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WD 2007/ 059411PCT/ US2006/ 060733 1 LOCALLY | N- ORDER
STROBI NG CROSS REVERENCE TO RELATED CASE Thi s

i jon is related to United States Paten

w @17}()%&? on Serial 11/272,027, 5 Attorney Dockgirml%q%méons

05-2006-US (referred to as the '2006 application),
with a title "DETERM NI NG FREQUENCY COVPONENTS OF
JITTER' filed on even date herewith, which is
i ncorporated herein by reference in its entirety.
10TECHNI CAL FI ELD The present invention relates
generally to signal testing and in particular to a
local ly in-order st@6Add-¥dNORDIR STROBING
measur enent of a signal. BACKGROUND Automatic test
equi pnent is commonly used by el ectronics device
manuf act ur er SCROSS BEFRRENOR TORRELACTED iCG4SRef ect s.

e ahRR e PR FaER st Rerhpree b Srrig 1177027

Attorneé9 [DuokelING) iw-zowfe?r;fsm@feneﬂed sad the oﬁom@phldayoxgpwﬁ@ ladiitien
e o e [ Ke ce. e test f1ves Si na”S to
DB NN R B¢ e SRS ienlis GE T EER ftg o ignatate berowith,

- whichQY Blcbaid@stell Rerefleb R edfenb L BLikd Snifrtyexpect ed val ues.

Timng jitter degrades electrical systems and the push
to higher data rates and | ower |ogic sw ngs has

i ncreased interest, and necessity for the 20

measur ement and char act'EECEHIquDtter

J'T%#Tﬁfesé}ﬁ vt QQLrafceQr gﬁﬁl té'{‘bhg ol n§ uﬁii?tt@a locally in-

ni cations |tter msa gnme
order sifobnlk@mﬂ:gadlfbrp’amme@g@mm oﬁasespabnce of data bits
fromtheir ideal positi Ori% nmsnts can result
in data errors. Tracking Ahese errors over an extended
pAlutqimhtm‘ testi expeipthetng ﬁsrédmoﬁlysisedrby tebdotrbhicy dediict menufaaturers for
c_an dom enonen

due .t g det erm ni
deteot BRI T By a* EFEPRS LI T E L COFBREH lows semiconductor
devicegubieBctdass gkebtIPl QUAFRRblume basis, thH ﬁ:heﬂiorfiﬁ’éssuf €RBRAkvice sold in the
markegﬁc ani g eg%t%: \?qgl_’s%a sgt\éggtg%i%w%% slégétiais éo Svll'lcrilgglimdhegtest (DUT} and

evaluaee@a;ﬁp ldBteced Ghdullie $¢ R tANFhIEHs | Iﬁlﬁz@g ﬁné}aiégraaeg Blebt$RHl systems and
measure the voltage of _a sjgnal fixed tinme

the Puﬁhﬁoehlagq’-rsd%@ﬁtwédaw\;&@gtqﬁvgna%\h%s lfnérea&ﬁdémﬁr% apdygecessity for the
measﬁéﬂ&ﬁan@cﬁﬂacﬁﬁ%r?&gﬁf& time interval analyzers and

time stanpers. These devices directly

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

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 voliage 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 fized 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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30 nmeasure edge tines or the tinme between a pair of

edges. In yet another exanple, asynchronous strobing
W&%ﬂ%?@ﬁ?r techni ques are used to neasure mei’?fﬁlsflmﬁmmss

signal”1's above or below a threshold at fixed Uine

i nterval s. Asynchronous strobing conparator techni ques

use stochastic mathematical techniques on the

nmeasurenent data to determ ne characteristics of the

edge tinme. Today there exist two general nethods of

asynchronous conparator te niques, "In-Order"” and WO

2007/059411PCT/U82006/O607 2 "Qut-of-order" strobing

“out SE GG img o G, e bites e B ek A5 s ot ot of onder
strobihg teRhigues t mtaxaﬁlﬂx@ﬁl dra¥r SRIGHE I dofseARfnhfif%nd long acquisition

acquisition tinmes and out-of-order strobing is

times gad ovirplrerdenstrebing isrepsiiye i Bequeagy prress, wIBgap? esmplex setup for
measﬁ@&lh’ﬁ Il a1 SRRl Q afihl I(y%\ﬁlel ﬂré&%ﬁ% &%’rédtéﬂsht:? of the signal.

anal yze the frequency arac eristi the si

5 Fppihetrpesons aigtpdsaboveiand fabother reasansistitedbdiew Wleelsms become
spparSieih RiosP Sty Wfhotiicn REERERATRRRLSRh hE bR hens spopifoaton,
there sraamedtin gpevt fardmpirord strhbing tctﬂmalme,ed in the art for

i nproved strobing techniques. Summary 10The

above-nmentioned problens as well as other problens are

addr essed by enbodinents oSuﬁﬁﬁnmwesent invention and

ngihls s%%%rr}%g ang rf) rs.%gl%en]gas& tH’iB yl n essed by embodiments
of the PGS BNERHon &dmnwa@saei@a@om i‘&dlﬂg%ﬁléﬂﬁ@1 b MGk g

deV|ceunder test output signal using an asynchronous
deseriphofy| i ng cl ock over a desired period of time. 15 The

DATmemba Wg%ﬂﬂ@hqﬁ&ﬁcﬂ i§ BRRAddAN gf&%&tﬁﬁ@ 8350 pling a device-
period of the repeating pattern is sanpled at eas?

under-tit @atpubsigapisinga pegdeseyuofemmiassdgakctenn d@@red period of time.
The D?ﬁﬁ@ﬁﬂpﬁgmgﬁaﬁ Hes b?eﬁ’e%ﬁﬁ? PQt@erHSdﬁﬁ ehéipﬁérﬁid%mg i atl

olt put si gnal conprises capturl 0Qi ca st at
sampledhrolearttven. reprranlérg frqgleear hf’élég!eywﬂ:rmcms sghplipecliook is based on

user n:ﬁJutg r@a% %T%hgﬁ@ Li %?%‘}s %u%h%glcag gfr'cl% information

urther es ne Ront
represpﬂlmg)@hcbfedgh ef a ojpeht perg)d[mfttheDMT G'ﬂﬂ@umgﬁtﬂ) dt RAsifamee h@he method

fuchel B R R RS aPelA Sl e rEod o LB ShoPapuorn. The method
furtheﬁ ﬁnspldas séﬂiﬁi&tﬂﬂﬁh@ s&fnfﬂb@ tinte @y ovalodse shragle @86scth@hdskth each sample

out ut Si roce S|n the sa es wthin.
subset EonfR FTRIcY %@aﬂyﬁ Bty gl et i Bl RePistisbg in order

proces3ii 156 BrhPieh Svittes YhdhSsuBbet i@ pRh RGES Sﬁ@aﬁlﬁﬁ‘é §h §th%f‘ ﬁlbsets and
processi ng. t he conbi ned results of the subsets.

comb1Bngp31{§E PINOSRFSSA SPpiets I\ rResssing the combined results of the subsets.

pattem is

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 tllustration 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

measuwrement of Figure 1(a) according to the teachings of the prior art.
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The present invention will be nore easily understood
and further advantages and uses thereof nore readily
when considered in view of the desc '
Wggaﬁﬁgﬁ%referred enbodi nents and t he fo||omnn8bf@§%@8@6“”3
i n. which: Figure la is a graphica
illustration of one enbodi nent of signal strobe
nmeasur enent 30 using a wal king strobe according to the
teachings of the prior art. Figure b is a
graphical illustration of an in-order strobing of the
signal strobe nmeasurenent of Figure 1(a) according to
the teachings of the prior art.

20tgyres9isa mmmﬁmm@nmogmemzﬁ signahstrobe measurement
using @ v@ﬁ%ﬁﬁ%&gﬁg klUt?&lﬁﬁH %epé%%)%&%wtthg feaShidBRbF the present

unmm@bmcally i n-order stroblng) accordlng to the teachlngs
f .th t
e 2B EPir AL ftshRBem o ¢ osatbr-p-plien PG RE of Bisbigpat strobe
measﬂ"enieheoﬁggﬁﬁl 2(5h?hﬁe§:nm&uélﬁnﬁlﬁte plfesdﬁt gmeanéb(l a) in
odi nent rese inve
SHipgT a0t & grobiet IS RETLEr Gt Shiotnist ofpaiRRLoDe

measﬂfen@nﬁhﬂiglh wallERP Str S alordEishebihehabdorliggSb fRbResent
locally-in-order strobing) according to the present

inve A%ent i on. Figure 3b is a graphical
' |E‘1§i§‘% ngts Qrhidal hﬁﬁﬁJaﬁcYn bfa Rchg)‘ i bfRPsREbAE off B signal
ghal 10 neasurenent of Figure i n_one enbodi ment

measmemehbofdﬁggmﬂ(a) imanstanghediment of thq@rgﬁﬁﬂé inyengon. p| ock
_ﬁg&r@m Qfab‘? 59@% e%bomafn%to@-m ErSfol SR ! di
si gnal s 1acco e teachings of s?}%e present g signals according

totheitnwcémgsmﬁhepresentnﬁregupe 5a is a flow chart for one

ac C%ur'g'ggné %fo c qgf%? ﬁng I:mb oé']ﬁ‘l hy of’ Qm%{]:g%rof%é 2& 1Hg)rder strobing

ing fo the tedchings resent 1nve
accordibigitg Uﬂlleete5d‘1un§ of the pwseﬁnnveﬂtioust r at ing the proces s in g

! 'Hi&ﬁre I130 a ow P ustcrahng e Pt processmg information from a local in-order

- strobing of one embodiment of the present invention.

Figure 6 is a flow chart for one embodiment of a method of locally in-order strobing
according to the teachings 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.
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strobi ng of one enbodi nent of the present invention.
Figure 6 is a flow chart for one enbodi nent of a

| ocally in-order strobing according

W@Z@éﬁﬁ%‘% of the present invention. PE%IUEEl[%ﬁmw33

accordance with conmon practice, the various described
features are not drawn to 20 scale but are drawn to
enphasi ze specific features relevant to the present
i nvention. WO 2007/059411PCT/ US2006/ 060733 4 DETAI LED
DESCRI PTI ON In the follow ng detail ed
description, reference is fade to the acconpanyi ng

drawi ngs t hat formaﬁart hereof, and in which is
shown by way of il | usPERAILER ERCRIVEIEN| | | ystrati ve

el IR détéﬂéh%sérﬁﬂioh?fé@%ﬁﬁ‘is RS 1R @&BﬁggﬁgWg drawings

These enmbodi ments are described in 5sufficient d

that forg pribhercef: g8 insvchichde shawn bie vatof ilinsiation spesifihidlustrative
embodi ?1{# ih Whicnd ih%er{ﬁ‘i")n. 1 a)bl?e el G@gﬁé gﬁ%m{l}m‘ﬁ{s are described in
enbodi nents may be utili’zed and that Togical,

sufficiept éetail taénabtaithescskii¢dial the hurig pmsactivgy thednvedionywaddiid i to be

e SRR Bl LAY be 0 508, BESREMe s i

changehimng be merdervathauo dGeartiak &0 the apicit Bhd ktipeF MEEpresent invention. The
Enbadi s aof .the present invention .prqvide nethods
follow 18 88T horion o statres Poftilbe 19y R g bioe seise

t echni.ques. one enbodi ment, the signal  strobi . .
¢ EERRtial: of eiatt BYn PR g b e A soved signal
strobitig tdehuiquier: g6l one Gtibdidirhen, thie 8RS aDitRIbittHetRIltusd 48 Rbdtlfor performing
.. t echni ques. .tgrrb di nents qof the present invention, .
jitter Iﬁ?we&%ﬂgw USHd 2fBHHEER Hrss QYe simet dripe Eshnidges.
Embo@fmdnid 62Rk E&tséﬂ_hw@nmcﬂa@ﬁay Syst@Ngah IREAVES td HRIBSRAE ¥hort comings
anal ysis. Enbodi nents of the present invention are
of curgené SRORIRE techRicHe Il s s Y Shiteriene mialYies. I n 15 one
enbodi ment, an asynchronous strobing nethod uses a, ]
sErbedimends obthe @Essnt igv ftice e Ped oxrrsyuthserRousi Siehingdechniques. In
one erBbSBMeRE aH ARIchERShs bdhiPhe ThehddUkes L §RGhe ¥EY gé;%%{é‘l tlrflre%lk ACross an

a repeating pattern and a sanple is taken ev
outputiigia) of 2 deviepeadinigstyBUBr nllef DYl sigiad macfomwdfas rrepeating pattern
= T I » i i * I > d —
s A ety G 4 e S Dl S kS AL 00 -0
Tpat +sTreg)/¥, phctedN is of intdger DUEndaW &f or imdger adc Wpat Ty s pesiod of time for a

. ff | [ resol ution,, 20The et hods of .
siglo pRfiaf (1KY DU SPERR PRSE, b R d PRt Rhonution
b%ﬁ@ﬁ?e?ho%g of undersampling are described as “Walking Strobe” because an

asynchronous clock is used to describe characteristics of a signal under test. The signal vnder

test ust have 2 repetitive pattern. The asynchronous nature of the strobe causes it to appear to
walk across the test signal. As a result, even though the actual samples will be taken over a time
period many times larger than that of the test pattern (T pat), they can be 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 means 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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Tres)

asynchronous clock is used to describe characteristics
of a signal under test. The signal under test nust
petitive pattern. The asynchronous n ?
‘Wﬁgﬁﬁ@$¥%§e causes it to appear to walk acrossﬁ ﬁéﬁ%@%@awss

signal. As a result, even though the actual sanples
w Il be taken over a tine period many tines | arger
than that of the test pattern (T pat), they can be
mapped to "effective 25tines” all within Tpat. The
sanpl es are analyzed in M sub-sequences called "Strobe
Subsets." Once mapped onto a singl e period Tpat of the
DUT waveform the strobes _for_a given strobe_subset

aFigure a g y2ppbisplrepreseriation 9f snundegemmledh YT pput fignal, shown

generegﬂe)[ &g?%t I megﬁ V\:?] a&rég %g %)Iﬁ%e%lg&ﬁ)%'ﬁ es an gg[%zg@t@fgeﬁslg ng.pled at time

intervals gksrbyastrobns Wod:hrdulgh 186 ptves twantye perinds ofdkpat Th4.sDue to space issues
resul I n r, of rob ] Se

on sl S i AEGL B LR PHRE ST Sl SOIRLBEdr o e

showsivaFigudentao rinshis @embaldonent At mhes PO x Tf totdeguiibt Fhealstpartd Ts = (Tpat +

waveform This aquired data is used to determ ne

‘characteristics of the DUT output wavef orm such as

ST A o GelSRERER b b8 S b 20 s o

DUT ﬁgg&l&m)tll ol stroBEy BERAL@LLDD0SL ffvin BRbes $aaRl aﬁﬂérl@ld'lbn top of one

enoth i BRI EHT it D¢ Of DI Sigha (A0 T 508 Prgpaced with cach
strobesmmlﬂﬁaugﬁ 106,98pddatia Tadss Ts by strobes 1060 through
10619 over twenty periods of Tpat '104. Due to space

| 5496 20 4 BRpPRAErehRALnthi G b Ll ﬁ‘nde‘f’bd.'[ﬂlﬂlé@mm éigaal] thown generally
is noted that onl&m? of the 20 riods of Tpat are 5
at 2005 AgcREding terga PRIDPEIMen of HiePreteBb: Vﬁ%tilﬂﬂ P ogallygg-ogdenmethod of

undcr?eﬁ:rlfalﬁlgaﬁ ‘&Hbl‘i&i dies AhRirANkobe” & tilRRL. {Hi‘?éalbocﬁhﬂﬁf €he acquisition

i s a graphical representati on of in-order strobing,
of data hﬂalf%'at}ﬁleéﬁs fasbaothegen visition of dBigTos thyrAU T sbowarig Figure la. Graph

200 1r§:11[ dﬂ:@@&t&tmn hi)ﬂi’[%@%r%h 1569 %15' ?)lédaat ke mterv alF Ts by strobes

one an I vel
2060 tbmugbtioﬁpaalveoﬁvmeimfél‘ pat 204 i 1.3,1 Mmb@kpmu eblalw ﬁahe% 20 x Ts to

acquxr%%e d&tg bt 19 l?s 0]'09 QQ&&rs%HgQr \]PVRQI% gfsg%ﬁaqdr ’?Ites)-lf-ﬁ ©As a result, it only

requires 5 x (Tpat + Tres) to acquire the data versus 20 x (Tpat + Tres) for the acquisition of data

with respect to Figure 1a.

Figure 2b is a graphical representation of the five periods of DUT signal 202 from Figure
2a overlaid on top of one another, respectively. A single period Tpat 204 of DUT signal 202 is
shown with each strobe 206, through 2195 spaced at approximately Tres. In this embodiment,
subsets of strobes are grouped for further analysis. In this example, four subsets of 5 strobes are
defined. Subset 1 (8S,) includes samples 2060, 2004, 2064, 2061, and 206,6, from sample
numbers 0, 4, 8, 12 and 16, subset 2 (83;) includes samples 2061, 2065, 2000, 20613 and 20617
from sample numbers 1, 5, 9, 13 and 17, subset 3 (SS3) inciudes samples 2062, 2066, 20610, 20614
and 2061 from samplc numbers 2, 6, 10, 14 and 18 and subsct 4 (8S4) includes samplcs 2063,
2067, 20611, 20615 and 206;, 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 totel acquisition time to strobe the
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Figure 2a is a graphical representation of an
under sanpl ed DUT signal, shown generally at 200,

to one enbodiment of the present in 190,

Wﬁiﬁ(’%)gﬁqg i n-order nethod of undersanpling |s¥§g{5;|3?@ 060733

and a "wal king strobe" is utilized. In this
enbodi nent, the acquisition of data is four tines as
fast as the acquisition of data for the DUT shown in
Figure la. Graph 15 200 includes a representation of a
DUT signal 202 being sanpled at tinme intervals Ts by
strobes 2060 t hrough 20619 %bver five periods of Tpat

204. In this enbodinent, it also takes 20 x
five pgigds ofdhe MU giegaksincertye sgohrsiin the subsets S83s $%? Sﬁﬁ'eﬂﬂéi S84 interleave

each Jﬁéi(t_ﬂ%ﬁrﬁut-rthsﬁdeien@ﬁs& fc@d’ é)tasani le EHE:'IXUE‘%‘?%(HJ 1€ 5 X

(Tpat res) cqul re ta“versus (Tpat +
Tdrope grpbodimenicagoh sﬁrobwbeﬁ Shat §Smbtd1rla|pegp@d1accm strobe subset SS;-

B -

of thedV &M sa'agmhl 302 thap oﬂérlalmaquhm dfendj acems‘,tmbsetts 881 gndfér S$ndhene

er | 204 of 202 shown . wi ch, . .
embofEfesf o Bsot i1 SSe Hepues penpRa B ARG B G Sie informaion
represbhfifg afl 18aitlons edpbadhientingRyesiol Tpat oBSthe THET sipval 202.

grouped for further analysis. In this exanple, four

S st dadf samplihg begrogided dﬂ:fcird‘lbdallﬁiﬂasﬁer dtrdtB bYe taken for each

ST T NN N T

a port(diﬁ@thé Pettétd e $n 538BMBEIAR, 10(221@19511—0%@@%&039@@ Iﬂgﬂ'es 2a and 2b is
617 from sanpl e nunbers 1, 5,9, 13 and 17

aPPhc(a e P@&@ge@éﬂﬁﬁ@sp@@é?_s a‘@‘@@@gf’@ G'Gqu)WGEJE)ElfﬂmQﬁ gt Stmbmg for

jitter %Q@sllgeﬁlé&mf%ﬁ @ﬂrﬁpl@ YRDRICSI11Z m-@ndeﬂ-&ro ﬁﬁ%olflgas&lﬂécribed above
subset 4 (554) includes sanples 2063, 2067,

reducoBiedimenie FOBTO sweking samples Aupibels ke amomltpf 19w féﬁwency noise

' I
deteot] PR S Rn BresSy o GO Bh AR ER AORabdy typroasc. Since

locallyyn-Prdss samphinpgersralRotakerelesomadsupayert$ingd than tin-oedepfampling, it is less
susce;%t'f‘oqeltooﬁ)@v%%]]kﬁ% ?ng%)r strobin.g (i e. the time it took

o acquire dat a gathered for the
I n C
ag%%%e St?{? Ik:tg%@efs q'&[ a gfvregkg{r %g L%}:Eet Jr%%?caEIQ il %?detr tth"éll/ are not subject to
many 20 0ot/ ﬂEEI@iIﬂSFé@ﬁ'ddlﬁé@ 86th060-6Edrderfsampliper Tbe scafisitibe tARST the reduced

timo o 38R Sipplie 8 B35 Bab fup MERO RIS Rishy R pRiton of the fost
patterpe Baolll stréigoghibE«ds h&lﬁz’ﬁﬂiﬁh&)rﬂéﬁn@&ﬂe 8ds@l@bre combined tbiprovide results

for thggl(ftérgjgg%dl %%g)é: E‘azgrr obéé%usbs : SS 8@?@ ovglrénlnqv?es achieves the
benefBAPhESd6f aflUNERIf-28& éﬁé@ﬁg@%ﬂﬂrﬂ@&%ﬂﬁlﬂbﬁ)blems indicative of either

i nformation representing portions 5 of the DUT signal
technigyo- t hat overl ap sanpl es of adjacent subsets 551
and/or SS. In one enbadi ment, each strobe subset SS1. -
SEATEE RS YEHrEd f@d&&lﬁf%ﬁg’mﬂé@w cigtogddhat any number of
strobds M A PELIPR 46 BbEIE i g sale ].Illﬁﬁ'ﬁltatlgﬁ € 2&9&%&&@ ity BUQ' output signal
singl e period Tpat of the DUT signal
202 oppereds Bferepdnpl ing is provi ded where locally in-or der
strobes are taken for each repetition of test pattern
Thasomd perbsdimsipesobithe preshnisinvelions abpeyiti@stimedg ither increased or
[ he pattern. In
decre R i o500 Bpurtih S B e Biend, 1° K G es
2&igme 321 2 graahiohi iﬂabﬁrmdrmﬁ anbtter enﬁadmmmtreﬁ &n andersampled DUT

wave rovi k}d f?\:%g? dva n@ﬁg?}gg%/c%g o &e(tglﬁﬁ?%tegﬁgs é ?ocaﬂg-m-order

ethddl’trﬁl[rﬂexrsaﬁ'&)h@@ iduppliet A8d adsvaldag sirbIRet 18 bﬁHQecI gRUBB$mbodiment, the
the tine to acquire strobing sanples. Typically, the
anmount of | ow frequency noi se detected by a
nmeasur enent increases as the tine to performthat
measur enent increases. Since
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15 locally in-order sanpling generally takes |ess
measurenent time than in-order sanpling, it is less
Wé?‘ﬁ%@‘ﬁ l e to | ow frequency noi se. Si 98?/0%%6/060733
strobes Tor a given strobe subset are locally
in-order, they are not subject to many of the problens
associ ated with out-of-order sanpling. The acquisition
takes the reduced tinme of out-of-order sanpling as
nore than one strobe is taken for each repetition of
the test 20 pattern. Each strobe subset is analyzed
in-order and the results are combined to provide
results for the entire-.pattern. Using.the | ocal

acquisitionefidata dxclss Heres HiEnes #a Py Samplss ¢ aare@qa@m%@%d%@r the DUT

. showP@GEhfe2:0f i n-order and out-of-order strobing

techni ques w thout problens indicative of either

RS S0 e o 0. R4S Ui 20 o i

overlajbos tapblencrrnptiise, rgspeactively. tosiopleaieriof dpatef DElatignal 302 is shown
t ti '
vt B BR800 5990 SRR oA 18 o e, o

state ipfoesetion represeniiog cadosige of TGN waveforins 02ittak éeen captured by three -
mffereng %{uﬁg eﬁggglg?éﬁ e Cr:]%?asﬁ?p e, S%‘Ogesagk%e_g?:fﬂb(ﬁ%(iésg pEny e %eog?ctme P t(31 0), strobes
30613 Qﬂcgﬁmle & lSElﬂlﬂ)lH sédied QQBII)E ar&nsﬁ'd‘lﬁb 3e6d3edi 636;9 méamglg geglon 4(313)

u e 30 waveform s ener. at
captulf A H e CHOTTRCR BEBAE AL S e ARG 2Hl$ rd B3 ggsult, the
effectﬁeteh%e vafhinHislie iaBl 3 Ag b@n@aﬁhﬂr&pﬁa}aﬂﬂe@s 3 Kév%ﬁhs

stro is utilized. In this enbodinent, the

26Qifh Qa9H1bE BEEL US20664AE61d 2dion RDHBLS iﬁp@ﬂa@{hedaéa@mment three
|nclu§§s three tinmes as nanx sanpl es as the
ways. {OVETIeR 2 FERle resfonsed et tueshdviRat #h ¢ikstive edge occurs at the

mteregdtﬁﬁro@t&la shisy R:rggﬁ,ab hfdls Jo%@écﬁz%ﬁﬂ} abi &?uﬁéd By\éﬁher Second, the

peri ods of rgnal 302 from Figure 3a over| on
increageshgpbe Rt bawmeﬁ gpduceg ﬂ}?eqichtxef ‘;TTOTNIS Ry éaxpplemﬂmﬂp g long as
t
more fﬁfﬁ? gtﬂe ms%dir%?_ %lf géac 3 ap p gu){lghrmttﬁ% %%h:@& rtlﬁﬂ:eofqﬁi@g attern (Tpat) can

be comspdred rtm’é:m:tpatﬂeugc; @:abecg*{damge ITHE@Mbcmen emagsied and gxpected is used to
o B iS5, R VRUSLOL L A0R Dpiogp bt ur o4, by

ree - eren? I ONs. exanpl e, strobes

T R —
(high @055 cdrcinS€i65 Yedionsanipbramnieigiaymlyd af Bh8BY times as desired or needed by
the user for analysis. It is understood that although Figure 3b is illustrated with overlapping
sample regions that capture logical state information about each unit interval of Tpat three times
that any amount of capture is possible. In one embodiment, logical state information about each
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. sidc of the transition region. In some embodiments of the present invention, acquisition
time is decreased to reduce the time required to perform the measurement at the expense of

mmproved 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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capture logical state information representing part of
unit interval (U) 3 and as a result, the 10 effective
inunit interval 3 has been captured g
W(gg&n%oge%?ggl ons. Extra sanpl es taken in? i@%@(ﬁ]&/ﬁﬁﬂ?ﬁ

sanpl e regi on 310-313 i nproves the neasurenent three

ways. First, the overlap in sanple regions reduces the
risk that an effective edge occurs at the intersection

of two sanple regions and is consequently not captured

by either. Second, the increased nunber of sanples
reduces the effect of erros in a few sanples. Third,

as long as 15 nore than one instance of a pattern ed
equlpmgnw}?tthaféacelvwmgne@@wptﬁé%ﬁlstfﬁén pateVEeindvnies) 04 and

provufég %nl?)%gﬁl@ 1B3 &g }@ceg 4@33&5%} gﬁ%ﬁ& ethy Hﬂﬁ‘ent-r lg, e402 includes

tween asure I S uUse e} re .
buffereﬂr&tha feadsseoufiisred OEH euifputqueaid@l do comparabd 46| IIn one embodiment,

bufferdisl la g rﬁlg.‘fg?{F%n?lEu%E% fanc? réjc:'egr%s gﬂfe (511 t}/atl data% g??alﬁl agoutput signals
401 afchvit gh Diiie byYr mbret sramsti sigrals dre puffaedand/ibe owtpit buffered signal is

in erva as nan [ s desir needed th
compyra o § GHiSieAas DEPEL VT [ PRt AL FeRgd 1 SHBEnsE ot HDT beformed as
expcct%ug Uh ans Brmb&dinhdi SV & £ehrdthbldl roRELRRPItHE e@mmon voltage. An

regi ons that capture Ioglc L@ée |nfor about
outpuighfetpriparFtor fl e rpresintqiha ofithe lagiqdl gl ¢ Diﬁ”y S QHEHh Fraveform and
is fed fto GRBA bSuit 31@9&%bﬂ}pﬁng bPtHRNPavRERALHATRA ton shﬁ’@hﬁ@ block 407 produced
state informati on about each edge of |s c ed
by sowpg ploghd@0- BampHag slaskd0iinfed te aewf%’h‘ga 4and samples of the
DUT LvQGéﬁ&ﬂﬁ%ré OGhGRl. 34816 gr&:& QF @b ag%g% %@vﬁé 996 b Rhsmission 1o

transition region plus ortion of oundi ng
procezspu0é faryfugBerr anglystss of the transition region. In one

enbodi nent, the sanple r‘gﬁon overlap is sufficient to
c Bpone embodjimsat, chockt ures4EOriapIasRRaIGH fo sippiradir ML B pveform based

on dem%? tsﬁé?:hﬁca‘ﬁ'&h U sS: ut§t Y Hn%% s ra?@ér};%@ m% tﬁ@fﬁiﬂs Axﬁuethe desired

ran3| ron re
signalgnfseation mapmieido ﬂn;t o) T epumbedltnemn ATEE0R ﬁJrﬂm: npdede atwer input device

450 ﬂ}aggsueg }eglgeeér%ﬁ gl %gg%g 14 et Zzéil/‘ﬁrd%li& ofE 3 5&&%& sotftware to
perford0beADD A dideCTIrbinn 06 d30/88n Syaepi400@int vdilliZed it inputs received

recelve ane nor,e ,out t si | s [ a . .
from Y% FRAUt Alek 3541 CHGH R A 570 e 47O B shyssepsizgtion. Tn one
embo@HRESESHET inf0R iheidasad ¥SinSre dMhOBR pebO O TBN inteARFo 402 jitter

i ncludes buffer 418 that feeds .a buffered_ DUT ou

measwe g JIUeFINERF RS, BE SR a0t bits noh eRiisTBoWe fuREt efctive sampling

resohfﬁHflfa%H t]fé—l%lﬂlﬁer%fqiaﬁgﬂ @it n% byt GiteARafiBE Bing Q§d1cate which DUT
ferential data from Vi a out put Slgna S

transrm@mlrén’aﬂbmneameedo nehedyitsrisk Efdé‘tﬁl BR theingrdics ofpids of the repeating
patterg "Tfpfaf r ek @nskt teﬁ%c H%plﬁﬁfréﬁlﬁgmfﬂf[%% |defe§mﬁ%§ﬁﬁé' 8%ctQe sampling

erence Ssigna an expect
ﬁrequmve rTrhﬁ manibfer phpatBgT rqetitiongmadicatss élyopemtmjd hmlesa tpalgectively walk

ol d representing the edge
acrosier an %Dﬂ? 5‘3’8“%% put of |Ocorrpar at gr 416 | g
r t
i el G R
pomcmaﬁﬁtherIgUfﬁ‘fow;hﬂ: weneirar, theoase thpoty ﬁﬂr’dﬂalvia&gidtd Maloﬁwe random jitter

Rj of E}@&gﬁg‘ed 1%(?1-5({ o ur C S ldgqmgqfﬁ%& %@Sa g%pél %%']lt(u{le% gnpui device 450

ﬁmhe@ﬂ&mwﬁr%meﬁ ﬁh@)ﬁtlﬁma@cé mehB@cfRAbRSvwARs S D68t Bodiment,
ry device 410 for transm ssion_to processor 40?
soﬁwprg,to pererR ﬂoc&Hnger 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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In one enbodi nent, clock source 420 is progiammed to
strobe the DUT waveform based on device specification

W@Q@w}ﬁ%ﬁﬁl' nputs. User inputs are specific to EE@,U%&,%OHS

e desired 15 signal information required
enbodi nent, ATE 402 further includes a user input
device 450 that is either integral or renotely coupl ed
to ATE 402. In one enbodi nent, software to perform
| ocally in-order strobing resides within system 400
and utilizes user inputs received from user i nput
device 450 to cal cul ate and setup system 400 for

ter, characterjzation. In one enbodi nent, user
strobe; ﬁﬁ‘iﬂiﬁt%/rqgﬁlﬂsﬁﬂ #CHRAEN 67 FsPETEmeRh J hsilecails inmrde stiphing method is

used dnﬂtrﬁ’lﬂ’ei?ie c.‘élf)tv.ﬁ&earb Eft@fmgcpamﬁ@ﬂéhﬁv B Dve] két&ﬁ 10 r&a@&g bf eye

i ns he hunber of bits per pattern, the target
dlagra@rf f Bcaneembosimentn ther Gadleyel ssHingsdre #20 éﬁbed 8@fpercent.
pattern repetitions. The jitter nmeasure pins indicate
wint eperaieyr the BRIrowtpyi signalis) #0benddlsavst rePersing pagtern and are

i
s BE e 5T UOREE P Bl o RS B g cion o
time g(raat@@;:am&eeuermdeﬁ thd‘l‘@p&ftﬁgqialﬁvm weihpt danly clockgamipdss.the pattern

{8, VTS L BALARETof O L0, LSRR b cimen, o
examplevtbé Gaotiqedf tﬁna is a picosecohd and ehegrebiod i repPatdResERM output 31gnal ‘

1san€ﬂ¥% ugﬁs the logical state information representative
ions of the DUT output waveform the user

uts.and gde ta.c claterando |tt
o?P e5ﬁ§f*3% 5%?%? }I0CB R DeR GRS G %ﬂ?@ generally at
500, abﬁﬁﬂin‘g&d oh¢ enibosident BPtHe plesent Brvéhbbd. UThd@kthodGobfiRises ,
&ﬁ%aﬁ¥%ﬁh|0h i ndi cat e measur enent bandwi dths. I n
asyne ¥inderserapiing e fevips upderigi o Auget waveform. The

metholdl’bB?{ud Qf 561 5:00}REivESSASIESmBEd BUT %S 0bheaD @lrr waveform has a
i zes user inputs received from user evi ce

repeatingpatisrny Basarl opdisaiapyiet U wshedrolns theblpgpﬁwmfp@ using an
asynchrobhb & clSﬁP&t@O@%m%aé:ﬁcﬂlﬁf Bt i‘.t(tcﬁﬁl?%éclgﬁféd Vf’ﬁ@xﬂe%@ proceeds to

one enbodi nent, processor 406 uses the sanplin
506 amphebipios samnlpew s 30061 0607085 ged peiish ’Ehﬁ)mgmoagumure of the

strobek 9&1&% EI{%HTE eaﬁ%gﬁ?t?%’e[slgg@f& S th-gl]ZF[tJJIQf %Jeh% Ry Iglg{hOd obtains more than

strobi ng net e ca ures
one sapyié penpediod (Cpait 6f duedYy Twmrefc&'mel E&htsampg&s tpartmf ea;hmpﬁlsubset with

samplcgs?/ ‘%&g{r@ g%%ﬂ]%la%ﬁ%lr’]%é) Céle adl x Tlll) ’e[‘FcésS l&}%\l{ce% et Ll L Wietion of Tpat
and Mois pttegérgnil The nbHodoprd ceklis tmaw&ara:l stopealiging r@yatdc@tdtions of the

samplgsr.] dTI?ert%ethod proceeds to 510 and processes the stored samples.

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 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 pa&em, the target effective sampling
resolution Tres and the number of pattern repetitions. The jitter measurc pins indicate 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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5 sanpl ed using a wal king strobe. The cl ock period of
sanpling clock 407 is set at a fraction of a tine
han the period of the repealing patt gr.
W(?%@?}Og%‘(l: cl ock sanples the pattern effecti veF frtuﬁgoosmﬁons

fraction of time later or earlier than a previous

sanple. In one enbodi nent, for exanple, the fraction

of tinme is a picosecond and the period of the

repeating pattern output signal is a mllisecond.

10Figure 5a is a flow chart for a locally in-order

strobi ng techni que, shown é@nerally at 500, according

to one enbodi ment of the present invention. The nethod

c brpRe %@E‘O‘iié%ﬁ?ﬁb mrm@gyheoﬁtgxeﬂépwlwﬁév%ﬁ@mm@thg samples to
s U@tfq;f

Effecglgé Iﬁ%gesat gl recel v S gggheor mg%@m§e%b% romapped each
samplﬁmﬂﬁnﬁn mefatﬂdﬂahanée sem@p@@pprcgnpaﬂxemara&t%@lm(m adjacent sample
by Trgss eI %Hab%ﬁuﬁgnq %g %ﬁg% caﬁgﬁat%%‘i#@‘@ﬁ%&‘u&% 1R or more of
async FonouS a ocally
randommit&rd&‘temﬁmﬂbb Meﬁaﬁbmaal jitee Ired)ﬂmmmdimen’dm amlﬁb(jltter each
obt s _of ver desi

samp g g ARG “ARYHREswAEES fa Pal At rStiee Bes SnudSh arouing within a
smnpkh@@bﬁ@d@ﬁpear to wal k across the DUT waveform The

nmet hod obtains nore than one sanple per period Tpat of

t Fartbbfnove vief Bookssiog T tﬁaﬂ’@f@i danpbéd ih eﬁ{boau:ﬁarfp bfthe present

) subse i t. sa es that arc ken at esl] erio

inveafjpe o Qe R B afer St PR eEiose Bt 00t Bfeure Sb. As

iltustrzRa! thd QadPrbs M 552 aR sephatridtolsubddie ABEHP dh@édiﬁﬂ%ﬁ @ret:aapped into a
resentations of the sanp

508 and stores_ di |l e
singlemsgiogod 3dEp %’c@é%gﬂ Eﬂfgc‘&ﬁfa spnples yaddn o particply éwbset are mapped
to a sSVIRRS which are in ke QPG /RPN FBPGich tEsahPAS Ve obtamed The

I n-order strobing schene conprises strobln each
samples igrsh subses arcThen prstessed smakwbvﬁﬁwh@ BpMPlenBy otbwb%lbsets at 556.

0 Jﬁ@ﬂl Its are

The r%g@ﬁ Og%%%r@ e %@{g tS/Qtl ﬁr?tsér er st robi ng schene e P&u s are then
procebred @tl5@h user inputs. In one 25 enbodi ment, user

i nputs include one or nore of the bit periqd or unit _
i i ene anbodinteng the ethodnfdscally iprardst stiobingris mebiordetermine if

charagt]p%lgﬁcts o?%zenﬁﬁqewa&efogﬁ tc?n@?ﬁl 8 %Lft%ée%ea&%%@f%%ﬁeme?ts of the DUT.

i've sanpling reso I'on he nu
Thesepaqmeasmmtemaymbnmn&f risetinge] fetlle:ma;reamm;&aqal iﬁlsthmehmbacﬂment the

t d. .The
tocellf i BRIR SFaDTRS FRAVRED ST BliDeC o en SRR CBis £BFignes of
wavefbp@tdatal Back dh@ethedDDTutma sSg’iﬂIJisl ddghpaesiDhb Ul fefitefcErstifijal VT (an

detern1nes th ffective s ing 30 frequen
expe B, Bt ST SO ET o At Lt e b Sy ones of
more WQdQ¥ bpsdel ¢ gle%E kheAO qusicglgiaﬂ eTd SRABL d‘i’aﬂao@kﬁﬁeﬂ’@t&fmm is strobed at
pattern. 007/ 059411PCT/ US2006/ 060733 10

mu l’ﬂz}ﬁ ée%ahwe time by shpligying e storidy- dappradondee eaJéiéple segments

of waU@fBPfhr&QteH}@ f‘(f‘b@?geasto H@terﬁfrfe%‘éi’a\é?eﬂshﬂ?s%ch"éﬂs telé'ﬂfésta latest, and average
Slng e per|0 Tpat of QUT. Once the Sanp es are

edge p@m@@ cedctelsaepivel. \mhemvgr%ﬁ rasisions af atedggmiitwo voltage levels can
be usétﬁ%{) c%@erﬁie‘;ﬂg{ Qﬁge%&%é&pﬁg%%d?ﬂé ;a4 aﬁgjleﬂgsec%nes that each edge

one enbo rocessi ng
occurs ol bﬁ:iﬂ&&dda Idewstatdenghgthert the DTﬁBbuiplutmddbnn’me?dgeb fibwighin a required

templgtfe 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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5 randomjitter, determnistic jitter and total
jitter. In one enbodinent, to analyze jitter, each

wG HBhSoqi£91 O Wi I be anal yzed separately to Hﬁ’fﬁs@do'&mams
average edge positions occurring within a sanple

regi on/ subset . Furt hernore the processing of
the stored sanples in enbodi nents of the present
invention is further illustrated in the flow chart,

shown generally at 550, of Figure 5b. As 10
illustrated, the sanples ai 552 are separated into
subsets. At 554, the sanpl Lare mapped into a single

eriqd ,of a .repeate attern. In _particular, sanples . X
Wa"ef§ﬁh %ﬁ"%éaﬁéli’l? i Bﬂ%?fd el subsst ﬁﬁfg‘p‘éﬂ?l’?%’ thateue taken at a desired period
of Tpdtix IS+ WhdsGhheéifl TrBs {shErStivR o' I9Rf afPM R aphh@hed D e

sanpl es were obtained. The sanples in each subset are
t heonPéabataRd:, pRRALILEINS horedsiBfles MM &S m@pﬁ{%}ﬁé samnples to
subsets_at 556. The results of each processed subset,

“etfectiye Hows” witkinchiBekiawriotfpatohtbieRd T r Enep e samplestan nppped each
samplP{QEpaRRA BémARAdjacent sangx!lé‘b FeesC gﬁb %@Bdﬂﬁé}&, r#?@é%&ﬁg includes
of | n to e |

f locally in-order strobi I's use eterm
calculgtng jilderdhitnslodesainet dren@epf vendsinjiten drclependentjitieradeerministic

o my r i f e : .
it AR5 LT RSN, ool i, DSt o i b nayoed
separatdyrpd fné all ametage sdgnisitiorsricowtring Withia lal sgmiple epth@rsubset.
strobing is repeated a plurality of times, resulting
i Hignee 6 iyt Bowehasfosdaérmdfinggited dn amcatformEsietwi parerally at 600,

-he ‘ f put sj | is conpared reference ...
socordiiific bl At oS e B S AT e Tt &l G Pepeapvithin a sample
regionuip ldopgé throhgh vay sfmplaas e gaenitartingyathies At aiteabhpRiaad @hding at the

J7or e Wi spaced s | es, of . the signal . In
st bl e Gl A RE Ao PR oa0i yLlogitpbbeys B Lifsstippended by data of
the samewiatss At 604) eraBafibn kddiBndyitkiRrht Gt iaRgideRBfi6d. I Eh &hnkition regions
.1 n.o eratlé)‘% the nultiple segnments of waveformdata =
are ldeélPée_g 5 & SEUdlf e Bmm AR Harod cewsiagdiopss Hke thegyample in Figure
2d of 3 1005dpplit Al @SicoPOEhtAVBIRHC Gl aRORIE h@éﬂ%dQ%deﬁne what
e

each voltage | evel. The average positions of an edg

separaigs opATapEiipR gesive fersauaiberp o seampls, whewthei datn intravaveform
cpﬁtai?sdﬂ%leﬁufv'aﬁﬁt bFEniPntd b1 (tU'I?@ of H@:@%}? Qtrale'é &{r gﬁ%g?dt%ﬁsxéill be

.times that each edge occurs can be us ermn
considgredithe startiod a@owW wansinn waicef dvinteoverd gesnérit ruld tshilso meded to ignore

e I l.agr . n_on .
At o T o o PR hing g gt o Bl region.
CBimpe eddratsition mgiceadrdicadgm afpadthtedge,pe 606 daltpRtions are performed

t ef.orm at | east. ognce.and including,a portion
to derqs e I BN Ul o i PR glen TS P Rufpimosed e
standaabd@iisionis tie: fahdomgiter anERig ipalayROftaatnIgible hndoliBts of period jitter

07/ 059411PCT/ US2006/ 060733 11. waveform Each
and m?&%& g&@ Fatplagens 2@k B to e ¢ Bap Rgsition of each

appareht &lged ke WeRlas the@lidse en P BAidPenRk tHRAbpareM etigd b8Surred. The method
er Tres is a fraction of Tpat and Mis "an.
proce ﬁfoeé(g;~I and getermines if the last data in the last region has been looped through. If ves,

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(UIL) +/- 5UL
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In one enbodi nent, processing the stored sanpl es
i ncl udes mapping the sanples to "effective tines”
wd"h&ot})ogbﬁﬁ singl e period Tpat of the DUT. Once i’?foS20061060733
sanpl es are nmapped each 5 sanple is separated Trom an
adj acent sanple by Tres. In one enbodi nent, processing
i ncludes calculating jitter that includes one or nore
of randomjitter, data dependent jitter, determnistic
jitter and total jitter. In one enbodinment, to analyze
jitter,leach sanple region will be analyzed separately
to find all average edge p&%ltlons occurring Mﬁthln a
Ie regi on/ subset igure 6 is a flow chart fo
B sadder %eqqe?wéﬁlffqﬁerasemfo&m bekyeeihthigerpeard ?tafate and the
DUT’ @%r&t@ Fe£RE Hia ?Qﬂgooex@s&% el tp'iﬁ@*ratef ThiRe E’sfsﬁésed}te dealt within steps

I nvention. First at 602 the da Wthin a sanple.
612- 62% of Bawjchart §6fe drifhped/ghirequensy diffesenges manjfiyst themselves as an etror

as,tE égbﬁ[{tgl @%ﬁ%@g{e tkgt;sutgﬂot*l ?%@&g?%gp&ﬂe%%&gﬁgﬁge%t t’l;h%rcfore, if the rate

at thJcb dhecatork ovsease chil b determined md @ dudnyiogaifdined, théersame be removed

. a, hi
from i Byl £ PB ORI Pl FHHg R ek Bt 1R Tt whion ot
edge watl acgfirddit At 60636 thegessuiddULIscaldulated ff caditlpafes edge based on all

RLENTIER -~ TEREN RN S BN N IS

© using ae@desh@@s dRfebNRgydisibn SEARERISSy. OTIR tnbhbE ikdbddads @96 1‘8“where the

om anot her. Far exanple, when the data.in a wavef
measueeﬁqpé Phall prftera Gaeess catcubted afi the prraeg ol t emfaaﬁareeﬁﬂ 8 calculated for

each pati8AtigR! RS rat@wklich H8S &Rirs BatrdasWichh vb ﬁeﬁ:ﬂﬂﬁi&:ﬁ%%e ratio between

the start of a new transition region. Moreover,

the exg@ﬁ@i B apdythe measgredoUh dggancthed p?gwe?cts t9 428 end e W@g/posmon of
each %Bgﬂcﬁ%@ge% a&ﬁ@t@a bbb gag 'dgférﬁinehl?'ﬁn@ S PRI RSB oF D that

a sanpl e region. Since each transition region
occurjed dxebmeeléh%xhegpmag o theahyeisitan BeEthe tiksuhal dppaesngedge was acquired.
Loca{i’f{aﬂ; gxlrdtg? %ﬁ&bﬁgg %ﬁt—g? gsccf& ﬁﬁﬂsﬁ% &%ﬁ?&d@#-o%eres%ﬁﬁlmg acquires
the inranten th cn‘.b@@rmhe @nn aplstreﬂ[teadga’lsdmnm positmn aalatrhmgegtif tirbes spread

througfile et Rt frd AR SR Re, by b mersec o

genergletiey mbnEefmeﬁ@amnpﬂ of bk @ppAtnterioh, Aipdeanike adheut-ads-order
wel | the earliest and |latest tines th appar ent .
sompliig ol G S QONURAR D6 RIS ALEDS | BLSBAafes wos soquired.
Consed@éRlyThinestd dt Wiieh bAsts idadease dantmBehéASd estBUsRY AASpplied to apparent
been 1 ooped through. If yes, the nethod proceeds to
edge pPFBIONPf the |ast data in the |ast region has not been
| 99p %tﬂ&lf&ldgébds ke s8R add ae@ﬁﬁﬁ% tﬂ@av@%e%gltﬁﬁ%ﬂ%rmr of each

agai n. The hod proceeds to 0 where each apparent

pattorg Gé&ﬁ i @écﬂheéaﬁ%@m%g% At P@hésﬁéf@@ edesds grlewated ag dlegpeaverage
positiddlof d1\hed: B&eﬂ@é&g@ﬁ stggf%% Wih Ynat ?ﬁﬁé’fh%dg {l‘???ﬁg%ch pattern edge’s

ecause e do ot occur at elr
error if @alcelaaﬁﬁmsehe dffferéreeftiehsecndbp aderis medyetfedivpasgtion and its ideal

positiih i%eg%%% ro?eedsan éédmndo "%‘ngo‘%'ltésst B4 B V"'d:eﬂt haL tag 'k difference

paren Be ass
betwepmtheanmt@dgavhlpmim eﬂgabrredgni mbfnmst nagdtyeqmﬂemn&dge SITOr.

ngt hi g the é%%g@aé%@%%@@?de 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

m-order strobing system. Embodiments of devices that make up the locally in-order strobing
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Drift and/or frequency differences may occur between
the expected data rate and the DUT's data rate. Errors
exist in the sanpling rate. These is
W‘g%”%é“? thin steps 612-620 of flow chart 600. PLTRsflobios0733
and/ or frequency differences mani fest thensel ves as an
error that increases at a constant rate through the
acqui sition of the nmeasurenment. Therefore, if the rate
5 at which the errors increase can be determned as a
function of tinme, the error can be renoved tom each
apparent edge's position by3cal cul ating the error
associated with the tinme at which that edge was
sys’cemoqau'r be dnplatmetted-i6 digitah elenearsi Dﬁ'duill‘jrlol'r with al pcuglanmhble processor

attern ed sed on al thea e
(tor Bl S Bl Do ISR H o EbBiel ol bosf BREGEH pRENE S computer
firmvedre Bofitvhre, Sr e bcﬁmbmﬂomﬂt@em) I Appetraﬁxq uﬂtbeayinlgnﬁae techniques may
ressi.on.net ho gol 0 The net hod | ](3 eeds to 61
inchof Sengopaigie Jepittaad v @Y dorics APToRFaRIaPls Aipcrsaor, 8ad a storage medium

tangiBiA &ngyg% Qér graCindWaEiaan rof eﬁeﬁﬁhé’ifﬁﬁ tHeGftoglagomable processor. A

cal cul each pattern ed The rate at whic
procesh embpdyipg these fechuicusgmay de emdnhﬂ a pyogrpamakle gocessor executing

a proBPRV\E LA skRGidR @@?EM Hc%n%ﬁ M%ﬂ%§%5 E@dnbbn iR data and generating

met hod proceeds to 620 and the nean’ position of each
appropsiste @npute dhe fP@hDMHQS seastbaimpdemenied Feorfepranpionaggrams that are

execr{’)c%llle %}r:]ll ::‘Fg' %%Ez%mgc A I]IHI%CHL% a dleQ% GHE rp'?(ggr ﬁﬁgﬁ%&&%mr coupled to

recmaqafbm end 1rettget1m§nanqandrtedranarﬁfmiam argd msfnmtldres to, a data storage system,
at JeaRt %n bbBQt cic?%m%n Lﬂll(i(% lgégt g@n]; u&&)dF devi quIcs-. n Efl]]'jd{;ll a)qgl%essor will receive
mstmbabas mch@ta ﬁ:oapqn &fadFtinlﬁ d@mcsy ardior @mdonoamcats @emang Storage

t hro out th measur enent .. \Wen ta
dovicht SHIAPES P B ER Y GO PG o arE P PP BR g o olude al
formg eﬂmﬁ:atzaaﬁnan&ﬁa@, afdhelitg v wao Biftek anpRfseniicon@paioe fiemory devices,

such 85 PERON 18R 05, 8 bk ppoaty gouiont REPER ARG Shgh spdatornal hard
disks@nd M6 PatlP alske dﬁ@gﬂéﬁﬁoﬂ%ﬂl 8586} and CIHRHROMERY, Wy Jrilige foregoing

rate at which errors increase can neither be
may pebEplerarrier ot apfsperateddnappeir bdosgnel gudicpligmspecitic integrated
circultV EASRIHOd proceeds to 622-628 and determ nes the

average position and error of each pattern edge.

624lthquph spoeifis gebedanenty havst baga dhnstatadeand @a@@qudierem it will be
R e

achlegattheeaameqﬂgpos, BBy dersobstitgted dbrcthe ap&m]ﬂtasmbhcéments shown. This
ween t he S, fean. . fective i.tio
apphgand)n ) ‘fnqgf e%]% CBV?rﬁng ﬁdgﬁlﬁﬁ‘)%?rh"g o X! efte € p{ep glgtéaven%ém
Therefors iitie mtdzﬁt&d&mtahl@emmﬁen tbe Jlmﬁtalrorﬂys by tiee dainiisearelntbe equivalents
ih Fk))rﬁtween the nost positive pattern edge error and the
st negative pattern edge error. Enbodi nent s
of the present invention provide systens and net hods
of locally in-order strobing that has a fast sanpling
freguency and as a result nminimzes the acquisition
time and 30 rejects lowfrequency jitter such as
periodic jitter.




WD 2007/ 059411PCT/ US2006/ 060733 13 system may be
inplemented in digital electronic circuitry, or with a
programmabl e processor (for exanple, a special-purpose
processor or a general -purpose processer such as a
conmputer firmvare, software, or in conbinations of
thenm). Apparatus enbodyi ng iﬁese t echni ques nmay
i ncl ude appropriate input and output devices, a

“ﬁ? lanmable processor, and a storage nedlun15

AT BISF étbodyi ng programinstructions for execution

1.by tmﬁxe@lbﬁgfﬂﬁﬂgbinﬁ)r@ér%ﬁﬁﬁﬁ room?sr@ﬁqgcess enmbodyi ng
t hese techni ques nay. perfornmed by a agrarmable

pr oE¥SHHE %ﬁ@émnerﬂgvaeﬁp@@rtmﬂﬂ ﬂ'étPPtLﬁb%q degein the DUT
ons by operating on input data
ou%%i&%ﬁﬂl@i?f ag]ggﬁg%?|ate out put. The techni qgues may
be isampplergthe BUT outpuisignal ummnmsyxg:hmmu:t seaipliag elock, wherein

xecut l,e on rogra Jncludlng at | east
e B3R 1% el LR R Ra B RS s ecdi ve dat
and viteedid & edmsiing fidg0eicy df theta@yrichRmos $anthiiha cRGK is based on

instructions to, a data storage system at |east one
OnFﬁbﬁP“H%W¥%@“mand at | east one output device.

Cengfabdiy santhlRE AEES TP outiuk Elgﬁeﬁ ‘Esfniﬁﬁ sds Q%tﬁl"fﬁé 1081l e
data froma read-only nenory /or a random access
informasion regesentigeeath eilgesl wglgpﬁwdf(ﬂrthq IaWdjiotppt signal at least
onffTbodyi ng conmputer programinstructions and data
Ificlude all forms of non-volatile nenory, including by
way sefarabngnipd @ungpditiicd rsdlusetsoa firse pubsyt cdmprisiag a fitsi sawple from

EPROM and fl devi ces; tic
eaa] w@% rgReafipg patery %?cmcg;i@%ﬁmfé%%mc %F@H@e

frdﬁaamtperl&pbftﬁakepéatﬁ}gqaaﬁaﬂd CD- ROM di sks Any of the
foregoi ng may beé pplenented by, or incorporated in,

sped@rapping Wﬂm@nmwn&lapﬁr@ﬁd efpjbefeppating padeyn avkagein the
I
firf U6 fpd 3R pordbd IO A0 Ridd STHPRLLIRE Seci 1o o
seamg pedicatod dlemynglhmmdoﬁzherem thasamnpdési within a paitieular subsdiate
rran nent ich i.s calculated t.o hi ev
Pt R PHCTRE bl iR BT RO RGPS s Piet Were
obam&ﬂglnents shomn This application is intended to
cover any a%gptatlons or variations of the present
i nv @RSEEINE th ganaley withip eaghsubsat dpdgpendentht Oftsﬁ’ingles in other
subdaention be limted only by the clainms and the

equl val ents thereof.
combining results of the processed subsets; and

processing the combined results of the subsets.

2. The method of claim 1, wherein the one or more user inputs comprises a number
of bits per one period of the repeating pattern, 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.



14 What is clainmed is: 1. A nethod of locally

i n-order strobing, conprising: recei ving at

| east one devi ce-under-test (DUT) output signal,
wherein the DUT output signal has a repeating pattern;
sanpling the DUT output signal using an asynchronous
sanpl i ng cl ock, wherein each’ period of the repeating
pattern is sanpled at |east tw ce; wherein a

sa i ng frequency of the asynchr s sanpl i | ock
5. o Bl BEFUH GHETS - WoRE eBP G e L cubet SgHL s
coRpfisicAstutifeloRlda] Ptk RiFbrnPtioN Mpré&sehitd K1 e€inl ipd&tion of
| ogi cal state information representing each edge of a
adigreny stablgsegions abfeastti®c®UT out put signal at | east once;
separating the sanples into subsets, a first subset
conprising a first sanple fromeach period of the
4. r epédat nrethadatf thim 1awherainsecosuhdeyibin thospgle penigl &f the DUT

o L RS BB o 1o e e

period of the repeating pattern, wherein the first
subset maps to a first portion of the single period
5. and Thraethod 9 glaiip B s Birthprgompriging stasing tke 981PISS Ak MSMOrHe
single period, wherein the sanples wthin a particul ar
subset are mapped to a set of tines which are in the
6. sand he mghrodad claim whfuether doenpeisingl peacessngetho btosddrseniples.
processing the sanples within each subset
i ndependently of sanples in other subsets; conbining
7. 1 es Tiht sefodtdielajh Q¢ ah&enh el poditidn pf St dTQ sindde subset
c?nbine &Esglts of the subsets. 2. The nethod of
oveylag symplesphadiasent 49&S%Hne or nore user inputs conprises
a nunber of bits per one period of the repeating
pattern, a length of a single bit period, a target

8. ef f dbeimathodanfglaimd, fusther eomipsisingaleuistiag jitdr of iepghsedge based on
smﬁ%%?Sf&M%&%ﬂ%@iﬁ&@&?OSS the repeating pattern and
] er

neasure pins to be sanpl ed.

9. The method of claim 1, further comprising calculating one or more of random

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

10.  The method of claim 9, further comprising calculating frequency components of

the jitter for the DUT output signal.

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.



15 3. The nethod of claim1, wherein sanpling the DUT
out put signal further conprises capturing | ogica

state information representi ng each edge and a portion
of adjacent stable regions at |east once. 4. The

met hod of claim 11, wherein each sanple within the
singl e period of the DUT output signal belongs to a

di fferent sanple subset. 5. The nmethod of claiml1,

f I Si, toring th les | . B.
137he THECHUPOGHE I et MBI S B TSI FOELYiTinge
frdqliéncylePoRhnd NPT GAft by GetefhiMidFed ARt Whidhl Mof ihereXda@k i N

an_effective position of sanples of a single subset
fuggfion PAHms and prrlyiag thesy detemtined gyeass as a fagtor gffksting Measprepent
redfi@i m 1, further conprising calculating jitter of each

edge based on sanples of an associated subset. 9. The

met hod of claim 1, further conprising cal culating one

or re of r om.jitter, data dependent .jitter nd
4 ot g&‘ ejni’le?lpéi ro%]?:ga'xmtlh r%eﬁdogmr e rgﬁ?lﬁ?mﬂ t_ple tifg reapyirgd % perform

a Higdsteshef bycdeateatiflg tHewhibeF ofaRPlds Sbfageaal cul at i ng
frequency conponents of the jitter for the DUT output

signal. 11. The nethod of claim1, further conprising

redugc] Py etj.ve edge occurs at an
15" €dUChRhol Bﬁlftérsrﬁeatsﬁl‘@ﬁleﬂp%&fsl%r%gﬁe% 9

I ntersection of two sanp s and is not captured

by eampling sddyiastundyr-iestd DéHiontput signal usibe rn efynslaxpduss

W 1 hi ach s |l ¢ subset, 12. The nethod of claim1,
Sa?afrl?%é]?&c%ve P gﬁrﬁgp%%‘ﬁ%ﬁt%e’t he effect of errors in a

f ewvdrrgih ¢t YT bopnedgianBastdv@pentind e4ttedh asberah @sriod dfbhe

13.. The method of claim1, further conprising reducing

repepiing Rateny S sgmBlgd at kg BVicsiequency errors and DUT drift

by  d@{efiiih MAdling fFdhéncdlof MYl SPn@EBLS sdnfPfHa8 8RRk &SbaBed on
function of tinme and applying these determned errors
ong §r EOFERSELMPYES ect i ng measurenent results.

wherein sampling the DUT output signal comprises capturing logical state
information representing each edge of a single period of the DUT output signal at least
once;

separating the samples into subsets and mapping the samples onto a single period
of the repeating pattern wherein the samples within a particular subset are mapped to a
set of times which are in the same order as in which the samples where obtained, wherein
a first subset maps to a first portion of the single period and a second subset maps to a
second portion of the single period,;

processing the samples within each subset independently of samples in other
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;



14. The method of claim1, further conprising reducing
the tine required to performa neasurenent by
decreasi ng the nunber of sanples obtained. 15. A

met hod of jitter measurement, conprising:

sanpling a device-under-test (DUT) output signal using
an asynchronous sanpling cl btk over a desired peri od

of tinme; wherein the DUT output signal has a
epeatin tt nd .each period of the repeating
pat t“écteW"?% Sl Fye%PuaSFr PRt wi ce: wherein a

sanmphicigting £Haei Y fiRfuddes ba@mﬁhn@mmpﬁ@npl ing clock
is based on one or nore user erein

s anﬁww@&m@ Dwmlﬁmtﬁtﬁlakbagmn @Sﬁﬂpvlé‘@é S@aﬁtrtgrfrwency,

I

o1 pofBbing R Sl APy e PERSESTIAL 1eBft AT GHBoRin fhe
sampbamtsamatbdh At aamptl@s.lhswts endsthb sigtesperind bemopi caghtsample ina
suf3ER 2 FocBi O Gn el 1B peiod o6 P EaraP ekl ST 84

safpRREd sﬁlﬂseﬁls%ﬁéctﬁfelﬁ 4 filgioMor tilhe Adter thih ihb Pr&aE. s@nple after
as.in which the sanpl es th%ﬁ obt ai ned, wherein a
¢t

mapping;the sagaples %&p%smsleget@ct BPEALEE RSFChe si ngl e
per iatteaith de SEHAIRMATE JIBRS utdgpéhdsﬁtgpmamret Inp&haf

t he S|ngle perlod processing the 'sanpl es w thi
subsgtsh subset i ndependent|ly of sanples in other subsets

conbln n of cess subsets; and
proc gg ugésé%%?précfssrees&fst%%o the subsets. 16. A

net Ipﬁﬂ:es);ﬁngmasmbingd jeksiiltsadf thecubpats. S1 NQg:
receiving at | east one device-under-test (DUT) output
signal, wherein the DUT output signal has a repeating

17Pat t1ek Micthol ofcRERI16] WherBinRhdiisdt inpMtsRbmBASY orleRWidks of number
of bits per one period of the repeating pattern, 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.

18.  The method of claim 16, wherein each sample subset includes at least one edge of

a single period of the DUT signal.

19.  The method of claim 16, wherein each sample subset includes at least one edge of

a single period of the DUT signal and a portion of stable regions bounding each edge.
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.



cal culating a sanpling frequency based on the user

i nputs; sanpling the DUT out put signal based on the

cal cul ated sanpling frequency; mappi ng t he

sanples onto a single period of the repeating pattern

wherein the sanples are separated into sanple subsets

and the tine period betweenl®ach sanple in a subset is

a fraction of tine greater than a period of the

repeatin attern.so.that each. sanple.of a subset_.is
235 Bt gt o i B i coftriog SRBY SRBAY T 86 R
jit®A Maepdridert jFRERLhA ttdl HRes RS UPRUUBsighNY! € peri od

of the repeating pattern; processi ng the sanpl es

wi thi n each subset independently of sanples in other

sub : 1.1 r * “Sq
245 5 et TR 6 R Gt RRAARRRE L EKASRLS of he
DUY oufphesigred badowds tolvaltagel@rsuphiereaequitehenissdithd dgyiresinder-test.

conprise one or nore of nunber of bits per one period

of the repeating pattern, a length of a single bit

25per Mg methddarfeRiim off Whdrkivi@hseHaRlctonighifscfelldd érior nfore of an
nunber of times to effectively wal k across the

effeglienden g rigetinetd faldMS tter nmeasure pins to be
sanpl ed. 18. The nmethod of claim 16, wherein each
sanpl e subset includes at | east one edge of a single
26per iThe nethadind cRUW 16] fyrthér. compdisingdeterminraiviithesledganof éhe

in. I b i.ngcl ud d
o LG TR S L 2oL 07, 2005

st abl e regi ons boundi ng each edge. 20. The nethod of
cl aim 16, f%ither conpri si ng stotng the sanples in
2Tremgiautonated PHLAHPIIREHSYSETE CAPRISBE- f ur t her

C ORI dofp Rt @S RSB0k Vet Ralt € oRPIPLiBSal frofla deMi®-under-
nmet hod of claim 16, further conprising cal cul ating

tegt and eympsre Bigohtpatizjena dxatexpacted Apbeisisral arerss Bieiostnag signal

. 23. The nethod of claim 16, further
hagg?%ﬁé%tg}gr%a Car cul ati ng one or nore of randomijitter,
dat a diependestdgptddte prodanea samEingjcldckdasddom uskeinpis; and

out %Ligtcﬁiing gl%(llljit adapted to obtain samples of the output signal according to the
sampling clock, wherein the samples are separated into sample subsets and the time
period between each sample in a subset is a fraction of time greater than a period of the
repeating pattern so that each sample of a subset is effectively a fraction of time later than
the previous sample after mapping the samples onto a single period of the repeating
pattern; 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

processed subsets and process the combined results.

28.  The system of claim 27, wherein the user inputs comprise one or more of a
number of bits per one period of the repeating pattern, 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.



24. The nethod of claim16, further conprising
determning if characteristics of the DUT out put
signal conforms to voltage versus tine requirenments of
t he device-under-test. 25. The nethod of claim 24,
wherein the characteristics include one or nore of an
effective edge's risetine ak¥l falltime. 26. The
nmet hod of claim 16, further conprising deternining
whet her edges of the DUT output signal fit within a
required tenplate or eye diagram 27. An autonated
29! estrhe gjaHtéilETBﬂ&laM 31, Fithes @HMPHiSih P memory dev@ce%@lﬁ?c@cﬂ &) bre the
adapted to receive at | east one output signal from
Sm@E@ﬂégﬂundertest and conpare the output signal to an
expect ed out put signal, wherein the output signal has
a repeating pattern; a clock source adapted to produce
30a s él"lhp kystgn of deikn 23 dathen nompesing thepracessand adapted tosanalyze the
I%ﬁ ing circuit adapted to obtain sanples of the
{ﬁﬁ signal according to the sanpling clock, wherein
the sanples are separated into sanple subsets and the
peri od between each sanple in a subset js a
31f r aéﬁhp systesn of ¢lain 3}, avhersin the Procgsser prapethgsamplss onto a single
t so that each sanple of a subset is
Fm%@fﬁ@%%v Iyﬁ%I%rggtlon of tinme later than the previous
sanpl e after napplng the sanples onto a single period

ern: ,and LG

20 agts s T ol R E R 08 M oserer clfHREGHEE R coch etec ofa
petiodlefraa dﬁptni Sjgr{af bsadph ednples et ddekscRidnsledubsett he

processor further adapted to conbine the results of

all the processed subsets and process the conbi ned
331 estihb Syster? 8F cIdiRAE2 B YstleRiT R;glc%l ﬁht@n?fgnné’éﬁﬁ rr@;hr@sehﬁﬁg &RBledge

I nputs conpri se one or morée of a nunber of bits per
withirea piagle pgried of the ovtpplevgriahty copiuradrah leagt dnepigt h of a

single bit period, a target effective sanpling

resol ution, a nunber of tines to effectively walk
34acr g&s sydtmn bé@:ieim Phovheedid h:rginahmtejimfotrmtion&q&meatimg exeh edge

ste
anfl § PPTiSH B LFAY SO b S EE PRsp B pBtbus gl i
cmﬁhﬁd%ﬁﬁﬁh@ﬂcﬁata 30. The systen1of claim?29, further
conprising the processor is adapted to anal yze the
stored data. 31. The system of claim 30, wherein the

3507 OGGE S QeI BPSainl'e7, %@}{Eféxﬁﬁacﬂ%ﬁpg rﬁ‘?‘gﬂ? glffl%ﬁéé;géiiioﬁfoﬁﬂée

repeating pattern. e Sys
outpiuésignal belhegypr ackdeent somplsubsees jitter of each edge
of a period of the output signal based on sanples of
an associ ated subset.
36.  The system of claim 30, wherein the processor calculates one or more of random

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

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.



33. The systemof claim 27, wherein |ogical state

i nformati on representing each edge within a single
period of the output signal is captured at |east once.
34. The system of claim 27, wherein |ogical state

i nformati on representing each edge and a portion of
adj acent stable regions witHln a single period of the
out put signal is captured at |east once. 35. The

systemof claim 2 erej,n each sanple wthin the
385 nofespiser pEE B 10, HEIb 16 pERRGrRar SHBPURGaN R edfes of the
DU bitphteidnab A Ritiein Ubfifited tendlate bReysdiagram of cl ai m 30,
wherei n the processor cal cul ates one or nore of random
jitter, data dependent jitter, and total jitter for
t he ' : f claim 30,
39'\/\,her“bééi%ri1l t aégdptrg%% Esuggrgtdsgyeg?lr’n!g%g‘é@é?char acteristics of
t he abuffpnrdagticd tratecavndtdeass onecouypit isizgel frem 8 dsvite-mader-test,

requj,rengnts of.the device-under-test, wherein the
wHEEE 46 BUPRL S by R B PBUGP mor e of an ef fect i ve

edge'comparaft tollaing ah aliput Bthe baffer 238 adaphal tﬁ)éﬁinﬁﬁﬁe@]ﬁe

éjain130 wherein thegfrocessor det er mi nes whet her
bulferse suight signal o sn el owpyhisignaki ¢ within a required

t enploRlcR sQlrc ¥R QHQ&E%%C@&?SW@EHQ‘&IO@HBES%Q oh&8dr inputs;

equi pnent systeﬁ] conpri si ng: a buffer adapted

t o péudiingcimuitladaptd wrabtan spopleseianautiut signal of the comparator

devi ce-under -t es wh ' '
s YRR 48 SR BRloci UR Sl lng S Tl Y ferdl e ol bscs
andtHepiute ot betweeh bavh sam@lesid aptiesdt isa fextip@otihd greater than a

buffered output signal to an expected out put.signal;. a
e pdthe EPHE AN SE Theb ehiamels o ASURSY Iibleti ke Badisd of
tinRateSBhn tHIPEEus after mappih@tHetbMles bhioW sinApRicad tiRk

obtai n sanpl es of an output signhal of the conparator
repgaléns phttetL A t he sanpling cl ock, wherein the sanples

are ' I 1 ] '

pet R ERELR) RAplcl g pROER SmpUR b DA e haEn Rl OF
saigpleainanthdrizalmset, the pr@dssof firther zdapedtid ognipat thenesudio of dathe

each.s |l e of a subset .i.s effectively a fraction of
PR PUPRS BT R ORI ST e Fer mappi ng the sampl es

onto a single period of the repeating pattern, and

a processor adapted to process sanples wthin each

subset i ndependently of sanples in other subsets, the

processor further adapted to conmbine the results of

all the processed subsets and process the conbi ned

results.




