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DETERM NI NG FREQUENCY COVPONENTS OF JI TTER CRGCSS
REFERENCE TORELATED CASE This application is related

W0 ooodkosd4esl St at es Patent Application Serial 11PCTUSHOF060729
Attorney Docket No. 05-20051US, with a title "LOCALLY
I N- ORDER STROBI NG' filed on even date herew th, which
is incorporated herein by reference in its entirety.
TECHNI CAL FI ELD The present invention rel ates
generally to the nmeasurenent of jitter in a waveform
and nore particularly to neasurenent of frequency

ggﬂ?gxnéﬁ.s comm[\ﬁir' R%s%@gg@g% cﬁ[%ronl CS déeWcJeITrER

manuf acturers for det ect| ng manuf acturing defects. For

exanpl e, automati te ows_sem conduct or

devi ce manuf actu g&ﬁ‘%%ﬂé FYLCO8F ume basi s,

t ehik upglidadioaks feyated toe[aﬁlkbdiswte@ ®atet Apbhcdtidd Serial 1 1/271 507,
ace. The tester drives signals to_and detect

Attorgp harketN A5 et Sevith adt o LEICABLH DRI DY ST RUSING” filed on
even dBR HBIEHHE, SehibIERUL bGPt LIRLGH DY rYRFURS in b BhidQiy. i LT er

degrades el ectrical systens and the push to hi gher

data rates and | ower | oiREBNACAGE RIS | ncreased

[ J, .

c ﬂgl%@?géern? gtfv;teiﬂgﬁt? g@ iy %é%ali%@ttgg ﬂ&?é&@ﬁgﬁtycﬁ‘]ﬂter in a waveform and
morcypertiau srntoentasotoorcnit nf ficglonspeesipdatrds efjitherni cat i ons.

Jitter is defined as the | i nt of the

significant edges in a se%]ﬁéﬁgegg&gdata bits from

t h&itoniatie adst pgsipineotis consally gsarebit aeaamwﬁsaﬂde rhéufacturers for

ta errors. T t hese errors over
detecilk FiubRotas iithr Hhn OOy CUR BRI Ay Pt § i psgniconductor
devideanahi€adt@reElefo@EdY) dH $large Po10me BASie TP FERBIBRASy of cach device sold in the
mark@‘g,’ﬁ ermning the Tevel of t hese jitter conponents

Wes The TSt drivss sigasteff and deie sigals B fevice under-test (DUT) and
evaldafRG Y @it6&ed Vé%hﬁ@io' tp@é%@ vhRkEs. a’biﬂnh% YitleP 48BG4 B duiéal systems and

timng of significant edges in a data stream For
the P’ésbaﬁf?ﬂv@el‘@lg@a Imeé sué et dogic diviigsihes inereraod itietest andacessity for the

meas{lférﬂgﬁ@ﬁ Shelrlé]&effﬁlt{oﬂgﬁ?ﬁgr a signal at fixed tine

Intervals and to analyze this data to detern ne edge
t | Ytk is Ok peéma]mqaice §a@amrsntmgtespa¢ﬂeiawadonanam1yztm diter is defined as

the n't1 r%te%p?fet%e 51% S e dde VIF]‘i:neg E)éj(iurerelge% éae g‘%sufrﬂmetg%r ideal positions.
MisaHgohées caxasplt & d&s yfrch;r me{ﬁlgsthé@mrﬁgs costparetadkied period of time
t echni sure, whet her a signal

detergglgﬁ gy%t%mbsé? 6 Z?ltter can be c?‘ e to deterministic and ragdom phenomena.

Determining the level of these jitter components guides design improvement.

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
mcasurc the voltage of a signal at fixed time intcrvals and to analyzc this data to determine cdge
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
threshold at fixed time intervals. Asynchronous strobing comparator technicues use stochastic
mathematical techniques on the measurement data to determine characteristics of the edge times.

Two general methods are used to establishing a fixed time interval with the asynchronous
strobing (or sampling) techniques. The methods are “in-order” and “out-of-order” strobing.

Shortcomings exist for both the in-order and out of order strobing techniques. For example, in-
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threshold at fixed time intervals. Asynchronous
strobi ng conparat or techni ques use stochastic
woriohepEbd cal techni ques on the measurenent daP@r/U82006/060729

determ ne characteristics of the edge tinmes. Two
general nethods are used to establishing a fixed tine
interval with the asynchronous strobing (or sanpling)
techni ques. The methods are "in-order"” and
"out-of -order” strobing. Shortcom ngs exist for both
the in-order and out of order strobing techniques. For
exanpl e, inorder strobing has | ow noise imunity and

order RB;RAUISH AR ifniBS A0 1948 2 Qi HLfmS! é&pbllﬁg)f'&der strobing is
sensitive to frequency errors, requires a conple

Sen81§é¢ tmfrmwnme S Orserpdnresin dorppbv sl 1 micasugeragritiand pravides limited

of the signal.
abil s r egZél @gcﬁgﬁgg&g at%%q{ gggar cf h? ts{#l ?qu uency
¢ h&reaic¢bimifematenofittaregaghtal frdqseltd}echﬁmtfsénfuf a s:i%nal is the
tte s.a fun tion of .fre SCOp
meashtenef 0B P siEhrit A ard ST G usR ke, ARAEAES imeipgerval
analyﬁmy ardﬂlme Rebdpee provitRasmethod kd feasuas jifted 48NCAunBo0bf frequency, but

fre but th ar e rel atively expensive. |n-order
they grg %¥§§9ﬁ@h‘feo IS FBEIRG af}@%ﬁﬁﬂ&ﬁ%gﬁ%@ﬂg feagigpes can measure

jitterjak btf@ﬂcﬁ@ﬁ o fied 06 dyO TH O evlek ecﬁé«' RIS YacqiiHRY Tmes iRGuir QNEF in-order
acquisition tines require in-order sanpling limts

sampfifg linyiis e fefencies ice fﬁ%%%l{?rté relgtively apy\fesdpenges that are of no
interdst COHRDSH R3-oFo&der 356 BorddRis 'S'B%Fﬁr?é{ech ﬁése(ﬂ; not &n'ow ide a method to

out - of -order asynchronous sanpling techni ques
IHWBBKUVF@@S&ﬂﬂﬂﬂﬁ&?ﬁﬁﬁ%ﬁ%ﬁ%ﬂe jitter as a function of

f rls&l{ﬁé’]&%sorl:s gat%cb V\E]Q({]ﬁ)r%h%?‘ ?%asgl?soﬁfgfed %Qﬁimf %Cgtvaﬁrbecome

reasons state ecome apparen
appaItGhb’@ethsm dkiiléeedl inrihgt hﬂé uaom raadorg ?mdanhldngtmdchg the preeent specification,
t he nt S e0|%}cat ere is

there | 1se a aeedt 1ntqﬁ% a If?r 3t sygc 811?/ ne gneﬂg?ﬁ)?{ ﬁ;ilaasrlflg{lﬁ 6166 J(lﬁter found in a

wavelirasayd igictie fieqlidey thaauneffediva anmeaduding desired froqednces and is
frequency that is effective at measuring desired

feh“?ﬂ%&ﬂ%ﬁ% ¥and is relatively inexpensive. SUMMARY The
above-nenti oned probl ens aguWRidryaS ot her problens are

addressed by enbodi nents of the present invention and i
wi The ahevareiensdarablerrbady ol auetesproianigre pddressed by embodiments

of thd PlebRMREnHES Ghdl Rl BB unkidtsBBE b? PR BN sm@nﬁg&ﬂb%u%mg

eterm ning frequency conponents of Jjitter 1n
descriggipaf orm i s provi ded. The method incl udes conductlng a

%I\‘L/{e o F}#O% érﬂceﬁié{et ogrbaf?he%rﬁﬁ% ﬁ%@tﬁ@xﬁ%ygég%)gﬁe ts 8f jitterin a
waverirhis pac¥idéd cBhd mefhodondedessondipiting. a plurality of locally-in-order strobings
of the waveform. Changing the acquisition time associated with each locally-in-order strobing.
Measuring jitter associated with each locally-in-order strobing and determining jitter as a
function of frequency based on the measured jitter associated with each change of acquisition
time.

In another embodiment, a jitter frequency determining system is provided. The system
includes a comparator, a clock source, a latching circuit, a memory device and a processor. The
comparator is adapted to receive at least one output signal from a device under test and compare
the output signal to an expected signal. The output signal has a repeating pattern. The clock
source is adapted to produce a sampling clock based on user inputs, wherein the user inputs

comprise a number of bits per one period of the repeating pattern, a length of a single bit period,

Il
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Measuring jitter associated with each |ocally-in-order
strobing and determning jitter as a function of

wo e@qossey based on the neasured jitter associ BABUSW06/060729
each change of acquisition tine. In another
enbodi nent, a jitter frequency determ ning systemis
provi ded. The systemincludes a conparator, a clock
source, a latching circuit, a nenory device and a
processor. The conparator is adapted to receive at
| east one output signal frogn a device under test and
conpare the output signal to an expected signal. The

. sisgnal - i The.S)| \
s g 3o 811024161 T A i pn. T

clockiseurceiin futher addpdediorchahee irsdimd bgiween poally-is-erder sgotnsito adjust the
' . QN j A t.i e .

el 80 AL LEBSAL DOLFLL I 0Pt ouputsigu

accord angyb itingsangdmputlodkn Erednempryndrsiiceas atlapted td osvibepmrbpled data. The

repeating pattern. The cl.ock source.is.further adapt.
procepah b Rab e st AP R AR it ] pRRER i es o
functid@) dfStequbgcyrmeasur ement bandwi dth. The latching circuit
s adapted to_obtain sanp]es of e output signal .
ai‘&é(reﬂg‘f?éh‘irzfn%br?é‘l%%}ﬁpﬁ‘ FﬁﬁL’GF 6%%9."1{)12’%6 ngeppiEtiogs stored
there@d RRIRELLANS liRELmENRrSASMS BRdrddidad. TR rRENEE ERPldel Sxpressing jitter
adapted to anal yze the stored data to _determne jitter )
magnifide pha istien of pequittion§me and fEpTesTnSitiey duBmEljon phifequency since
the fr¥ em%9BFH&&%@qqgﬂﬁﬂﬁﬂhﬁh@a&?ﬁ@ﬁ&?ﬁﬁﬁadab'e medi um
h V|ng Instructions stored thereon for processin
j ilntstill apethsusehedivsnt, 9 jjtes weded emPhisyrerhbdrovidedidEre system
includeSY HE 8 dje{tel‘ﬁlﬁfe 61[%9 ﬂ{eta&ﬂ%m%ﬁts%Blfg&hgfgﬂ-oqa?r strob'ng scheme, a
acqui sition time and expressing jitter as a tunction
meane forf chengiep ey asduasitioh hiend inghel Brvely-od-ofdet tsrobing seheme and a means for
fyncL%pn offthe acg&isition tine. In still another
CXPIEEHBB AR * ACT P PEFCMEREYr enent system is provi ded.
The feiBdrasilliancthdtl embadifans hethdé be deeneinjigd fr@fuency components of
... measurepents in.a |ocally-in-order strobing schene, a ..
jitter gpa Wave Fmdﬁ]érﬁﬁ}qaﬁ‘:&. a eé)&ﬁla?g FRIPRASSS SHrabing apgyvetorm having a repetitive

pattertn0 Grinfind NtoRAIRN-SEdeP Birfltn S SRR SMNCrepraiBRARSVd e of the repetitive
expressing jitter as a function of frequency. In

pattern jpelydingsuibsets eflorHbrneprslststrrhes., Lacatdgrerdsision regions in the subsets of
locall&hSrBb Nfdged, rﬁ%ﬁ%ﬁéﬁgaanggﬁ{gg afbclaled BF eddh nsition region and

waveform i s provided. conprises strobing a
dﬁwnwaﬁegﬁﬂnuﬁav&ngﬁ@nﬂﬁﬁevkmpwe pattern. Forming a

| ocal ly-in-order strobing schene of a representative

one of the repetitive pattern including subsets of

| ocal | y-i n- or (BRIEX PEBERIPTHAS O GHE RRAWINGSr egi ons

oA it et BRSSP T ivamages ond v
thered i 1A0R! rehdily dppgtedif, valigh considered in view of the description of the preferred
embodiments and the following figures in which:

Figure 1a is a graphical illustration of one embodiment of signal strobe measurement
using a walking strobe according to the teachings of the prior art.

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.

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.
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determning jitter as a function of frequency. BRI EF

DESCRI PTI ON OF THE DRAW NGS The present invention w ||
wheomosegoeasi | y under st ood and further advant apeBUs20d6/060729

uses thereof nore readily apparent, when considered in

view of the description of the preferred enbodi nents

and the following figures in which: Figure lais a

graphical illustration of one enbodi nent of signa

strobe measurenent using a wal king strobe according to

the teachings of the prior art. Figure Ibis a

graphical illustration of an in-order strobing of the

SiBade 2 ik Q0La S Ul eRAbn 6F a K@Uy Snlotddr sBERALUME difnal strobe
the teaching of the prior art. Figure 2a is a

measgfeapshf ebFigure 2esioriei orbasimery o dhghprepers i Vestioni gnal
St; ﬁ"ﬁ??ﬁ% ' WBhK/ ekr$hi in relation to th isiti
(I%ggﬁ%ljﬁ?nﬂglr er %%?ggfgnfge)q ac OJ?%rng %h?)ﬁ ?%gl ﬁeeaalcoﬁi %gse acquistion
time of a s¢i@f pirelswsrthati aovgmise ersubiegasshown iz Figugy Alphi cal
i I.l.ustratiaoqn of | y-i.n- . ' f .
Tl AT B PR b o oy
orderenbadémment of the present inventi'on. Figure 2c is an

il lustration of .t frequen itter ni.tude |

PTG § e QG EPERT tadibérstoog B ek e measurement
(localliiah-o€du¥RIrb bR RuSHP S Galking sSHIENGF the phdsemtrigvetitionti gur e

2d_is a_representative ill g;trat' on of digital result

, . .LS
ofFiEHis L GRS ILUBHER Pl 191 1Han-05ear SHBpRE of e Signal strobe

meastiieng oBRiguse Fa B FRUNSYdithbAtUTih &pde8dht Ghveanon her
enbodi nent” of signal strobe neasurenent

(1 T5eure 3615 go dluriiation pbHiefEpqugRGhidte mggnkiuAg instelsioa tthe acquisition
: r [ ' Fi IS oh2P ) cal
time b s BB 3E0bed EULARe o S;‘?%é?’gdrsgg?@t“?g i ngﬁlé'f t he
si Jgute %tis olpsaphiced mereatentatioh ofagynderampled $HET signal according to one
. i t_of th .esent invention. Figure 3c is an
embo%l%%%tor a{l]ﬁ: rﬁs%tlrﬁ‘hegé{h?lr%’equency jitter magnitude in
r efigtifeotd @ dringhicad gepresdniadiontdfiiee pdricals 9w I T signebfrem Figure 4a
ltlglat £o rise 8 subset .afﬁ;shovvn in Figure 3b. Figure
overlyid qnifop of ong ARhEr. FEBPELERt at i on of an under sanpl ed
DUFigGicgnila 16€0didpfag) bPo enisstddhiei sysfent o spoEiagRignals according
invention; Figure 4b is a graphical representation of
to the tgaclungy efthe presgntpiendioghal from Fi gure 4a overlaid on

t opioffe NG ARRRSE for IRREModMRENM jof a method of determining frequency

components of jitter in the present invention; and

Figure 7 is a flow diagram illustrating the determination of jitter in one embodiment of
the present invention.

In accordance with common practice, the various described features are not drawn to
scale but are drawn to emphasize specific features relevant to the present invention.
DETAILED DESCRIPTION

Tn 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.
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Figure 5 is a block diagram of one enbodi nent of a
system for strobing signals according to the teachings
wo@Roorios94py esent invention; Figure 6 is a flow BPCHUB2000060729
one enbodi nent of a nethod of determ ning frequency
conmponents of jitter in the present invention; and
Figure 7 is a flow diagramillustrating the
determination of jitter in one enbodi ment of the
present invention. In accordance with conmon practi ce,
the various described featutses are not drawn to scale
but are drawn to enphasi ze specific features rel evant
t oEmbedim{eﬁ&ecrﬁth‘.i: piaé@gﬁti iﬂﬁ’entiBE-f)N)xLiE@BEf Hdk Bikd @itgrgs fdt?r(i‘mproved signal
follow.ng detaile escription, reference is made to
strobfriefechmig aﬁ";fﬁer?ge%%%\%ﬁpiﬂﬁ???%tml@&dﬁ? APpiation apeawber 1 i@0SUSO1 filed
herewith. WMTh& BrekSnt A pMELtION HoBin Fcolpdries Bl 119T003RRWD fdpplication in its
_illustrative enbodi ments in which the invention nmay be
entirgy Ry ieicence THegebedimsatsaiibe present desationp aepthasds of defermining

freqLéH&f & ] n%ectfqﬁéasﬂl%dqﬁf%p Lu% é)trg%gdshi %Arﬁgulhﬂ i Bﬁ‘e &hbo iment,
to practice the invention, and it is to be understoo
acquishipn tonhend strdbedipaeing sravaljusted ot el ¢at differmat fidvpency components of
is : i Gal an | ectr.i,cal anges. may. b e ..
measyfRHER ARart gt B ReRE LA R PIRE Rl e Wit entivied
pr Esdhuidimente of therprestheinf ehticavdra astelt el hreldrdeting Btrobing techniques.
i o S Bl S B Bt o b B gy st wlk acros
an outitROHH] aNddsyed efder et (IDUWP.OTBQ D&Y ﬁ@hal&lifz[&ﬁ;bjrﬂgh as a repeating
techni ques. . The present application.is related tq
pattelHc, R 15&6]:‘&?:3‘?%1-"1?@66%@@1 2F FREH™ B BRI O theryignal waveform.
Ts=(Pp& SETHes AND WERELInON i§/@le@iuhbeR 6 P5tRYcR WASCH @ integer greater than 1.
117. 005USO1 application in its entirety by reference.

Tpat [sthe ppoed pliims fof » sinslepatismmt thaPbhk werefran o aecuss Tres is the

frecH6d SN JILESHENcY conmponents of neasured jitter
© ecare proviggg?j. In particular, in one enbodi nent,

acHia methpdnof indsrsaamplisgrrobdesspibed oy Wekkinglpushedbetause an
[ £f: t, f C nent.s ~0f neasur ed
coml 45 S8 LEEMEEH R TREDERL 56 TERFLES st st
repetijeve patteina Theasgechtanp s eatliré bEthentiobt edhseEitho dpprntsweotlk across the

N LT G N N S T —

periot meb@fyang 1hgr tHah kit thiefeRQaittd SEET Fath ith&b@ntdtahapped to “cffective

e B et S A o, el o2, S5 e ubcts

Oncer8R8FHddhtP 8 i@ dpIH Ppat BFHeDUT WAKEAE VRS HrdPeTBor BSriven strobe
over a repeating pattern of the signal waveform

subsef gre(effrgtivaly ppacsy/iy Tiphardpis intarderi he nunber of strobes
W&ﬁrdv?de@ﬂﬂhggtﬁgﬁérogﬁ&qiigﬁretlt&qg a %raphical representation of an in-order

undersampled DUT signal, shown generally at 100. Graph 100 includes a representation of DUT

signal 102 being sampled at time intervals Ts by strobes 106, through 10615 over twenty periods
of Tpat 104. Tt will be understood that not all strobes have been shown in Figure 1a. Tn 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 106;9 spaced at Tres.

Figure 2a ié a graphical representation of an undersampled DUT signal, shown generally

at 200, according to one embodiment of the present invention. In this embodiment, the
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Tpat is the period of tine for a single pattern of the
DUT waveformto occur. Tres is the effective sanpling

WO e®@alostsdon. The met hods of undersanpling are PEBUR100€060729
as "Wal king Strobe" because an asynchronous clock is
used to describe a signal under test. The signal under
test nmust 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)éw ||l be taken over a tine
period many tinmes |arger than that of the test pattern

acquisitiadf)datd REYuCiaedR ARRREE bQuisfidieetdae fdrltl@ﬁ)bilaéﬂown in Figures
within Tpat. The sanples are analyzed .in

1 ang > s@&\@gﬁf‘@e el e AR mg@%@@Z Peipgsgapled at time

inter @41k T's By SO 0B kikeBGgH PHE o Bl er AR [efbavBY eharina. tIH his embodiment, it
strobes for a given Strobe subset are effectively

also ket 2% Hy tTpesieathic dpte buh Tsiveaw 4 Tongssbortgewheretlss(Tpat + Tres)/4.
Asa k??s%gtgft I%%Egrre 11':1!1‘&”5 é’i’gﬁ A ’Freg) %L#H{Hrg ?]ﬂael c{aet‘@%m@% '('ﬂght + Tres) for the
vau@Gmwithyesatctl@@lglﬁ aph 100 i ncl udes a representation

OfF%tHTm %De %Ia%%hol% ﬁ*%%%r@%ni%@%go%ﬁivt I ma pertlygégofzoz from Figure

2a oﬂépkatd dID‘ébp oFton@fahbthbe respéﬁh&ﬂy}oﬁ sidyé pﬁmd 'ﬂbdt of Db e@nal 202 is

ShOVV?]g\KV]gE o?;g %80 %{?ﬁiﬁ%ﬁ;@f gtagh%x%gt%ij( g‘%ﬁt IIl'_thIS embodiment,

subseks 883trotek gty @ohped ®r emrg{ea@halg/@h e CSQM AL, Bl bes&@@hS strobes are
he 20 s of DUT si naI 102 fron1F53ure

defingihe S | (0D B B AP ARr061 D6 COPA 2081 g Emple
num@s 004 gTRBEn@h 6 dbsétizaR@l) 1%gﬁdb§sa%§9m(%ﬁ P@G@eﬁbé’é" 3865 and 206,,

each strobe | 060 through 106 spaced at Tres. ure 2a

fromjsgmplegraphiire & 5.1% p? e8¢ AT atubsst BOQSSahmehéear Wﬁﬂﬁ BLR06s, 20610, 20614
i ab | t . ;
and ﬁéﬂﬁ%% g:!lonme %&Fx&ﬁ?n?ﬁ@@fs i 6/ 18! 1290 1§§E@§L$ng1.t@h§5§4yﬁ1%ludes samples 2063,

resént’ 1 nvention
2067 g¥ifod 2Aentand ﬂﬁéadqlmsampbmumbedaii,al i1, Tpamd 19.nBachamibset SS;- SS4
of, data . for .t he

con‘:a{i_ll?ss n‘%ﬁeﬁ tlﬂ t e gﬁlF%S;thlgo ‘hal%ﬁ -order,an gie aDHEeparam bynfres Moreover,

a an nclu
the tdt&lpfoﬂﬁﬂ[ﬁ@ttﬂﬁrﬂ oﬁfhe&orﬁlll?—lmcgdai striu(]}ihgxe’ib Nide Siameoilt &d)lﬁb acqulre all the
ti Lnterval s, Ts by, strobes 2 o t hrough 206i.9 .0v
data g ot B b S RS HOORR) PRS- CRUGURIAL AL S £of Fi to srobe the
five ic210@8 o2 theXDTF sighaBSigbld R stioBedlialtBe E&Hsefg$813 SPOVEB and SS4 interleave
times shaorter where Ts=(Tpat + Tres)/4. a result

each pfheg, H}rg;ugl@qlaﬂ}ee@veg)eilOé#ﬁ%ﬂulrﬁdT? éaéljlplﬁ @%@&{T ignalhe data

Vel shisthéPoRsamiIRly it Hv?(fe)d WiRdre ﬁﬁll%%k@ér%’tr@ﬂesﬂr& aken for each
respect to Flgyre Ia 0%ure 2b is” a graphical

repetrt@@rczﬁ@% patterar net. Eeah stiobe spleset §8s Sk apoers tqjvalk azguss a portion of
the pQ&é}H‘ G g @m‘g@dlﬁl\éﬁf & ea gqﬂ—otr@é} _F%gbﬁ%%f&%1g§ﬁa aIIId %b applicable to

respectively. A sinAg eriod Si gha
jitter jmeasurement and provides advantages over current methods of strobing for jitter

measurement. For example the locally-in-order strobing method as described above reduces the
time to acquire strobing samples. Moreover, the amount of low frequency noise detected by a
measurement increases as the time to perform that measurement increases. Since locally-in-
order sampling generally takes less time than in-order sampling, it is less susceptible to low
frequency noise. This is further described in the following paragraphs.

Since the strobes for a given strobe subset are locally-in-order, they are not subject to
many of the problems associated with out-of-order sampling. The acquisition takes the reduced

time of out-of-order sampling as more than one strobe is taken for each repetition of the test
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shown wi th each strobe 2060 through 219i 9 spaced at
approximately Tres. In this enbodi nent, subsets of
wa@tooslosmoar e grouped for further analysis. Tn PHI/ES2006/060729

exanpl e, four subsets of 5 strobes are defined. Subset

1 (SS1) includes sanples 2060, 2064, 206s, 206i 2 and

206 , from sanple nunbers 0, 4, 8, 12 and 16, subset 2

(SS2) includes sanples 206i, 206s, 2069, 206i 3 and

206 from sanpl e nunbers 1, 5, 9, 13 and 17, subset 3

(SS3) includes sanpl es 20627 2066, 206i o, 206i 4 and

206i 8 from sanpl e nunbers 2, 6, 10, 14 and 18 and
pattefil) DB&h shrob&Sdhset Rahbgesd BasiakLsn PHE Fesud@ra co2@Bingd to provide results

206i, 5 and 206] 9 from sanple nunbers 3, 7, 11, 15 and )
for thepntipe, piftesyp Hsinadhy locakdyrin-gres s#ap Lngrpicle draghicvay @e benefits of in-
orderdnld@filtlotRrdor skB6RL |tycHn'ﬂt{u‘%t5 qﬁ{hoﬁf‘ﬁille EH16AS BF &%;t&?lﬁﬂlue.

ot a e

by Tres. Mdreover, the acquisition tinme o L
| obap Kgaitntheriadividuel sibisety desoribed prith tebprst to Figesil aye utilized in

perfozi??tﬂéffrﬁcb%h{;% Elgﬁqyﬂé"‘&@thg %}J@@f‘o@& ok ti‘i&? ﬁi L hy fah&‘ 2? %I%%Gant for

] | ose to the tota acqut si lon tine
illustgationsedtihie uhidenstopd thasdey efmbleoDitiobes grglbegitilized.t Ager all analyses

es., | he.. subsets SS S22, SS3.and.S$4. .. .
oo o3 R Tl b A RE B Rpis oot SRR Veipagime. An cxample of
the fiegugncy giitet magaitid ecintrbiatibhfio the@hddodirAenteifiFaghired 2a is illustrated in Figure

sanmpl | LS provided where |ocally-in-otder strobes .. .
2o TR A B BRSO o o A ren T ospRey fter i captured
duringabhda&iuigtien persedss&dhted HSth BPRRAILS A9ilWRlrktedth PESré2c, the total
ortiqn. of the pattern. In one enbadi nent, . . . .
magrfifide P?g‘lg%rf-“’cﬂ“&’_é‘_iy it ortriy cotuier gyiftug g acgiisitipn figie (T acquisition).
HoweRR)! the aklefith@e bf tl®fredRASH {1&9192'36 ARAPT®YicdfSired and the magnitude of

advant ages over current methods of strobing for jitter
low freomengyantiiFtls omy 3 0&x aanfinederithin shigpequisiiontiger st r obi ng

”%rbgﬁleae?nﬂﬁ?rﬁéﬁtp %ﬁtl‘%ggg%ﬁ ﬁ'ltd/ HGEGh tﬂlﬂee%c;qglgﬁtllc}on%lﬁg A&y increased or

strobing sanples. Mre he arfoun
decreppasiepanging ongbe Watlerfiinforipption newied ferpttdr analysisa Sescamformation
. ti -per.farmthat, _neasur.enent inc ses., Since
reauif gl TIPS LB ITh SRR b pEPARE et Boross he
effectihawidth-of ndavbsmgpin, pgly the triassities scqlidteptimslod pefiod a¥eds to be

frequency noise. This is.further described in the
consigRfl it e o TR (il 28 TebFoue gl e giigetpesults of a
strobfiel sTadosdllysit ordéewhagainh Jsprovidedein tlﬁs_l@héngﬂ@_ﬂé@fbds of stable data
) ug;ect to many of the problens associated wth L
signals\ { +of 2 39p e 2§2£wfiiﬁﬁ§.sm?ﬁé>eaew%%ltapé FotaRiake ppghe total acquisition
time, [RHMERY dbdip®atd a 025, OF ﬂférlegduy%%}%ﬁ&%cﬁﬁgwﬁgﬁ&%. A &ordingly,
e

. Strobe is taken for each repétition o N '
sincevex g gndeinterested iy the irgputian peweds 252z aad §92Prily theselgrensition periods

need &6 508y 7Q3H LR @R jRRTDITNE gccﬁ‘?siﬁ&ﬁﬁ.éﬁi@d (o %igleetl) Sof BE transition

_the entire pattern. "Using the | ocalfy-in-or
regiogaipithe hercahistihoddeastiobingsan fre espressedtas Tsfx NroFideer/Brael  From this

B L L S—
sinceshbfeqende sarsitbety ofithdimeespeaenttio a Fingitioa oflca@rigition time.

Utﬁéfé%%% tio I%igure 3a another example of a graphical representation of an undersampled
DUT signal, shown generally at 300 with an increased acquisition time of the present invention
is provided. In this embodiment, time between consecutive strobes is increased by a factor of 3.
The total acquisition time for this embodiment is then 15 Tpar. Figure 3b illustrates a graphical
representation of a locally-in-order strobing over the fifteen periods (Tpat 306) of DUT signal

302 from Figure 3a overlaid on top of one another, respectively. Figure 3b illustrates subset one
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perform ng frequency anal ysis of the waveform over

time. Figures 2a and 2b are neant for illustration and
w0 roo7esunder st ood that any nunmber of strobes negT/82006/060729

utilized. After all analyses are conplete, jitter

magni tude can be expressed as a function of

acquisition tine. An exanple of the frequency jitter

magnitude in relation to the enbodi nent of Figures 2a

is illustrated in Figure 2c. In particular, Figure 2c

illustrates how the magnituge of different frequency

jitter is captured during the acquisition period
SS; mshaiingastebeyB 06y, 06305 2306, Aend 3dd4S shibdee elvd QS%: ir&Hfd%f strobes 3063
306 _Zgo t tOt%\lla nmagni t ude of high frequency jitter 25 ’
7 a8 dF 00 fuRsRt bresctils iBelnfing stiohes 3062, 3065, 30610, 30614 and
306,268 iidsét 1) 8S ' f3g8 d eNeYini

e oS TP bR Rl S O s
embpdippent dhpefifRafive resebitionofdnkyis3b9saaptaihe gravidus emliddirment; only the
4 hosdoh e ' ts of.1the .present .
e s Ol b sRERE R B P\ e R PaBEE] egpordinety.

deBetearrgitodiiguredicry anntpieof the dteqoéndyriftat MichnddRadREion to the

i SiS., Sinc i. nf o tion required to L
ek ich] 438 B0 SOl g B8y LSRR R B Bt acauision ime
352, eff b tlid high GegesncpG54ant s fdyRerdyl j@tdrizge iyeiae@f Mbreover, 70% of

r.obe region nly the transition acquisition time or
the 1‘%& Freghenea i ps® FrohpBies-ad ey dnedy ths WFFage iy gonBisitiongime has an

impatitorFihg ffegueéttyecongfne it dhabbMtq@éntly e dhDuhBbf fi1&3Yhd: $s detected by the
a.locally-in-order waveform’ s

of a strohjng of }
measiieRT e s 111&?%?%{%% 2 glishprasrer i ¢ syensacapisitiaepegiod will detect less
low fBdoiRalysii@Si4fn R fRACeRRARAN I RBS oh i0eR1th 805dRE) time allows
and 2522 nmake up the total acquisition time, generally
morepf theyloxfeg dreguenEagittes fo enter ingr thielnyedswreored r Instmlpdstimgnts of the present
invertodUs £ k ' re ly.interested.
iy AR opgSB58, 8 55 UK AL 5S35 e, e
acquisyigRdime¢ wrehpegdddysinamesing thebigma batweeadodadiydata@ied sh@bes. After all the

Jodo t T i.sition period (or. ti for.the
emalybls th8 beeol A RS el WARREIS R0 Esian SFdpapRlioroinn gon be expressed.
Moreowugr, bisceitpriespencyast jfiser XMtge ] rhéds_&feﬁf? @ FundtioQMriiY & quisition time,
transition.acquisition ti equation frequency . . y
we ol SRS 6T 8% fEIGHRE of GRHEICYa e a6k BHI Y comigiihe jittr
frequeduded dlenu@ngiic B@kddurdhohtdvithRBoABARMER IR tirhSs, ¥e can differentiate
ih function of a qu,|5|§_|on time. Referring to Figure 3a
® g6t Rt ERdppite J e Hegiasies aufhin e preafrraeigsn of an
U @h&REPERBL IMENS HINA qui s NG BBETRh 1¥caAl R APq i d i gﬁs, and

an i ncreased acqul S|t.|.0n time o t he prese t 1 nven
conselqgexﬁ}y@ hedeadwidihofithe ity aekasursment, icae bbetlivsted by increasing the time

betwdeRANS &ML ih MR d S @ Efiod factor of 3 Th
ot al gclgu(?cslﬁi o?@f%o#%ﬁﬁ%ﬁﬁtgﬁ%gggﬁgﬁ% gnsnetbﬁgﬁeeﬁ@%‘)besa Ts.
For exprpie, plegsguefer 8bthi lembotiiragne slhastytedphiFigires 4a and 4b. Figure 4a is a

gr aPh]QC?F %@2%@%’%?1{)18 gg QIE q%}é:&%%%ﬂ yflpl:[)%%g§: 8?#3{19 gein%galgrvaet r406,haeccording to

one embodiment of the present invention and Figure 4b is a graphical representation of the

periods of DUT signal 404 from Figure 4a overlaid on top of one another, respectively. As
illustrated in Figure 4a, waveform 404 is strobed or sampled by strobes 406, through 406,;.
These strobes, strobes 406, through 406, are selectively positioned in subsets SS1 through
SS10 as illustrated in Figure 4b. In Figure 4a, strobes in the same subset, such as strobes 406,
and 40612 of subset SS1, are spaced by 3xTpar+ Tres similar to the strobes in the embodiment

illustrated in Figure 3a. However, in this case the strobes are spaced by 3xTear + Tris/12
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302 fromFigure 3a overlaid on top of one anot her,
respectively. Figure 3b illustrates subset oneSS
WO p@boski4ngy strobes 3060, 3064, 306g, 306i 2 anpCB0S8:066/060729

subset two SS2 including strobes 3063, 3067, 306 p,
306i 5 and 306i 9, subset three SS3 including strobes
3062, 306 , 306i 0, 306i 4 and 306i 8 and subset four SS
i ncl udi ng strobes 3001, 3065, 3069, 306i 3 and 306i 7 .
In this enbodi nent, the effective resolution of TRES
Is the sane as the previous9enbodi nent; only the tine
Ts between strobes has been extended and the total

insteFNGK B A Tegr HsSTHeRd lie dsedibads as thi ingstyated @ EigtieBb. tNMofebét, Since 3xTpar +

Tros 12 PRI OPEE ol vt BRHE oA BB g Tes Subsets Of Figure 21), the
strobbé Ingt adseeh oflthis lehibd ARARNA GHITBAY e Whd i tﬁ@@anhéqéifaeﬁ%eag the strobes in the
isition time 352, all of the high frequency 354

Sube‘éﬁ aiJ thegrodiype dustieteddn Figge .2§ éé%ﬁeeY@dthemﬁﬁbmmsmon time in this
embo@Yerf willlns: ‘b&wcfo@@ WRRGYtal a&@%néﬁﬁmb%sfgtqg)%ﬁﬂe embodiment

Accordi ngly, the increase in acquisition
illustyaipshiy Figwret dee cheqhemymctbmmtm:rsemnmemqweqmnmbetween locally-

1n-or3é}est1%69§" Bhd gf)néehﬁ%‘:ﬁfyé Iﬂ%%}ang%ﬂﬁ %?ﬁ}e ﬂte? ¥neasureme caiy bg be adjusted by

nmeasur efrent measur enenrt
incregging thegdinge betinteen bqalzly-um@r&urlstroummhodt @slsstdraially changmg the time

bdmgg §&$g§ﬁ§|ltter than high frequency jitter. However,
an 1ncréasé in acquisition tinme allows nore of the

| owes dikeusgerbatoye) ﬂhEh&fnbEﬂoE.ﬁﬁ@es dﬂs@robﬁ@péf&@ﬁt“ﬁ&fﬁmﬂi@n period can

VM'and nbodi nts og %@: gb i nventjon, sanpling and
Y SRk PLen Onrlé patiimied &2 5 FCttaF}?é'gt MOoEepVeT. e op émbOdlment of the
preseﬁt BRahtidnsthe daRdwidth bhie §iQk hShdur@ieht i8Bdjuste§ BFNBGL e the number

gcreﬁlhng the tine between |ocally-in-order Strobes.
of strabgsAnd g Dpmber o sppplesubaets petraaisHiRe®d Fhistechnique further

allowSBEbdddded @orand MR fio @E %réelbt:& WVaitbls c&%&ng ®he overall
expressed. Moreover, since the frequency o

acquipyigp tes. SMgmaainingshpe os(elfaurﬁ@qu@mooftlmms aug@mtmttfmdfeepmg the time

Nﬂuﬁ&m£¢w%§[ﬁ9g gl;$0 express jitter as a function of
frequenc Ince each result will contain the jitter

f rféaur@nicts edledksbagrent efi mledallyrinredstistesting Sysmm,hshown generally at 500,

I ItlLop,.tl nes, .we can
o P TEU AEEp i, Sl 0 g e
equippent (ATERF02 tageceives amosth@oreasdondisigats 501hs11 from a dev1ce under test

tion ti t | ocal | der_strob
504 o Rty TR0 B aurtae 1P PO e istce 1 PBa ST B ATE 502

1nclu¢h’3rbulﬁler 8(08 tsit 82dOY buffefed ISUTDut IR sipnBEs dl%vé%ﬁ{barator 516. In one
ocal | n-order strobes w thout substanti al

emboeﬁla‘:ﬁ)é,l o RS 1§ Hdifisseniiad huferangagceives, dlﬁfglfen‘gg( . gom DUT 504 via
outpubbigasie s0ehed 510 The oROBosLIENL 1'1t| id Ak ek aEng Lﬂﬁ@?dffered signal

4a and 4b. Figure 4a is a grap Ical representation o

is comparedh et sAprsReEsiEngt Vai W3den exprobad and) tal dejeratinelihe DUT performed
as ex an‘é‘éar :”ﬂé Erﬁg %%beélihgnegl'ﬂg\? gis% sH{yléitrr gge% i rt]ﬁe ecp etfewéﬁ’lon voltage. An
outpupef ¢aragargbr BUA SS’ngadmtﬂiﬁlb dﬁtbftﬂd@lcglﬂj s‘ete%f tb(V BUBis dupint waveform.
The oh%t 8I” th@ %8m%gpatt&e§1’6 is g m%o iayc% é{rcult 514 for sampling of the waveform
based on sampling clock 507 produced by source clock 520. Sampling clock 507 is fed to
counter 512 and latch 514 and samples of the DUT waveform are obtained. The samples are
stored in memory device 510 for transmission to processor 506 for further analysis.

In one embodiment, clock source 520 is programmed to strobe the DUT waveform based
on device specification and user inputs. User inputs are specific to the DUT and the desired

|
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illustrated in Figure 4a, waveform 404 is strobed or
sanpl ed by strobes 4060 through 40621 . These strobes,
W@ 00sloem0n 060 t hrough 406 2i, are sel ectively PCT/US2006/060729
positioned in subsets SSI through SS10 as illustrated
in Figure 4b. In Figure 4a, strobes in the sane
subset, such as strobes 4060 and 406 2 of subset SSI,
are spaced by 3XTPAT+ TRES simlar to the strobes in
the enbodinent illustrated in Figure 3a. However, in
this case the strobes are sppced by 3XTPAT+ T
BS/ 12i nst ead of 3XTPAT + TRES/4 in the subsets as is
signall idfeshatdintd qhed  TAWHR Afbod MREROXFE, 509 1RG3XIRAs Fuser input device
TRES/ 12 i s approximate to TPAT + TRES/ 4 (which I's the
550 thpt-s eitberi integtrd o5 tamately cobrRidde AIB5)2. Inhmesmimidimentnsoftware to
perfo'ﬁIBQO él%mf IIISOIQlfer gfﬁ%ﬂ% %%gfggé gﬁ?l%n %g‘hsltém lggg gi?&si Qfgﬁéetshggr 1nputs received

sane spacl ng as e Su
from @strodpwedevidel 35090 caliceldtd andRietyyr sys@im 50foe givter capttine. In one

t i SLti ti in this.enbodi nent w l.l be. v ..
o ST G et LIS B b Y e
measerengids, jiet nidabuts pindt @ number g0biEs 2. paAcEQ i taghey effédtive sampling

this empodi nent, .the acquj.siti tinme between | )
resol VG R OB A PELGOT - ABA4LGBREIYE bRt dndicate which DUT
transiiiid @ilhbemebfifed. | ThEPitdRAPAHEAERE thGRMRS oRBity 81 8 repeating
i ncreasing the tinme between | ocally-in-order

b
paﬁe@%&%e frgei RS tins tarprling newleﬂ%@ﬁ 1}y deframinggethe effective sampling
frequeRERiE ﬁirﬁ@é?%?gaﬂ_én E5etion § HRBEAARRY frand Bl l’ﬂgpﬁéctgjely walk
sanpl es or strobes per total acquisition period can
acrosy fs repering P Y Tiwarsfrmopetiesn.not linmited to a sel ect

anfRynk :enM%ﬁE‘gé[rE,; %raem&g?ﬁﬁ)@ggég ﬂler@?%uégé d&tg,ethg hggfq{lﬁqt% and device data

invention tl of the ]I measur enen
to calgujatestandombyitien 85 ebicdUT veavieforbe rFwthes inr olresmbotimietig user inputs

L T R AT -
bandwizisu riamdrt stilbirbend crabahsedt, vbihargtto paabaa ogicallylig-order strobing
..overall acquisition tinme. Mintaining short overall
resideR ARG ¥ o 1000 WLIZPRYBST ERHS oY REBATHGCR U fsioe 550 to
calcul@gland &fup & st BO(achhHulﬁblégiﬁer Ch@FR, SachSwith HUFsdfent bandwidth. In
er

di agram of a locally-in-or strobing system shown .
one e@@ﬁa%?thafeswo?%d&emﬂm TRgtS Ao EEiiRle aRarsEISRs A express jitter
magnRG8S 8N AldAVBA b AuistHSt BMeARE jiidf hig B cAbh foﬁregﬁienkg?t

equi prent (ATE) 502 that receives one or nore output

sityaarS isglovschart for edegicelbrincerdansembingtorhiggue, shown generally at
600, RIcOMIAER A %ﬁ%ﬁltﬁgﬁfa{ﬁﬁ%éggﬁ %ﬂ? H{fg%o camprises

anal ysis. In one e i NC
asynchogropplatdigitedlysimaletsafpéing d dovite ontgutstsDERloubfllt waveform. The

. ye) enbodi pent, . buffer 508 js a
methGORALA1 v LI O0E SHRE UM BB Kleeti oy e
bandwidtfrBigiiens 9 forvdnaindial pithsiwegeal. SASEID thadtrStidg oTf BOWNButput waveform

. i ffer nd th ffer
usmg%ﬁ gagtgc gryotu% %iocilbggeac{ 6c’n a{fl {oeca ;gr'l—m—%rc?eg sgol()jintg scehe%lile Is%e?fgrmed. Data

obtained from the strobing is stored at 604. The stored data is then analyzed to determine jitter
for the initial bandwidth/frequency at 606. It is then determined if more jitter frequency data is
required at 608. If further data is required at 608, the spacing between locally-in-order strobes is
adjusted at 610. The process then continues at 602 until no more jitter frequency data is required
at 608. If no further data is required at 608, jitter as a function of frequency is determined at 607
from the multiple results, each of which pertains t6 a different measurement frequency. The

process then ends. In one embodiment, jitter as a function of frequency is determined at 607
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is conpared to a reference signal Vx 503 (an expected
signal) to determne if the DUT perforned as expected.
WO noogrs94earbodi nent, Vx is a threshol d represent¢TyS10he060729
edge transition voltage. An output of conparator 516
IS representative of the logical state of the DUT' s
out put waveform The output of the conparator 516 is
fed into latch circuit 514 for sanpling of the
wavef orm based on sanpling clock 507 produced by
source clock 520. Sanpling gl ock 507 is fed to counter
512 and latch 514 and sanples of the DUT waveform are
base@@ﬁ HBek thdi}fic? AU REILES B Qpelhstdad® ﬁﬁ{cﬁoﬁl 8Y h&Riis2dh time and
for transm ssion to processor 506 for further
sinceghafrpgpency |0ﬁ jigaeisenfypelioreeit acqmsmsm typeiiter 820 funstion of frequency can
be ddPérBPhEH] aﬁ&ﬁ ?&Gaclﬁaﬁmwl ofs%gﬁ?&qh&{]a&%ﬂﬁ?o% time equation
speci |cat| and user 1 nput s are
Tacqstyasi ¥ iTs xth xthutcDUTesanbert Meisdiesined dailgnaid Titteristel peak to peak jitter
ne enbodi nent, ATE 502 further includes
Ofthéﬁgj;fer %%tpvﬁ%ve evi‘ce 550 that is either integral or
I eREfeaing to@igired 4 flovkthark Gar ddtéi’nﬁﬁ@g@mﬁﬁi ﬂgfﬁbeform, shown generally
i n-order strobj

of t erforml ogica n )
ot 70 ghcp 4R LTI PP K GPembsatiniezben RRIP VR Figst at 702 the data
withih @Gempdrehionnl Usoped HIHBUEL B $:48p10 2Pa tithel SthfiHgakt At bit sampled

setup system 500 for jitter capture. In one

and egapg At Hislast hitwmnler Mest ¢idhe é@adﬁg cgpsigigidogicalinboys pr Highs

surroRBAddOsy @ta HRiHe safteQENA! AF04, Rfe rhddifin RBRIN LR RiehSfied. The transition
jitter measure pins, the nunber of bits per pattern,

regiopparetidenjdtedas past pdata eprstinig & ebdietdfoeresradtones like the example in
Flgm{g% %en%iﬁ?%%ﬁw&%& kd bR Wﬁi{%e#)d[rgttgggngﬁ%ﬂﬁ% &ggﬁl from

cate transmit pins w neasure
anothigi -t Eopeanypdt, ibthe dataeinteheaveliorbecordéiniltesequivajdme of unit interval (UL)/4 of

s SRS DSOS T8 s B PLUT Baih fn. moreove
a genbrageule m‘:g/lso ffdfﬁeled torzgioreofatip dtat efay indipsteiattiaRRionndgioabethe beglnmng
th élltta tinmes.to effectively wal k across the
or ?%r\éie %’éﬂ M eS8 ef or m pattern. In one embodi ment,
p@lﬁ@éé&h 1206itid 6 @6gibh en et Hnesppd nBeddd) 8t Walétﬂﬁiﬂrﬁ are performed
device data to calculate randomjitter

and th
to defoiIring 1 FigRdATd Bgyietiah of pAchiEmERBBaRERNA! 7%?{16 rsﬁamaré deviation of all

transiiBh SEMBAk fsRMBMERY. TABHE ABY¥iHEn? Bls fs“dé ey thlﬁﬁk Wil€average or root
par anmet ers whi ch i ndi cate nmeasurenent bandw d

sum goypierpeierageof the wansiaed dertjetétonelinall the dfensidioe r@g;mgﬂe rEqmpmcﬁcal
purpds%J 'tﬁ@&t%ﬁfda'r@ d%gﬁ(gn Rtho ATRATORN, ?@érgﬁﬁ %g%f it e c%ﬁ%a??hggq %1b1e amounts

nd utilizes user |npUtS reC lve
ofpededult.ter &Hi0he bikealids thetrendomd jistet (fp)rsjdﬁ ﬁm@@tﬂ)dé\aatlon) that is used in

e PPy Sy SORESD RS 8 LA Sl

r etswtmdfabom ithd ﬂneqhbés sebedlsEnees daesmbeewmre s 1jrﬂpuetn@ernted by a
locallgsuq 6?1*%1 %}g%éff]st%?rf te%rﬁ}gﬁ%ents%% dselwtcleg {Lat make %B (‘:tihé lloE: gl y-in-order
strobing system may be implemented in digital electronic circuitry, or with a programmable
processor (for example, a special-purpose processor or a general-purpose process or such as a
computer firmware, software, or in combinations of them). Apparatus embodying these
techniques may include appropriate input and output devices, a programmable processor, and a
storage medium tangibly embodying program instructions for execution by the programmable
processor. A process embodying these techniques may be performed by a programmable

processor executing a program of instructions to perform desired functions by operating on input
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Figure 6 is a flowchart for a logically in-order
strobi ng techni que, shown generally at 600, according
W eoogs94enbodi ment of the present invention. TPET/I81006060729
conpri ses 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 initia
measurenent. At 602 the strobing of a DUT out put
wavef orm usi ng an asynchrongus cl ock based on a
| ocal ly-in-order strobing schene is perforned. Data
data Qi féMReink! PSR SEUPRM. Mhel 181t Qle8 tnBt bbBfplethBfed in one or more
stored data is_then analyzed to determne jitter for
progras thifj ae a¥eAMRWRIR RFIFetmehiasyaemeinsluding gtdeashere progranumable
proc&84ELTp M0 kbR datd hild BltrhERAYERTY A8k tﬂaﬁsﬂ%ﬁ Q288 instructions to,
at 608. If further data is required at 608, the
a dats placigegyblemwetisast opglimputidavige.chad a8 teashers duwpddicuisee fenerally, a
¢ ont i .
proofso Bl P e Bl AR MRS Biy et b/ mdom access
membuyr. t $teragd dbaicessuitatlel foe thngiblp OB boflyiht eomastea pfagram iindtructions and

L T NN L T -
memBBadeii @Ipdtich fas @RROMY EEPRONIS Arkeiah ha@nosnidvices;mofrtic disks such as
T WA T T TR -
fore R by 08 s@PleriEntBX BY E5SREbrPSrated iH by Aesigned application-specific
. acquisition tinme and since the frequency of jitter is
integgated HEEHEAAS CRequi sition time, jitter as a function

of ATthEHHEDEYife ¥R HEHE WR 6 n iThEr8H A I RBcANd herein, it will be

acquisition time used, I's the transition acquisition
apprediated by these oh orfdrayy skidinis the a8 thet Ry arrpigeneent, Trish wheslalated to

. N_i a . iS. t d .
it S5 A SEH B A0 JEL o PRS8BT
appli¢atéorf is anterdealrtb chwer ahytagapiatiomgor vatipgons of the peasefitdnygntion.

oherPRR S0t AR5 S Sy B SORESLIEe St

theredfita Wi thin a sanple region is | ooped through one
sanple at a tinme, starting at the first bit sanpled
and ending at the last bit sanpled. Mt of the data
will consist of logically Lows or H ghs surrounded by
data of the same state. At 704, the transition regions
are identified. The transition regions are identified
as a set of data containing a mxture of zeros and
ones |ike the exanple in Figure 2d. Generally, a rule
is needed to define what separates one transition
region fromanother. 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 will be
considered 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 beginning




or the end of a sanple region. Since each transition
regi on indi cates an apparent edge, at 706 cal cul ati ons
wae@7penbor med to determ ne the standard devi ap€DOSD6/060729

each transition edge. At 708, the standard devi ation

of all transition regions is determ ned. In one

enbodi nent this is done by taking the average or root

sum square average of the standard devi ati on of al

the transition regions. For practical purposes, the

standard deviation is the yjandomjitter although it

may contain negligible anounts of period jitter and

the like. It is the randomjitter (fromthe standard

deviation) that is used i "CEARNMES ments of the present

F [pn. to express jitter as a function of
“m”?gé%ﬁéﬁggz As stated above, the nethods and techni ques
1. A desiord dfeldtdneian@frequonpy esrepdredtsloy jisict incawdweform, dicdacsthod
cOmstlrnobing system Enbodi nents of devices that nmake up

P'RE8l ocal | y-i n-order strobing system may be

I nphéuneint @clunmaligi ofildé@llyeh-ecddr etrbleingd ¢ftbe tvayefoat; W th a

progr ammabl e processor (for .ex I a..speci al - pur.pose
DB B s R GRS heshi Pl SR o acBugRo S, B
C angagtuétig fitterraaicateSwith viohd ocably -infordanbbbiagj ans of

TN TR KL ST T ——

cach ¢hiange afmmpisétiqartaessor, and a storage nedi um tangi bly
enbodyi ng programinstructions for execution by the
progranmabl e processor. A process enbodyi ng these :
2.t athmahesonadyinbE videsrdio kﬁﬁ@irkg/thfa afqudgti aiTimb log cach locally-in-order
rQcessor executing.a program Q nstructions to
stroblis FRor CHBE TSP O P T BBy PRI BEPSER B PPuLHa srobes end
decreagifig feRPLELE BgwappIoepily-ai-erdetdtiibes. The techni ques may
be inplemented in one or nore prograns that are
execut abl e on a programmabl e system i ncl udi ng at | east

3. OrBhcRh@BéBSTALhE], FaAEQSSMprisiagPl ed to recei ve data and
instructiagns from .and to transmt_ data and

| FEPTERS BHE Pegnitydy at 2 erdengkrosystionimg | east one

i nput device, and at |east one output device.

General ]y processor will receive instructions and

d ’??%W#%aﬂﬁgﬂbéﬁﬁvxﬁQW@P?nghd/or a random access

MRIRMinisy D Fier HEYIcRESs fithindbpLtibsr A&RSAR ¥nge.

enbodyi ng conmputer programinstructions and data

include all forms of non-volatile menory, including by

5. WheQhetBXPSIUIAmSE R I8 Weh Qrin¥BITRE YurlRY b&BSrisesUCh as
EPROM. EEPROM . and fl ash nmenory devi ces; nmgnetic
di Kieatiiyinarapsitionresinmy measts b Sied logatly iepsier pirebeatk gnd
NRGRALANS d Eatldafll S sation dd cfeR tREMHAL $¥&8en. ANy Of the
foregoi ng may be suppl enented by, or incorporated in,
speci al | y-desi gned application-specific integrated

6. CiTheWhdiBod ARNER)5, further comprising:

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

7. The method of claim 1, 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.



Al t hough specific enbodi nents have been illustrated
and described herein, it will be appreciated by those
wo@toosnsdpary skill in the art that any arrangeP€nus2006/060729

which is calculated to achi eve the sane purpose, may
be substituted for the specific enbodi nents shown.
This application is intended to cover any adaptations
or variations of the present invention. Therefore, it
is intended that this invention be limted only by the
claims and the equival ents;4 hereof. CLAIM5S What is
claimed is: 1. A nethod of determ ning frequency
conmponents of jitter in a waveform the nethod
conprising: conducting a plurality of |ocally-in-order
st ' o ' n isition

I T S i R
mesegouiarajo) ddapter ta s at kdstwint nupatsighad dwinl y deviscowdier test and

ina: 1 Ni_RQ- || . as.a funct.ion.of .
comrtd AEL0G: AUAIATLECN IS LE LBE g8 MIELLD. L prons

pattemach change of acquisition time. 2. The net hod of

cl.al erein.ch ing the.acquisitign tinme of each .

oA rop G EPa S AR B HoeR phioRbubl BBl Fhclein e
user ippets eamprisy angpbariofyithpirveeemetiod af thy répratinglpattesd, adbgsh of a single

. ' the aci .bet ween | pcal.ly-in-order .
bit e BB B AR PSS P i i 85 96 g repetios
pattcmxthc_e:k_g:ik_mguljcb tfgretrer pekagpied toddasg: the fimodictvarndbeally-in-order strobes to
adjus{:‘&]‘a%a%&r%%_gn{.ﬂa”ﬁwuﬁh _The method of claiml, further

conpri sing: ePernlﬁlng the jitter frequencies wthin
+ a aatching wiranit hdaptrdeto optaimsgeplebdatd b thewfpad sighalekadifing to the
. rein neasuring jitter further conprises:
bdnp%%%%@?%ying transition regions in each subset of

| coatthyryi devize déaptsd toodere disd @mpdsitdatglagdl at i ng t he

standard deviatjon of each transition region. 6. The
RSB AP haBige Aol A gy B e e por e
adaptbétsdxposse jigbr dshefuavitmadfaraendypot square aver age of
all standard deviations. 7. The nethod of claim1,
wherei n conducting a plurality of |ocally-in-order
9. stThebgsgemfofalaim 8, wherein the user inputs further include jitter measure pins to be

sampled.

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

the repeating pattern.

11. The system of claim 8, wherein the processor calculates the jitter of each edge of a single

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

12. The system of claim 8, wherein the processor determines jitter magnitude as a function of
acquisition time.
13. The system of claim 8, wherein the processor determines jitter frequencies within a

particular frequency range.



wavef orm further conprises: asynchronously strobing
t he wavef orm for each | ocally-in-order strobing; and
worppiopgost r obes i nto associ ated subsets to f oPOT/US2006/060729
subsets of locally-in-order strobes.8. Ajitter
frequency determ ning system the system conprising: a
conparator adapted to receive at |east one output
signal from a device under test and conpare the out put
signal to an expected signal, wherein the output
signal has a repeating pattern; a clock source adapted
to produce a sanpling cl ock based on user inputs,
wherein the user inputs conprise a nunber of bits per
14. oné npehimedeaiblchecdiepdatinggngpatti@rsiiorad therghFoorodessing jitter

Larget effective sanpling
nm%ﬁ}solﬁfﬁgﬁmgﬁdigggdﬁﬁg?n FCOPPHESEt 0 sweep the
r ecpr@aissm. jipat thegnitude e a chiatisn Sﬁhkf@%lﬁdﬂfﬂilh@,ranad apted to

1 L] et | n-orgdcr stro t.o
s b B PR etor 1 neFRY Beuehgooi et ¢ fnction of
theaaumnm@ﬂnmm.obtaln sanpled data of the output signa
according to the sanpling clock, a nmenory device
adapted to store the sanpled data; and a processor

15. adEptreathie randibyziastiigions of @aindpd, Fulkier d6hpfishpe

ji %mnﬁ theﬁgroces%ﬁr further adapted to express

i Heey ®of frequency. 9. The system of
claim8, wherein the user inputs further include

jigter mgeasur [ 0. be l e 10, The system of
16. ] eatasTri el ‘f‘ﬁ%%‘f’&%%‘é‘?g& h%BEefFWéieé%ﬁ*mlégﬂamlaa@lmde
ﬁmhenmgmes@erlod of the repeating pattern. 11. The system
of. cl?inw . Wherein the ?rOﬁessor cal cul ates the
LY ige tamitiontegionsan a lagallyinsoxler steRbig: spfle out put
Si@grahidias e sondsdrihREoRbf th a8sa6bAtthsubset . 12.
The system of claim8 wherein the processor detern nes

jitter magnitude as a function of acquisition tine.

17.  13he HhwhiystRIAbRIingthatibhSof MBI & Whd:b8 &f&ﬁﬁﬁﬁ? fitter magnitude
d er m nes tter frequencies within a particula

éﬁe?pp ge. 14. A nmachi ne readabl e nedlun1haV|ng
I relchMeihf eisast bas 8elthk Q@Eﬁ%@art&%op&ﬁlgﬁsﬁﬂeﬁge bk bl %ndard deviations.

measurenents, the nethod (of processing) conprising
18. 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.

19. The jitter measurement system of claim 18, further comprising:

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

20. The jittcr measurcment systcm of claim 18, further comprising:

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

21. A method of determining frequency components of jitter in a waveform, the method

comprising:



expressing jitter magnitude as a function of
acquisition tinme; and expressing jitter as a function
w@boo7segoency since the frequency of jitter i SP@I/US2006/060729
function of the acquisition tinme. 15. The machi ne
readabl e instructions of claim 14, further conprising:
determning jitter nmagnitude. 16. The machi ne readabl e
instructions of claim15 wherein determining jitter
magni t ude further conprises: identifying transition
regions in a locally-in-orger strobing; and
determ ning the standard devi ation of each transition
region. 17. The machi ne readabl e instructions of claim
16stwbérged wadomr hivingg ré¢petities paregmi t ude furt her

co i Ses; Icul ati ng,at | east one of the average and, .
root s %uazlro 8&?\?@ Fozfgeer it Scﬁ?’ﬁ% 8‘?\? TP EF@W%?YGO‘H?.O‘%%%". repetitive
pattesy inttuingnhsy efiteodllysiysiraen stiobes; syst em conpri sing: a

ns.tq take jitter. asurenmepts in. a
rgfg)ggtfnf?ﬂrar? o IEIP at?glglfsr% g‘%ﬁ‘ Seh8hee alba?' “HeHAET f9PEhangi ng
andaaqunis raraomt jitee aksociabel fopeahitiankifioNfddesn; ahd obi ng

schene;. .and. a ns for..expressing jitter as a
f u%eg?mdlﬁm%ﬂ 2 gﬁﬁlé‘r?cg}’ ecift }Peﬁﬂ‘éncjyir?‘fé& nmeasur enent
system of claim 18, further conprising: a nmeans to
express.jLtter. Itude as a. function of the
22. acq_uel ?F?]Jf)%ﬁlvglf‘%ngg%ﬁﬂemé’ﬁmﬁ’éﬁg: measur ement system of
c | (ﬂlaﬂgiilf@ thd ﬂcfduh@cfy ﬁﬁg@bhy S indrchEad I lﬁlctn]?mﬂ)@lt S b of locally-in-
itter frequencies within_a particular_ frequency
°rde‘JrS§‘r?§%S. angl dedreg e Feanter GETRIHE A WQal?x-wqwéﬁwmbmg-
conmponents of jitter in a waveform the nethod
c rising: strobj wavef orm having a repetitive
23. pgﬁgﬂFﬁ,°$8?ﬂfﬂb&§qP%%ﬁFP§¥?ﬁ@%rder strobi ng schene of
a 4dgyBKEiag e ningd pevio dBREvdeh 16AEyLiEReddr kirdEes RREL@ siibset.

i ncl udi ng subsets of l|ocally-in-order strobes;
| ocating transition regions in the subsets of
24. | ot hythodoDElGiT 25 IWIRRAR ad Sk Rt Bi¥defi8 A B deh IdBlly-in-order
bassogla&ﬁd for each transition region; and determning
strobes 1y the SURSEHR fther SYERNSSST frequency range

adjusting the total acquisition time to strobe the repetitive pattern.

25. The method of claim 23, 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.

26. The method of claim 21, wherein determining random jitter associated for each transition
region further comprises:

determining the standard deviation of each transition region.

27. The method of claim 26, further comprising:
calculating at least one of the average and root square average of all standard deviations.
28. The method of claim 21, wherein determining jitter as a function of frequency further

comprises:



22. The nmethod of claim2 1, further conprising :
changi ng the frequency range by one of increasing the
woovses40d subsets of | ocally-inorder strobes BOMUS2006/060729
decreasi ng the nunber of subsets of |ocally-in-order
strobing. 23. The nmethod of claim 2 1, further
conprising: adjusting a tine period between
| ocal l y-in-order strobes in each subset. 24. The
nmet hod of claim 23, wherein adjusting the tine period
bet ween | ocal ly-in-order strobes in the subsets
further conprises: adjusting the total acquisition
time to strobe the repetitive pattern. 25. The net hod
of detéraiimn® 3n avqiesigomtiajolish assgcinted tianBEon esdicd ahet ween
l oé:s@(uu}s‘me sgnchg é(gﬁllSI ctmr tgrgg Ig%)s:gglla tvylab 2 ?{agm{l%réltregleon with a frequency.
IocaIIy i n-order strobes, and adjusting the nunber of
strobes in the subset. 26. The nethod of claim 21,
wherein determ ning randomjitter associated for each
transition region further conprises: determning the
standard devi ation of each transition region. 27. The
nmet hod of claim 26, further conprising: calculating at
| east one of the average and root square average of
all standard deviations. 28. The nethod of claim2 1,
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.



