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DESCRI PTI ON OF RELATED ART Automatic test equi pnent (ATE) is commonly used
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units according their tested levels of performance. Better performing units can then be

sold at generally higher prices.

ATE relies heavily upon accurate time measurements for its diagnostic precision.
In ATE systems, time is generally measured between “events.” Events generally
correspond to signal transitions. For example, an event can be a digital signal going from
Iow to high, or an analog signal crossing a predefined threshold at the input to a
comparator, Regardless of their origin, events generally translated to signal edges, which
_ can then be used to trigger time measurement circuitry.

Several technigues have been used to measure the timing of events in automatic
test equipment. One technique involves the use of a high speed clock and a digital
counter. A first event, generally called a START event, causes the clock to begin
incrementing the counter at a rate of once per clock cycle. A second event, generally

- called a STOP event, causes the counter to stop incrementing. According to this
technique, the time interval between START and STOP is computed as the number of
counts held by the counter times the clock period. Although this technique works well
for measuring intervals that are relatively long in relation to the clock period, its |
resolution is limited to the clock period. |
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delay |im egert bed fR-cldck@@8¢, ahd 6%n B cdnertéPIdRimeEbN il GRedpbitibs. t he rate at
whi ch successive neasurenents can be made. In automatic test equi pnent,

measur ement rat eThsramip techpqud @oitlyf inguises @ésolmion! Rafhes tiambeldadimicaiby the

conpl ete ne r s_.al -higher. speeds ,can. .reduce, test tinNeS,,. thus can
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measure the ti ngt jitter of test signals. As is known, "timng jitter"
refers to vari at Adheugh resalufion is greatly impraved ves fveseqpgnized ybthe rampt er can
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| specifications are changed, such as for developing new products, expensive redesigns are
often required. Perhaps most significantly, a relatively long delay (often tens of clock
periods) is generally needed to restore the ramp to an accurate baseline value. This delay
limits the re-trigger time of the ramp, and hence limits the rate at which successive
' measurements can be made. In automatic test equipment, measurement rate is an
important figure of merit. Systems that can complete measurements at higher speeds can
- reduce test times, and thus can reduce the overall costs associated with testing
electronics.

In recent years, a great deal of emphasis has been placed on the ability of ATE to
‘measure the timing jitter of test signals. As is known, “timing jitter” refers to variations
in the timing locations of signal edges. Jitter can include random components as well as
periodic components. Jitter is generally ascertained by repeating a signal edge a large
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measuring its |location. An automatic test systemthen conputes statistical

vari ati onSVPRA0002378¢ige | ocation to provi de a neasure of jRGEEP2003R9603 ¢ er
measur enent becones a nore inportant feature of automatic test equipnent,
the rate at which tinme nmeasurenments can be conducted becones nore critical.
It would therefore be desirable for an automatic test systemto include
high resolution time neasurenent circuits that can be re-triggered at high
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i s a wavef odesitibife anvidisomicnd thei ajher dsawhaghs okilie ramn teehrwpes-at i on of the N-
channel time stanping circuit of Fig. 1; Fig. 5is a sinplified schematic
of an alternative enbodi nent of a reference <circuit that is suitable for

use in the N-chanpel tine s i.n jrcuit of Fig. |I; Fig. 6 is a
sinplified schen@ﬁIEFbE%é&E@Nﬁgﬁi%ﬁg t of atinme stanping wunit
that is suitable.for use with the reference circyit of Fi in the
N-channel time g&ﬁﬁ?ﬁ“fﬂf ‘gﬂs?%’lc’fl %lﬁl%gﬁnﬁﬁerﬂndﬁs&oﬁ?yir tfeée“f;ggi’/v@]ﬁart showi ng a

process f or agpengraying grawings, 8t whisk—of timng events; Fig. 8 is a flowhart
showi ng a process for gathering and statistically analyzing tinme stanped
val ues; Fig. 9 i Eigalhs ableckidiagraamobin iélnstraﬁismlemhedﬁmmha{an Nedbaarad tipiene

st anpi ng ci Elﬁﬂlb)tr%;ecircﬁjt;g' 10 is a block diagramof an automatic test system
that includes (i stanping circuits;

Fig. 2 is a simplified schematic of an illustrative embodiment of a reference
circuit that is suitable for use in the N-channel time stamping circuit of Fig. 1;

Fig. 3 is a simplified schematic of an illustrative embodiment of a time stamping

unit that is suitable for use in the N-channel time stamping circuit of Fig, 1;

Fig. 4 is a waveform diagram showing signals involved in the operation of the N-
channel time stamping circuit of Fig. 1;
| Fig. 5 is a simplified schematic of an alternative embodiment of a reference

circuit that is suitable for use in the N-channel time stamping circuit of Fig. 1;

Fig. 6 is a simplified schematic of an alternative embodiment of a time stamping
unit that is suitable for use with the reference circuit of Fig. 5 in the N-channel time
stamping circuit of Fig, I;

Fig. 7 is a flowchart showing a process for generating time stamps of timing
gvents;

Fig. 8 is a flowchart showing a process for gathering and statistically analyzing
time stamped values;

Fig. 9 is a block diagram of an instrument that includes time stamping circuits;

Fig. 10 is a block diagram of an automatic test system that includes time stamping

circuits;



-3 WD 2006/ 023756 PCT/ US2005/ 029603 Fig. 11 is a sinplified schematic of
an N-channel tinme stanping circuit, wherein the channels are sw tchable

bet ween diW@e00ATH s and outputs of a demultipl exor: arRFT/ESISIRBs o
sinmplified schematic of a demultiplexor that is suitable for use in the
circuit of Fig. It. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT A tinme
measurenment circuit for automatic test equi pnment enploys a nmulti-phase
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components of the multl-phase reference signal. The counter is coupled to data inputs of
‘two different memory elements (e.g., registers). The registers are configured such that
one of them is delayed with respect to the other (by delaying data, clock, or both). When
an event occurs, the registers latch their respective input data. Owing to the delay
between the registers, the registers hold values of the counter that correspond to different

instants in time.

For both variations, a sampling circuit is provided for sampling the components of
the multi-phase reference signal substantially at the instant that the event occurs. A
translating circuit converts the samples for that event to a phase value. Because the event
effectively clocks the registers asynchronously, the contents of one of the registers may
not be stable if data and clock to that register change at nearly the same time. However,
we have recognized that phase value from the translating circuit identifies when the event
occurs relative to the components, and can thus be used to infer which of the registers is
more likely to contain stable contents than the other. Applying the phase value, a selector
chooses the contents of the more stable register, to produce a coarse count. A combiner



chooses the contents of the nore stable register, to produce a coarse
count. A conbiner -4 WO 2006/ 023756 PCT/ US2005/ 029603 conbi nes the

sel ect ed BRPUW/ZHHt with the phase val ue to produce anPGHBSROSYE96M3me
measurenent for the event. Since this technique does not require a ranp
circuit, the associated retrigger delays are elimnated and neasurenent
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Each of the time stamping units 110a -- 110n is coupled to the processor 114. The
processor is preferably programméd to compare different values (i.e., “time stamps”) for
generating conventional time measurements, such as time interval, frequency, rise time,
fall time, and so forth. The processor 114 is also preferably programmed to analyze
statistical properties of time stamps, or of groups thereof, which is useful in computing

* the timing jitter of input signals.

Fig. 2 shows an illustrative embodiment of the reference circuit 112. The
reference circuit includes an oscillator 210 for generating a periodic signal. In the
preferred embodiment, this periodic signal is a highly stable sinusoid. The periodic
signal is fed to a multi-phase generating circuit 212. In response, the multi-phase

- generating circuit 212 produces a multi-phase reference signal. This signal preferably
- consists of two components, “PHASE]” and “PHASE2.” Alternatively, additional
.components of different phase can be produced.

The components of the multi-phase reference signal have the same frequency as
- . one another, but have different phase. Preferably, their frequency is the same as that of



consi sts of two conponents, "PHASEl" and "PHASE2." Alternatively,

addi tional conponents of different phase can be produced. The conponents
of the nmuWQ 20682%¥5¢ ef er ence signal have the sane frequeEiUIRH0S/BHE3

anot her, but have different phase. Preferably, their frequency is the sane
as that of -5 WD 2006/ 023756 PCT/ US2005/ 029603 the periodic signal from
the oscillator 210. The phase difference between PHASEI and PHASE2 is

preferably 90 degrees. The precise phase difference can vary substantially
f r om 90- degrteepsriodavwegred fromstht oswtlader 218e Thipbasedlifférencariméwee Knbbi! end can
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counter 222 frefns e Guedifieient phdd€ MENEphabERMfTesenict prefehid]¥ highly stablhé e tidit0
I ncrenents %{% each cycl e of PHASElI. and the second counter 222

i ncrement s mPEEAH TEycl e of PHASE2. The counters produce respective

counts, "PHASEI " PHA he
counters 220 andp%]%m%llye S5 ﬁzll%la“g?ﬁg%m eﬁ?ggﬁl é@fgh%%?zi %gtglé:h ot her,
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del ayed wit ApngsPeed to the other. The counters 220 and 222 are preferably
configured to reset whenever ARMis false. This configuration ensures that

the contents of tfyge Hf”é&ecﬁéiﬁboﬁ%ﬁ@fﬂdPHRSEtl 6'and PHASEIG ax%?e%clﬁhyﬁ)@ clotRCk
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pat h of whenever ARM is true, the first counter 220 increments upon each cycle of PHASE! and

the second counter 222 increments upon each cycle of PHASE?2.

The counters produce respective counts, “PHASE]1 COUNT” and “PHASE2
COUNT.” Because the inputs to the counters 220 and 222 are essentially phase shifted
versions of each other, the outputs of these counters are generally identical, except that
one is delayed with respect to the other.

The counters 220 and 222 are preferably configured to reset whenever ARM is
false. This configuration ensures that the contents of the first and second counters 220
and 222 always track each other. When ARM goes true, the counters preferably come
out of their reset states. Logic gates 224 and 226 provide a short delay in the reset path of
the counters. This delay ensures that the counters remain reset for a short time after
- ARM goes true, to prevent them from falsely incrementing (i.e., upon the rising edge of
ARM when the respective gated phase component is also true).

In the preferred embodiment, a buffer 218 provides a clock signal (“CLOCK) for
controlling synchronous hardware within the time stamping units 110a — 110n. The
buffer 218 creates CLOCK by “squaring off” the output of the oscillator 210 and re-
referencing it to digital logic levels that are compatible with downstream circuitry.



the counters. This delay ensures that the counters remain reset for a short
tinme after ARM goes true, to prevent themfromfalsely increnenting (i.e
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signal ("CLOCK') for controlling synchronous hardware within the tine
stanping units 11 OGa - 110n. The buffer 218 creates CLOCK by "squari ng

of f"the output of the oscillator 210 and re- referencing it to digital

| ogi ¢ | evel LLPEK analtematiatly bé prodiredd byolniving the b ffer 218 witly one & th®

2006/ 023756 (P% éﬁg?g{ %‘ﬁ.ﬁ@%hasgr géa\g] jternatively be produced by
uffer

driving the b ne o rrponent s of the nulti-phase

reference signal FlE'Z’gsho%/s%H(?m&hﬁf‘vé é%&b’?ﬁrﬁ@ﬁt'o‘f‘%tﬁz@ﬁﬂhﬁ‘%ghgg‘;lrlgsglaﬁg?etO any

stanping unit 110. Hﬁ npi ng, unit

of the time SEMHHPE H@'t& ?gﬁg C%FSPOF@E tARY %%V\Hffieﬁtalﬁilﬁ“g ynitspHda — 11

i I'lustrati vehdwhien Bigafpi ng unit 100 includes a first ADC (anal og-to-digital
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first and seeandtohiD anfIS0eAelSEaThY phaY B AT frlbP R raPfichveoy! ed

to the input of t recel v omn

(" EVENT X") Tesppfivetoempgaent of Bﬁd@ﬂafphaw tefpsence sigaak ﬂh&[ﬁ;sts?@ﬁﬁp@sldt Gs

cormponent ateaéﬂlﬁefeeawyﬁwe\aesaiﬂpmh utF(F‘gAE)r@hbzéd téhﬁlfépdt%fftmﬁnw%m ADC s
310 and 312 %ég i.nclude an inter naI circuit (not s

Al'so, the ABEdOBIQITErElHRg NequneLvsisd @%HTQF ah.lf Bihg %ccaﬁan%?rqef aae&%nsed by
CLOCK. The eﬁdht&bcéﬁammﬂl@cfﬂmdmbﬁxladn@f&i édwemml Pre@satsty Cit fieg tatid secahd ow

throughput - G s aneral 312 SRy SR A nBind bl bR PEIEr SRR Mok AEE 2o
312. The t therADgs oref@“mhlyrkapsa Baochnqdaarchltctnm gnd at clpakeddsy CLOGK. hBheADCs t 0
a CorrGSponﬁ‘lté%alpﬁ al ark | enta‘@ gﬁbéhﬂ@%&fcﬁﬁ&lnﬁyﬂﬁoéjcﬁe§P§é'3q9§n@§1?[os

out put . ThIlS) ase ase or, equiv tly, a
rel ative toP¢AReragd @l 2 pighsete oEsroed Mitd fgglgﬂmughﬁéh the event occurs. As is

known, a one-to-qne c ondenc I Sts bet eac air al ues
produced by the % %ﬁﬁés %‘I‘H?g t‘bfletor'!‘ép%?etl\ﬁe erp ﬁégcg\ﬁ& gnal at
which the swesidioo¥iclunsps edall paiti6r digitsl vahes kogihe WD Clefoer dBinepdnkit gpihase
val ue, usi NGany ,rve'h(?('ijﬁs the X ator 314 provides at its output. This phase value identifies a phase,
or, equivalently, a time, relative to the multi-phase reference signal when the event

OCCUrs.

As is known, a one-to-one correspondence exists between each pair of values
produced by the ADCs and the phase of the multi-phase reference signal at which the
event occurs. Various ways are known to determine the phase value, using various types
of periodic waveforms {e.g., sinusoids, triangle waves, trapezoidal waves, and others).
To illustrate the operative principle, consider the fact that a sinusoid crosses any given
signal level exactly two times per period. Thus, a single measurement of one sinusoid
does not unambiguously identify a phase value. Phase ambiguity can be resolved,
however, by providing a second sinusoid that is phase shifted with respect to the first by a
known amount, and by sampling both sinusoids simultaneously upon the occurrence of
the event. One of the two phase values implied by the first sinusoid will be the same as
one of the tiwo phase values implied by the second sinusoid. The matching value
represents the correct phase.

Continuing with reference to Fig. 3, the time stamping unit 100 also includes first
and second memory elements (e.g., a first register 316 and a second register 318), a

-7 -



of periodic waveforns (e.g., sinusoids, triangle waves, trapezoi dal waves,
and others). To illustrate the operative principle, consider the fact that
a si nusoi VOr28&4R375any gi ven signal |evel exactly two tPEBEYSHEF0396¢3 od.
Thus, a single neasurenent of one sinusoid does not unanbiguously identify
a phase val ue. Phase anbiguity can be resolved, however, by providing a
second sinusoid that is phase shifted with respect to the first by a known

amount, and b ' in ' si mul t.ane | y upon, the occurrence
o The ovent “REDr 0 e blnbisRl ) Uelist riBr S i i mpiseouziedla e
will be the s&HPuhaf the festgountere?20nwd hplsewad vegittes3 18mak b ddtaliipitkeusies e
' id. Th ' t,-ph . t ' i th
Ceforence 1o B g o pBd ok e e bRt S B Dandtnt "and
second nermry”é?g%%?@“ﬁe.g., a first register 316 and a second register
318), a 7 WO 2006/ Q23756 PCT/ @2005/ 029?03 sel ector 320, and a conbi ner
322. The first regi sgéelg’%q%“r‘@ ¢ selgetprhslp  reselye picstaingy nHbe corrsquountéf t he
first countercgs. Ulivertsistyomes leghsseahe RiBtdhas Pardad1d ardpish SRupsed to the
f th : .. L St . 316 and 318 | ocked b
the” 1 ncom ng" 2uanp oAUV EEnEee: i BHEpREL AT idiona: oupesideing
uncertainty iff"tHA¥ B¥dp sepredistabledichavipr (egs, melaaebilityNninydigital sReuiBesmsitd he
regi sters 316GamintdodklbtiRsiRngs ' Qno w th changes. in
their input data, As is kngwmpggdiﬁgﬁ?gﬁg}%gﬁﬁ 6@% ?@S%Eaﬁdbﬁt@’égﬂ?q@&%lay
unpr edi ct abl e BEfGVIonesedling timeabeforeshe Jatehied datadiegime statile, ouicven erhrokat a
and cl ock botdatx HEmbeclatked pREdABTR! & bival Byt Rer] i nedi Le
behavi or may sohfé%t‘éﬂ%l Xle{hx@?) mgtt? 'ang tilmes %Irgp_g?eequﬁg%[tg? l?:lk]l% tag’ile?@r
becomes stable, oOf even erf %@%&E‘ec éfféf‘.asﬁ%'teﬂeT Isgeiet! prgeaprellxishied ‘Segpt al
circuits gendiRg.T yThesggirouiss elhagemtzally tequisd thibl datd Rinais Qe IfSH @ehteRfal bfrdFe
before the clipeiobisisass E&’%‘:m;%%f"';’,‘gfr‘gé%felﬂé glﬁlgene,r, ally called "setup

time." These circuits aﬁso gener t™Yata remain stable for

some interval aftey ] ' i enera C d "hold

tinme." As al read sstag{e g%’ ﬁ%ﬁ%@%ﬁ?@%ﬁ%gﬁg? ﬁ%%‘??esc?g%g%}mggﬁgh%a’&‘ﬁ%‘ﬁe@fes 220

and 222 are galéq%l,l%dptg,uqabé)m fre delayed by diflerens pmpents e diffskeindivhe by fiabtson

(i.e., offsebfapetiodye Toynsur Hae tHe@fabila o@b&ﬁrcb&%ﬁ i Re\%%&b@@cttfpxa{hgtsﬁ%e
vent,

stability of £S 1S never suspect for the sane hi's™ del ay
di fference nﬁg%&’glél%@lrég&%ﬁfgncﬂwsgﬁ%‘lerfa.g)’ Qfrat Aastas grend ag the som efifhe sefuppndand
hol d times oboldingseditstregisterspblus aanyir@iir @tbrs thaf may sdd Saky BEWcatheskew

bet ween t hesggisters. With this condition met, data stored in one of the registers 316 and 318 are

always certain to be stable following the occurrence of an event.

Turning briefly to Fig. 4, different signals of the tiine stamping unit 110 are
shown on the same time scale. The two components of the muiti-phase reference signal,
PHASE1 and PHASE?, appear at the top of Fig. 4 in a quadrature relationship (i.e., with
a 90-degree phase difference). ARM is shown immediately below these signals.
Wh_enever ARM is true, gated versions of PHASE] and PHASE2?, i.e., PHASEI1G and
PHASE2G, are produced. Generally, PHASEI COUNT and PHASE2 COUNT are each
incremented one count for each positive transition of PHASE1G and PHASE2G,
respectively. Note, however, that the first rising edge of PHASEIG is ignored (by action
of the delay circuit 214) because it is caused by ARM going positive, not PHASE!. Both

counts are preferably reset when ARM goes false. It should be noted that PHASE1
COUNT and PHASE2 COUNT are preferably digital values. Fig. 4 depicts them as
“levels” for merely illustrative purposes.



registers. Wth this condition net, data stored in one of the registers 316
and 318 are always certain to be stable follow ng the occurrence of an
event . TurWPR06R3%6ly to Fig. 4, different signals of tPETABINESB296M8pi ng
unit 110 are shown on the sane tine scale. The two conponents of the

mul ti - phase reference signal, PHASEI and PHASE2, appear at the top of Fig.
4 in a quadrature relationship (i.e., with a 90-degree phase difference).
ARM i s shown i medi ately bel ow these signals. Wenever ARMis true, gated
ver si ons of PHASEThevetidAHBSHR showe in FigHASKHIdats rapidns SFASpRGstabiliey. pif teuced.

Generally, P E | QG t
for each pos%ﬁ&g q%%@&gﬁf%?&gﬁé%ﬁ%rgﬁg d%ﬁ?&%&(@ e S?@gé’?ﬁ? gg@f/%% e,
however, t hatandhige s¢tep end/pshald resyyementPpBE firg registeyhldrmay plbeaneti il thef
tP Eis%el a)é tCIh dttints A4 IREAAIER nﬁébyl 1ot b€ e@%{ighﬂnﬁ ORs B@?icnli)l@&utré (}i’t?ingﬁﬁé 4 b

. 0 coynts ar Pl eter y res en oes . shou e
noted that P S é%&%Yéhﬁﬁﬁﬂﬁ@f@iﬁﬁdéﬁ%dsﬁ@%’f@é‘gpamd@fglozf{eawf%?fﬁ%%g
Fig. 4 depi cthe s¢doadragster'I18\nedysiot be meftainé ihe dontenstofahd seeopdifegidse snaydo\d 200

6/ 023 75 6 F]’)CéTJtl@ 005/ 029603 The vertical bands shown in Fig. 4 indicate
. aolc. <y o .
regi ons of suspect stability. If the event to be neasured occurs during the

I nterval s denot e?%%nir%go??$§ngwt§gﬁgmpgzd %gl gr?%géﬁn %thaﬁgﬁgn%t@g‘%%ﬁﬁ‘ E@u&nd/ or

hol d requirenment ) fiTst regrster 3 ]
contents of fPheespeciivelyrecgiingthesagiensof the fiystapi sccogwegistersyd 16jand 8 Bheent
?ﬁcur st duri rk@l/ehl'&? ﬁz? gt&@hysad &nﬁ%ﬂ{?ﬁ:ﬁﬁf;owq[c%ﬂﬁgfthé ﬁ%as@@@ﬁe?fon‘i H%Stiaﬂblﬁﬁr Q%mg :

e setup a or r ulr ns o e econ r | er no e
ot and’t nohedhle R e fRdtor a0l Bp Aot DO RB I st s end TR g
to Fig. 3, tiheissghidetand (Sgdvicknhiteralrean ah acdudate “doarsticoant! ofegced i nput s

for respectively receiving the contents of the first and second registers
316 and 318. The Thestlecthnd2B2Benitsseldrtisn af mput upon theyphase aluer Gergrellng t he

phase val ue shéa‘?c?ﬂrgt 0e df-afsk ?% wﬁét?xer th%_Bﬁas%Q/Ia e‘fgllst\bﬁhiﬁ%hﬁﬁﬁﬁ{e réégné or Lo
sel ect a valle trom anong the Tirst and second registers “that s stable,
and to provisuweetriability i the fizsh threegh fonsh vesigrldanévefilfie. bf Ifdhephese vatue

sel ector 32@,hasiin tieSsedG s tb & Binds AL EorBRS of 18 fPitaSAstéPhd SegafeRRGE Al | Y
speaki ng, the sel ector ?hecgi et heilr t he ﬁh%se value falls t%u n any of
the regi ons SBPECIARE fhtelecior 'Pivsmi%?tsr.eézomep & ft]?ersoePo‘idrﬁES{fEﬂ‘ia?mﬁ‘PWS%rtical
bands of Fi gourt. Sithilirhe ifithepkase ablue falfsabitisn Wiet firstortthied baaisnthe @ontkow bt the
bands, the ggc%hg %g?st&f aré pe%altcfe{i Sd% surs%gcl;tszl}lg Eheasléfaec{o?gglgcgg Hle%%ntents of the first

register as the coarse count. If the phase value does not fall within any suspect region,

the contenis of either register can be used.

Once the selector 320 has chosen a coarse count, it passes the coarse count on to
the combiner 322. The combiner receives this coarse count as well as the phase value
from the translator 314. According to one implementation, the combiner 322 converts
the coarse count and the phase value to comparable units of time, and adds them to
provide an accurate reading of time (i.e., a time stamp) for the event. Conversion of the
coarse count to time is generally achieved by multiplying the coarse count by the period
of the multi-phase reference signal (or any of its components). Conversion of the phase
value to time is generally achieved using conventional trigonometry, i.e., by multiplying

‘the phase value by the period and dividing by 2*PL

To ensure that phase is measured consistently for different events, a convention is
preferably adopted that identifies a zero-phase baseline for phase measurements.
Arbitrarily, this baseline is chosen to be the positive zero-crossing of PHASE1L. Fig. 4
shows boundaries between different periods according to this baseline, with designations
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suspect and the selector 320 selects the contents of the second register as
the coarse count. Simlarly, if the phase value falls within the first or
third band¥0 284¢@2F8ht ents of the second register are rcBERHSWIHEIIspect
and the selector selects the contents of the first register as the coarse
count. If the phase value does not fall w thin any suspect region, the
contents of either register can be used. Once the selector 320 has chosen a
coarse count, it passes the coarse count on to the conbiner 322. The

combi ner red8j MeandtBi 3t shoaldde undenstoodshomehvbr, tmt anepgintase bealsedas o basehinehe

t ransl at or %n%ith@\c&gﬁfggnggt O18B s it qpus%gggﬁﬁgtélggblthe conbi ner 322 converts

t he coarse count an ase va ue to conpar e units of tinme, and adds
themto provide an accuratereadlng of time (i.e., atinme stanp) for the
event. Conversion of the coarse count to tinme is generally achieved by

mul tiplying the cAOfseo endnid cdigisidney, eshood beQEccfcgthﬂ'tﬁaft thebaratisioffiler fvce
Sl on to tinme

| f i h
L nanes o 1 P sRond i ERPIBERA I8 oirBRH bR AhePined o PiasSatiioEndield T
t he phase vdhapositywetdee-pessinglobihd PHASER and thaypditRie zefocronsug ef RBBASEphdse i s
reasur 3 COrslos Rl kg LR 35 BRI 2B AL S PLSLERROLY

adopt ed that 1denti zero- se neasut enent
ArbitrarilyTeSPRPS taélzeemm@rqd@f@%w thor geample, 156@. firsi gegister élémégmgh%f

PHASEI . Fi g.corse s&w&h@@mﬂmi@ad gt onee Widlithd Bisehte KRY us@aﬁ&ﬂﬁéihé&eéo
eS| tlons 2006/ 023756 PCT/ 5/ 029603 1
e E‘H§ed as

this baseli g 3 3? 0

tl, and t3. 'ifo[w uﬁt eB%C &%‘n’r‘%‘?d’c} pr F°°%fﬁf‘a‘f°“élﬁimg SRR
a baseline, betweemtltd;mmtmrzpmnmﬁs;n&s;fkhmn:gn@@nértts itlse sed@tbraabisacsd aret fiym
FORID, L0 L RaRRHah SR, ST JRU Ry fEBRRES Lhar Lhe contents o
phase val ue fal B HeHEIERe bGaRARLY IntoiSy B ShABEMAL: aéhﬁéhete Hifiicas and the

pOSItIVG Zer o-Crossi resolv selector

320 pref er abpsd g5 gﬁh@cqgméntcé"@ﬁtcoara%cm@éwam ele |P§‘B‘\$ t he
neasur ed phmm'ﬂw&ss ﬂﬁ@rev&if%ﬂﬁx'cﬁlcs withtah@véd ﬁtﬁﬁbéré‘(ﬂélﬁb&ft badd iR WhEGase t he

2 ust ot e BSRERU it ke re%?ﬁﬁ@i&ﬁ‘w@% 2?53'1'8”& oduces ¢ he

Zero- or ossi ngs. of PREIRSERRey e TapdRbhs TLisie RISk P it he

coar se countabten S:anmb@rftgm &hd Gust ARE TGpmefersbhhprohide ba s index” ihte thtvlwok-up

preferred eppdhPOimpldd Worh thd QEbMPABR RN feibiPholiR S HEmABL AU S
combination of an X index with a Y-index identifies a single phase value, which the
translator 314 provides as output. All expected combinations of X and Y are stored in the
lookup table. The translator 314 may be implemented in other ways. For instance, if the
components of the multi-phase reference signal are in precise quadrature, the translator
can determine the phase value by computing the four-quadrant arc-tangent of the sample
of PHASE?2 divided by the sample of PHASE] (i.e., Arc-Tan (Sine/Cosine)). In this
case, the translator would be equipped with computational capability.

In the preferred embodiment, the combiner 322 is implemented very simply, in a
manner that does not require it to perform any calculations. To combine the coarse count
with the phase value to produce a time stamp, the combiner 322 preferably concatenates
bits from the selector 320 with bits from the translator 314. In this arrangement, the
coarse count forms the MSBs (Most Significant Bits) of a digital value and the phase
value forms the LSBs (Least Significant Bits).

The selector 322 is preferably implemented as a digital circuit with combinatorial
logic. In the preferred embodiment, the selector 320, translator 314, registers 316 and -
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used for selecting the coarse count. The coarse count is always taken to be
PHASEI COUNT unl ess the event coincides with an even nunbered suspect
band, in WKP@MW3AEE6 t he coarse count is taken to be PHASERUSOUNR6G3NUS
one. In the preferred enbodi ment, the translator 314 is inplenmented with a
Iook-up table. Sanples fromthe first ADC 310 preferably provide an "X

I ndex" into the | ook- up tabl e, and sanples fromthe second ADC 312
preferably provi de a "Y index." The conbination of an X index with a
Y-index i derili8f aelscamtsnergi2é aphagpdenaitedtpgathéronithih e singlelRGAbBRId314 provi des

as output. rb#@ﬁ%ﬁ&%ﬁ%ﬂ%ﬁ%ﬁ lw%&gg%u\ﬁ @Jﬁnéﬁéra&ﬁgd in tﬁé}%ag%.OOkuD

table. The t ance
if the conﬁaﬁéaﬂwtbﬁnﬂﬁcr&ﬁpph%ﬁa pecifed bfegmated angwaoraqswgudﬂﬁcmt% ceand
quadr at ur e, héfioryr ansl ator can determne the phase val ue by conputing the
four-quadrant arc-tangent of the sanple of PHASE2 divided by the sanple
of PHASE1 (i .e., Awhende(ilSjArIE/@prth thd timé Biamphasdrcuitie 0 praviddsatminbapul d

b [ d t at bilit ln th f th
conbi ner - 328 aep&&ﬁg?@%&%ﬁ%%”%ﬂ% Fismiens spnbe AL el SempR St g o
it to perforA@nyRedigaer irconedudd, hostrdueing et tommsd inoeasing thiouphpibe phase
val ue to praduge ﬁmetélﬂzﬁgzst@agﬁ)m&agh%tl rﬂﬁﬁﬁﬁ%eo:{tﬁf]gﬁxgl& r}éliii:%ﬂﬁ%&ﬂﬁ‘t es

bits fromthe selector romthe tran hi s
ar r angement mergEsoleling: dds Berghtary eilito Weﬁlﬂ)@wn{%@w@ly@ng@rw}sme& ts) of a

'(Ij'lhgl t a: V?' lﬂ&ggigﬂnfohﬁ) &?ﬂﬁme ch‘é\hﬂﬁltlﬁ Qistﬁ{ r%tﬁ%néeﬁgnaﬁd—?&ﬂie ADOBchrrotRéepBi t S) .
e sel ector er enent e ital circ

Conbi nat o | BREE isy T Tegter o fhdente sBeis b b Aioromey B¢ Hblackd iR fperdfighs,
transl ator BitiepheinesheADCIi6a snativelylhmpIb 2EiQHLHARES 6.2BETHISIRE05 [OBGH63
318, and co Field
Pr ogr anmabl g}? dGa%gig gn&)r‘éq%féﬂer nag %@grﬁéﬂﬁ?ﬁ? ng‘@fn% @ér[%la?orsjl g}nglsf estczlgﬁlén l)t her
ways, suchaed3if, seleetar A}, and p@pbmcta&mcnan Spe@umddn Idrﬁ@gmtamrédltmdcwh ) or

usi ng di scrgifferé@¥sc@and nenory. Wien used in ATE applications, the tine
stanping circuit 110 provides a nunber of appealing properties. First,

measur emen:js CS”F . STRALEG dhow Eﬁ?alftdmeltlv%%fﬁ%ﬂiﬁganrt af &e@éfeﬁdﬁ@e cyﬁmsl Iz%dt ri gger
T T TN M e N e e
wi t h gr eat ethe tivb mpumtes@20tand 322 bf Figs2.nEhecnmier 580 lgytstia inne fddGsnadfithe
Inherently Qélgﬁloq{en%é%ftd?cgﬁulti-phase reference signal. It can alternatively get its input directly

from CLOCK. A single AND gate 514 enables or disables the counter, depending upon

the state of the ARM signal. As shown in Fig. 6, two memory elements are used, €.g.,

register] 616 and register2 618, similarly to Fig. 3. However, in this case, the registers

616 and 618 are both coupled to the same counter, i.e., counter 520.

To ensure that the contents of one of the registers are always stable, data and/or
clock to these registers are offset in time. For example, data en route to one register can
be subjected to a longer delay than the same data en route to the other register (e.g., by
way of delay 630). Alternatively (or in addition), the clock (Event X) en route to one
register can be delayed with respect to the clock en route to the other register (e.g., via
delay 632). Clearly, it is generally easier to delay the clock, which generally consists of
only one or two signals, than it is to delay the data, which generally consists of many
signals. However, delaying either will accomplish the same result.

Regardless of whether clock or data is delayed, the amount of the delay should be
at least as great as the sum of the setup and hold times of the registers, plus any circuit
skew, to ensure that the contents of one register are always stable. Preferably, the amount
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resolution or to drive the circuit with faster reference signals. If the
ADCs cannot keep pace with the faster reference signals, the new ADCs nmay
be repl aca¥ORPI6H23736t er units, but replacing the ADCs iRCBUSDPHOAGS| y

si mpl e desi gn change. Laborious anal og re-design and debug are not

requi red. The sane FPGA housing the translator 314, registers 316 and 318,
sel ector 320, and conbi ner 322 can be re-used in different circuits and
with different ADCs. Figs. 5 and 6 show an alternative enbodi ment of the
reference ciof¢hs deldylshonidcorespord 46 apppoxiguately P0-dagreesid phhsevaf theymBitgphdse a
singl e countgfereadDsigpy be used in place of the two counters 220 and 222 of
Fig. 2. The counter "520 gets its input fromone of the conponents of the

nul ti - phase ref engRER: &isBaA, thel dirciRflo Btk E S0 he\Bhdtru@RY ahll Spbrarithudh dsect |y
from CLOCK. gate_514, abl gﬁ or di sables the counter,
ma

singl e AN
dependi ng u ﬁ:rlhp&gﬁg\{ed{lg HieCHPRRWHRNISS: §al . As shown in Fig. 6, two nenory
el enents are used, e. q. regi sterl 16.and reqister2 618, .simlarly to
B o s rovever - i Tfows ah Sisthle obndufaf ot S BRI Br EerBrarbls Mot o) oo
to the same agdprivides aishert summaryt efipré@8s pértorawed by ¢het higbits d@cxibut:énws._ 4t one
of the T el e 02ty Ad'RYshaoRilofenté!at 2nRliflie ribRAk: §i€natl ofiggd St ers
tine. For ‘exanple, dat

are offset in a en route to one register can be
subj ect ed t dhesaBaye senerasgd lopally arpaodderkirema cxierab sauace. ol here cofppRents

regi ster (ehgve the¥am¥@¥éqencyldudire@2fdt inPphhsrtiain aiut (Haf isiethé@ddiowintkan t he
cl ock (Evenﬁ >F% en. r%ﬂ{re‘&&aﬁ&%' regi ster can be delayed with respect to
the clock ef®FABGIRINES IrpRe UpRgister (e.g., via delay 632). Cearly,
it is generally sjer, Lo _del ay the cloc whi ch neral | opsjsts of
“only one or two 3%54?3@,5’ %Yﬁ’g?ﬁ"f?ﬂ & o O g Soppp ngﬁf qe C\?\Hﬁ}ﬁgﬁ' gneﬁér ally
consi sts of ilhatigtivesingiralisent b Wegee2 andid| tevpicognterstabenseditd townd cpttpd ¢fsh t he
sane result ; el : irs. del d, o t of
the delay sKSTa peompondbls, IPARGRIGE REEnBiqiRAtLFIg L5 o BLa DR TR,
times of thi UsegfcepainganeSomponelits cuit  skew, to ensure that the contents
20061 023786 PCT/ 3551605} b ABGRMIBE CY ol RIEr YL HBEPoREH P Akt Counted
appr oxi mat ebycl&Qre egigied (eof., laleaed). of tid@unterd are RS the doafeatsaifdetisiogngls | n

h h i .of Fi.gs. 5-6, at h
s descr | buE B tepdlerie ey 0P s i s R LGRS o I BRI PR e
i |l ustrati viatchet bitwe nigistérs,acomespondinfzdo theerateatsi afghd ¢ovtes abiwastimes.

At step 716, the event is further responded to by sampling the components of the
multi-phase reference signal themselves (e.g., PHASE! and PHASE2). The samples are
preferably taken substantially instantaneously after the event occurs. Steps 714 and 716
are preferably performed at approximately the same time, i.¢., substantially at the instant
that the incoming event is received.

At step 718, the samples of the components are used to determine a phase value
associated with the event. This is preferably achieved by matching the samples acquired
at step 716 with a value stored in a look-up table.

At step 720, one of the sampled cycles is selected as the coarse count, in response
to the phase value determined at step 718. Values of suspect stability are excluded.

Last, at step 722, the selected coarse count is combined with the phase value to
provide a time stamp for the event.

Once fime stamps are generated, they are generally sent to the processor 114,
‘where they may be compared with other time stamps or otherwise processed. The
processor 114 can readily compare time stamps to conduct conventional time
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and provides a short sunmary of process performed by the circuits described
above. At step 710, first and second conponents of a multi-phase reference
si gnal ar eVP280/381§6 These may be generated | ocally or PEDUBHEHOPBmM an
external source. These conponents have the sanme frequency, but are offset

i n phase by an anpbunt that is either known or can be determ ned through
calibration. At step 712, cycles of one or nore of the conponents are
counted. In the illustrative embodiment of Figs. 2 and 3, two counters are
used to courmeasyehesisoffor exxepde bywempotipgdidistances tetwedniayceessive Emetstamps

- enbodi ment Cﬁ'oﬂ):'agﬁlf%ét ﬁ@&a& i &hﬂ%%&%@ Rhdil e% eln\\}ﬁﬁ@'thfegfenﬁ@klﬁﬁﬂ fguone

conponent . At st om ng event 1s r resp%ré]%e to the

event, the c¥Enat: eﬁea‘%‘}f{ﬂl@és wnalsodegpads ycogparipg v skympsbetweig distitkers are

used, thte CQHh@ﬂhlﬁpﬁ% uh9§ 01 ¢ 0K 8 ik ludd nabidbbRe obykeSs Pigs dhe, faﬁglrﬁé aﬁ@ | f
one counter

regi sters, é)(ﬁerrg HET’FW& Cﬁ eﬁge @8}(%{8&4??@5%58? F:lé%@@ﬁﬁ‘?f eﬁ@?&qsg%mﬂy
step 716, t hed@\zmmce shdre it iverestriesqothaicbctszaly [s@airgthe ngnirhen mapm@emts of
the multi- rﬁfe { ?ézlclﬁigﬂa%l m ﬁ&{ﬁ%\ﬁ?ﬁergﬁttg?ﬁ satﬁrh@i gjunﬁ??z%ﬂ; The

sanpl es are pre era S ns e event
occurs. St ep@gaﬁm raadcmgx@ed Zgloetinpe Eef&émaﬁ)lay“fﬁéraﬁ@ﬂﬁ’éﬂe @Lﬁdléﬁi)rom matel y the

same tine, i. ubstantially at the instant hat the jncomi ng even
Feceived. At st eE%?PBO‘Se%ﬁ%l%‘bﬁﬁilsé@f%ﬁefﬂtb%caéa%8%3&?9%"’&8@“&@8&“?180%&“@ m ne

a {)hﬁs e v ?Ihlapphmla Qled tehegkampidg Urie 1€9.eThe faImeanggermnea‘ @fd&bglytlﬂ@ﬁghpueff bi

mat chi ng S es _ac in a | ook-up
table. At s?l?e lggﬁtamBH’@ ﬁ ﬂ% "?%ﬁﬁ]eé‘gmg%tf; Bééﬁcgﬁgé F‘é‘gﬁ%é%} 511;1 e coarse
count,. i n r espansm@ent! which@epdrabeinvalvae latet remnbensoof ratassteaEn®18. Val ues of

suspect stability are excluded. Last, at step 722, the sel ected coarse
count i s conbi nedigaStshowhen plmaeemﬂmdnmntpf apiagessdor determinimgpintiog jitteie

event . mceo?bﬂ@oﬁhé’ﬂéﬁést% algeﬁéeﬂélﬁéjtlmﬁe@%ﬁﬁ{ agr%{begtﬁh bivigHaNE 11@istahGed
processor 114, where € conpare er s .or

tine sta
ot herwi se pPRbYeREl. Aﬁﬁﬁ@ 1&agfégesml181%@@5%«}f@amn%%eﬁwrsenmlg@“@f ahds to
conduct cony®néipei1a mhde® rep]e%t ¥R B86:1E 2vehd for T CURREAS tDEOEREmined is

measur enents. For exa rences b tween successive tinme
tanps T ofiPEEEH AGERTEI e BRoh g UFE oD Boo e g RGeS Bffput e ¢ he
peri od of aptamppigtunit 110 records a time stamp for that event (step 814) After the event has

been repeated a suitable number of times, the time stamping unit 110 is disarmed (step

816), and data collection generally ends. The above process can be conducted for a

single input, or for multiple inputs in parallel,

The processor 114 next analyzes the collected data to ascertain the timing jitter of
the inputted event(s). This includes (step 818) associating each recorded time stamp with
an event. This step is generally straightforward if onl.y a single event is provided at each
input (such as for measuring the jitter of a clock). However, the problem becomes more
complex if the test signal is a repeating sequence of data, such as is provided in a serial
bit stream. Under these circumstances, time stamps are preferably grouped based on the
order in which events are received. For example, if the input signal contains M different
events, the processor 114 should preferably group together every M events (e.g., Event 1,

(1+ M), (1 +2M), etc. in one group; 2, (2 + M), (2 + 2M), etc. in another group, and so
on). Once the events are properly grouped, the processor statistically analyzes each
group (step 820). This generally includes computing mean event time (relative to some
reference value) and standard deviation. Using this technique, one can readily ascertain
the timing jitter of any repeating data signal.
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signal. Measurenents can al so be nmade by conparing tinme stanps between
different time stanping units 110. These include neasurenents of skew,
rise time, WOP06/23%€, and other tine intervals. Since tPETABINBS96M3pi Ny
units 110 operate with substantial independence, there is no restriction
that necessarily limts the m ni nrum neasurenent interval. Measured

i ntervals conputed fromdifferent tine stanping units can include negative
readi ngs and zero-tine readings, as well as positive readings. The
processor 114 i s Jates carpbeiessabddyfor apainpw sifnahmastitne, vg chn be mgaguirdd for  of

and i oh ¢ iR fod peobls TP ARRIL BRME iidsampie B 10Tobdl@DCT, | L™
parti cul ar | yndapendeptly, dllotms stemping unifa sar eneomfiguisklite hecgehiéng slayps Al ives
large nurrbertﬁel%aﬁﬁm&%@%ﬂﬁam&&xy %zé@ﬂwre%asécﬂd Hﬁ}u&eteuyes %ﬂ&?gd mEAt of a

process for etermn| néltlmn tter st signals. To

enabl e ti me CBORiGN,S PG Express pwerf-‘ggh& g}tf ef @geSPe;daPafé L dgta. s‘% Bees 10. At
step 812, a rﬁﬁsﬁreﬁabﬂrbaﬂcuit $nokifihg ﬁdeésﬁetﬁghﬁuh@ﬂuﬁl g umith i1 1 cat Meg@ngittonioh.

Th t est h that th t f whi ch tt [
toebe th eflrf?’ﬂr'i’z\l&h ”f";fé‘té‘?«kﬁseg itﬁ‘é P’y Igrge ﬁuﬁi\;gp of O{I melsC Ejal:h telr rr{eS
the event OCC“rSmk{éﬁar&‘e{Iﬁd elﬁfa@c!q%' ﬁgth%'lgﬁe&%%ufé?&&'igﬁc&idd‘i@ e nun%ﬁ” t hat

event (step 814) e eve een repeated a sul
times, the tnsfemsnbieprnautomatic u_esosys@mlammmem pigferghip includeg cight ime

col | ection geﬂehfgdlﬂtsqmésMam%ns%méﬁmWf%e eCaNbOMsLARA RS adinky @ single
| nput, or for le I np 'Léts I.n paral cessqQr 114 next anal yzes

the col | ect é@oalaﬁlaf%sya@eb P%‘?qq“’cgﬁ@ofllﬂiﬁ lﬁtjel ?P‘H@Pﬁﬁf degirgd- i nput t ed

wth an event. il §SBwy i SRginBl ptedh phh FSFRRPE B TRt g &
event is pr umhsimdnmt cerauih Thmmam'ur(l&ud:hchaiis tiore stesysing unigs $He - EPItOInewhmh a
cl ock) . HoWEYGhnichE vﬁgmo%gx%ﬁé Qiesrhré‘?{n?e st&gg@lg %lté Encf JHS g}'&% soph@nal is a

repeating sequence as i'S _provi t Stream

Under t heseessentialiyof drecype dctsnn’eecbhqnps IlmﬂJéSIgn@$ etieamvdgct Wbeamé@e‘cpnéﬁw t he
order in V"“hﬁ& "y %fgﬁal%ﬁrﬂ'a@é??lz/ SicHiftn %ig?ﬂ?ix%ed bd reEél%e hﬂgﬁ!ﬂ% fhENBUT

contains Mdifferent events Rroces shoul & ef erahl y. group

t oget her evefyt updesses) durng tﬁstng\/ﬁe pst nterfgep 916 i proyifled fongommgynicating one
group; 2, (BetweddtheprockssdMpi4 @iidan d:ﬂerﬁﬁl%h@ht@r THE coxapﬂtesmay 661)1 ma@nteet t he

events are proper| rou the sor t|st|caII ach
o (ot oD e gBe e 1 o RO PR B Jord blobhar okt rEOGR Y SibeERE
(rel ative toommie thatehangeciasnaherd). and standard deviation. Using this

- technique, one can readily ascertain the timng jitter of any repeating
data signal . Fig. 10 shows an illustrative embodiment of an automatic test system that

includes one or more time measurement circuits. Preferably, these time measurement
circuits are supplied as instruments, such as the instrument of Fig. 9. Alternatively, they
may be provided as circuits found on other instruments, or as parts of other electronic
assemblies of a test system. The test system includes a main test computer 1010, which
communicates {(either directly or via a subsidiary processor) with instruments 1012a —
1012n. The instruments may include stimulus instruments for providing stimuli to a
UUT 916, response instruments for sensing signals from the UUT 916, or instruments
that combine both stimulus and response functions. The instruments communicate test
signals with the UUT via a tester interface 914. The tester interface may include spring
loaded contact pins, blind mate coaxial connectors, direct-wired connectors, or other
types of interconnections. The host computer generally runs a test program for directing
the activities of the instruments and exercising the UUT. With this arrangement, UUTs
can be tested to determine whether they function properly and meet their specifications.
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-13 WD 2006/ 023756 PCT/ US2005/ 029603 Jitter can be neasured for one input
signal at a tine, or can be neasured for different input signals

si mul t anec¥9I12)06/@EBause time stanping units 100 oper at e PCHHSWOHPEMS v, al |
time stanping units can be configured to record tine stanps at up to their
maxi numrate, sinmultaneously. Recently rel eased conputer busses, such as
Intel Corporation's PCI Express, provide eight bits of high-speed,
parallel data. Atinme nmeasurenent circuit including at |east eight tine

st anpi ng uniTleytialsabe geasdirgo differet closses addordifig tohtheis pgriansanoé intdritsabus

si mul taneousiré/as gu@htdggpegaeferred enbodi nent, the tine measurenment circuit
100 is housed Ih an nstrunment for an automatlc test system The

i nstrument pref er}ﬂmoﬁgh ﬂfe‘tﬁﬂ@&aﬁbﬁh@hnfté HBhe ﬁiﬁ%bﬁ%t%ﬂb&ﬁlé@@pa&@wm h
i nstrunments of this t&%ﬁwcan be Installed into a si tomatic t

system depéﬁﬁﬁdngerﬁ‘b‘b augnspeay rssqmefa%&wqafey spred; E’gﬂe’“’fﬂﬁ S @“@HSW an
i [l ustrati velasrdgdlsgeuh sefthae fmﬂ%rmemﬂtsormr tdchadlogies, can baveedatameswi ement

ot sat oTelstR iRk BaoRgT Fot teleh ARt e i onf abinitfRe NFoc s or

are essentirguingdof the type described herein. Input signals are provided
to the tine starr% g{ units via a signal interface 912, which is in turn
arranged to rece disheies an flivswatiyegurbodimant of ulitemeasaremenigiicyy 1188 thang. A

hozt i nt e{ f @&ﬁiaﬁﬂa@le‘fé{ ﬁ%ﬁ’éﬁ_j&jﬂg%éh%e SOTFIAN., cﬁ{eltﬂﬁe m@s‘éu\e&ﬁéht tcheuiPt moessor gl4
and an extern er € GO er main te uter, suc

as one that “@5%8 S@F‘PFWHSRE@ST “p’foég‘?g‘ﬁg areoqssq:r{naﬁﬁﬁmygngo é"ﬁwedl ary
c ](c)rrput er thatampbnzages 110s The ﬁﬁntrﬁeasﬁlelglenﬂdi)rc&ha\l\eo also indludet aawvitvleng nibadi ment
of an auto stem i nc nor e S| nt
circuits. g?tél"gr’g]% SRM?%‘ E“R%I%’esé%eﬂgﬁ@ ggﬁ?dc?i”?gonémgﬁs%ﬁ%%l ?@gfm

i nstrument s, Sgerth Es com@umthmmmmmmﬁug on@ wag the timeet stanapipg unitell 10y be
provi ded as gfl&f % afa B ?ﬂut‘%ﬁt%‘fés sf‘(ﬁﬁreﬂté"?tsﬁilﬁafﬁﬂérgy to%he &2 l?l?cryta'% af antf‘er

el ectronic _asse es o stem sy st m i nc udeS a nain
test conmput Sowepaoby epnftayiing Syt alugégrcwéuluﬂeanmquL the dims stamping units

subsi di ary Ptﬂpﬁéaﬂ{/énwbh})ht@%&‘bﬁﬁiﬁﬁ&@b&@ﬂ?ﬂz 1012n. The instrunments may
i nclude stinulus instrunments for providing stinuli to a W 916, response

i nstrunents for ?fﬂm&e;mguplegaﬁl K 2fhao B inpat 6F r&kﬁf,lng)ﬁ hjaghspeddr@gﬁas HSINat
conbi ne bot e functio n ate
fost. o onal 2 PRS0 bAERAT B MRl st A AP B R R YR e
may i ncl udeedges atitp input. Input edges from HSIN occurring successwc]y in time are provided to
successive outputs. Data rate is consequently reduced by at least a factor of N, where N
is the number of outputs of the demultiplexor.

The circuit 1100 may be operated in different modes. Ina first mode, different
input signals can be measured in parallel. To assume this mode, the circuit 1100 is
configured to switch the inputs {(Event 1 — 8) directly to the time stamping circuits 1110.
In a second mode, the time stamping units 1110 all receive their inputs from outputs of
the demultiplexor 1112 A user can decide whether to configure the circuit 1100 in the
first mode or the second mode based upon the speed of the input signal to be measured.
Timing jitter can be measured in either the first mode or the second mode, using the
methods described above.

Fig. 12 shows an illustrative embodiment of a demultiplexor that is suitable for
use in connection with the circuit of Fig. 11. The demultiplexor includes N logic gates,
such as AND gates 1210, 1214, 1218, and 1222. 1t also includes N memory units, such
as Set/Reset flip-flops 1212, 1216, 1220, and 1224. Each flip-flop has a SET input, a
RESET input, and an output. | :
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| oaded contact pins, blind mate coaxial connectors, direct-wred
connectors, or other types of interconnections. The host conputer
general |y WORL6H2§786 ¢ program for directing the activi tPEEUE003/$8603

i nstruments and exercising the WI. Wth this arrangenent, WIs can be
tested to determ ne whether they function properly and neet their
specifications. -14 WO 2006/ 023756 PCT/ US2005/ 029603 They can al so be
graded into different classes according to their performance in critical
areas, such as spizell AND ghfobgha fitse inpsnor secampgndiamiable sighak 4nd asseent enent

circuit 100 @@JI@C%l%F—@?N TREAND gtreg g*m%%gsg?é éo‘ﬁﬂéct@@ géﬁgﬂnrs%n@éj en

gr eat er spee For exa certain er| nal s, as_those for
SerDes and 3ofiTat gigmasingdasbion. s owtpngotieach “lei)ééted? °°”f"€?¢§ i thesSEL. it s

per second. ifgit of ﬂ&tﬂemgﬂﬁatm@%%mﬁbgfoﬁ@dhig B8 ﬁip-ﬂqgamd fhé opubsLeach

i reui t 11068p i Ftagabeab 55 P eeE P ND gredh (B LR AT MG IR e
measur enent nextrftipiflop]. 108e outputl afdech MNptfiapeis slsanparregtednio the ifhil 04 a rdspectBe,
whi ch are e%%%%éﬂll‘l% T@‘Brﬂ *@‘for ﬁ)ﬁ)vﬁtﬂgﬁ kigkal eﬁ%@?ﬁéﬂe&émetds 110. The tinme

measurenent Ccirc ng crrcuit 1114. The

sui tehing cf roul tmd ik B 67 Ak ys&gg&éc@wegﬁsayab?eﬁgﬁmm{ Sémal gnal

"Select." By configurin swtc circuit one way he time sta TTH
units 1110 &PWce.drehastheprosessar W@flsﬁﬁlﬁptfsﬁf@ﬂ‘&@ S@E%n-t\g ﬂipélﬁps aredpitgly y 't o
the way theyesaf €Oide thd €kterhal enbbleRiLREL gdey traethe GentirRhgtdage SAHEMssrg el 1 cui t

1114 th t d b t t f
demi 1151 exBP 80P TRl Bl Bne FabinetomirhIoaf inateel R sl g 2 °
hi gh speed somgespbpdiniSidNhe edieenfdeiighispéeehioputisggnal. rlandéition othp nextifiip-flopgnal

edges at itilﬁﬁiﬁ’é&%ﬁx Lo h&sponse to signal edges at its input. Input edges
fromHSIN occurring successively in tine are provided to successive

outputs. Data ra‘l‘ﬁ? héct?@lh?%ﬂg@ﬂftw nﬁf&@'kﬁ‘ﬁﬁﬂ thoh s th@@&hn@ﬂfgﬁﬂ&&ﬂzlﬁ N, where

N is the nunber o &g}? [exor. The circuit 1100.may be
oper at ed i nWihPtshangngHgestate ohthe fipst flip- ﬂ%él%lz dequéf’@HIt“mF SETPING Yial s can
be measur ed(llomoma*eaélmlthe ddpean Wethirh ifSp- ﬁﬁﬁ@ecdnlf@ ae-mé@ UThe diddde: doﬁtmues to

configured to swt.ch the 1S, to t t.anpi ng
Ciroutts 119 s ok BRaRERDTub TR0 20h Recdesnel 1 akeb® s e PGt ve
t hei r i nput N™ftinoastampippusit oéceiviehen cdge,ind @tesxtcsngnhhb%cﬁvﬂ@br can deci de

whet her to configure the circuit 1100 in the
The output of the last flip-flop 1224 provides the reset signal. The reset signal is

passed to an input of OR gates 1226 and 1228. The output of OR gate 1226 is connected
to the RESET input of all of the flip-flops, except for the last. These flip-flops are thus
reset almost immediately following the receipt of the last signal edge. The output of OR
gate 1228 is connected, via optional delay element 1230, to the RESET input of the last
flip-flop 1224, The delay circuit 1230 slightly delays the resetting of the last flip-flop
1224 by a predicable amount to ensure that the output signal produced by the last flip-
flop has a pulsewidth sufficiently long to ensure that the last time stamping unit 1110n
can respond to an event.

Both OR gates 1226 and 1228 also receive a Master Reset signal (from the
-processor 114 or some other control source). Activation of Master Reset forces all flip-
flops to assume a reset state.

Resetting the demultiplexor has the affect of arming it to respond to additional
events. In particular, an (N+1)™ rising edge again sets the first flip-flop 1212 and restarts
_the process described above. The demultiplexor can operate in this fashion indefinitely,
as long as the external enable signal is true.
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first node or the second node based upon the speed of the input signal to
be nmeasured. Timng jitter can be neasured in either the first node or the
second nod¥0 20060356 he et hods described above. Fig. 12PGFUSRH0HRI603
illustrative enbodi ment of a denultiplexor that is suitable for wuse in
connection with the circuit of Fig. 11. The denul tipl exor includes N |ogic
gates, such as AND gates 1210, 1214, 1218, and 1222. It also includes N
menory units, such as Set/Reset flip-flops 1212, 1216, 1220, and 1224.
Each fli'p-flop hdmpart8#y, theglemultiplexRESERig hppreserangsdhatiming efiall edgesofnD

2006/ 023756 HR, 053¢ ﬁgﬁ@%egﬁﬁ I?Eﬁg%ﬁﬂ% tﬂﬁéstﬁngﬂné%hté SRt gfd%fayed

recei ving and enabl™e si i nput for teceiving The AND
gates and f I(§-g- by &pe sale e@&ﬁn@éﬁ'@‘dcﬂ@@ﬁ ﬁéﬂhq sams dpg @kmewmwt%n us, the

al ternating tmﬂm}fﬁn g Whies Qlrdskuefthe uﬁNE% GALISIN, Sand @dreotERittdrowith BighET
i nput of the next flip-flop in the s?rg:ae or settlngthefllpflop) and

the output 8F°€Heh flip-flop is connected to the first input of the next

AND gate in the THhe! »E\‘\/%cl{l{lgaxr omtﬁq ptrc-ggr P@eﬁ&uﬁésll‘@mfulx?? )Mul%k ard B}e%ﬁecp {1 each

flip-flop is also connet I espec
unit 1110 f dhns pmdmamwear@mm}oﬂwg@es of wtcxheabww of Thesr gqnesetllyfhlgfp f | op

1212 i n thepsiividth. THER S SretmbR AR aeﬁr§t' gﬂg&ﬁ't‘oxf reSIViAl aﬁé@@x{t@%cﬂ}s?lg ce,

such as the progcessor_ 114 sone. ot her [Ops are

initially PBsetE V@tﬁcb—ﬁh@ldew@ﬁ%mpgmﬁpéﬂg{ f@r?afo?léé@g %heailéml* Hﬁewéxt
ris |t ngliggewwsmé Beks ai-éwlerefe%amb?mingﬁlyfdoﬁﬁoﬂéal@u aggﬁvifdthé@:;hﬁtsiaﬁ% vﬁdya][mj[ Rg
uni a n,.recelryves., an.in e corr on n (0] e e e o e
hi gh- speed % B? gyaﬁggespﬁcgﬁd@}a@ Blﬁhou%ﬁéhlﬁg&o fel%l (?I gp (1216) gecomas
armed. The ”eXt Ha?* ”%e c%%gd Qérta'ilji‘s‘@h&ﬁ%[e @bﬂﬂﬁér?%&?@pfaggé FIHBSCII?I‘FB%QQ%Z 1o

flip-flop 1216, angi ng
The second vatnsioss aan:bmgacimlftor exanplebhe madiephass r@fh@ne@gendrlvds bm AvAd

flip-flop bw&a%én@éd%@onﬁnﬁl (Hfrt&b' bhast@NHLWERS, R is H@ﬁ%@ﬁlﬁ‘edta{?x'dsadﬁﬁi}bn&!n“ !
the N'h flip-flop 1224 becq set. In response to thys action, the Nh

time stanpi h@aSEﬁﬁn@y PeBEdsd. ﬁ%ﬂlea@btheaﬁ@panqné%%f e MyHiPhase referencesignpl The

out put  of th@elt@sﬁ sHdvimarid depcribéd 4s Rin0sidls Stleh wavesRpessdagihelused heweigsath
[ [ t. of CR ates 1226 and 1228. The output of OR

;;tggalmlzg i%i%%ﬁ‘éé@e‘%ﬁve%&r%“ﬁ@ﬁ ¥nput of all of the flip-flops, except
for the tast. Thegs, iyl 0P 75 516D 5153368 palyTajn oFBURHEh Kol dso 10
1a har

the receipt of t
pipelined ADCS Although plpelimng tends to improve throughput, it is not an essential

element of the invention. In addition, the ADCs have been shown and described as
having internal sample-and-hold circuits. Alternatively, the sample-and-hold circuits can
be provided éxternally. Moreover, track-and-hold circuits, or other types of sampling
dpvices, may be used in place of sample-and-hold circuits.

As shown and described, a single, multi-phase circuit 212/512 is provided for all
time stamping circuits. Sharing of this circuit is generally beneficial, as it reduces the
amount of circuitry required to be contained in each time stamping unit. However, this is
not essential. Alternatively, each time stamping unit can include its own multi-phase

“circuit. Preferably, all such multi-phase circuits are driven by the same oscillator signal
to ensure that measurements between time stamping units are synchronized.

A similar principle holds true for the counters (220, 222, 520). Preferably,
counters are shared among all of the time stamping units. However, this need not be the
case. Alternatively, each time stamping unit can include its own counter(s). .

Digital portions of the time stamping units 110 and reference circuit 112 have
been shown and described as distinct structures. However, as is known, digital functions
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gate 1228 is connected, via optional delay elenent 1230, to the RESET input
of the last flip-flop 1224. The delay circuit 1230 slightly delays the
resetting P 2006@023736t flip-flop 1224 by a predicabl e an®ERUS2085/83960r e t hat
t he out put signal produced by the last flip- flop has a pul sewi dth
sufficiently long to ensure that the last tinme stanping unit 1110n can
respond to an event. Both OR gates 1226 and 1228 al so receive a Master
Reset signal (fromthe processor 114 or sonme other control source).

Acti vati on ofanbhimplemBaiedin & vy ofitduitdlénp forfisal allacasspiish easentislist thet at e.

Resetting t ti r o 3
addi ti onal  averre TRESHRE, HERERTAs hiimBle SIEVAG dhub® ESRAA Al
first flip- fstroptunes precisgly assbewnesd dessubestk ocess descri bed above. The
derul ti pl exor can_operate in this fashion indefinitely, as |lon S thg
external enabl o SgHarilel indieart wilkihasforpsesiand thabeiousshingep Sy an

| npor t ant | y,detditeansletaihhdddbadOémbidimests dikdlobédEisRéir &g tHoleddparinpdra@f el | edges
of HSI N Ed%es o%tHSIN appear at the inputs of the tine stanping units
slightly delPSQREPTHEMYSIHORg w0 gate del ays), but these delays are the same
for all neasurenents. Thus, the tinme stanping units can neasure the edge
timng of HSIN, and therefore jitter, with high accuracy: The sw tching
circuit 1114 preferably includes N nuxes. Mixes are preferred in this
application over relays or other types of sw tches because of their
generally high bandw dth. Each nux preferably has a first input for
receiving an event directly (e.g., one of Events 1 - 8) and a second i nput
connected to an output of the denultiplexor 1112. The muxes are preferably
commonly controlled (all are switched the same way together by a single
sel ect signal), although this is not required. Having described certain
enbodi nents, nunerous alternative enbodi ments or variations can be nade.
For exanple, the multi-phase reference signal has been shown and descri bed
as consisting of two phases. However, this is not required and additional
phases may be provided. Al though the conponents of the nulti-phase
reference signal have been shown and descri bed as sinusoids, other wave
shapes can be used as well, such as trapezoidal waves and triangle waves.
Al so, the ADCs 310, 312, 610, and 612 have been shown and descri bed herei.n
as : _
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pi pel i ned ADCs. Although pipelining tends to inprove throughput, it is not
an essential elenent of the invention. In addition, the ADCs have been
shown and described as having internal sanple-and-hold circuits.
Alternatively, the sanple-and-hold. circuits can be provided externally.
Mor eover, track-and-hold circuits, or other types of sanpling devices, may
be used in place of sanple-and-hold circuits. As shown and descri bed, a
single, multi-phase circuit 212/512 is provided for all tinme stanping
circuits. Sharing of this circuit i rally beneficial, as it reduces
the anmount of circuitry required to=be contained in each tinme stanping
uni t. Howdatis clahh&liss not essential. Alternatively, each tinme stanping
unit can include its own nulti-phase circuit. Preferably, all such

mul ti-phase circuits are driven by the sanme oscillator signal to ensure
that measuruRRinfafRiMaR Birkdif®nphRAR! BB abRbRIBr éxaﬁh%m padignAissi m | ar
principle holds true for the counters (220, 222, 520). referag?y,

count er s GHECYRSPEHIsHRRTNY) tigicimagsurethent uhiffeeach eenpiaddgo adiffasent posvefithe N t hi s

need not . Al te J vel h t4 . npi n ni i ncl ude
its own c% lrllttE glr? d( ?sa%ﬁe%lmg‘fﬂgaq b ‘%‘%ﬁl iog ﬁ%ferg C%fs }%M{S ?lgrr‘élgé ?’ a r?pmlng 3 Lé%une:ilfg gjr1}110 and

r ef er enceditfiereatpliase] $Refeivench betha Nsthosmeantnidasniiis hedudes cidbudiy fogt

structures. However, K as is.known igital, functiqons. -17 WO 2006/ 023756
PCT/ uszoo%fi’b'ﬂ%éé’%a%?a‘ﬁf%ewm? %ﬁg@%ﬁlwnofaef%ep%ﬁna& 2HHPY A P f or ns t hat
al | acconpcingin ﬁaﬁ;ﬁ@tdfaﬁéﬂmp BRmcA@ BRI Badthukied TREhS{REE for sREns AVEREI ON i S
not limted to having separate and distinct digital = structures precisely

as shown afigateoE p icoy of qlrpssd cxalesiaf eae piihe plaradify refrenice sigaglafagelecignder st and

that vari I r ' - Fment s

i a0l oed P AR of Moz 8RR Ahakd (B LIRS ik e T 1o
CLAI M5  \iratutpus fog lpaividiolg 0182 of the plutalitysf inpasuegoasite ©ithephate caug mivdti-ng:

i nputs adgptable for .receiyving N.input signals,. conveying events; and N
e et it ST Eosprba e8P oo b FHEET nout 5 and
each r ecejouplodtoahphdliaphdsy g@ferdtiaf &ML os k@8RS N@ 9hd figra8ner frequency
and different phase, wherein each of the N tinme measurenment units includes
ci rcui t r yeREce Yerpls: andysesopheryiatey gpupled to Bleanylwhess acpgalilamspiogy of

ref er enceposicalidhs a sond'Bl B pRRalRY §fYeference signals, whercin the first counter is

coupled to a first of the plurality of memory elements and the second counter is coupled

to a second of the plurality of memory elements for providing respective counts thereto.

2. A time measurement circuit compﬁsihg: inputs adaptable for receiving N input signals
conveying events; and N time measurement units each coupled to a different one of the N
inputs and each receiving a plurality of reference signals having the same frequency and
~ different phase, wherein each of the N time measurement units includes circuitry for
providing a phase value, relative to the plurality of reference signals, at which an event
- occurs; a plurality of memory elements each constructed and arranged for storing a value
indicative of a count of elapsed cycles of one of the plurality reference signals; a selector
having a plurality of inputs respectively coupled to the plurality of memory elements and
an output for providing one of the plurality of inputs responsive to the phase value; muiti-
'phase generating circuitry for generating the plurality of reference signals; a counter
.coupled to the multi-phase generating circuitry and providing a count indicative of a

number of cycles of one of the plurality of reference signals, wherein the counter is
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occurs; a plurality of nenory el enents each constructed and arranged for
storing a value indicative of a count of el apsed cycles of one of the
plurality reference signals; a selector having a plurality of inputs
respectively coupled to the plurality of nenory el enents and an output for
provi ding one of the plurality of inputs responsive to the phase val ue;

mul ti- phase generating circuitry for generating the plurality of reference
signals; a first counter coupled to the nulti-phase generating circuitry
for receiy [ T ' S d a second
count er cgﬁ%%§§°%§&?%§@%ﬁcpﬁiptﬁi@ﬁgﬁﬁEﬁg??ﬁg§%F?@ﬁ§f@§9g?g@gngeiving a
second of ceungtopdach ef the firsp ind stedenaecrs iclpnahts; wikreinghenfistwmdfseeomti counter i s

coupled tg a first of the pluralit. f meno el enents and t he. second
counter 1 Belgbhf&ten el SuBhicd el B Gk E By BPGRE e o o
provi di ngsétesardrhvE theedths cloBEhpiiof i refistel HBhEBAS teRIOBleiéilt g1 t
conprising: inputs adaptable for receiving N input signals conveyi ng

event s; afRyplgdity fee ?EB%EFWOHBH’ 9§T%§@Waéléﬁfr5?‘ﬂ‘dnﬁ15 0 ﬂﬁirﬁgiﬁﬁréﬁtth“pne of the
N i nput ssapsh ﬁéﬁ@ryre?&l?én\’isr&guﬁetpﬂoL{ﬁ@éah{eyongfoffh@ﬁ\?{ﬁlﬁg&% ﬂ%rﬁ%gﬂﬁéefém{aav' ng the

same frequency and” different” phase, wherein eac N t1me neasurenent
uni t s i nciidategndibe differenge beweerptho fird itelgy andohasceonddaley, is meleat pvgresto t he

pIuralityag&e§§ﬁgéﬁﬁﬁgoﬁh Q%Bfﬂl%éi¥QJCh an event occurs; a plurality of
menory el enen S Peach construct ed d arranged for storing a val ue

indicative of a count of el apsed cycles of one of the plurality reference
si gnal s; selector having.a plurality of inButs respectively coupled to
the pl ur afi% JmBMCARIBRS ereHeitmersng ngiHs glpihle forgecaring NarpYy simalsof t he
plur al'i t yedpbeyifiPilesits! SANPARE WitaduPerhde uRRASEn YRlpHR o Pdlffdrent BRASERORNET AL T ng

circuitry for generating the plurality of reference signals; a counter
coupl ed tiapethandwich recpilimse nenakity af refyentierstanils hyviagn theproe fidiregcaamsbunt

i ndicativ u - of n the.plurality of reference

si gnal s, @E%%gﬁﬁag%ggg%ﬁﬁ?g?gﬁ%gﬁfg&ﬁgﬁ%P%%w %mg@’¥%§%sgﬁfl%y§%cond of the
pl ur al i t yprofidimg mphyscelkepelasvé orthpplonlici sfgefettace danald at whiclaahewaht t he fir st

and second nenor | enents; erein the first apnd second nenory, el enents
each conpif¥& a@ﬁféﬁf%ﬂ@@%ﬁ%ﬂ&ﬁ 8?%&&11%%@9&5 HTPSEL{Y SIEREE VAP setup

and/ or hahdicitive®$a cbuie o £E185:Kd LytRidtof Bfie bhBe ﬁl?ﬂih%; Rfer@fce k#Balk; & RlectBNOr Yy

element is ~coupled to one of the N inputs through a first delay, the clock

i nput of haNBZAYIralits el wputs sespectivelyrauntehiortie plwlibmf memeyglsmsdtstivdt he sane

one of tnﬁﬂ%ﬁﬁ - ang ' hetween the
first del ay ng@tIJ h@vgscg%é;ﬁ%rbég}c}?& ?Etg’é){ ﬁ&lélg%ﬁpas geﬁgg}tledﬁﬁgéee{'ﬁ%c’?el{ﬁ Sp and/ or

hol d ti nmehassfgendratingsgicsitgrior SnerAting the phreaiy b Eréménce isigaalsta @wonmer i Si ng:

. nput S a%%ﬁﬁl@(? !oechf]:c Rlt- eh%(saé génggitill;lg Ic1?£z'i&y asr{d r}gxlfiging a count indicative of a
_number of cycles of one of the plurality of reference signals, wherein the counter is
coupled to a first and a second of the plurality of memory elements for providing the
count to each of the first and second memory elements; wherein the first and second
‘memory elements. each comprise a register having a data input and requirements for setup
and/or hold times, the data input of the register of the first memory element is coupled to
the counter through a first delay, the data input of the register of the second memory
element is coupled to the counter through a second delay, and the difference between the
first delay and the second delay is at least as great as the setup and/or hold times of the

register.

4. A time measurement circuit comprising: inputs adaptable for receiving N input signals
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conveying events; and N tinme neasurenent units each coupled to a different
one of the N inputs and each receiving a plurality of reference signals
havi ng the sane frequency and different phase, wherein each of the Ntine
measurenent units includes circuitry for providing a phase value, relative
to the plurality of reference signals, at which an event occurs; a
plurality of nmenory el enments each constructed and arranged for storing a
val ue indicative of a count of elapsed cycles of one of the plurality

ref er ence ¢ @Pab Svenf; 2 lqcfitnférmealgﬁ'\éfn&% wRitPbadh bl Bfa dl{}a‘glﬁt% LGPREN I vely
coupled to the plurality of nmenory elenents an an out pu or providing
one of t h&ppiswnd bichyewivingwpitslityedpadasneesignalsthaeinp teessanedteqaencpuhd | - phase

generating.gircuitry.for geperati the plurality .of reference signals; a
count er gbfﬁeﬁﬁneﬁl ats%x‘flﬁlée“h%c[;iof %ﬁ@@@ﬁ%@éﬁ%@@%ﬂ%ﬂ?‘ﬁﬁ?r&ﬂﬁy gq‘ovi ding a
count i ndpmatdinge ghasevaludy rddtive @f the yRk4Sy Of reRRRicObighdE aPWvHicRlhh byen®f
reference signals, wherein the counter is coupled to a first and a second

of the pl OFHF f Pluptithefraryoricmstssashongrusiaddand grrengsd ferstmingryalisch of the
first andirﬁ%@&%f%ﬂﬁﬁ%f@hﬁﬁﬁ@?&ég 8k 6f fe b@?alf& f&ére%%@%%‘%lecﬂ}?mr y

el ements each conprise a register having a data input ard requirements for
setup anbgving thmlityiofiputs hedately donpled tothe phiealite gl mteoryadentdnes dnir st

I [ . h h i del he d
ot o Ehatb b ef@8F S &l ARG bl P hebBbe i i he

count er t piraseigincatisecandinodl ayheraing Hehpturdlith bergnerchatmBenhdrtia thd | rst del ay
and the second fdeI ay. | s at |least as great _as the setup and/or hold tinmes of
the regi SIBHY igr praviding.a nhaseovafus ramprisssy & st APGTiaraleg-togdigits] somertstlapt abl e

for receind i i | Bori i : i neasur ement
| Waviig aHlaiéidlB%anpﬁﬂ 03l Bgita? Qutﬁ&’cf‘fﬁ@%ﬁhe?ﬁgeﬁkl%ﬁ%le@%da ﬁ%} of'th su

units each coup o a different one o inputs and each recei vi ng a
pl ur al i t yPlamliyef evipnis of fiegniliphisegemyatingeirseitng; dndeqeermdyAREA davidg fd er ent
phase, reln of. ; i asur enen nits inckudes circuitry for
b vt ai ng 2y RESDl PghdtSulb nfn TRE BRPERR gl § & spd P B & s, "o
whi ch an m@uem of thcoultisghase genenfadhg tiveudfy, mhs@inthe ismmmcariabbseenst ruct ed and

arranged stori.n val ue indicative of count of .el apsed cycl es of
one of t H‘gﬂ{ﬁa[FrCé’PF‘{@teﬁé'fl@?‘é?Rg&d& @W@Ye?%saé“&ﬁ%%g%ls atgheis ¥EPeatiYR ural ity of

i nputs r aspaciekpobive fAHPb&SkTeRccldTan BYeAf, 3hd Whein MEPREMitPLEHERLS and  an
output for providing one of the plurality of inputs responsivé to the phase
val ue; mfleqentsswaeansties andiagnged te taspaclively sargpla Sreitrespgetiveesopitar al i ty of

r ef erencqes'i,t,mtg;thev%%g gngerﬁleV%jnr cuitry for providing a phase val ue
conprises; "a ) rst Al analog-to-digital converter) having an anal og
input and a digital output, the analog input coupled to a first of the
© 5. A time measurement circuit as recited in claim 4, further comprising a translator
coupled to the digital output of the first ADC and to the digital output of the second ADC,
wherein the translator is constructed and arranged to translate digital values from the first

and second ADCs into the phase values.

6. A time measurement circuit as recited in claim 5, wherein the translator has an output,
- and further comprising a combiner coupled to the output of the translator and to the
output of the selector for combining each of the phase values with contents of one of the

plurality of storage elements.

7. A time measurement circuit as recited in claim 4, wherein the first and second ADCs

each comprise a sample-and-hold circuit.
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plurality of outputs of the nmulti-phase generating circuitry; and a second
ADC having an analog input and a digital output, the analog input coupled
to a second of the plurality of outputs of the nulti-phase generating
circuitry, wherein the first ADC and the second ADC are constructed and
arranged to respectively sanple signals at their respective inputs
responsive to the occurrence of an event, and wherein the plurality of
storage elenents are constructed and arranged to respectively sanple their
respective counts responsive to the occurrence of an event. 5. A tine
measurenent circuit as recited in claim4, further conprising a translator
coupl ed t 8 Amethoddpr determining whesfanteentfoceugs, coDErising (A?DPIONEIHIB ayildasi out put of
t he secon §:GoNstruC arr ged to
transl at e(ﬁdﬁ g@tsae &@2 %}ees%% an {%Qisnﬁ?%esstame ugE ta&ﬁd ﬁ?e( e phase

val ues. 6gen%ratmga fine asuint e fithia firgt keferghde sa@arz&mllatﬁﬁbﬂdrtoﬁ:hta&lfﬁhéof b frsei n t he

transl ator shas an aqutput, and further ri sing a conbiner coupled to the
out put of r#ﬁ&““??’&ﬁ@laﬁﬁg?e Sﬁ?fﬁ‘ﬂtr@jelieﬁ%e Sl%ﬁf 6{5)536‘?P1‘E15§1esf§?té’€f16?°°f1‘6r conbi ni ng
each of t RffertMte SRnM8 halPhe W Qn@&@&ﬁlﬁoﬁn@fre%ﬁs@é tottﬂ@occﬁh%cﬁlo'f LY e, St Or age

elements. 7. Atime nmeasurenment circuit as recited in claim4, wherein the
first and @é@tﬁﬁﬁiﬂmphaéfa‘@@edémnﬂ%méh%@m@—ﬁxmﬁnﬂ@t@nd reforige. - 21 8. A

met hod fogléqu@g. ﬁ@@e@b e@&m?\fr%mon%%?%}{e%]rstcag@{cgﬁa o ts( Aé)s (pnsRl\él ding at

least fir seco erence signals quency but
di f f er ent toghag®ese V{EB)e demmaredtn Bigp ®; band & cﬁ‘lﬁbltliﬁngﬁlfle pHage f/alﬁé'kflt]ﬁ gfeer ence

si gnal and g}aeco n @u one of the fi r? reference signal and the
second r ef"LFisH £RaTSy (&Hﬁﬁ Dp( C&a P mrgsrrRent frdhe eyigBt second  ref erence
signals and the first and second counts, responsive to the occurrence of an

event; (D) determni % 1|ohase val ue responsive to the sanpled first and
second r ef-dyBeibed asiegiied)in clames, whareie Stand: eorensisess defeouiningfvhsthenthe of t he

first d St
I'rs an%}ﬁ%ﬂﬂ:s 9&&]&%}1 £ 89&%1 S ﬁlﬁm%ﬁg%lﬁgaﬁse ecfi"lglagceoalﬁ{i@ ned in ep

D, and (F) conbining t e phase value w coarse count to
produce an¢iementpd asd ifengdentifying theeomventunt @spoasive tdihd sasnd emint.ed i n cl ai m
8, wherein Step E conprises: determ ning whether the phase val ue
substantially coincides with a timng region wherein the first count is

i ncrement@dA mdtbd s rédited it &, Whagkid Biep BORLHRisGOdRErTiRHP WhSThkethb 0 t he
second cqunt. 10. A nethod as recited in claim8, wherein Step B conprises:

det er ni nilRGPRIdsdmbasersHbstantiglly poiatidgsenhmimmegeaien wheren thysccondreavabs with a
- timng regineRmehRn et if HeiRRSHNG (FCMREse count responsive to the first count.

- 11. A time measurement circuit, comprising: a plurality of inputs adaptable for receiving
a plurality of input signals conveying repetitive events; a plurality of time measurement
units, each coupled to a different one of the plurality of inputs; and a processor, coupled
to each of the plurality of time measurement units, for computing statistical variations in

the timing of the repetitive events, wherein each time measurement unit includes at least
one storage element for storing a coarse count indicative of a number of elapsed cycles of

- a multi-phase reference signal when an event occurs; and a circuit for indicating a phase

of the muiti-phase reference signal when the event occurs; wherein the processor
comprises means for associating time measurements into groups corresponding to
different repetitive timing events; and means for computing jitter of each repetitive

timing event from variations in the time measurements of each group.
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is increnented; and if so, identifying the coarse count responsive to the
first count. 11. A tinme neasurenent circuit, conprising: a plurality of

i nputs adaptable for receiving a plurality of input signals conveying
repetitive events; a plurality of tine neasurenment units, each coupled to
a different one of the plurality of inputs; and a processor, coupled to
each of the plurality of tinme neasurenent units, for conputing statistica
variations in the timng of the repetitive events, wherein each tine
measur enenp. Alfible mdaSlr&as cRbuil @AFkisindMeinp L9 hAYL:bR! BPRALIVIEN ?#39“ ing a
coarse count indicative of a nunber of elapsed cycles of ~a I'ti-phase

r ef er ence S¥NYhVEKBHimmSEYeRis; aglesuwltiplexan having pn ppitt anklgY outpdsddtimeg a phase
of the multi.- -ef ' | . t he .event occurs; erein the
processorBk%%%%@%ggéﬁhégns %?h%gggngSHWEH F%éeﬁgggﬁ%%W§Wf%lmﬁ%émbroups
cor r espond eugputof thii defredgi¢xor.epd thd W wputsi for Bdectivelptcsuplandinieans f or
conputing jitter of .each reggtitive Liging event fromvariatjons in the

time meas e&%‘é“iﬁ"&?ﬂ?ltf‘é%ewpg e demyltipisxonords opes gb he ¥ wwitit vhiPRdR
conpri si ngeiliiplextrSompladeb iy I8ralifl o RGERIrY i HeH MR 2 SlsORBhToCRMEEYI NY
timng events; a demultiplexor, having an input anf N out puts; N tine
measur enef g sfale ofghrimamens unithi pryoed mpwi for resasting tbel digtak siate of th: me
reasur e neﬂlf%m’dﬂ) &n?t; antd% oul}lupﬂ)tr B}'gv?dh?%a Eiﬁxgal &%‘I@ﬂh% 81{ whetler tl?er}gent’l uNt
for selectivel'y coupling'tinme” neasureffent units to oJ%puts of " the
denul ti pl &sororggset; andomsralify dfiegidgateypeatls havidied Bisninphiccoupledd the plpexor

conpri ses; | ural.ity of nor nits. each havin first input for
setting o tﬁ? gﬁr’i“gﬁplg’i%‘taeseﬁcf%%t"ﬂ@% ﬁg?% OLTFELYIng 28 IFH‘E&Pd foPuPEset ti ng
the di gi t@uplktad de Gfst tpat o BRIV Uk of HRGLARIPBE RidtnofyimiRr OVi di ng a si gnal
i ndicative of whether the nmenory unit is set or reset; and a plurality of
| ogi ¢ gates each having a first input coupled to the input of the
denul ti pl exarg ' WY | ignal, and
an out pat - oo meAGRRel Pl HARLEH olfih (2GR BB R L oy
of menor yunifgersthe plprality of Ingic matas arcamemdeddn sarigh tndim anedtemetihg faskdérai m 12, _
wherein the plurality of nmenory wunits and the plurality of |logic gates are
arranged in series and in an alternating fashion. 14. A tinme measurenent
circuit ah AaiidBehsimemehtaiintuil 2s reshiel igichirh Ne, Wi MdMvihing irkuit conpri ses N
nmuxes, each havhp%ra firg% i.nput, coupled to one of the N Inputs, a second

i nput colfBMBHSE BHERsoFack RAVIRE & fish et Grpled & ersafiths Nilepuss a segead an out put
coupl ed tigma colphsIRE ohd } J1ETeNPERTTA T i r ement
circuit agprepited ?%é%$%%ﬁﬁﬁg, furtﬁer é%%%?%??ﬁ%?“ﬁ“%?%%@ggg?? coupl ed
to t he NIeSPREVEEEmsURGpERNCnininils, for conputing statistical variations in
the

i nput s,

15. A time measurement circuit as recited in claim 12, further comprising: a processor,
coupled to the N time measurement units, for computing statistical variations in the

- timing of the repetitive events.

16. A method as recited in claim 15, further comprising: grouping the data indicative of
the valued captured in Step B(i) and B(ii) according to the repetitive event that produced
the data; and for each group computing variations in the values captured in Step B(i) and

B(i1) to provide a measure of jitter.

17. A method as recited in claim 16, wherein the events are asynchronous with the multi-

phase reference oscillator.
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timng of the repetitive events. 16. A nethod as recited in claim 15,
further conprising: grouping the data indicative of the valued captured in
Step B(i) and B(ii) according to the repetitive event that produced the
data; and for each group conputing variations in the values captured in
Step B(i) and B(ii) to provide a neasure of jitter. 17. A nmethod as
recited in claim 16, wherein the events are asynchronous with the nulti-
phase reference oscillator. -23 18. A nethod of measuring timng
characteristics of a plurality of signals conveying repetitive events,
conprising: (A) counting cycles of a nulti-phase reference oscillator; (B)
upon t he d&ctimethed of masaring tiining charpteriftics of aplyradity offségnplswoatedying of signal s,

(i) capturj i ue i.ndi catiye of.a nu r of cycles of the
refer ence?%?c??‘ﬁaegf %g%g%gﬁﬂﬁ%ggb ROUgHEs, C’K?eﬁto\ff” ﬁéultﬂ“P%etg‘%gﬁen‘fehoémm@tgbect ive
tim ng evéBluponther®eurfdntd otagrhingicheht drompdnyrodtictpturelity\oiikigeds,indi cat i ve of

t he phase of the pulti-egase reference oscillator_ at the tine that the
respect i vERYHER, BV ORE Ve ficativgrf amumbyr eficyplenef tharcderengiosdlistoe of t he

val ues  Caqinwdasl SteP ASktRStiRE that B FesBldiive timifp) eveRRRBEA,NE) ApRRINE of OF
different repetitions of timng events; and (D) conputing, fromthe stored
data, st aplustlitscefivabisaindiseiéys oftthephass ofitbpeulti-phase reforemmt oscillor abtheet hod of

si mul t ane G -] 0 plyrakity of, test si S, _,conpri si ng:
() oo R gs TERSEGP okl Sentleos @ iRl Bl riGont <. (B
appl yi ng tdparedoinifitepls B(iy and B{i)pil) rejegingd Sefp B for diffuread repatitiohs &1 thkingt anpi ng
circuits; (O r ding atine. sta each t| a repetitive timng event
is receiv ‘%n%ya”gﬁﬁs g ’é‘g'p"!l‘?}Pg}q SE‘VQ;ETI&“[“iSY?EStlgf%tWCW&S%‘iSPéEﬁPF%?VGand (D) for
each repegiehisve event, calculating variations in the recorded tinme stanps

to produce a neasure of jitter in the respective timng event. 20. A nmethod
as recited in claim19, wherein the plurality of test signals are signals

that for. AlmbRapls shititan@lush GO A ioiaybfgkﬁggf}g%ggﬁagg%%@%g;eci ted in

cl aim 20, wherein the comuni‘cati on bus I's hod as
recited i@ atcaivingloplufalitytdiénpue sipmils sinngyinag reperifivicleeers; (B pbpplyingthet i me
stanping Ggireuits to.respond to.tinm.ng events. 23. method as recited in
claim 19,13(:1'JV\I/F11eIt eoltfhnpﬁp%grfa?sgtf’élﬁ:\lur%)l?tﬁ@?]gf"gﬁﬁmpéngr%lﬁ‘%é@ TESREAMEAHRIC 5t i ng
event OCCitinSp s4oh titetaltepeitivié Binidg)event i$ icdBlvEaERsaHyOTRMplMAlidy SRR ar med. 24.
An automatic test syst enl]) conprising: a host conputer; at |east one

i nst r urent2mping circuits; and (D) for each repetifive event, calculating variations in the recorded

time stamps to produce a measure of jitter in the respective timing event.

+ 20. A method as recited in claim 19, wherein the plurality of test signals are signals that

- form at least part of a communication bus.
21. A method as recited in claim 20, wherein the communication bus is PCI Express.

- 22. A method as recited in claim 19, further comprising arming the plurality of time

stamping circuits to respond to timing events.

23. A method as recited in claim 19, wherein a different time stamp is recorded each time

a timing event occurs while the plurality of time measurement units are armed.

24. An automatic test system, comprising: a host computer; at least one instrument,

-24 -



-24 operative in response to commands fromthe host conputer; and a signal
interface for establishing electrical contact between nodes of a unit
under test and the at |east one instrunent, wherein the at |east one
instrunment includes N inputs connectable to the signal interface and
adaptabl e for receiving input signals conveying timng events from the
unit under test; N tinme neasurenent units, each coupled to a different one
of the N inputs, each for generating tinme stanped val ues indicative of

tines at wpéretivelih Mspéhse BV@RSanAS o 1A hdPBorhRRR ST MEaraDRfaciMber €1 N each
time measurenent unit includes at | east one storage elenment for storing a -

coarse cotitblishing elsetrical comtagt batwese nodss of b upis wetler (esl and tesfat leastimukt i - phase
ref erence;signal vhe t , pclhreuit far..indicating a
phase val ue I‘gl%,atl vée]ntﬁ% a? }?ggr?ﬂ??& &%‘ﬁ‘%ﬁ&?‘é‘%&%ﬁm ugs %?nélﬁ%?blﬁﬂ)e “an event
occurs. 2Bigndnténfrst auhahptableifort restiving irphed friabnioaveoniap tsentcemr i si ng: a

host intepface for cqQmmunicating with a host conputer; a signal_interface
for cpnnegﬁeiuﬁguﬁﬁe{rﬁesgiHWP?%?F&&?“?@I’E syfs, e%fﬁamaﬂiﬂ tﬂraélllfgﬁfr?t(?flef’ e Nt anpi ng
Ci rcui ts, inpopdagiiifd QeddR@mg itigRahank i S fuE Rdich@e of HBRS W WHIBh Ei}nﬂE]S_ at whi ch
events occur at the unit under test, wherein each of the plurality of tine

st anpi ng E{FEGFEriahir iraaectiye ipat sthersiecash smageeasirenenunit orclileostilegt a coar se
count i nGiLRirhdt1Qfenfed? %Hﬁg a 93&&?4 @oﬁﬁﬁQdf&%ﬁﬁJ &% a8l gerrgf!efagée%rlgﬁlgs [gference
signal when an event occurst and a clrcuit for indieating a phase val ue
rel ative anulthehapetefarensh sigeal vdfer neneet osiugn ahd shdreun foréndotingaeliss. 25

value relative to the multi-phase reference signal when an event occurs.

25. An instrument for testing electronic components, comprising: a host interface for
communicating with a host computer; a signal interface for connecting with a unit under
test; and a plurality of time stamping circuits, coupled to the signal interface, for
measuring times at which events occur at the unit under test, wherein each of the plurality
of time stamping circuit includes at least one storage element for storing a coarse count
indicative of a number of elapsed cycles of a multi-phase reference signal when an event
occurs; and a circuit for indicating a phase value relative to the multi-phase reference

- signal when an event occurs.

~25.



