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METHCOD AND APPARATUS FOR MEASURI NG JI TTER BACKGROUND
OF INVENTION 1. Field of Invention This invention

woebmtass7general |y to el ectronic test and nmeasBCEUSHI0S/034945

equi pnent and nore specifically to the nmeasurenent of
jitter. 2. Discussion of Related Art Jitter is a
characteristic of periodic signals that is often
undesirable. If a signal is perfectly periodic, it
will repeatedly take on the sane value at points in
time that are spaced by exactly the period of the
signal. Jitter is the differences betmeen t he actua
time at WHEIHOREANS ABPARAYTS FH s@@iﬂu@ﬁgﬁ*ﬂﬁes
at which it should recur in a per ect y peri odi
signal. Jitter mght be introduced into a signal by
many sources, including electrical interference that
creates noi se. Approximations in representing signha

val ues and .ot her egAQRGROUNTCORGNVENTON al |
contribute to jitter. Some amount of jitter is

hnavﬁldlémféﬂ\remlen{ery signal. If the jitter is a

rel at4.v ctio t i,od.of the signal,

1 Do IR el R R et B sment
ahﬂrrﬁchibtspediﬁi@ﬂlyQ@ﬁfe&h@s@féﬁeﬁﬁoﬁjhtﬂdﬁa' However, sone
circuits are designed assum ng that the si gnal s they

process have a speC|f|c period or take on specific

Q/al u%lsalssgﬁ Fk%ﬂlt%dh If there is too nmuch jitter

I'n these's e CIrCUItS mght fail to operate

propé&itker is ﬂclﬂa@ﬁdtérwmlc of peiicdidsigBalo thae BIdfRhNmEERbIONF & signal is
components . is the abil ]t to operate even when i nput

b igHihY Retiosice 14 WilliTepeatqgiiniaks pR Hepasems Weble & oRAINdERe At are
Cbﬁ/@ 3
SEt e tX§| %E g@ﬁod gﬁﬁe n%ﬁal 63?: efr %th%er%ﬁ%%é%ten iﬂ%e actual

require ts 't at can on
tonermuvhiclaticorlueireours tisd thp enatieal times IaEWhrchseﬂmelchfecur ina

B{fe An. engi neer designing a comuni cations system
Aﬁ i&%ﬁ%ﬂé3$ aht wish to know the jitter immmunity . of
a Ssenjg %gﬁtt&rmf;@d’% ce& it Etsfs%nﬂl lf&gm%ip)é Sfpled eﬁmfuﬁmg electrical

det erm ne Whet her e syste rate
interfptenceihet wkaths tdiss. szpmokmmmlmm reﬁmsmaglsgrmhmlues and other:

gnelnest g ke s detrapnation he fitter'
e B SRty RS AT RSy
small fraction of the period of the signal, it is unlikely to impact the operation of
electronic circuits that operate on the signal. However, some circuits are designed
assuming that the signals they process have a specific period or take on specific values at
defined times. If there is too much jitter in these signals, the circuits might fail to operate
properly.

A desirable attribute of certain electronic components is the ability to operate
even when input signals have jitter. Many standards for communication protocols such
as IEEE 802.3ae for XAUI and 10G Ethernet impose requirements that can only be met
if communication circuits operate in th;: presence of jitter. An engineer designing a
communications system, for example, might wish to know the jitter immunity of a
semiconductor device containing a receiver to determine whether the system will operate
in compliance with the specification. To enable the engineer to make this determination

the jitter immunity of the semiconductor device including the receiver must be known.
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i ndi cates how nuch jitter m ght be present on inputs
to the device and still have the device operate as

wexpwsosedsor the maxi mum amount of jitter the HEVIUS2005/034945

m ght have on its output. 5 Jitter immunity of a

sem conduct or device can be characterized using

automat ed test equi pnent. The test equi pnent i ncludes

a signal source that can be programred to generate

perlodlc signals with a progranmabl e anmount of jitter,
a "jitter injector." The automated test equi pnent

4‘%306%%}'610[‘1}? EBENABRIPEAR VIS aE VIGTHB auitist precifipation that
ARELERAEER bR BOTRLLED I FARL LEOR g s

devict eperateans &ﬁpmtadzatth@max]mﬁm amoust dfjitentheaie@ick ymight have on its
i ntroduced in a signal applied as a clock or other

of H’ﬂ:‘&t to the device under test. The anount of jitter
that ygay ?fﬁﬁmﬁﬁf 0§§¥érﬁ1%oﬁcﬁtc{cﬁ“dlev1c9 Eief 134 Sﬁrdcﬁe?iz)eﬂ YbiRk automated
imunity. Asimlar setup can be use

tesé aqupmenic t e tekd squpsieasnplades adighad eomcqaﬁxaﬂcmbe(mo grihemed to

SRR E @O raB VR Tt SR B I fer & Sk imeor”
ThBaudRetdd te@Gqliphlet is! %?fﬂ%igll? Xo&ftmt:tlég t@@é‘céﬁrﬁnf WhethBfa

devi ce oper at &s proper ven wth that [eve
spinfcppdyctont deyivn cbmpbbawﬁh applitable stangaidd ofl ethlenmse operates as

RO, iittse hacf SOt WREi nzaBO S bogeto i signa

p;r)] liicisGedlodk drioBker PRy 0d thy depiRe hﬁdié%a!édt Ofhe MAburtH jitter that causes
aracterization or test techni ques above to be

theedayicgtte faif mdjcgtes hﬁédiﬁtﬁ%lmmmlt)hat the jitter injector
actu I tt
pr og?sé%rlr}%% eq‘&lpcg a%ce er| B can%iugt evweﬁt?ﬁﬁ%m ?thelr

producgsn. Urwaiﬁ@datb& tedf bquighentPeBE0RE aflirgt tdBle ABABEIRTE test
and conpared _to the programed anount. Such a process
With Fare0RYoh of ider capelde ﬁltﬁﬁpevﬁﬁd ditter mmeRdtsofithe devenrlé the device

S FLR 00 SOESL LA Y e
Coavaeclgnidltydoes ﬁot&ijbdralt@pﬂopéﬂlﬁﬁh@&@hdd 0hoPes)dvtadeortbBimed” as a

usglg o neasure jitter. é t hese devices often
VIDE e G%HHEFVWH’EWIMSPF‘FI a%fé\’i‘cy responses t hat

make E%P&i@cﬂ%b‘ﬂeh?ﬁlo% o st e Hﬁgﬁéﬁ%ﬁ?@&%’bé‘%@ﬁ%eﬁ EE'%E‘hﬁ ortant

However, jitter neasurenent i mporta
tab thagatey ijegor afcnmtuwmducss tyﬂak&;t aswoatit cffglttteh ﬂsemotgratnlnﬁed to

proadrl]lge lgenoad?(% ly, ga a}n% t o]f jitter produced by a jitter injector might be

measured and compared to the programmed amount. Such a process is known as
verification.

Various methods to measure jitter are known, such as those specified in Annex
48B of the IEEE 802.3ae standard. For example, phase noise analyzers and real time
oscilloscopes have been used to measure jitter. However, these devices often have
limited bandwidth or frequency responses that make them unsuitable for high frequency
measurements. However, jitter measurement is particularly important for very high
frequency signals, such as those in the range of approximately 10 GHz.

Sampling oscilloscopes have also been used for jitter measurements. Sampling

oscilloscopes generally have higher input bandwidth than a real time oscilloscope. The
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0 Sanpling oscilloscopes have al so been used for
jitter neasurenents. Sanpling oscilloscopes generally
woave/d9sgher i nput bandwi dth than a real tinme PCT/US2005/034945
osci | | oscope. Thesanpling oscilloscope m ght present
the sanples graphically as a waveformon a di splay or
as a data file that can be processed in a conputer or
ot her data processing device. It would be desirable to
have nore accurate jitter neasurenents techniques,
partlcularly ones that are operable for. neasuring
spmplipg ogsil @pwghhavﬁ%t P éﬁ@n@élmééwvafe@w a display
I
& 2 drieie P YRe bcd R e b D B8P R rock g device
in a Ingmlalbe debieabietolintte move hacasmtolitted méasgrementsuteainidues,

of Sf\ | es the Slagafj form ng, a hist gigmofthe
Paxigylaainezes, talﬁouoﬁ § 9 BeHHEBE JITE] onigRdls Byting frequency
etk 10N 4014 bephl stogram and determi ni ng

characteristics of the jitter fromparameters of the
probability distribution function fitting the

hi stogram In sone [ , od of
characterizing ji ttgﬁ’ﬁﬁ@bgmmd to verify

the peo6hOLdPRBC theQhvéatiBh PQARITRLIBHob L Bharkdtbi®ihd Afler in a signal.
devi ce. La another aspect, the invention relatesS to a

Tise tohesbobinvolyes Sythimingt lupdity of e ﬁﬂhwlmacb,gﬁoamgbﬂ lastogram

o s T b et Sk e e B irggamy and
db!eh{xﬁﬁng%%@ér%ﬁcs%ﬁﬁé‘jltt&af{cblﬁ%aﬁm%&g bEEReL BRI His@ibution

itter, the jitter nodul ated signal being nodul at ed
nditmth@hastmaul ating function; formng a

SR SRS GG

vetis the Reifb@iarics BEL gﬁfgratrmnhm jifteSinfgtiamietite
probability distribution function having a conponent

pr opdP engfhen aspect Fhe ByBRion Kplagsdp @l”é‘?}b‘?‘bﬁf YEHRENE b Rﬁffomance
IR IS LANCARE, o0 BIGASRI LRI e

it} eaidni dwvicean @e@dﬂae agitter inotwigtefisignat hdvimgn plogramangbamotnt of
proportional to a probability distribuytion function_of
s thibliiigranodidated sighal b smsw&biuﬂ%t?dya%rpgqlmg L meflating function;

A LBl EUPARAALL el 0 B BEg
fjrimgya ﬁrdbgbxatﬁdxgumaimm fulnctiorptodhe histogthnatbeiptobebilify disteibution
The test systeminc S areferec

T VAR £ RGP EHREOE T LoD 0B (F R BBIRB RS the

modulating function and a component proportional to a probability distribution function

of a random function; and characterizing jitter from the component proportional to a
probability distribution function of the modulating of the probability distribution function
fit to the histogram. |

In yet another aspect, the invention relates to a test system configured for
providing a signal with a programmed amount of jitter in a signal. The test system
includes a reference clock and a programmable jitter injection module. The
programmable jitter injection module has a phase modulator having a modulation input,
a signal input, and a modulated output, the modulated output being the signal input phase
modulated by an amount proportional to the modulation input. The test system also

includes a synthesizer circuit having an output generated from the reference clock, the
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programmabl e jitter injection nodule has a phase
nodul at or having a nodul ati on i nput, a signal input,

wande3yosul at ed out put, the nodul ated out put PeTmg2008034945

signal input phase nodul ated by an anount proportiona
to the nodul ation input. The test system al so includes
a synthesizer circuit having an output generated from
the reference cl ock, theoutput of the synthesizer
circuit is utilized as the signal input. The test

“%St 5 I nel ud%%}f c?igcﬁﬁ 'Tg P{‘)G‘%& as eag S Ipﬂge tg?lgte system includes a
sa%oﬁlfn%lde(fi)ée?éceﬁﬁﬁ@ﬂﬁ%néﬁulét&@ov{fﬁﬁ ?r @b RY nogtpplf a plurality of

ter processor receives allty of s
samﬁplesrra’ th@dmklalamd cotgtypu A mq)ultmyr@em gecaivea twqdimatigoof samples

gﬂe Irrﬂf\gf@ Th 3 p r %%én P?O%??{ﬂ[l ﬁ%f%g%{%ﬁgﬁ%é@ gﬁ’]e fg}lé gm controls
thé@bHiBiteR &darfawzett@e $AHI8d S R aa‘“%?@gﬁ“ dabiple values and fit to

di stribution function having | eas cofponent
thedirtegrantaanrphabilsly dlﬁ@bxpimtfamuom@avmgﬂt iqabtmnecmmponent

fun F._DESCRI PTI ON
R ot BLERE DBl Rth e e BC b bl (o
be drawn to scal e Ih the draw ngs, each identi cal or
nearly identical onent that is illustrated in

various figures RiE TEINGF BRAWENGSer al . For
P aber a6 sctnpgubl WayiRet«E N6 i:EOGP AR alRYg Qe Jn he,

dﬁiwﬁngsl Echriersisaltoshearly Bieﬁthklal compastat bhaRdilngratddih Qfamous
is a bl ock diagramaof a test setup for
ﬁ&‘é‘”ﬁ% @rfPﬂﬁs‘i“itﬁtdtlé}fa likg @énereh Eos gunmgsesof C%%(@Y@Wé §Vej¥ épypponent

0 . a sanplin
B G S
|IIustrat|ng data coll ection using a sanpling :
osci scope 3E is _a sketch of a hi.stogram of
t he ﬁkﬁﬂﬁeg\ﬁ R E%ietq&aeéauseffs& P eBias gea
rob I t [ ,glﬁgfgi 0
g r os}’s:‘flz% g2I sIE gfb%a&s(ﬁ%%% O?Eatésg ?&ﬁl%mﬁg lﬂ% ot%pr ovi de
si nUEKIsdaA gnidt3Bears skdtches 4B:fikinangdkmstaptiingftheoperation of a sampling

@rlggablllty di stribution function of the zero
€H%9s of a signal that has randomijitter; FIG 4C

I's apgietchngBDlark sRAekYs hlﬂdsyraﬂxh%s&a[th Beitdcabn hsaﬁgtals%pﬁﬁg

the zero crossings of a signal is nmodul ated wth
oggillogsariedlal jitter and randomjitter;

FIG. 3E is a sketch of a histogram of the samples in FIG. 3D;
FIG. 4A is a sketch of a probability distribution function of the zero crossings of

a signal that is modulated to provide sinusoidal jitter;

FIG. 4B is a sketch of a probability distribution function of the zero crossings of a
signal that has random jitter;

FIG. 4C is a sketch of a probability distribution function of the zero crossings of a
signal that is modulated with sinusoidal jitter and random jitter;

FIG. 4D is a sketch of a histogram of samples formed from zero crossing samples
of a signal including sinusoidal jitter and random jitter; '

FIGs. 4E and 4F are sketches illustrating the process of fitting a probability
distribution function to the histogram of FIG. 4D;

and
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FIG 4D is a sketch of a histogram of sanples forned
fromzero crossing sanples of a signal including
weimsaadxdal jitter and randomjitter; FIGs. 4Epanaisai6s/034945

are sketches illustrating the process of fitting a
probability distribution function to the histogram of
FIG 4D, andFIG 5 is a flow chart illustrating the

process of conputing paraneters that characterize
jitter. DETAILED DESCRI PTION This invention is not

limted inits application to the details of
const il finn flawrherdllustialing themaecesy olcesmpptiiagpgraseaters that

0. foll owi ng description or illustrated in
Jth%{eatc%ngdlhé}g. The invention is capable of other

enbodi ments and of bPEFAIPERMESERIPANODf being carried

out ipn.various ways. Al so, the_ phraseol ogy and )

t er mi 18P B§liRTed ohblimited ity Pplicaiongo ﬂﬁdgeéal&rqf construction and
SRR R RARL 1 BSOS B Mt i

drewmgai Thagyentiams chpabimgeoterembadinadntonsl dftteireqracticed or of

herein, js nmeant to enc ass the itens |isted .
oA S Lo 1 TS PP o M- B TERSFOIS8Y i fermology used herein i
fgﬂdﬂe%ﬂiﬁé of &e%gﬁptliﬂlélﬁél éﬁé\ﬂh%o%éi%%&@@d qk 1ifhi . Pl e of

i gnal 0. Signa as a nomnal perio nmeani ng

‘iednding” dwenprisngraoh oy lgd’ ‘ShntafengyéfinsdivingsT Waﬁhﬂi@ns thereof

occur.s in the tinme P. Signal m ght, for. exa e,
HREEH S Ao nboriagh the et st Hereiang iR Besrong as wel
A QaatiehASSRg 112 that occurs once per cycle. FIG IB
illustrates a curve 120 forned by superi nposing

mul t iiPGelAyeh slectedf of tperindipragnal 100. SignalolliO Has ameminal period P,

h | | d i gn. wi.t h i |
SRS ARSIt Bicic St 1B bhGie ReFime P
Si%T;a\l\laY@ﬁﬂgﬁﬂ b} OxartPIENES sindtvive. | Bghdll 1U8thaak §Ssitih@to negative
e

ect .of jitter. For exanple, the zero crossings from
Zte%“g%?ﬁ&blj@sthﬁ@ﬁ“@foné?ﬁﬂéém\?reat es a band of val ues

196/ YRS HBR Ul A8 B B0 o
signat EXEMVithow jiiealeatioc pdalovid axactdf alighewith thiegiriok Bycle and the

signal .110. To characterize the jitter on periodic
sypegRatition wouldiappear @s 3isingly @clepivraygiormel M daweyer.tii(is 1B

i?g%%es Rl et 3@399{\5. f‘oﬁ%x%ﬁx?ha? g@%em&gsit?gstﬁﬁ t}ﬁeestuB&pgggon 6f

r measuring JTtter.
cycles creates a band of values during which a zero crossing might occur. This band of

values is denoted Jpp. The boundaries of the band Jpp represent the peak to peak value of
the jitter in signal 110. To characterize the jitter on periodic signal 110, it is desirable to
know the width of this band.

FIG. 2 shows a block diagram of a test setup 200 for measuring jitter. In this
example, Device Under Test (DUT) 212 is a device that generates a jitter modulated
signal 210 with a programmable amount of jitter and might serve as a jitter injector in a
test system. Test set up 200 might be used for verification of DUT 212 as a jitter
injection device.

Synthesizer 214 generates a high frequency periodic signal 216. Synthesizer 214
might be any known synthesizer. Preferably synthesizer 214 will be a synthesizer that
generates an output signal with high spectral purity and very low jitter. Ina
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exanpl e, Device Under Test (DUT) 212 is a device that
generates a jitter nodul ated signal 210 with a

wonoewreasatabl e anount of jitter and m ght serveprPas/Ua2005/034945

jitter injector in a test system Test set up 200

m ght b e used for verification of DUT 212 as a jitter
i njection device. Synthesizer 214 generates a high
frequency periodic signal 216. Synthesizer 214 m ght
be any known synthesizer. Preferably synthesizer 214

ot S BE e enH G P Blor S &F pth e 2007
prpRiempblabos £ahedRBRIdh, sien i SNy 19f5 g, out put

of synthesizer 214 is programuabl e over a |arge
bandwiSyethesizgdh4 amybes esigeriae ko@kin theyant Heshzgnthesizers

4 . a.synt hesj zer kno in.the.art. Such .
BB YRR D R TR s B whin
gétlekatesin @nplutchQGKpliadk IdcRbY to e RIFFCHgal Y, Whi ch
generates an output that is phase | ocked to the REF

si gnaPieng} Hroamapheprierided as pr swpubiodDHS 24R. ImphstexempBot FIG. 2,
: : af - i.ncl - .
B RO Ly 6 L P 16

peordadce with greahtrdl finétivna Cherot amyean phide feors @Péle @ cycle of a
functian. The chaogg_e i n_phase from c%/cl e to a;gl e of a
PRI 8nad iy Brmy oL Tter. ofrihisrway, PREF 217 way pteodiggjittengnio

o . o h . ¢
B B g ot OB Gl e R AR . 90 0er BT B grore
goremllygreduwies y phasedumindated ppad e The doilred etths signal to bEmeodulated

f th ' | - be .nodul at ight b .
TS NI TR
SYcO THREWBE NSRRI ARRHUEE that bk B B mgm?tg&g@ecfu@c’i be derived

function that specifies the nodulation cou
demj apggonivepignasgurednveni ent source. I n the exanpl es

t hat low, jtte dul.at ed si.gnal. 2 .S nodul at ed

i th 1 il BRLETBR 1R dudRlieat dihas Mgl in o
Jdn1 fiirctib@ thaPRAWoat Sk whealhud Lt aso RiAUBQEAR 10 has sinusoidal
jitter. That ‘control function nmay be generated within

JOter. 212. DUT 212 is shown to receive the reference

cl ockrsi.anal .. REE, whi ch may drive .a b r o at
genor L0 gy AR e e BTl Bl sown o
®béil ¢ e reRBdnde clol sighdl, RBY, Rhidf madidri@ o hBSRoui ki€ dbterates a
within DUT 212, the jitter in jitter nodul ated signal
snypodah cendrod fegtiapnf phase shifter inside DUT 212. By programming the

DDS circuit within DUT 212, the jitter in jitter modulated signal 210 can be

programmed.

Jitter modulated signal 210 is provided as one input to sampling device 218.
Periodic signal 216 is provided as a trigger input to sampling device 218.

Test set up 200 is controlled by a computer 220. Computer 220 controls DUT
212 and synthesizer 214. Computer control of electronic devices is known in the art and
is not described in detail. Computer 220 also controls sampling device 218 and receives
data from sampling device 218, which it processes as described below.

Sampling device 218 may be a sampling oscilloscope. FIG. 3A illustrates the
operation of sampling oscilloscope that employs equivalent time sampling. Sampling
oscilloscopes are known and are often used for taking multiple samples of periodic

waveforms of very high frequency.
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Jitter nodul ated signal 210 is provided as one i nput
to sanpling device 218. Periodic signal 216 is

wonoesiodegdsas a trigger input to sanpling devi ceC2a82005/034945

Test set up 200 is controlled by a conmputer 220.
Conput er 220 controls DUT 212 and synt hesi zer 214.
Conputer control of electronic devices is known in the
art and is not described in detail. Conputer 220 al so
controls sanpling device 218 and receives data from

bl oo sriY PR EE: & B sy oRoR eSS Adt ceer s that has &

@Rfhd] pRE6@RAY isth&and asl drlsUib hafigSle bR theQRRiRAIRRCR LS the signals
sanpling oscilloscope that enploys equival ent tine

betngphéasyred Simthieiompodinednt LEEKS P bothrierivdiswsigrahdl Garel jitter

of sed,f takin | tiple sanpl es of j i,C

oS B R 220 b B BB PR efh T REr A

cehfi @G bliotehiovides SRmRbitdideREEHIHIIPE&OREN fh%‘ﬂd%%e@ $npft and the input to
trigger signal that has a nom nal period at is the
sampBngdeaeesSd fe Thu figast eigndl it wedrie At sapwis baesf Intthe

S j sured. l.n . di ment .of FEl 2
AT o PRI A RESHDDns Wb 71 ETRR A iy s of
sihal 30 TRrtitesf dach ahple rélafive toahesien o€ e&dhQskle fiiFvary from
Thi s confi %atl on provides the desired rel ationship

chele iR eyrle. haample §g és takapuima Al etedhe fiptieyde SampleiSadp taken at

VihC L | 4, 2
SEDF T Bl SRS I8hok iR, b 48 v
Psafotablyn thedeines ®, Dfaniddkese ddfgptres in nul tiple cycles
of si}gnal 31Q0. The ti of each sanple relative to_the
st ar Regpnsiehng g eyade ﬁgﬁe@mﬂ o hecypainde tsdllespeafed in FIG. 3B.
EREF e s S R e Sy g ot o
tisastpt of 68 pesiod bk & delay sreh23 DinDe, D) etct dmsodateyt elith. the sample.

ef.erabl t he values Di D an are different. ..
F@éc%ﬁ §€9v&%§hp§¢gsagxp SRYIpts g‘k""’ieﬂé" ‘g\ t%&PP’”—PP’BFE‘W SPREIETRtye to the
stadt dflthdisédoat ed in FIG 3B. Each of the sanples Si, S
and S3 represents points on the waveformthat are
of f s&iGf 3B sheweody dree efmplépoiptsr foosintpicitieT o blaey/outsumyiale of

as D1. D2, D3, etc. associated wth.th le. FIL.G
ﬂ%ﬁngY%W’ﬂ%EO@éﬁ?}P% Pﬁ&%‘fﬁ”gu& b& etngao %t ﬁ:aagﬁ éample is'spaced from
tIRPREPBE & E&x‘i‘ocﬁ%ﬂ&h&gm{ £h8ldtyBy ! B d@uslafiént tiffe dsbifloscope, the

period. FIG 3B shows only t_ﬁreq sanple points for
tiggep bigokk defingothe stacterf dl cygleciporiuciva samhple watpdfedalgn. Circuitry

PS5 mPRERE eRBoLt Sortilg s B Bty ey DR Ge® BER Goor time
IafRddaseDhhe ilueaDy O&Hbs\taddRily HolesD5slé td 28600 EIn hbe cases, the

Dy will have a uniform distribution across the period of the waveform being sampled and

sufficient samples will be taken to accurately represent one cycle of a waveform.
Acquiring more samples often leads to a more accurate measurement. However,
acquiring more samples requires additional time for the measurement. In addition, if the
signal being measured changes over the sample acquisition time, errors can be
introduced in the measurement. In a conternplated embodiment, the phase locked loops
within synthesizer 214 or DUT 212 may drift. Accordingly, the sample acquisition time
is preferably less than about 30 seconds. In one contemplated embodiment, between
15,000 and 45,000 samples are collected. In one embodiment, about 30,000 samples are

collected.
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trigger signal defines the start of the cycle in which

a sanple is to be taken. Crcuitry within the
wogcicliBgaysope causes a sanple to be taken soneprdeiUagooBbB4945

after the trigger time. In nost cases, the value DN

varies randomy fromsanple to sanple. In nost cases,

the Dwill have a uniformdistribution across the

period of the. waveform being sanpled and sufficient

sanples will be taken to accurately represent one

oo o8 B Gmal ol R et o hadtEetsaring

REALEIPRDn TN Snat A58 r?ﬁ’éjéaﬁrﬁﬁesa&!)ﬁiﬂlﬁ%aéepéﬂgg? %95 out one

the nmeasurenment. In addltlon i f the signa
Q’Yebsﬁrﬂe@mghdn @és Jlﬁvxewausdsehs wmq:ﬂ% tadglliirs? bargharbumethe nominal

d d rement. lna ., .
B Hreclomoahs FETICS PREDD AT dR RGP B RieENiss of
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riuerils b Sesrtull tithirea szaﬂniaelm vHdsh 5:0) Weieh e@bruﬁd_;rlﬂgnﬁ to the

sanpling oscilloscope on a signal Wi th Jitter
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h
band 0T 7 RGriichb St SRb S RRITLE ordt pgg o Snan

enaigl ehamyisiderednaby é@énﬁa&ﬂy&@ﬁﬁ TR sAm@RRrfatih g Fithin B8 range Z
of Jjitter. FIG 3D shows an enl arged view of region

TSWGSEinﬁZ‘FIPGFOS@’@gS rEe spnpled siggak he regi on around t he

zero

s howsscdt g%cg f}r%gm r otdsx{gé ?mlﬁggg%ﬁggcﬁq\}m&? ﬁ)lrﬁﬁé a‘g%’ éf "ha®in a§9B3 FIG.
3E shiodlisfa higipgrandid ifhrez&ecbfroxp@h& sanmelés inaegibe 3n®gliuvtrruﬂ1@16f 3D.

h t . Th d s| d I
}ﬁl&e? %&gﬂymea% an?%ag{%gr o bggg Qag{]pzesrxgl:‘g}gg thg range Z that fall

gl leSchVGH tHE Bink | sudlras B9B], @%esﬁhetv'aﬁltes & e fﬁ@egmﬁ@@p%y be
be considered to be eSsentially zero. The sanples
nhahhluzeg b thén ta’uahxiumblela«ym@lase}sccemeatz érechistograsi sughs tlof the -
n.ran

G PR P AL OIPE PgbabiL A BRI Bp gD Of the
s&zm}@spo@nt@ k@faﬁ@é ENMES ik &ﬁf Qﬁ@ﬂlstfo"g% 558 SRS folbe the measured

regi on 340 shown in FIG 3D. H Stogram 350 Is created

Pgbabdiiy distrgbutioe fuuatios of dfe jitenph gittenvnpfilatet h@nabﬂ@e Z
The. ViR ok e Sl Sipifio e iin B8 ol 10 i

characteristics of the jitter on jitter modulated signal 210 (FIG. 2). For example, the

width W of the nonzero portion of histogram 350 might be taken as an estimate of the
peak-to-peak value of the jitter. Some prior art systems have attempted to characterize
jitter in this fashion. We have recognized however, that simply measuring the width of
histogram 350 or the spacing between various features in the histogram such as peaks
360 and 362, provides inaccuracies in the characterization of the jitter. For example,
such approaches do not account for other components of the jitter, such as might be
caused by random noise. A method of using sampled values to more accurately
determine jitter characteristics is presented below.

FIGs. 4A.. 4F illustrate a method by which histogram data such as is represented
by histogram 350 in FIG. 3E, can be used to more accurately characterize jitter. FIG. 4A
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normal i zed by the total nunber of sanples used to
create the histogram such that the histogram

woems@sETss an approxi mati on of the probabilitpPCT/US2005/034945
di stribution function of the sanple points in range Z
In this way, the histogram 350 can be taken to be the
nmeasured probability distribution function of the
jitter on jitter nodul ated signal 210. This neasured
probability distribution function can be used to

ki i S L PR

hWiafg sinhsoidaijizeer.o porti on of histogram 350 mght b e

taken as ap esti mate, of the peak-to-peak val ue of the
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21yl o r ] . . .
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rdpedseRtkii ik ?ittfelsiti'lﬁaul_ﬁﬂ@{ RAEHGS ARerhfiy b{t@ﬁ’ggfi%{;lﬁuﬁon

conponents”of the jitter, such as m ght be caus
fingtiglomigigibsalerifedrarhaitaly. Asirnbrbsliyphisdbwtainufesctiom may e

accurately determine ji.tter characteristics is .
iR bRl faboinga 8 Yk Bf g mbdutofen froating
T eGAMPIE RGN B GRA A6 bifkSand$hé RRABSYTBMtPMiling in each bin

hi stogram 350 in FIG 3E, can be used to nore
cié be spwiigd arbroipebizédze jitter. FIG 4Arepresents a

pr obahi | j i St i f tion.410 for,s l.e o

Por o S e B BBy PRRPRAY. moggrobabitiy
digeibutioh @chctibn ue) istcosip@tedl witiog ilatvety texd1aMebes oNbiBe ket that it

jitter is used as_an exanple herein. For signals ) )
wREld; apgeqrinepdy speeilas diavn @ G ddoittnarever, thesiesolutien with which

e e

inVhstiqar. obabi | ity distribution function m ght be derived
fro expression representing the jitter npdul ation
f unctitriA KPHSFHAtIAasPSFal THiee BF BB B0y dissiion mston of
o000 BTG AL A BUTERERL e S REP R ot v
depenéing ws ppoinmdters of the sipsdidalahodifiatigni fihetiondtbu krsrhsls, the

ST ENTHER P obis R 407 Vil Rk feRoRInEA e BB enide of the
S04 A8 AR DARE kARG ffdicioes not show

i ndi vidual bi'ns Tor sinplicity. Preferably, the :
pr obdb b]_laragteldl:bfsﬂlc jibert drgttefr wrosiviaded il 2$0,dberjretEzbdwirdbubility
digmji)ﬁjcigrtl \ﬁ%{ign |4?6 g’x?ghrt] %gbg{tedo ’fto : engstifc’n%%e% }t}rggfr}bﬂlitty distribution

function represented by a histogram such as 350. The idealized probability distribution

function is fitted to the measured histogram by identifying parameters of the idealized
probability distribution function that create the best match to the measured histogram.
These parameters can be used to characterize the measured jitter.

Histogram 350 (FIG. 3E) is a simplified histogram showing a relatively small
number of bins. A much larger number of bins would preferably be used. Accordingly,
a histogram such as 450 in FIG. 4D would preferably be used. In the scale shown,
histogram 450 has a sufficient number of bins that it appears as a nearly continuous
function.
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woul d appear nearly snooth as drawn in FIG 4A

However, the resolution with which the probability
wdizederozsmasi on function 410 is represented i S nBCTAS2005/034945

[imtation on the invention. FIG 4A represents the

general shape of the probability distribution function

of any signal having sinusoidal jitter. However,

characteristics of the function m ght vary dependi ng

on paraneters of the sinusoidal nodul ati on functi on.

For |b% Se J(Ey 19 FYRR DRLNEED . g?ns?(?ﬁ%frﬁ 458928 Bherally

422 W ary gonthermnltu
the xhape) Dﬂthb@mlﬂlbﬂﬂy ldmgnltdnmn jfiictien 4@ ditlhat peaksHAOCindot22 " and a

S PR b s S PR B S ECPT
I“ﬂ)"v@evgf Gikeodi8m 45044 ﬁglueﬁ&dtbg%ofsé aRlifed e BP%pdeE ibkdause it is

di'stri’bution function représented by a | st ogram suc
cagite8izBom Bhigal weashieneitsp riob &#s fdasgn, dinsgily idmatirong the peak-to-peak

f fitted to th d hi b
SiBoF PP iR singe CRRRCIFHEas Puati 0t BB aopypate
c?bx%&t%h@é%foh%tﬁéﬁﬂ@ér' @rﬁnﬁ@a{ mm%ﬁ%x&ﬂa%ﬂwﬁistﬁm&ﬁh fﬁﬁbtlon such

he neasured hi’st ogram These par ameters can be used
éIQ,Ha M$amz’eé0 teHewsarsuhetdr gstitaty of jHies chyremiains

fied t h .
ol aleER RO R RGP DY e R e prohafy
dftriRitivn ﬂﬁ@étio@k d@é\ﬁfnﬁg @1&{ JYttel? %n Hﬁt@ﬂmo&ﬁlﬁ% @ig@@i Y10 l?as bgth a

hi st ogr am such as 4 D woul d preferab
suslé@dal|a1ﬂdtal¢encbmap@rns¢rmm FIﬁi éBdgpr@mr%me ma@ahlhty distribution

uffici.ent nunber of hin at it e a
e R R RRRng o el Bl lan®Rf SRR BPpy IR Eabucon
fhfstian d38 sprédeaishiosiaiiraraudSth fisgibaesagiter. Xny Bnal@Rehg only
of the probability distribution function 410, It has

Q?élas@ disibutedditiep will hene aprop Mgtb{ dASzabuhong@ﬁ@m 43;9 in the general
SRS BARY s R0, 230, (L OUES, dFife Rlaglitfae othar i

HywWsker, €l wfdths ofifhe earveesifluasy ddpehding bf @ie&iﬂaﬂdaﬂmew@attml o, of that
neasurenents. For this reason, sinply neasuring the

Jifenk- t o- peak spread of the histogramor other single

char gct

Char Sl el B BB A oo oo 402 o
Jm%mabulbteﬁm@am 1ro G the@cakddr ot dodibiniay @)k’obabllﬁ}'l istritation

hi st ogram 450 allows for a better estimate of jitter

fancdioat H} sk 4305 Thevuebahiliy distrigidion dungfiopamag e GoRmirug
B LR e e e T

dsiegnive tl'z?elﬂlalﬂ:aSerimbmoﬂhe jitter on jitter modulated signal 210, such a combined
idealized probability distribution function might be fitted to the measured histogram 450.

FIGs. 4E and 4F illustrate the curve fitting process. FIG. 4E shows a combined
idealized probability distribution function 470A superimposed on histogram 450.
Combined probability distribution function 470A is the convolution of a probability
distribution function in the form of 410 and a probability distribution function in the
form of 430, using specific values for Mpp and o.

A further parameter of probability distribution function 470A is its center point.
As shown in FIGs. 4A and 4C, distribution functions 410 and 432 have a center point at
the time Cy. Histogram 450 has a center point at time C. The time C might depend on

specific times at which samples are taken by test setup 200. Such factors do not affect

10



10

15

20

25

30

si nusoi dal and a random conponent. FIG 4B represents
the probability distribution function of the zero

wonoesasyys of a signal having randomjitter. PCT/US2005/034945

Probability distribution function 430 represents
normal or Gaussian distributed jitter. Any signal
having only Gaussian distributed jitter will have a
probability distribution function 430 in the general
shape of probability distribution function 430,
regardl ess of the pagni of that .jitter. Howeve
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BrioBEs }I“?‘t‘?fl UOP O 558K uncti on might be fitted to
the neRsuFetudtiabds %oﬁfﬁn‘fe'@l%roﬁbﬁﬁy disiRdnAmdtlonUSORaYEn

the curve fitting process. FIG 4E shows a conbi ned
dliffferant miulesmfdhmmm arg detiation dfiibe mnrfahﬁ@tnb@itﬁdznm peak value of

uper hi st.0 am450 bilit
R S R R R T
pr obabid édavacehrititd Hthé ffted 40 atte@Rintdby beedtRipithoidedlidd
and a probability distribution function in the form of

erahin rq@abg,b@cdlﬂnbutm fysetiqndhyisstnetches the mepsuged histogram of
Eﬁge"’égz% 3 e9< &%ﬁé}' h% ythgéeﬁé QAFP@H ®, AR&U@%& hED FAQAsH Sna

@Blﬁﬁlﬁédoptbbﬂﬁhﬁ‘ytdiﬁhbm ﬂaih&uﬂmﬂ 0A3 2T Heevl@seness e)m’ tier mptoh between
at the tine togram 450 has a_center

pohebilty W@b\@t}%@%ﬁ SpentPlornds @gmpp'@dt yr%gx%gpg the error
I
Ve, AR B R oy b s

S0tk et Ef‘tfee:@éentcbﬁxbsr&ﬂqhébabxmg Idiseritartiou fanotdon i 0Btani istogram 450.

e e AL b 8 e .
é&ﬁf &Q@f&r@r @&t@ adeRElhekh fd fislo greﬁ‘d 55(5’@1‘%@ RbhBlhed Pasbability

nmanner |n he center point is defined is not -a
ﬂiismbuabmﬁmcUmMM| nvention. The center point may be

ggt,gﬂ?]g?gg iBp oﬁ"d? 3 e 1H§ratﬂﬂg %lgx;ﬁ'é%etsggy Wﬂﬁtﬁ%%a&%ﬁ%‘t&rg of the jitter

Ex‘é%@ Q{IQWETBE ptdt8sSCHTHIE! 5 RALMY foFRYaBpRObSeriRfned @d@ontrol of
the axis of symretry or som® other indication of t he

sgtviaae in computer 220 (FIG. 2). However, the process might be executed in any

convenient manner.

The process of FIG. 5 begins at step 510. At step 510, an initial estimate of the
parameters that characterize the probability distribution function 410 is made. The
estimate may be based on techniques used in the prior art to estimate jitter. For example,
the spacing between peaks 420" and 422 (FIG. 4B) might be used as an estimate of the
peak-to-peak value Mpp of the sinusoidal jitter. The midpoint between the peaks 420°
and 422° might be taken as an initial estimate of the center point C;. Further, the
distance between the peak and the tail of the histogram closest to the peak divided by 6
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FIG 4F illustrates a conbined probability
distribution function 470B with different val ues of

wohacaBgrislard devi ati on of the normal distri buPem/Uus2005/034945

jitter, peak value of the sinusoidal nodul ation and
center point of the distribution functions. The
characteristics of the jitter are determ ned by
selecting the idealized conbined probability
distribution function that best matches the measured

togram of val ues, e exanpl e of FIG 4E, there
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ofe ‘the match between probability distribution 470A and

hi st @yrcanmitisiCestimates of tmmardnedens yredoteritiged bmcessin;g“proceeds to
f the val ues, in histogram

S{eia"?ﬁ% 5\% Stae%{S Sthglclglﬁ nsd prebe g’thﬁ)éiilétﬂbé‘tl% figictign ﬂ@t Sesults from .

UREE TR By S, 4 Vs

Tﬂilmabaﬂlllﬂy}dlﬂnblltmntﬁlmtmm 18 forated by cdZPBtihgthegprsbubilite distribution
rr.or E2 and,th fore represents a hetter tch to
IR0 SP PR E R e UL RSB a3 RATGVT FBURGISAL. These
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f d | of f
a8 GG ite fuf Aehdiop B oo e B Rl ioution
f@ayiof @AY 8tk &Réd KBl arBREprRE RERSS afferibl (alud ﬁ?&ierb?n@)tdlment
step 510. At step 510, an initial estinate of the

ﬂpaemfwb\egs eoraputedhagcartieg tOzaenqrhefupctma BV 4rictug types of norm

filcRoRt B4 knBin, FOCGRE I HRortRRf b Pt B S e
dffdrérme beﬁﬁHen@H@lﬁi@ﬂo ant 5@l HO36MPGtel 9%&@%@@@&%&8@ function on a
and 422 ' (FIG 4B mg{ht be used as an estimte of

PoREDy Pkt Pasip @m%p% I prrugrestor gaddy ¢fibodidierences t er |

The d
I B0 P L5 Sk AR BI874 APly F chc
iFmaddarto whsthed iisteaiog & ﬂeéﬁmﬁe@ alidvel thasis deated Beeeprable. dfhe level

he hi st ogram cl osest to eak divided by 6m ght be
ofgeer 13@515%3 edccepdahlen @n Hifallphelay amardeirraaadaniusn

A?teﬁfatlt\ra Loidérrcdr ngﬂtt}feddéehfehgu %eg%fe %éﬂ 3 iimum lngthe

arangters are rmned, processi
elpomfnaanim is de’&tted) Bllﬁlmmumsmeh)e &ict, fuﬁd‘ubncmnhnﬁlﬁeh when any

r obabi, | |t distribution function that results from _ .
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- fRRbARERs Ala BERR epdP IS generat ed.

If the exror is not deemed settled, processing proceeds to step 518. At step 518, a
new set of estimated parameters is determined. The process then repeats at step 512
where a new probability distribution function is computed. That new function is
compared to the measured values at 514 and the error is again computed. If the new
parameters do not meet the settling criteria, the process again repeats with new
parameters being selected at step 518.

Finding parameters for a function that causes it to match another function is
sometimes referred to as a “least squares estimation problem.” Various methods for

selecting parameters at step 518 to solve a least squares estimation problem are known.

12



10

15

20

25

30

This probability distribution function is fornmed by
conputing the probability distribution function

woaore@sgondi ng to the sinusoi dal conmponent andPCiaIS2005/034945

nor mal conponent. These functions are then convol ved.

At step 514 the conputed probability distribution

function is conpared to the nmeasured histogram The

di fference between the conputed probability

distribution functi on and neasured histogran1are
rese a error yalue. In one _enp

S a nt, the
£ glaptithy & ebmstiot e shecet AE 0N PLes 37 in the
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proceeds to step 516. At step 516 a check i's nade as
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R PR SRR Fio it gt bl BT Ml BB ato e
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acceptable when a mninumin the error function is
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o G0 B0 SO HOLOly BBbpyrro b

202 s mb&mlawﬂ thel ﬁ!bﬂhﬁfbr e ghy Eeﬁ‘prb Sramnitdab @en@bteGitter bf a certain
the error is not deenmed settled, processing proceeds

chyagtprisiics st set va a0 (HEa2) might ke yead terobain measuaements on a
SREEITE Sh Sl B R, B RLRLORIhe ARl BBER R e

prcs:es}merIGed a dhatmingionfoan bE incide las tcwhgthérate o dtilagor is generating
asurg@ val ues at 514 a the error.is a

aé}ﬁﬁ\ﬁh‘f’ they ng%@mﬁé\m&a BB fot meaEbor fges not gencrate

R ol e Ut BB ARt BBRHE, 'ORSWRFYS

cgiéb’ranmtmm@laitor isdo pravdel andutd table thaiusketes iatprd)graménplh to the actual
funct.i o'}idl S soneti s referred to as .a "

o1t PIOKHE T T PO DA YEg G0 i e AP BFoSFam inputs are

asSilAab KROmBANINBE RS GbRlcotldaR a'éé&sé@to%eéﬁfﬁy #hd ﬁ@gﬁam input value
squares estinmation problemare known. One suc

negegeuy taprodece thé desired oupubef thhmasiubge é&hlsdmlmwould be
sed inthe illustrated

h,is
S@?ﬂﬁg?%n}hea@?(g‘%dwg error i s deened to be settl ed,
t he PAQERESecRElyHhSestinBIRCBEFSIcQeplctRl iRFDG. 5 is more accurate

than simple peak estimation technigues previously used.

As a further advantage, sampling device 218 may be calibrated relative to NIST
standards for time measurement. In this way, the measurements made by sampling
device 218 will be NIST traceable. If the measurements made by sampling device 218
are NIST traceable, the parameters characterizing jitter determined according to the
process of FIG. 5 can also be deemed to be NIST traceable.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements

will readily occur to those skilled in the art.
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The paraneters of the conbined idealized probability
distribution function that fits the nmeasured hi stogram
wosWeases7sised to characterize the jitter on thecriuSkms/034945
nodul at ed signal 210. In particular, these values give
an accurate estimate of the peak to peak variation of
the jitter nodul ation and al so i ndicate the anount of
randomjitter introduced into the signal from other
sources. The process illustrated in FIG 5 mght, for
exampl e, be usgd in connectjon with a process. of )
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&l N& RRUeS SypRforhikd. 5, a determination can be made

as to whether the nodul ator is generating a signal

wi t h Likevipe, dlgg prohetdlifyi distabutidnafuacticer shewinas FIGS 4B keappropriate

et S Bt e Rt gh ol 1t ik el BiA g cogmonent
VA dibeRhecithr skl A difiSrehiOroRth QY bi®aBi iRl RtriaRbL flddBbn may be

relates a programinput to the actual anmount of jitter

upeds dif ecsignsl hassgomisidtionel jittextcomponend imithrpferentthaeactoistics, an

. ' . l.i ed h duyl h I .
e R A LR O TR
phetReinastitatiph deugient he desired output of the
nodul_ ator. This val ue woul d be substituted for the

appl iFagthem guthe exprnlerhges thel ijealizad cersbinad prabability distribution
LR SRS ol Mool YRS b B e

afd fandbhgittedd Veoth@geurceashiitton gradfescdeor i si@al ider test, the
calibrated . relative to NI ST standards for tine

I
idreliaut rerbanility distribvtion fyctionaishbbasizradditional Gearongyts
r E@h{i%ggybﬁg%ﬁce\gﬁgk%%e NI ST traceable. If the

asurenents nm y sa ng device 218 are N ST
t r ac edisl, @, satnpbng ascilimategesis obmlr @chexhmplegfja satnpting device in the

o, e e Sl o et o
. . _ !
s n%%ﬁegﬁo%‘*@ﬁltb% e Rlact@aily %ﬂ'g)tl@ %}Eﬂﬁé TEMyidY frddfiescy range.

, It 1s to be appre ed vari ous
Pa¢fermbhtmeassrenmamdh Willclset madesqn aigchls wyptomt éemsnis5 GHA.

readil.y occur to those skilled.i 1e art. For exa \
o (80 307 g ek TR B AR A B PP Ry deep. | hle most
hignGpeddsantpling devices currently available are equivalent time sampling devices, it

1s not necessary that samples be collected through equivalent time sampling. One
alternative is under sampling.

As another example, FIG. 3D shows a band of values is selected around a zero
crossing in the signal to be measured. The technique need not be limited to a saﬁlple set
gathered around a zero crossing. Sample values taken around any point in the periodic
waveform could be used.

Further, the method is described in connection with the characterization of an
instrument used for jitter injection measurements. The method might be applied to

measuring characteristics of jitter in other signals.
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appropriate for use in connection with a signa

nmodul ated with sinusoidal jitter. The sane technique
woayema9xapl oyed in connection with signals harCmgs2005/034945

ot her types of nodul ation by using a probability

di stribution function that would arise froma signa

nodul ated with that type of jitter. Likew se, the

probability distribution function shown in FIG 4B is

appropriate for neasuring jitter that has a Gaussian

conponent. |f he s nal has a jitter conponent wth

di ff eﬁgﬁqt PY@habl tl‘il%funatlﬁsfapé histagress Areglepicted graphlcally
;

g.“g’g‘g%ﬁ sEéf :tjl{désg Iﬂfﬁgiﬁgpn %ﬁeﬂ%&l‘@% é%}h%ﬁ?ﬁp afy or 1§ 2 human

pbrtdpebbrﬁ)rmh e’ﬂha dakarpr@desmﬁg demnhetﬁauowe néphtfterpardtmed through

robabi | it tributjon function may be used to
@Hﬂﬂﬁ Wémﬂﬁ@ﬁFW%gﬁgﬁ#obab|llty di stribution
functgom. alt%i‘érhb{]? modiflcdt{dfs, @rﬁﬂ I%V?EQIY'[? ardi ?enhgc?ﬁJ %&Zfagt of this

conbi ned probabi’l |ty di strii ut| nction was s
dl@clh‘awe aod aye mtmdcxbmrimmriﬂnm the spjriteme stopegp fitheinvention.

jdtter ndo tter ot her, sources
B BERIT (e ote Pl Htcripfon ABR g aam b oy €6 exatible only.
I deal WagtisRiHRaPid: 1ty distribution function m ght have
addi tional conponents representing those other sources
of jitter. Also, a sanpling oscilloscope is used as an
exanpl e of a sanpling device in the set up of FIG 2.
Any conveni ent sanpling device m ght be enpl oyed.

Preferably the sanpling device will be able to
accurately sanple signals in a wide frequency range.
Preferably neasurenents will be nmade on signals up to

at least 12.5 GHz. Also, sanpling device 218 was an
equi val ent tine sanpling device. Wiile nost high speed
sanpling devices currently avail able are equival ent
time sanpling devices, it is not necessary that
sanpl es be coll ected through equivalent tinme sanpling.
One alternative is under sanpling. As another exanpl e,
FIG 3D shows a band of values is selected around a
zero crossing in the signal to be neasured. The

techni que need not be limted to a sanple set gathered
around a zero crossing. Sanple val ues taken around any
point in the periodic waveform could be used. Further,
the nmethod is described in connection with the
characterization of an
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instrunment used for jitter injection neasurenents. The

nmet hod m ght be applied to nmeasuring characteristics
wohR0¢ei039335 i n ot her signals. Al so, probability PCT/US2005/034945

di stribution functions and hi stograns are depicted

graphically. It is not necessary that these functions

be presented as a graphical display or in a human

percepti ble form The data processing descri bed above

m ght be performed through conputerized mani pul ati on

of data. Such alterations, @ESE/I' cations, and

i nprovenents are intended t §art of this

di scl osure, and are intended to be within the spirit

and scope of the invention. Accordingly, the foregoing

descr pt i of methodiofeliaragteriines jitjer way sighalesanfigngn| v .

What [.s cl ained i.s: CLAI 1.. A nethod of

char aé:@%lln}nﬁ a:@“ﬁa:“ﬁf %Sa{rﬁyﬁﬁ ofithasignalic onpr i si ng:

obt ai RirMthga EkpAk §MhotakNERLREs;0f the signal ;

form n% a hi stoqram of the sanple values; fitting a

t

pr obalbiting eprehability Yistritswion dwestion o the hidtegrhins tudyr am

q .act eri,st.] f the jitter f o
o o Tl U EBS AL BT IR eE S At by oF e BRpilit
distribithen fulnetidhi StiagrR histdgraklle met hod of characteri zing

jitter in a signal of claiml wherein fitting a
probability distribution function to the histogram.

conprj ses: Wel! ality of probahili.t . .

i strybut i o fathed B RAM AN ord o BeRaCH] gl wheroiy iting o
ababifity eiscibitiderfmdicnng tiertestofrath@ngirideal i ty of

probabil.ity dist [,i buti on functions that differs from -

t he tﬂ@‘f@ﬁéé‘rﬁlw i s pkabiley disiiien fuptionseagk ehpsertaized by a
eerAedR&bgi NY jitter in a signal of claim2 wherein

the plurality of probability distribution functions

ar e géegifgingdne oethatplwelity diprobabilitydispbutdsr fafciond thah@ffers
Egro?%git.l it i Stri buii on function. 4. The nethod of

P e pEp é‘??@élesltﬁmﬁu%ti- gnal of claim3 wherein
identifying one of the plurality of probability

di stribution functions that differs fromthe histogram
by t Re snelbeestthathoivhpractamipiggater icosipniliofglaimr? whabin the

. Pty e . : ; : :
pgti]rafétl&fog E)lro ra%hljt)tf Xlsprfbula{)g %?ntc):ltlohg dre %Iegérgtlecki) ytfeéa?igely r;fcvgalrﬁrr;gs
parameters of the probability distribution function.

4, The method of characterizing jitter in a signal of claim 3 wherein
identifying one of the plurality of probability distribution functions that differs from the
histogram by the smallest amount comprises: ‘

computing for each of the plurality of probability distribution functions an error
value representative of the differences between said probability distribution function and
thé histogram;

identifying the probability distribution function having the smallest error value.

5. The method of characterizing jitter in a signal of claim 4 wherein

computing an error value comprises computing an error value with a norm function.
J
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val ue representative of the differences between said
probability distribution function and the histogram

woOdenstoz$agsng the probability distribution funcPCOWS2005/034945

having the smallest error value. 5. The nethod of
characterizing jitter in a signal of claim4 wherein
conputing an error val ue conprises conputing an error

value with a normfunction.6. The nethod of

characteri zi ng j itter in a signal of claim1 wherein

fittipg a %y di stri bution function to the

hi st dyr am P %Cé?r}ﬁll?ﬁgﬂ‘aftr ip a gignalpfeclaim hwhergyn fitting a
MBS [ %51194

pgf par aﬁdgsft{é?%f Iéﬁg?o a%%?%h Istri %ﬁ%?&gﬁﬁﬁg Qﬂlg%t one of a

leash squianes. estimatitig nnminhmatmmrfamil‘mrraﬁtfﬂrdl@ oftpajdnhdters off thea

signal, of claim V\hereln fitting a probability

p&Plga(b?I?%iﬂthal?ﬁ}oH 9" to the histogram conprises
identifying values of a plurality of parameters of the
probability distri bution function. 8. The nethod of

char akt eri Tﬁhmget}md of drardcteriing jitealin otigahlaifmladmviheheim fitting a

il ity distribytion funct
ORI AR iob gt e e B0 s cormisrooT b B Gipcsot
pRuralicQ fatanidrdrs 6fth%@y@'o‘tﬁtbﬁft9 BRRIHubY filicgibhi buti on

function of normal jitter and identifying values of a
plurality of parameters conprises identifying values

and the o eads BORRCARC AR e i E Rl FRIARr Voot e

pldtebitity ltlﬁ;&ﬂﬁfuoﬁ Haictich @L’ﬂnéhé& al dolnftifiatiofl of a%‘r&ﬁ@iht? fdlstnbutlon
claim1 wherein the sig (Sasem)uated
fupction gt suseida isieeand @pwbm;atw pieibitidgon fametiethef normal jitter and

i R

peliedei atiber efithe ﬁﬁﬁkofdah fittérqind ah@staidéfd)@@baﬁdntdf the normal jitter.
distribution function of random val ues. 10. The net hod

of characteri zing Jltter in a signal of claim1l

wher g n T ik ingh sy &rc(ﬁ | t ! Ikl?]lé Jﬁfe?%r{) %Qgﬁﬁ[l %? ol HRG WP eih e

a hi stogram conpri ses
signgltis ipbaseinpedvfl atet ddcondingimta pre@etemﬁm&ﬁmb@orcﬂmmb ptdbakility
obhabi | |t . di stri hutjon functions of

f.the
dfsi“?%wn ReRRBLisop 7 cominaHonida arbabHiY é@t@qu@nrfgnctwn of
t]ié ﬁr&@éter’rﬂin&i ﬁhgﬁlﬁ! ardfa O@B@%H?ﬁ%_dmg?ﬁio% AR R 28, fom values.
the &igna

pl'urality of sanples conprises un
sampl i ng or eqw vaI ent time sanpling the si gnal 12.

The 0 er|2|n itter of
cl ai V1 Wﬁ“ g tenm%gjptter ma mgna? 0? clgum 1 Whereln fitting a
probability dlstnbutlon functlon to a histogram comprises fitting a probability
distribution function that represents the convolution of the probability distribution

functions of two jitter components.
11.  The method of characterizing jitter in a signal of claim 1 wherein
obtaining a plurality of samples of the signal comprises under sampling or equivalent

time sampling the signal.

12.  The method of characterizing jitter in a signal of claim 1 wherein each of

the sample values has a magnitude and a time associated with it and forming a histogram
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the sanpl e val ues has a magnitude and a tine
associated with it and form ng a histogranof sanple

woabas@ssnpri ses form ng a hi stogram of the tPOEAIS2005/034945

associ ated with sanples having values in a

predeterm ned range. 13. A nethod of verifying the
performance of a programmable jitter injection device,
conprising: progranmng the jitter injection device to
generate a signal having a programmed anmount of

(#J tteLe;Y?gharacteri Zij ng. jitter in the signal according
SUORE YA GEBFSTS farmng adustogpu of tihAmEr pwphidicd ggthgfmples

Hak}&%?}a%@hﬁ a?qu&ﬁg%ﬁl@gir iaAg, fromthe characteristics

of t'he signha er tie generated signal contains
the programmed anmount of jitter. 14. The nethod of

verifyjng the performance _of a. progra ble jitter.,,. .. .
i nj ecﬁon %é@gﬁﬁ@?ﬁ%ﬁgpﬁh@%@p@%ﬁpﬁ%&ggﬁm%gthﬁ:é jection
deivtcteggodlﬁﬁsﬁgg:i on device to generate a signal having a
desired amount of jitter conprises specifying a phase

modul rregremniing ttei joter igeddiohidevicadp gensraibabighalthaving a programmed
di stri ua&i on function to the histogram conprises

M ﬂg’l B> the hi stogram a probability distribution

f unctdhamcwkizihgditRf APRRIsIgnhYacdb@id tBYhd SBthaBLE Blaltd 11th@btain
phase nodul ation function. 15. The nethod of verifying

dhpeacisestiesratdiresgnl; andpr ogrammabl e jitter injection
cbov g Mo e REtRl b b Bt o hE BARRAYa signal

Qatiharthepegraimed phogitarmael.e jitter injection device,

conprising: a) programring the jitter inj ection
device to generate a jitter nodul ated signal having a

pr ogr@gnme r i.ite y

Si gna]l%' beid%germrr%{%? g%‘éééi fg%mgél?%‘gé%gor*ngﬁ %e (Erfoag% ﬁg{ﬁgﬁleﬁﬁﬂ
ihjeotion device)f clamrii3nghereiint st ogr am of ti mes of

occurrence of a value of the jitter nodul ated sjgnal;.
c) fiRPFAFUHNHHSHRIST MYeSHoRidsyIcE RBTSIAS MERRIgRVING & ¢rsired

LGP OF Ay cBngriEés%Bé‘&'{ékﬁ% ¥ Pﬂéséﬁﬁdd?ﬂ’a&ﬂoﬁ Fud HHRG! AR
aving "a conponent “proportfonal to a

pr obakitingtaetoisdbilitly utistdutfonrfobéton tofhd Histopmeudamtprivgs fitting to the

Ifigtggallnoap pr%{;gaiﬁ‘tyccﬁsr{g St?orlllt fugcrzt? novrsllttlll gg?c!ba{)i?ity distribution matching the

phase modulation function.

15.  The method of verifying the performance of a programmable jitter

injection device of claim 13 wherein the signal has a frequency above 10 GHz.

16. A method of verifying the performance of a programmable jitter injection
device, comprising:

a) programming the jitter injection device to generate a jitter modulated

signal having a programmed amount of jitter, the jitter modulated signal being

modulated according to a modulating function;

b) forming a histogram of times of occurrence of @ value of the jitter

modulated signal, |

c) fitting a probability distribution function to the histogram, the probability

distribution function having a component proportional to a probability
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a probability distribution function of a random
function; and d) characterizing jitter fromthe

woaopeaeaTs proportional to a probability distrPOUSENS/034945

function of the nodul ating of the probability

di stribution function fit to the histogram 17. The

met hod of verifying the performance of a programuabl e
jitter injection device of claim16 wherein the

nodul ati ng function is a sinusoid and the random

function i s a.Gaussi functi.on.. 18. The nethod of )
ver i fSPREUERRPEon i modgrting Himshem Antb Pempeneng proportional to
| 0] ek piaDattfly driBhidil AhdickforNEhaIn AREBh

hi stogram of "tinmes of occurrence a val ue conpri ses: ‘
sanpldng tdherdcierizing jitted foat e comgomant pspbeinah a probability

a7 g Bob St G e BEAY bl i Giion mctin s
met had uef hivieb#akyi Ng t he performance of a programmuabl e

jitter injection device of claim16, additionally
conprising: changing the progranmed characteristics of

the jjtter,nodul ated signal. and.repeati st eps .o
0. 99 A TEULB BE IR P BR s et aetle i
ifjegtia] demidetofalamOIdy wReYEid tRaRBt1ahg funb& &Y islabiusSidiAl the
the test systemconprising: a reference clock; a

rapdogn Binetion i 4 Grussienificsioni on nodul e conprising: a
phase nodul at or having a nodul ati on i nput a signal

i nput, and a nodul ated output, the nodul ated out put

bei ngi8t he Rtiegnethod oPwdrifping sige ﬁ@ﬂiﬂﬂn@ﬁ&d)ffé)pra%\—aﬁm jitter
) ropor(il onal to the nodul ation input; a synthesizer
1jeptéan deviesf §lmd ogvhesein forariag ahistpgram @f timss o pequstsoee of a
v%hf%‘"c‘émp‘ﬁ@@s;om put of the synthesizer circuit utilized
as the“signal input;a sanpling device receiving the
nodulsamplingthicpitter atodulatedsighang as an out put a

plurality of sanples of the nodu] ated output; a
SE%W%?X%?SM%OV@E%@E? PfRroRR e ype ty of sanpl es
¥ idinB e Rk GRApRYERY ins.

19.  The method of verifying the performance of a programmable jitter
injection device of claim 16, additionally comprising:
changing the programmed characteristics of the jitter modulated signal and

repeating steps b) to d).

20. A test system configured for providing a signal with a programmed
amount of jitter in a signal, the test system comprising:

a reference clock;

a programmable jitter injection module comprising:

a phase modulator having a modulation input a signal input, and a
modulated output, the modulated output being the signal input phase modulated
by an amount proportional to the modulation input;

a synthesizer circuit having an output generated from the reference clock,

the output of the synthesizer circuit utilized as the signal input;
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the conputer processor having a program associ at ed
therewith, the programcontrolling the conputer to

waneloyags7s he sanpl es by form ng a hi st ogram of peamsk®s/034945

values and fitting to the histograma probability

di stribution function having at | east one conponent
representative of the probability distribution

function of the nodulation input. 2 1. The test system

of claim20 wherein the programcontrolling the

conputer processor to analyze the sanples conprises

co ﬁ rHFMMREASEIcE sers1YIRg the sngdulatedoutpitt 2R Proyadiagmas en quiput a

idd [ j ' .ion having at |east two
ALABAR b1 o o A0 bUBEL O, Th Gstr i but on
f unctd ampfiertprecesum vbaiving tHeppuraligrd shiplep oo fighbdisted output,
tgi stribution function of a source of randomijitter.

% P?I?B‘éteﬁ OEESSYISHAN ST PTOERITHISSOr19tR ther v ifih dhasprpgTannepntrolling
HEYbEFuteOb! Ba T Se BRIMESRs by 100 n 299t MV r S APleSSitues and fitting

to the histogram a probability distribution function having at least one component

representative of the probability distribution function of the modulation input.

21, The test system of claim 20 wherein the program controlling the computer
processor to analyze the samples comprises controlling the computer to fit to the
histogram to a probability distribution function having at least two components
comprising the probability distribution function of the modulation input and the

probability distribution function of a source of random jitter.

22.  The test system of claim 20 wherein the sampling device collects between
15,000 and 45,000 samples.
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