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WD 2006/ 039375 PCT/ US2005/ 034945 METHOD AND APPARATUS
FOR MEASURI NG JI TTER BACKGROUND OF | NVENTION 5 1.

W6} 206039687 nvention This invention rel ates gen@CAVUS20G5¢34945
el ectronic test and neasurenent equi pnment and nore
specifically to the nmeasurenent of jitter. 2.

Di scussion of Related Art 10 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
si gnal . JIMEBHOIBANIeARPAREIS BORIMEWSEIRING JEatmal
time at which the value recurs and the nom nal tines
at which it should recur in a perfectly periodic
signal. 15 Jitter mght be introduced into a signal by
many sources, including electrical interference that
creat es noi-se. AppBAﬁW@UhB)OEH\M‘ENEBI@Ni ng signal
alue][g gﬂgoth errors in a circuit mght all
ontr 5 B9 PRt er . Some anmpunt of jitter is
unavorigda B:lv%mhéh @Yﬁésygeﬁbﬂﬂ? ko el%étﬁérﬁ‘@tehﬂ e&%\‘?ﬁ ésﬁﬁf’nent equipment
relatively small fraction of t erio i
aidgnete speaifi¢adlyde tickeeagutementmpijittert he operation of 20
el ectronic circuits that operate on the signal.
However, sone circuits are designed assuming that the
Bi gnabizcishioy oP ReResiSAfave .a specific period or take on

specific values at defined tines. If there is too
nuch Jifierdes chanacieristie of pephadis $1gn¢1$thcat isclﬁenmdd:sjﬂablef af b signal is

 fteBAPiloRic, B RbicbucaRL R oh Bt ol Aot in Mo e

sga’«&d bmwﬂ}fﬂw peSooEhs sigame Ttk {Bhe diRdhcsd BEERES ﬁ'xe actual

or cormunl cation protocols such as | EEE 802. 3ae 'f

t%lﬁﬁ véHeh thealoerureend thp sewinab tivies etiehick 1tts4hau1dcra¢ur in
1:16@%: comuni cation circuits operate in the

pgfr}lgseﬁ% Sléi{ er An engi neer designing a

commitiee ﬁﬁglmbs istysduesd int®4 sign&laY BanyBodtiies Vih &l ding eké&ﬁ%a;l

~the ljgl tter immunity of a _sem conductor device

indgiie th@‘ EeABIBITe ARPEOXIBREPRS iR geniprenting sighdl vejuss end other
s QRrE) il ARl @ig, " {1 {he Spect {1 cation,

jitt Sbmemnmunt of jitfer ish&asei’cllhbleﬁmiﬂmmgdﬁv IIeReljitet Ui fRtbtively

: gﬁ ﬁ%%%glbé‘e A obfei“.hek ngnmﬁ it1s 1}/:\1(1)11{%1())(%2 /uggz?c% Zﬁse 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 thete 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 jitier. An engineer designing a
communications system, for example, might wish to know the jitter immunity of a
semiconductor device containing a recejver 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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Accordingly, sone sem conductor devices are sold wth
a jitter specification that indicates how nuch jitter
WR 60887 %r esent on inputs to the device and SRGIUS2005/034945
have the device operate as expected or the nmaxi mum
amount of jitter the device m ght have on its output.
5 litter inmmunity of a sem conductor device can be
characterized using automated test equi pment. The
test equi pnment includes a signal source that can be
dto eneyate ;periodic . sigpals wth. i
R I forh sorbotidGior dPRpey e fold Wit s iyt speifioation tha
indjoateh Bow muchijten e GitteleseBSdn Btk RBRIdelRe IRNSEIRhAV the
onstructed to determ né whether a sem conduct or
%‘é‘&‘rec@e%w gpgctedypt e applinbuineoust efjitter de dedvice might have on its
&%@ﬁywi se operates as to intended. During jitter
characterization, jitter is intentionally introduced
i n a Bitgrimmnuniyplf b senidndutdraitkicelca®bd EliarhditedtRinkh@tomated
devi ce under test. The apount of jitter that causes
tesicatigtient The tedicnvipment Weluges 2 sigpalsperce thaoan bgprogrammed to

i . i Ct Ok... . "
B R S Bul S USRS Sy ocor
Trestteopieptesniquiperat & gehentlyicomitucted té Hetedeivit ethireer
test 15 with.an ampunt .of jitter equal to the
8 WHJWBT fi"%ﬁﬂé?fmﬁﬁwnﬁyp cablrsstangarde of otervise opargice as
08I0 9 IORSS U SHERA i D0 l BUSlldd h g

apiplees a0t clotkeoratiecr prmp 60 the, devive ndédaritest. Thelmnotust of jitter that causes
as. a havi ng a reduced

ejected or."bi nned". art
95 1 L RGeS R AT PR For 1t ho

char actigfilaf §dthPfarHe 18§ to fe@@éﬁﬁéﬂﬁﬁﬁctﬁp@é@cets Qs Brt of their
accurate, it i's inmportant 20 that the jitter injector
Presdugton.y Thyr sderseted tdsbequiproentgenemntes aif inpit toathe devicsunder test

BB 1 B B e B o
ofBags pRPeAPvaORMR IR 1dvel 1 jRtdp PSR ATR YR b goal Abvile.

rocess i s known as verification. Various nethods to
werstle if itidoes netopetatromvnpertiu the dayicehuight yreirctddant “binned” as a
f the | EEE 802. 3ae standard. For
o] gsnaé?%,g?%qlqhggdeﬁtrﬁ%’i“sT’ng’r'E‘%S?E‘;éﬁ%a%ﬁﬁd real time
osci Fbohe op@sctBaxfion e fest/REhhitfes B avd Hotbel dc&ﬁﬁfe-a it_i% %I%portant

However, these devices often have |imted bandw dt

thgt the g iblgrsgRojor 2e@aBy producesdthe meact ampanhod jidier it adprograommed to
i f Nt s, Ho e 1 L L. .

o, BN oAU R B g o

mikistepdea@lycofipgrod t6 ihépiﬁ%raﬁﬁnéd‘@ﬁ&nitml&:ﬁ% préeeisUnown as

agfgréqxi mately 10 GHz. 30 Sanpling oscilloscopes have
vealgghipen used for jitter measurements. Sanpling

- 0Sci . i gher_ i ndw dt.h '
o anvgﬁ%gﬁ&ﬁ?%:tg g%e%.!s!]lur\é 612@% %rg!] %g, sufl Bé"{hoggspdé%ﬁjed 1n 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 them a real time oscilloscope. The
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2 WO 2006/ 039375 PCT/ US2005/ 034945 sanpling
osci |l oscope m ght present the sanples graphically as

WO W48 m on a display or as a data file th@CTAHRI05®34945

processed in a conmputer or other data processing
device. It would be desirable to have nore accurate
jitter neasurenents techni ques, particularly ones
that are operable for neasuring jitter on signals
having a frequency 5 between 1.5 and 12.5 GHz.

SR St losrOHE PR Do s seBRaes RO e igfagm on  display
6l o Aata flEMRatTRA BOProlEsed ¥EScRRIReYr Rehe d@ﬂalﬂa}i-%deg%iﬂ% ﬁéevice.

sanpl es of the si glnal; form ng a histogram ~1h
sanp! 1 wegld essdesfrrlle toepvg npre bedicate fijteningasuidmeantsoigchniques,

Ao G P e B Bl peviog o fguency

tweabl bbby 12865M:. bution function fitting the
hi stogram In .sone enbodi nents, the nmethod of

characterizing jitter in a signal is used to verify

t he perfornmance of UWWW f(ﬁﬁ i njection
device.. i5 In anot hgr aspect, t e];Thﬂ‘/enti on relates to

a netthode afpeet thef iyvdgioh belatee tdf Dethiod @f chdraderizing jitter in a signal.
i njectjion_ device. The nethod.

rogr ble jitter } .

ﬁﬁé’%ﬁ%ﬁ”é’&? ot & plurality elsampies;oddhg Banaldoraingadistogram
_ it . . .

ARt fulkos BRng WD AIRY M M\Ron IRIARE & R HIOBRE ot
deteduinamgechasatoisticanof thejitiemfesty lpatantegers afitk ipestiability diztritgution

a histogram of tines of occurrence of a-value of the
ﬁ“_fclt”PB_ ‘t‘%%@?i‘fwgr_flgnal ; 20 fitting a probability

di St i1y Bthé SRLEGREN s?&e&&tﬁ&@oﬂhﬁfa%ﬁ%fﬂg i#ifdfin a signal is used fo

n hav H nﬁn t

probability distribution functio g a conponen
vprifygbe performance ofz pioghiniriable fitet injebtion devidaunct i on of

Lo T R Py, B Ge Pl 6 A SR CfoMery pe i e formance
of 4 Bk RfmaB1R gittfgf‘gﬁ REbR HEAES IThe dE@bA ficPMek ??ofgeﬁﬂi%ﬂ{g%& jitter

_proportional probability distribution function
im¢ctichalemsd (¢ gerierade afittetoodiraiod bighalthavitigst priopratrineed amount of

Jfungti. 2 it.to the histogram In.yet ano [ . '
sl it ey bl vl DSing S oo Bint o g Giiing fnction;
foritd &RRErdR bf tiREO¥T sichfefedrantucWrike Ritd RS ATBES gnal;
amount of jitter in a signal. The test system =~
fittingl a prebatalityatigribiion foneion ta tie kistogegy, dhaprbbabijifydisribution
inj-eciien ule. The y 0Qr a bl g..ji,tter. . nject..on
U bl TR oot HEnefioRSh & FEGHRRBick sl GfekioR B the
motflating BRctos ke aborhfiieht propsttioniTag d/padieBilRy ditibutich €unction

nmodul at ed out put_ being the signal input phase )
of a random function; and characferizing 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 fo 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

3.
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nodul at ed by an anmount proportional to the nodul ation
i nput. The test systemalso includes a synthesizer
Ve $006/0393Havi ng an out put generated fromthe r dCIVEN045/034945
cl ock, the 3 WD 2006/ 039375 PCT/ US2005/ 034945 out put
of the synthesizer circuit is utilized as the signa
i nput. The test systemincludes a sanpling device
recei ving the nodul at ed out put and provi di ng as an
output a plurality of sanples of the nodul ated

A ! ' | Li f
SHpL 0O Sl 581581 ¢ 860 BL Pl Bl o
samplg ddviek rebevipitidmodilec bo@uesndmotidRless anldigut a plurality of
conputer to analyze the sanples by formng a histogram
sgtpggg Hﬂgﬁhé ugjzggt%/ (gmgutf ik cqu@putgrﬁgoqaﬁsgqrggcpeaﬁs dhe plurah%v of samples
oP (tRAG Ay mgtjgﬁf ﬁﬂd%?&g%gr%ﬁ %%%gﬁa%égﬂ%lgﬁﬁ{ ThE3rder M Sontrols

conponent represen y
tlehi copiubartto emalfzenthe sanpled by ﬁﬂnhmghmatogm bfumgple BRhéshand fit to
SCRI PTI ON . A .10, The acconpanyi ng draw ngs
o S s B W oS
rébhSehRESe oLRE ?rdﬁ%ﬁﬂﬁjr Ririvafiod ﬁﬁfcpéfn bERR hhdRlatoR TRREN

that is illustrated 1n various igures 1s represented
by a |like nuneral. For purposes of clarity, not every

t | i i In th
Corp et I, BB R P oL
in umﬁea&bmgahﬁagméﬁriﬁgg are Ebﬁlteﬁde@%)ﬁg&girs?‘gg t(g.’s W amg

a test setup for neasuring jitter; nd 3B are
depdngshesshidantion! drmeanysteaticah domponenbthepisrilustmteddh various

ing. ci,lloscope: Fl Gs. 3C and re sketches
Gl Piker it SREER bl Jfer wdiog o Slarh el €V component
ma be ldbedan everk dawidk Fbtha deka@hgd of a hi stogram of
the sanples in FIG 3D, FIG 4Ais a sketch of a

probability distribution function of the zero:

Cr ossy banal at _j.s.mdulated..t 0..0r Qvi de!
o1 nocisr g {4 v, TRURSd R vty R R B R g e
pr ok, 12iik ¥ btickidiidpath iof B tdstiStilip R n@fasibrtf jAREO
crossings, of a 25 signal that has randomjitter; FIG
4C i HGs. 3hand §Bgre skeighep ussifel in pndersterdipg thepperativaof @sampling
zero crossings of a signal that is nodul ated
OS\?\{ﬂtotﬁ&gehusoi dal jitter and randomjitter; FIG 4D is a

sk etRifis03C and BBtag slaohef ilhenmtiresdatocotReién Mhg & sAnpling
ossi ng sanples of a signal including sinusoidal

c
OSP’:iLPF@PG?and random jitter;
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 fimction 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 jitier; ,

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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30 FIGs. 4E and 4F are sketches illustrating the

“E{Jocess of fitting a probability distribution

HEPHA™S 0 t he histogram of FIG 4D; and 4 WBCT/US2005/034945
2006/ 039375 PCT/ US2005/034945 FIG 5 is a flow chart
illustrating the process of conputing paraneters that
characterize jitter. DETAILED DESCRI PTI ON Thi s
invention is not limted inits application to the
details of construction and 5 the arrangenent of

conpopgeat.s; farthui he foll owing description or
D1 Do RRG g dtlow Al ‘HP%%ﬂthﬁééhe BERECSP Hg%%%wgip&f%eﬁ%ﬂ@f
diargdtdrese jeighodi ments and of being practiced or of

being carried out in_various ways. Also, the

phraseol ogy and t er nP¥gIAdEFDUBBECREEON i s for the
P 5oL A B B o

[imting. I nc
thhauengenient oHeinaponienty s&t foith wolheifBllowind descyipbiba bl NRStrated in the
qahereof ho_herel n, is neant to enconpass the itens

PENgs he HESREEL 1S SARRbIYf atherembodimenited ofdoing practiped or of

o . i' F | a7 73 i o | C - 2
9855 S S Bons Gy 1, BAIBBAPRY A ByPBIA e vrini
fortheipugpdsh ef desariptier agleshealdmot e tegamied bl Eimerd, OltiCuse of
Signal 110 occurs,in the tjme P, , Signal 110 m ght,
#‘6‘%“‘@’5%%@%’}%%% 81 rheViRgy e Conaing.” THEOIHE, andogations thereof
Heeiflgd ?fIFelhxg% 'Ieﬁccﬁﬁﬁé%s ﬁfeQ%ﬁisqgteh]tﬁeljegﬁéf 5.8& ?gﬂrii?raélgﬁg ;?he?gcff as well

cycle. FI Billustrates a curv
agagditipngdeinsg nul tiple cycles of the signal 110.

the. A bt Ay & Peet ST h febtooks sk S o a8 it aeriod P,

mheadiddah kg Ead&?éﬁ@fe%f‘ﬁé%%ieor | #1010 E&ﬁrs in?ﬁg time P.

illTustrates the effect of ji r exanpl e,
Stgrad 1 0 méghtnigs exanapie v supeapoSigiald 10 ha®dpegitvets negative

f. val duri ng whi ch '
A SR A B8 R Entt B Sk Dee i o denoted Jpp. The
bounda@i B ilbistrbiee akaRe 120 BormRRINRSRPEHhPSsiRERKITe BRAS of the

value of the jitter in signal 110. To charactériZe

stemal 310 tWEithea jitter ieaehi eycld worid exadly align ivthdbe priabéysie and the
i f this band. ., FL.LG 2.sh bl ock
sHRR stk Pl e ble SeB0ac et RGN Flomedt FIG 1B
iltuairstes B offeaigH jRier.DRY g AnpRABE zd@TrossiA] Frodilthe |sﬁp@gosition of
device that generates a jitter nodulated _signal 210

cyglestrentpy pbandatanluss dinmwhich 2jzera @pssingimight hecuse This band of
vAfedis abhde&d Yook Bgﬁndaﬁesaof 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 fo
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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test system Test set up 200 m ght be used for
verification of DUT 212 as a jitter injection device.

WG 06398 %er 214 generates a high frequency pePCEAIS2005/034945
signal 216. Synthesizer 214 30 m ght be any known

synt hesi zer. Preferably synthesizer 214 will be a

synt hesi zer that generates an output signal with high
spectral purity and very low jitter. In a5 WO

2006/ 039375 PCT/ US2005/ 034945 cont enpl at ed

SIS ol SRRt 0 SR o TR
PIGgrﬁdmabb oler HlaGkezbanByidthesic es 1.3 CHIRY1 D GHz.

synth er, as hnovvn |n the art. Such synthesi zers
typic é’ei%‘ﬁt% Wherieer dsdapemimthe ar, %m‘éiscyn@@mers

n. out
R R 1°°$%"EF‘L“RE%DS F RSty
B@n%atgwrdwp@tdhans plmaﬂodcedmfﬁem sigiialt he exanpl e of
FI G 212 inclu ase shi ft circuit that
nodul g?%’é%e‘“%ﬁ%@“’é’fddeg Pé“@llaﬂ'aﬁ 131 dn the exarnple of FIG. 2,
BXCPL URimeRid 4 Phade mw&ﬁhltﬁh%ﬁ‘ edddBlhtes }%Q@ng ﬁcﬂhc SIgnal 216in
phase fromcycle to cycle of a periodit sign S

pesordagee mthta@pntrmlrﬁmfjtncm Vighe, chlange il phasedion nyele thJc‘}e;le ofa
berdeiE B0 3y 4 B iR b ey, B i o cGeb itencngo

ﬁrﬁﬁmﬁ@la& 2phasGedtd d iRk %dﬁa&ﬁ%ignaﬂ_ . SPW-GRr %Uﬁ"ﬁz more

gnal to' be nodul ated m ght be Synthesizer 214,
%%ﬂ%q%laéqr%&ces- splegsa modubat@l i ged 2 The soumge mﬁthemgnal to be modulated

Kk f
B B8 i B0 B syt i Btemiab y CT 7 o R Bff Pegppentent
somycec dlilveribe fte GAUHE Rincdn ihat $REifRK ﬁﬁ%&ﬁﬂaﬂwm&ﬁi bOWrived
%ltter nmodul at ed signal 210 is nodul ated with a

HRERY COPFHIER! $¥WT¢at is al sO a sine wave. Thus,

ttey t.e
J‘I’Iﬁ at ¢ oﬁ?g’&%lnﬂ: %gdcl%t fgg&knhé&% ‘9‘8‘%‘%‘{%‘&“ %?{) ki ‘hc%&%teé pitha
dobiroPfliAction thhidwalsh @ sineteicy ThHub gitfe hRHERER €810 has sinusoidal
Jg({ggnal REF, which may drive a circuit that

erates a 20 sinusoidal control function for a |
phas '
Crroun et SR e L bR B B LD g o
redegresthe M&enmj@cﬁc siguad gREFeitich diay ﬁﬁ:ve ﬁmﬂl(ljﬁ afradi SiaQfdlerates a
210 . rovj ded.as_one { i ng_device 218. '
sEwso g dongp HF“@l@rPQhﬁeégﬁPéﬁlsﬁgﬁU?& 8 nraggmmigs the
DB LAOwHEN TRET 218, 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 conirol 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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25 Test set up 200 is controlled by a conmputer 220.
Conputer 220 controls DUT 212 and synthesizer 214.
WOo9pe/038875cont rol of el ectroni c devices i s knowmeCTiUs2043034945
art and is not described in detail. Conputer 220 al so
controls sanpling device 218 and receives data from
sanpling device 218, which it processes as descri bed

bel ow. Sanpling device 218 may be a sanpling

oscilloscope. FIG 3Aillustrates the 30 operation of
sanpl 4 0sci Il as e thal enpl.oys equival ent. tine

sanpl [OGAEE RGPS shPpling B B Sonp deiung Minker epal tha has o
moniigal pesied tadis thakir@ada shinR!eulGARIIFeE RmiRSIjetidl ©f the signals
wavef orns of very high frequency. 6 WO 2006/ 039375

WeEYus) I8 tisvembotgmers &f %{@- ?e%pﬁmqrmémﬁlg@l 2 Horpind jadger

' i j ' ‘tyhat s
BRI PSEARD NS AETR ol 68 Bhe FertgRle 0B RIS Bhis. o
dohfigmativiploviiles trediesited Rbrtishgi@bawebeihagrigga $uig dnd tHe input to
t he ,en‘80d| ment of FIG 2, both periodic signal 216 and
saropling deviers 18 dde Ligpsarispalds used to der otehelndhee

T
stgmel 3 1p UFhettime efemoh sngpldesiaiiwesto2ABstart b€ edchi cygRmay giglfrom

[ sed.to_derivye.s le.tines. | he illustration

cyfle i cle, Sagiple Se oK orytie b o shfsstle. sSamIE S fafeken a
_ : g ol

U} BEAPIEER Ol BAPH ol Ryl BB EIRMY e

Preforablye thel values Do yidd and [BaampiiidfeBhti s taken a time D

e K TR e AT S .
Fath 6f thB 8arhplie§ Q},‘S\i Gh& S, rprRERS ?ﬁﬂni’s; or thE w4RL1ER tff%tia:rr]éégffset from

and D3 are different. Reconstructing a cycle o
thej st the periedhey thardelay, sushiab DusiPr, Reefci assdeiaBed SMh the sample.

f .t sanmples S nd represents poin 0
ok onts e B Rhoties piBed Ve ARSI mecBR Bhlvelh the
st lof €t payioihe del ay, such as DI, D2, D3, etc. ‘

associ ated with the sample. 15 FIG 3B shows these
sanpFEG. 53 shosvsgndy thee saimple paiets Apprioplisitt eleaesi ong a cycle of
' r h riod. FEl 3B _shows
Uil hhubioh sdhAF holy hoBaBESkBiey. Sy kg gpoed from
tha stiytodfe wiriod bye ewalidint, DHEh Q4 SqSienBhEiRe bﬁﬁiﬁo%@péf, the

be enpl oyed. Each sanple is spaced from the start of
trigepevignad dpljneg the8owh ohihswivele iDNhiohrp smpde)isito e éakent Cinsuitry
SCi 0 t ' . Sl I fin the start .
L RIARSond A% R SRR B i
InGhost eades ythe vaiub Dy vahies fodomi0F6aREMBRUS 88mples IRt Eaes, the

be .t aken sonme del a,}é DN after the_trlf%c{]er trme.
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 contemplated 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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In nost cases, the value DN varies randomy from

sanple to sanple. In nost cases, the DN wll have a
WePIPBTH stri buti on across the period of the REAETR005N34945
bei ng sanpled and sufficient sanples will be taken to
accurately represent one cycle of a waveform 25
Acquiring nore sanples often leads to a nore accurate
nmeasur enent. However, acquiring nore sanples requires
additional tinme for the nmeasurenment. In addition, if

e R B AL RSPk e AR e
oRAlbAsC a sighalavigDptteNThe tatplesbstbiae & ge D‘%NIE%W(S But one

| ocked 1 oops. - within synthesizer 214 or

Bysle of thA@tg@abl i Fg jifter eansesthapmaplge tpufalliin pdend ameynd B@ nogyinal
Pt 8 8P Navsfaiy T TaRPRY ab he AR E9R g S Chrfiiichuppgipristcs of

Al es are collected. In one enbodi nent, about 30, 000

sanpl are collected., 7 WD _ 2006/ 039375
pCT) UER® G g eniargsd viewsof ragias 40 8 TRBE Bregion 340 is the

1%@'[&' ol ¢ §ex%célr$s§ﬁ1% 31&%’#19(1\3&1%@9@11 oﬁGl 4 9SA P ihat

sig na w th e sa iné to
lgmwom $amptiesafal vuﬂnn ohand leyidge wfdtlu e, Wh@haé proptagional to the

itter esth S es to fall nd aroundthe
‘h e S Heitits ih?ﬁ%‘%\ﬁa FisrA nophga
anal
fa VER e PeGueialch GIG) GSambloVS 20, ‘éﬁ@gk%%‘t%[tge smal
BougiRedreoronSifidreddo b essemtw@hycmrcﬁ rThersdntphe falking withiis hiengnge Z
nodul at 210, FIG 3D shows that

B r?%elf%%%r §5?ﬁ§p1g§o?g]e Iﬂ'&P@ﬂls‘rgnﬁI band having a wi dth
Jpp, Mg &faﬁn@lﬁ@&fg&'&ﬁ?bé ewidéammﬂﬁﬂg eﬂs%,isb%nds_,, FIG.

The band surrounds a nom nal si gnal ocat

itter
#ﬁilows pisthgrapaifecraatedfiom shasampdes lan'ggon 846 almmem FIG. 3D.

el 530 Rione ! SRt PR iR S Bip e SR Bg SpS 7 ghat o

Withif efcH dTehé Bing Such asr]ﬁPBf BN The @aMef iPHhS 'hfw@grﬁfl 3t5t3 Pnay be
sanpl ed signal. Sa alling in range Z nay
ngrmalized hmg@tqﬁalrx@mbgmmlesﬂsem cregidl &Bénstﬁg@;n sulethat the -

S hpro e 54 B T SHPRAER piBiion of e

sangRtpathtdin mgmm Rythideay) wmﬁgtogfanﬁmé@scm@i 16 bleli®: measured
ran%e Z that fall wthin each of the bins such as Bl1,

ppabpity disfbuian denstion of e Jiles e ijiermeddated yignal 210.

gfégﬁyt gas“ St ogra?n'&g Wﬁf@&%&%%&greﬁeﬁg@nﬁ

charpeteristios of e jiRpon jitterhbdnated sighsl 20qPE®) 3)i Fr example, the

di stribution function of the
width W of the nonzero portion of lnstogram 350 might be taken as an estimate of the
peak-to-peak value of thejitter. 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

8
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sanple points in range Z In this way, the histogram
350 can be taken to be the neasured 20 probability

VP 2006P¥37S on function of the jitter on jitter PCT/US2005/034945

nodul at ed signal 210. This nmeasured probability

di stribution function can be used to derive
characteristics of the jitter on jitter nodul ated
signal 210 (FIG 2). For exanple, the wdth Wof the
nonzero portion of histogram 350 mi ght be taken as an

1@epileheTRd £ pRibabifiey difeBktidPruRein YA 148 seﬁﬁ}t)lE B@ﬁﬂ thh& on a signal
Sone prior art systens have attenpted to"characterize
Wquimt@mdalmtws fashi on. W have recogni zed however,

t hat gj anl ' t i hi.st 350
the. SSbIRRIAERNE el Bot el beve SRt ORI Rk otugedae an
xaeplectierdif A RSy sigils Bivihe3fiter offed MASSimBRGHARS] B8 ptdb a‘Rility

he characterization of the jitter. For exanple, ~“suc
bimfdactinn weld ke eenamted bised ohdhe anplipdriefitter pdilaton

R e e S AT

rejetsenting thejjitter atodahiom Ginetibst Anslrnhﬁvd@y,qrﬁ@gxbﬁgoithgl @¥ibution
I st ogram

FI Gs. 4 .}g({:jllustrateanethoql_by.v\nlc_ C

lanéﬂght sriyeq pypaRealy e d prehabilith digribwsiaometionanay be
r I terd .

e Ea0y BRURE b olfEbSRBEF 848 of BEIRSRS G5 apgtion

Thegr sagmpiesswauled be Hintddiinty tihssdndi theihinaber dfpoiritofalihban bah bin

sala‘gl e %gts- made..on a signal having sinusoidal

PrErEFe a’.é%’&?m@g@dabove, a signal nodul ated to have

si nu ; . -

oo s o AR Shond iR o1 Tor SHBEE PEEFAly. hShrobabilic

dlsﬂ'gmﬁlﬂ@ irwition 0 isscodipaitad; it & oolativehclargemunthel df bigs such that it
erated based on the applicable_[itter nodul ation, .

e %%P%‘E&S B{%"ffﬁﬁcﬁ@ Eﬁb QvgsYes, dhrciesdition with which

Heereab . - . b i oter

e D 20 B SFRAPR Rt Dol bl bl

Ige”itan buti on  function night be derived nunerically. A

probabi ity distribution functjon ener.ated by
D1 orE A tepSsBhiE B RO SrPEoESE Bt iy bt gh Bnchitn of
adyOetaR hhing En0sdida fitterl OGRS charllesis:i v

intg bins %nd tr11e %iuﬁjoer of poi nt ;efggﬁl?lﬁfgg?%ﬁgg%ﬂ/hmg?ﬁvm
depeuding pB pasmstass ofihg sinosaidalimustilation@matiand Fos exampls Hbev

Lodiyird ' Al 4 Giat V., Preferabl vy, the .
spi Sk X Pt eth Bl Pl TAT B 2y G 9ol o it magpitude of the
simisbidl repredntinig R Nidr MR IMUAIRctdh, Di ns such that it

woul d appear near|y snooth as drawn in FIG A4A :

Howeleeharadiasizedbaiitiariopritinr miodwlatedtsignab 21t éhqidedlidsil pidbybility
diﬁ#ﬁ@d&%%@%nilﬁ}é}gh? e Ai%l%dl’ %0 eRsERs eh%gobla%ih ohis%ibution
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
nuinber 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 contimoiis

function.
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invention. FIG 4A represents the general shape of
the probability distribution function of any signal

VB0 B398TSusoi dal jitter. However, charact eri PIOTAES2045/034945

the function m ght vary depending on paraneters of
the sinusoidal nodul ation function. For exanple, the
20 spaci ng Mpp between the peaks 420 and 422 wll vary
dependi ng on the magnitude of the sinusoid
representing the jitter nodul ati on function. To

char ass gk BsckiiBylobis o 4 -
210, the'] Aestt oLa op alue e f‘%?g???igﬁ{liﬁg%ﬁfnunc Ihas generally
the shagegtitheeobatillity sistribwiontundsioni4if Schas petksA207 ayd 422 and 2

S U PSP 0 By AR 1
Howmetdrdistbgrafr 43066 idflichf YRR BE oMct LRBF SBr&Y because it is

identifyin aranmeters of the idealized probability
Jraied fromrachil meprireramts. nEar this seesen, siveply sasasvningthe peak-to-peak

: isto T ar. rs, capn, be use
AR TR 0 R0 e 1 PR PR D R s R
cdlEﬂa@e_riaﬁioni of the Siterp Fittihg an ealingRobHlayidigikution function, such
relatively small number of bins. A much |arger nunber
3@14@ tdusiegipg 5P allawa fnp beiiey estimatereiaiten chgpsteristizs. a
hi st i ey I .
B L
disifibutmindfnhctivnrdesrmiaf o jitker b ditter nodilprd sinal2 H s dotlya

continuoys function. 9 WD 2006/ 039375 e

SPerIaZo0 gompancgh nflbk 45aeprepipitbApETMhiity figibution
. r 0 ) r. y - v .
o 800k ol R i P B ik i BB Bribution
fpedios 4302 OépresedtsaDPhalardramssisn disgihukditier.gAne sighblhaving only
t chi eaks. 420.and 422 drou 424 of  Fl AA

e R S ik By s i A PP ion Ry in e goneral
sRARE Ip%HaBﬂity“ Bl ARBI0R BRRHSE 4808, rbSardlesy FRhEFhakfifBe of that jitter.

actual measurenents. For this reason, sinply neasuring
Howevpe Hie- widitpefthe cenye edll vafy depending b dreastandardodelviation, o, of that

..Single characteristic mght not yield an accurate
JHffaracterization of the jitter. Fitting an idealized

pr obali. ki [ ' . i :
D O AR AR I o BBy Mgl 2
Jitbaneditleted sighal21 0Fae be greatet dry canbiniag probabilibedistribatioe d
by.creatin i deal i zed. probabi.li 10 distgri.buti.on
ey o el e praveblie WRtHRtion RhkonBaY be Bamea sy
cGtivaRahg %@%&@ﬁu@l}&@ba@ﬂi@ 'd%?lﬂitﬁ%l ﬁlﬁd%ﬁgé‘ 'f(‘? RERThecurately
component. FI G B représents the probability
determing thetcharactefistiestaf dhe jitfer ohditeemodolatedsigngs2 Y, sech a combined

id%:iﬂgz%g lpr&%%}hqg d{s&%%%@njﬁiut\cttig{x inigﬁt%%a‘tﬂ{eldi tg ¥hedri11§§s¥)}e%%ét8§ram 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 fumction 470A is its center point.
As shown in FIGs. 4A and 4C, distribution functions 410 and 432 have a center point at
the time Cp. 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 20.0. Such factors do not affect
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function 430 represents normal or Gaussian distributed
jitter. Any signal having only Gaussian distributed
WQ 20663905 | have a probability distribution fREIUISEMS/034945

- 430 in the general 15 shape of probability

di stribution function 430, regardl ess of the magnitude
of that jitter. However, the wdth of the curve wll
vary dependi ng on the standard devi ation, a, of that
jitter. Accordingly, a nore accurate i deal [ zed

BB o4 b B e RS Ot B b fin 3

BERERDI Thisy i cehiet Pbint OMth3 @defayzgatdomeﬁlg@omﬂnﬁ@smﬁﬁﬁn

probablllt)égdlstrl ution functions may forned by
Sgwiion mlghj Iverigchigi arpate albetmro"ﬁ &cthIStog;am#@Q r Themiagier in which the

ct o n det er

ARG ofSs (el ™ Roff BBl o ot e fbg ThdFooter pgint may be
aemnaal as Bkenty6hpRvRPNIhResktrit Haahe 2@8npigebalididativg the expected
di stribution function mght be fitted to_the neasured
Hrle ehtha aflees lows s theagen gﬂﬁ@owv:mav plse b deingdys the pxis of symmetry

£ 4 gl;qh rﬁﬁ@% ncﬁ"’t@cegx't:e .shows a conbined 25

I deal'1 zed proba stribution function 470A

S u per FipaFdaiiusiatdai asdo@ﬂ:nﬁfm plﬂﬁ&blllt@@mmﬂ@nrfaﬁmml 470Bywith
tr| b tlonté%mctlon 470A i s the convoh_gjtlon of a
Ef‘ém pesyof the gendand deuation ofche aprmah diskbuies) ity Pl galue of

R 0ARladrioh S SEREDNELOS Gk Bfod kil | 07

usi ng speciftic va urther
p ara rfﬁh@crhamfctqmbm the j1§te1cbxs tietehmne(bhy fselm:rhxlgahe wiéalirads

. d
R Ao P R htrib SARE Beah R s meloies e Biseityistogram of
@eﬂuest W@ﬂfc‘ -of &L 96! Bf405h Has: 1, G&{%@l{ hiRRIgRim 850 and

time .C. The tine C mght depend on &pecific times at
Wmmm@a'nwmktyahMbmkmﬁmwwE@lO& ckherles@ess 86 te match between
6/ 039375

10 VIO 2
5915 b5 2 0R g g OB SR PSP BGRA Y Sping the eror
¢ B, REdLal oF iR GRS histotRAi A5@T PikaghisahFrh dlishbﬁrs that there is

centered. Thus, the center point of the idealized

woerhir e betwesh abinbinest puitebitity dishintion fmetivn 4708 ghd bistogram 450.
KErandr sefn REBHRehes Sy ditimmtite Aoiag 7 e sifer grror 2

dridhdraforORpRRerith 8 bEHUERALIOR hifibErafedsoehaP edribine@ yrdvability
defined as the center of gravity. This nmetric has the

(bﬁmhuﬂqg@ﬂ@tonmﬂeatl ng the expect ed val ue of the

he® TR € Dol Ben SFhoRE g oyl & Ffich s BB thejiter

aﬁ@ﬂ&ﬁﬁutef' The pbcéss lof B1G.23 BSglA, ﬁﬁéiﬂn??éi herpebfalhbd tivder control of -

di stribution Tunction 470B with erent val ues of,
sofiwars insamputen 2830 6f1Co ). oHowneer e pincess 1ighi be exaguted in any

dohbdrfl i8R val ue of

The process of FIG. 5 begins at step 510. At step 510, an inifial 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 estimats 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 -

11



10

15

20

30

1o the sinusoidal nodul ation and center point of the
di stribution functions. The characteristics of the

WO 20eP3%37% det ermi ned by sel ecting the ideal i Z2§F/US2005/034945

conbi ned probability distribution function that best
mat ches the neasured histogramof values. In the
exanple of FIG 4E, there is an error E1l, between
hi st ogram 450 and conbi ned probability distribution
function 470A. The cl oseness of the match between 15

BEARBR netd s B R Gl o P el AL Pl e gl dpiburea
jitesr. val ues in hi st ogram 450. Likew se, FIG 4F shows

that there is an error E2 between conbi ned
pr obaBPed iniiadipstinpaten fiterparemetersowe detemninedl procsssigg preceeds to

Ao 25, 812 RSB BB R b s e e

irstri
stah@ﬂjﬂg arsgnalelmvﬁ%qttt@ vAithRt e S tihRidl £ RIS NG Rerated.
"Iihl?l Ol’[bln robablllty O distribution function .
obgipity distrbugon fagiotisforad hysaompuiting therpropability istribution

el SRR BRI ol L B0 LS BTRHb R s
fumnmnsamﬁmmd:omblveﬂoftware in conmputer 220 (FIG 2).
ght. be executed in

Howev € process
conv iR 3 Y4t eomped ltt?@a‘atlt»b@g@ bagorfgction t@@@mmreétto the
12da8ired hitoghlm S TRE ditfdenc@belvich i@ od ?@%it{)@;?rﬁ?ﬁthfﬂﬁsmbuuon

fSmrarreters that characterize the pr
agioniabd meemlrectthxstqgmm éGrepresentetins afilegror eslhe it enesybodiment,

T BREG vt St
fiaedlbhs é%q)cno@ﬁd Féeékanifd, Ghe ) ﬁ\/g%séi?&fjhyg‘\%oﬂﬂuung the

estimate of the peak-to-pea
differennsibgtwechitha bﬁtﬂgfﬁneand ilp oompuﬂaépmmlﬁjhétsﬂﬂmhen fizfdtion on a

o3 SanEPani i veima e Rures il eechefe ibtesiPrcon

the makt@r&mttb&, it brddaR t
ok A e ARSI R Al B S check

p
lﬁﬁlgdrﬁ astie wielgr te emior isteducst te s idvehihet isfdecthed sctcap’tahled The level

| ni 4 mgﬁ{&%ﬁade%ré%etgﬁg%‘?p%bﬁ‘gwfi% %f@isgt} iovglagjr ‘?%% eﬁg’& ue.

Afeoaiisdy He RvelsRgor fightYeaRembd accdbtabledPh&lZmitiR@m in the
conpi ned probability, d| stribution function that

eFupetipnsis defected.s Arpinimymadn sheparegr fenotion gs jdentifed wherteny

IS B R S

p

. fonotigaiutebwl ik Adighepleabt.| ity distribution function

correspondlng to the sinusoi dal conponent and the
nor il ec%'pﬁ;éﬁgettdeemﬁ@ gedtled, processing proceeds to siep 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. Ifthe new
parameters do not meet the setiling 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.
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functions are then convol ved. At step 514 the conputed
probability distribution function is conpared to the
WM2Me839875ed hi st ogram The di fference between PCTEIS2005/034945
conmput ed probability distribution function and

nmeasured hi stogram are represented as an error val ue.

I n one enbodi nent, the error value is conputed

according to a noun function. Various types of norm
functions are known. For exanpl e, the error m ght be

RERERSL N R Ak ol DGR 0 o e

lustedtebembsdimedH poi nt by poi nt basis and summ ng the
squar es of each of the differences. Once the error is

c Or‘rpl,@%‘i? hp pBeRis Spergediodiesstited; the srasessiEIGAS pracepdsda step 520.
a par &ﬁeteﬁ%f[@éj&gg:\gnédgdé@%é% b%ﬁﬁtﬁ(ﬁ%sﬂbuﬁgq Fu%g@l &1?{ ]?ts the

neghted héstolranetbOacceet abtiaradiaiveithe findd oh thefinwy rodulated signal
Alternatively, the |evel of

2gregﬁ?term ed. val ue.
oS ¥alveneixe ar pecte eme af the Brakio neak vadation of
t@@ il {
o A b A
Slﬁﬂahﬁwmpmh@:mewes used to create the idealized

O R Sl S b i
pRIcRELILRIIbRALAL BPvaHSinge %&&&]&Q@T ﬁ'ﬂf""hﬁ% chI:e where DUT

Pesti mat ed parameters i’s determ ne e process t
243 pﬁe@t@d@hat@,t thp 1®alaks miggktrte o gremmprddb gendrateyitter of a certam

t d. Th f t
ofiyalibtihst 6 oeb BF ROORIR 2P R b toed WG b tnsiingpess on o
siRaAIN] 0l enagakdhyaBsRieieRior! ByldigraBRWyinB %ﬁ@r%ﬁ&rﬂﬁg@@ﬁe

neet the settling criteria, the proceSs again repeats

 pigcess of KIC. poa daverminalionsian Qe swide a8 towhethert @malelator is generating

a Sl 0 B B0 Sl Ber Prer 3G R0 e RS RIRER phtp e eorate

th pro@asinRIGHENAs oLSitdr b hmauramtihl\gm be OibHAME OBS Wl
for selecting paraneters at step 518 to solve a | east

calthipie @ snediatomis topropidsis data tabls thatsolates 2 progmam input to the actual

T A Y TR

appshed t¢ thetriedulatbt, tsd talsie eduld b adidxsail o i€y ﬂi& PréFrh/inpre value
settled the process of FIG pr oceeds

deened tog&
nqegsseriely psoduce thedesped apipHiidhe mogniatos msn@hleu wad b ed
| tion function that fits the 5
Sdg%%gﬁéraefgfﬁ% ?%%érdalh 50 are used to characterize the
j i t t Advamtagebesly, the estimvabion tevheidus idgpialed in FIG. 5 is more accurate

than simple peak estimation techniques 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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St

210. In particular, these values give an accurate
estimate of the peak to peak variation of the jitter

W8I EN and al so i ndi cate the anount of ra{gWyS2005/034945

jitter introduced into the signal from other sources.
The process illustrated in FIG 5 mght, for exanple,
be used in connection with a 10 process of

calibrating or verifying the operation of DUT 212. In
the case where DUT 212 is a nodul ator, the nodul at or

char b REBY RS 8 S i e s fiitin iR i e
Afprépitadd for NBSELIOBABINGE VA Asigil Rl atkOw il SRl &l éi?cﬁr. The

the nodul ator. By characterizing the jitter according
tegner tphinigiedaeske enployed insonaection avith signal oravingothe tppasef

Aol B4 05,3555 MR 2Pouly BERGI Pl Bol o AL i

woditibtad enthdbgisyosf jgeper ate  the programmed amount of
jitter, the nodul ator m ght be calibrated. One way

- L iy - = - L t o -
cal i brikewiss, thearababidity distribytion Binctien showaia RGbfR is anpropriate
. - | J . .
FRRAER (L0 TP Wl oo e AR s componens
with digterais claragierstics,pdifferear Rrmagprdtailitg dishbution function may be
Lg?{g;k tor, the table coul d be accessed to identify the

fignal hag ap addigenal Bkecomppnens withudiffseent ﬁk@ra%ensncs, an
Ao o A B ARy LA Ty et
peshabitdy dostribwioh fuspiendepi cted in FIG 5 is nore

accurat than si e peak estipmation fechniques .. . .
o ov Fotie, it G exBlegbpr e scneaiien ombed SRR distribution
TERCE v ST 10 Bl AR ntE, sl eI progfimmed fiter
ané sandonjisiars Inater soyrcemofjitien gre mhesdnt en AikSigial indee tdst, Fie

WhReEhabily Gr\Geli ShSiRen el e dl e eRL B | ng

régirbdefiin@Ros¢ SihBehuAGsOF it} to the process of FIG 5
can al so be deenmed to be NI ST traceabl e. Having thus

descAilie @ ssmpbing pscillgseeneds fedzs abedsmplend asamplngdentice in the
f thi 30 i,nvention, .it i.s to be a eci at.ed vari pu
Qg EIGo g AR SR it bt dos s BB g G ed) Hrpfottbly the
ol devirReuill Yebld @ S8cifritel s j .
Szgg%e/gosgs?s PCT/ US2005/ OE“Z 4%&1%%?3@%%% ‘é’f&bﬁwég@emy Fange
Praferpbliyimeasyregientsrwiblheimadefonrsigriabirun tolah astal2en GHz. FI G

oaur SR Pl e icspas o PaSURRSCine Stk Sufie? gt most
highypecdesaniplivig deliBesC@MRENT heilabictale sGERALS thayiRplRk Mevices, it

types of
is n%?necessaxy 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 saihple'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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nodul ati on by using a probability distribution
function that would arise froma signal 5 nodul ated

WQ 2006/039375 t ype of jitter. Likew se, the proba®OIfiS005/034945
di stribution function shown in FIG 4B is appropriate
for neasuring jitter that has a Gaussi an conponent. |If
the signal has a j itter conponent wth different
characteristics, a different formof probability
distribution function may be wused. If the signal has

ddi.t t with.different . ,
char acuis PEEERULY SRR SR oranirnarare Bpisted ggphicely
04 i8 bt Ry tﬁ%ﬁéde%diﬁ}ipﬁe He81dCas td{fk%laly or in in a human

i deal i zed probability dlstrlbutlon f uhc |on
P?FCPM@I%@&WF) %eabtamocqssmg desesibed alibve onightiedperformed through

bu functi on was shown to have
é%ﬁ#ﬁim%% ﬁ%ﬁ f¢%%resenting t he progranmed
j i tt eSuctedibrdiiong aRbdikitdtRins, doll iIRPRREMSANREEHtied t& ﬁeeﬁart of this
gﬁe present on the signal under test, the 15 i1 deali zZed

e8P qnd yargliniandpd ta lp%mthlmﬁhq St andgshoperme invention.

I N se ot
A p BB e BR BT iR 487 FreflodSumpe onty.
used ﬁﬁmﬁﬂcﬁﬁﬂmﬁhﬁ of a sanmpling device in the set up
of FIG 2. Any convenient. sanpling device m ght be
enpl oyed. Preferably the sanpling device will be able
to accurately sanple signals in a w de frequency
range. 20 Preferably neasurenents wll be nade on
signals up to at least 12.5 GHz. Al so, sanpling device
218 was an equi valent time sanpling device. Wil e nost
hi gh speed sanpling devices currently available are
equi valent time sanpling devices, it 1is not necessary
t hat sanpl es be collected through equivalent tine
sanpling. One alternative is under sanpling. 25 As
anot her exanple, FIG 3D shows a band of values is
sel ected around a zero crossing in the signal to be
nmeasured. The techni que need not be limted to a
sanpl e set gathered around a zero crossing. Sanple .
val ues taken around any point in.the periodic
wavef orm coul d be used. Further, the nethod is
described in connection wth the characterization of
an 30 instrument used for jitter injection
nmeasur enents.. The nethod m ght be applied to
measuring characteristics of jitter in other signals.
14 WD 2006/ 039375 PCT/ US2005/ 034945 Al so, probability
di stribution functions and hi stograns are depicted
graphi cal ly.
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It is not necessary that these functions be presented .
as a graphical display or in a human perceptible US2005034945
form The data processing descri bed above m ght be
performed through conputerized manipul ati on of data.
5 Such alterations, nod{QLALdEI ons, and inprovenents
are intended to be part of this disclosure, and are
. intended to be within the spirit and scope of the
. 1 NVANheBAd of Aeeadel he inng, descript.ion and
dr awi ngs are byw\}g‘;/ﬁ% ﬁgiﬁa%siﬁ%ag@_o, %@t gqlgplgqiﬁg'rred
ohtaiingeplueshiti sOFatnies (SGLS 8§ of the'sipmtihod of
. L.Z] | hktersdn a signal (110, 310),
forlhy PESOER LY, Lp0reheincde Sl o sampl £s (5 1.
CHARACBERIZEY) INTTHAT ti getdod ﬁ]@lﬁfﬁ:iﬂeﬂlgﬁgéﬂ: st ogram (350, 450)
ﬁttiOf %]ggsi%rgil e Y@l ues, ~ CHARACTERI ZED I N THAT t he
RE{ riife? L Doripbakibty distribiting (B18ion$410)) 1516 hibtbGam;
anda probability distribution function (410) to the
hi stogram and determ ning (520) characteristics of
determinipg (326) characteristioamEties jitte Frond Baritin@RaDi thh $robability
. e

it nas o CH ' don function fitting the histogram
distnbutmn%ﬁétgd&%m%ﬂgr}ggtpgmi ng jitter in a signal of claim
' 1, wherein fitting a probability distribution
function to the histogramconprises: providing a
2. '|fﬁ1°tﬂ9°<g9f hesstasiaing jittetite nsigrat dfaiaiti Ltwhéreingiiting a
probability G40t oA £8BYNen 8280 hi&ng'a?géfﬁgqﬁrﬁ%Q~ by a set of
fyin o

parameters; identifyi one of the plurality of
v

PIOVEHBE Apyrakity ofipsebabBity idostribwiivatfinarizons (400 447080, Seach r om
Qhamcteﬁzealgg,Jge%p??[,gl%gys.the smal | est anount. 3. The met hod of
. characterTzing jrtter in a signal of claim2, wherein
identifyérp(5d6pong gf i phpakityalfipkbayilily Stctition Findibns i@ At fery
at ed, i %erat ively by varying (518) paraneters

fom the his%?%rﬁ?ﬁ%ﬁ%g FFPGt stribution function:. 4. The

nmet hod of characterizing jitter in a signal of claim
3, erein identifying one of the plurality of
3 pr 'S}Sg eﬁ}ogwf&ﬁé‘{aﬁe}émnﬁdﬁter the &gaﬂ@ft%iﬁam Hiviferein the mnrality of
bability diEbii¢H RAEAGRI ; I Ses :
prose e e B Ra ER  RET) pBeBhcters of e

Qoqgut_in (514) for eac
probability distelaion fungtien:st ri bution functions an error

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

_ computing (514) for each of the plurality of probability distribution functions an error
value (Ey, Ep) representative of the differences between said probability distribution function and
the histogram;

| identifying (516) the probability distribution function having the smallest erzor value,

5. The method of characterizing jitter in a signal of claim 4, wherein computing an
error value comprises computing an etror value with a norm funetion.
| 6. The method of characterizing jitter in a signal of claim 1, whetein fitting a
probability distribution function to the histogram comprises performing at least one of a least

‘_ 16
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value (El, E2) representative of the differences

bet ween said probability distribution function and US2005034945
the histogram identifying (516) the probability

di stribution function having the smallest error val ue.

The tho har act ZI n itter ih a sigpal of
squares eofaigt. BT P CGR00) FULLEH OF BAEOFUH1 RS B De
distributios datEbhNng an error value with a norm function. 6. The

met hod of characterizing jitter in a signal of claim
1, wherein fitting a probability distribution

fun .
7 | oap® BRI o e do S PR AL R RRSERARE G, Bt Bine o
probabzht}sdmmbeaoreﬁmnm foghe histogramzatripoisesided ifyingoelud iofdiphgality of
0 ara s..of .. t obability distribution
parametersrqfﬁg?P@ﬁEb g{ydl}ﬁ%lbﬂﬁ?lhgﬂj E‘P char act eri zi ng jitter in a
signal of claim1, wherein fitting a probabili ty
di s r| but i gn function to the hi stogram conpris

8 ide 1? mgiheg of shayaaterdzing jitter jua sigyelof ol aﬁaﬁaﬁ@@mtb@fpmbabﬂw
distributiod ?ﬁcﬁ&?@ﬁ@} bdhpridds §.t05hm1'ﬁdtﬁ% dr lé'}ﬁ{:}ﬁal%ﬂg?f ﬁfgﬂﬁiﬁ%ﬁ%n (410)

aracteri z ngjl a
of smusmdmw:land Bipeohabiin disl‘.mhqn oncﬂunmtmrii&f& (Noof rfotimel jitear afd 3dniifying

vos ot SRR3R PAIRL 0 By B SRAE b SO Scn o
the smusmdhlgttrerm&ﬂheltaﬁdmatcﬂeoiaﬁbﬂ%@)h&fom jiedr, jitter and

identifying values of a plurality of paraneters
conprises identifying values of the peak to peak

5 o o FSR08 b (e e Aol o s o Bl 1RG0 Mhnat i

phase modmih‘@dacm;dmg itmg p}'adbteemmml fanmcglmid thé pribabithiyi distetberion fanction

cornpisn & B8] o o BB O GRS s fcion s -

a probabilit digtfibiitin fafctfomneti-heiom ¢alREl ses a combination of a
probability distribution function of the predetern ned

function and a probability distribution function of

10.1 anﬁ%&ﬁbﬂl Sﬁeha%ébterﬂ"@g jREeG Qéna@ B%l@ﬁﬁ @r WE&EH:L ﬁﬂn‘n@%r

naS|gna claiml V\/nereln groal
probability ¢i Sé*tﬂPlit{?atfP@?r’imPGﬁ athigecran eorppiiacs @ﬁm a:pmbahn ’Gfsdlﬁﬁﬂtbtltlwg

function thﬁ £ r%%%@ot:h% H{%‘%h%gd cﬁ*ﬁxé ?Rﬁ)&%ﬂ?}f %ifsggzuhp ?%%Jc?lfag% SR Siitter

compnnﬂnﬁ unctl ons of two jitter conponents. 11. The mnethod of
characterizing jitter in a signal of claiml, wherein
obtaining a plurality of sanples of the signal
11. corffite maaowaﬂﬁramwmlmm fittar ineGignadbeeibing | pwhaeimobtaiging a

plurality of sar\]mples 0951»3 signal comprises under sampling or equivalent time sampling the

| s1gr_1a1.

12.  The method of characterizing jitter in a signal of ¢laim 1, wherein each of the
| sarmplie values has & magnitude and a time associated with it and forming a histogram of sample

values comprives forming a histogram of the times associated with samples having values in a

predetermined range.

13. A method of verifying the performance of a programmable jitter injection device

- (212), comprising:

17
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12. The nmethod of characterizing jitter in a signal 0U82005034945
claim1, wherein each of the sanple values has a
magni tude and a tine associated with it and formng a
hi st ogram of sanple values conprises formng a
roftorire t r!'@é« aVl
B \?a ue?E?$§&EIS§Eg%? er mlne gﬂtagda é}%ﬁﬂg@ﬁs@ggpm
amount of jigex; f yi ng t he performance of a programmble jitter

chap Bkt ¥ i Sl iy RE R e ot o i | Fomigan  ce

characteristics gfahesighdl; gndsi gnal (210) having a progranmmed anount
of jitter; char act eri zi n jitter in the signal

determining, ﬁ'@nﬁhﬁ ghegachsiskias Dgﬂlﬁ‘ sleaphwhether tietgehnerated signal contains
the prograrltﬁ%@& %Bﬁﬁ |0§~gh@§ of the signal; and determ ning, from

charactéristics of the si gnal whet her the
generated signal contains the programTed anmount of
14.j i tThermethdd o werifyiigthel pofforvieiicé yi @ grodphenpeblk Rﬁﬁﬁij&tﬁh

rrmable jitter injection device of claim
device Ofc%#gi ﬁ‘ ogramn ng the jitter injection device to

pr: oﬂﬁfm&nﬂg theditfer Qﬂ@iﬂdﬁ&i&bl& 16 gEtRPAth At in®h deditedle@iount of
npri ses specifying a phase nodul ati on functi on; c?'

Jitter compmqsﬁpwgﬁfalgmﬁwa%quﬂmenmfmmansin function to the
S ttg WA hbhdrld hOnisgradd| h&hﬁﬁ (& Biflng to the

roba di stribution
histogram aoprgbahﬂaiutcmmbmbﬂunctgm with plpashabilitp dish‘abutmn rhatnlibp e phase
modulatmn]lﬁncnme met hod of verifying the performance of a
aimabl e jitter injection device of claim1l3,

V\/nerel n the signal has a frequency above 10 GHz. 16.
15, Th&heretdtiost off vem'jrﬂné)ﬂmgerfchﬁmﬂ&f b4 pregrenfibla jlttarl %13 jection

hl e |tt i njection dewce of claim
device Uf“l%ﬁ‘é?%l‘ %H‘ﬂﬁ ﬁ‘l’rf AGTeaHEnsyiabeet 1§ Bt i on device to
generate a si gnal having a programmed anount of

16. J | e b RSPS ﬁg%ﬁiﬂm@n&;@rﬁ g&gg&mﬁmsﬁ&%jmﬁm

device to generate
device of claipd i3, a?vleadelax:cordl ng to a nodul ati ng functl on;

formn ram,of, the sanple values c i ses
D oPdgnding & SR tiondere Wpsha %Pﬁ@é&%ﬂ%& prmenmed
amo@ht JffiRtel bdthSiseiPebrahtng Hdfler injection device to generate a jitter
modulated signal modulated according to a modulating function;

[2)) forming a histogram of the sample values comprises forming a histogram of
times of occurrence of & value of the jitter modulated signal;

c) fitting a probability disttibution function to the histogram comprises fitting a
probability distribution function having a component propottional to 2 probability
distribution function of the modulating function and a component proportional to a
probability digtribution function of a random function; and

) determining characteristics of the jitter from patameters of the probability
distribution fimetion fitting the histogram comprises characterizing jitter from the
component proportional to a probability digtribution function of the modulating of the
probability distribution fimetion fit to the histogram.

18
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c) fitting a probability distribution function to the

hi st ogram conprises fitting a probability US2005034945
di stribution function having a conmponent proportional

to a probability distribution function of the

[ 70r0d Uity ARG nept proportional to a
B R R P g i er neciion
device of lgise 16 sikereamthe dodidatigiunbiion ishaimebidland the Sn@bm' S8 ction is a

(faussian finbi&{ from paranmeters of the probability _
ssia %#]é%ﬁ'butl on. function fitting the histogram conprises

characterizing jitter fromthe conponent proportional

18t 0 Thpeekadidr ' ' ' ti f the, ‘g
ot ol e e Aol R AP nthmtd ikeninisption

device of glaim #@whﬁéimmb?r%ﬁsﬁogméffﬁwcﬁ}dﬁn&mw rises:
: N 0 verifying the performance of a
mﬁ%‘ tgﬁ‘}lrggtllgﬂfq@?%ﬁ@ﬂf’ecti on device of claim16

seleshiep abmpleh BaviBg vhlabi by 4 ipusoid and the
divr ng]d&rgnfunc \{1(!;% is aﬁ&gﬁg%gwﬂg%gaugh%%l& The

sglected pampleninte binsper f or mance of a progranmabl e
jitter injection device of claim16 wherein formng a

19, hi s | of..occurrence of a val ue conprises:
R b o i e AR e R e G BmaBledgE mjsction
device of claamnpbesdditionialig commiptieimgt n a band around the val ue; and
Lviding the sel ected sanpl Lnto bins. 19, The
snafy Bl ok Bt UEEe F Be iincroduinied it smipbating
stepsbytoqdlitter injection device of claim 16, additionally
conprising: changing the progranmed characteristics of

the |,itter nodul ated signal and repeating steps b) to
20. gy A %{mwdaetﬁgé@ charagretias fiberinarsigrebbiseé chiatplesalitynoPsamples

of the signabfe3RRY il8 8 eI f the signal
. S ormed i nt ?%é%@f ?éram d&ﬁ&ﬁ%&ﬁ@%n ﬁ%ﬁﬁ%ﬂ?lﬁgm
COMPTISEN t est equi pment  conprises: neans (220) for fitting a
P4 A | Lbutign function to the histogram

meafit (1205 A Biob iy, SRt Eeued o Bedriomes so

means@2p) for dptem?mmm?mﬁ_s of ﬂ'IaERtea ﬁbméﬁné&gslofﬂz_\e

Ry Lri.butio tion fitting the histogram ,
probability ‘ﬂé@@%@%ﬁ‘é‘ﬁﬁ%ﬁ%@fﬁ%&l%ﬂ% oviding a signal with a

: programmed amount of jitter in a signal, the test
21. syaltemspasmchafifitred for providing & signal with a programmed amount of

jitter in & signal, the test system comiprising:
a reference clock (REFY);
a programmable jitter injection module comprising;

& phase modulator (212) having a modulation input, a signal input, and a
modulated output, the modulated output being the signal input phase modulated by an
arnount proportional t6 the modulation input;

a synthesizer circuit (214) having an output generated from the reference clock,
the gurput of the synthesizer cirouit utilized as the signal input;

a sampling device (218) receiving the modulated output and providing as an
output A plurality of samples of the modulated output;
the device of claim 20 configured to receive the plurality of samples of the modulated

output and determine charactetistios of jitter of the modulated oﬁtput. '
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a reference clock (REF); a programmable jitter

i njection nodul e conprising; a phase nodul ator (212) US2005034945
havi ng a nodul ation input, a signal input, and a

nodul at ed out put, the nodul ated output being the

22si gIidk 1és PytherR RASRIADY vtk Rth BY R éﬁ]? probability

rtional to the nodul ation |npu
distributiog, QHE%OP tp g@d}lstﬁwwmm fre ﬁiemm hdlﬁé histogring & probability
distributioh $hRtSA tas synthe
circuit qﬁﬁﬁk Stgyat g‘*ﬁ"?‘g‘%’%?"?ﬁ%{* ﬁ?ﬁ \eé,'gdlstnbutmn
function 06’@@|m@u@axm&)mpmaad\thmobﬂﬁhmmbth&hﬁﬂe@h ﬂﬁbﬁéﬁ c@é‘gource. of randam
jitter, providing as an output a plurality of sanples of the
nodul at ed output; the device of claim 20 conflgured to
receive the plurality of sanples of the nodul ated
out t and determ ne characteristics of jitter of the
Sy S claim 2] AR

SleEEYSHy AKENBEh SRl ingSROBS G NSNS betRen
15,000 demoa(pﬁnp%st em of claim21l, wherein the nmeans for
' fitting a probability distribution function to the
hi st ogram conpri ses neans for fitting to the histogram
a probability distribution function having at | east
two conponents conprising the probability distribution
function of the nodul ation input and the probability
di stribution function of a source of random jitter.
23. The test systemof claim 21, wherein the sanpling
devi ce coll ects between 15,000 and 45, 000 sanples. 20
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