. | mSﬂWmﬁmﬂmﬂﬁmmmk APPARATUS AND METHOD FOR SPECTRUM ANAL\?WM
SERI A MEASUREMENT Fi el d of the Invention of the mm WI
The subj egtoodznvention general ly concerns the field of fitter rreas

a{nd in particul ar concer nsARRARPBEUSANDMEBTHEINBORf or neasuri ng ter in

For priori 1y Rd M AR TaanE RS Skl Bart SRR r&%ﬁwﬁ%ﬁf’ﬂ&%vf’s?énmar

Pat ent Application 10 Serial Nunber 60/298,582 entitled Serial Data Jitter
Anal ysis: Deconposing Jitter Usr ng A Spectrum Approach (wWard, et al.)
filed 15 June 2001 and adHeldmidhs : 2 " e as the subject

wn term of

appI i cation. und_of the I ventr an -kn

appls 2t on- pRRAL Ul LR ARVERLLA S i b e Sl ague 1

si gnal . paHiédl @ conBérs b apparitiSand meffidifbomentiriab thttatemse:r sﬁr@tat L@ eRUdBSa I N A
sequence of data bits fromtheir ideal positions. In nodemserial data
comuni €ak irep digitpbsterage osdiBossep¢-al data clock is not usually transmitted
with the data, so fitter could Ca@%ﬁ dlﬂtﬁje{tgors at the receiving end. It

is therefore extrenely inportant t he amount and ki nd of 20

fitter that ThysubgecpagsiRation Blains oty ftuhal &S tFe6isiohsl Rafént Appliddtibn it is
noted that fitter corrgrlses two_di| stinct types, determnistic fitter (DJ)

and O anersial Number 60/R93.58 Rentitad $erial Bata(me}r Iypigs Hesermposing Lifter Usinad and
{ t d
assureshulh SRMSRIC VD £ B0 ARINS R T B ELfontd 1 B b ARk gfedadom and

Cycl e Dhetubject@ppliédtioh, and Periodic Jitter (PJ). Note that | nt er synbol
Interference (1SlI) is 25 also known in the art as Data Dependent Jitter
(DDJ). ISl is data-dependent determnistic fitter caused by the tine
differences required for a si i &/ recer ver threshold when
starting fromdifferent pl acegmJ dYribd frveliich | i.e., synbols). DCDis the
di fifSer ence i httete arv@lnkrmvhsterrmodftaﬁ wéd o dafimie ¢he' dé\/tamhs&om ampieabdming 6fhe
mean pul se width, ofla g "0 ﬁu se in a cl gh Irkg bi t se uence. PJ is
char act"é‘r‘?"f&&l‘ns*b”%’iza pEFEDEUS RS MIRSItoRing 8 dhe SigH F%’Mﬂgeﬁ Régegqence

f requengf &sa Bt&aﬁ-oﬁrtﬁelflﬂ%ﬁlrﬁ&itﬁﬁt@d IMnbBernerislafath dodlRunidfifons 'sﬁsﬂé‘rﬁs dhéference

between the nmeasured tinme |ocation of each sequential data synb
transi t4enial data clonk inantivaeallystyanseitted witk the dstr, ¢ jiger eouldhtduseidath errvrsn@

Interv Error. f.ferentl n a.serial

Lo, bertdstVing fad 19 eRRe RuARETHbBHEN ) WhERFRE e ifad 3R i L7
cataegor fites thdt nhdyt BeSpresn€inby siighalinder fefte n it rephrfd) it iPRGted Hat jifer cmﬁ%—tseet al .

1 721 8-US 1 rate (BER) can be estinmated. It is therefore desirable to be
abl e t otWaedisiinc tags, mexqmrdb&lbgmaeéomﬂmﬁr tRJgr Rangamjittan@ @iy, one
cannot t g ecause
ot h_caniRhded RS FRARHEL PGl HPABEIRUE ARl jiret BingP*o2 00
must sepadahent iebdunded i mgplituds, gndicomptisesdatersyaibioh dhtetferencen@®pPusrs. 5

U S Pa g, 356, 8 1 .3, di scl
and. par GHGF EhESRR BTN b e b @ e R E Db L D
| ntgy V%s&‘ﬁﬁo\yﬁﬁftg@-ﬁh% Dtdﬂ D@ é}ﬂeﬁ{ﬂhé}qmt em Unfortunately, a TI A Wi th

an arming system does not itself to ihcorporation in an oscill oscope
Wit hout t hat ISdnsrﬂatg—dsy@tdem deT«tmumsea iigen qagsedslor the dsecliffereaces requpedl for of

h total fitt t d | ut to th bl f
s ur  Sigdo AT st Epeer VSOl BhPY SendorRditiary piket M SRR A
fitter geRayAbLRY Bewrsatéi&lfetﬂamerﬁt hﬁdneahapwé wABthSHFRAb Fié aRals¥ Sbpared

separates determnistic fitter and randomfitter using their spectral
pr oper t foethe nan enise widthiof aflogic &0 palsexni plock-like biseequenes. ofJ is mrbanagteszed

rand fitter exhjbits broad, . f.l at s trum_ A ti
b <10 or PG s R el ctrlefon 8RS 3t Beflsp SR el MR ol B SORER o e
t 0 obt aj4ta itk The sighePAiEREnce Betiwedh HR medufedaihé IRhticHof dach Séduentizidabas ed
on the fitter separation result. Brief Description of the Drawi ng 20 Fl GURE

1 is a ymaboliteasitigsgad themosrngsymbobrarsiqretime i callpd thepbimednterya) &imtaron.
FI GURE %I.I an illustration of a procedure for neasuring data tine interval
error ( E? FI GURE 3 shows waveforns useful in understanding the procedure

of FIGURE 2 RJGWRDIAcelipitatediffersanl¢ina seriah dath Rb@engicpbs livkeifthei n
under standi ng the subject invention. 25 FIGURE. S is a flowhart show ng

DI/R) sppamstaroihat shasactesizggaeieolihe iwe Kategemissed fittenare Avitable, e ersor
illustrates the different properties of DJ and RJ in the spectrum of total
fitter BidhmifACUWREd etaiows the spectnuns of DJ and RJ. FIYREU§1is a
flomchart 'showing 1SI, DCD, and PJ separation in accordance with the
subject invention. 30 FIGURE 9 is a flowhart show ng the cal cul ati on of
Bit Error Rate {BER) |n accordance vvrth the subj ect |nvent| on. FI GURE 10 |s

o - . - o - .




Benjamn A Ward, et al. 2 7218-US1 Det ai | ed Description of the

Enbodi nents In a typical fitter nmeasurenent sequence, a waveformis

acqui r e, RPAERY L4PHe edfinidI&d, "B ERhefdle desihblk titbe M0 tP@SashR each BBERRGo TOt Al
fitter c%ltnrage ?reasur e%m?rom tﬁg nge? orsm The em)st 0Iallglkel y fai tter 0
measur ecategoties dfgittey.allnfurtnately, ohecdnnot simalyachbosetoinmdasure ahe ef thetw¢ TIE), 5

the first. ' tep is th t of TIE t it
des! 1 abICBLeBeriGatar BoySS DalhoRsESTEATs FWBRuE it doecth and epmsenas tdiel o i nt o
Its CO”H’@@?‘?t@n@ﬁluktﬁg%ar?%@% ExlegoHRE Fridrt6 g.gtﬂgzéﬁﬂgqldé% pitdmefgk RJ conponent s

are known, a so-cal bat ht ub curve"  can eylved. F(omthe bat ht ub
curv®, the hild.SePatent 6,306830HR1(Wistnip et di)rdischasngla jitiersseparation andepavmmetemg can

be directly read. This ries,of.st.eps i.s _described graphic i n Fl GURE
1% 0 T RihedEsparahrl rGnd hichighsed Sp A e B50aP ARV L) dsfiian o o
known f afidg\§stefi. WnBfthnatblyOos T1£ WeilentapmmdGystbthQoed fist lerkPitselfie. 160, 165

appearing bel ow the dashed line are el enent's of the subject invention. The

neasur ekeeorpasation in amascilloscapstwithout dat asmimgrrystens nThuseexitingregeitioseopapament s

bl ow aeapaPiE P AdRaRELR, Balyud, Mdt s SRR s RisoBlof o bR REGIFR St Pty "
whi ¢0 s ®JamdtDowithfan osdilbscbpé.t er in to RJ and DJ, and by which DI may be

further deconposed, will be described in detail below The neasurenent of
data time interval error (TIE) involves conparison of correspondi ng edge

time locations in a sanpled datsgmwgpmgqm%i@ncal cul ated ideal data
waveform having no fitter. TIE™CoOnsrsts of calculating the difference in

ti me between A jifter separatinn bppacatos sndmethbd,dmsdd arospectsyo avialysys, sppdvates
transiti or. bit transition). edge i,n.the t wavef o . This .procedure is
deocr | bgermointes e 3R ondorianes L98e kit shSatpt BrotRieeo Retermiyat ifiReasu o
wav e or xhivite R speéhium of ﬂm,r@h@éas&mdml}@emm albié4as flat spBctafileA tieder

pr eci Sel(gi}; | ocat es data_edges (step 210). The data edges, are assigned to

cor r esp&emayhigiaesam ohg a feqpency domaimhistpgragy of the iz gee inyestigatsd do abtain

cal cul at; i : D =y~ edge
basis f ﬁgﬁ{ tg ﬁéﬁﬁne%“}g r%lcttl %ﬁg@ﬁ %ﬂ@%‘??ﬁeﬁ@%ﬁ%& é@%‘ge&ﬁéq%ttse?wggse%ér e
there is no edge between two or nore synbols because the synbols have the
sanme level, TIE for the groug.0 sglrr.b | s n. e estimted by interpolation
(step 260) to form an interpgmmc 10N 1 RN i n (step 270). The
wavgbor IIGURE| @ REraphichl destrigtich dffahenibidBinta€ Bf theRubjbétinvndoRl e, after the
30 waveformis acquired, the edge finder identifies the real data edges and

assi gns RIGAIRE 8 igjan dlustyation ofta praeqduresior measiring data timeintesyal egrar (T 1EYge

| ocatio y . pisto
cal cul a?gGﬁ‘L]gE ?gg%gﬁgygﬁe ggse@égﬁlﬁ%eﬁgst%df{ﬁstshe%@cegga}ggjgggé?ﬁﬁ)ﬁgh | i near
fitting FIBURBAsbows enowevsfont anhthrebagraphsiusefa) inromdetsteadingpbe subgeves. The
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25 FIGURE 5 is a flowchart showing DJ/RJ separation in accordance with the subject invention.
FIGURE 6 illustrates the different properties of DJ and RJ in the spectrum of total jitter (TJ).
FIGURE 7 shows the spectrums of DJ and RJ.

FIGURE 8 is a flowchart showing ISI, DCD, and PJ separation in accordance with the

subject invention.

30 FIGURE 9 is a flowchart showing the calculation of Bit Error Rate (BER) in accordance with
the subject invention.
FIGURE 10 is an illustration of a comparison between a normalized histogram of a set of TIE
measurements and a recovered normalized histogram in accordance with the subject
invention.

35 FIGURE 11 is a graph of a bathtub curve useful for understanding the subject invention.
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25 bel ow. Because the nunmber of inpulses is proportionately small, these
show up at relatively lowlevels in the histogram This histogram approach
can be applied with a sliding window to detect inpulses locally. The
sliding wi ndow noves across theewholiefsRecs,psmepan. The spectrums of DJ
and RJ are shown in the H stogram of Spectral Magnltude of FI GURE 7.
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Fromthe spectrum of PJ thus isolated an |nverse FFT is pertorned to

recover 4,8he prpcesseo WWHEGMFW?%@BI%@ B‘P‘éﬁt’eter of interest for the
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| SI +DCDYi freddvaF Part. 2N i nverse FFT is performed to recover | SI+DCD in the

time domain (step 830). Locations that are marked as "interpol ated" are set
t o zero (st epadbdita trapsition issubisattioritiee €b)dwhigh havbeenahgrapteriaedbly ita PO wo
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ot her based on the follow ng properties: 1. The difference between the nean
val ues &f these two h| stograms is DCD (steps 890, 898). 2. The average of

t he peak-pea 7 #,:380) .
After the Detgé‘?i’?‘h@ﬁfsg e %’Esfset%o% "gé ggﬂgraa(rg S?’ ll1§have r@ @?Ffmt ed
accor di ﬁ@lsﬁtﬁbﬁ h&Fopang gsen hoavontalpdsitiddrE; this IDF gmethleqﬁasbabaﬁwtmt edayisition

cterlﬁ the Bit Error Rate BEII_R can, be cal cul ated as. dtﬁscrl bed
beI will occur prior to horizontal position #y. For transition 1, we are interested in

probability that transition 1 will occur subsequent to a given point, so we must use the
complementary CDF instead. Graph D of FIGURE 4 shows the CDF for transition 1 and the
CDF for transition 1 superimposed. The decision error rate will be lower than certain bit error
rate specified as long as the decision time is chosen somewhere “in the bathtub”, as indicated
30 by the short horizontal line. This line can be positioned at a vertical level that corresponds to
a chosen bit error rate, and the corresponding time interval (usually expressed in unit
intervals and called “eye opening”) can be directly observed. Note that the bathtub curve is
conventionally drawn using logarithmic scaling on the vertical axis, since the BERs of

interest correspond to levels very near to zero.
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From the DJ/RJ separation procedure of FIGURE S, the tinme train of D] was
30 obtained. The tine-domain histogramof the DJ is now conputed (step
910), again wi thout counting those |ocations marked "interpolated". Note
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7218-USl  neasured histogramvs normalized recovered histogram This
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cal cul ated. For instance, one can easily imagine a test setup where an
"ldeal " data sidgtaglatters. applied to a Device Under Test (DUT), and both the

i nput and t t d on. tmo .diff h | s of
bsbi| 1 oscopeio it RS B gin S ot e St doRerB rElcie ROR RS WEETSE: | (e
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t han TI4pprapriate windawinghBineten. t hat one expects the nean (TIE)~= 0 and the

me ( Skew) i i el y . eqguival e is
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hi stograns of its conponents; pertormng further Separation of 'Duty Cycle
and | Sltocistaebimemitlses ledatly. Jdbpaliding windowagraves agossthemibotd spectiem spasi Thee and

comonereeaizeot T ARt RIAR oM Pare Bpiraiot Shsgm! Mre it MR RS random
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with a H stogramo ) )
can be obtained by computing the RMS value of the RJ derived from the frequency domain

histogram (steps 565, 575, 585). Note that the effect of window function can be directly

taken into account. The DJ-only spectrum can be recovered by setting to zero all those bins
from the TJ spectrum that are attributable to RJ (step 560). A time-domain record of the DJ
can be obtained by performing an inverse FFT on this DJ spectrum (step 570). Note that

35 afterinverse FFT, the effect of window function should be reversed. The peak-to-peak time
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Determnistic fitter-only data to forma hi stogram of said convol ution; and
using said histogramof said convolution to generate a bathtub error curve
to estimate bit error rate. 20 2. A nmethod for rreasuring Determ ni stic

Fitter _v(algl? whidd iEaRgRm ALt 6 m{e'%%} fderJace%? eﬁ'be‘i‘ﬂﬁrﬁi GiF RER MAvEAG. a

periodically repeating pattern and nown engt corrprl sing the steps of:
a) rreasioniangwavdfom(steps&ﬁmals%) rMute(tHHt Hoseflocevnk mankedhs Haterpdatgdiahre 25 b)

enpl oying inte ontoe ti mat e dat points at locations in said signal
wher e ﬁBg‘f‘?"é’FFé{‘?ﬁ t?}@?fﬁ’rng %H’ ?§- a Fast Fourier Transform (FFT)

using a firsfpuhadaw BEDY U\Qﬁkh%ﬂnﬁﬂs §@b§( owléghgeQ%@bataﬁlea@@a{ew%%s total
fitter (TJ); d) enploying a sliding wn finding inpul'ses in said

spedt r stepef Referting foi KHGA/RE 8) Dgéaetmm mmmnéqlﬁrﬂa(}Dckndﬂ’lJ nThe IﬁIm@Can on a
ti f d total f tt t h
0ol b R RS et 2

hi st ogr am QfAﬁ%ﬂuI%é’st@de tBIIStmcgp.@ﬁipr@ﬂts ﬂrﬁQt hz%f‘rrﬁﬂt?pleé’?f(ﬁ5/’\¢tw}ﬂe|re _
7218-US 1 h) cal cul ating an amount of said conmponent from inpulses in

sai d frequenys dhcmmnbe?oés)mgbdmn the dMacequanie’d rcﬁeatpmderx} IstepBl0er
c o .
caif spect Auriy;rerBinine impeike T Y Cuth B Ree R FRERE S unc i

fimpshed. 4.fFrdhenéBidRemasf F Rigisslafed] azhﬁfvefse AP lﬁgé}%ﬁd&a t8 t&Q&BvE PKih
conputing a standard devi ati on paranmeter of said onent by conputing

an 10 Hhsimedamai(step $35R) Toe pprametar of éntergeidfor rb@rﬂlsatha pﬁaleqeﬁémx} elofis n
hi st 0913l trafr’ 12, ga% tgofet logitﬁon?marﬂéf{ 4; H@Ppo(ff%ﬁ” H{%gs&:}? of 1)

separatl n er conponen rom Sal nent's based upon

| ocat i ebmp Qﬁdg malﬂeale.peﬂﬂeam@(dt@s 8?45;1855;1865)] said tot aI fltter spectrum 15
6. The nethod of claim5 wherein: said inpulses due to ISI and DCD

conponent s dfsdistogrammafiR] gndeiss eMEPNSNt Ca\?\hé pbtapper shrgughiinyense &F Ts3mtbsl s i n
sajg r %Bﬁ@stp R8inBRpl&hitn %p&l%sd l?s%é &ty R AmpERHfe) bitions of the jitter spectrum

attributable to ISI+DCD (step 820), an inverse FFT is performed to recover ISI+DCD in the
time domain (step 830). Locations that are marked as “interpolated” are set to zero (step
850). The time-domain record can now be separated into two records, where one record
contains only the rising edges and the other contains only the falling edges, and a histogram

20  performed on each of them (step 860). The DCD and ISI components can be distinguished
from each other based on the following properties:

1. The difference between the mean values of these two histograms is DCD (steps
890, 898).

2. The average of the peak-peak value of these two histograms is ISI (steps 870,

25  880).

After the Deterministic Jitter and Random Jitter have been estimated according to the
process shown in FIGURE 9 and have been separately characterized, the Bit Error Rate
(BER) can be calculated as described below:

From the DJ/RJ separation procedure of FIGURE 5, the time train of DJ was

30 obtained. The time-domain histogram of the DJ is now computed (step 910), again without
counting those locations marked “interpolated”. Note that this approach of recovering a J
histogram is a new method. The time-domain histogram of the RJ is synthesized based on its
Gaussian model (step 915), using the standard deviation obtained during the DJ/RJ
separation. The histograms of DJ and RJ are then convolved (step 930), to get the recovered

35  histogram of total jitter (step 950), as shown in FIGURE 10, a graph illustrating normalized
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20 7. The method of claim®6 further conmprising the steps of m renoving
portions of said fitter spectrumattributable to RJ, I1SI, and DCD; and n)
perform ng an inverse FFT to recover said PJ conponent in the tinme domain;
sai d PInesswsdmist T visgnermpdiard preaeredhistogsim Thistreepwered dijristograg, whies

met hod r i f rf or nver se
FeT o sty aoRdiiasd, il ARl e PRESSTIRET A bl B BmEdoBR vl y

sai d pebtiimassep %9) Gofi thicPDB raggidens@tdersmbdwamFmUREI HBagéetorDHe _
conponent s arating said tinme-domain record into two records, wherein
one r ecb@th@utt@wgutﬁcsem;;cnm daprherestimated doma givgn bit erpriatey BERjess shawn ine
oths ﬁ Ef)ntal ns only information 30 related to falling edges; Q)
perform I'stogram on each of said two records; r) conputing a

di fference Whmﬁ@ bgaﬁdbs\tﬂbelfﬁ aGfovelmethbdslofy Sdrgt@iposiy Bidraindréai d DCD
conponent; _and s) computing an average of peak-peak val ues of said two

hi st og rsa%ﬁ%ly@la@%m Jitterhingo jisconptitucahpiAReREntsganmsurement\\yfqte iraporiantlyg 72|
8-US 1thet r?oveirnl%tl{&&ﬂ%ﬂ 19(]*%1%1% WS&%P?bE&ﬁsﬂéﬁﬁﬁ’mﬁgI rﬁge!sﬁr% H}g sa! d D

conponen an rnvers Oon said
frequetpeiyfoﬂmmmrtheﬁmetdommont ai ni ng sai d ISI DCD, and PJ conponents; and

i mochod G ea‘icﬁfq%eértf%"ﬁwéﬂl RO ek et eéf‘%?aﬁvs@?c%b?oe?aw&%%%ts o
time- d%'i‘f?ér'ﬁm%' Stan 1 aégéxf’Pé?forﬁPM%@&'Hft}?@RﬁgJ a)'ac a&@eﬁa%ﬁﬁi,a”

nodel using sal at1on paraneter VI ng sal
hi st ogtlasibidct sl ybiDdancedapilied conmaitelevelt sigraby, aotjust tbvloslembsr (amth)d sihgleal

gener atgheld AT b Hess DO RheRAsF A PRpASATE IR Beamett RO RIowRe  br

sai d badeb curve being a conplenentary cumul at| ve di stribution function;
and y) estimating an eye opening for a given bit error rate, based on sai d
balht ub cur Jewapmentioned avevé that T isrthetimei dn@emeebqﬁwcﬁrsﬂle CRailt data edpes) and

apeat Y tsatg el ndath gy I ERFeT BAERRTe P R b AR LRS! Gt Yoas

mentioned, one skilled in the art will realize that Ideal edges do not have to be calculated.

For instance, one can easily imagine a test setup where an "Ideal" data signal is applied to a
Device Under Test (DUT), and both the input and the output are measured on two different

20  channels of an oscilloscope. At this point one would have a Reference waveform (i.e., the
original data signal), a Measured Data Signal, and the TIE between the two. In such a
measurement arrangement, the result may be termed “Skew”, rather than TIE. Other than the
fact that one expects the mean (TIE)~= 0 and the mean (Skew) to be other than zero, the idea
is entirely equivalent, and is considered to lie within the scope of the following claims.

25
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steps of: a) neasuring a tinme interval error (TIE) of said serial data
signal; b) enploying interpolation to estimte data points at |locations in
said signal where no 25 transitions occur; c¢) performng a Fast Fourier
Tr ansf oWhe(iFER)medissai d TI E to obtain a spectrumof total fitter (TJ); and

d) separatin al, peaks. 13.. f Claim 12, whereip the

s% ep 81?1 epagé’ﬁ%ﬁ‘bdt @69‘5 QrERYPING otdghg?r ‘?f%ttad“g? &E%Hé)‘}O’BBﬂ%ﬁnﬁpﬂ‘it%?ggr am on

sai d t obébrrhinistie mn%psm R4Monh Jitte? 8dri hi@shiehehh6f ARPYAEmRhisBiRifeRdng 0mponent

fromsaid frequency domain histogramof said total fitter spectrum and g)

cal cul &andgm hteraparuprising theestepsf: conmponent from i nmpul ses in said frequency
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0/(10% &Q) T#A Moetlzo gwpsuring Deterministic Jitter (DJ) and Random Jitter (RJ) in a serial

1o 4 al?%%wwwcgng sl L A

&*%.O%Si'e;(s)of) 10% & ()-"10% & ()- t !t """ "dyNC 10" 10" 10" | =f
10% & ()-L;1Q%W & ().-4"10% & () - 920/& % & %) ,(¥31,1 W& ()- "."""LH#SSAEYNC!
L 1 109 ()- ¥Tecaguging a time interval error (TIE) of Said serial data signal;

25 b) employing interpolation to estimate data points at locations in said signal where no
transitions occur;
c) performing a Fast Fourier Transform (FFT) using a first windowing function on
said TIE to obtain a spectrum of total jitter (TJ);
d) employing a sliding window;
30 e) finding impulses in said spectrum of total jitter;
f) generating a frequency domain histogram on a portion of said total jitter spectrum
within said sliding window;
g) estimating the amount of said RJ component from said frequency domain

histogram of said total jitter spectrum; and
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is a number of symbols in said repeating pattern of said serial data sequence.

20 7. The method of claim 6 further comprising the steps of:
m) removing portions of said jitter spectrum attributable to RJ, ISI, and DCD; and
n) performing an inverse FFT to recover said PJ component in the time domain;.

said PJ component being a peak-peak value of its time train.

25 8. The method of claim 7 further comprising the steps of:
o) performing an inverse FFT to recover said ISI and DCD in a time domain record,
by use of only said portions of said jitter spectrum attributable to ISI and DCD components;
p) separating said time-domain record into two records, wherein one record contains
- only information relating to rising edges and the other record contains only information
30 related to falling edges;
q) performing a histogram on each of said two records;
r) computing a difference between mean values of said two histograms to obtain said
DCD component; and
s) computing an average of peak-peak values of said two histograms to obtain said ISI

35 component.
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10  Gaussian model using said standard deviation parameter; and
w) convolving said histograms of said DJ and RJ componentsto obtain a histogram of

total jitter.

11. The method of claim 9 further comprising the steps of:
15 X) generating a bathtub curve by integrating said histogram of total jitter;
said bathtub curve being a complementary cumulative distribution function; and

y) estimating an eye opening for a given bit error rate, based on said bathtub curve.

20  12. A method for measuring Deterministic Jitter (DJ) and Random Jitter (RJ) in a serial data
sequence having a periodically repeating pattern and a known length, comprising the
steps of:

a) measuring a time interval error (TIE) of said serial data signal;
b) employing interpolation to estimate data points at locations in said signal where no

25 transitions occur;

¢) performing a Fast Fourier Transform (FFT) on said TIE to obtain a spectrum of
total jitter (TJ); and
d) separating spectral peaks.

30 13. The method of Claim 12, wherein the step of separating comprises:
e) generating a frequency domain histogram on said total jitter spectrum;
f) estimating the amount of said RJ component from said frequency domain histogram
of said total jitter spectrum; and
g) calculating the amount of said DJ component from impulses in said frequency

35 domain histogram.
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