JI TTER FREQUENCY DETERM NI NG SYSTEM CROSS REFERENCE To RELATED CASE
100011This application is related to United States Patent Application
Serial 11/272,027, now United States Patent Nunber 7,349,818 with a title
"Det erm ni ng Frequency Conponents of Jitter” filed on Novenber 10, 2005,
which is incorporated herein by reference in its entirety. This application
Is further related to United States Patent Application Serial 11/271,507,
with atitle "Jitter Measurenent Al gorithm Using Locally In-Order Strobes”
filed on Novermber 10)r2f00R FREDUENGY DEIRRWNINIRG $esrim by reference in
Its entirety. TECHNI CAL FI ELD [ 0002] The present invention relates
generally to the neasurenent ofjitter in a waveform and nore Fartii:ul arly
to measurenent of frequen ponent s | r CKGROUND [ 0003
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BACKGROUND
[0003] Automatic test equipment is commonly used by electronics device manufacturers for
detecting manufacturing defects. For example, automatic test equipment allows semiconductor
device manufacturers to test, on a large volume basis, the functionality of each device sold in the
marketplace. The tester drives signals to and detects signals from a device-under-test (DUT) and
evaluates the detected results to expected values. Timing jitter degrades electrical systems and
the push to higher data rates and lower logic swings has increased interest and necessity for the
measurement and characterization of jitter.
[0004] Jitter is a key performance factor in high-speed data communications. Jitter is defined
as the misalignment of the significant edges in a sequence of data bits from their ideal positions.
- Misalignments can result in data errors. Tracking these errors over an extended period of time
determines system stability. Jitter can be due to deterministic and random phenomena.
Determining the level of these jitter components guides design improvement.
[0005] Jitter measurement techniques typically have the ability to measure the timing of
significant edges in a data stream. For example, oscilloscopes and digitizers have been used to
measure the voltage of a signal at fixed time intervals and to analyze this data to determine edge
times. Other examples are time interval analyzers and time stampers. These devices directly

measure edge times or the time between a pair of edges. In yet another example, asynchronous

Attorney Docket No. 05-2006-US -2 1



significant edges in a data stream For exanple, oscilloscopes and
digitizers have been used to neasure the voltage of a signal at fixed tine
intervals and to analyze this data to determ ne edge tinmes. Qher exanples
are tinme interval analyzers and tine stanpers. These devices directly
nmeasure edge tinmes or the time between a pair of edges. In yet another
exanpl e, asynchronous strobing conparator techniques are used to neasure
whet her a signal is above or below a threshold at fixed time intervals.
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of frequency. [0007] For the reasons stated above, and for other feasons
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apparent to those skilled in the art upon reading and understanding the present specification,
there is a need in the art for an asynchronous sampling method of measuring the jitter found in a
waveform as a function frequency that is effective at measuring desired frequencies and is
relatively inexpensive.
SUMMARY
[0008] The above-mentioned problems as well as other problems are addressed by
émbodiments of the present invention and will be understood by reading and studying the
. following description.
: [0009] In one example embodiment, a jitter frequency determining system is provided. The
system includes a comparator, a clock source, a latching circuit, a memory device and a
processor. The comparator is adapted to receive at least one output signal from a device under

test and compare the output signal to an expected signal. The output signal has a repeating

pattern. The clock source is adapted to produce a sampling clock based on user inputs, wherein
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systemincludes a conparator, a clock source, a latching circuit, a nenory
devi ce and a processor. The conparator is adapted to receive at |east one
out put signal froma device under test and conpare the output signal to an
expected signal. The output signal has a repeating pattern. The cl ock
source is adapted to produce a sanpling clock based on user inputs, wherein
the user inputs conprise a nunber of bits per one period of the repeating
pattern, a length of a single bit period, a target effective sanpling
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In view of the descripti ‘the preferre

fi gur esnd o expieshyittfr@O & WdetignoBfrdquanéys a graphical illustration of one
enbodi ment of signal strobe nmeasurenent using a wal king strobe according to
the teachings of the prior art. [0012]Figure Ib is a graphical illustration

of an in-order strobi n@3@OEFIESCRPTIIONTDE PRE PRAGHAEENt of Figure 1(a)
according to the teaching of the prior art. [0013]Figure 2a is a graphical
i |1 ust [MAPbn Jfheprescityceaiionewill b¢ merapasily sidectedmpd Sunthenadmantages and uses
thereof more readily apparent, when considered in view of the description of the preferred
embodiments and the following figures in which:
[0011] Figure 1ais a graphical illustration of one embodiment of signal strobe measurement
using a walking strobe according to the teachings of the prior art.
[0012] Figure 1b is a graphical illustration of an in-order strobing of the signal strobe
measurement of Figure 1(a) according to the teaching of the prior art.
[0013] Figure 2a is a graphical illustration of one embodiment of signal strobe measurement
using a walking strobe {locally-in-order strobing) according to the teachings of the present
invention.
[0014] Figure 2b is a graphical illustration of a locally-in-order strobing of the signal strobe
measurement of Figure 2a in one embodiment of the present invention,
[0015] Figure 2c is an illustration of the frequency jitter magnitude in relation to the
acquisition time of a set of strobes that comprise a subset, as shown in Figure 2b.
' [0016] Figure 2d is a representative illustration of digital results of the strobing of a locally-
in-order waveform. "
[0017] Figure 3a is a graphical illustration of another embodiment of signal strobe
measurement (locally-in-order strobing) using a walking strobe of the present invention.
[0018] Figure 3b is a graphical illustration of a locally-in-order strobing of the signal strobe
measurement of Figure 3a in one embodiment of the present invention.
[0019] Figure 3c is an illustration of the frequency jitter magnitude in relation to the

©© acquisition time of a set of strobes that comprise a subset, as shown in Figure 3b.
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using a wal king strobe (locally-in-order strobing) according to the
teachi ngs of the present invention. [0014]Figure 2b is a graphical
illustration of a locally-in-order strobing of the signal strobe

measur enent of Figure 2a in one enbodi ment of the present invention
[0015] Figure 2c is an illustration of the frequency jitter magnitude in
relation to the acquisition tine of a set of strobes that conprise a
subset, as shown in Figure 2b. [O0016]Figure 2d is a representative
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waveform [0017]Figure 3a is a graphical i1llustration of
of S|gna¢msbwbmﬁmnédsunewahmv@tmnaIIy I n-order stroblng) u3|ng a wal ki ng
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nMeasur gh@id 64 topl deh@ardhdr Ye@RBtiR0odi ment of the present invention.
[0022] Figure 5 is a block diagram of one embodiment of a system for strobing signals
according to the teachings of the present invention;
[0023] Figure 6 is a flow chart for one embodiment of a method of determining frequency
components of jitter in the present invention; and
[0024] Figure 7 is a flow diagram illustrating the determination of jitter in one embodiment
of the present invention.
[0025] In accordance with common practice, the various described features are not drawn to
scale but are drawn to emphasize specific features relevant to the present invention.
DETAILED DESCRIPTION
[0026] In the following detailed description, reference is made to the accompanying drawings
that form a part hereof, and in which is shown by way of illustration specific illustrative
embodiments in which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be
understood that other embodiments may be utilized and that logical, mechanical and electrical
changes may be made without departing from the spirit and scope of the present invention. The
following detailed description is, therefore, not to be taken in a limiting sense.
[0027] Embodiments of the present invention provide methods and systems for improved
signal strobing techniques. The present application is related to application number
US patent application no. 11/271,507 filed herewith. The present application herein incorporates
the US patent application no. 11/271,507 application in its entirety by reference. In embodiments
of the present invention methods of determining frequency components of measured jitter are
| provided. In particular, in one embodiment, acquisition time and strobe spacing are adjusted to
reveal different frequency components of measured jitter. As a result, jitter frequencies within a
‘particular range can be differentiated.
10028] Embodiments of the present invention are based on undersampling strobing
techniques. In one embodiment, an undersampling strobing method uses a strobe that appears to

walk across an output signal of a device under test (DUT). The DUT signal waveform has a
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[0019] Figure 3c is an illustration of the frequency jitter magnitude in
relation to the acquisition tine of a set of strobes that conprise a
subset, as shown in Figure 3b. [0020]Figure 4a is a graphical
representation of an undersanpl ed DUT signal according to one enbodi nent of
the present invention; [0021]Figure 4b is a graphical representation of the
periods of a DUT signal fromFigure 4a overlaid on top of one another,
respectively; [0022]Figure 5 is a block diagram of one enbodi nent of a
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i nventi on; 023] Fi gure is a flowchart for one e di ment of a nethod of
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than 1. Tpat is the period of time for a single pattern of the DUT waveform to occur. Tres is the
effective sampling resolution.
[0029] The methods of undersamipling are described as “Walking Strobe” because an
asynchronous clock is used to describe a signal under test. The signal under test must be a
repetitive pattern. The asynchronous nature of the strobe causes it to appear to walk across the
test signal. As a result, even though the actual samples (or strobes) will be taken over a time
period many times larger than that of the test pattern (T pat), they can be mapped to “effective
times” all within Tpat. The samples are analyzed in M sub-sequences called “Strobe Subsets.”
Once remapped onto a single period Tpat of the DUT waveform, the strobes for a given strobe
subset are effectively spaced by Tres and are in-order.
[0030] To provide further background, Figure la is a graphical representation of an in-order
undersampled DUT signal, shown generally at 100. Graph 100 includes a representation of DUT
signal 102 being sampled at time intervals Ts by strobes 106 through 1065 over twenty periods
of Tpat 104. Tt will be understood that not all strobes have been shown in Figure 1a. In this
embodiment, it takes 20 x Ts to acquire the data and Ts = (Tpat + Tres). Figure 1b is a graphical
representation of each of the 20 periods of DUT signal 102 from Figure 1a overlaid on top of one
another, respectively. A single period Tpat of DUT signal 120 is shown expanded with each
strobe 106y through 106, spaced at Tres.
[0031] Figure 2a is a graphical representation of an undersampled DUT signal, shown
generally at 200, according to one embodiment of the present invention. In this embodiment, the
acquisition of data is four times as fast as the acquisition of data for the DUT shown in Figures
la and 1b. Graph 200 includes a representation of a DUT signal 202 being sampled at time
mtervals Ts by strobes 206, through 20619 over five periods of Tpat 204. In this embodiment, it

- also takes 20 x Ts to acquire the data but Ts is now 4 times shorter where Ts=(Tpat + Tres)/4.

~As aresult, it only requires 5 x (Tpat + Tres) to acquire the data versus 20 x (Tpat + Tres) for the
acquisition with respect to Figure la.
[0032] Figure 2b is a graphical representation of the five periods of DUT signal 202 from

- Figure 2a overlaid on top of one another, respectively. A single period Tpat of DUT signal 202

-1s shown with each strobe 206, through 2199 spaced at approximately Tres. In this embodiment,
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[0024] Figure 7 is a flow diagramillustrating the determination of jitter

I n one enbodi nent of the present invention. [0025]1n accordance with comon
practice, the various described features are not drawn to scale but are
drawn to enphasi ze specific features relevant to the present invention.
DETAI LED DESCRI PTI ON [0026] I n the follow ng detail ed description, reference
I's made to the acconpanying drawi ngs that forma part hereof, and in which
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[0033] A method of sampling is provided where locally-in-order strobes are taken for each

repetition of test pattern Tpat. Each strobe subset $SS;- SS,4 appears to walk across a portion of
the pattern. In one embodiment, locally-in-order strobing of Figures 2a and 2b is applicable to
Jjitter measurement and provides advantages over current methods of strobing for jitter
measurement, For example the locally-in-order strobing method as described above reduces the
time to acquire strobing samples. Moreover, the amount of low frequency noise detected by a
measurement increases as the time to perform that measurement increases. Since locally-in-order
sampling generally takes less time than in-order sampling, it is less susceptible to low frequency
noise. This is further described in the following paragraphs.
[0034] Since the strobes for a given strobe subset are locally-in-order, they are not subject to
many of the problems associated with out-of-order sampling. The acquisition takes the reduced
time of out-of-order sampling as more than one strobe is taken for each repetition of the test
pattern. Each strobe subset is analyzed in-order and the results are combined to provide results
for the entire pattern. Using the locally-in-order sampling method achieves the benefits of in-
order and out-of-order strobing techniques without the problems of either technique.
[0035] As a result, the individual subsets described with respect to Figure 2b are utilized in
_performing frequency analysis of the waveform over time. Figures 2a and 2b are meant for
illustration and it is understood that any number of strobes may be utilized. After all analyses
are complete, jitter magnitude can be expressed as a function of acquisition time. An example of

the frequency jitter magnitude in relation to the embodiment of Figures 2a is illustrated in Figure
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techni ques. In one enbodi ment, an undersanpling strobing nethod uses a
strobe that appears to wal k across an out put signal of a device under test
(DUT). The DUT signal waveformhas a repeating pattern and a sanple is
taken every time Ts over a repeating pattern of the signal waveform
Ts=(Tpat + Tres)/N. Wherein N is the nunber of strobes which is an integer
greater than 1. Tpat is the period of tinme for a single pattern of the DUT
waveformto occur. Tres is the effective sanpling resolution. 100291The
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.undersampled DUT signal, shown generally at 300 with an increased acquisition time of the
present invention is provided. In this embodiment, time between consecutive strobes is increased
by a factor of 3. The total acquisition time for this embodiment is then 15 Tpat. Figure 3b
illustrates a graphical representation of a locally-in-order strobing over the fifteen periods (Tear
306) of DUT signal 302 from Figure 3a overlaid on top of one another, respectively. Figure 3b
illustrates subset one S8, including strobes 306y 3064, 306z, 30612 and 30616, subset two SS;
including strobes 3063, 3067, 30641, 306,5 and 3069, subset three SS; including strobes 3065,
3066, 30610, 30614 and 306,53 and subset four SS; including strobes 306, 3065, 3064, 306;3 and
306)7. In this embodiment, the effective resolution of Trgs is the same as the previous
embodiment; only the time Ts between strobes has been extended and the total Tacq time is

increased accordingly.
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Figure 2a overlaid on top of one another, respectively. A single period
Tpat of DUT signal 202 is shown with each strobe 2060 through 21919 spaced
at approximately Tres. In this enbodi ment, subsets of strobes are grouped
for further analysis. In this exanple, four subsets of 5 strobes are
defined. Subset 1 (SSI) includes sanples 2060, 2064, 2068, 20612 and 20616,
fromsanple nunbers 0, 4, 8, 12 and 16, subset 2 (SS2) includes sanples
2061, 2065, 2069, 20613 and 20617 from sanple nunbers 1, 5, 9, 13 and 17,
subset S3) R 8% : I , om
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acqui simpashon thedraqoersycoygondnts dnidwenssqnéntiishafmaung o [jisfer dhag maletesied by thhe
b ook KSR TR iR S5 S BRSPS s
met hod1ge freqraty jﬂ@erhﬁaxﬂﬁ@lﬁéﬁénéﬂ&fe@. HoGRVdryad McRhden aSfuisdRasias fldwken for
each repetition of test pattern Tpat. Each strobe subset 551- SS4 appears
to w?: R0z 9lghe logvep Seanesay Bﬁerttﬁ entphinfstha .fnelﬂﬂlrgiﬁ@}te Rb@@ilpqd@nelfl;ts of the present

OoCa = = I | . ! . | . er
nmeasur ?&%ﬁ%ﬁ%&%@%@%ﬁ%ﬁﬁ%@é@g%\%garl%g’geﬁ‘ T gﬁéhsnnrggﬁjgéggﬁglflgg. r'%l #’%%e for
j i tter acymésstivnatimeais.chityed &y angpdasink ke tirae Béthiten locgityd@rordérisabbdag Afet hid theas
descri bed above reduces the tine,to acquire strobing sanples. Mreover, the
amount “FEY¥OS PMV@%@@%{%% tion pf geTHBiRmime prir ke BEesied. t he
time t rpesver @{Hcf ﬁfétfréaiﬁé’&%ﬁﬁﬁéﬂthétgg%{ GRS Sred R defcl A R ieich Mz GmeS 2MP! 1 NY
generally takes less tine“than in- rger sanpling, 1t is less susceptible to
| ow f r wgq@emalyo exgiress jitfehassa fusctiamrdftfequehes.c Binbe dachmesultevifl gbiitaini theyjifpar agr aphs.

[ 0034] F’S{i nce .t h@ strohes. for a gi ven strobe subset. are | ocall yﬁjfﬁrr\-or der,
they aPed¥Beicsgsy eupape ndngpstyfments with spoticracauisifon Umey Wi R difirentiptesr ger
sanpl i 1@ reshite tPEAHTS the Nitbr@Beddi® Witih' § pektichiaBraffe. OUt - of - or der sanpling
as nore than one strobe is taken for each repetition of the test pattern.
Each st0088k sdbarathirembadingens dhe sequision timrecbetwieenrlesallyis-orderstabebiandd t o

provide_r h ntkre pattern. ing, the |logcal.ly-in-order sanpling
et hod AERMAEE e lnit B Pl e B Shmert ot Eher AR et iedhs Ry

t echni Bt@senot41Btih-drike spoedlvalBuOfubSkh el ch@gi B Gme leBR3BkASHE, TLsul t,

t he individual subsets described with respect to Figure 2b .are utilized in

per f or Fetrfamplegpleneyelsnte the prabedimentdllysgisateddn Figyicstappddd. Figgierdads 2a and 2b
are me £.9r .1 . i 1] t t trobes
may belapyiragiectPERbl flufBhubbich DUPHERS, 880 ok B A0 IR 1S am be
expr essectnaodimént of thequesofit iavatins and Biguitei 4hs a Araphicalmppresentfatibh ef fheequency

Lot RO &l SRS The 1S, HRRH 5 Mo b Sy Ad 51T 2

illustrated in Figure 4a, waveform 404 is strobed or sampled by strobes 406, through 406,;.

et

These strobes, strobes 406.;; through 406,;, are selectively positioned in subsets $S1 through
SS10 as illustrated in Figure 4b. In Figure 4a, strobes in the same subset, such as strobes 406
and 406,, of subset SS1, are spaced by 3xTpar+ Tres similar to the strobes in the embodiment
illustrated in Figure 3a. However, in this case the strobes are spaced by 3xTpa1 + Tres/12 instead
of 3xTpat + Tres/4 in the subsets as is illustrated in Figure 3b. Moreover, since 3xTpar +
- Tres/12 is approximate to Tpat + Tres/4 (which is the spacing in the subsets of Figure 2b), the
~strobes in the subsets of this embodiment will have about the same spacing as the strobes in the

" subsets of the embodiment illustrated in F igure 2b. Moreover, the total acquisition time in this
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2c. In particular, Figure 2c illustrates how the magnitude of different
frequency jitter is captured during the acquisition period associated with
Figure 2b. As illustrated in Figure 2c, the total magnitude of high
frequency jitter 254 is captured within this acquisition tine (T

acqui sition). However, the magnitude of md frequency jitter 256 is only
70% captured and the magni tude of |ow frequency jitter is only 30% captured
within this acquisition tine. [0036] 1 n sone enbodi nents of the present

| nvent g@Bodiddft RO Wi 1188 b thBrotal a&uldhiiin dAC{SABSEFof (RE edlbSdifieRed dependi ng

on the level of information needed for jitter analysis. Since, information
r equi r bistrafed &l BighmtZe. jAicterdinglys indthisemhiodguendshevecquaitionaigncstwem ledallzet i ve

dge, not the effect] i dt.h. of t.rob ion, only th
T ansi BT OREEURRrL Y SPopd Ry e P idth eE 8 T BerUame b eLee Hedanp e,
r ef err ifegeabing edith€betttedh h@ﬂfﬁﬁ%&@@ﬁsﬁhs%ﬂfotiﬁsu@&tgﬁﬁaﬂ? chéiitld the Afned

strobing of a locally-in-order waveformis provided. I'n this exanple,
per i odBetyrerstedhes Tgat a si gnal s 2541, 2542 and 2543 and transition periods

2521 a 22 ke total acquisition ti eneral | v. desi gnat ed as
25, ol I0ARR”7 BB Fitfhch Bhorer b np B Sib B gt flBse AT R nR PR e e
are ontah vany sidhisdflvention Benok lidied td HLLIREhinOGR. RivtdovanGn aRlenmBiditedtgse
transition periods need to be anal yzed to determne jitter. The acquisition

per i odhedresentisyenfign therhandwidifsofthefitieraprasyrement it pjustety ingrensivpitger

SLT 0D {687 BEoiRY B R S difatipl sbdhd i SEdulfitfih pelbB M rhlinhiqaRs! 1 on
acquisition time equation requengy sensitivity o B medsirensnt can be
det er nfunthelr llawsghé¢ bendividih véthe measursimtnivo by imfeatdiewithaas incaasing thevaraflunct i on
of acquisition. tine., [Q037]Referring to Figure, 3a another, exanpl e of a

gr aphi tSAUISGEERE %HLW%#’%W&W&WE e igipgriat ?orslf?amg JesiEpar 1y at
300 W fdudl o6 aaneflsipgQui sition tinme of the present invention is
provided. In this enbodinment, tinme between consecutive strobes is increased
by a fH&8bF offigue Jhrea blotlkadiagranuif silodably-ip-order ftopbingvystempyblodinganerallg at hen 15

TpAt. Ei b illustrat hi cal. ] f
[ beai 1900 AErdne oSy TRl PRABRE A eSS0 1A G ep it i gnal
302 frafiigth@i (ATBRSOVBAI BtveRdnt 0PmBFe RSt 8138415601, 51 E$RELE dM@ddundbi Bdr e 3b

illustrates subset one SS 1 including strobes 3060, 3064, 3068, 30612 and
30616, 5@ andarotides maminus 803t apjoesspis 508 faumelysis0bronez0dedimeB e HE 30% 306109,

subset. hGl Lgl 0 , 6 a 0618 and

Subsot PP RUE TR stk ALk Bl RAESUT Wi Hla s b a7 ) ¢

t hi s egrhioaiimemt buffd S0&isf adifterential daffbtindatcedfes TRESential ddiefireRAMUBS04 bR

previ ous enbod'ggnt, only the time Ts between straobes has been extended and
eSO haid

the tofputs a1} nEiecns on moge Stert sggmyls arg ydterdraed dhe puffpredsignalur e 3c
an exa {7 i i oy i ment
of F gureeped I EGEResia Vi pdtan SRAGINARAD T BELRRNOR theDU T DeABA

acqui sistexpected. nie 086 2mbadinent, Virliea thirggholilregresentiyg BB 4dgentehnsitidn fvokagee nky

jitter 356 i.s captur . Moreover., 70% of .the |low.fr ency jitter 358 is
captu r(@%‘.’mﬂé E%IPB%} Aigr gﬂs ]lsﬁ‘épr?%%‘iag‘é‘"s‘étqﬁ% ﬂ’&ﬁﬁ‘ fiae P}Ng’ﬁ qe[?'#é ° é’é‘l‘ ﬂﬁ“&ﬁ‘ﬁhcp on
t he f resi@asit of BRROAMAator 3NF iCRMERE UL didtult Re4 BFREADIYS ofthd WelefbMat 1S
detected by the neasurenent. As illustrated, a jitter neasurenent of a

- gi ven eeLomsanmpling stack §87 widdncaddrysourck elosk b2y $anan]ingrebogk|507 issfedtdhan hi gh
freque LEtd ers er, an,incre in_agqui sition i al | pws nore of
St P12 ol ST Bl s BT AT P R R e T el

the | ower Trequeney i 8t nents of
the presedin mementdedite 530! tiaRgmSiEN &NEbYSEE 506 forapaRdradalgayeral times.
Each tinme the signal is sanpled, the acquisition tine is changed by

i ncr e84 t hin enerpmbedimans elocksanicy S2Risqregzemaed ghutpbe fietRYT syqvefonn

anal ysi Jd i S..a. cti f uisition
e cane 3P Ro BBl Eh Sl bic bl R HEE RS ab A BRI e o
-meas urdesliredssignal infeiinmation dquirb® mGahe iegibbi@dent, I ATEE S0efufthe indl6des@xReciGput] i tter
as a functign of frequency. Since_each result will contain_the jitter

fr equéﬁ&%éSQﬂ%m&tﬁﬁa}Wgw prremeidy Famtsdiie ARE 302 He presmbodimeat; walyare i nes,
-we can,d ' . |t S . ] It & . ' w thin
ey il R e Rl CR L S T e S S IS

bet ween | ocal | y-in-order strobes, and consequently, the bandw dth of the
j i tt erAtemasiacketint03-2086-Be2adj ust ed b§ increasing the tinme between

|l ocal | y-i n-order strobes w thout substantially changing the tinme between
strobes, Ts. For exanple, please refer to the enbodinent illustrated in
Figures 4a and 4b. Figure 4a is a graphical representation of an

~under sanpl ed DUT signal, shown generally-at 400, according to one

enbodi ment of the present invention and Figure 4b is a graphical




enbodi nent will be very close to the total acquisition tine (5TpAis) of the
enbodi nent illustrated in Figure 2a. Accordingly, in this enbodinent, the
acquisition tinme between |ocallyin-order strobes, and consequently, the
bandwi dth of the jitter measurenent, can be adjusted by increasing the rine
bet ween | ocal | y-in-order strobes w thout substantially changing the tine
bet ween strobes, Ts. [0040] As di scussed above, the nunber of sanples or
strobes per total acquisition period can vary and this invention is not

I'i i t egrohPusdr ﬁlghte@etv_ic%rssy S cMUNROUST senlp syRBR ROTGicR Bipretk., tenPr esent
invention the bandwi dth of the jitter nméasurenent” is adjusted by increasing
t he numbbedigfent useshemitsindudhencrmae obthe bitpetied subdeineryd of the gittesi t i on

period. This techpique furth al l.ows .1he bandw di h of the neasurenment to
be' | ncrehtistitt B BeFmE RS the Sm e birchof PRSI efish SIS E SRATRER! i ng
short @yelusibh aﬁ&ﬂhléinﬁhlbbﬁff’aﬁél’ﬁ%ﬂeﬁtibﬁﬁmhé _Efﬂér th&burk @RI MHcAO&hichMRUT equi r ed
to test a DUT short. [0041]Figure 5 is a block diagramof a

| ocal | {rapsinippige vilk be m@awged]sﬁéleé’iﬁ rewiRmgentie anmpernf bijp of thgeensetdigg to one
nbodi t i . incl .  t est
erbou! Bafly el g B AR LRSS IO B T o,

a devi Gequinder TheRimbed 4f pacdrprepstitid@s irmlicatsd hputmDYIinied t@efiédivelssailk 506 f or

anal ysis. In one enbodinent, ATE 502 includes buffer 508 that feeds a
buf f er %ﬂoﬁBReWFﬁ%Q%WéWG%%PF‘@%OWpar ator 516. In one enbodinent, buffer

508 i 5!®4§j f f %%Pé Llﬁtoéﬂﬂte%;? rf%gqlrr.’)%%‘%lisé{setﬁe gzir?f[t)Jrgc{ @ﬁ&,itﬁ‘éu is‘gnﬁu{sraﬂmd ice 504

via output” signals 501 an he one or re out’put signals are buffered
and t hdathuf ¢adeudatc singoaljitiesREafitha DRI wavedormeflarhacia ot gnbbdiviEnt 05er (@uts

expected sigpal) to determ L.f the erforned .as .expected. In one
eboai FERYSS (st inpy B P EBPECEHET AESEHEcUYY PRAHETFevENt age, An
out put bAfdwWSARP.AFGHRF sl dn® ehBBAIRRAN LSkWNE tOperfdd 1688415h-Bd@kRolthg t hE
DUT' s out put waveform The output of the conparator 516 is fed into |atch

ci r cui resgiesiwithin system| 500 gnd fitilizes upvavefuty v diessiftono nses st dewgeeci®ak 507

produce source cl ock . | i clock 507 is f t 9, count.er 512 and
P Ooh Eotite SRS SERE R will PR Y s <A dlri p aiferdh oS EafL 07 27
st or edondeniiMRhyntOdEscor 06 ubdthd feall BTrdHS hidMtifl OmBAsQFAERE to 2RfredsJittek ur t her
anal ysi s. %‘%%)42] I n ogne enbodi ment, clock source 520 is progranmed to strobe

t he DUTagRItEE 38 miungtier obasauisision dmeyadiiftieran a Yactinepliigarencrput s. User inputs
et : . ; ; . . |
o Loudt © ifedgislo it REAREAAGH BIPGtortl QERE offiilthbehy [ P07

i nt egr 600, accordingtoedne earbopingt bHthdpies& 2nvehtiomn MEheandihel dmmimirisesof t ware to
performlqgical]y in-order strobing resides within system500 and utilizes
user i OIF‘E’é]Ié( i %H‘Hyflp‘g‘fﬁ%%ﬁng iarﬁ%ﬁlce et test E8AT) it eaefare- dR8 set up

syst emye@i9d beFind hildof wHeRPIUE Bial RiRMRAIRQHLEB sct HSRhickBRUL S i ncl ude one

or nore of the bit period or unit i'nterval of the jitter neasure pins,
j i tterbandwidihdrepiansy farhe imtislbhecaswemiont AtHOR thradttobing,of t M T entpet wafefeot | ve

sanpling resol ution a the nunber of .pattern. tepetitions.. The jitter
reneur By Fosbiianbe s iak el s reafli HFPrdbt HObHE b RERLeg: TR bi ¢ s
_per  pastgihed 6@ thd@rdbiiEieEtoRld #6848 Phe didted BAR &AthéNghaR2bd &) dbteRite jitlne
target effective sanpling resolution (Tres) determ nes the effective

sanpl i teytheraigablpagd widtk/éreananpent 696 Bds thendeteapined iinae jitterdrepersy datais many

_times ef f ! CLOss ,t eati-n vefarm pattern.
{00437 5 Bhb fFtnPadte BLRTRY byt BRI e e A SR B e o
I Nput sadjurtedd® 6l 6.eThe process then continues at 602 until no more jitter frequency data is required

at 608. If no further data is required at 608, jitter as a function of frequency is determined at 607
- from the multiple results, each of which pertains to a different measurement frequency. The
-~ process then ends. In one embodiment, jitter as a function of frequency is determined at 607
~ based on the fact that jitter magnitude can be expressed as a function of acquisition time and

- -since the frequency of jitter is a function of acquisition time, jitter as a function of frequency can
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data to calculate randomjitter R of the DUT waveform Further in one
enbodi nent, user inputs received fromuser input device 550 further include
par anmet ers whi ch i ndi cate nmeasurenent bandw dths. Further still in one
enbodi ment, software to performlogically in-order strobing resides within
system 500 and utilizes user inputs received fromuser input device 550 to
cal cul ate and setup system 500 for nultiple jitter captures, each with a

di fferent bandwi dth. In one enbodi nent, processor 506 uses the results from
mul tip b ni . 1ACE | .

ncqui o1 oS TR b o PP AR wROR e ioon i P Bpion. ¢
f 1 ow cHaeq_tfaps =d's|xdy ixdaittes/ Tien wihentdY issdefinbd eglitrent Ajigods tsheak togenakjigkt y at
600, aciﬂirgé to ﬁne (?nbodi ment of the present invention. The nethod
conpri §e8*¢ @E@H?’B BH'S™i gi tal |y undersanpling a devi ce under test (DUT)
out put [ygasET OrmRterFA8 tdBiglRd DA BRarffor AOEMARISit@Pin Mvie®mi, ki between
strobes is set to achieve a bandw dth/frequency for an initial neasurenent.
At 602 genpsalit at gBY.rgewtling tOR anhodimentad dfcarescutdinveytiomisgegvidétt diivtist HRock

based gn I | | y-inrorder.strohin chene | erforned. a .obt ai ned
rom t 8 B B P Pletia i dooRE MosRE R Bl AEua% Sifne AR 28 b o
det er ms&iBpled hidéndin at theSadt BittshiapleDantbat sitthé At Wiﬂ?&ﬁq\éis@bﬂ@gﬁaﬂ)} Lowsort hen
determned if nore jitter frequency data is required at 608. |If further

dat a i Sighsguirpended by dafg of thesamp sieten A tyOtie framsifion regionsare ideatified. rBises i s
adj ust : 3 . i : . til ne nore jitter

fr equeir:}rg?/ﬂttld0 zﬁ%gﬁogg-%}géﬁn‘ragg& %St&%ggf &ﬁ]&r{l E‘H%Slig ta %Télg%a ERR aflgaﬂ?srlgcgl dzlﬁ 608,

j 1 tter exmnple inFighie@d. afenémbyuanieys heedadtoadefing etardepH0Xés biiomarishidnredion pl e
results, eacﬂ@of vvhichgﬁe_rtai s to a different nmeasurenent frequency. The
pr oces TOPHBRthgRgEor expm e‘fétf‘?dgﬁﬁ ifgnyaveforcaptags the sqyhatenbef Wit iptcg@lency i s
det er MuKA oFstchly sthdSEY dferblGafa 36l bg Rahsiddrdd 1%?5 s@%@hh%%aﬁﬁﬁo@fe fppr essed
as a function of” acquiSition tinme and since the frequency &jltterg I's a

f unct i Mergfvenegeheriakulters alsopeeded tot ignoraslat that metyiindicasé a framsitirenreyionatthe be
det erm ned.. The egu té'on fp%%ri a.cguisition time used, is the transition
acqui sPTEEHRS PTe Iﬂfg%al%ﬁl 8% rans = Ts x Nx Tjitter/Tres where Nis

def i nephoasy | i indchlirddsitRh ré%oﬂ HdicaRakn B}%apé?@gdéei 411706 cQkulhliSnsldd out put
wavef orm 08?5%§eferr|ng to fl'ow chart for determning jitter
4]

. lgure 7 a o
~in a wegr&mme ewhngba slepdarg deiatiodf caghcioanditiog cdge. o/ 08nthodiandayd of t he

preseng. I NV i [ Sy i L ElLrst jat 702 the.data.within a sa e region
i's | oo%ee‘)aﬂioﬁiggﬁg Era%%%&é%%%ﬂi%ﬁe@gﬁ fnle(rlfe,in %Ifeaernfblo ldne ﬁﬁfé df){l i ]§¥ ta%lntg%%npl ed
and englichgeai rédi@uhaghardhterfRop tRGantbsitdeofatib6f Adbtha rahditiorCepivhs t Féf

| ogi caIIy_was or Hi ghs surrounded by data of the same state. At 704, the

© tr ansi PRgitel BYPos the dandashdsviatien Is the sandpayidier pléhpugh direayscontain negdigibls | ed as
a set WAl 7 Xt ' . ein

i gur o 3o TR PON PS8 B, e B et Aot S 4 LR BT

t r ansi uscdm erabpdimedits ofithe podsheetinvelition exaxppdsejittérfas b fienctiah af fraquenevavef or m

cont ai he ui v nt of unit interyal (U )/4 of steady state, any

i 11 or Q¢ ey S %@V%&?Fsm plsngies wéﬁé%?ﬂ%edﬁew 5 ypRdpmeRed Pegion.

Mor eo}ﬂ%_éallyaingﬁv&&rs%bbih%' k@stdn?. BhBOdiRRELSH dbAcds IR ke @p el 1By TR%rddpdi Cat e a

transition region at the beginning or the end of a sanple rggl on.

[ 0046] Biohirg syrstein mayresimplamentedgn digiteheleat@mnisimnitaypparidng peggematie 706

cal cul %(i:eons are %felrlforned o deternm ne the standard devi ation gf each

tr ansi PPER 4GS X RPPIS T PP REPUPRR REIE GE 0T LETTEHBPIPRPq PIOTETHET B AS f egi ons

i s det@mpuedirmhare) Bfrve4rB Qi BdHbihtiohs b5 RN C ABYarh@k EfBodyie; @YK age or root

sum sqtuare average of the standard deviation of all the transition regions.
For prigehniquss mayipsdudeqppropeats innyé andiowputidsyices a iprogravemate groveispr, aed a -

altho i . M .igibl e a n 0 eripd jitter and the |ike.
S Wtabd AN DBk by PR B for B A6h by b BhocfblE, |
~ enbodiprecdssorofA procespebadiing thvRnédhaiubOmey pé p&forinked be b pisgrandbbret i on of

frequency. [0047] As stated above, the nethods and techni ques described here
ar e i iSPEHERESEFUSYS & Proseam plinpicieneto perforpdagred funcansebimensraingog igmut

devi ¢ t . Yrrd D I:

ol onnt 68 e B B MY ThE O 3 B S DR ol
processor (for exanple, a special-purpose processor or a general -purpose

pr ocegstorey Begkdh NadS20060rHu2er fir m/vargl, software, or in combinations of
them . Apparatus enbodyi ng these techni ques may include appropriate input
and out put devices, a progranmmabl e processor, and a storage nedi umtangibly
enbodyi ng programinstructions for execution by the progranmabl e processor.
A process enbodyi ng these techni ques nay be performed by a progranmmabl e
processor executing a programof instructions to performdesired functions



prograns that are executable on a progranmabl e systemincluding at | east
one progranmabl e processor coupled to receive data and instructions from
and to transnmt data and instructions to, a data storage system at |east
one input device, and at |east one output device. Cenerally, a processor
will receive instructions and data froma read-only nenory and/ or a random
access nenory. Storage devices suitable for tangi bly enbodyi ng conputer
programinstructions and data include all forms of non-volatile nenory,

i ncl udiphggriys Wayare bxRUABRI & a%ﬁﬂgrﬁﬂﬁﬂw%ts?ﬁerﬁ'%@&d[n@@c\lé&ﬁ&w P& BmasibisPROM
EEP and flash nenory devices; magnetic disks such as i'nternal hard

di sks argesseneareidddo diosive datragdhé étsb"-l@pmﬁ éram, didstegransimid dapapbivistineiions toAny  of

the for i errent

spect P B AIREdR, HiPRLETERD S delite. o8 ol BETPACRED S tell Sorondlies)

[ 0048] ﬁfdch@ugmtsne@iwé hﬁumﬁﬁaﬂmtes&&ﬁ\a&eézﬁaﬂy el sl @@ radbndagess bed
herein, it will be appreciated by those of ordinary skill in the art t hat

any ar FERyEYesorasaiFERessyitehle foutangiy ermbogdyineeompules Depgran akpesions aihy be
substi hg&i%’ch‘id%fautf‘aﬁn?&%g)hfdo?atﬁémﬂb H}cﬁtdﬁ{;;,% Nay 4}* Rlsk bl c?d&td S

intended to cover any adaptations o varl a presen I“Avent i on.
Ther ef atemory evices] suck adEPRONB EEPRIOSV | anddhakh diembey ddvitdes;athgnstiy disls dubleac! ai ns

dth th Al M5 What I i.S. Ajit
1 ecueMESIRPE! SFR 9 TS)SAblA & Cmage LR s R D-ROM disksophisal B o
adapt eﬂ)r&%)ﬂgeﬁﬁ& B@s@&alén%ﬁ&:ﬁi BN iR P hted ird @ﬁéelel"yQiEbl %ile‘é#pﬁ@atiéﬂ% Ecifiest and

conpare the output signal to an expected signal, the ou put si gnal
has a hﬁwabdmgclmat(.a&@s) a cl ock source adapt ed to produce a sanpling

bi 1 pOIABhe pulaE: SReisEm Rt by p Besalterelfe Aol gERAF BreRr el Br

peri odap;ﬁeélaéws&ﬁ@té @Mrumy%ﬁnnhlﬁtwarf aa%yt ARGt avtﬁtsmb@tttcﬂttea kgres to
sweep the rre‘geatl ng pattern, the clock solrce further adapted to change the

time bashigve ¢@@wnwpqsmmmsubttmm@rttbe mpﬁstenfonémmassh@mﬁhlsbandw dt h,

:C L gﬁ gl gftt%]}l%gnté%fg?g E(%%r itmgr a‘%la)lt)taﬁons or v a 1ons 0%’ flie ?)Iesén Sav2lhiBL si gnal

Therefore, it is intended that this invention be limited only by the claims and the equivalents
thereof.
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a nenory device adapted to store the sanpled data; and a processor
adapted to anal yze the stored data to determne jitter, the processor
further adapted to express jitter as a function of frequency. 2. The
systemof claim1l, wherein the user inputs further include jitter neasure
pins to be sanpled. 3. The systemof claim1l, wherein the processor maps
the sanples onto a single period of the repeating pattern. 4. The system
of claim1l, wherein the processor calculates the jitter of each edge of a
singl e period of the output signal gpagsgson sanpl es of an associ at ed

subset .

5. The systemof claim1, wherein the processor detern1nes jitter

agni t ud¥haiés daimedasi on of acquisition tine.

1. | A jitter frequency determining system, the system comprising:

a comparator adapted to receive at least one output signal from a device under test and
compare the output signal to an expected signal, wherein the output signal has a repeating
pattern;

a clock source adapted to produce a sampling clock based on user inputs, wherein the
user inputs comprise a number of bits per one period of the repeating pattern, a length of a single
bit period, a target effective sampling resolution and a number of times to sweep the repeating
pattern, the clock source further adapted to change the time between locally-in-order strobes to
adjust the measurement bandwidth,

a latching circuit adapted to obtain sampled data of the output signal according to the
sampling clock,

a memory device adapted to store the sampled data; and

a processor adapted to analyze the stored data to determine jitter, the processor further

adapted to express jitter as a function of frequency.

2. The system of claim 1, wherein the user inputs further include jitter measure pins to be

sampled.

3. The system of claim 1, wherein the processor maps the samples onto a single period of

the repeating pattern.

4. "The system of claim 1, wherein the processor calculates the jitter of each edge of a single

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

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

acquisition time.
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6. The systemof claim1l, wherein the processor determnes jitter
frequencies within a particular frequency range.

6. The system of claim 1, wherein the processor determines jitter frequencies within a

particular frequency range.
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