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Accordingly, ATE can typically be configured to measure output at times relative to the
DUT’s internal clock. However, measurements relative to the DUT’s system clock can be
inaccurate at high data rates and clock speeds because signal slewing and jitter significantly
affect measurement results.

Many Integrated Circuits (ICs) now include buses with a synchronous clock that
accompanies the data. It is impractical to access a DUT’s synchronous internal clock without
tying up valuable test system hardware channels. It has also heretofore been problematic to
use a test system clock to test data on buses having a synchronous clock because data on the

bus may have very high jitter relative to the test system clock.
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clock §1énr;? tllS;t Z1isrr(§)utp1|1t from the encoder can be input to time-stamp circuitry along with
output from the counter. The time-stamp circuitry combines the counter output with the
encoded edge time to output a precise time of the current clock edge. Time-stamp logic can
be added to latch the precise time information, or to route it to memory.

In an illustrative embodiment, the present invention provides a method for generating
a time-stamp for a digital signal by providing a strobe triggered by time-stamp clock,
applying the strobe to digital signal of a device, storing the state of the digital signal at the

time of each strobe pulse of the strobe and combining a time-stamp clock count with the time
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clock which provides input to sampling circuitry. The sampling circuitry includes a plurality
of increasing strobe delays of the time-stamp clock each triggering a latch which samples a
digital signal of a device under test. An encoder is disposed in communication with the
sampling circuitry. The encoder transforms the sampled digital signals to edge time datain a
binary word. A counter is disposed in communication with the time-stamp clock and outputs

a count of the time-stamp clock to time-stamp circuitry. The time-stamp circuitry combines
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Detailed Description

An illustrative method for testing and evaluating synchronously clocked data without
directly comparing the synchronous clock signals to the data signals under test is described
generally with reference to FIG. 1.

In a sampling step 10, data signals and clock signals of a device under test (DUT) are
sampled to acquire binary values of their state at a high rate using a strobe. The sampled data
is thus acquired as a single-shot series of samples of the signal under test. It should be

understood that, although the term “single-shot” is used herein, multiple iterations of the



Det ai |l ed Description An illustrative nethod for
testing and eval uati ng synchronously cl ocked data
wowndiosss4@i rect |y conparing the synchronous clBCkUS2006/037100

signals to the data signals under test is described

generally with reference to FIG 1. In a sanpling step
samplig Steq 40 57 PG RS aloE ICB@RP@iOQﬁ%‘FIEPIGfCEQm}? Ryl e
multipleSidat{daV b iR iBveRivB kit dAnRag HdiRdPbRaNNatWHIMaRtyf “single-

their state at a high rate using a strobe. "The sanple
shot” séeiescandetaegsiretciguiarious embalimenty o€ theippesesieinyendions

ples of th i gnal _under. test. .1t _shoul d..be .
RBircBe Sele e B a5 s e nANEY o eieta signat andror
clock 804 oh@leRlctice Mllidrit@dt & ddi@tadl i10RAS epfoditieseprpd,ithgdateapd edge
] 10 can be performed, for exanple on nultiple channels
time agg} peJoiaty is EReodpd imubinp word; dp ap ilBsiatire eampe sncoded edge
time isPRacth &R B TF 1A Yigr e bAOE £ Ebi hREA haka e polarity i
repres@itdibahi thre piost signifibmtpitesent i nvention. Wthin the

single shot series, an edge tine and edge, pol.ar,i of
tm@n&é@@pﬁq_ S Bt caement i“élﬁﬁlrﬁ“eol?reigqﬁ‘ég’ﬁg\?fic@% encoded 6 -
bit wogfé%g%%%rﬁﬁted & B66eCLigthyiddhRBeRAGOTth PEoBAER dd ratk Rfore suitable

edge time and ‘polarity is encoded in a binary
for thevitardge 4mil eomparisersstepst dovenstrzamythe enqoded wieedsdaey beidemultiplexed

t.i is. represente s the five | twSi A o] '
o rogie 38 B GRS Saply SesalSiso PR eEGTF TR 0L Ry Blefen
eight 3 N6t BDsettingésoMdfthE adttesPoriding €ighonl eviasdesoddritisgh speed
test equi pnent using the present nethaod, the encodeﬂ 6
- Intsi selagénrratepadeit dedaieriner whetherghe encodedydpp regossafs the edge

. secan ' . t '
ome oSGy S 5 ST B bR Eof iyl
signal WITtHS etitoyledd datd eepredehispheada tinoe prdowilatéty 48 a sabpled wotadiégnal, a
at only 250 megabyte er second., The 48-9itvvords
storage gigp 48 éshpergqrgﬁg 15 Wwhi itﬁe g}f@gec? S%és siorqd {iggndom access memory.
In the gg{sfrw%gg a?g %g'itﬂrtojraﬁdd% heR9OB eRBlyAk ubdd®®-stdrB tie encoded

ector step I's determ ned whet her the encoded
data. data represents the edge tinme and polarity of a

S | ed data signal or, the edge t.i n [

BTy Strotid et sbihant® g AR ERE e R P £ P Phff el Kptbronous
clock $iBgaledes ohlyBRcaitd dafl lalidgorefpofuipis¥eRdted ahad usedsal clock edge
storage stép 16 is perforned in which the encodeq a%}g

time. frsa slock sdlestrpnrsigpolmihecmeadsd riorksglge fimerip eouted tost glagk Rrs-

o, 8% BB PP AARSER LA S8 G mor

chips.t he edge tinme and polarity of a sanpled synchronous
cl ock signal, then only encqded data, having, one
Dl BRTETPTY SCCEEIEEER ikl Y SREIe ISHSEH Bk PRBSE g Mraendop
' i . 8818 @oknblEs
accessfhsl ; g&‘dgg%sgsgbﬁkggirﬁgné&coﬁé@deﬁﬁ cigAaddst ARk ofnpAfson
step 22, the data edge time found in memory at the clock address is compared to an expected

value to determine whether the represented data signal edge time is within pre-specified
limits of the represented clock edge time. A pass/fail indication can thereby be automatically
generated.

The sampling step 10 is performed to acquire closely spaced readings of the state of a
data signal and/or clock signal of the DUT. FIG. 2 is a schematic timing diagram showing an
example of the relative timing of a data signal 24 edge and a clock signal 26 of a device

under test. The data signal 24 in a device under test is shown as a voltage/logic level that
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states of the data signal, or clock signal under test. In the illustrative apparatus, a set of 31 D-

latches is used to capture a 31 - bit wide strobed representation of the signal under test.

An apparatus for using a strobed representation of the synchronous clock to test data
signals in a DUT according to an illustrative embodiment of the present invention is
described with reference to FIG 4. A signal under test 59 and a strobe 61 are applied to a

sampling circuit 62. In the illustrative apparatus, the sampling circuit 62 is the sampling
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compared with the clock edge time to determine the difference therebetween.
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which an edge generator initiates an input strobe. In either case, data signals and clock

signals of a device under test (DUT) are sampled to acquire binary values of their state at a
high rate using a strobe. The sampled data is thus acquired as a single-shot series of samples
of the sampled signal. An encoding step 12, a selector step 14, a storage step 16 and a clock

selection step 18 are performed as described hereinbefore with reference to FIG. 1.
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communicated to time-stamp logic circuitry 92 to be output or stored, for example.

Accordingly, the various embodiments of the present invention provide a means for
generating a precise time-stamp of a signal under test by adding a small number of elements
to the multi-strobe apparatus described hereinbefore. The time-stamp can be used to
complement multi-strobe test methods or can stand alone and perform only time-stamp
operations.

Although illustrative embodiments of the present invention is described herein

generally in terms of multi-strobe test apparatus which can be switched into time-stamp mode
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the sanpling circuit (62 in FIG 6) would al ways be
provi ded by clock 82. In this enbodi ment, edge
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circuitry 86 can also be omtted in dedicated
ti me-stanp enbodi nents because the connection between
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$gnﬂthat the present invention will find utility as a
signal time-stanp in an unlimted nunber of high speed

processing appl ications. It will be understood that
var i
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exenplification of the various enbodi nents. Those

skilled in the art will envision other nodifications
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hereto. Cl al ns I's clainmed . A method f
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plurality of strobe pul ses; applying the strobe to the
digital signal of a device; storing a state of the
5. dThg mathodiagesadingto elain d j yhergm the p 1paensEded byt he
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delay &ltmede; dhds a frequency greater t han or equal to a
frequency of the digital signal. . 2. The

nmet h
BB e AT eer §igh BF hekisy SeRpe f@&ﬁ’iﬁlYes%Bluéahty of
sequelﬁlaﬁgl%lleiaglé(d Q(fples of pulses in the time-stamp clock signal.

6. The method according to claim 5, wherein the delay elements are configured in series.
7. The method according to claim 6, wherein the delay circuitry is controlled by a delay
locked loop and wherein the delay elements comprise controllable summing elements
wherein the summing elements are tunable to correct delay line errors.

8. The method according to claim 1 wherein the strobe is applied to the digital signal by:

applying each pulse of the strobe as a latch-clock signal to a corresponding latch of a
plurality of latches;
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uniformy spaced strobe pulses. 3. ' The nethod

according to claiml1, wherein the digital signal
w@oopnssses a data signal. 4. The nethod accor dP@DUSI06/037100

claim1, mherein the digital signal conprises a clock

signal. 5. The nethod according to claim1, wherein
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the dighhBIBMIS are tunable to correct delay line errors 8.
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the.s I -
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togenérht%tﬂéﬁmbésltarﬁpgnm to the input of each of the
| at ches; and receiving the state of the digital signal
of the device under test as out put of each of the

’Eﬁecljﬂ@t%od Qecoldith rr% netied 16.0%AneH ddthpka 1 an%es 'tﬂﬁttln%]ﬂ’r@ &inRl-ftamp in

e storing conprises: recelvin of the digital
assocmm@rmltha&aasmmemtm‘thsdigithb&ign nd encodi ng the series
of sanples as a digital word to identify a tine of a
state change in the digital signal. 10. The net hod

12, %@ﬂh@g ab&r8ing it im WNRh&k thé enddidfrigt stdp remuleh ih 3 multi-bit
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even "the digital signal. , 12.
The nmethod according to claim9, wherein the encoding
step results in a nmulti- wor d of ch

whj
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ange e method according to claim
12, further conprising de-nultiplexing transm ssion

14.  The method according to claim 13, further comprising storing the de-multiplexed

word in random access memory at the reduced transfer rate.

15. A method for generating a time-stamp for a data signal or clock signal of a device
under test, comprising:

initiating a strobe with a time-stamp clock signal, wherein the strobe has a frequency
greater than or equal to a frequency of at least one data signal or clock signal of the device
under test;

applying a time-stamp clock to delay circuitry wherein the delay circuitry comprises a
series of delay elements; and

providing a connection between each of the delay elements to receive a plurality of

sequentially delayed copies of pulses in the time-stamp clock signal to generate the strobe;
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npling circ ry, € sanpling circuitry conprising
aarpénxtb&rl ih gominunivatien siithghedampibing datcaiyryeltdoe triussforms the

communi catjon with t st a wher ei n each of
sampl?drrbg'a%sa@w Ite pa%g Ume 5@8@% mérsg@PFAega ndi ng | at ch
V@b&fﬁté@ﬁ@&rﬁﬁmﬁw‘%ﬁ&@wﬁh%@ﬂlmé’-ﬁtaﬁmpcél@&é(wﬁérgﬁﬁhe @$ur§er outputs a

devi ce under test; an encoder in conmunication wt
count ¢fthe smmsltamg clock dmtlmueystamp @h:uttr)a wdfemmﬁletthee-s@m cemtultry

di s, to edge tine in_a binary
combisgh Sl PHE BB  APRBAO RE T AP AP e digial
signal€l ock wherein the counter outputs a count of the

time-stanp clock to tine-stanp circuitry, wherein the
time-stanp circuitry

17.  The apparatus according to claim 16, further comprising time-stamp logic circuitry in
communication with the time-stamp circuitry, wherein the time-stamp logic circuitry is

adapted for outputting the time-stamp of the edge.

18.  The apparatus according to claim 16, further comprising:

memory in communication with the encoder, the memory storing the binary word if
ciigital signal is a data signal,

routing circuitry in communication with the encoder, the routing circuitry selecting
the binary word having a set polarity and routing the binary word to a clock bus for use on a

plurality of channels if the digital signals are clock signals;
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conmbi nes the count with the binary word to generate a
time-stanp of an edge in the digital signal. 17. The
wap@anassus according to claim 16, further conppPCEHURD06/037100
time-stanp logic circuitry in communication with the
time-st ci,r cuitry, wherein the tine-stanp | otgi c
oPeReYddgTess inesdp cemmusicaggr pththe glogh bug whereiy theegiory
addres% RfescHo gonf%red-%esel_%gpﬂf')&t tifle 856 ShHhdBusd MdGlse Y cl&kﬁime data to
urther conprising: nenory In comunication wth the
addresedate dered inlee memory, storing the binary word if digital
Lgnal is a data.signal;, routing.circuitry in .
RAES PG I CPHEU AR RaTI T SRy oamagine g clock
time d€kSkidag stdied B Mamen®ydadyavi ng a set polarity and
routing the binary word to a clock bus for use on_ a ,
pleoersl Gomypags ciedvaim il epnirfunipasion with tie fsstpaaIPgTegiEcUETYG Sherein
: si gnal s; mennt. dress || ' jcati 4 :
e s A BTEIR RS AT Ve SRR Al oo
clock a8 Wik lded @ptestrted b teGindry Mrdkaihahomeinoey. bus and
use the clock tine data to address data stored in the
menory; first conpare circuitry in comunication with
t f [ I t &ﬁllfp i data to the
9. dggea ?%Pégc?c%dg%@%fea#gg& ﬁlgtrlllgll secor#cliﬁggon'pare
cinpetirbtiting ¢ircudtonmmooinmatnicationiwith thhearhpling cicouipg aed
circuitry, wherein the second.co re.circuitr .
VP SETYHEI GFTPURGUIORSTI e T 20w TSI P dbe
routin%a%&ﬁtw Sel 6t OB twhb S it BeneRhtbesnd @D LiRREAMBH clo¥k féienput to the
inary words in the nenory. 19. The apparatus
samplingetewlitiig to claim 16, further conprising: input
routing circuitry in communication with the sanpling
circuitry; and an edge generator in conmunication wth
20.  tTie: dpparatusra@edrdihg t6 ictabmi 1] WheveRy the digitabsipedl tcom@rises a data
, circuitry selects between the input generator and the
signalt | ne- stanp clock for input to the sanpling circuitry.
20. The apparatus according to claim 16, wherein the
digital signal conprises a data signal. 2 1. The
21. dpmeapphrasisaccaditigrig ctaimdibaivhertt thedlmitel signdl eonipgsesal clock
signal conprises a clock signal.

signal
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