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LOCALLY | N- ORDER STROBI NG CROSS REFERENCE TO RELATED

CASE This application is related to United States
w@anoen08948ppl i cation Serial 11/272,027, Attor nepCDUS066/060733

No. 05-2006-US (referred tol as the '2006 application),

with a title "DETERM NIl NG FREQUENCY COVPONENTS OF

JITTER' filed on even date herewth, which is

i ncorporated herein by reference inits entirety.

TECHNI CAL FI ELD The present invention relates

generally to signal testing and in particular to a

l'ocal l'y inorder strpqhy Iﬁ?ﬁﬁquiﬂﬁRb ShBasur enent

of a signal. BACK D Aut o I c test eqU|pnent i's
commonly used by el ectronics device manufacturers for

detecting ma
automatic t e%@%@%@ﬁ?@o ﬁ%ﬂcm%qudew ce
I’Yﬁhﬁlslfa@pﬁd:ﬂ‘tié:ﬁﬁs tedated $d Unﬂad StaltcrRpdenit @lppllliEathﬁﬁ$éhal 1 he72,027,
C ce sold in the mar | ace.
Avormgi B4k 8Sp 42 Pl OB GrER e e Sl aopleadiiphar & £ £
“DETBRVEWING EREQUHNMSY COMBORRN TSUAF YAt Rt bl%ddﬁt &eh @ete herewith,
results to expected values., Timng jitter degrades

which dg @epgnogatpd g%t%%f@éﬁﬁﬂ%% SR8 hi gher data rates
and | ower |ogic swngs has increased interest and
necessity for the neasurenent and characterizati on of
jitter. Jitter is a keyppembenraieeyfactor in
hi gh- speed data conmuni cati ons. J?tter is defined as
t hee piesertiigyambion relhtes igensarlinid sigeed testidgead imparticular to a locally in-

order %ﬁ%ﬁ&lﬁth%& fgla]tn%er%éa%u{ e'Ht E)P g Plgn&ldeal posi ti ons.

ments can resu efrors. Tracking
t hese errors over an exth@mewmmmod of tinme

rn1n 8sS ste tablllt er can .be. due t
R st o e Rl B e B P g e emaoturers for
detecting\tﬁzimﬁéctﬁrh%@efbcttb t Bbr SORMPIEAtEN G HaSqdDoh g allows sem1conductor
Jitter measurenent t ues_typi cal

r ovenent chni
devieq BB ELA PyoR 8 HrEa¥pIES Heist § q‘B’Palé‘iYg‘?f R dfice sold in the

markegﬁ%S THR t8stétadrdyes b12a¥o BRA d@@é@t@@ig%am%&hl |dé${%@ﬂ§1§e1afégt (DUT) and
itizers have been used to neasure the vol tage of

evaluaé'#s@th@ Hetgeted rssalfs ta prepeciod sielugs s Taﬁ@gu gtea ﬁagryé@s ¢ mtgcal systems and
the pugf"{o%lkﬂer%taefaf@s%ﬁd qg\ggr lB}ngEs%vmgnpe n¢ reRF $nd ddBssity for the

I nterval analyzers an ese devices
measugimed ehy charastgrieatimdge jitienres or the tinme between a pair

oj1tt§1dlg %ﬁ(ey p@ﬁ%%ﬂ%@%&gf m%gﬁquged P S Cn@r%%ﬂ%%ﬁons Jitter is defined as

the misalignment of the significant edges in a sequence of data bits from their ideal positions.
Misalignments can result in data errors. Tracking these errors over an extended period of time
determines system stability. Jitter can be due to deterministic and random phenomena.
Determining the level of these jitter components guides design improvement.

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
threshold at fixed time intervals. Asynchronous strobing comparator techniques use stochastic
mathematical techniques on the measurement data to determine characteristics of the edge time.

Today there exist two general methods of asynchronous comparator techniques, “In-Order” and
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strobi ng conparator techniques are used to neasure
whet her a signal is above or below a threshol d at
wo Roog@suine i nterval s. Asynchronous strobi ng cPOPHESZNE060733

techni ques use stochastic mat hematical techni ques on

t he measurenent data to determ ne characteristics of

the edge tine. Today there exist two general nethods

of asynchronous conparator techniques, "In-Oder”

and" Qut - of -order™ strobing techni ques. Shortcom ngs

exi st for both the in-order2 and out-of-order strobing

techni ques. For exanple in-order strobing has |ow
“Out-Pbi1gier S t¢clafigudsO MhoRe itk kR0 fdribdaSthanilorder and out-of-order

out - of - or der stroblng IS sensitive to frequency
strobipg feghriquess T g ampleagrgfenstodmghas dow metss drerEhly agddong acquisition
times 8hd S¥SotdAbL ﬁﬁ)b@ﬁ% sl sEﬂmﬁ@e f@)‘ @o}ﬁéﬁql B8ork/ RGURELY complex setup for

characteristic the sig For” the reasons st ?
measuEp et ang dlowe dingtadeability e emlygq thedbqbeeharrctdristies of the signal.

bggp{ﬁg r@z&g %dta%o{n? %ﬁ& félké;chérergaéo'ﬁs %Q?edéﬁatl ch will become

readi ng u er st an resent speci I on,
appargrii¢o éloss slalln@ euthie ralrttdwnacadlﬁ@ and m;ntemtamﬂmg tmpm@nt specification,

chnj, ques bov ntioned probl ens as

there 18%11% g%l 0 ehaétr%y) Oé’ﬁ% S%? em%gscfr SN by enbodi nents of

t he present |nvent|on and wi Il be understood by

readi ng and studying the fgoll ow ng description. A

met hod of jitter neasuremet ™™ ¥rovi ded. The net hod

| mat ublps-SanidicdgrablgRy ias QNAR othdr@sdb1ut Brél adek @R by embodiments
usi ng .an asynchr onaous sanpllng cl ock over a_ desired

of the BEGSPRIRYFIRHEd WilePeIRcHRsURY srgRariA s dyinespe fllavgne
descrip@éd.ern and each period of the repeatlng pattern is
sanpled at |east twce. A sa ggéfrequenc of the

adyRehpd RE LY CARPIIIBCTE iopIe Vi db dngghodjmehides pamppling a device-
under—%s@'ml ugbl 5| %Mngﬂéhrgﬁ&nasl 10%E%v81ﬁ@ h%lfeﬁ%ﬁnod of time.
Ogl C ate or t1on represe [ ng eac

The D] ’Jhgmteutp%gmaé dapé rerivetimt Fattun pod ezmhg:milodaxf tlh@apeatmgqaﬁem 18

f r her Iudes
sermpl PR Mo 4 P e B R o R EReo0k R basea on
user nfptulltst. Heampling| thel B8 epipasi pmd obh@nsemqaipa&iﬂ@bgicahmte linformation

not e lLe s set wher, ei | e subset
repres e RS U REDETATADS b PGt PRI Rial REfes opefs s The method
furthet iR Udel mRybGLth& bghigles bitod iRdle pBiOLESHE Repdalifg %amhe'ﬁhe method
n each subset 1 ndependently of sanples in other
ﬁmhe%%@élﬁ%swaat%ﬁh? FRTRRICE BQiPRS OpRof ey s ss e Vi B eagh sample
subset%ﬁtaﬁﬁs% srtaattﬁa%e coaby vfaﬁq%bl'a%ﬁys fhd PETHRSR
S EE DESRR T N e TR e Srﬂggent imal in order,
processingehe FaIpPIgH mthﬁee%rs@b@émdeyGWei@vgf sudplanih ether swbsets and

combiﬁgl\éar@§1ﬁ@%§'MOH§s%§d subsets and processing the combined results of the subsets.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more easily understood and further advantages and uses
thereof more readily apparent, when 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 teachings of the prior art.
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of the description of the preferred enbodi nents and
wo b@70s4iowi ng figures in which: Figure la i s BCT/US2006/060733

graphical illustration of one enbodi nent of signa

strobe nmeasurenent using a wal king strobe according to

the teachings of the prior art. Figure Ib is a

graphical illustration of an in-order strobing of the

signal strobe neasurenent of Figure |(a) according to

the teachings of the prior sart.Figure 2a is a

graphical illustration of one enbodi nent of signa

S i i asurement

(R Py R B AR br il EE IR signal srobe mmeasu
using efwalkiag pirebe (o callyviantridenstrobing) recqzfinggo sheyteagiingsof the present
.l lustration of a locally-in-order strobing of the
?bnal strobe nmeasurenent of Figure 2(a) in one
efadt 0B a gfaphival ffluesetiin éfnlensliyein-ofdegsirebiB@ of theaignal strobe

hical. illystrati f . anot nbodi . of
meas G ghal Sty Sar SHEREIHEN A6 T WATR Y CLPPEbe
(Irogat By id #pRbiRAl Bluk@RiGINf MeERF einbgdintent bea pigasiesmitobe

invention. Figure 3bh is a, graphical hjlustra_ion ﬁ% a ot
measyrgpsp Yeinge Frelere sTeksiorgligrinondsr Sirghing) feesdipe fehe nypsen
invenfibgure 3(a) in one enbodi ment of the present
Invention. Figure 4 is a block diagram of one i
e Rigte A it 2 graphicsl Hivstntien ok logdibitp-eidghairebiag ebthgistgnal
|09 SR ek ARrenfibgur € Sa
meas‘lhgmtgnﬁ%m\;ﬁgﬁa#igﬁp g)frnetg@()g moodi ment” of a met hod of . _
| Gigirey is nbirlistiagremoliong cadodirain gf poysthm forsiEotingsignals according
f the present inventi.on. Figure 5b is a flow cart
to theiqf:?%lgf%‘sé)tf%ﬁegprteﬁeélt E)I} oe%lélg@i ng information froma | ocal )
i IFigurd & is4 floi abgridbr omeembddicienieofta wethod @f pow@élgm-order strobing
invention. Figure 6 is g.flow chart for one enbodi nment
accor ’F‘gg"&ltlfttﬁ%‘f}n qué%mﬁ‘ﬁeﬁ%ﬁ%?%?- strobing according to
t heodrea6hs RgDHwWOart MR sPRat@RENE proteeig iforniatioadtran daske in-order
i nmon practice, the various described features

inven

with co
- strobiggof qu¢ cybadipapbosthgpeessat PP W awn t o enphasi ze

SRegiEicGs b eRfHERSt fo8baY @RbollRndnb 6f H HRSVIH of locally in-order strobing
i nvention. DETAI LEDDESCRI PTION In the fol |l ow ng

accordingdp [teatteaiehings @ithe AreseRifidYWeB- i s made to the
a . i %B% o] 9%@& fRE PhRoReddscitddeRhurde hét drawn to
mﬁﬁggpﬁgﬁgﬁg"v\%{ y vvgy Pot i 11 ust ratllgon gpeci fi cr )

scale ibhit arstdram teeemphasize specific features relevant to the present invention.
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enbodi nents in which the invention may be practiced.
These enbodi nents are described in sufficient detai

wo eoogfosalie those skilled in the art to practi ceCT/Ig2006/060733
invention, and it is to be understood that other
enbodi nents may be utilized and that | ogical,
nmechani cal and el ectrical changes may be nmade w t hout
departing fromthe spirit and scope of the present
i nvention. The follow ng detail ed description is,
therefore, not to be takengin a limting sense.
Enbodi nents of the present invention provide nethods

and systens for inproyefysks DHscRIFI@8NNT t echni ques.
I n one enbodi ment, the sjignal strobing techniques are

ubetherfollopmerdstaiied gepiription. iefsnnedpimds taherpceeypensdng drawings

. . . r. r- 1 - -
st SRR LD, SRS, UG MBS
embodimgntsen vddeh the inveatioomeyshroprectoedi Agssofmigediments are described in

K i pques. . L ed fr. nal ysi.s,
e 5L SRR LSS SR 00 L LLESHBIRY O 43 s o
undersisydihiat othouenbddimehtsgniyeledntiliped sind lthat dowe ca mmedhaieal and electrical

chang%s&g@i%% %]aglg ¢ O#%ugé?rl%b r?%ﬁgg{fpg g]flyig ?13(?1 gcro%ts 12)9 g'?e Igrggetnt invention. The

followdgy d @eHemhdatripts is( Bdifore Thet tOUE taidcgnal 1MeiviaEQedBehas a
repeating pattern and a sanple is taken every tine Ts
OEgibodini&@peaf the grasahd k¢t frbeids ngtieddswal e aemms fdiSia{phved signal
X Tpat, + Tres)/N, mgere Nis an integer > 1 and Mis X

strob1%tepmlgb%sr Ig ope eqa&a 1ment,the Slﬁ@l”ﬂi SePbyie terhriayes arg used for performing

jitter rhédieBndR® WRA Reddbed REURHoNBNRE 81 4P dulreRf &Hbind fetBnilSes.
the effective sanpling resolution. The net hods of

Embo@,i@gp@itsscaﬁfbp PrR§cHriBvaioarpede sgstenpping mgthgds hevercome short comings
; | .0 descri be
of curRge &P&ﬁn@&cﬁﬁ%ﬂ%ﬂﬂ%&ﬁaﬁéﬁé&w&ﬁcﬁ%é&

characteristics of a a er t The signa

URE®GL ISt SBE tpﬂ%&?t i v%rﬁﬁ%tairé b¥&d Q)ﬁtats%d?lroﬁmg strobiggrtechniques. In

asynchronous nature o e strobe causes it to app
one emlpdimiekt, a8 pepgwhraneus stwebing gisthod vass a sireluthat ampeans to walk across an

th . o] | n_over [ .
ourul BB LS REHAL: BATAFD) 08 o F D046 Rl ks paen
and a :(a'ﬁlma@ tak¢rheyery EmeliEs oxgep peepdatng phit@atof vie digmasvavafdrm. Ts=(M x
roar SRS, TRRN 0 PR &7 1355 EIBLNFSS L fouiggpeperiod o me o
singlc att@nafshaDIUT wevdforn Ipadcuef Tiddas ldcfrued sinplitd@solution.
strobes for a given strobe subset arc locally

| Thom@eHods b0 aaddryanplingy A€ HestRidbe ad MMaliting SEbbELRS ause an

within a particul ar subset can be papped to a set_of .
asyRchTPRES QiR e CodaERte Bprastasisnal § NERNeda s by Ty signal under

test @t hafle Whdpelitit 6 Batbdrh OGS aWRICBrdBLAhNGEL ofthE Str&BSEukSs ik B appear to
a nunber of strobe subsets each conprised of )
walk acErsg s teptigngbr AS e reBits cxamihansh the achyl samplss silbbe taken over a time

periodil\rg%rg tgﬁrﬁﬁr:é Rt RRH 8 AL tRPp@erd PE Y QP ERHEe mapped to “effective
times” all within Tpat. The samples are analyzed in M sub-sequences called “Strobe Subsets.”

Once mapped onto a single period Tpat of the DUT waveform, the strobes for a given strobe
subsct arc locally in-order. Locally in-order mcans that the strobes within a particular subsct can
be mapped to a set of times which are spaced by Tres and in the same order as in which the
strobes were obtained. This results in a number of strobe subsets each comprised of locally-in-
order strobes containing logical state information about a portion of the DUT output waveform.
This aquired data is used to determine characteristics of the DUT output waveform such as

random jitter, data dependent jitter and total jitter.
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This aquired data is used to determ ne characteristics
of the DUT out put waveform such as randomjitter, data
waleesant jitter and total jitter.Figure | a PGI/ES2006/060733

graphi cal representation of an undersanpl ed DUT out put
signal, shown generally at 100. G aph 100 includes a

representation of DUT signal 102 being sanpled at tine
intervals Ts by strobes 1060 through 10619 over twenty
periods of Tpat 104. Due to space issues on the page

that Figure | ais illustrated, it is noted that only

5 of the 20 periods of Tpat are shown in Figure la. In

og%réef'p%dd Té@?ﬁvcaﬂ Ijiegfe@grﬁﬁlc%poﬁnﬁﬁd%%aﬁﬁ)@éﬂ HET Mpﬂ%‘i@lal shown

. Figure I'b is a graphical
generarlbpmel@ént@taplm ﬂ:OQafnchrdee pdenressntagionred D3R dignak HoDpeing sampled at time

1nterv%18 é[%%g ?1% ed Mo% Q% %%r f%%?x?é{ oQﬁ%f nggfl%bh 219199{2) space issues

ure are ove
on ﬂleqmgbhlmt,F iges peas 11kneﬂrgftcht s nmgetcbthp‘eamlgad o'fp]aEt Z(D)beIﬁMfE of Tpat are

o Bl 0 S TR0 536008 03y~ o+

Tnﬁ)representatlon of an undersanpl ed DUT si gnal, shomn
general ly at 200, according to one enbodi ment of the
PFERRALD iy gﬂﬂ'phmal reprdsoatidry of m-am&eﬂtrdmtgj afd @ﬁch_ of the 20 periods of

under sanpling i plled a kln strob IS
DUT gigpli B2dndsfiobes 1Woe iy BHgfhé‘?ﬁdw Tomet ?%?rﬁoa’ﬁr Bif! ogdpR of one

anothdrS rdsPltivelyTER sl todaBpat BEDALOY §é1t1|20ﬂs Hovedbah@Ed with each
t he gUT ssgan ?% ﬁ§§Urgﬁia CiaphEZOO i ncl udes ﬁ?

strober )op drengihi 9&m serced aDT}'PSm gnal 202 being sanpl ed at
time intervals Ts by strobes 2060 throu?h 2619 over
f Flreét iotgraphictlygbresenfatiqrmol 4 undspuBwlsleRU T fignak digwn generally

at 200L Q&‘&ﬁ‘dlﬁ% & odS eltngoé‘i?rga‘ﬂ't BFthE% esgﬁ‘tt 1ﬁVQHfonTSA itall9WhDrder method of

fimes sRorter where Tres) As a fesult,
underjamplingyis pppligd anl %“Walkmastrobe ‘nﬁe@)hz@@ ht:fé}m qrabadimentathe acquisition
of daty ?{ %)H?tel%l%g )é% %a;gp %:the aléﬁ?}m{l g!‘f dhll %ogl‘glg ?Bsﬁgtsh(?\gn %& F %I@ﬁ'@l a. Graph
200 1mhpieesemra$anm11omfoftaﬂ@Uﬂ“| svgnap ém bdsg cfmpldd a$ t1gmhteﬁsf}32s Ts by strobes

2060 t[a%%%':i {l;’;qevﬁlz 88 \é%& S o(%élg)raf %@P T%;tp%%gﬁban ; %%Tit a,[‘l t%]fes 20x Ts to

acquird@Be dsta HIOTH ismdvin 4 @imads sﬁbﬂ’t@b@hé%éﬁ@—(]l’p’a@ &gl’m@léﬁl AQa result, it only
.Spaced at a oxl mat e Ires. nt

reqmrggggcéffga i Tp%)SB %@gquérpét\{ng%ﬁ b’@ﬁu? %é Xf@??‘ﬁ rf@? gcquisition of data

with rbspdehioFig¥@npl e, four subsets of 5 strobes are
deflned Subset 1 (SSi) includes sanples 2060, 2064,

re 2000a RGhZADIBrestht@id:S aMpk ¢iva %HSH§OQDU4T 31§na1 282 from Figure
16, subset 2 (SS2) includes sanples 206i

22 ovegiiBd on JIBOH AT RIS e arBEE PTG Jat ?OﬂsostUi signal 202 is
bhowr%%t?lg:gc% %%%W thrdugiP®R,, kptckd desSppraiRlatdy 4062 I 4PR @ mbodiment,

subsets of strobes are grouped for further analysis. In this example, four subsets of 5 strobes are
defined. Subset 1 (SS:) includes samples 2060, 2064, 2064, 20612 and 20616, from sample
numbers 0, 4, 8, 12 and 16, subset 2 (SS;) includes samples 2061, 2065, 2069, 206;3 and 20617
from sample numbers 1, 5, 9, 13 and 17, subset 3 (SS3) includes samples 2062, 2066, 20610, 20614
and 2065 from samplc numbers 2, 6, 10, 14 and 18 and subsct 4 (SS4) includes samplces 2063,
2067, 20611, 20615 and 206;9 from sample numbers 3, 7, 11, 15 and 19. Each subset SS;- SS4
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

data gathered for the locally-in-order strobing) is close to the total acquisition time to strobe the
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and 206 is fromsanple nunbers 2, 6, 10, 14 and 18 and

subset 4 (SS4) includes sanples 2063, 2067, 206ii
wQaerssand 2061 9 from sanpl e nunbers 3, 7, 11PCW/BESENE060733

19. Each subset SSi- SS4 contains sanples that are

effectively, locally in-order and are each separated

by Tres. Moreover, the total acquisition tinme of the

| ocally-in-order strobing (i.e. the tinme it took to

acquire all the data gathered for the |ocally-in-order

strobing) is close to the tgptal acquisition time to

strobe thefive periods of the DUT signal since the

five péﬁdi&ktﬁsthé ﬁ)lf'lhﬁﬁﬁﬂ%ﬁ%ﬁh%ﬁbe§§&he§§§se@@§s BXk2, SS3 and SS4 interleave

i nterl eave each other throughout the five ‘per i ods
cach qthefithvopghew the fiye petiods PUMires tgﬁamplq the HET eigveli nent ,

?Igglé%&éggcﬁggﬂp %Eéh %be% Qe\(g cﬁ/%rl § ﬁ‘ggﬁg% %%Et?gt?e subset SS;-

or exanpl e es o)

'SS4. Fowdxaohpld, ogplkes of taliset S&j‘mchudt lagncai slptemdoriiatign representing portions

ot bR a1 0n odF 0 Sl Sl St O B SRR 1 ome

embogiagint, thelp Bgoleibubedt SSSH SSShéluld ecdantifss coatgiheg logical state information

represp R FE D £04 ViR BOLFRgREOpIP oﬁgrtﬁ%g?fﬁ?itgmgogh
|gnalhgg1 q%sﬁﬂfla ng&?%%‘fg aerI |1§‘gaélys VI de p@%ﬁe{t&%@ream

repetlﬁiﬁn beekt é&a{ehﬁTpatTﬂafe str-'db& c&tefa@lbﬁﬁow su@@&hSS:}I s8bgy ear to walk across
subset - SS appear to wal k across_a portion_o

2 portipsy Afdhdipat e o Heornirpe et lacgtu in-prder sepbieg of ﬂ%?%a and 2b is
applic@blefth Qi%éﬁﬁlegﬁlré‘tﬂgnt%!ﬁd éﬁ’o@lﬁ@sj dvaklaged & drichirEht methods of strobing for
measufr enent and provi des advant agés over current
jitter meashoueengf Fox ¢Wnig theplocglin mardmwrwmﬁﬂwd Rgdescribed above
r
ecucFAIRLE gL ALl A AOE!FALAR, 8 LIS rgen o
detecfsdbplaeneasiﬁgqmana Itrloye;asema taﬂutm:tto q)ferﬂouwtlﬂact@mpaemmenbiweeases. Since
Iocall 1n— rdte rﬁ% i1 NET S le Isnn%aegrseme g 1me {nr-re dteto sampling, it is less
berPor %5%%asur ? PRCT €88 68 "SI ice 1o Ealiy phag,
mmcquﬂﬂekdemr&amnhbﬂgogeneraIIy t akes | ess neasurenent
time than in-order sanpling, it is |less susceptible to
| Simck tiestestey forod gieen Sirotesublee asd loobigys irf-oidef thiéwaB not subject to
many Qt E}?egg?g]t%glss %ﬁgag? 0% EIO#BEE_B% g%rgglbtigh & léegarg%‘u?ql]tmn takes the reduced
time oFlut-0f-of1cH @AmSiaPAd MBrc thAE oREEEILSI ib tRon FaK&Sh rfRetition of the test
reduced tinme of out-of-qrdcr sanpling as nore_than one
patterg FaglpstiabesyRest it sfelwsd Anredse nd Hasiresil Ay cpmbined fo provide results

for th@é‘ﬁtﬁ@ 'bﬁttet%amn% he h@ca?l%ﬁ%trdér%traﬁﬁlg)ﬁéﬁ thl@’s@ &9&&1%%9 achieves the
the results are conbi néd provide resulfs for t

benefighe ineorgei andraut-ofioirdey strhbmgé@cénm}lers mddogeproblanabingdigative of either

tedﬂﬂﬂgg anal ysi s techni ques achi eves the benefits of
i'n-order and out-of-order strobing techniques without

PE %&% zh{zldibcﬁ% 'nY&anp I‘orqﬂﬁgﬁ%ﬁoﬁ gﬁctf Pc' ifHfderstood that any number of

strobes may be utilized to obtain logical state information representing the DUT output signal

202 or portions thereof.

In some embodiments of the present invention, acquisition time is either increased or
decreased to change the frequency content of the measurement.

Figure 3a is a graphical illustration of another embodiment of an undersampled DUT
waveform, shown generally at 300, according to the present invention. A locally-in-order

method of undersampling is applied and a “walking strobe” is utilized. In this embodiment, the
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Figures 2a and 2b are nmeant for illustration and it is
under st ood that any nunber of strobes may be utilized
wWo o00clos|ilh | ogi cal state information representPEUSINE6/060733

DUT out put signal 202 or portions thereof. In sone

enbodi nents of the present invention, acquisition tine

is either increased or decreased to change the

frequency content of the nmeasurenent. Figure 3a is a

graphical illustration of another enbodi ment of an

under sanpl ed DUT waveform shown generally at 300,

according to the present invention. A locally-in-order
acquisiBSNOEd RS iddNdRE BaEPHERAY ok ?naﬁ? Rhi ng @Q%eghc WRlHINE data for the DUT

strobe” is utilized. In this” enpod nment
shown inddewsi®i ti on of data includes three tlnes as many

sanpl es as the acquisition of data for the DUT shown

i Higuirggb & Qﬁrdpmpgmeereswmsmw@ﬁmmm of B/ Bsignelat020Fom Figure 3a

overla(?(i 01f1 Foﬁxe dtp e a%gﬁlep fre% 12&%% i %e u%élg gg%(gﬁ]}]" E{t/t%??ﬁUi% s‘%nal ii02 is shown

with epelt Stmzbem ﬂu‘bu@.ﬂ' 1%b grescked aﬂ@prsxmiam Twdst hn elais tembodlment logical

3060 th
sate QOB R R AR O RNT O PRD| Ay oPAER” PAR BrAitabbped by three
differ¢re pampmn*eg]bgs ewbzadgﬁe }fro I3 0 ldB 06: Sl dahpse R 1 (310), strobes

three d rent sanpl egi ons, For i
30613 a&@f%lé In SRR a 0§51 At 098 Pt Rl &yrenplg region 4 (313)
captux(a?z&é&al sBdté alreEma3 Bl Bp @@&tﬁ@ﬁjarﬂoﬂlﬁlﬁﬁma@ (UBH &Y & a result the
, and strobes 30655 and 30659 in sanple region 4

effecﬁ(vs f§$e walbinpat jndggvald hasthees cppirendrint thise seR@LESNg
part of unit interval (U) 3 and as a result, the
o Ficise SRUBIC ST IR E36 TG reiarot M BiomagvabR moasurement three

ways. iRt Uihe @vpﬂaﬂ SR piefRI s rr@(ﬂic@@ fhe rieKith@ aﬁaé}@cﬁ§e E@kBSbcurs at the

in each sanpl e region 310-313 I nproves the nmeasurenent
intersedtion @f \‘A)Hy samplerregions pred \venseapenty setrmgperedly eitler. Second, the

increaggcfjﬁ'lﬁﬁﬁe g%g récﬂ@ea e%fegp(% ér}/o“:r"b ﬁldgﬁ:vxp gaq‘g}%l S. althntd ?b long as

PNt ersect on I'e regions and
nuweﬂmnooapmumedoﬁypeWmheﬁgestmnmeduh@nmnnnehmmaqmmmnmﬁmmijpaocan

of s es _reduces t t rro
be corf S RRUETIP b s T rlia Rt sRmraded AL ognectpd is wsed to
reducpatdcauedds shobe dipjuees erfdicameRBIT &kt i me of the
pattern (Tpat) can be conpared to the pattern's
eXpe edetitbd dfitbcallflia-draér anfpinpeend apesssHoadpand l@ige ¢tagsdinformation
' to .reduce errors caused ? strobe frquenc

(high 08D @1 A BET Ty S AT E RGBT FERRTFS Pl G or noeded by

the us&MOP khalgsib.SItasl apierbbed it ERISULhFiERQ136ak iIRisBhRd with overlapplng
i nformati on %glgggor | ow) of transition reglons and
sampl Ky oRs{hak GpR 1¢a Aipte inferenation gbeitreagh gpl ﬁ@éﬂ@bofﬂ}pat three times

that atyEnbeRorOsuANdbY8lible. It ohs elﬂﬂgtﬁﬁr%hp kit Natat@idfBMAdn about each
ngre 3bis illustrated with overlapping

edge of Tpat is captured only once. In one embodiment, each sample region includes logical
state information about an associated transition region plus a portion of the bounding stability
regions of the transition region. In one embodiment, the sample region overlap is sufficient to
capture logical state information about approximately .25 unit intervals of stability regions on
cach side of the transition region. In some cmbodiments of the present invention, acquisition
time is decreased to reduce the time required to perform the measurement at the expense of

improved accuracy.

Figure 4 is a block diagram of a locally in-order strobing system, shown generally at 400,

according to one embodiment of the present invention. System 400 includes automated test
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sanpl e regions that capture |ogical state information
about each unit interval of Tpat three tines that any
wa@pwans4of capture is possible. In one enbodi MREIL/US2006/060733
| ogical state information about each edge of Tpat is
captured only once. In one enbodi nent, each sanple
regi on includes |ogical state information about an
associ ated transition region plus a portion of the
boundi ng stability regions of the transition region.
In one enbodi nent, the sang e region overlap is
sufficient to capture logical state information about
equip AR 403! tHEttrgl:é{V 52(51615}' thorle r(‘)‘ilgﬂu\f HoRaRffrodh ikl ict Yinh6QieQ W04 and
on each si the transition region. In sone
providesispdiutren 5 6f a prasegroe 46h foriamplysisi dn oneerizpdimane TR #82 includes
buffer, éﬁl 8qﬁgtrf§9c§seadbu erét? %’q‘fo tgﬁt §1 4P?%”35 g % T Q?B.f P fhe embodiment,
neasur enen e expen i mproved accuracy.
bufferM 1QUis e dﬁ'fd:rsnmlﬂiutﬁfek and sgeians dfffeaeritxab ddth )frurmDiﬁITjéM via output signals

s01 o5} APLLBE, SHE T LR HERTEE P 208 m G BRL By P i
compdrBE€ ka8l @&e@u&@ﬁghﬂdvlt @ﬁte@gwtmgﬁam&zddmgmne tﬁﬁﬁita VAEET pmormed as
evli ce- unaer es

or. nore put signals fro 4
expeciflq 1heby PRLOTETSL pits HUSHY S "amEr Bhes st Sdsgegfion volisge. An
outpuf¥adoffasatod M @ﬁ%egx@p@ﬂétmrﬂf thAbli AP gatertsH th@@%ﬁlbblf)ﬁt@ht waveform and
418 that feeds a buffered DUT output signal 401 t
is fod gndprpatptacisruind st for segpbing %@a.w.ﬁ‘fombhﬁw pn &arsph%g glock 407 produced
by sow_gl:é E%Eﬁ 0bh abaﬁipﬁﬁ% blo@Rdo? %ﬂ‘f@ Sohtbd @IrZeaGH 18dchdAl@nd samples of the
ut put signals 401 and . The one
DUT wavwforre apuolpainedi dhasamplce atpuftdred delmgmery ﬁ@w@@ﬂb@for transmission to
pmwmggﬁﬁﬁgﬁgiﬁﬁgaghah%f onpared to a reference signal VT

expec to determne if the DUT perforned

A%y i gxﬁ%gamethﬂ g?%%gsgﬂ?c%gtggﬁ%]#rgg}%%#lgd % gtﬁ%%stﬁg T wa?zeform based

representi ng tage n out put
on devioerppacifiatiod b6d iuserrieputes Ba¢rainpute acd sptehiéicl togheBUTsemlt the desired
signalggff(}&'gni%{i%%@rgﬁ uixg%? 2 é %?O{e?% 2“]3% Or ther I g&sceucfjes a ulger input device
450 tlﬁlﬁfménhﬁg intdgralord@ropilp dowgrel yATBRUORE It boe km’éél&hment software to
clock 407 is.fed to counter 4

perforgh pcali s QST SOPE MBI RIR TEF SR 04 fd G RE g T roceived

from SRAMRE d&Vi6e 33@IFLh1ENERADENuP SYIt&R 460 Fof Piter charactenzatlon In one
transm ssion to processor 406 for further analysis.

embogimensHseIPRBIIncIBiopRe QonpTE Dbt pered et wHEEET Y of hiter
measﬁ& g%ej e MRYE 08 MhRBSEs 1Rk e YhiEeEn SRE ‘Ea{r%étce@febﬁ{ﬂe sampling

user inputs. User inputs are speC|f|c to
reeolualnu anf ¢hefegnbad fpiatieral repetitonsal h@nﬁp@mampms mndjgpge which DUT

! 02y I:}%F hidGh feetﬁ AutBEf o 1‘5&&%
tr f th ti
ans ?B&% n‘gg% I?QIFTE:I%S EIe:i:L > Rt egra F Fermt ely COUpT lé%)ea e .
patterh @ pAT ETHO@rgelt affectwesaachqﬁhmgmﬂo,lutm@mb éeftecmpes tlor effective sampling
Iocall}thI n-ord trobij resi.de ste
frequeglﬁg. glrﬁugg)gr BE;%E}‘C? ern &Hegg?%s 13(15: e%s \ﬁ"ow many PADeS T é‘f?ectwely walk
across the repeating DUT waveform pattern.

In one embodiment, processor 406 uses the logical state information representative of
portions of the DUT output waveform, the user inputs and device data to calculate random jitter
Rj of the DUT waveform. In one embodiment, user inputs received from user input device 450
further include parameters which indicate measurement bandwidths. In one embodiment,
software to perform locally in-order strobing resides within system 400 and utilizes user inputs

received from user input device 450 to calculate and setup system 400 for multiple jitter

captures, each with a different bandwidth. In one embodiment, processor 406 uses the sampling
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fromuser input device 450 to cal culate and setup

system 400 for jitter characterization. Tn one
weedodsaent , user inputs include one or nore OPCT/B2006/060733

period or unit interval of the jitter measure pins,

jitter neasure pins, the nunber of bits per pattern,

the target effective sanpling resolution and the

nunber of pattern repetitions. The jitter neasure pins

i ndicate which DUT transmt pins will be nmeasured. The

bits per pattern are the nynber of bits of the

repeating pattern Tpat. The target effective sanpling

strobels8B & de@hs (4 peFdrmil ey SAFhARSmERE ToENSECAIME- 3@ LBEe method is
frequency. The nunber of pattern repetifions indicates

used angwnHHRL cepwiEes are pevfpared atalifferpal Kodbavbssttings to create an eye
diagrahnf PR W tdImYRY §l-8F J8 @@El,t s%’ft.rhgs{aﬂe 2D, $(|Tgﬂcg ??‘gﬁltcent.

processor 406 uses the logical “state I nhfornma
I §P5ES85E AtV tok t f
L o e R A N o B Rl and are
sampled psing a yallghgstrebUTharelodf pemmd dfsaopéing ohwi 4981 setws efraction of a
. ' YA om.user input deyi.ce 450 further
time gr it fid BEBNEA o LR MO Rs R, S YR Elpeh DS the pattern
effectivalydiaé dtabison dftirna éatendrcailivenban s pfet/ivaus @amplep dh bae Bimbodiment, for:
l.ocal L n- order.str.obin esjdes withi.n system 400 i
exampy@ s hed il G861 RiEORCOPLRR| DB erpd i ledtPiaippadern output signal
is a milBssicemd . 450 to cal cul ate and setup system 400 for
multiple jitter captures, each with a different
bBipivé s4 3.2 fldw h&t BFROEEMB N - ordEORRDHD tedifiqks RBowhA Generally at
00. 152 | i n%t rorkr)$ .ubset?/ regions, to perform e%g .
200, afeadinedfieRt SPRAETIEE AT thy PresSat ARFRton: chisgetied Keppriges
asynchtdB6hsh il uBd&sEAMIIY £8catCuR®: it a9 butivt WeKERkm. The
Vod | evel settings to create an eye diagram I1n one
methoghsgis re 2 anchiscaryes prey@ meraRUhgevafamet The DYY vegygform has a
repeatfy PALLE Mase i BnIRE! @bl the Wilndd el B DETADA LSy (o an
and 411 have a repeating pattern and are sanpled using
asynchropeusidlogk & t50dmeingThlecadlsoiwkonder stodbingf schamp! iTihg nadtbakproceeds to
[ fr jon_of . a tine.greater than the
506 artfhulif SEhytft oP ol ST el B, P SRR Preg hature of the
strobes enpbethethto apatirgo watl haokd the DUT kevEfoact iThe roéthbd BBtains more than

one Sl SR TohF L R ERUS,RRIRL S 90 ot st vt

sampl¢ DeSRe Gikdn arl d _dbiiﬁ:dﬁﬁ:lﬁiogd)f‘éf\/l % U@ia:t_rwemﬁﬁ§ 'gvlhgrdﬂ@u*hf%:rim a fraction of Tpat
out put signal js a mllisecond. Figure 5a is_a flow |

and Mo 4R e ol Eb%meyiqdmreﬁféﬁ (st Yot disiteltrpresshigtipns of the

sampl&€ NMEHeahbtho@brads 18300181 PPodeSseR ke 85RAALABN of the
present invention. The method conprises asynchronously
dirQédeadrhbodiieRY, BRMBEIRAnrd&\Wne8ind\dREmE 8ShpkiR Wrobing each edge of
out put waveform The nethod begi ns at 502 and receives

one pegiod Tirt ppthe DR waxg&rar rhdeasterecput ingluding emontien af stable regions

bounding each edge. The locally in-order strobing scheme is based on user inputs. In one

embodiment, user inputs include one or more of the bit period or unit interval of the jitter
measure pins, jitter measure pins, the number of bits per pattern, the target effective sampling
rcsolution Tres and the number of pattern repetitions. The jitter measurc pins indicatc which
DUT transmit pins will be measured. The bits per pattern is 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.
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repeating pattern. Based on user inputs, the nethod

strobes the DUT wavef orm usi ng an asynchronous cl ock
wW@r003084usi ng a locally in-order strobing scheP€T/UI10e6/060733

nmet hod proceeds to 506 and obtains sanples of the

signal over a desired period. The asynchronous nature

of the strobes causes themto appear to wal k across

t he DUT waveform The nethod obtains nore than one

sanpl e per period Tpat of the DUT waveform Each

sanple is part of a sanplejgubset with sanplcs that

arc taken at a desired period of (Mx Tpat + Trcs)

bmpl
U508 B8 Ao ARy 1A TS )yt gtk

“effeqtizp tisas i vdthio a single nanedsknappéthe OHE. nch dlep gsnudesats remapped each
sampl%r]?%ﬁglq gnB. S%%{%E%F%g{g?ﬁef%%} ﬁo gl%gﬂlg?c%gfble ar%ﬂe ﬁ'or%l an adjacent sample

by Tren rianans emk&ﬂhnhitngoe@smgedgadcsf cabngatiyeyj uttmi tﬁl’qm amClmdestdme or more of
| east e..and. i ncl udi n r

rando g SO B DI HSEAI ) DAR oMy TRecraer fyaafbeier, cach

sampllertegibﬂ il Sk ablypel sphenty ite fiba aRdvorgtsége pdditioms. octiring within a

gpodlnent user inputs include one or nore of the
Sampllﬁlr?glﬁ FE¥¥tor unit interval of the Jltter measur e

DA beimoct (e iaruealttBettpld e hgbedEn ity ribepessen

mvena&d istiehaungtated i@k FRICH) Shdwi &teralltha 3501 bﬁFLgure 5b. As
sure pins indicate which DUT transnit pins wl |

ﬂlustrﬁf@és@@ Sgpies et b4 areppepagigdiptopupsets. nat ﬁiﬂﬂ%‘r SagIPles %rg ‘Tapped into a
s1ngleogerfotl%f GRFakdShtRAL L B PhrdQRkr, sdthflel 31@8E a phikiBGHal ¥fbset are mapped

ampl ing resol ution (Tres) deferm nes the effective
toa sgmmmgvhmleqn@ené@e saMreordgisan vafich thetsemplaseprae iobfagnesl. The
sl PSSP RO L BRSSO B AR at 56,
The rgautte 6 saqh@rbd:ﬁssai anbedt, a8l e dontlingde ST heequpibiged tesults are then

mcesegp géo "effective tines" within a single period
p T ‘the DUT. Once the sanples are remapped each

2 Pas b PR TR i G RRD ek pr fgltormine f

charadiegistics loff tie®UaNRavkifomen tonfpro c@ $sltapg viehwls lﬂﬂl&Srequlrements of the DUT.
calculating jitter at .includes one or e of
Thes B o ey TE A eRE eI OLERPIA L L SHOGHGeRt, the
1ocangm§éddm&bbmges PIpRhi¥E @ flirkliff of tBAGH rasafloan hﬁﬂ’h@lﬁ s¥bhbnts of
e anal éed Separately to find all average ed

wavelogy; datao fack tmgy theddUhiougrys signakbissperpedite ﬁF%%?b%’é’F signal Vr (an

expec’t:éﬂrgl;ls;}?aﬁm R4 Bﬁfe?&ﬁ%ﬁﬁg@ @ fwdvRforst &Eﬁfénﬁefﬂw $Sadjficent ones or
nbodi nents of the present invention Is further

more wlqlf&% spaged datnples lof the IWTohenal., Insangter garbedineny, the DASD is strobed at
multi E 16 ghespaméqﬁ gt L E)il%&tﬁ%stzé Eﬁﬁﬁﬂgg I Fi%s 5‘[1(!)515 %h@ﬁl%lh&ﬂe segments

parated 1 nto sub aré nm
of wawtb(maiata are processed to determine characteristics such as earliest, latest and average

edge positions at each voltage level. The average positions of an edge at two voltage levels can
be used to determine that edge’s risetime or falltime. The earliest and latest times that each edge
occurs can be used to determine whether the DUT output waveform’s edges fit within a required

template or eye diagram.

In one embodiment, the locally in-order strobing scheme comprises strobing each edge of
one period Tpat of the DUT waveform at least once and including a portion of stable regions

bounding each edge. The method obtains more than one sample per period Tpat of the DUT
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single period of a repeated pattern. In particular,
sanples within a particular subset are mapped to a set
wo@RooiopEst whi ch are in the same order as i n whPChUB1966/060733
sanpl es were obtained. The sanples in each subset are
then processed separately fromthe sanples in other
subsets at 556. The results of each processed subset,
at 558, are conbined. The conbined results are then
processed at 560. In one enbodi ment, the nethod of
| ocally in-order strobing is used to determne if
characteristics of the DUT wavef orm conformto voltage
wavef$fh S Wach bdiple QOpHrt 6% Srsp1e buRewilEamptBI®at are taken at a desired period
ui rements may consi st of risetinme, falltinme, or
of Tpat éﬁiﬁ‘l BLES WhereiRi lsetisdimation of TpreanddWHs py intaesrbr
obln repeated _ a Plurallty of times, resulting
?\%ﬁ ?fgmfg mEB REEES IR thiaioaed pirpiss HClydes mapping the pranples to
“effe t PHAL ' DH@rr
‘ ?“g e %?S%lg B R A PPy Onfe Sl m¥bped cach
samplgg Aep aietadseqrmen am}t spepidpatmst lopes embodnmeat,\mr@wng includes

L T ——

jitter and gotghjifsert ilmnbyﬁﬁuﬁimmttb agalybhejigen eanlt gaynpld reglon W111 be analyzed
ment.s of. wavef or

d
separslZAS EhER of et Koda sl PR Syl ¥ SeplEseBiofstbe
t
e?{g%%é*ﬁ ae@gwfve%%%éfgfg&é%a LT AEn SRR Sl ey o0,

accordx@ tcagre doatwelimentaf tbepmts&d 1ﬁx®nﬁeheFﬁ’sﬂ’lﬁ c0bake @£tg&ithin a sample
eti or The earl i est n atest t|
region i s RO bl BTG 2L B BGH ¥ DULP i oHaP G At ghcling o the

last blf dmm@wr WlskinaftthwvamavaliBossigderasschlt oW &i Highs s8AMI®RE by data of
at e ao%eye diagram 1In one enbodi nent, the

the : gaﬁ“S g@ﬁ vy 0% frgmsition F‘?%?Wg“”é@ﬂ dhedats ﬁf{i—‘rlﬁ@@%ﬁ@t r o} tragsition regions
are 1de@ﬁﬁ€d Q68 QetQff dafhecd?@aﬁhﬁg aBAtuRlortBes Moﬂ%vﬁzeotﬁl@egﬁmple in Figure

| east once and including a portion of stable regions
2d of thg u%ﬂﬂ@?@paa@wne@g@po Iraseih o Gavioradivng rete ientedad taxdrgine what

Separa§<§ lm% QraHQPoR ?éél(s)lg o?ﬁert BS]{ Mg,le\i’ﬁgl{%la %g]% ln%.aVV VC%OITII

. 1's part a sanp bset
contaipg thg edegalegdotbant mtbrmﬂ (Tp 3¢ ok stohdy ﬁa@sammw@remt ?t[atas;wllsbe

ndMis an.inte
considreg R Kl pe PRI hin b RHTESH it e neoded 0 ignore
data thatympy rglitdte a sangities région ef the bt fiveinigiorEse e 64 shnilc region.

si,.ngl e ri pat. of. t.he DUT. Once the s | es
Bt D ot Rtion indiaran tnparrearan, oL D ERRHlations are performed
to deteﬁ‘ﬁiﬂaﬂ the bignddré Sleviatiod BE cRdhRMk FRAregiBh O F08 Biadcdl %ﬁﬂﬂ% the
itter that includes one or nore of random

| at "
Standafo 9.1%:"3?&11@3? THBRdEtTE aﬁﬂmgérlt Mg ceRttRegligibly prpwpts of period jitter

and th@Oke.t A 806,ichichBfiont Bred1® SIRPHIHRS Hete&%n@@ﬁé ¥rékn position of each
jitter, each s anple region will be analyz
apparent edge, as well as the earliest and latest times that apparent edge occurred. The method

proceeds to 608 and determines if the last data i in the last region has been looped through. If yes,
the method proceeds to 610. If the last data in the last region has not been looped through, the
method proceeds to 602 and begins again.

The method proceeds to 610 where each apparent edge in each sample region is
associated with an edge in the data pattern. Generally, a rule is needed because edges do not
occur at their ideal times. For example, if the first apparent edge found is considered to be at
time 0 and associated with pattern edge 0, another apparent edge may be associated with pattern

edge N when that edge effectively occurs within the range N(UL) +/- .5UL
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separately to find all average edge positions
occurring within a sanple region/subset. Figure 6 is a
wo b@wostaart for determning jitter in a wavef oPOT/USIV0&060733

generally at 600, according to one enbodi nent of the

present invention. First at 602 the data within a

sanple region is | ooped through one sanple at a tine,

starting at the first bit sanpled and ending at the

| ast bit sanpled. Most of the data will consist of

| ogi cal Lows or Highs surrgunded by data of the sane

state. At 604, transition regions within the data are

| @R Lid/&Gidreqlithicy &@f&%éﬂcbgﬂlap SUL R RS theeRbddhdPshiRBatdand the

set of data cont'aining a mXxture of zeros and ones
DUT’s dite retge Easoasrplas alse eRis)in thezgmpling rade. A0B6e tppisi aad¢adhwithin steps
612-6%@ ?9 ho® Vﬁgﬁ %Obeﬁ{fpancﬁgpﬁ‘g eh¥ d eféﬂc%s hﬁnﬁg@m&lﬁe%es as an error

e at separat es one Ion region Trom

that ir@mstﬁea't a cEnstaEbaatqihmughhbmactqm@ﬁnim ef thp recamaresfeot. Mherefore, if the rate

ains the e nt of n|t w.erv U of
st whigf B iG-S B Frierfine ot SR Birisohld dufsan ve removed
from ¢4oR appaciit coliged m@iﬁohl'b@rﬁlﬂdullaﬂfmgrtﬁﬁ b100r advbeieted evith the time at which that

cdee FRABAE! oL FLETS R F ROl SARBUBRGR PGP BIEnT g based on

the appAdnOEdgRs BAGBlatdWBlh Bkt pSitdih @A TR ohé B iintht,f<@&p O is performed
I ndi cates an apparent ei%@; at 606 cal cul ations are

using ﬁé?%?%tﬁsﬂweereqewm% a0 dologyd abhs TelPd Prassedt toddSryvhere the

measﬁr&ﬁm bF bPPatt&HicPes i Qﬁlcgfa?éatdscmé aRYAROSERe n{elaﬁlred UTs calculated for
standard deviation is the randomjitter althou

each peitgricasizeal ke m#ﬁ high @Wﬁ {TRRse patk Po éetpmmég bamﬁ‘ ratio between
the exh@&eé Ul,‘f Gnd ﬁ‘L a@ﬁure(z‘ladﬂ: l’tl’h@trﬁé%ﬂ d @2\ gﬁee&sstg 6B§ aﬁ&’ El%%ﬂe&ng%osmon of

rmne the nean position o apparent e
each apphienbsdgene adjasted bstedamdthe detesnineil metso arvhthe alppﬂneenf Uls that

occurrggt :r Ok ﬁ géer Igggi{ugiglgl eh%gfl g{tlo ¢ e%%%h? gn%quat apR reﬁg %dge was acquired.
Localig énotded pasbin® isaugike ohf—oﬁ-eﬁder ‘Sehﬂp]m’g imctﬂamnm@é@d&ertsamplmg acquires
e last data i e | ast regi on has not. bee

the 1“?"6’6‘6%‘&“ ’Eonfp BUGHRS th %pﬁ?é‘f‘ﬁc?&g?) F SUEBAOSHGNEHS THIRG °s§é’§‘?€ﬁ§1’read

throug@at the nld¥BuidBich0 AVRENERE di%ni Ger HOFFBET £ é[ﬁﬁﬁ[bn&ﬂﬂéd B Mberged to
edge in each sanple rgglon I's associ ated with an edge

generytp theyaepeiieghivg peflﬁon A pRIArGat edeg. fisds the cagkepfity out-of-order

sampl RRCAUS St RATSE 1s%t NBLsivIe 3 HeRfminR el tfmé Qﬁ@iuch R SdgdRhs acquired.
exanple, if the first apparent edge found is

Consegoeriy éhee@tet @ wdcherrelspipcgasgrign astlowibetastibliphad saweppligsd to apparent
edgeﬂ%@ f,9, another apparent edge may be associated with
attern edge N when that edge effectively occurs
W|Thh rethddeproegrge tNO2R-H28& And dGkmiDes fhie ayedie positiey ard esror of each

patterg Ief ! e%?t %%%?t,he a¥er gg ﬁgsggo \éf?eagp %e%xé%llpg%tme geia)%gtg%tefi %Q%lﬁeeaverage
pos1t1&ambdll the appztrent éﬂges essosmteelsyist madpatetrn‘adgehl At 62&p=eh pattern edge’s

error Jalc%licgfag §£(f‘ral\r%[f char ﬁ’é e‘t% gég agr%g%r? rg F%t} % pogﬁ%n and its ideal
position. The method proceeds to 630 and computes the Data Dependent jitter as the difference
between the most positive pattern edge error and the most negative pattern edge error.
Embodiments of the present invention provide systems and methods of locally in-order
strobing that has a fast sampling frequency and as a result minimizes the acquisition time and

rejects low-frequency jitter such as periodic jitter.

As stated above, the methods and techniques described here are implemented by a locally

in-order strobing system. Embodiments of devices that make up the locally in-order strobing
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that increases at a constant rate through the
acqui sition of the neasurenent. Therefore, if the rate
wa@toonoswinl t he errors increase can be determ neRCEHESA06/060733
function of time, the error can be renoved from each
apparent edge's position by calculating the error
associated with the tine at which that edge was
acquired. At 612-616 the neasured U is calculated for
each pattern edge based on all the apparent edges
associ ated with that pattern edge. In one embodi nent,
step 614 is perfornmed using a | east squares |inear
sy B HEPGHER I UG LR TEL DS S50 ol bl proceser
(for exame@ld, atspetidispurpssereceage ook deheratparposeproclser such as a computer

cal cul.ated for each patt dge. The rate at i ch .
iy SFPUTS OF L ORSBeRal GEbSTEL ARRHTES By Agqsg fochniques may
inclu@@&ﬁjpﬁﬁﬁi&t@ X Eﬁ@&@%uﬂﬂev@d’é@, 4 PR oiRaSHbIe rédessofNend a storage medium
nmet hod proceeds to 620 and the nean position of each

tangiblycaphody ngyesias mafradions ferareautinn e pEpERAMNHGLe processor. A
proce‘é@%ﬂnﬁo@ﬁﬂg H}{E@e ik Hﬁ’ﬁgesolfn be pEHStm QLS bRLRBIWBRBrbM8sor executing

egi nni'ng of the ac U|s?f|on and the tine that .
2 progigpueleisinedtigas imperfrquiasead funséians hy pperatiaeen dtmbBrtagnd generating
i . W tOCH n&re PP6 4G s that
soprdp s, M S A e o B e R s that are
execuplpa oartpregigeinsabiesistepe sicluding atleast oaa ge)ggim{rjahbg)rocessor coupled to
.S a hr oughout. t he asur ement en . 0 r

reces B o B e R R P e oS Yk Rnd LTl orage aysem,
at leagb@e iﬁ?ﬁﬁtﬁvidﬁﬁar’?bﬂilﬁés@ﬁn@éut?@t (ﬁw)@:: dheltneea!:l@ea pasce®or tWill receive
. case W out - of -order sanpling,calculations, it is
imstriorin ik dif Hopte HBRTIY REMETY PLSRE FIPEH PR maRgs- Storaee
devicsR Suitblitor ethgilo réﬁmugmglcysmph&g pEdiremdhstinfitiohs &id @ts include all

i ncrease can nelther be established nor applied to i
formgpyatrekele@lg JRerpe Hiedidng ony 2ol R pie seRE e dgor memory devices,

such 82EPREJ ANEP ROVE 2iH FRSh hidghoy BEROEs; POBNbHi OfisRNShBIaE Yiternal hard
of each pattern edge. At 624, the average E03|t|on of

disksaad ierparabde diske geagnstoceptiog! diskyd aad Gk shgeAny of the foregoing
ol Lot : ] . 1 o
may PSR By, pr VOrRRREH Sy P1UER AR B Fattil hecific intograted
circugta(4&%lGe).ed as the difference between the edge' s nean
ef tive positiqQn and.its i.deal | i on. t o
B N e e S e
apprediatédiey thoké of erdberpetillee thd drethabsiy posigeinest, patitleisvalculated to
. edge error and the,nost ne iV attern edge error. .
achicf i o REDUE: S 06 SRR 7Rt PR ob o mep SBin. This
appﬁfdﬁbnﬁ@ mald’_@dab fcbo&aahxwdma@cmezfr Ve th@?i@s&ﬁ&n@ﬁltion.
ast _sanmplin reguency and as .a resujt mnim zes e .
Therefotry itds friteniedthat this dnyeafier pg hpatﬁdfqﬂisq lﬂﬁé fheyclaimsiad té% ggpivalents

there@S Pperiodic jitter.




As stated above, the nmethods and techni ques descri bed
here are inplenented by a locally in-order strobing
wayswem41Enbodi nent s of devices that nake up tPET/US2006/060733
| ocally in-order strobingsystem may be inplenented in
digital electronic circuitry, or wwth a programmabl e
processor (for exanple, a special-purpose processor or
a general - purpose processer such as a computer
firmvare, software, or in conbinations of them
Appar at us enbodyi ng t hese tgghni ques may incl ude
appropriate i nput and out put devices, a progranmabl e
processor, and a storage nedi umtangi bly enbodyi ng
Whst dyelaimeddst r uct i ons for execution by the programmabl e
_proge 5 ' techni ques may be
1. Pr oG &%&gdgsmmy ﬁﬁ&d@m@;ﬂ%dgggo&g&a&

per f or me a progranma rocessor executing a
pr oecaiieg atilpast prrddvinesunder-feet (THIH) dwsitsamal, whetdintis DUT
OHRMIQBEﬂQkiQQZQQﬁi sdata and generating appropriate
out put. The fec i'‘ques’may be inplenented in one or
. nor sapplayr thaD U havtpat egrek vgiug ab ksynolroaoy segpiingelck over a
deSM i el udi . ON ranmabl.e processor
o R LT Bt B BT B R A oDl R R oot
twiceansnit data and instructions to, a data storage
SYSt80; ] devi ce. and_at ..l east. one
out put. e e%/f%:ng@ﬁ%eiﬁée@g{]%o&tﬂée B gghergrsl%urs SFopling g@%&‘ {72’ ased on
on¢ psmpreotsciomputand data froma read-only nenory and/or a

r andeit . rage devices suitable far
tan gﬁ%}c@: %ﬁﬁ%ﬁ%ﬁ ﬂ%’ﬁ?g rr(f?l & rsggé]fd oG SPhERICE 18 ﬁ‘§%§ﬁ%e
informagionmeprastating badhordgs obd single-peabdbt the DO Upnt signal at least
on%:gcluding by way of exanpl e sem conductor nenory

vi ces, such as EPROM EEPROM and fl ash nenory
devisepmatingityn etmplesl irgk subsers ind mabpping thredantpdgstbndl 5 kg gle period

L sks: ,magnet 0- opti cal .di.sks: and CD-

ot R pleY Bist S H SRS D e Stp e ate By egro »
setiof tiorep Bhathedte imthe spee balet ys deshigng@ samples were obtained;

application:specific.integrated .circuits (ASICs)..

Al't %O%‘a‘ﬁln§3}é%i Frples dalé‘ieﬁghi‘@’s%d{}‘i@s%‘ieﬁ%oé a%"fl?})ﬁi B pther
subaerd; descri bed herein, it will be appreciated by those

of ordi.nary skill..in the art that any arrangenent,

whi 8?11%%”%1“@5?%% S 9 e Rrcesisisabe's ﬁ’é‘?s ame purpose, may b

e splstdsingtteelcdmbintdeessipasithd subeedodi ments shown. Thi s

application is intended to cover any adaptations or

variations of the present invention. Therefore, it is
2. i nt Ehcledthbhalf clabh 9, Wherehit the Bnd6r hbid dsedingits Eo&)ﬁri&é@% number
Ofclains and.td_h(%t quinIents theieof. at 1.s clained is:

Yts DT qpt PP I POERFAHREPREE R Fongth o5 Single Bid REro G prigset
cffet‘c_ﬁ&é isathpl@ga"esdl&tﬁtﬁi, aQREbEEN tifesub @Ecth@S) whlkdE)os WelREpeating
pat?elnggr?& jitte\irmn?eraglllrg ptlnlgeto Bléjl'—ampled.

3. The method of claim 1, wherein sampling the DUT output signal further (
compriscs capturing logical statc information representing cach cdge and a portion of

adjacent stable regions at least once.

4. The method of claim 1, wherein each sample within the single period of the DUT

output signal belongs to a different sample subset.



out put signal has a repeating pattern; sanpling the
DUT out put signal using an asynchronous sanpling cl ock
wo@e@r/0504desi red period of tine, wherein each peeT/082008/060733
the repeating pattern is sanpled at | east tw ce;
wherein a sanpling frequency of the asynchronous
sanpling clock is based on one or nore user inputs;
wherei n sanpling the DUT output signal conprises
capturing logical state information representing each
edge of a single period of tjge DUT out put signal at
| east once; separating the sanples into subsets and
mappi ng the sanples onto a single period of the
repeating pattern wherein the sanples within a
ar HREE ¢ f
e B R e ihle o R ook Ty Hak Ry
obt ai ned; processing the sanples within each subset
i nd S ; Nl
6| NISRERHEIN o M LIRS LR REEr SRR AT
conbi ned results of the subsets. 2. The nmethod of
cl ai th s
75 o bt e 1 5 B TR B ot PRI SR8 subser
overdant semles of pdiagriy selfsets. Si ngl e bit period, a tar get
effective sanpling resolution, a nunber of tinmes to
effectively wal k across the repeating pattern and
8. j i t Tae methesiafelapingds farthob eorsprph e chloBatingétaret hadh wifze bascd on
safibidd 0 v o OSLEY QuRgapl i ng the DUT output signal
fu er conprises capturing logical state information
representing each edge and a portlon of adjacent

sta [ hod of claim
> 7' °ThE peRIAIR 1 Fifle; RSy o L My S P
Jittpx Jftate deprmdest jijteal anldetbiahlgtgertf@r the OUT ewtpnt sigmibpl| e
subset. 5. The nethod of claim11, further conprising
storing the sanples in nenory. 6. The nmethod of claim

101, e tdethodedrping, fgther coemskingedlhdatitodt@micS@n@ng®nents of
thedlttc}—?%tﬁreef)?ﬁd flftcgégal 1, wherein an effective

Ion o a si ngl e subset

11. The method of claim 1, further comprising reducing the risk that an effective edge
occurs at an intersection of two sample subsets and is not captured by either subset by

increasing the number of samples within each sample subset.

12. The method of claim 1, further comprising reducing the effect of errors in a few

samples by increasing the number of samples.

13. The method of claim 1, further comprising reducing errors caused by strobe
frequency errors and DUT drift by determining a rate at which errors increase as a

function of time and applying these determined crrors as a factor affccting measurcment

results.

14. The method of claim 1, further comprising reducing the time required to perform

a measurement by decreasing the number of samples obtained.



overl ap sanpl es of adjacent subsets. 8. The nethod of
claiml1, further conprising calculating jitter of each
wedge/osrased on sanpl es of an associ at ed subset PCRUSZNE060733
met hod of claim11, further conprising calculating one
or nore of randomjitter, data dependent jitter, and
total jitter for the DUT output signal. 10. The nethod
of claim9, further conprising cal cul ating frequency
conponents of the jitter for the DUT output signal.
11. The nmethod of claim1, further conprising reducing
the risk that an effective edge occurs at an
i ntersection of two sanple subsets and is not captured
by ei ther subset by increasing the nunber of sanples
$w %_ &g(ﬂgfqggle subse% 12. . The method of claiml1,
urt 0 Y BHRE e RS f ect of errors in a
f ew sambing s daylcbnmdﬁ%sktr(g)ll'ﬂ)%uﬁiﬂlﬂh@ﬁal%m?;&ﬂ%ﬁﬁ}hré‘n%us-
rther conprising reducing

Th .ne hod_of
S%ﬁﬁﬁgg§<f§g§gai “§$¥8ﬁ¥1?¢gﬂ%ency errors and DUT drift
by deheeimith Dg]"[aoﬁt@ht%lgaial Wi aGBpRAN G EttdrA Gh& 85 (RSiod of the

fuqotlog of, ti q§<$1ﬂ ying these determ ned errors
TCRPUREPRUTSPS SRt ¢ %renent results. 14. The

rret helkref adagipling ;fref;wntcp QF tHe QM h$dnd8s 56 GIoNBodkNNE based on
tinme rggU|red to performa neasurenent by decreasing

ONFIPE MITHE Y S anpl es obt ai ned. 15. A method of jitter

me aswﬂﬁceﬂia@hmpﬁﬁg‘fﬂfclﬁﬂjﬂ GutphB§Tphdl egmﬁr@e%\ébﬁﬁmﬁg @&gicaﬁ efatc
out put SI SI n an _asyncnr onous sa

ifsptrelobbafesep e oS bl DTt B, N e pelt feast

omabtt put signal has a repeatlng pattern and each period
attern is sanpled at | east tw ce;

of the re tin
wher 8P §§?Fp‘1dﬂi’gebflmé’qﬁh‘€ﬁ&yd“élfmfﬂ?@ga@9 HRPlShORES a single period

ofSH@"prbafiﬁlgCﬁaﬁsﬂﬁ Wigerbia $R0s 1P| RRRitHH 2 PRFRuMS SlibskN R hiiipped o 2
rein sa ling the DUT output signal conprises

Set: TS Wi Bt iR e wn denie on ritabohe sapr eswereiohipinate h
edgepr&fesding tHRGh RS Width Qichtsﬁﬁse%eﬁéﬁﬁgﬁﬂy St élﬁﬁ‘)lles% other

east once;
subsets;
combining results of the processed subsets; and

processing the combined results of the subsets.

16. A method of measuring jitter, comprising:

receiving at least one device-under-test (DUT) output signal, wherein the DUT
output signal has a repeating pattern;

receiving a plurality of user inputs;

calculating a sampling frequency based on the user inputs;

sampling the DUT output signal based on the calculated sampling frequency;

mapping the samples onto a single period of the repeating pattern wherein the
samples arc scparated into sample subscts and the sampling frequency for cach samplc
subset is set at a fraction of time greater than a period of the repeating pattern so that each
clock of an associated sample subset samples the repeating pattern effectively a fraction

of time later than the previous sample;



separating the sanples into subsets and mappi ng the
sanples onto a single period of the repeating pattern
wob@resrit he sanples within a particul ar subsePCHIS2006/060733
mapped to a set of tinmes which are in the sane order
as in which the sanples were obtained; processing the
sanples within each subset independently of sanples in
ot her subsets; conmbining results of the processed
subsets; and processing the conbined results of the
subsets. 16. A nethod of neaégring jitter, conprising:
receiving at | east one device-under-test (DUT) output
signal, wherein the DUT output signal has a repeating
pat t eravessiCib ehmglestwithit @kh kybsef ind§RhdEARWSamples in other
Sg@%%ulatlng a sanpling frequency based on the user
rmpuats; sanpling the DUT out put signal based on the
cal cubmabihgs@slsi ofahd FroeseaLNbsdMPRING t he sanpl es
onto_a single perjod of the repeating pattern wherein
t he §§W8P8§“§F80§%5§¢5?BHSPﬂ@65§§ﬁ§le subsets and the

sanpling frequency for each sanple subset is set at a
.greater than a period of the

1?racg¥on tf tinf t ) . _
epeat'f H’@q’ﬁ’élﬁfé? nds, Vhgre A HseE [ERHs GIRIHFC 258 ot imateef number
oS Bl e ofitlPeredd SRRP tpSatiddSatBRCR AL Pal &ishP ﬁit perioc\li.a tﬁrget

ffectively a fraction of tine later than the previo
e]g%% P 8?‘&?%%%@%?1%% RevEbeh pltimes torsitfisetiendh wellkinsess the repeating

phthae pejiedtthdasel P3P IbeSakiplc@t her subsets; combi ni ng
results of the processed subsets; and processing the

conpined results of the subsets. 17. The met hod of
181 ai Mhel Pethol I ClaiinlBSwhSSin daBP g1 € QITRES iﬁ@lu&&teat %as{rc?l{eeedgc of
g

.Qf‘gunber ?f hits per one period of the repeatin
2 §Reledrrod gt the flyh stgrala single bit period, a target
effective sanpling resolution, a nunber of tinmes to

iffectively wal k_across the repeating pattern

1%ndj e Bpthid 26 gleim B eharginsachssamlle stibsatgnclWiies atiselioche edge of
sihglelpaiibl 3Bthe ST §ighal2AE R pRRk io s, at

P eLer e ee et SIAGR (AT @ PR Rk DB, G caze

| east one edge of a single perio

20. The method of claim 16, further comprising storing the samples in memory.
21. The method of claim 20, further comprising processing the stored samples.

22. The method of claim 16, further comprising calculating jitter of each edge based

on samples of an associated subset.

23. The method of claim 16, further comprising calculating one or more of random

jitter, data dependent jitter, and total jitter for the DUT output signal.

24, The method of claim 16, further comprising dctermining if charactcristics of the
DUT output signal conforms to voltage versus time requirements of the device-under-
test.

25. The method of claim 24, wherein the characteristics include one or more of an

effective edge’s risetime and falitime.



19. The nmethod of claim 16, wherein each sanpl e subset
i ncludes at | east one edge of a single period of the
woih7esgmel and a portion of stable regi ons bopemUs06/060733
each edge. 20. The nethod of claim 16, further
conprising storing the sanples in nenory. 2 1. The
met hod of claim 20, further conprising processing the
stored sanples. 22. The nmethod of claim 16, further
conprising calculating jitter of each edge based on
sanpl es of an associ ated subsgt. 23. The net hod of
claim 16, further conprising calculating one or nore
of randomjitter, data dependent jitter, and total
jitter for the DUT out put signal. 24. The nethod of

€ nar s B tef ph ek BBt ote E R e BAFYFdaepoT e

Dual dusge sip@bsfitswithiia ré@ﬁtﬁdﬁ&ﬁﬁﬁfe%r%fye tfAgram. _
devi ce-undertest. 25. The nethod of claim 24, wherein

the characteristics include one or nore of an
2rf f esh amnaekg&eﬁ cthipgich®sRad cbaplidihgre. 26. The net hod

of claim 16, rther coppri det er m ni ng. whet her
edgesCBRPAHET ﬁ%?teél}f) ﬁiﬂel"&a@iﬁsﬁt e U ﬁgﬁalgrqr%a @FYiegrunder-
tebteifplcathBa@theyi@pel sAEHaf ) anlokpe A Suth@MERE WiRSLin the output signal
b gyégnent system conprising: a conparator adapted to
PEIEYGEGPAFLYSt one out put signal froma

devi £8osinstREdcRrlapRAto FRIBSY LsdnliBin@ Ul baSIdAlscE ﬁ’lpﬁﬁ and
expectg% out ut signal, wherein the_ output signal
a r PEINES Btttaé? ed t Qhtajp Rarep)gt ebths qHIpUETS asqzqsémgéo the

saﬁlfﬁlﬁgmolcﬂ,gwﬁér&ﬁ"%hQW%Oﬂe WS R Fatd B @mﬂ@gﬂﬁetg ahg hie@gmphng
CIrCUI adapted to_obtain sanples of_ the Oﬁ@ﬁUt sig

FrefueBdioR §rabe PR SRR 372 Brgton g dims; great slaﬁpf:re@l of the

repéfing PRAErAl6 chalt BAD AU BnIWRRBER! ARG BB SIPbIeBthe repeating
freqg uency for each sanple subset is Set at a fraction

pagemm siiatiyely adisctiom ghtige fder thep e previousspaale; eyl pat t er n
S 0 tdabeR8sthdapes o flocaR sASHRE Wath B2 8 TRlsEt ﬁﬁ&%ﬁhenﬂ of

anpl.es the repeating pattern effectively a fractio
RS N profsesspr Byihetaslapienyip eombing the results of all the

prBERSRSIBItPLRIIBELsL BheRlBHARA (SQFP! €5 Wi thin each
subset i ndependently of sanples In other subsets, the

processor further adapted to conbine the results of

282l | #pe %&Qﬁ%ﬁﬁﬂ 757“%@56?{1 @8 qseﬂrl S Sorh 5201 Hl%ge ofa

resul ts. 28. The system of ol aim 2 erein t e user
numhgg p%blm phe perinteofdhe papeatingfpatiern, a length of a single bit period, a

 target effective sampling resolution, a number of times to effectively walk across the

repeating pattern and jitter measure pins to be sampled.

29. The system of claim 27, further comprising a memory device adapted to store the

sampled data.

30. The system of claim 29, further comprising the processor is adapted to analyze
the stored data.

31. The system of claim 30, wherein the processor maps the samples onto a single

period of the repeating pattern.



nunber of bits per one period of the repeating
pattern, a length of a single bit period, a target
webdogosi4ve sanpling resolution, a nunber of tiPEBFUSH06/060733
effectively wal k across the repeating pattern
andjitter neasure pins to be sanpled. 29. The system
of claim27, further conprising a nenory device
adapted to store the sanpled data. 30. The system of
claim?29, further conprising the processor is adapted
to anal yze the stored data. g& The system of claim
30, wherein the processor S the sanples onto a
single period of the repeating pattern.32. The system
of cl ai m 30, mherein t he processor calculates jitter

of each ed eriod of the output signal based on
3%anpm%syafe%aﬁfo Sl 80, FHBEF S thegupcessys calppate gy%reﬂﬁa b odee ofa
Pl TR out PRSI RNbds8d b 8dmSleabLanl 36 VidTEd subBet.

representing each edge within a single period of the

out put signal is captured at |east once. 34. The

33y St eRR Sfsteld & dRinlY7, WIREHR 1dbidaPGhahfoShaddh dePfREBRLIcQh cdge
representlng each ed e and_a portion_ of adjacent

withig dngle geiarsoiihe HWﬁu‘é“%‘}aﬁgﬁ @riyesd Bdeast oike out put
signal is captured at |east once. 35. The system of
claim 27, wherein each sanggf within the single period

35t hee Bistepue! LHENAT. YT ipgiqabstatedniopaption repisseptiag cach edge
arliPssition 3Padj J&ﬁt SYSIE ePiss veikiah Q’sr%%lc PR E S F fhd d¥fput signal is

processor cal cul ates one or nore random\ jitter,
capirsd AldpethaBi jitter, and total Jltter for the output
signal. 37. The system of claim30, wherein the
rocessor determnes if characteristics of the out

i gnBihe Beirroe ifdalmg? T ovherrie cyrdrssumler v ifen ihegingle ﬁ%ﬁ’ﬂ‘g ofghe

oﬁtB@t s‘ijg%\él S8oMdeL dﬁﬁé’en’c sahelLhBsdhe characteristics
i nclude one or more of an effective edge's risetime

and falltinme. 38. The system of claim30, wherein the

3@ oc?ﬁé@s’teﬁ?&ﬁlm WHRElN 8. Iﬁ"g&gs%r Qhichifs B oPHRUSE random

signal fit wthin a required tenplate or eye diagram
Jithay, dasg denenderd iédr. ad totgqmep fethe @ypitegnatonpri sing: a
buffer adapted to receive at | east one output signha

froma dcvicc-undcr-tcst, _ i
37. The system of claim 30, wherein the processor determines if characteristics of the

output signal conforms to voltage versus time requirements of the device-under-test,
wherein the characteristics include one or more of an effective edge’s risetime and

falltime.

38. The system of claim 30, wherein the processor determines whether edges of the

DUT output signal fit within a required template or eye diagram.

39. An automated test equipment system, comprising:

a buffer adapted to reccive at Icast onc output signal from a devicc-under-test,
wherein the output signal has a repeating pattern;

a comparator coupled to an output of the buffer and adapted to compare the
buffered output signal to an expected output signal;

a clock source adapted to produce a sampling clock based on user inputs;



wherei n the output signal has a repeating pattern; a
conparator coupled to an output of the buffer and
wadaphedit o conpare the buffered out put signal PEDUSI006/060733
expected out put signal; a clock source adapted to
produce a sanpling clock based on user inputs;a
latching circuit adapted to obtain sanples of an
out put signal of the conparator according to the
sanpling clock, wherein the sanples are separated into
sanpl e subsets and the sanpling frequency for each
sanpl e subset is set at a frgation of tinme greater
than a period of the repeating pattern so that each

cl ock 1¢niAdcidsuSOfiaple8 do SRARI BmPIRSEhn SRR G8nd BEthe comparator
rep eatln% pattern effectively a fraction of tinme |ater
e

aqoREHng Iehp pavPlitEscledniberciniiig sampled arsspiratgd app sampls subsets

alﬂf 19e %%pw&ﬁﬁnw tRIRERGD ISHBSR s { RIEP BRI tingf greater than
anpl es in other subsets, the processor further

aa%ra?fi eldfhe EneRing pRtcTh thaivarh glogh ofan asspriated srrarls sebset
sMNSEMS raehi Y PARSS A NSiVEIPII NETn LEAME USter than the previous sample,

and
a processor adapted to process samples within each subset independently of
samples in other subsets, the processor further adapted to combine the results of all the

proccssed subscts and process the combined results.



