TI ME MEASUREMENT USI NG PHASE SHI FTED PERI ODI C WAVEFORMS BACKGROUND FI ELD OF
THE | NVENTI ON This invention relates generally to tinme neasurenent, and,
mor e par twoubh@wd2yiset 0 ti nme neasurenent circuits and net lpodasb@s/opmes wi t h
automati c test equi pnment. DESCRI PTI ON OF RELATED ART Aut omatic test

equi pnent (ATE) is commonly used for testing sem conductor conponents and
el ectronic assenblies. ATE reduces costs to manufacturers of electronics by
allowing themto test their products early in the manufacturing process.

Early testing|qE mEASIPREMENT USINGSPHASE SHIFTED PERIGDIC WAVEFORMBeT or
substantial additional costs are incurred. In addition, ATE allows

manuf acturers to grade different units according their tested | evels of
performance. Better performng units can then be sold at generally higher
prices. ATE relies heavily upon accBAGK&GROURIDeasurenments for its

di agnostic precision. In ATE systens, tine is generally neasured between
"events." Events generally correspond to signal transitions. For exanple,
an event can be a digital signal going fromlow to high, or an anal og

si gnal crossing BIEMEQETHRENYVENGSAY] d at the input to a conparator.
Regardl ess of their origin, events generally translated to si 9” | .edges,
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techni ques {ia¥ tdagrBmbBaechits AMRIaGehEdstioeude Withgutofhaty @6t Guipmeaut omati c test
equi pnment. One techni que 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 increnenting the counter at a rate of once per clock cycle.
A second event, DERERATHON QFIRIILATEPAREvent, causes the counter to stop
incrementing. According to this technique, the tine interval between START
and STOP i s conphtiethass teshequipmbs(ASE) isemmotipepdiyr tepdne sHe@uEORes t he
clock peri ogym AnkhQUAN efehirsnil 8&BRAbALE ATE keiub® dosts @6 ni¥Bagbfutdgof Nterval s
that are relatively long.in relation to t(ﬂlg cl qck eriod, its resolution is
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devel oped thaly skighy fliodanietectivamiioue e iksdliad bahdisdsdddbefdre stietdmiatjue
above, a di %dgtzlic)lna &% staefé iﬂc%rrle&cfneargﬁﬂlto%fjAtF% allows manufacturers to grade different

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
low 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 techniques 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.



produce a coarse count of clock cycles between START and STOP. However,
time is also neasured between the START event and the clock, and between

t he STOP woends/msdet he cl ock, using linear interpolatiorcTifs2006029688 count
is then adjusted to account for tinme neasured in these |leading and trailing
intervals. Linear interpolation is generally acconplished with an anal og
ranp circuit, which is arranged to neasure the leading and trailing
intervals. According to this technique, a current source is switched to a
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variations gampling circuit applies to its measurement of the ramp.

Although resolution is greatly improved, we have recognized that the ramp
technique involves certain shortcomings. For example, it employs complex analog
circuitry, which generally requires careful design by expert engineers. When design
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



in the timng |locations of signal edges. Jitter can include random
conponents as well as periodic conponents. Jitter is generally ascertained
by repeatwogos/@sgeal edge a | argenunber of tines and r epeatseaisy29s8asuri ng
its location. An automatic test systemthen conputes statistical variations
in the edge location to provide a neasure of jitter. As jitter neasurenent
becones a nore inportant feature of autonmatic test equipnent, the rate at
whi ch time neasurenents can be conducted becones nore critical. It would

therefore bgfgsiorables ah®Fepdite @Y QARG itsA8EatoUS W@t SnatRCksE§stBinGhen
resolution tinme neasurenment circuits that can be r.g-trleggﬁésg..at hi gh
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the ranp techniqxe“ BRI EF DESCRI PTI ON OF THE gﬁNFS Tﬂetensyin
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drawi ngs, iequigrheth;thErage at whish éinfel nalsudinagsaan bé camiucted bstorats meresmbioai ment

of an N-chapqel, f#g%gosr'é%gﬂleﬁ%bfe' fopgﬂsatm%a@c 1e$t dyStefh t%'iﬂahae‘mgﬂre%e geRtic of
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an illustrative e a reference circul at I1s s able for use

in the N chiEmaalcasyrpmeritoagpithiaiciandgire-tageergdgt high spped. I worldalsg byl i fi ed

schemati ¢ Ofespiblikd edidl &rhy 61 RELARE BRAbaSlEs oF thd MPhpSeeAMueg unit that is
suitable for use in the N-channel tine stanping circuit of Fig. 1; Fig. 4

is a wavef orm di agram showi ng signals involved in the operation of the
Nchannel tinme stanmping circuit of Fig. 1; Fig. 5is a sinplified schematic
of an al ternati vVBREDHDESCRIPTEHIN OF BAEDRAWINIGSCuUit that is suitable for
use in the N-channel tinme stanping circuit of Fig. 1; Fig. 6 is a
sinmplified schenBhé ensoingalesaption matl be bettarbiodératond by frefarentaie the anpi ng uni t

that is suigm%g}nga ﬁﬁ%y&@i&sgfﬁ\;,m@hr_ef erence circuit of Fig. 5 in the
a

N-channel tine stanprng citcuit of Fig. 1, Fig. 7 is a flowhart showi ng a

process for genergti i bloAEdiREAMSE Mfillhdtmting e@¥EdihRnt & G N&hhmeftimeowc har t
showi ng a process for, gathering and statistically analyzing tine stanped

val ues; Fi gs.ta@mng cYWlock di agram of an instrument that includes tine
stanping circul t?i’g. 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. 1;

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

events;

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;



Fig. 10 is a block diagramof an automatic test systemthat includes tine
stanping circuits;Fig. 11 is a sinplified schematic of an N-channel tine

st anpi ng wonroeid237séher ei n t he channel s are switchabl e betwasnodiorsos i nputs
and outputs of a denultiplexer; and Fig. 12 is a sinplified schematic of a
demul ti pl exer that is suitable for use in the circuit of Fig. 11. DETAI LED
DESCRI PTI ON CF THE PREFERRED EMBCDI MENT A tine neasurenent circuit for
automati c test equi pnment enploys a nulti-phase reference signal consisting
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di fferent phase, the contents of the first and second counters are
generally identical, except that one is delayed with respect to the other.
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According to another variation, one counter is provided, which receives one of the
components of the multi-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



occurs relative to the conponents, and can thus be used to infer which of
the registers is nore likely to contain stable contents than the other.

Appl yi ng wbeo@nasseval ue, a sel ector chooses the contentsTafS2608029%03 €
stable register, to produce a coarse count. A conbi nerconbi nes the sel ected
coarse count with the phase value to produce an accurate tinme measurenent
for the event. Since this technique does not require a ranp circuit, the
associated retrigger delays are elimnated and neasurenent rate is
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st anpi ng unf era S an nput for selectively
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shows an

and deactivating the time stamping units 110a — 110n.

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, “PHASE1” 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



signal is fed to a multi-phase generating circuit 212. In response, the

mul ti-phase generating circuit 212 produces a multi-phase reference signal.
Thi s si grab 2pecaiersabl y consi sts of two conponents, " PHABEIr/usanag/0248biASE2. "
Al ternatively, additional conponents of different phase can be produced.
The conponents of the nmulti-phase reference signal have the sanme frequency
as one anot her, but have different phase. Preferably, their frequency is
the sane as that ofthe periodic signal fromthe oscillator 210. The phase
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PHASEI G and : t ' Lot
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the first cagrieaperaee.i ncrenents upon each cycle of PHASEl and the second
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respective countBrefergili GAINP14 276 21 %EQ%Wl. anc%ﬁlgéggg te E%te‘ignputs to
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one is dela T4 respect to the other. The counters 220 and 222 are

preferably confi E L }_124 I3, itgUiak i on
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respective counters, a first counter 220 and a second counter 222. Consequently,
whenever ARM is true, the first counter 220 increments upon each cycle of PHASE1 and

the second counter 222 increments upon each cycle of PHASE2.

The counters produce respective counts, “PHASE1 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.



and 222 always track each other. Wien ARM goes true, the counters
preferably cone out of their reset states. Logic gates 224 and 226 provide
a short debayodmstshe reset path of the counters. This delaysessorsss t hat
the counters remain reset for a short tinme after ARM goes true, to prevent
themfromfalsely incrementing (i.e., upon the rising edge of ARM when the
respective gated phase conponent is also true). In the preferred

enbodi ment, a buffer 218 provides a clock signal ("CLOCK') for controlling
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units 11Ca - 110n shown in Fig. 1. The illustrative time stanping unit 100
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sanpl e- and- H O : : I
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val ue, whi cte ¢peeated ansthigh cate 8flebepd ovthdiegh thtovighputout put . Thi s phase val ue

identifies a phase, or, equivalently, a tine, relative to the nulti-phase
ref erence si gnal Awreslaton@l4iseoupled tuiths oumsits of therdi;s H Ogmd 3t 8- dhe

cor r espondepgR) £ Husn R UL LEENgRAVAILEE YA HEADCs to a corresponding phase
value, which the translator 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 two 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
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produced by the ADCs and the phase of the nulti-phase reference signal at
which the event occurs. Various ways are known to determ ne the phase

val ue, uswogosansmes types of periodic waveforns (e.g., peiruss@isaggeos ri angl e
waves, trapezoidal waves, and others). To illustrate the operative
principle, consider the fact that a sinusoid crosses any given signal |evel
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counters is ldd emesdsMRGEgiters, P aSPAR it errors that may add skew between these
registers. 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 time stamping unit 110 are
shown on the same time scale. The two components of the multi-phase reference signal,
PHASE1 and PHASE2, 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.
Whenever ARM is true, gated versions of PHASE! and PHASE2, i.e., PHASE1G and
PHASE2G, are produced. Generally, PHASE] 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 PHASE1G is ignored (by action
of the delay circuit 214) because it is caused by ARM going positive, not PHASE1. Both
counts are preferably reset when ARM goes false. It should be noted that PHASE]
COUNT and PHASE2 COUNT are preferably digital values. Fig. 4 depicts them as
“levels” for merely illustrative purposes.



event, this delay difference nmust generally be at |east as great as the sum
of the setup and hold tines of the registers, plus any circuit errors that
may add skwewodmaksmen these registers. Wth this conditi egTrosteosaadeas st or ed
in one of the registers 316 and 318 are always certain to be stable

foll owi ng the occurrence of an event. Turning briefly to Fig. 4, different
signals of the tine stanping unit 110 are shown on the sane tine scale. The
two conponents of the nmulti-phase reference signal, PHASEl and PHASEZ2,

ggpgar at t Ee t omhffbeerzq bafldd sho¥nGhl B Atikkdilaté & ﬂs@msﬁgb @clst(dtab@hty Wthe a

eqgr ee ase erence 1S.S e el o

Menooer - ARIRE 1 e BSrHAGHEwa, S e oD L gl hel SeL N LSS 6ok anal

and PHASE2Gargl; ehepenguadar h6ldnequatementsrifktsHirsCGeigister 3md nfifASERe ﬁi&)l‘dih'd dree

each incr errgg]r}tgl} S 8{' ﬁ%e%o %%ltglr m V\z%} b%%fa'hb ét Eﬁﬁltllr ?Psik Elie%@eﬂfocgmﬁlu:{l% a'%HASEl G

PHASE2G, reSpec risin
i s ignored (lWVd@ﬂﬁlm’ied)le thadirsidlang outhe ¢hird bantgthetselén @sd/or hOlﬂgeqmi@@f@étS I ARM

goi ng posi t’th‘é%ecd?ﬁtreg SArH 8 ma?%th)e(iﬁé’tn&ﬁi B BoERE 6F Akls¥cdnasedisteh@ny ARM goes
false. It should be hoted th PHASElI - COUNT and PHASE2 COUNT are preferably

di gital val hegablgi g 4 dep| cts themas "levels" for nmerely illustrative
pur poses. The verii cal. wn . in 4. i ndi pect
stability. If th e@%ﬂgt n]g‘gbiqﬁ%%?ﬁ(gézgf%% S‘?ﬂﬁ? h@vetﬁ% ?I}f'tssgf?féﬂslgp‘éfénot ed
by the secofut r&padivetly tebavingulid ¢ontatof thhﬁrssemm@camdfagistdew are R & eftent s

of the fir Sgeléc?c?[' %to ls[og%s a%ér&(?%plﬁ?o%é?w?lg% {9&1&@5‘&& tgé trgltfk‘?at&lhf %t

register my no ar | occurs durin
i nterval s déhordeobinestlectpt 3kis bawcéﬂ velye firom mﬂommiha [firstrpad seqong f%ﬁﬁ‘@r

hol d requi r gaERIELES ab DR 166188 that eah%@an b BralEstoRRt chgi™Bt cycid the
contents of the second register may not be stable. Returni ng to Fig. 3, the
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second register are regarded as suspect and the selector selects the contents of the first
register as the coarse count. If the phase value does not fall within 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 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*PI.

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 PHASEL. Fig. 4

shows boundaries between different periods according to this baseline, with designations



suspect stability, i.e., the first through fourth vertical bands of Fig. 4.
I f the phase value falls within the second or fourth bands, the contents of
t he firstwoegisakerséare regarded as suspect and the sel eetwrus3@B/osmsbects t he
contents of the second register as the coarse count. Simlarly, if the
phase value falls within the first or third bands, the contents of the
second register are regarded as suspect and the selector selects the
contents of the first register as the coarse count. |If the phase val ue does
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316 produces the coarse count, the count is already aligned with the

basel i ne and no HdheBicirmd sabaduaedhe pandlater 314 s implemeaied yith alpokner 318
produces t hﬁbIéOEsléﬁr@lééQwihﬁ thedlist ADE D psFeriBlyyRodiat b “Hehdeae intb ke PORIUpI Ve

ZEro-Crossi nglse and sarnple%otrr? eenstegdnd KBC%%&%%&O rablsyupbr'([)\ru%(e:taS Yolngex % e
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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the coarse count to properly align the count with the baseline. In the
preferred enbodi nent, the follow ng sonmewhat sinplified technique is used
for sel ecwongogdzg7séoar se count. The coarse count is al wegs/usassmn24603 be
PHASEl COUNT unl ess the event coincides with an even nunbered suspect band,
in which case the coarse count is taken to be PHASE2 COUNT m nus one. In
the preferred enbodi nent, the translator 314 is inplenented vm'th a | ook-up
table. Sanples fromthe first ADC 310 preferably provide an "X i ndex" into
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logic. In the preferre Iector at.or '
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properties. Fi rs measur ements can l'tng rate of
the ADCs. Réme siagyine wiinklG sASrSéwee@Fla Aussipglggenmgr 1 &smay b%seéna place of

i ncreasi ng {REQ88GRHErs 220 and 222 of Fig. 2. The counter 520 gets its input from one of the
components of the multi-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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Second, the circuit is easily scalable. To provide a tinme stanping circuit
wWth greater tine resolution, it is necessary only to use ADCs with

i nher ent lwohoehas75¢0l t age resol ution or to drive the ci pcwius2esiovebast er
reference signals. If the ADCs cannot keep pace with the faster reference
signals, the new ADCs nmay be replaced with faster units, but replacing the
ADCs is a relatively sinple design change. Laborious anal og re-design and
debug are not required. The sane FPGA housing the translator 314, registers

316 and 318 f thel&ay SHoukPEbrreapshdcoribproRimAds s0akkghes bephiseds the niilfifphaant
circuits and.wth different ADCs. Figs. 5 and 6 show an alternative

embodi ment 'SfETEHEE SEBREr ence circuit 112 and time stanping unit 110. As

shown in Fig. 5, dlnﬁ%! ngsl Ect%\QHgEl?%é% [%yS %%%%o%gtr{lae&){nﬁf:&pe%t? £h LYo

counters 220 an ter S 1'npu rom one of
the conponedrseritgid abhec mnomneqﬁlloa%ﬂﬂég%r%hce Si gnal It can alternatively
get its input di rectly from CLOCK. A single AND gate 514 enabl.es or

di sabl es the coufige? shayspanlpsiptivp smbedigest eft aameffiod fr gepsrating HEe StaPss hown

'62 8F' g. 6| S rmﬁwyslﬂ)hesﬂﬁﬂﬁaﬁ @fﬁro@%@)erf@rrﬁled,b)ftﬁg'cﬁhﬁfs des@ifedaBevd eqgi st er 2
simlar

I he re ers 6 nd 618
are both co%ﬁi/'é]cp f‘éstgﬂés?aﬁgc%ﬁ?ﬂegp Of i né‘%m pg’ﬂff’rﬁet‘?en:?f(ﬁgg“? rgﬁg‘[}’,lfg d(tﬁlhat t he
cont ent s of Tlesse nafy behpendragd skdioeﬂ§ oapmv&ied/eim si elitragl shatee. diddcocongiomekist o

these regi % e eof{'{qzlgﬁct)}o rggffsé: ?%%Ifﬁé@g?ﬁﬁ amtg Ah&i's Ef Egl‘ﬂ:tr‘fmg\gn P Ean

regi ster can esu on er e sane data en route to
t he ot her r@d@qrenne(dghg)ughlgyhbmtyorof del ay 630) Alternatively (or in
addition), the clock (Event X) en route to one register can be delayed with
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general |y c‘@?&‘?cé‘t’esc‘ﬁ‘f‘por?ﬁﬂ? éﬁs glﬂglraglve lmec'fglog% 8ﬁ¥q h’earSIW f ounter
acconpl i sh i heedfareourtinglohe chraparett.ess of whet her cl ock or data is del ayed,
t he amount of the delay should be at | east as great as the sum of the setup
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are const r ugicged By ev ORI coHedpoading to the contents of the counter at two times.

At step 716, the event is further responded to by sampling the components of the
multi-phase reference signal themselves (e.g., PHASE1 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.e., 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 time 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

-12 -



descri bed above in connection with Figs. 2-3. Fig. 7 shows an illustrative
enbodi nent of a nethod for generating tine stanps and provides a short
summary olopo@nresseper fornmed by the circuits descri bed abows200d2sbep 710,
first and second conponents of a nulti-phase reference signal are provided.
These may be generated locally or provided froman external source. These
conponents have the sane frequency, but are offset in phase by an anpunt
that is either known or can be determ ned through calibration. At step 712,

cycles of ofeasfentddksS M ekdifple BYPUMIBg Alfererds betieenh budchsiviel tinksitamps ve
enbodi nent @f Fi ?ng% é ang 3. two gcbunt ers are.used tQ count dc%%l es f
respecti ve CYRFSHEN dme stamping wt 10, 9ne gy ready¥ GORRIHE Uy PEOGLO! 25 apﬁlg 6, a
si ngl e coundignali Measeeméms cavalsd beapadnky conpomgriime fiemps bggwedmdiflgrent ncomi ng
event is regej o . n t I are sanpl ed
Coca ., 1 at chidhy Elpld 83207 T ek Qe UG R SRUT B8 (UG ERP R e T
are | at chedothgr tinpimtervas.r 8igee thertime stamping uaiisihi Geparae yadgubstadiiad ont ent s of

that count efpgafefddRECMEd iPHo tRIIBH kISt BEssabity LRRPARGhMEMLA hBuearRhent s of
the counter, at two tine At ste vent. is further. resﬁ%@%@d to by
es

. 716, th
sanpl i ng th‘é‘te&ﬂlrpM'Fé‘ﬁ{rE‘?H’Fert"ﬁléc P’t‘tf:‘-?ﬁrﬁﬁ’s‘g‘ffg’i?flé?@ﬁé@nml%‘éﬂ“st%g
(e.g., PHASHgatndrekHAGED zelhdntasplies, arwelpagpmitblelryadimgsen substantial |y
i nstant aneously after the event occurs. Steps 714 and 716 are preferably
perfornmed at appFloxproedsedryl lthealsapeefirabip capabée of sedsstisgitinalg jjtteatof sigaals
instant th : | ' 1 S11E GBI - of
t he corrpongér? gfgngeﬁgggg%%ﬁggg?ﬁwg? z;@ Bh_a%ée @ﬁa%gégﬁ%gééghla%hggm\?ﬁ?@t? ﬁe
event. Thi sthe §msrsédneniag byitakll metedhesg ciravishpardculaty suiapleder Bédui red at step

716 with a yaldfenSdn® vafch BerRrdlQAkvdiPesti@it Qumbbrs D aRadidOmemse of the sanpl ed
cycles is selected as the coarse count, in response to the phase val ue

determ ned at stgp. §bws\aliUesratile smbpditlenssfaprotdsy f@rdeteemiditigithing jtsdr, at
ot ovi de- a 17mREESr SRS oA clEHEb I TRE SRRt Mk UAETLIN; e,
are gener al dtyptepei. AG stehe8 1Py otestsiginal Fhppliedhortee npaiyofralymp stampmeameid Miet h
other time t%gtasfg?ﬁl RmAAehE Féﬂeﬁt‘?s&ﬁlc{ﬁﬁﬁﬁ@&engﬁ? which jitter is to be determined is

repeated a generally large number of times. Each time the event occurs, the time

stamping unit 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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processor 114 can readily conpare tine stanps to conduct conventiona

ti memeasurenents. For exanple, by conputing differences between successive
time stampe 2hecrBAE6Si ngle tinme stanping unit 110, one nmeyTSASIYc0DNPUL €
the period of an input signal. Measurenents can al so be nade by conparing
time stanps between different tine stanping units 110. These include
measurenents of skew, rise tine, fall tine, and other tine intervals. Since
the tine stanping units 110 operate with substantial independence, there is

no restriction tjgd cQﬁBé’%ﬁ%ﬂréd’fdrbH& {rput hgnamaﬂa HHNG) SPef We @RaRBiired férer val .
Measured intervals co&!@ﬁ {@1 |ff§ren time stg&) LbBItS an incl ude
negative rcHHFPRESNAME TR anerRsly; RgeeusgUmgsfam %I]t VaPadi ngs. The
proc elssor m;éepgﬁdaitls/ﬁalpﬁﬁlfe@tawuyg oiEipaah ¢be @énfﬁ@msdmol racprtl itimegamps dt@p tof
signals applied to t Ngy,UNi 10, i me
and high th %E%HP“IBFa‘FhSé”‘f‘ﬁ%’nE? kg roie e [ORRLRRbyRE: Wk Bhuet |
particul arl (yonpmatlatnIsé’Gltﬁxp[qss,tpeowd@aghtrlunmfﬁughnme@ch pgeatlel ddta.yAithn| ves

| arge nunbeps sgien%ﬁﬁ%mahﬁm a’t Qast%lg‘m%’ﬁ sBnpihg USitd Ao 48 nedEb@diji@pén Of a

process for determning timngoji one or nbre test signals. To
enabl e ti nealls(?féh?)ﬁlﬁgalsafthilwsﬂlﬁ‘hlfﬁnﬁ@“sébhl ts 110 is arnmed at step 810. At

step 812, atestsgnal is appliedt thelnut of a ti S unit.
The test signal Ilné PRigEeTed el"‘g’;?@g’f‘entstg?:HmFﬁ%‘?a qrﬁ@egwwpltﬁﬁp ’ﬁ‘/\ﬁc?r{gﬁgﬁ’l Prer is
t(r)\ be det erlmtﬂﬁdem$oﬂe@pﬁ@drﬂdlcaegeymral Tite lmtrgmeﬂmprbkrabdsf includeseighaahe t i me
t he event occurs, the sta n 1 for that
event (step(%@ﬁgl}lguﬂﬁ g’ gﬁé %Wg tg eenglge&gla ggaﬁ{%(&ilntgeab?i %nber of
times, the ztutcpmatsttamyﬂqnudnptenmmgup@n tlueéweheﬂw@gbl@;y &56%d- and data

col | ecti on general I% ends. The above process can be conducted for. a single

b

input, or for mifigi Hrhowspdtlestiaveamhediaent afie pstereas diet meldgea{imena| yzes

t he col | ectgehsfatient &r@cﬁtc erdeah@runkidit frcfidedtimie tsiaﬁ{pnﬁg udift® 10 pUlII'Oﬁ dvlﬁ\ﬁe nt(s).
Thi s i ncl udes ch record

1_ést e associ t| n
event | Thi scertptirde SERGIPSU o4 QHE FOWAATEP S U PaqEPRGRE e | s
provi ded atesegially BPthic ty@astcxa&df}mrelmrempurmglgﬂs dre pravideglrto dlfie time kaoipjng

However, the robl em i ﬁgqeatl n
sequence of rH éaagﬁl&éﬁ 1%15 ilce rbv%ll(fié{gp f|nﬁt{i%{1 Jsrrea'é@gc} {0%§el§% ng?gl s i r t hese °
ci r cunst anc@sit undmestlmteﬁtmgpn’%elﬁ@t m@cgﬁb@pﬁdﬂomgéfpr@ﬁwl@ﬂéér in

whi ch eventig,3Le d,e ﬁﬁicgéasgr 9TPEn AR Rl cbinphRe TROMmSItNRhy E@E‘hﬁhﬂ@st’w
different events, rocessor 114 shoul d preferably group toge% every
M events ( eccguputqg,@,qb ag_ one that 1s capable of running test programs, of 1t may be a subsidiary

computer that manages instruments.

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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(1+M™M, (1 +2M, etc. in one group; 2, (2 + M, (2 +2M, etc. in
anot her group, and so on). Once the events are properly grouped, the

pr ocessorwetaddg/@Biseal | y anal yzes each group (step 820). pCmius2@snggeas | y

i ncl udes conputing nmean event tine (relative to sone reference value) and
standard deviation. Using this technique, one can readily ascertain the
timng jitter of any repeating data signal.Jitter can be neasured for one
input signal at a tinme, or can be neasured for different input signals

si nul t aneouspey. caBak8 begridedEntd dREME1448staSc k@ gap eieat Rerfondlenenidentitat, al |
time stanpi ngasunl s can be configured to record tine stanps at up to their

maxi mum r at @2SsFUFNE apEdusl y. Recently rel eased corrputer busses, such as
Intel Corporatio Brov el ts al | el
el Cor POr Bt Ol SR P YT 1B S e S B g e
units 110 cspeedyeasainepplidatiens may edquirotventgreaiengpacd kidr etxmnslebwtam serial
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100 i s house an 1 nstrunent an automatic test System..The Instrument
pref er abl y teRceifaies-bits gat seopieh Eqréfﬁﬁﬁpagleéﬁﬁlg%alifédltwawap?ﬁh?%ﬁts of this
type can beepmsddal | ed into a single automatic test system depending upon
the Il evel of capability desired. Fig. 9 shows an illustrative enbodi nent of
an instrunent thag. i ngHowdes iBudtiatiee él’ﬁb@(hmeﬂtﬁfﬂa tirh¢ mishdureriére cirosit ¢ LOTethat

i ncl udes ti rredasl;[f%ggﬁr} eag'[’%‘?ﬁgl%% s%eﬁ dmﬁ%pnecrgmxlym%ﬁ{ (?1rcvl\f1t 1*10@

processor 9i# rocessor are essentially of
the type descluiéseN tmmmpmgmpmllsllogﬁallléoar\’dnm mleé@utlald)y simélat forfbe §manpi ng

units via astéhﬁ%%%nitmﬁff’ﬂ?eetuﬁé&ea kifithticfchin1 108 st RS s RcHSEGHR

signal s froma unit under test) during testing. A host |nter ce 916

i s provi ded! ¥l4r Té’éﬁWéfﬁh’@&tclrﬁ‘{:}t bbidie areferably Spnielled iy ageommpar selert signal nal
conmput er. THRIeONRY wnﬂ“gﬂﬁn@&leasmmhgtcﬂﬁlﬁlt 60 WHY, @he timd Glanglin®metst1Na0 ares

ranages. | nsttGRiHep e SRR e ol ate b 0T Rath TR R

automati c tHs‘tve\&y,sﬁ}ecmntt'@atmg thelswitesingeacwt 1 higranothenwayetas Umrstmmng noits t s.
Pr ef er abl Yiq tae & 1I-i );WHE 8%@% I i re supplied as instrunents,
111090 driv %ﬁ éfé% 112

such as the instrunen rnatively, they may be provided as

circuits found Oﬁhé)&éﬁﬁfltlfgl@%rr YTBRaSan ﬂgutai%r RREH 0 nigh BdedRlhat HEINC
assenbl i es of test sys stemincliudes a main test conputer
1010, whi chlhe demultlplexor 1s arranged to prov1de 51gna1 edges at 1ts outputs 1n response to signa
edges at its input. Input edges from HSIN occurring successively 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. In a 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. It 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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communi cates (either directly or via a subsidiary processor) wth
instrunments 1012a - 1012n. The instrunents nmay include stinulus instrunents
for proviwongossmal i to a UUT 916, response instrunent eCras2es6nsicny
signals fromthe UUT 916, or instrunments that conbine both stinulus and
response functions. The instrunments conmunicate test signals with the UUT
via a tester interface 914. The tester interface may include spring | oaded
contact pins, blind mate coaxi al connectors, direct-w red connectors, or
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ave data rates of tens of éa its per
second. Fortlm@§t@mﬂ?g’gt%’éfs]é19|f@fri§P§‘dm§cPoﬁ1$riaéﬁ%ge e B ees are required.
Fig. 11 shows a %:éqpre?& nbqdi nent of. i me 1measu nment ¢ it 1100
that is adapt abI g“ﬁl egﬁ%‘@ﬁel¥?sd ngb e'ﬂ%’a ﬂ@%éieﬁ? nent

circuit 110@utd&p$u¢da§ ty droceescatladpr sgnelothtscchirdbOgourcel 1AIO8 p-fbpcire anigally
essentially get mdn%e theQ ex r111%1 tehzmsfe ? %ﬁﬁ%’og&rﬁ'@ 'tﬁe ne}ﬁ%%nggﬁ%et %ﬂﬁg’iﬁﬁ%@”ﬁm

circuit 110r(3 ncld circéuit circuit
1114 is preﬂ‘h@tﬁmkﬂombﬁﬂr d]hleéfmstbymast@mmﬁr@ngél Hp) dicy preelves G npst edgepy

conf i gur I ngedRg, st dCtBitiedgl 08 Hethi ORL6p @Y nput Bigndll T8 1 &iBBR thenéMiffisA33 10 are
driven by segarg%te |gﬁtg&t s(fg'Sr?a se (I%ilgpnts I?LuBQI%nm m | aarl 'y to Itlhe V\I/zy l{:;hey

are i nhFl g.( 87amg- confi guring the switchi ng circuit 1114 anot her
way, the tine st its 1 d b d tipl
142, The' demi t 1 aekercing sdeardhe oneee! fsp Sadhi Feng Dot Decd” © o'
si gnal , HSIWithcthehaiy the platexefithé Srsaflipafigetl 2o Theowtahd tsngstampaggeas at its
out pUt S In (L%?@D? rgcel\feg tl?e g]{%glangngﬁlr@h\ﬂ gg%b%bg)%es ahﬁl&ytT&d(gl%ﬁlt C[)%LE%

occurring successive successi ve out
rate i s conspstpietits yay Bniddb@leﬂla-tﬂopéagfr becofmgs tsefr IBFGSRIOHWMIBS Retiog, thﬁe

nunber of oy® pricSitRhpih Bnid RFEIvES Bl 8IRT and a reset signal is activated.

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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The circuit 1100 may be operated in different nodes. In a first node,
different input signals can be neasured in parallel. To assune this node,
the circuwb 2006023756 configured to switch the inputs (Eveot/us26058)96d3rect!y
to the tinme stanping circuits 1110. In a second node, the tinme stanping
units 1110 all receive their inputs fromoutputs of the denultiplexer 1112
A user can decide whether to configure the circuit 1100 in the first node
or the second nDde based upon the speed of the input signal to be neasured.

Timng jitter campealBAIN @dnilipRkéEFid Ne présebles mdﬁnmg of e edgs@wid node,

th d ab | ] d
of 5 demi [ﬁ%ﬁﬁdﬁ%@espﬁﬁs?ﬁgpﬁ‘m%ﬁw% g B St b B A SRR £ v
of Fig. 11. (e'gle)ydemgata qullaysp ibui theseudbézys bird thg samgfired mewekemestsANbug dbes
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nex i p- e .series r.settin Qut put o
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seri es (foromerafiBvgntsie- 8)emnt afslecqmdflhplp)conﬂ'dmdciutapumpot oﬁhc dembitiplexoop i s

al so connec for
providi ng afgg H%FEH§EE%$§ﬁgQLm d%ﬁ?gﬁﬁgfﬁﬁﬂ?k?§?§% ayﬂ%%f%é%%ythe
series receloge mﬂnylgnﬁbsde@wgﬁab ﬂﬂ@ﬁﬂaﬁu%&ﬁ@Fﬁ@PH@burce such as the
processor 114 or_saome ot her_ control source. All p-fl.ops initially
reset. Once the B&fiag ﬁ‘éﬂcrlé‘?ﬁa‘kﬂf@"‘s@@mlm%é§ws aﬂtﬁ@aﬁ?é?(?mg?‘gpﬁﬁtséﬂge of

HSI N sets tmlaﬂblﬁﬁ@anfblelrﬂadfel ®pr &)2311%316 Tmemmtr pmiase rdf&eﬁéeagmungamueh shovilcﬂ.lOa)
t hen recei ve cﬁen lnﬁut ed cor. gon i

t
i nput si gnat". Ferthedias F%l?‘? ing et Vé?( RSPy F)ﬁ ?‘V%Vr?r q%ﬁi%?&ﬁg%udr ang dld10
\rllm_e;(:] OlrJ |t Si: Rg)lmd@ean bd 1b1;ev1dmhu#\ltho@gkathe tdna?ormatssﬁtﬂhmmsbepimse féferendd sogna1216
st anp ng. unreerggRy A ived & bhliha, bl i ARmecan PESREEADAL SLAP
ar med. The2§ﬂﬂ®9ﬂvd@GﬁWﬁﬁ@é%U@@géﬂ@Wﬁte thls way until the Nth flip-flop

1224 becones set. In response to this acti t he
Also, the Cs 310, 312,610, and 612 ave been shown and described herein as

pipelined ADCs. Although pipelining 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 externally. Moreover, track-and-hold circuits, or other types of sampling

devices, 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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Nth tinme stanping unit receives an edge, and a reset signal is activated.
The output of the last flip-flop 1224 provides the reset signal. The reset
signal iswpasemadstse an i nput of OR gates 1226 and 1228. pCmasseassprdconf 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 alnost imediately follow ng
the receipt of the last signal edge. The output of OR gate 1228 is
connected, via optional delay elenment 1230, to the RESET input of the |ast

flip-flop 12d4e i ﬁ:n%te@ﬁn%'vraﬁé't'ytof @@ﬁ@al@ﬁt'@ﬂﬁi tha€ifll #¢embhish és@&ﬁially'ﬁlﬁk of the
last flip-flop 1224 by a predicabl.e armug g egsure that tr(t11 ﬁ {)git %lgnal
pr oduced bysafr’r?éeffué%tThfqu %‘Pl@ﬁ“ﬁ%tlﬁn [uios Hipitge fp Rayeng separyf 4 Sflsur e
t hat the Ia@tucttirm?prsdx@dmwagmwmatndlikédabe@an respond to an event Both OR
gates 1226 and 1228 al so receive a Master Reset signal (fromthe processor
114 or some ot heThaseskitled irsthunaeyill thetfoveatriderstayl thétsthisouRdwegesfin fovsaral |
flipflops t e et he

af fect of a(?etﬁﬂ%g?? ﬁﬁ adggosﬁ%%hq%&m%?cﬁ%c%sg é%gln‘gg%qttd%g%rﬁ? Ho , an
(N+1) st rr@pngofétdig@lV&gem sets the first flip-flop 1212 and restarts t he
process described above. The denul tipl exer can operate in this fashion
indefinitely, as long as the external enable signal is true.lnportantly,
the denultiplex or of Fig. 12 preserves the timng of all edges of HSIN
Edges of HSIN appear at the inputs of the time stanmping units slightly

del ayed (e.g., by two gate delays), but these delays are the sane for all
nmeasurenents. Thus, the tinme stanping units can neasure the edge timng of
HSIN, and therefore jitter, with high accuracy. The switching circuit 1114
preferably includes N nmuxes. Muxes are preferred in this application over
rel ays or other types of sw tches because of their generally high

bandwi dt h. Each nux preferably has a first input for receiving an event
directly (e.g., one of Events 1 - 8) and a second input connected to an
out put of the demultiplexer 1112. The nuxes are preferably comonly
controlled (all are switched the sane way together by a single select
signal), although this is not required. Having described certain

enbodi nents, nunerous alternative enbodi nents or variations can be nade.
For exanple, the multi-phase reference signal has been shown
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and described as consisting of two phases. However, this is not required
and additi onal phases nmay be provided. Although the conponents of the

mul ti - phawe w&f@smace si gnal have been shown and descri lped/im00sionesdi ds,

ot her wave shapes can be used as well, such as trapezoi dal waves and
triangle waves. Al so, the ADCs 310, 312, 610, and 612 have been shown and
descri bed herein as pipelined ADCs. Although pipelining tends to inprove

t hroughput, it is not an essential elenment of the invention. In addition,
the ADCs have been shown and descri bedCl2AIM3vi ng i nternal sanpl e-and-hold
circuits. AhgfRAAL4NELY the sanple-and-hold circuits can be provided
externally. I\}breover, track-and-hold circuits, or other types of sanpling
devi ces,; may be used in place of sanple-and-hold circuits. As shown and
described, a single, nulti-phase circuit 212/512 is provided for all tinme
stanpi n@ cir.cui t &tinkhaeisaten®dnt tifdust, corhpriditig:i S general |y beneficial, as it
reduces the anmount of circuitry required to be contained in each tinme
stanpi ng unit. Hdwewues adaptubke fosrageitvingds et signal\bereepmigieveldty;, andach ti ne
stanping unit can include its own nulti-phase circuit. Preferably, all such
mul ti - pHase ci r cNitinge measurhniang nnikyeach eoupderetogsdifietent ore ofithg bl inpws artsur e

t hat measur : i i i i -di hm | ar
pri nci p?se holgggé Ct%}‘ﬁlgé %@?patl %nggﬁérgtéﬁeqess&%gggfatéggﬁ@%a%?ﬁ ur@g%}é"rﬁgbc}l%&count ers
are sharfed B#Hhg all of the time stanping units. However, this need not be

the case. Alternatively,, each_ti.ne stanping unit include its own
counter(’s). DigiV ?re‘ﬁ‘t%fl?Bﬁéegﬁtl?ﬁ@eﬁflﬁgm@%&%ﬁﬁﬁﬁ%Fﬁ 110 and reference
circuit 112 have .been shown.and descri bed . di St r . ver,
o e rtonn, o crifeGiRy B BRI A0E 8 HERE aE el i e Bdrally o IR SERMEY BT
forms that a@lwhidcaoensint eitusssentially the sane result. Therefore, the

invention is not limted to having separate and distinct digital structures
preci seldy as showplugadidy aEmemppetlemans secharnstiustpd andiapanggd fopstoring R¥pABEor e

under st and ARkt VA6 LbEnCHRNYRE Eyb1dsUTHna Bt @hlityTBikrdiRe BREMs I mdt he
enbodi ments di scl osed herein w thout departing fromthe scope of the
inventi pn. CLAI M5 Wiettor Havitigal predlityssf ihpuds RespabtivéliRonfias w thephirality o€ ui t
corpri S|13ng. memory elements and an output for providing one of the plurality of inputs responsive to

14 the phase value.

1 2. A time measurement circuit as recited in claim 1, further comprising multi-phase

2 generating circuitry for generating the plurality of reference signals.

1 3. A time measurement circuit as recited in claim 2, further comprising:

2 a first counter coupled to the multi-phase generating circuitry for receiving a first

3 of'the plurality of reference signals; and

4 a second counter coupled to the multi-phase generating circuitry for receiving a

5  second of the plurality of reference signals,

6 wherein the first counter is coupled to a first of the plurality of memory elements
7 and the second counter is coupled to a second of the plurality of memory elements for

8  providing respective counts thereto.
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N i nputs adaptable for receiving N input signals conveying events; and N
time neasurenent units each coupled to a different one of the N inputs and
each recewvoviog/@3pbural ity of reference signals having roe/usass/otseguency
and different phase, wherein each of the N tinme neasurenent units includes-
circuitry for providing a phase value, relative to the plurality of
reference signals, at which an event occurs; a plurality of nenory el enents
each constructed and arranged for storing a value 1 indicative of a count
of el apsed gycl eg tffie RRSuRImdnDeirdllitdsabiited ik efagth @NERtHSE EdiApissing@Nnd a sel ector
having a plurality of inputs respectively coupled to the plurality of

menory el ements asshngdt coupipdito the indti-phiaddigegeratigg afculitheaml proaiditg/a afunt nput s
responsiyve t c&r ﬂ%t as recited

ncran 2, vAie e o of Ry i€ ghlC GEASLERR e Vet o
gener atipg the Pit@hl hy cQlni§H EPIER0Y HYAUnA 2 sbochd dtihd PRerdRASHEER

circuit as recite T r conprising: a fir counter coupl ed
to the rful t¢lemhats éorgupediagitigeaint wugach of thedirstasd seqong menary slements: he
plurality of reference signals; and a second counter coupled to the
mul ti - phase generating circuitry for receiving a second of the plurality of

ref erence s%gnal .. Wherein the first ca led to a first of the

ugter LS COHQ
plurality of menBriemeuenh fECHHS s8R YT A ¥PCielcoupl ed to a second

Cher otora. A ti Wi uiTal ey BRI elefleal ) Pfhids ORGSR N Pk

conpri sing: inpuicodnt@rireowns fersdtup arvgorrheld imphase generating circuitry and
providing a count indicative of a nunber of cycles of one of the plurality
of reference si ghalclockini of heregistenefrihe first emony plementis goupled to gepishe
second of tRenfltsiebigdhys @kt q@apry el ements for providing the count to each
of the first and second nenory elenents. 5. Atinme neasurenent circuit as

recited g n cl ai mhécloskedprit of thehegifter sftthandof® areAdryrelemieyt i¢lcengiad ® thach

ﬁgrgr It isszeg {a Iosl}eeorftlbeal\\lllir? tsath(r%u%%ka s!egcpn%tde?a@?arqc{eqw rements for setup and/or

8 the difference between the first delay and the second delay is at least as great as
9 the setup and/or hold times of the register.

1 6. A time measurement circuit as recited in claim 4, wherein—

2 the first and second memory elements each comprise a register having a data

3 input and requirements for setup and/or hold times,

4 the data input of the register of the first memory element is coupled to the counter

5  through a first delay,

6 the data input of the register of the second memory element is coupled to the
7  counter through a second delay, and

8 the difference between the first delay and the second delay is at least as great as
9  the setup and/or hold times of the register.
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the clock input of the register of the first nmenory elenent is coupled to
one of the N inputs through a first delay, the clock input of the register
of the sewondoegmesmry el ement is coupled to the sane onepof/usb@sMsnput s

t hrough a second del ay, and the difference between the first delay and the
second delay is at |least as great as the setup and/or hold tinmes of the
register. 6. Atime nmeasurenent circuit as recited in claim4, wherein- the
first and second nenory el enments each conprise a register having a data

i nput and requi r BB el Rfens@lt YRcANLY €itddah dlaih Teshelechitthd @lrauitdygoit of the
register_of the.first nme Ly el enent is coupled to the counter through a
first del ayProyHingphest Xale CYPPEHE regi ster of the second menory el ement is

Tl trd el ay “HE ARS Hhgt¥lo2upar PR ALY Bhuinf 1 ahllB L B1ERERIGE, heen
and/ or hbl dowtpwtetheghalop énpue gouptled toa first of theplveadisy o bordputs of theunultiadhaseeci t ed

inclaim2, mﬁtﬁ%%h&gﬁ cifgcuitry for providing a phase value conprises: a
first ADC (anal og-'to- |5ital converter) having an anal og i nput and a

digital output, jEbRcANAIUhAVIRLAN SR BPutdda digitd bult, teadloy iapitt y of

out put s of theﬁul ti- r@s? l%taﬁrle{??tl nfg Cl rcutt)t ry,; anﬁl a second ADC.having an
anal og i hpuf uRify g a&F& A U RIPRILY QihutRyise be IY‘H‘HHP BE IS ond  of
the plurality of out s.of .t ti-phas eneratin ircuitr wherein
the First anes antPoel bE R AoeMink el g B b e Attt

r espect i ¥el yespatiptle ssnplealgakstat thegi respeetyrciopute eesporrinestorths pesnsienes af@nt he

occurrepse gf.nplpgvent, and wherein the plurality of storage elements are
constructed and arranged to respectively sanple their respective counts

responsiye to t hgh@emUht BREQIPHS ABra8Y eRinen ardcdrstBctb®ATHieARBA tEi recuit as
recited in claim?7, further conprising a translata{%cou | ed to the digital

output & t¥EPFeHVEl sapplcARRir FesPckiEe AP LFPASHYE i TSrOCEWESTSE Ob AR S WISk,
wherein the translator is constructed and arranged to translate digital
val ues from

1 8. A time measurement circuit as recited in claim 7, further comprising a translator
2 coupled to the digital output of the first ADC and to the digital output of the second

3 ADC, wherein the translator is constructed and arranged to translate digital values from
4

the first and second ADCs into the phase values.

1 9. A time measurement circuit as recited in claim 8, wherein the translator has an

2 output, and further comprising a combiner coupled to the output of the translator and to
3 the output of the selector for combining each of the phase values with contents of one of
4  the plurality of storage elements.

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

2 ADCs each comprise a sample-and-hold circuit.

1 11. A method for determining when an event occurs, comprising:

2 (A) providing at least first and second reference signals having the same frequency but

3 different phase;

4  (B) generating a first count of the first reference signal and a second count of one of the
5 first reference signal and the second reference signal;
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the first and second ADCs into the phase values. 9. A tinme neasurenent
circuit as recited in claim8, wherein the translator has an output, and
further owopoésai2Bea conbi ner coupled to the output of theuscessbsbor and
to the output of the selector for conbining each of the phase values with
contents of one of the plurality of storage elenents. 10. Atine
measurenent circuit as recited in claim7, wherein the first and second
ADCs each conprise a sanple-and-hold circuit. 11. A nethod for determ ning

when an @vet) saepHhS theGTREIINU SkddRd ré)enBé S¥h4ls Al @k k@8l sédohdcoaitgl second
reference si gnal S havi ng t he same freguency but different phase; (B)

gener at i hg ESRIISYE R REHCCYFENCRRT £7 P 0r ef er ence signal and a second count
St ng ¢ R inf ShERRE B udPhs AR g P EE Rt PELSBRE RGN L o)

counts, Yespgmds;ve to the occurrence of an event; (D) determi ning a phase
val ue responsive to the sanpled first and second reference signals; (E)

sel ecti Hy a(fselesingmentrsefoouns e ope of the frstasd segend sewBndeeusive to the
responsiye fisé DRuPhASEnivEd testeebernd ned in Step D and (F) combining the
phase value with the sel ected coarse count to produce a tine neasurenent
for therevem)cohBinidy ephad vakiervat thedeledcted t@drss colint whgodice aSirep E
conprises: determni %\lnet hFr t he phase val ue substantially coincides with
a tim n§3 relélle%er%eélrtgc?‘ﬁ THeirst count is incremented; and if so,

i denti f%q ng the coarse count responsive to the second count. 13. A nethod
as recited in claim11l, wherein Step E conprises: determ ning whether the

i nt er pol at eP'Z.PhaﬁefnéH&?{xs%&i'téE'ihéla?rﬁ'1@,vaﬁé‘réinvg“st5@E?éoPﬂpPi§éh9 regi on wherein the
second count is incremented; and 1f so, 1dentifying the coarse count
responsiye to thgetérdisihg GHétHer th%;bhas‘é Vol UBsuBBaStH S BB cidek MGt 4 timf@egiosi Ng:
a plurality gf J nﬁu%s aéanpt able for receiving a plurality of input signals
conveyi wherein the first count is incremented; and ‘

4 if so, identifying the coarse count responsive to the second count.
1 13, A method as recited in claim 11, wherein Step E comprises:
2 determining whether the interpolated phase substantially coincides with a timing

3 region wherein the second count is incremented; and

4 if so, identifying the coarse count responsive to the first count.
1 14, A time measurement circuit, comprising:
2 a plurality of inputs adaptable for receiving a plurality of input signals conveying

3 repetitive events;

4 a plurality of time measurement units, each coupled to a different one of the

5 plurality of inputs; and

6 a processor, coupled to each of the plurality of time measurement units, for

7 computing statistical variations in the timing of the repetitive events,

8 wherein each time measurement unit includes—

9 at least one storage element for storing a coarse count indicative of a
10 number of elapsed cycles of a multi-phase reference signal when an event occurs;
11 and
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repetitive events; a plurality of tinme neasurenment units, each coupled to a
different one of the plurality of inputs; and a processor, coupled to each
of the plwoabidioe3db ti me neasurenent units, for conputi mgTatsasossiceal
variations in the timng of the repetitive events, wherein each tine
measurenent unit includes- at | east one storage elenent for storing a
coarse count indicative of a nunber of elapsed cycles of a nulti-phase

ref erence signal when an event occurs; anda circuit for indicating a phase
of the multi-phase refek@mcHr iddashg WhRkelOf eheaMelit pHISE tferenckTignAl where
measurenent circyit as recited in claim 14, wherein the processor

conpri s&s: neans&?SVm§§§85?ating ti me measurements into groups
corresponding to different repetitive timng events; and nmeans for
conputing jitter of each repetitive timng event fromvariations in the
time measurpgent 3 e SRR BiroutPas hilddTh IRATY! GERI hE bodbdsor

conpri si ng: i nputs adaptable for recelving i nput signals conveyi ng
timng éventamprgedienul ti pl exer, having an input and N outputs; N tine
measurenent units; and a switching circuit, coupled to thei}ti

measur erfent uni t B€AqsHRr ASHRHIE ENOMERHECRFHRING BIOHRGFOTESAR ‘I‘f’e“’@ff?fﬁﬂtt s,
for sel ectirepbitivealipingRyerits;r@d measur enent units to outputs of the
derul ti pl exer or to ones of the Ninputs. 17. A tinme nmeasurenent circuit as
recited in clai nméys fahemeputinghigtedefeach rqpletties timorgviesteffom yapatiomalin thg of
menory it I ir input for setting a digital state of the
menory Hﬂit&mgﬂggggﬁﬁhgggﬁ?£*5$&lésetting the digital state of the nenory
unit, and an output for providing a signal indicative of whether the nenory
unit is set or reset; and a plurality of |logic gates each having a first

i nput coupl ggl t oAtthige mBRMben®dnt BRIt comprising:

2 N inputs adaptable for receiving N input signals conveying timing events;

3 a demultiplexor, having an input and N outputs;

4 N time measurement units; and

5 a switching circuit, coupled to the N time measurement units, the N outputs of the

6  demultiplexor, and the N inputs, for selectively coupling time measurement units to

7 outputs of the demultiplexor or to ones of the N inputs.

117 A time measurement circuit as recited in claim 16, wherein the demultiplexor

2 comprises:

3 a plurality of memory units each having a first input for setting a digital state of
4  the memory unit, a second input for resetting the digital state of the memory unit, and an

5 output for providing a signal indicative of whether the memory unit is set or reset; and

6 a plurality of logic gates each having a first input coupled to the input of the
7  demultiplexor, a second input adapted for receiving an enable signal, and an output
8  coupled to the first input of a respective one of the plurality of memory units.

1 18. A time measurement circuit as recited in claim 17, wherein—

2 the plurality of memory units and the plurality of logic gates are arranged in series

3 and in an alternating fashion.
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denul ti pl exer, a second input adapted for receiving an enable signal, and
an output coupled to the first input of a respective one of the plurality
of menor ywonbiéc23b8. A tine neasurenment circuit as reci ed/useoosio2e603 17,
wherein- the plurality of nenory units and the plurality of |logic gates are
arranged in series and in an alternating fashion.19. A tinme measurenent
circuit as recited in claim16, wherein the swtching circuit conprises N
nmuxes, each having a first input coupled to one of the N inputs, a second
i nput coupled to one of the N outputs of the denultiplexer, and an out put
coupled to a respective tinme nmeasurenent unit. 20. A time neasurenent
circuit ms tecitadimamekairemd cirfuit ddvecitalanptaimi ivgwherepr the swgching cioept ed t o
the N ti ' nit s, .G [ [ St iati iqn the
timing ot e Pasery p bl hal Bt REHEL TR Gl Gihe KRR e BEorld
char act et i stipescaypled tpone af theyN entpus ghBleslerpHidgioigpndapoufrut geupdediotas |
conpri siNg: rdspoctis® el MéhsGxaleasuf. @ mul ti-phase reference oscillator; (B)
upon the occurrence of a timng event fromany of the plurality of signals,
(i) capturing at |east one value indicative of a nunber of cycles of the
reference oscillator counted in Step A at the tinme that the respective .
ti m ng evenf0.occArtgne fichguraagtt gircnyasrepitadrialcidim 16f firtleuesnpmiigat i ve of the
phase of the multi-phase reference oscillator at the tinme that the.
respecti¥e tini ngpegessor,seerledio thadl g Meagrenegingatiar ¢avapuwimgisiadisedal t he
val ues capt Yrffiohdinth ik b9 th@ReBlitd evehfs) repeating Step B for different
repetitions of timng. events; and (E) conputing, fromthe stored data,
statistical characteristics of repetitive events. 22. A nethod as recited
in claim?20, further conprising: grouping the data indicative of the val ues
capt ur ed1 i n25t epa B{thdd afmteBiring timdicpeidirargerisacd dfen plemdity ¢fl signabsvenyeyihait
producegzthxg%3 ?tzﬁt“% rrllt();j éo% r% ch group, conputing variations in the val ues
in"§ eps eg?l > an ?1

captured in |gi:) to provide a neasure of jitter.23. A

method as rgg) Jo%ﬂtiﬁéécfc'l%i dﬁaﬁg‘mi%ﬁ%ﬁj@fbﬁé&g ofY4RRALs are asynchronous with the

mul ti - phase reference oscillator. : met hod of sinul taneously neasuring
jitter of amdldpolthd Focfreh @Y a%indif@leSent from any of the plurality of signals,

5 (i) capturing at least one value indicative of a number of cycles of the reference
6 oscillator counted in Step A at the time that the respective timing event occurs,
7 (i1) capturing a plurality of values indicative of the phase of the multi-phase

8 reference oscillator at the time that the respective timing event occurs; and

9 (iii) storing data indicative of the values captured in Steps B(i) and B(ii);

10 (C) repeating Step B for different repetitions of timing events; and

11 (E) computing, from the stored data, statistical characteristics of repetitive events.

1 22 A method as recited in claim 20, further comprising:

2 grouping the data indicative of the values captured in Steps B(i) and B(ii)

3 according to the repetitive event that produced the data; and

4 for each group, computing variations in the values captured in Steps B(i) and B(ii)

5  to provide a measure of jitter.
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conprising: (A) receiving a plurality of input signals conveying repetitive
events; (B) applying the plurality of input signals to a plurality of tine
st anpi ng woreai/2s756(C) recording a tine stanp each ti nepraTnsp@siotdcy® ti m ng
event is received by any of the plurality of tine stanping circuits; and
(D) for each repetitive event, calculating variations in the recorded tine
stanps to produce a neasure of jitter in the respective timng event. 25. A
met hod as recited in claim?24, wherein the plurality of test signals are

si gnal s it hafs f or myatnddeRstciRalih cRfm 22 CORBTHIRItEREVRR 28 8syndronbuseitina@d as
recited in cIa|m25 wher ei n the communi cation bus is PCl Express. 27. A
met hod ds raulicRigss fe ferpngeAsollatof-yr t her conprising arming the plurality of
time stanping circuits to respond to timng events. 28. A nmethod as recited
in claim24, wherein a different tirre stanp is recorded each tinme a timng
event occur he t n rmed. 29.

AN aut ore ,“221 te st nge&l&d %sn(r:l% rtrapneXus meﬁﬁlﬁgg?tﬁy&ﬁigﬁmahw bft%ft% glaﬁone

i nst runment ,coopeisagi ve in response to commands fromthe host conputer; and a
signal interface for establishing electrical contact, between nodes of a
uni t under @9st rapRIvinE@ phuralifypfinny 8iZnals CORNFNING IGRFINEF SYENE at | east one

i nstrunent |nclude nnectable to th | nal {?nterface and

adapt abl%e & ref’(P@fX}'ilglﬁle'PE‘H ]t‘tysoi?éﬂf’élf ?%ﬂﬁ%@/?lﬁ g SRR 1Bt he unl t
d t est t t
Phe N | putS) cHBFPBE AfuRer AP Y ﬁ%?‘??cpaﬁlﬁgﬁBmé%éevge“?ﬁg?%é‘fﬁd@n 9%, fes

at whi cle tithe ptyuraite of Smectamipisg citdueisyandpect i ve i nput, wherein each tine

measurenment unit includes- at |east one storage el ement for storin a
coar se coun®)i ndioc aadhvwepasitiva erentiratculsting vapateans éy Hleggcasdedstime Fampp

reference S[Srgﬁ'@cle MERUATLFSHRPIN A6 SipSotivafiching event.

1 25. A method as recited in claim 24, wherein the plurality of test signals are signals

2 that form at least part of a communication bus.
1 26. A method as recited in claim 25, wherein the communication bus is PCI Express.

1 27. A rethod as recited in claim 24, further comprising arming the plurality of time

2 stamping circuits to respond to timing events.

1 28. A method as recited in claim 24, wherein a different time stamp is recorded each

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

1 29.  An automatic test system, comprising:
2 a host computer;
3 at least one instrument, operative in response to commands from the host

4  computer; and

5 a signal interface for establishing electrical contact between nodes of a unit under

6 test and the at least one instrument,
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an circuit for indicating a phase value relative to the nulti-phase
reference signal when an event occurs. 30. An instrunent for testing
el ect roniwocosmpBeBRt S, conprising: a host interface for pcomgseesoadsong Wt h
a host conputer; a signal interface for connecting with a unit under test;
and a plurality of tine stanping circuits, coupled to the signal interf

for nmeasuring tinmes at which events occur at the unit under test,

each of the plurality of tinme stanmping circuit includes- at |east one
storage £l ement {RreinliRE htNBasBofPMESENEAWMIudesdi cati ve of a nunber of
el apsed cycles of a multi-phase reference signal when an event occurs;

a circuig for indi catiNmgpuds m@saabdakmmersglnaltmteefawaﬁdqmamabtel fopteasieing
referen%p si gnal. when an event.

10
11
12

13

14
15
16
17
18

10

11
12

input signals conveying Pkt mmg Sevents from the unit under test;

N time measurement units, each coupled to a different one of the N inputs,
each for generating time stamped values indicative of times at which timing

events occur at the respective input,
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

an circuit for indicating a phase value relative to the multi-phase reference

signal when an event occurs.

30.  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.
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