FreP 5ok cﬁff&@&kal #0858 c%ivgyﬁf?fe%%figlvcﬁﬂ @:d LRPr 504 via
top of one another, respectively. As illustrated I n

output siggais 60U and My dtherofe 4Dotesouiiut elgads are tadiiprldedd Iy buffered signal

) strobes 4060 t hrough_ 40621. These strobes, strob
is compEsEbin 4 Ui GBI T O exRsEt iRyl s _ ?herPe@T performed
as exp«i:‘é@ﬁ 8h §n§§&b5cﬁ§1@1&’tgg{ ;sﬁhl]egh(ﬁ§ rdprdsiftdoahe gdgeriraﬁéig&ﬁ e%léage. An

In Figure 4a, es I n the sang subset, suc
output of cwhypsatdOB® is sapdesd@BiR® dithslobivelt st@Soflthe BELs patpedvimeform.

The oupif GEVE SPBERRT B ot 10 BRAGEGRP STt fo” shig it gis WEetomm
based &t sfaﬁ%ﬂﬁg 3lotk SOPERHud b3*sdREd clbck RES/ Satnpling tRRE 50Pfs fed to
3XTPAT + TRES/4 in the subsets as is illustrated in

counter i and Igph 5 Mbanslsamples if tedD B prpgionm arpribigingl. jThe samples are

stored REAS TBYiEe 5P (L hodinilyftoro hrbdef Bob Ror BT RRRLRE L1
[004230f Inlong embboiclicnE RlocWisbired 53(Ris pEspdminb® toSadtdbe SR N gragsform

the strobes in the subsets of the enmbodinen
based qn eyice spgealiration pdirepinplls- MspidBpas aresheeitiotoghe DUT and the
e it il on t . . o _ _
i Ak ok 4 o BOAATIE o it o o
device 86t thai iseither integraborramettly coubled tio A TE02 Adic oneckratidymentysofiware

t his enbodi nent he acgui sition ti bet ween local l y- .
to perfor %ﬁ’&gﬁy Qegr ‘B’é%rf’{”&ﬁ §°s éVéEH‘EPeSrYtS'iGS}{ gb?’r?éﬁ b‘ﬁﬁﬁ%“&?ﬁ“ﬂftymewed

from u%e?] ﬁlﬂtut 4d8de 35038 Hél@lﬂﬁt@ltafld catlp BRcadsoistoe tt&)éaptiu‘fhh‘? MRast ng
e

i me between locally-in-order strobes w thout

embodigndns tugertingits inchidangé emoitsef therhit pdsiet we unit intervided thefigter
0040].. As di scussed above, e _nunher of sa . or .

measuls AU P RE PR BURETf B BOAIA™ 08 KT Sy ot sumpling

resolutiofiiafid tHMRRIDEPHF pasteMQepdtitivhs. dthe jidte PmSBURGinSiNBI¢Ae which DUT

Moreover, in one enbodi nent of ) )
transmit pins will be measured. The bits per pattern are the number of bits of the repeating

pattern Tpat. The target effective sampling resolution {Tres) determines the effective sampling
frequency. The number of pattern repetitions indicates how many times to effectively walk

across the repeating DUT waveform pattern.



the present invention the bandw dth of the jitter
nmeasurenent is adjusted by increasing the nunber of
strobes and t he nunber of sanple subsets per

acqui sition period. This technique 8 further allows
t he bandw dth of the neasurenent to be increased

W t hout increasing the overall acquisition tine.
Mai nt ai ni ng short overall acquisition tines is

i I
[0043]_ "Tg ﬁ &%ﬂ}%{mééﬁ Sﬂj&rysewsso& I*Bgﬁ gée@%e Jaﬁ%?éggc%gamh% &s&slhp@cs Rl device

data tol qah:alaltqmandpmmiarRmfrﬂngH@ stomn Fghilpearin gamemb\cbdnyleiat user inputs

rcsi g S b R S R B SR messuemen
bandwihY. FeRbr il iEbne BdbddiRknd KEBINER dﬁﬁ%nﬁ Eogi@b!llg uilldltd@%tmbmg
signals 501, 511 from a devi ce under test 4 and

remdesw@un d}éﬂ;t,er@ﬁ% mqoluthzswset oratspessied Siom @@Bmﬂo@? device 550 to

caIculag%%d%/s%h?) S seteé §6§f gleTe 1%2%-8[5?559%11“& %ﬁ{%ﬁefp ftijz%lfd%rldth In
one enfbOt@InG ipdsceSsbe 504 fised BR reid ﬁ@hﬂﬁﬁﬁl lehiébiene td xpless jitter
differential buffer and recel ves d| fferential data

magnitpde,es urctmfacguisigon pme agd Hienas adwactign @f Bequenghe one
f
[0044] or p%}:nee éljfsé ta?%btr\{vpgiragtg@" & log{cgllf glr %ﬁ%r:sﬂg?gg %@ﬂgéd‘ég‘%’ﬁ generally at

600, acemlmg te@ns mgbadlﬁnehmfdm gesenh@veiitionh Thbdktpdrdoaiphiees as
nt, VT is a threshold

expe I n
asynchpong é& gmtﬁ%u%% ? a¥ieq wndshtestd DG @utonh waysfprgy  The
metho@ﬁeg%'ﬂ? %ﬁ@vﬁére%ﬂ@mﬁg’l tfn%ﬂ% %ét%)%l?gﬂ‘c}b%s f?;fse{ B8 chied £al

state of the s out put waveform he out put of the
bandwigldriyequeneyr fob 3.1611111@1 fnedsurernent] att 662 the rstrublng 61 4 DL output waveform

. sanpling of .t wayef oy m.. base nmpl.i ng .cl ock 507
wsing 5 20REhBHo By ISKher &1 SloRIb B order P CEIBBLS BT, Data
~ obtainddEfbnk the sGOBIME & storbd aPEUd:. |'I%%fbr&ﬂ&htﬁ@@hei%ﬂiy@&l fdeichfine jitter

DUT waveform are obtai ned. The sanples are stored in
for the ﬁﬁh‘ﬂ topndyeidhiscamencyf ab 606.r B asthis d¢termingsl if moseiise freguacy data is

reqmregi gt ?(iiig Efglﬁlgﬁ?r?a%lr% gérqgirec[ %%g] th{: Q%%&%tqgﬂf&%%ﬁ%ﬁg e SJde hrobes is

to's orm

adjuste as€lD. Theg@viesthep eqritinhedt 60D udtilthous@e jittBiPlitédhendysda is required
[ specific to the DUT and the desired_signa

al
at 608. : Iﬁﬁgﬁ@%{ gfﬁa rSéaﬂfPFeé&t 604, IgRrascr Bt ioRey ireqpeney tyyietermined at 607
o SRR UL U LN L R0, 20 ey, T

pl'OCCSSGIhtlDthHE b ons erhbwhment fitterpe laffmqmnh ogfre@iehyy isne@rmimed at 607
based q%%eg{) tntg%tégfsel{; g‘te?zn e E::a%g% }?ﬁr%g] ntglg’l(glccilgsitlgns t%le and
since tHedtdgUbR! rrg%f ek is 8wty 8t &.‘é[hﬁggnftﬁ’ﬁe jlh&tﬁra faARH 8 frel}ﬁbncy can

one od | ment, user |nputs i ncl ude one or nore of
be deteﬂmmbu Thqmuamn for a%mmsutmnﬂm \mld iofthet ttmlsgtlpmaeqmmmmc equation

Tacq_n%n Is % ﬁ ﬁélttFnZ? eé tw%g?eflg és[ c}e 86% 55},\'%%[7 8%1tter 1s%h£ peak to peak jitter
of the DUT output waveform.

[0045] Referring to Figure 7 a flow chart for determining jitter in a waveform, shown
generally at 700, according to one embodiment 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

10



resol ution and the nunber of pattern repetitions. The
jitter neasure pins indicate which DUT transmt pins
will be neasured. The bits per pattern are the numnber
of bits of the repeating pattern Tpat. The target
effective sanpling resolution (Tres) determ nes the
effective sanpling frequency. The nunber of pattern
repetitions indicates how many tines to effectively

ransit g R R S FRE 8 PR B RS fut hes lke the

examplrap Figued2d aGenerdllyea ndefts reagudtts defiuck wkeat iseparatebating ttansition region
calculate randomijitter R of the DUT wavefaqrm ..

from aﬂ?ﬂﬂ?rh_ Pr PHTEE et gfP %ﬁ?’,ﬁvﬁfg@? Cmiitt & cauedevod v Sgrval

(UD)/4 UBQEady R afHirfefonPaMa (Al b&Insidefel WitkEst R PIBIVEfrSnsInGBgion.

i ndi cate neasurenent bandw dths. Further still in one
Moreowerboginveh tyle soflsonecded to ignord datmfhabigiy ldiopte afrapsigien region at the
bei stro%iqgl reside§ wi.t hi n system 500 and utilizes user
eginniig o the Pd oL A FRIPE & ser | nput devi ce 550 to

j0046]Ccal SiakbetRhandsiaen HRion)adiesPRA hphatentBdkbt,ial76€6 tdldull&ions are
each with a different bandwdth. In one

captures, di - 1d
perfonéwgf@qieme the seulgrlotevition aEeashtiasitiensedges At 7Bnthe standard
deviatiJ¥ lf)f AIP{TS‘ISHE)%?g%I A Elg’t{eltn%n&f PLSRE e}&'bgéiﬁ'{ent tﬁﬁqghcgﬁéd@ tglang the
a runctiron o cqur st tion Ime and j I er as a
averagé binobi Qi Sfuafe RYtage 6§the FRARdA] dEvigitherf@llitle wankitiowredidist For
.for alogically in-order strobing technique, shown o
practicglgygroass. Phectandgiglevigtienisdhaigniem der dibgpeh oy cortaimeeligible
r ) j. i 2 T [ .. .
o Ao ey 1 TR AR 28 e syt i ot
used int engtod {nntdTy oftthe presemenvehtormnn cXiwess jivey hodfilnetjomef fatqueicy.

[0047] \gll(‘:l ﬁ{xg \s,tgtrég iaﬂ%\g,] | nta%tﬁgdps %@% %ﬁ%ggqsgfegcgﬁgé h%:rfsé iagﬂeitmp‘ie?nented bya
locallyTR3fF Mg sydtend Fmbd®msiits OPdVked thafmBlel Pk MdHally-in-order

“waveform usi'ng an asynchronous cl ock based on a
‘strobinf gydnk yay e dnplemested obdigial stdeamic icioyiay fagmithch progammable
I“OCCSSOObg$i ned fé %rp ghﬁ- o rOObi ng SI (S) ()St(:lor ed ﬁ%) 6946 -l;SheS or;such as a
processor (DL HRAS & RPHAIENNG PP 0t & cRSPRP R HEOSURFRISH o't
computel rhWhre] iftwhigd) dMndioh{Hidgighestiieral., athd enhodi/fi@Rhese
.determned if nore jitter frequency data is _required
technigyes aginclude ppproprésie mppeandouing devieds. progrgmablgprocessor, and a
sorage AR e B oc Bt T R0n 0f BRER iy APl B imabte
processanr & prodetexmbadgingehay tahhiguéssanaydsipardanedby P granfmabde
further data is required at 608, jitter as a function
processgf fecuiiRgehRYPETE RfPursivRsfo RErigarydested fHretiens iy qpeisfias on input
 data anfl §84¢rdthe a‘ﬁ?&?rigtfe oW PTIREEL AR s tidy Be dhpIERERRE in one or more
measur enen requency. The procesS then ends. In one
_prograresibethrerexdcptapletdaner pragramnfablecitystem indluding gulesst yné grogrammable
determ.ned at 607 ased on the fact that.jjtter.. .
process%%pi%lgg recelye glétaéﬁ)lgg ng'gtétbong gogl, fiﬂ(ﬁfﬂ tirqpﬁmbl!fdah and instructions to,
a data sBSTRH SyhtbinOR 1bAstBMPut device, and at least one output device. Generally, a

processor will receive instructions and data from a read-only memory and/or a random access

memory. Storage devices suitable for tangibly émbodying computer program instructions and
 data include all forms of non-volatile memory, including by way of example semiconductor
memory devices, such as EPROM, EEPROM, and flash memory devices; magnetic disks such as
internal hard disks and removable disks; magneto-optical disks; and CD-ROM disks. Any of the
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since the frequency of jitter is a function of
acquisition tine, jitter as a function of frequency
can be determ ned. The equation for acquisition tine
used, is the transition acquisition tinme equation
Tacqg_trans = Ts x Nx Tjitter/ Tres where N is defined
earlier and Tjitter is the peak to peak jitter of the
DUT out put waveform [0045] Referring to Figure 7 a
foregomgqmmﬁbpﬂeﬁen@@w rdPtiRloRfBrdtid hE8pebial d&@g&ﬁﬁ%ﬁﬁcaﬁ&gmmﬁc
general Iy at 700, accordlng to one enbodi ment of th
IHWgﬁwﬁbswhﬁS@HH@ﬁklon is prOV|ded First at 702 the data

004 8] ou@[ sgn(ﬂi ggé%%gtlsiﬁa}fegq&}} d],lusg ﬁ%{l%gesglﬁée%g%m% dt will be

apprecﬁtedtﬂ'j/&h(l)s%iﬁ oﬁilﬁa@ aiem i@ the aMABAt 28Y alrliBeph@h@whichlis £060834t8d to
of logically Lows or Hi ghs surrounded by data of the

achieve figsame amoswnarm subshiguted fan ﬂietspmﬁcp egbeshwents shown. This
apphcétgg i fntetnﬁgq to erla%g ?%Qaﬁlo‘ﬁs v, var1 ns 0% tﬁ resegl?mventg)% Therefore,

it is 1n1ﬁﬁkﬁﬁl thatkigis irh&ntuﬁiﬂﬁﬂﬁhﬁed @ﬂfbﬁthé elaﬁﬁs mﬁeﬂhe eqlil3lent@thetdo€
is needed to define what separates one transition
region from another. For exanple, if the data in a
wavef orm contai ns the equival ent of unit interval
(U)/4 of steady state, any different data wll be
consi dered the start of a new transition region.
Moreover, a general rule is also needed to ignore data
that may indicate a transition region at the
begi nning or the end of a sanple region. [00461 Since
each transition region indicates an apparent edge, at
706 calculations are perfornmed to determ ne the
standard devi ation of each transition edge. At 708,
the standard deviation of all transition regions is
determined. In one enbodinent this is done by taking
the average or root sum square average of the
standard deviation of all the transition regions. For
practical purposes, the standard deviation is the
randomjitter although it may contain negligible
anmounts of period jitter and the like. It is the
randomjitter (fromthe standard deviation) that is
used i n enbodi nents of the present invention to
express jitter as a function of frequency. [00471 As
stated above, the nmethods and techni ques descri bed
here are inplenented by a |ocally-in-order strobing
system Enbodi nents of devices that nmake up the
| ocal | y-in-order strobing system may be inpl enented
in digital electronic circuitry, or with a :
programmabl e processor (for exanple, a
speci al - purpose processor or a general - purpose process
or such as a . conputer firmwvare, software, or in
conmbi nations of them. Apparatus enbodying these
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techni ques may i nclude appropriate input and out put

devi ces, a programmmabl e processor, and a storage

medi um t angi bl y enbodyi ng programinstructions for

execution by the programmabl e processor. A process

enbodyi ng these techni ques nmay be perfornmed by a

progranmabl e processor executing a program of

instructions to performdesired functions by operating

on input data and gener gt AEM8PPropri ate out put. The

techni ques may be inplenented in one or nore prograns
What isiglpimeg is: execut abl e on a programmabl e system i ncl udi ng

at | east one programrmabl e processor coupled to

receive data and instructions from and to transmt
1.  datnstlwdbfidesihingty Pageldd, compotaitLofglitRF BoewsYEb @ thedhethod

| east one input device, and at | east one out put
COMPIYHIE ce. Generally, a processor wll receive

| ARG RBRA AR AN gudiRd- onl y menory and/ or a

random access nenory.” Storage devices suitable for

t fargink la Jocaitponhprdeg steabing Kchemp o Dgrepreséemativieutit b tie rgfetitive

dat.a_.i ncl.ude | fornms of non-volatile mepory, i
pattery fElnding SPs6Y Cﬁiﬁ?a I ebe: ’ES’HH‘E}E#E?PHB?'%H’B‘PV“O"‘HES are
based S1EMIdeREmpBAE Srddin B M ueEERRAND s@tfds bl asheRIAY Yarge period of

devi ces; magneti c di sks such as internal hard disks
time toggifecientivesvishidiadest pattesgnet o- opt i cal di sks; and CD- ROM

Isks. Any.of the 11.foregoi . be .su ement ed by,
re bt o S ) gl g RS
aRRnniadd QRGP ﬁi&brf dsSocidtétl Y Eahen&itibe Hgich; bl Cs) .
10048] Al t hough specific enbodi nents have been
idefegraining iter satiniespeeilisdepanencairmeei t will be

appreci ated by those of ordinary skill in the art that
any arrangenent, which is calculated to achieve the

2. Skheenghtrdodtaimrig Yurther satbysrisidgat ed for the specific
epbodi nents shown. This application is intended to ,
COPEINEIAG TrSaHeRTAnen BY BRe QHRfratsigfhe srmpeof spbsgis of locally-in-

order strO¥&2hd QkreatREN B AlBber OF %/uﬁgsélts '{)Efé)@%ﬁgﬁg—&rﬁalsgytﬂiﬁg

i nvention be IN'lmted on alns an
equi val ents thereof. 12 CLAIMS What is clainmed is: 1.

| met hod of - deter.m,ni ng frequency conponents of jitter
3. ﬁ‘egl égSPHP]thghﬁﬁﬁ . f”@bnprising: strobing a
\Waetir Atidapend Rtk eRabédllyMe-obdtk k@sues if SfRistiged

| ocal l y-i n-order strobing schenme of a representative
one of the repetitive

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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6.

pattern including subsets of |ocally-in-order strobes;
wherein the locally-in-order strobings are based on
under sanpl i ng strobing techni ques that map strobes
over a relatively large period of time to effective
times within a test pattern; locating transition
regions in the subsets of |ocally-in-order strobes;
determ ning randomjitter associated for each

t TR REthb @B E188H ORvheiiA de@ﬂlsfngrﬁﬂdagl jitter aSdocMelitbrbash transition
specific frequency range he nethod of claim1,

region %éﬁm@@ﬁ§¥|3|ng changlng the frequency range by

8.

O t he.nu f subset.s of |ocally-in-
or%@%ughggbggégn (1%%?%%%|ﬁ HERIEE ™ of subsets of

| ocal | y-i n-order strobing. 3 The nethod of claim1,
further conmprising: adjusting a tinme period between
| Bheamethod ol Jeipe?, faghesseEpiivingach subset. 4. The net hod

oJalc‘ﬁh@hEht?’l’ea fE &t ﬂe?&'b Anﬁg?ifg@&ua{r %,% f?l sﬁﬁ&é’f@ Q&Viations.

| oca I n-order st e su
conprises: adjusting the total ach|S|t|on tlne to

robe the.re itive attern 5. The. net hod of claim
hf—‘\mb@ of %efhlts tthf@eﬂ% EeREE jiFT g fBE‘EtW@eQ% frequency further

COmprjsg_gally in-order strobes in the subsets further

conprises: adding additional strobes to the
I dm’amhyﬂg an @qdrsmogttmmé‘sap agyediategidjansitiom gegidvg amlinber  of

rob S i,n th b et. 13.6., The nmethad of clai.m1
PR B TR §Tantigiansd YA Beug e ioston bigpencs.
transition region further conprises: determ ning the
standard devi ation of each transition region. 7. The
nmet hod of claim6, further conprising: calculating at
| east one of the average and root square average of
all standard deviations. 8. The nethod of claiml1,
wherein determning jitter as a function of frequency
further conprises: determ ning an acquisition tinme of
an associated transition region; and associating the
acquisition tine associated with the transition region
with a frequency.
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14 R A nethod of determ ning frequency conponents of
jitter in a waveform the nmethod conprising:
conducting a plurality of |ocally-in-order strobings
of the waveform changing an acquisition tinme
associ ated with each | ocally-in-order strobing;
nmeasuring jitter associated with each |ocally-in-order
strobing; and determning jitter as a function of
frequency based on the neasured jitter associated with
each change of acquisition tinme. 10. The nethod of
cl ai @, wherein changing the acquisition tine of each
| ocally-in-order strobing further conprises one of
i ncreasing a spaci ng between | ocally-in-order strobes
and decreasing the spacing between | ocally-in-order
strobes. it. The nethod of clain®, farther conprising:
9. éxprthed pidptgrintitieg fivaamicy uekep@sna df jinct inchwodfcform, the mothod
cm@&%m&%ltlop time. 12. The nethod of claing, farther
nprising: determning the jitter frequencies within
a p@(ﬂﬁu@m&’ﬂ pliratipueileqaliydngeder sit@hinghef th@tvhﬁ{fomi,

doneryf A Ca B PR LBt ol | Sy RO, bine

| oclaeasynngmmrcmoc@mdmeh d@hdocaamdn-w@rsublaug raydt he

St et "

et hod o fnq% g@rtr#s 1"31"1119{&0%% %F&%% F%égﬁ%n tﬁe,gl!ﬂg&ure:hﬁ tte{gs%oclated with
cach ehangp of acspisitis ithe aver age and root square average of

all standard deviations. 15.. The nethod of claim,

mhereln conduc ing a plurallty of locally-in-order )
%ﬂlﬁgﬁﬁwrﬁnﬁ thangieg thoaquuisiféas time of each locally-in-order

{o.
st r'd¥s
stroBinY rﬂ’ﬁlﬂie? B%ﬁhyes hé BPhﬂ&aéxﬂg a !@%ﬁfg%e@vé&r lo &f'l‘%/hn-order strobes and
| ocal | y-in-order strobing; and rmapping strobes I nt
decrgasing thg sparing brtween logallyoinrarduistrebes. of | ocal | y-i n- or der
strobes. 15 16. Ajitter frequency deterni ning
system the s stem conprising: a conparator adapted to
I edbrmethad of; Sofiurthsuepaerisitginal from a device under
t egkpradithy AR PRHLRItkdMEs QULRMon DrdP@lisitiGn ARe £XPECt ed
si gnal , erein the output signal has a repeating
12. The method of claim9, further comprising:
determining the jitter frequencies within a particular frequency range.
13. The method of claim 1, wherein measuring jitter further comprises:
Identifying transition regions in each subset of locally-in-order strobe data; and
calculating the standard deviation of each transition region.
14. The method of claim’iﬁ, further comprising:
calculating at least one of the average and root square average of all standard deviations.
15, The method of claim9, wherein conducting a plurality of locally-in-order strobes of a

waveform further comprises:
asynchronously strobing the waveform for each locally-in-order strobing; and

mapping strobes into associated subsets to form subsets of locally-in-order strobes.

15



pattern; a clock source adapted to produce a sanpling
cl ock based on user inputs, wherein the wuser inputs -
conprise a nunmber of bits per one period of the .
repeating pattern, a length of a single bit period, a
target effective sanpling resolution and a nunber of
times to sweep the repeating pattern, the cl ock
source further adapted to change the tine between
| ocal l'y-in-order strobes to adjust the neasurenent
bandw dth, a latching circuit adapted to obtain
sanpl ed data of the output signal according to the
sanmpling clock, a nmenory device adapted to store the
sanpl ed data; and a processor adapted to anal yze the
sto t progessor further
fe. ad a%?ggg?%a%§%¥g§%&&H%g%¥§EﬁL§wFﬁ ‘ﬁ oﬁp%?n%requency
| T. 2 Fprapaygior adaptsd te rereine 26 loaktame iontphhsizned doni aavice under test and
conhp¥rd BRY i
Tt QR o R HHAS b ML P TRRARE ot bR oMl SR LES sepgating
PateHE sanpl es onto a single period of the repeating

pati &b&k sdukce A'rﬁjla 2y & G acéaﬁigmlg ?low ﬁ%s%li gntug&fmputs wherein the

processor calculates the jit eac
useIinglis sompEsg peumpber of bithpar e potiehef the mwmaﬁamnpa &mgth of a single

bit ﬁﬁnoa,na eiBdtRe seHpERt rescﬁguoﬁr A SYRERIPHimEd 13)' a@c&% the repeating

ereln the processor det er m nes Jitter

Pa“%f? ﬁﬂﬂﬁ?&spwc Sirthepadnpfesite icbrpecithasting betwom booslis ineondof strobes to

ad;@{ﬂalcmcsﬁ.mmbﬂnﬁhawmhe processor determnes jitter
fr%g C|es wthin a articul ar frquency range. 16
COIRE CUE} ieptedde gbRi srethleddamed thy ovthut vigrel sesasding to the

sampﬁﬁgemdghereon for processing jitter mneasurenents,

t he net ho oceSS|ng conpri_si ng: expressing
ji?ﬁ@?mﬁﬁgﬁ§ 5?185WﬁﬁéFﬁ@WPBﬁdg@qH¥%|t|on time;

and p&)’d&ﬁ.@ﬁ Sﬂ:ﬁﬁed tolahSyzdthe tdrsi\@dtd ﬂfﬂeﬁfmﬁﬂe@ ﬁ'lsé? N6 probBSEr further

ofjitter i.s a function of th
adap%%%i?l"??’t %llaﬁéﬁ%on‘? hEedORY-ne readabl e

i nstructions of claim22, further conprising:

7. The system of claim 6, wherein the user inputs further include jitter measure pins to be

sampled.

8. The system of claim |6, wherein the processor maps the samples onto a single period of

the repeating pattern.

4. The system of claim l6, wherein the processor calculates the jitter of each edge of a single

period of the output signal based on samples of an agsociated subset.

20. The system of claim |6 wherein the processor determines jitter magnitude as a function of

acquisition timc.

21, The system of claim 16, wherein the processor determines jitter frequencies within a

particular frequency range.



determining jitter magni tude. 24. The nmachi ne readabl e
instructions of claim 23 wherein determning jitter
magni tude further conprises: identifying transition
regions in a locally-in-order strobing; and

determ ning the standard deviation of each transition
region. 2~ The machine readable instructions of claim
29- wherein determning jitter magnitude further
conprises: calculating at | east one of the average and
root square average of all standard deviations. 2C A
jitter neasurenent system the system conprising: a
nmeans to take jitter measurenents in a

<22. | oca} fngchime wadibte medivi hmgir@dbﬁﬂetioza stRéthefcdh f6NAOBsEg jitter
stro

1§44 ' in the |ocally-in-order i ng
nﬂscﬁenggigﬁ%%agoég) SO AT REE g jitter as a :
funéﬂﬂ@ﬁummﬂkreqamnmyasafmmﬁmhefp¢¢ﬂgﬁbmw&a@uh&nent
systemQ 253 conpri si a neans..to
expr)g[g}é }Cnlg tt% £eragn|c % a%qugn aHEEi t@%&%‘?ue?‘f?’e Jitter is a function of
thepequipigon time. t i ne. 78. The jittcr neasurenent system

of claim2b, further conprising: a neans to determ ne
jitter frequencies within aparticular frequency range.
23, 17 The machine readable instructions of claim 22, further comprising:

determining jitter magnitude.

24, The machine readable instructions of ¢laim 23 wherein determining jitter magnitude
further comprises:
identifying transition regions in a locally-in-order strobing; and

determining the standard deviation of each transition fegion.

25, | The machine readable instructions of claim 24 wherein determining jifter magnitude
further comprises:

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

26, A jitter measurement system, the system comprising:
a means to take jitter measurements in a locally-in-order strobing scheme;
a means for changing an acquisition time in the locally-in-order strobing scheme; and

a means for expressing jitter as a function of frequency.

27, The jitter measurement system of claim 26 further comprising:

a means to express jitter magnitude as a function of the acquisition time.

28, The jittcr measurcment system of claim 26, further comprising:

a means to determine jitter frequencies within a particular frequency range.

17



