JI TTER FREQUENCY DETERM NI NG SYSTEM CROSS REFERENCE
To RELATED CASE [0001] This application is related to
United States Patent Application Serial 11/272,027,
now United States Patent Nunber 7,349,818 with a
title "Determ ning Frequency Conponents of Jitter"
filed on Novenber 10, 2005, which is incorporated
herein by reference in its entirety. This application

i s furtherymgER FREQUERCYSSEBERMENIRAG S¥sTAM! | cati on
Serial 11/271,507, with a title "Jitter Measurenent

Al gorithm Using Locally In-Order Strobes” filed on

Novenber 10, %gg%mIﬂﬂ%gggéé%%ﬁﬁﬁéaﬁﬁi%ég herei n by

reference in its entire D [0002] The

[0001]pr e Thidtapphisetioh isaBlated|td United SRBE Paleyit ApplidafonBasdll ©2820D27, now
itter in a waveformand nore particularly to

re
United, S1a(6t P oRBYo8Her 8880 By iiss metarmingpe Fieguasey Components of
Titter” BAGKSAA NR bet Q(g%ﬁb?,%%tlﬁc%rﬁ Fatbd ﬁ&gﬁlﬁ%?rgite{ém%e in its entirety.

commonl y used el’ectroni cs 'devi ce na cturers for
This apjdicetdn s dumtenuflaed wrimgdSedteck Aent Appliea@dnisetal 11/271,507, with a

1 wcaut tic test equi nt_allo sem _condyct o devi ce
e “TR Gt ol BB TGOy S GBI Shahe” B Neyeasber 10,

2005, WHiRR id iADGhbrhded BEreBAG T ABMIcE §n ROLAiLY. the marketpl ace.
The tester drives signals to and detects signals from

a devi ce-under-test (DETHNmd.Figunl uat es t he det ect ed
results to expect values. Tinmng jitter.degrades
1000215 B8 e Pech i G RP R i aninef o Firdhesb PRI 4 et and more

particudtly th @WREurbAGit 6f HedRESy EspdnBsk epfRe. | nterest and
necessity for the measurenent and characteri zation of

jitter. [0004] Jitter is a key performance factor in
hi gh-speed data comunigat.i Jitter is defined as
the m salignnent of the 'Sig i eant edges in a

[0003] s equeatc abt d@ipmdat isTombiily iR by eleabnigddvide Mbsufacturers for
M sal i nnentg can result in data errors. Tracking
detectipgmapiastiaps ety Lon cxamplpaRiPysicited cgipmpnfallows semiconductor

. ] t R Ji . . Y
s SO Bl b4 e portin i
marketblave | Thof testéralsives sigaads toanddoteets signglifidesa desiegmder-test (DUT) and

et SRR b QOBh i G S SHEI LSRG s o

the push it Righb:CRB raREGRS1oker B oftAkAn S Hal #BreabQ infX&F R Enecessity for the
osci |l oscopes and digitizers have been used to

measurg@gefipng chiractedatiogef wtera signal at fixed tine

~ [0004] I nt Jei&e\{‘alls gkgyn}gerﬁ)%ngx{]c%lf%%& 1}1 Iﬂig%—s%%éc? df}tf(i) ccgn?}nglgi%tpogs.eﬂ&ee:r is defined
as the misalignment of the significant edges in a sequence of data bits from their ideal positions.

- Misalignments can result in data errors. Tracking these errors over an extended period of time
determines system stability. Jitter can be due to deterministic and random phenomena.
Determining the level of these jitter components guides design improvement.

[0005] Jitter measurement techniques typically have the ability to measure the timing of
significant edges in a data stream. For example, oscilloscopes and digitizers have been used to
measure the voltage of a signal at fixed time intervals and to analyze this data to determine edge
times. Other examples are time interval analyzers and time stampers. These devices directly

measure edge times or the time between a pair of edges. In yet another example, asynchronous
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times. O her exanples are tinme interval analyzers and
time stanpers. These devices directly neasure edge
times or the tine between a pair of edges. In yet
anot her exanpl e, asynchronous Attorney Docket No.
05-2006-US -2 1 strobing conparator techniques are
used to nmeasure whether a signal is above or below a
threshold at fixed tine intervals. Asynchronous
strobiril do@PaPorGQRRRLES BE ubRGH MANRE wheeSt QERAN dbdve or beIow a
mat hemat i cal techni ques on the nmeasurement data t
ﬂlreShQidtaéﬁmfiwn@ hlaqr‘aaii eAﬂ@@hI@sm@fshDhmg@d@ealﬂtommlnuqﬂ’mse stochastic
ene are used shing a f.ix
matheflRGH Bopi AT En SR Biph Tl ot dehefisr g ferfgge tmes
Two geféaNing®68s ard 1B tAMIBLRES {iXed 't]ﬁ{eciﬁfervaﬁﬁﬂh the asynchronous
"out - of -order" strobing. Shortcon1ngs exi st for both

strobing{gr samnbingiechpitmesyThomebederre Siredem god etimnigedes” strobing.
Shortc?ﬁﬁ?r%@ gglatu i{ogf) tlﬁ(%lﬂeegml o?f(téeé“%géri] ggtog&?f?d g%l?ﬁ"gé rcég?mggu n 'FEny e)%m%le in-

order smehmgﬂla:vbwt iderimtpuimitg yiné [ongrasquisideutihes arl @ Bﬁbﬂ&r strobing is
for neasurenent and provides limted ability to
sensitigoo SO ETPTSeFIRNES A CRAle-IeBH fof measugsmant @%mr@wéps limited
ability kOB B dathoy U ARERILRE oWiHignggar d Lo frequency
chardcteristics of a signal Is measur enent of
10006]j i t tRasiredinforfmatict with regfard toeftnqaetw chﬁhc:tmhitms Of){pﬂgnal is the

digiti s, tinme.interval al yzers,
measupiipl ol SE s 4 by yidtoenv Cpelibtpaey figropimg interval
analyzérs Wl tied Sfmdepueac ¥ mé%ﬂd to tnlih%yur@?]lﬁelr R AhhMBRhYS frequency, but

expensi ve. In-order sanpling asynchronous strobing
they are sd#fivielyUrpensiie. hearder samplingtagynchgpngus mdmngdnctquues can measure

c Fbmeve t he Jtlon
it ay L SARAENE reHRYT oy Ve Rk oBits PR et
samplibg li@i@8 tHEHFRYUERIds Ot dall nddabie o/ relltivelly166 iR GEdREs (HadbredT Ao
of no interest. Current out-of-order asynchronous

- interesk rpTenhgRtt ot ORdAr aﬁb@ghr@aowmpha& fegbniguessloeiipiogide a method to

measu HEe dibdd S of®Sabenk gnct ion of frequency. [0007] For

. the reasons stated a and for other reasons stated

[0007} b eI Bay thdicatonwstated hboapend fop p&feﬁﬂ:hsdn@ statedbeloskwhick &ill Become

he art uy readi ng and undeystandi ng the present,

aPPﬂfe%tﬁ‘é thops &%\ﬁ?ﬂﬂ the grfupqn reading deTHianARe 4 PrFis secification,

there 49334 I @8 gﬁ%lseamﬂdﬂ&nﬁﬁ& Sixh1Rk ARRRSH sl the {ﬁtérfound in a
found in a waveformas a function frequency that Is

wavefoghfag @ timction frequencyi thahig ellestiveat nicpsging desived feggences and is

relati iﬁlatlvelg i nexpensi ve. SUMVARY [0008] The

wanve, Mt oned probl enms as well as other problens are

addr essed by SUMMARY

[0008] The above-mentioned problems as well as other problems are addressed by
émbodiments of the present invention and will be understood by reading and studying the
following description.

: [0009] In one example embodiment, a jitter frequency determining system is provided. The
system includes a comparator, a clock source, a latching circuit, a memory device and a
processor. The comparator is adapted to receive at least one output signal from a device under
test and compare the output signal to an expected signal. The output signal has a repeating

pattern. The clock source is adapted to produce a sampling clock based on user inputs, wherein
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enbodi nents of the present invention and will be
under st ood by readi ng and studying the follow ng
description. [0009] In one exanple enbodi nent, a
jitter frequency determning systemis provided. The
system i ncl udes a conparator, a clock source, a
latching circuit, a nenory device and a processor.
The conparator is adapted to receive at |east one

the us@Uhis compiiaa b nifBE oF bk PeCtheHRABH of the $dpedtitl Iﬁﬁ%aﬁ fength of a
the output signal to an expected signal. The out put

single bt gpegipd, ﬁé@ga e?%g@@tsmglmgamlﬁhw afhpenuphese Rf Soes oewiesp the

P eatﬁggg{t&g xﬁer el n efi %ﬁlﬁglgl 1'55?}9@ %angf)%egﬁﬂfgb%gg enjocplly-in-

order dtfobesus tljustthe/ tndatedidnt BendividhNITRE |@¢hikd ¢ifcuRe addPRd to obtain
perlod of the repeatlng pattern, a length of a single
samplasiof st sienakegrgdine & the senplingselegh. | Ty messay devisisadapted to

4 ﬂ%é& r L &
tor B L0 TRy S1RGH el PRI Bl
and to bepressgittel ecafuhytidnof feigdarcyst r obes to adjust t he

nmeasur enent bandwi dth. The latching circuit is adapted

to obtain sanples of the output signal according to

the sanpl i ngpRIRE bESEREPTRIPOY A8 DRAWENGdapt ed to
store the sanpled data. The processor Is adapted to

[0010]an aTFbﬂzBresdmemsmmoaleﬂdieanmrc eaiglyemdensiood atd ﬁllrthemaldantmges and uses

thereo%g%r es%lll L er ) ! uﬂﬁ nn[ %%\Ig)]rfﬁ%ﬁé cd;:élg {' t%e preferred

embodnﬂmmndQHeMIbLm@eﬁgmésaany under stood and further
advantages and uses thereof nore readily apparent,

[0011] wh e Rigetsrigiigie peghicel ilnsmtion of ms: @d@dnnm obsigarl strohe measurement

I [ t ng figures in
using a%ﬁf(ﬁg Sﬁ%f%?ag‘% %g'leite%ﬂ}n @ngﬂf illustration
[0012] of Elrg&reelmiﬁﬁ)d gfmphicaldflugiagba bf&i ﬁlqbeerrma&hg @Fﬂﬁ@lgnﬂlssltlréﬁe

wal ki ng strobe according to the teachings of

measurﬁ?‘ue’éfr(’faﬁ%m [ Gbaceprdmeyrthe feaching of the aren actl
[0013] ' l | G%IIQQ %I%Ié ne@ﬁni ﬂh%gl‘ﬁﬁgl?gf e 5 oﬁgne%ft of ngﬁ %tg(ﬁ:{% measurement

trobe neas t ure 1 accordi

using at%k:lhg sigobef(ldchidy-jm-order sambng ﬁ)@ﬂaﬂijmg:noghﬂ macﬂﬁhgss)f ¢he present
. .aéaphical illustration of one enbodi nent of signa
mventiy. ohe peasurement  using a wal ki ng st robe

[0014] ( | OFL teYbiifa QlafRitalSiitRRlifgdf @B@ﬁ[ﬁin[@dér%trbgiﬁg bPaeRigEBstrobe

e present invention. [0014] ure
measurgliﬂalgtmf &edurg 24 inone ambodineht ¢f thopmbdny mvnntund er st r obi ng
[0015] of Iz'lgureal gnaanl 111131§t1[a%on of the frequency jitter magnitude in relation to the
acquisition time of a set of strobes that comprise a subset, as shown in Figure 2b.
' [0016] Figure 2d is a representative illustration of digital results of the strobing of a locally-
in-order waveform. "
[0017] Figure 3a is a graphical illustration of another embodiment of signal strobe
measurement (locally-in-order strobing) using a walking strobe of the present invention.
[0018] Figure 3b is a graphical illustration of a locally-in-order strobing of the signal strobe
measurement of Figure 3a in one embodiment of the present invention.

[0019] Figure 3c is an illustration of the frequency jitter magnitude in relation to the

- acquisition time of a set of strobes that comprise a subset, as shown in Figure 3b.
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measur enent of Figure 2a in one enbodi nent of the

present invention. [0015] Figure 2c is an illustration

of the frequency jitter magnitude in relation to the

acquisition tine of a set of strobes that conprise a

subset, as shown in Figure 2b. [0016] Figure 2d is a

representative illustration of digital results of the

strobing of a locally- in-order waveform [0017]

Fig i .
[0020] W%%rré’ﬁat s % &%ﬁg@b@%né%@%g{ﬁegﬁe edDOThal according to
one err(bOdummtyfthnpm’SdErmmltlmbl ng) using a wal ki ng strobe of

t he es i nv 0018] Figure 3b. i .
oo | FEEFEAT s Pl Goissriood adheriogs oip By ofenehom Figure 4a
overlaﬂcﬂlr’c?p oBdeABtheTB&PLIRERNT Of FI gure 3 ain one

ment of the present invention. [0019] Figure 3c

[0022]; s Higurd § wgthlmlq Cb&gmm of hee ¢mmlimea ! pisysien foragnbing dignals
tion time of a set of

n ui s
accordl et og%eg Cﬁl S 88 Pfeggﬁgnveﬁhg%t as shown in Figure 3b.
{0023]At t Bighfy6 kR cH¥e: fopéie?éi)%'diﬁ%m &f BnleHodQF d&bﬂﬁihﬁlﬁ‘fué_};quency

is a graphical representation of an undersanpl ed

COmpog?’l@}ﬁﬁﬁ%lté?é@bﬁdﬂ’?ﬂjeﬂt@m’e@ﬁ‘éﬂ,@ﬁéod| ment of the present
i nv [£021.1 | S .

[0024] ?@Hgﬁ?lg ta fg)gv %1]agrf'a%1 Hus(?ratlg%ﬁ c%te%:m%{?.o s?ild htgelr 11} ?%ngmbodlment

ofthef&le@utﬁwélﬁmnoverl aid on top of one anot her,
respectively; [0022] Figure 5 is a block d| agr am of
10025] o e T AtsOEaREM Il FOrRmEY Biastics: e gripetAateribs dprtrgs are not drawn to

scale bﬁtceg 5 E%IWHLQO teﬂlgh e sﬁ@&?{; Rt fre{eo%t i &1% gvpets rrﬂtgo \%‘ﬂ{lb n

Fi gur IsTa flow c I men
a met hod of determ mEmgnfEdeSenmnomonponents of

tte re i nvention; and [0024] Figure 7
oo261) ¢ by &%OW%‘M!S A .r?fgrepfrels R i A GFpipying drawings
that fodnt 5}2151{ hérBoORR ;AR e wn 8% whir6r MLSERBK sb&YfEc’H‘iIh&fktlve

I'n accordance with co n practice e varil ous
embodu@@@r mb‘eluclf thainyventioranay bmpradrcadn These esﬂ:aﬂlmebmtarad@cnbed in

suftcf BB SRR AT A BTt o B 0008 1 '¢ R

undersﬁ)ﬁnﬂ Hﬁv\bﬂhgr dtidithafls AeFBE h@l‘iie@ RAnd BRE RIGRAL trekBanidlgnd Qectrical
t he acconp ing draw ngs that forma part hereof,
changes pygy bp made cvwip@ depatipg &9%9 spafit 4nid| sgeneroftthepresspbigiveition. The

f0110w1hé h%ﬁéﬂe‘sé’rﬂ)tmn is, therefore, not to be taken in a limiting sense.

[0027] Embodiments of the present invention provide methods and systems for improved

signal strobing techniques. The present application is related to application number

US patent application no. 11/271,507 filed herewith. The present application herein incorporates
the US patent application no. 11/271,507 application in its entirety by reference. In embodiments
of the present invention methods of determining frequency components of measured jitter are

| provided. In particular, in one embodiment, acquisition time and strobe spacing are adjusted to
reveal different frequency components of measured jitter. As a result, jitter frequencies within a
‘particular range can be differentiated.

10028] Embodiments of the present invention are based on undersampling strobing
techniques. In one embodiment, an undersampling strobing method uses a strobe that appears to

walk across an output signal of a device under test (DUT). The DUT signal waveform has a
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enbodi nents in which the invention may be practiced.
These enbodi nents are described in sufficient detai
to enable those skilled in the art to practice the
invention, and it is to be wunderstood that other
enmbodi nents may be utilized and that | ogical,
mechani cal and el ectrical changes may be nade w t hout
departing fromthe spirit and scope of the present

repeatinB Y&drh @R a Jele [sQhlRWVBY (38 Bl bR a ARGt Pak O dﬁhe signal
th o5

erefore, not to be takén in a |limting sense.
Wavefcgma Sebfeaat & Taes)Nh WpsreindNs tha smembwmf sigolepg Ndleclrmta:h mﬂ@er greater

than 150G T BT in R RS oa AP Al DO TR P T s the

effectlmﬁfﬂ@nmy&spm@mt application no 11/271,507 filed
The present application hereln |ncorporates

W th.
100291t h eThsmsﬁrpéwf undptspepkingoare describad 57 W dkipg Siypbs checsusa an
asynchHﬁohE &oaplts' t¥) éggcrfb% % o@@ﬁ&dgé‘ st r:fiﬁg g1 nglnt %er tgst t&us?be a

present |nve I on neth er m ni
repetltﬁe ppicaaRNThe ﬁﬁrnmamus askujd dﬂtﬁd‘ stfbe caBtON Itcdﬁi@earl tB Walk across the
rticular ne_ e od| ach|S|t|on time an

tst sxgg?ﬂr s s 1 G SV ambles i gsaos VA s i over a time
period bl E ? HEHRE Yar 52 MR 6P ﬂﬁftesmﬁgﬁéfﬁ gfjf)ﬁth E%Legr can b8 ﬁlaf)gectﬂ]ot“effectlve

] er frequencies Wth | € range
times” dll fwiithireTipat al belsanj0 @28} alﬁﬂjmed ﬂm sefluenbes qallebEttobe Subsets.”

invention are base n u trob
Once YA 401G 4 R EIARBL HERU T RAVUTEb FEaRBPRyr o siven srobe
subset SrlelcPRIHRGBhOAGYISESard &6 [PHet hat appear s to walk
across an output signal of a device under test (DUT).

[6630] Th eT@prpvglegh@lner\hgql@r@md; Figared a 13041 graphieal rmgchtatlm of an in-order

t
wnders{ip £ BTt et FEERP 4 G0 yR BB R rsption of PUT
signal H}ngbﬁig saipleaia0tifie ﬂ@wﬁlﬁﬂatbybtrgbﬁslbbé\lhrdﬂ@ﬁﬂ%ﬁ oberd tﬁreﬁﬂj}%enods
of strobes which is an inte reater than

nmber .
of Toati$y T wilsaingeiriogd s ne HstBps have bergsBosaEn Bgarecks. dhlis
hep, eff
R R e
represedtaacm obaadh aﬁthé\’AﬁIplenmg; dftDldiD elgnzi'leltﬂalﬂﬁ)m Biguredayweti4id oot of one

ock .i o describ under test
mothersfegn%ﬂtwéﬁdérﬂ? gpe Pab@f §U$F g‘ﬁ’é{ 13015 ghaya ?@ﬁ%ﬁeﬁm@ each

SUDbeﬁﬁ%ﬂﬁ@&gﬂg%%sﬁﬁkg%ngﬁ the strobe causes it to appear
to wal kK across the test signal. As a result, even

[0031] t hokligwre2hés mgraplital seprpdenttipnol @t urdbssiplad DU bsighaksbnwn

ver tinme period s larger than that of the
seneral B 00, sevaFine RS OBETy PO ey AL e BBEORo B G faens, e
- acquisitibi®BdataAiks Foudtints As Fd@ﬁi& thd B&m&ﬁ[ﬂﬂ Iaffer @8 HYEZ§dvin'in Migures

sub- sequences cal |l ed "Strobe Subsets.

la and 1b. Graph 200 includes a representation of a DUT signal 202 being sampled at time
mtervals Ts by strobes 206, through 20619 over five periods of Tpat 204. In this embodiment, it
- also takes 20 x Ts to acquire the data but Ts is now 4 times shorter where Ts=(Tpat + Tres)/4.
~As aresult, it only requires 5 x (Tpat + Tres) to acquire the data versus 20 x (Tpat + Tres) for the
acquisition with respect to Figure la.
[0032] Figure 2b is a graphical representation of the five periods of DUT signal 202 from
- Figure 2a overlaid on top of one another, respectively. A single period Tpat of DUT signal 202

-1s shown with each strobe 206, through 2199 spaced at approximately Tres. In this embodiment,
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Once remapped onto a single period Tpat of the DUT
waveform the strobes for a given strobe subset are
effectively spaced by Tres and are in-order. [0030] To
provi de further background, Figure 1 a is a graphica
representation of an in-order undersanpled DUT
signal, shown generally at 100. Gaph 100 includes a
representation of DUT signal 102 being sarrpl ed at
i
skl b 8L By R34 SRR, WS, LA R St o
deﬁned h&ubsatok (591 1nshdcﬂmmptra\266(b 2ea, %0&9;/\206h2ranﬁl2@6f6,efr¢m aampla

numbeté% 2 e{?%%bgen@sqt ("S% Sla%%g amples é(?%a%&g%ige tglfagw ané %0617

from shiBple@GRBEARLL 810, B aBAcH sass&b%s%?lﬁﬁfdw%;ﬁés% 2@5@@@610, 20614
102 fromFi gure la overl one anoth

and 206 gsprewtspipleyiumbersi A, d0pkk andd S?Ipétsulwfet 413184)smglné¢s sm@les 2063,

2064, 20%5 tftgﬂ\m%n%_yl‘z%% ggdﬁTrB 6?&?13 B EEF@F Zl,olqe 1%“&? la\ép E[f,agﬁ%&bs%p §81 -S58,
contaitispin@Re Miah bic@iifeOivedy) losalle sadpl £id akd Lhch bépaaited KNP Moreover,

eneral ly at 200, accordipng to_ one enbodi nent of the
the tot%,ag%.ﬁpmp timae of thedocally-injerdet atsalvies (erfhe timgdt took to acquire all the
data gaglgegxtﬂl 1§)|} ﬁegﬁcag&""g g%%r tf‘ol:ru? %E%%Et8 rt]lge\‘j‘tmgialf‘% q'gﬁ‘f’tlotrﬂﬁne 1io strobe the
five peainds dfishe Mﬁkﬂngtﬁﬂ)ﬁincmﬁhb Eﬂdﬁﬁzs in the piilesBHSAt $I1) S(SB aAd BBH interlcave

al 202 being sanpled at tine terval s  Ts by
each 0@?3‘3{%’% 85 iR Hf tgyampie; d&‘ﬁ‘eD 8@k of Tpat
[0033]2044 ﬁ&h&ﬂﬁaﬁ?ﬂﬂ%is’ﬁ&h&d Fher@loRllY- ﬂlkﬁ'ﬁegsgroﬁes-raﬁ a®en for each

acquire the da Ts is now 4 t’ines shorter ere
repetitipy of EptatatternTinas ) Each strdbe subsaSiHht $Ssappaund tp wadkjadrosss: fortion of

e o3 T B R 8 B R 5 A0 g Bl
jitter meBBthentt 18vidles hdvantaésANe} &dtent ﬁ@ﬂlﬁwgﬁbbﬁﬁ & ] itdep®

five periods of DUT signal 202 from Figure 2
measur@mém’r &8 e@mnl%ﬁledﬁcaﬂﬁénﬁﬁbr piegbing metbed a3 @@clybedmbgvmd@es the

e EREAIARS BlpRT) B9 PO O

measurément. indréasthassthe ithedb pafiirm thAf heistihehl0iai@iseNOSince locally-in-order
05- 2006- é%iﬁ 2 5 subsets of strqbes are grouped for
sampling gengrafly takes less time thandprordeg sammpling, it isdess sysaspihls tolowgfrequency
ShisQPRIma & ined-roRbs i ncl udes sanpl es
noise. 208G S0aA S‘.’zrg%g 50612 ang%%%%gﬁlf rom sanpl e
[0034] nu rﬂlecesth@ $trdhes 8or algvanuirobé sulselhﬁetocﬂl)( BSHer thel n@dant subject to
from sanp

many oi ﬂ}%&){gﬁ?@eég gséométg %ghgal%(s 8&91%%2%%@ g 3%E)6 i isjtpon, takes §he reduced
time of%ﬁﬂ@f &%letzéaﬁl%hng Q@ﬁloreztggq-@ne %Q»@é-fs taliA o208 FeplefiRMR of the): test

| e nunbers 2, 0, 14 and 18 and subséet 4
pattem4 E@cﬂu@@be subspilie gneﬂmé m-order and the results are combined to prov1de results

for the entire pattern. Using the locally-in-order sampling method achieves the benefits of in-

order and out-of-order strobing techniques without the problems of either technique.

[0035] As a result, the individual subsets described with respect to Figure 2b are utilized in
_performing frequency analysis of the waveform over time. Figures 2a and 2b are meant for

illustration and it is understood that any number of strobes may be utilized. After all analyses

are complete, jitter magnitude can be expressed as a function of acquisition time. An example of

the frequency jitter magnitude in relation to the embodiment of Figures 2a is illustrated in Figure
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2067, 20611, 20615 and 20619 from sanple nunbers 3, 7,

11, 15 and 19. Each subset SSI- SS4 contains sanples

that are effectively, locally in-order and are each

separated by Tres. Mreover, the total acquisition

time of the locally-in-order strobing (i.e. the tine

it took to acquire all the data gathered for the

| ocall y-in-order strobing) is close to the total
2¢c. mPaARLREFiQRe bk (RiskReShdwWhR thdifitudd HRRGEAIGuSey §iltEr is captured

signal since the strobesin the subsets SS17™SS2,

duringgB3acnit®8perind essbeiateé withduguro2heAs ilhstratgh ouFigete@cf the etal

.peri pds, r.equired t anmpl e the. signal.. [003 A ...
magnifigt REff FGHeRS ity 33 T PBirtib s o besfon Bpe U peRsition).
Howeedr RO RS p@tRle bB kRN fik@lenS@fiflcr 266 RESALY TR cftuic@Shd RRthShlude of

Tpat. Each strobe subset SS1- SS4 appears to wal k
low freguerpyditir jsomly Hve saptunch avihin thisragquisifion imeenbodi ment ,
[0036]'618:;@I %oé%e; c-*':;n'l oo%i?r%f:l}t? %)tre trﬁg #_)rxgeg%ng ];inevr%r{é% l'Inr, aﬁ’e Cfl%al}igi\tr}?)la égwliss either increased

or decaied depgdmgnahe vl d@idforfBitioadsedeld o1 iteh andydiNrSihdd fiff§rmation
. measurenent. For exanple the |ocally-in-order strobin
requirgdddp Gafgulate Jidtes tsdetsmingd gy we Megk pcsess ah elleqtivaedge nalcagtass te
ffocti ' [ i .af :
ctifd LR 08 SRERLERe, VOGS SCAIBMIR g ot pgsts o
considarsd.t Fer exameplé,aefparirgao Migua2d ampsuertaimt ofithedigitd esults of a

.Since lgcally-in-order, sanpli general ly takes |ess
strobing o4 loqalli-pedsy Wévef%‘ahﬁmvg&e% 1 fhis pragples as%@gtq% plablerdata

signald 23%, DEEOMRINGW. aliQtSSitiod gjﬁodSQS_ﬁ M8, EECH M8 thothihchBSition
foIfOMAng par agr aphs. [0034] Since the strobes for a

time, ggherally dosispiied subbeof thedodalip-an-byder strabingein FiguneJd. apecondingly,

. subject .t0o ny.of the proble as jated,with .. .

since VIR GY dnterspt AT 1A o eeT e A AP p bt gansiion periods

need td chitaBed fol d¥eer@inegitter. OThOdcdkitDa FREbD@r el Rir €hd timBition regions
one strobe is taken for each repetition of the test

of the lgeallyeinrorder srpbing cwble axprrsead asI'sxhkyliisigr/ Treso Fiemn thip fransition

s S CRTRLAGS BB it e oL Fsine
frequenvy tstisitivdyhif dwenedshenzanie hiftusctioh of Aequisitth@rtinad)d

out - of - order.. strobi ng techni ques w thout the probl ens
[0037] o %?f{eﬁ@s tp St SR ae’sesl}plggie aePaical Fepresgutation of an

undersdibdy DEHBYic SRS 6HA ggrfef‘éll;# & 9@? With Bn RS 08& c&ﬁisﬁieﬂ% Hine
: are utilized in pérformng frequency anal ysi's of the
presentiavestion i pvdded. | Imghis Binbodiesn@ fimerictvaien apsseomvetstrdies is increased

illustration and. it i.s upnderstood,.that an nmber_.of
by a fagbs ofe oL & istionsing TR s Sdimats PRSPy Fisire 3b
illustrate® ARtHhRal ﬂebltetsﬁﬂatﬂ_ﬁgﬁia‘lé@ﬂy-%@ﬂrd@ﬁstﬁ?b%pgf&eﬁggle @it?tﬁgn periods (Tpar

function of acquisition tinme. An exa | _
306) off P gienahd 02ifrane Figweaytd avgdeidion terepBareanother, rdspectively. Figure 3b

illus&a%??%%%@%éosgﬁ ec@t%jgr &%&%%_3@@, _géégg%()eud aﬂd“s()%ilé?éﬁb%et two SS;
including strobes 3063, 3067, 30641, 306,5 and 3069, subset three SS; including strobes 3065,
3066, 30610, 30614 and 306,53 and subset four SS; including strobes 306, 3065, 3064, 306;3 and
306)7. In this embodiment, the effective resolution of Trgs is the same as the previous
embodiment; only the time Ts between strobes has been extended and the total Tacq time is

increased accordingly.
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2c. In particular, Figure 2c illustrates how the

magni tude of different frequency jitter is captured

during the acquisition period associated with Figure

2b. As illustrated in Figure 2c, the total nagnitude

of high frequency jitter 254 is captured within this

acquisition tinme (T acquisition). However, the

magni tude of md frequency jitter 256 is only 70%
0038 Capk%fe%. €3 ﬁ@ Bhe £ SR tﬁdet['A o th
[ ] only 30%%@pt edgvavllg %I seag%ygnr:fﬁﬁ%n tllrre 8%%%‘1% othe
embodimers @it gundsGdhi 1srﬂ}mt31$ated Ilnhhns pmbsdintent witke ﬂIelmeased]a:qulsmon t1me

n ti r increas or decr

352, ﬂﬁsﬂéﬁi‘f&tﬁb’g SRSt BUEI Feqianor R o I RoBEs. Adpreover, 70% of
the lov Erb{RhcPRAISB $s caplR&E Aécﬂfcﬁﬁg'l?tth@ﬁcre‘é&qﬁ laERAkifidh time has an

calculatejltter is determ ned as we wal k across an
lrnpacteffnfté@ fmwneyj gunpqn@nts and ogseduiently ‘é]bfae‘@umvcé jiethht iofletacted by the

Str thetran I an ac Jtlon r
measufFleRE ] 888, At el BEAER * @B Ssbdiohion roPed wiFedipt o
low frdqudBygmreEtlﬁﬂ hshIfRPOE&S fitte. | 196w Sler, tah enclégE IrPdcqhii8idh tigne allows

of a strobing of ancaIIyln order waveformis

more of thpipwekifrequeneshijtier ixeigslieto thrampasyrement. sin gaibedignents of the present
mventlég%lﬁlgﬁag g@?aﬁé gg:%t%dz s%?grt%gﬁmé{: %al%igtml %n[hg § %na? gs sampled, the

acquisitien einse ik yheﬁhgsd pyakedsingthd4ime &ftwédhdoéaﬂyah-lopder sraisleA ficr all the
ﬁ? g in Figure 2d., Accordi ngly, since we are only
analysis hpgheed campicipdIiisr maghitideid A ficHpb aGacasiition fgnongp e expressed.

Moreo%}l ¥ndd RS FrellcABP bt _.atﬁeg gétyﬂéasu%e@ alighd gs? g{l@lk xgﬁgs 1;.(91 time,

determne jitter. uisition perio
we cantdlfe) @pmsspttar@n arfmg:utlom gf frefuentye Sineadatly resmlt wiltlemtain the jitter
can .he ex itter/Tre

freque A OB R S P B T Gh i i s oot diferentae

the reshlfsS6 dSREMInS ESjitier VelenBles WBiINERSHELIRMecaN be
determ ned since thé frequency sensitivity of the

[0039] e abyamethen embediment, the tab @isién timg betsieen malﬂyﬂneord@r@@@bqs and

consquthlsrés c ngmg‘?ﬂgﬁi (%#fle a]néer 2 eggum; gnrt Ce X w%g %f& Rgll reglﬁ il e time
betweeg emngdlﬂl-m@t stadhds Mthbut%ﬁbstdiﬁhﬂﬁl&ﬁﬁgﬂl@%’d tohé b&Weéd ARbEY, Ts.
present invention is _provided. In this

For exaé%@dqh??éﬁfe erytp e apholivean dbwSeted in iguies st Figure 4a s a

i PSR 0 o LA O L Lo AN, s

one embbdineht aff the pasant apyenttal andeﬂagm's ébnisad gralﬁhmn‘l rapresentation of the
o | Ly-in- L robj th fteep periods

periody Fiki St 4o ELR AN B8 op B P N SRR Py oA

111ustraféﬁ it ORue 4008 vEDRL H@ﬁf is sirBBRIESTshiBleY by EirGHEs Qf0§0tt}11'0ugh 406,;.
| lustrates subset one SSI including strobes

These Sm’bﬂs, sB3@88 A0G0BRhAM.30616 ] ccivty BOSltimd $S§31bs¢tsl S S U thironggh

o0 o RARCERRE S P B0 A U e o

and 4080 df IBEXS sansle sp&s@by BOTY,-SPF:cisHEIA+Eb B2 s&bséabﬁ&le%%ladlmem
3065, 3069, 30613 and
illustrated in Flgure 3a. However, in this case the strobes are spaced by 3xTpar + Tres/12 instead

of 3xTpat + Tres/4 in the subsets as is illustrated in Figure 3b. Moreover, since 3xTpar +

- Tres/12 is approximate to Tpat + Tres/4 (which is the spacing in the subsets of Figure 2b), the

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

" subsets of the embodiment illustrated in F igure 2b. Moreover, the total acquisition time in this
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30612. In this enbodi ment, the effective resolution of
T>ns is the sane as the previous enbodinent; only the
time Ts between strobes has been extended and the
total TACQtime is increased accordingly. Attorney
Docket No. 05-2006-US -2 7 [0038] Referring to Figure
3c an exanple of the frequency jitter magnitude in
relation to the enbodinment of Figures 3b is
embodithbHSHil1 Bk €8y ddde %"th% t&&l’%&ﬁﬁﬁeh t1YHet(§Tf%¢tF§ ot ﬂﬁreﬁ%%ﬁgnent
acqui sition’tine of the requency
illustraggdinRighré 2o qamtjlngly,tmelms Bﬁbocﬁlmentatitewpqa.dsltmmmﬁ\beMeen locally-

70% the | ow f nc ."tt 8 is ca red .
in-ordek ey 11 R e BaSE I oGRS S e afusted by
increadiffPe tinRbeti@n 16 Q01N 6) L AFIHREH fithut %ﬂ@t&ﬂﬂﬁ)@&i&ﬁ@ﬁlk Yhe time

the anmobunt of jitter that is detected by t
betweemgsirebesedh®dnt . As il lustr at ed ajitter rreasur enent of a

gi ve ion er|
[00490] fr eq%% ﬁlcsglysjsff’ci z%bove tﬁ erﬁ §a 3&33 or g%/rolj;eistpfer tPta? %%s1té?11 period

can vahnd Ak @A&6t s A6lithBéd ﬂoqrz;etebmnaint ONBreol®| B dk ehib®@diment of
| ower frequency jitter to enter into the measur enent .

the prepent iy bandsridthief thejittes measurome i aginsted dppnareagiarthe
numbe?ﬂpgt%%trssaﬂdsthé E@ﬁ@;r%gﬁfﬁﬁﬁ/l@ Et?tlsetts Ipt R ngﬁl%g 31115&3 'flﬁ?te&htb%ue

signal 1's sanple acqul s PPS™¢han
ﬁmher|aﬂowe dsitagdwidéh ¢f the mbetivenamt toolsaintrgaded muhdsﬁn&t:asﬁtgethe overall
After all the, analysis _has heen conpleted i
acquisifaR ey ddaiBe g At OV BAl Sratiden Wnes SAmpert ot aoeping the ime

requlregw{egﬁasg@frsh reover, since the frequency of jitter
that gets nmeasured is a function of the acquisition

[0941]t | nEigurefeis @ dhock|dagram pf & ksally-int-enderagrobing system, chowh generally at

500, ac]c?r g}get ggmh?tﬁwejat cir }?e]rg%nF W\Q\Hgggu %nt al ggb cgtjﬁies automated test

equipnRROIATER) 50 Qhtit %c%iv@@oﬁd dPasore WBtpaedgshld S0Ar SNt fréth @ det {28 under test
results to determne the jitter frequenm es wthin a

504 ang} gravides pa putpRihfls to pEOBGIsor HOGIM erdysie b odé prebedimepie ATE 502

T e
emboditaent, baffadf0ssis @difiyertiabbefts iand rdcbived differentisd tdapefom DUT 504 via

l.ocal Ly-in order strobes wi t hout subst antl al
output %‘H‘é‘ﬁ '%aqdréé t iLkg OB PR BRss aunub pigaals arg buffersd ﬂdﬁﬁﬁtu@”ered signal

is comﬁr&ﬂ%ed kfefdike Elgnati h'ﬁr ﬁ?gﬁgé{ﬁ%&gd h@nﬂ {of telideRe Rk W’leg?rformed

and 4b. Figure graphical representation
as exPeawdu hdmeswﬂmdudemxﬁ siaghabhold lprasergimgehaddgy tratsidi@Oyoltage. An

out SE SRR 1% R SRR TR o8 L B Bl et St

The ou@ﬁf biotﬁ§ c&hpdPhddr $10RFd it adch it QMr ®r ézﬁhﬂl ?'bk ﬁiedm{%@fom
op of one another, respectively. rated

based Omasgmpbngt@loclv\ﬁﬂﬂeﬁrgtlwd b4 sms‘cmlmibw Mhn@tledc B is fed to
counter 3122 Ssl’atéaoéﬁ anlar 2 ugfel:s (AJ'P 1%2 :bUT waveform are obtained. The samples are

stored in memory device 510 for transmission to processor 506 for further analysis.

[0042]  In one embodiment, clock source 520 is programmed to strobe the DUT waveform
based on device specification and user inputs. User inputs are specific to the DUT and the
desired signal information required. In one embodiment, ATE 502 further includes a user input
device 550 that is either integral or remotely coupled to ATE 502. In one embodiment, sofiware

to perform logically in-order strobing resides within system 500 and utilizes user inputs received
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These strobes, strobes 4060 through 40621, are

sel ectively positioned in subsets SS 1 through SS10

as illustrated in Figure 4b. In Figure 4a, strobes in

t he same subset, such as strobes 4060 and 40612 of

subset SS1, are spaced by 3xTPAT+TREs simlar to the

strobes in the enbodinent illustrated in Figure 3a.

However, in this case the strobes are spaced by 3xTPAT
from uber ifue/dévict 550 Radiculie 4 TRAY s%stéFﬁzg@(’f foriftel AP DRGNS

as is illustrated in Figure 3b. Mreover, since 3XTPAT
embodimemREst ihpuis snchydsrang ionwmioee efghd FinfFeriod kREs]t Ant¢rwhl afhibe jdtter

measule o R BRE BSbE R TR U E AR AT TRAveS st RgPlng

resolutcH @ISR AUiEEr 35 pathen FhE@RRS. THE jitRe meadRSEhSind{catefhich DUT
enbodi nent illustrated in Figure 2b. Moreover, the

transmitaying willchpunessutiedn The bigs ek petara areAhe wimplesy obbisadtthawgpeating

e 90 e S SRRl BB At i
frequendyl (Riemaindelr éfipatterguertitions iAdeaeshdglniny timied ol diectively walk

enbodi nent, the acquisition tinme between |ocally-
across fhe rgpeaipg DUTowaelormRpieBnsequent | y, the bandwi dth of

[0043]% E:Iﬂt %ﬁ%ﬁboﬁﬁ%‘t‘,@?ﬁ%ﬁo{ 5660sel e bRl ta%e_ds%g‘huﬁuﬂs? hffdevice

et ween y-1n-order-stro es wt
data tosalestatentnddnt jittetRynditedD Ui evaviefoem. Hetthee dmost ensvelémenksuser inputs

. [,0040] As di scuss bove, .t he nunber of  sanples or
receiveg g s Tt I S GRS i e v WAy Bgpuremen

bandwidMsS FuRK&NHIGR ohSeIdithbil 8ot OrodesBhe feiclP ilbrder strobing
Mor eover, in one enbodi ment of the present 1nvention

residestwighip aystmn §@thansk utilizes yset inpnts mergived ovriser wpuidjenise 60 by

I ncreasi ng..th unber. of. strobes and t.he er, of .
caleulal a7 Rp oM S0 B PRl R, PRE vilky QPR s o
one endbadinkeat, paddesHoB 504 W@seh Bidddultt Froff mblfiplcTRaSHERBRB o &HPrdE jitter

increased w thout increasing the overall acquisition

magnitpdegs a fypstianafapasidomiime gydtier as adenetion of Beaueneses i s

i np - f i i, {TE i
100441 PO g TSR % fopRally foral AL EE SochBab Shothn Bkl o
600, adcoclirlg ty-one embettiment ofals prgscayfiveitions Mhemegwdeoaiphiyesat

500, .a porﬁing to ope enbqdi ment of the present

asynchyonously figHallsgrdersampting # AvTisrrdlenigiidRktia guipgsyaveform. The

methodSBiRTRBO1 $ATEhn iRal ifiithg bEGRLY GRHLRIR B to AR Sy LA PUt
signals 501, 511 from a device under test 504 and

bandwidthafréqiescyalior auingial ns@direoed. At 66w strolifgof PUT output waveform

. analysis. | e enbodj t. ATE 50 i ncl udes puffer
using o 5ymtFispopstord Has Gl HloBE OB CPBOE PRI gprped. Data
_ obtaincdGFRRHREObIAE & stdrBd D4, AKR QRIS is idhl851yRQ80 dSteAnine jitter
differential buffer and receives differential data
- for the fnigighbpudwiddvfreguancy at 606. It is then determined if more jitter frequency data is
required at 608, If further data is required at 608, the spacing between locally-in-order strobes is

- adjusted at 610. The process then continues at 602 until no more jitter frequency data is required
at 608. If no further data is required at 608, jitter as a function of frequency is determined at 607

- from the multiple results, each of which pertains to a different measurement frequency. The

-~ process then ends. In one embodiment, jitter as a function of frequency is determined at 607

~ based on the fact that jitter magnitude can be expressed as a function of acquisition time and

- -since the frequency of jitter is a function of acquisition time, jitter as a function of frequency can
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out put signals 501 and 511. The one or nore output

signals are buffered and the buffered signal is

conpared to a reference signal VT 503 (an expected

signal) to determne if the DUT perforned as

expected. In one enbodinent, VT is a threshold

representing the edge transition voltage. An out put

of conparator 516 is representative of the | ogical
be det AR, e AEETo Bl Pish HRAELR e rARF@ A1 oh dhllfoquation
Tacq_ganept Ty Nof Tiitte/ Tresehae M is deSed carlies ampTjity icthe pkakid peak jitter

ource clock 520. Sanpling clock 507 is
Oftheﬁ(ig[d‘?‘%pdt%%ﬁfgp 512 and | atch 514 and sanpl es of the
[0045]DUT RARY-8H LI ALE 7oA S1RE: forl: H@exﬁ%‘ﬁrﬁ% fferdh § wa%fahgdssoam

msrmr(i;)r devi ce 510 for transm ssion T0 processor
generaflyat 74{k aeverding il apsiembodin@apdf the prssent drvbwidine ptovidedo Fiest at 702
0,Sstrobe th

the i ST Rl FeelSrCRLEPRF e Ry ok el e P R s i

sampldmldteﬁdﬁg at ﬁl@ et bik Sanfyfled. MoENIT I Atd WEl collSist Jf %él@dl@'lﬁlws or
information required. In one enbodi nent, ATE 502

Highs pyrrqumded pydatyefabe sampssiate; Apio4, thidivansibion segiqnsare idgntified. The
tran51t1%htr%g§5ns' a?é ﬁgﬁﬁ#edoars a Sgtrg}tdg aycogf%m%ezgms&ufg‘%%zg gg anci dOl’ng E}IEG the

I ment tware  to pertrormiogically Tn-0

exampm 1l’1@h)g|.mg 2d.eSemtesllya hilé i3 iRydddacndbiii: @i sqial'dmsZcﬁﬁ tltaﬁﬁﬁon region
uts, recei ed At t or ney Docket No. 05-2006-US -2
from apotfi; Fok FXqmmalef Y gpa dn 5 Heve I senitinsiie caviyalenal pnit Snterval

(UL)/4 SY SERRYsBR0 ah Pliffetent 8t GAPHUESsidet Td%kﬁsearglg?ﬂgéﬁ%{gmon region.

user |nputs I ncl ude one or nore o
Moreowgri ¢ génerad e fis aifo nehded thtigrere date thetmey pidivaie 4 transition region at the
nunber of bits per pattern, the

begmﬂ{nﬁrodg]? e%ﬁf 38’??’9&% ®ing resolution and the nunber

[0046]0f Pkt 84ch tFaBIBbn foPRSndiddIS: dd épb%ntr% Lé'i @0@édMSulations are
i ndicate which DUT transmt pinhs will ‘be neasured.

performmgrbtofsietosmine thydanderddexiagion hbeash tisnsitiorf cdgiet 4t 308, tthrestandard

The t ar ffec
deiadb RO BT LBE BT S o GO e
averagé memuem:y squiReaveragbef the brafkiird déviaticaRAall tthetfihsitiofl ir§36:8S For
many tinmes to effectively walk across the

Practlcslé’a%% resiandapdeyighion jsdbe I@ﬂiipmplsem%tbovsh ibpy contain negligible
amoun%'m?%mer aﬁﬁ &% Oft 1?@% rifRfom tltlfb‘? (ﬁ‘&ﬁ% S?gldglglt(ﬁ’v‘lattlgl% that is

user inputs an eVI ce data to cal ate ran
used inj einﬂIOdrmﬂts affth¢ plesdﬁtjﬁvmmfto erprefayitteh ey a functioreof frequency.

enbodi nent ei ved from user inp
[0047] G RE SR by B arottods el S Ded AT A impiesagnied by a
locally-'iiﬁ-ﬁﬁié[‘ LGV syRRAM "Elﬂ;daﬁnelﬁs%f (ﬁ%{cé ftlal ﬁalké'\lpptﬂ@ locally-in-order

nmbodi ment,” software to performlogically in-order

S‘frObmS BYStIN: gy be énpldesnted Utﬂlgltzéydﬂmnmﬁ Olpcuatny oo wiithi azpeegrame‘mble
' S re?el ved.from user g devi Ce 550 t
: processor &l(J)r example, a special-purpose process T Or a general-purpose process or such as a
computer firmware, software, or in combinations of them). Apparatus embodying these
techniques may include appropriate input and output devices, a programmable processor, and a
storage medium tangibly embodying program instructions for execution by the programmable
processor. A process embodying these techniques may be performed by a programmable
processor executing a program of instructions to perform desired functions by operating on input

“data and generating appropriate output. The techniques may be implemented in one or more -

Attorney Docket No. 05-2006-US -2 11



cal cul ate and setup system 500 for nmultiple jitter
captures, each with a different bandwi dth. In one
enbodi ment, processor 506 uses the results from
mul ti pl e neasurenents to express jitter magnitude as
a function of acquisition time and jitter as a
function of frequency. [00441 Figure 6 is a flow chart
for a logically in-order strobing technique, shown
progra@RRitald dke@ltabl® 0P a pAEEMRHINIE s d}‘sﬁénpﬁ'ﬁiuﬁ{ﬁg%@leﬁﬁ%e Bfogtdi®mable
present invention. The netho rises
procesa@wqapﬂpd) m@swe @htg mtdamtydcumpeﬁr@ammldutﬁ ga@nutedﬁtt anduinsfeictions to,

a data %ralgg gs#c-rr% nal(t) : alon{e rﬂu Ile%%cregt \%éd'] it I%afqt %}g tpkl)lgg%v&e i enera%ly,

procesadtiiflteceive ihar@dbrdtnd fdﬁt@ﬂi&ﬂ@ Yeafl@nlyaAerhdytandor a random access
measurenent. At 602 the strobing of a DUT out put

memOWa\ﬁé?rég%leVa@F Aytable fasinaihlyemhedvias serrwakragter igstructions and

|
data ing R8I Yor 0P hOR ko Bhlc Rty ST bT AT oF Bl scifibdhductor
memontdevizds, dmﬂﬁaslkl)iﬂ’HOMnEEI/ﬁ?)M and ﬂ@shdtﬁérﬁdéngidﬁleicécs:; hiatgﬁeticfcﬁsks such as
) t an t requenc . ) S
mtemaig ﬁﬂ%lﬁ%'éaér d‘?VY'eﬂ,' SeRAEIFe ﬂ&»s?(a;aqné 941% kql‘ég(fﬁﬁlﬁ-e@ly of the
foregofile ffthe shﬁglgﬂﬁtg@ﬁy,%hﬁofp%rzft&gﬂ' e @aﬂ%d %edta 1cat10n— 0pf::c1ﬁc

spaci'ng ween | oCal l'y-i'n-ordefr stro dj uste
lnwgmaﬁlﬁmﬁﬁswﬁﬁcﬁkocess then continues at 602 until no

tooasig'cy RutpidicipsciFE S Botitedid e troh T ELanddestics peraitogt will be
apprecRited ¥yAHSRVE Yrdidard SR I8 8 (Rt aﬁ?&raﬂgéﬁ@xtt fficHH ddldfifed to

resul'ts, each of which pertains to a different

achieverthgsame| PRIPOSE, Fesgbe ﬁ@lgstlwmlefor thespeailic crhqulmpa@s shown. gkhds

|tter fupction..of uenc
appticHIRTE Il leolts i Bheioihof 1R iSn RS pfcion
Therefomi is Md:ﬁdétaﬂaﬁtﬁls enRheesed idRed@odly B tHe@MuiMb and the equivalents
acquisition time and since the frequency of jitter is
thereofy function of acquisition tinme, jitter as a function
of frequency can Attorney Docket No. 05-2006-US -2 10
be determ ned. The equation for acquisition tinme used,
is the transition acquisition tine equation
Tacqg_trans = Ts x Nx Tjitter/ Tres where Nis def i ned
earlier and Tjitter is the peak to peak jitter of the
DUT out put waveform [0045] Referring to Figure 7 a
flow chart for determning jitter in a waveform shown
general ly at 700, according to one enbodi nent of the
present invention is provided. First at 702 the data
within a sanple region is | ooped through one sanpl e at
atine, starting at the first bit sanpled and endi ng
at the last bit sanpled. Mbst of the data will consi st
of logically Lows or Hi ghs surrounded by data of the
same state. At 704, the transition regions are
identified. The '
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transition regions are identified as a set of data
containing a mxture of zeros and ones |like the
exanple in Figure 2d. Generally, a rule is needed to
defi ne what separates one transition region from
anot her. For exanple, if the data in a waveform
contains the equivalent of unit interval (U)/4 of
steady state, any different data will be considered
the start of a new transidiQmsegi on. Mreover, a
general rule is also needed to ignore data that may
What isghiiimed 8 a transition region at the beginning or the
end of a sanple region. [0046] Since each transition
- region indicates an apparent edge, at 706 cal cul ations
1.  aAgittepRedueheEdbidrRiniel Sistthi) ehetHstemicangekidgdevi ati on of
each transition edge. At 708, the standard deV|at|on
of coamnargiprsdapted frepayg Brienst ancquitit sigpdldron  deyiee under test and
t
compolTAEOLARN ek APl So 0Ly By AR elup RYERAYS, Sl AR
patterithe transition regions. For practical purposes, the
st n ard deviatjon is the ndo jltte al t hough it
(b crdile] Pareiee a st Baesd Qses mpdts, Whegein the
user 1nbﬁ‘f§ cbinpfise 4 ﬁmﬁb%r bhEits R gﬁ’@f)érlo‘iito? khelrEpBhE P@cte?ﬁ %ﬁ&fgﬂgof a single
deviation) that is used in enbodi nents of theé present
bit penody@targem pifeative samping rpdolution and a aumbercafitomes 6 sweep the repeating

et SRR D) 0O R L ot

adjust tHeGdabiremBniMafl@kided, r obi ng system Enbodi ments of
devi ces that make up the locally-in-order strobing

Fylgtchingpirguibedapied lte pletpinsampled dpigial fhe autrid sigaiageording to the
smnlﬁ% try, or with a progranmable processor (for
P e, a special -purpose processor or a
ganamaﬂy dewicp adatqdrto e@ssthe samipled d&ts; sad conput er
firmware, in copbinations of t hem

sof
Wa?eam@d@%ﬁawﬂgzq the sleredidatainidgiganingdiffes, H@msfer@ssor further
adapte@RPE PJSE?&%ASE%CUQHGfﬁ‘ RHLy devi ces, a progranmabl e
processo storag nedlun1tang|bly enbodyi ng
progran1instruct|ons for executlon by t he progranmmabl e

2 RO TSP LBl BRSEE AR R

smnpbgrogran1of |nstruct|ons to perforn1de5|red functions
by operating on input data and generating appropriate
output The technlques may be |nplenented in one or

t No. 05-2006
% v SELRR ) BRAEh P brar it Sbab byt oo HifBsipa of

1henmaﬁm@@aﬁanone programmabl e processor coupled to
receive data and instructions from and to transmt
data and instructions to, a data storage system at

4. é[‘ﬁ@%% st&H Bf éeblgﬁlr'? \gl%Yélﬁ Bhe p%‘&sé%tr c!ﬂ@ﬁ'lﬁ{es BHESiR LPLER edge of a single

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

5. The system of claim 1, wherein the processor determines jitter magnitude as a function of

acquisition time.
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processor will receive instructions and data froma
read-only nenory and/or a random access nenory.
St orage devi ces suitable for tangi bly enbodyi ng
conmputer programinstructions and data include al
forms of non-volatile nenory, including by way of
exanpl e sem conductor nenory devices, such as EPROM
EEPROM and fl ash nmenory devi ces; magnetic di sks such
6. Phe dyglreﬁlr(ff%iailﬁaﬁ netiedihe ﬁi%ges%m\’@m!irﬁ:s ?i'ttg'lki?équencies within a
magnét o- opti cal di sks; and CD- ROM di skS. Any of the
particilarriegoénvy ragg. be suppl emented by, or incorporated in
speci al | y-desi gned application-specific integrated
circuits (ASICs). [0048] Although specific enbodi ments
have been illustrated and described herein, it will be
appreci ated by those of ordinary skill in the art that
any arrangenent, which is calculated to achieve the
same purpose, nmay be substituted for the specific
enbodi nents shown. This application is intended to
cover any adaptations or variations of the present
invention. Therefore, it is intended that this
invention be Iimted only by the clains and the
equi val ents  thereof. Attorney Docket No. 05-2006-US
-2 12 CLAIMS What is clained is: 1. Ajitter
frequency determ ning system the systemconprising: a
conpar at or adapted to receive at | east one out put
signal froma device under test and conpare the
out put signal to an expected signal, wherein the
out put signal has a repeating pattern; a clock source
adapted to produce a sanpling clock based on user
i nputs, wherein the wuser inputs conprise a nunber of
bits per one period of the repeating pattern, a length
of a single bit period, a target effective sanpling
resolution and a nunber of tines to sweep the
repeating pattern, the clock source further adapted
to change the tinme between locally-in-order strobes to
adj ust the neasurenent bandwi dth, a latching circuit
adapted to obtain sanpl ed data of the output signa
according to the sanpling clock,

Attorney Docket No. 05-2006-US -2 14



a menory device adapted to store the sanpled data; and

a processor- adapted to anal yze the stored data to

determine jitter, the processor further adapted to

express jitter as a function of frequency. 2. The

systemof claim1, wherein the user inputs further

include jitter neasure pins to be sanpled. 3. The

system of claim1l, wherein the processor maps the

sanples onto a single period of the repeating

pattern. 4. The systemof claim1, wherein the

processor calculates the jitter of each edge of a

single period of the output signal based on sanples

of an associ ated subset. 5. The systemof claim1,

wherein the processor determnes jitter magni tude as a

function of acquisition tinme. Attorney Docket No.

85081008 o{UB ternifidg Grcqiitrey symp@rntfofgittal in dwawtiene it thé@od
colbfGEssor determines jitter frequencies within a

particul ar frequency range. Attorney Docket No.

05- x0dectig a plutaldity7of 18caliptihedd btrolstigr ofi the wgvéfbeguency

co

conap g n bt Plint A IS S ) ARUPTH IR srobings,

st r@msﬁgsgﬂftett dye0 ol Wik mach IQMNgnmgdqrstrabiqg; aidt i on

ti r

oo s A AR RATE SRRy badel o BB o tered with
cach chaggr gfacagritienetinas-ni ning jitter as a function of

frequency based on the neasured jitter associated with

each change of acquisition tinme. 8. The nethod of )

c| aitamethptbeialpincharhisreig chansingdhepevisitm imeref efch derelly-in-order
btrobiﬁ‘gahﬂtﬂe'r lcBmPFit&Tone SF fritlialifl & dgj{)i bt I Ioéaﬁ ﬁ'@d&fsh'obes and

I Nncreasi ng .a spac bet weén cal ly-1n- ord strobes
decrgaging the spedng hgw ?%?%ﬁb’cinrfgdﬁémﬁé% | ocal | y- | n- or der

strobes. 4. The nmet hod of claim, further conpri sing:

expressing jitter magnitude as a function of

ac diie Sathastpiiq qa@'l fu cr comprising:

expressing jitter magnitude as a function of acquisition time.

The method of claim 1, further comprising:

determining fhe jitter frequencies within a particular frequency range.

The method of claim™, wherein measuring jitter further comprises:
Identifying transition regions in each subset of locally-in-order strobe data; and

calculating the standard deviation of each transition region.

The method of claim \l, further comprising:

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

The method of claim, wherein conducting a plurality of locally-in-order strobes of a
waveform further comprises:
asynchronously strobing the waveform for each locally-in-order strobing; and

mapping strobes into associated subsets to form subsets of locally-in-order strobes.
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10. The nmethod of claim, further conprising:
determning the jitter frequencies within a particular
frequency range. 11. The nethod of claim, wherein
measuring jitter further conprises: ldentifying
transition regions in each subset of |ocally-in-order
strobe data, and calculating the standard devi ati on
of each transition region. 12. The method of claimll,
further conprising: calculating at |east one of the
average and root square average of all standard
deviations. |;. The nethod of claim, wherein
conducting a plurality of locally-in-order strobes of
l4a  vemedtinenchdubl@bdioMNVIHESSstnREY TSR0 Blésdon 5t ﬁl@pésglﬁg jitter
nm%&ﬁeﬁg%gf rn1%§ each | qcally-in-order strobing; and
mappi ng °s 13°§§§8% GisiBghset s to form

subsapressdg jite aialgyztmd&-a@ lad@fictivhlof B€fusitidkbtihé, and MAChIi ne
red thereon for

rea medi um hav tructiqn

proc§9§5n§1ﬂk?9e?%Hﬁgg%ﬁﬁﬁﬁﬂﬁ%ggﬁ%%ﬂﬁﬁg?%BHQX8#”““”“aﬁﬂwﬁOHOf
&wﬁwwwagsnngr conprising: expressing jitter magni tude as

a function of acquisition time; and expressing jitter

as a function of frequency since the frequency
15.0f j Tha l@ﬁchllse madabhcinsonctiohs of disinaby futlick compiiding. 15.

ThegddBaRL nstructions of claim 14, further
conpr|S|ng J&§%?%$%ﬁﬁ%ng jitter nmagnitude. 16. The

machi ne readabl e i nstructi ons of cIa|n115 mhereln

16. detﬁ{cm)zm}ﬂg: ﬂcﬁ&aﬁ:ﬁsﬂn%oﬁs é:jfeclaumulrSt hﬁ rem c{/'mlr‘)]ngolﬂtaeérmagmmdc

i dentifying transition regions
ﬁ”@ﬁ&%ﬁﬂ*@esand determning the standard devi ati on of

eagh 1€ h|n read bl e
i nst ?ﬁfg??% nlutsdbbgﬁm{ %O%D i%;?\/ﬁ%;:é];—%&n Yer mnr‘ﬁ’ F’i% jitter
nagweff&ﬂléngﬁleﬂané#rdéemhmseﬁe%ha‘aM1m iegpnat | east one
of the average and root square average of all standard
deviations. 18. Ajitter nmeasurenent system the

17. y Jibg HaEBiPs reagipblg instructions of claim 16 wherein determining jitter magnitude

further comprises:

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

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

a means for expressing jitter as a funciion of frequency.

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

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

20. The jittcr measurcment system of claim 18, further COmprising: '

ameans to determine jitter frequencies within a particolar frequency range.

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

comprising:
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a nmeans to take jitter neasurenents in a

| ocal ly-in-order strobing schene; a neans for changi ng
an acquisition time in the locally-in-order strobing
schene; and a neans for expressing jitter as a
function of frequency. 19. The jitter neasurenent
systemof claim 18, further conprising: a neans to
express jitter magnitude as a function of the
acquisition tinme. 20. The jitter neasurenment system
of claim 18, further conprising: a neans to determ ne
jitter frequencies within a particular frequency
range. 21. A nethod of determ ning frequency

comstrnking s veiveloirh heving A repeticive patesn; t he net hod
comps i Si Ng; strabi a wayeform having a repetitive .
ot ol iockit B LAt (et S ER BER e Gty GBink s rgpetitve
patiern épledansubséiy of lonallyeih-drder stepeti tive pattern
I nchudiz .of local Ly-inzprder. strobes.
| ocat | ﬁ’%’g?%éﬁg’?%‘?%ﬁmr‘é‘g‘?%%%%?% 0]{%8% g’u’ﬁ‘éoéil%r Sgcf’bes’
| oc dftesyminingarmiom Ktterebwsiateddiot exchitmbsigor mattanagd t t er
ass@gkaliefof t A | on; and
determ ni né’%ﬁ?@ﬁgﬁ #ﬁgﬁic?eggeer%ﬁﬁn%ef requency range.
22. The nethod of claim 21, further conprising:
22.Chapgd AgmbASs LILGIYE by one of increasing the
nunber of subséts 6?&¥5%3?9§99%g'0rder st robes and
dectheaging tha frsuprayrergcdy enshedtacasing themirhlyoriofi sasst@rof locally-in-

ord&dt sl’c:@%%d d%greasTﬁEtng%ﬁl%gr 91): subkddl 0% Iggzé] tilli'-ro'i-&c?rstmbi ng.
conprising: adjusting a tinme perio &t Ween
| ocal l y-in-order strobes in each subset. 24. The

zs.netfmnaﬁo@bmlﬁhgﬁ,,ﬁm%&%ﬂ?ﬁg' gisting the time period

bet ween | ocal ly-in-order strobes in the subsets
f urdHSHNg  peinsEed befeer lacally-itherdenstebesizparts subisein
time to strobe the repetitive pattern. 25. The net hod
24 of ¢laim23, wherein adjusting the tine period between
- | odderetiod ficlpdm 235 whepsisadipsting dhestirne perip dihetwerarlocally-in-order

stroB@TRHicsRBict MG AgAksd.0nal strobes to the

Iocg]l -in-order strobes; and
adjusting the total acquisition time to strobe the repetitive pattern.

25. The method of claim 23, wherein adjusting the time period between locally-in-order
strobes in the subsets further comprises:

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

adjusting the number of strobes in the subset.

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

determining the standard deviation of each transition region.

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

comprises:
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adj usting the nunber of strobes in the subset. 26. The
met hod of claim 21, wherein determning randomjitter
associ ated for each transition region further
conprises: determ ning the standard devi ati on of each
transition region. 27. The nethod of claim 26,
further conprising: calculating at | east one of the
average and root square average of all standard

devi ations. 28. The nethod of claim 21, wherein
determning jitter as a function of frequency further
conprises: 17 determ ning an acquisition tine of an
associated transition region; and associating the

ac qgrisintipipg apiapguisisien dhetodn wbdobiated @rahsi S FpidH) ah €91 ON
Wi T BosBeibiffime Q&}{ﬁsiﬁ&r?ﬁme associated with the transition region with a frequency.
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