STROBE TECHNI QUE FOR TEST OF DI G TAL SI GNAL TI M NG
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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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and providing a connection between each of the delay elements to receive a sequentially
delayed copy of the first pulse. The delay circuitry can be controlled by a delay locked loop
wherein the delay elements include controllable summing elements being tunable to correct
delay line errors.

In an illustrative embodiment, the strobes can be applied to the data or clock signals

by applying each of the strobe pulses as a latch-clock signal to a corresponding latch of a
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In a particular illustrative embodiment of the invention, the timing of a data signal can

be tested by applying a first strobe initiator pulse to a first plurality of delay elements to
generate a plurality of delayed copies of the first strobe initiator pulse. A data signal is
applied to the input of each of a first plurality of latches. Each of the plurality of delayed
copies of the first strobe initiator pulse are applied as a latch-clock signal to a corresponding

latch of the first plurality of latches. A plurality of samples of the data signal is thereby
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configured to select clock time data on the bus and use it to address data edge times and

polarity stored in the random access memory. First compare circuitry is placed in
communication with the RAM for comparing the clock time data to the data stored in the
random access memory. Second compare circuitry is placed in communication with the first
compare circuitry to compare expected values of the data at specific clock times with actual

values represented by data in the random access memory. In an illustrative embodiment, de-
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These binary values are latched by a set of latches, each of which is triggered by a
corresponding one of the closely spaced strobe pulses. The sampled data is thus acquired
latched as a single-shot series of closely spaced samples of the data signal or clock signal
under test. It should be understood that various embodiments of the invention may have
multiple single-shot series.

It should be understood by persons skilled in the art that the term “closely spaced” as
used throughout the present specification to describe a series of strobe pulses or signals
should be broadly interpreted and that such spacing may vary according to the needs of a
particular test application. It should be understood that “closely spaced” pulses or signals
have a higher frequency than the signal under test or clock signal, or may have the same

frequency relative to the timing of a device under test.
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access memory address of corresponding encoded data signal edge time. In a comparison
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 data in random access memory addressed by the clock data can be pipelined

as known in the art to correct for system path delays, by passing the edge times of the data
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D-latcfi'38° Gll%g: dQFafmgnal or synchronous clock signal under test 60 is routed to the input to

each of the D-latches. As a result, the data stored in the D-latches represents a binary snap
shot of the states of the data signal, or clock sigﬁal under test. In the illustrative embodiment,
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 is described with reference to FIG 4. A signal under test 59 and a strobe 61
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the present invention.

The clock edge times on the tester bus 72 are used as pointers to address the data
stored in RAM 68. Routing circuitry 74 selects which clock on the bus to use as a pointer
and routes that clock edge time to comparison circuit 76. Comparison circuit 76 provides the

clock edge time as an address to RAM 68 and reads the data edge time stored at that address.



persons having ordinary skill in the art should
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invention. For example, it is envisioned that a strobe initiator pulse can be applied to a

mvenﬁ

plurality of delay elements arranged in parallel rather than in series within the scope of the
present invention. It is also envisioned that combinations of series and parallel delay
elements can be configured to provide a plurality of closely spaced copies of a strobe initiator
signal within the scope of the present invention.

Although illustrative embodiments of the present invention are described herein

generally in terms of automatic test equipment, persons having ordinary skill in the art should



whet her the difference fromexpectations is within

specified Iimts. Accordingly, the various enbodi nents
w@boorioss2ps esent i nvention provide a nmeans for PCT/US2006/036912

representing a signal under test in ternms of its

preci se edge tinmes and polarity of transition at the

understafd RS RRPeRAt RYaidnl B e uddiel 1ﬁdl%ytdtﬂYG?%lgﬁﬁﬂcompanson
polarities thus represented are stored for Q?arlson
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conparison can be checked agai nst an expected val ue to
envisiodetlesr motkfiedtionhwithin e véape and deirit oede clasmp appended hetaioe
with test specifications. Although illustrative
enbodi nents of the present invention are descri bed
herein generally in ternms of strobe pul ses, persons
having ordinary skill in the art shoul d understand
that strobe pul ses can include application of a
threshold voltage in a cycle of various wave forns
such as square wave signals, sine waves signals,
triangul ar waves, inpulses and the like to trigger a
corresponding | atch. For exanple, it is envisioned
that a | eadi ng edge of a rectangular wave pul se can be
used as a strobe pulse in illustrative enbodi nents of
the invention. Although illustrative enbodi nents of
the present invention are described herein generally
interns of a strobe generated by a series of
sequenti al delay el enments, persons having ordinary
skill in the art should appreciate that delay el enents
may be configured in a nunber of alternative
configurations wthout departing fromthe scope of the
present invention. For exanple, it is envisioned that
a strobe initiator pulse can be applied to a plurality
of delay elenents arranged in parallel rather than in
series wthin the scope of the present invention. It
is al so envisioned that conbi nati ons of serie$ and
paral |l el delay el enents can be configured to provide a
plurality of closely spaced copies of a strobe
initiator signal within the scope of the present
i nvention. Although illustrative enbodi nents of the
present invention are described herein generally in
terns of automatic test equipnent, persons having
ordinary skill in the art shoul dunderstand that the
present invention can be useful in many other signa
compari son
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operations. For exanple, it is envisioned that the
present invention will find utility as a timng
we@b@moess233 n an unlimted nunber of high speed PCT/US2006/036912

processing applications. It should be understood that
various nodifications my be made to the enbodi nents
di scl osed herein. Theref @lgimst he above description
_shoul d not be construed as limting, but nerely as

What isslaimsdiisi cati on of the various enbodi ments. Those
skilled in the art should envision other nodifications
within the scope and spirit of the clains appended

1. Remethod Ehafestingivaing of acladhmetbus dus, comarimeghod f or

AP E0e s bRt LISt h VAP 61 om0 B ploality

Ofpulsgsest, the strobe having a plurality of pulses; storing
a’'state of the data signal at the tine of each pul se

sforinge stdte obthe dapasigriahgt thetimstof 6pedh puserighmstobshous

| ock si I, of the _.devi : i
S5 P DRSSP0 o0, SRR
Bmpatife thestgb@btartoftiadad stpnadfvithahb sfatd efehotlotihsignal at the

' strobe; wherein the strobe has a frequency greater
time ofteqaglhpelse afigIstroba frequency of the data signals and a

I\r)&e}{%géglg BEYstfb g H8€a tﬁgﬁ‘%ﬁgf %%%ﬁer ?ﬂa‘ﬂ% eﬁﬁeg Rk fr_eéuen-gg} ®f the data

accordi ng urther conpri sing
signalsreddifreguelty «ftthe schchtoadws dbck dignallat a si gnal at the
time corresponding to a strobe pul se of the strobe at
whi ch the state change of the clock signal occurs. 3.

2. TR hBhHPLLRERE & A8ind P, fEHEdrPohpribtbrbflin COERIrE ffte of the
determ ning the delay between a state change of the

data sighal at thé il commespandingp e strhbgpdsoef thi strehens ivhighythg stagg change

fih Cgo‘%gitji naﬂ gtrobe pul ses therebetween. 4. The net hod

O11he GREGFHINI Y B cl ai m 1, wherein the strobe conprises a
plurality of uniformy spaced strobe pulses. 5. The

net hod according to claim1, wherein the st,roq‘% [

3. Jwanethediagprding ioslaim hdughricomprismesisternipng t gfefaeré’etween a
. | _ ; . .

el S R, S EAPL LI HOB0SL b8l s

pulses therebetween.

4. The method according to claim 1, wherein the strobe comprises a plurality of

uniformly spaced strobe pulses.

5. The method according to claim 1, wherein the strobe is generated by:

generating a first pulse;

applying the first pulse to delay circuitry wherein the delay circuitry includes delay
elements; and

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

sequentially delayed copies of the first pulse.

6. The method according to claim 5 wherein the delay circuitry comprises a sequential

series of the delay elements.
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provi ding a connection between each of the del ay
el ements to receive a plurality of sequentially
waledoapsst3zopi es of the first pulse. 6. The metPOTUS2006/036912
according to claim5 wherein the delay circuitry
conprises a sequential series of the delay elenents.?7.
The nmethod according to claimb5, wherein the del ay
ciycuitry is gontrolled by a del ay | ocked | oop and
7 RS BiebiolsSoraay o Slahant berincbe delay SHEVED ingpmgtolied by a delay
locked®M i - r -
o e cied AR R et Lol Bl i ofeleplsgnabie
to cortiegt dglgyi lineertass.t he data signal or clock signal by:
appl yi ng each pul se of the strobe as a | atch-clock
signal to a corresponding latch of a plurality of
8. | ahemethodap@iniinggo thtn daivBersindBa ke i§ hpitedsh #adatd Sgnal or
t.he input of each of the | atches; and receiving tahe
clock gignal byof the data signal or clock signal as output of

iy BT TR AR S o

pluraligf ofilaehekgt a signal in parallel as a series of sanples;
and, encqdi the strobed sanples as a digital word to
B theyfarsiennl Op iosl piegel b the iaputid castipige latahes; ind
b oRoaRE Qi ehd Mitsdig {Lhar b8l
AR A TPl L8 SRS bELRA o e s
transfer rate of the word. 11. The nethod according to

i Q, further co Isjng sjoring th
> gjgj%rﬁg]? P%F‘ég% ng &t glag'i‘p Ii’t‘ﬁiéerg‘é‘dﬁ%gan FURIES: rate in
rreceoinl; AlecRsiss HRD Wita siodal ThifArdTRE ROsls@6 9F ided: And
claim1l, wherein the conparing is ({Jerformad y:

SEredng thy stiebed samples 457 digisal weod de idedtifit tithg Ambp@aity of a state
changet.i mes of the clock signal having a set polarity bit;
and using the de-multiplexed words as pointers to the
random access nenory. 13. The method according to
10 ai mtﬁzd further conprising distributing the selected
: dBethe” aCBrHREI Flginbe. feHBeremprisingideamplislaxingrtbe digital word
to redubf 8ath @aBSLHION HS wRfE USed as pointers to random
access nenory on a recipient channel. 14. The net hod
according to claim 12, further conprising:conparing
11. \j\dlzltreggétaﬁ){ %c%%?cmlga goccﬁgi%i {Hf %)rrfﬁ/er %&%{aﬁgﬁg Cslto?i)r/lgtt}rl]eedes-glluleti%tleexded
word at the reduced transfer rate in random access memory.

12. The method according to claim 11, wherein the comparing is performed by:
selecting the de-multiplexed words identifying edge times of the clock signal having a
set polarity bit; and

using the de-multiplexed words as pointers to the random access memory.
13. The method according to claim 12, further comprising distributing the selected words
to a plurality of channels over a bus wherein the selected words are used as pointers to

random access memory on a recipient channel.

14.  The method according to claim 12, further comprising;

12



expected data; and providing a pass or fail indication
as a result of the conparison. 15. The net hod
w@ewansk2es) to claim 14, wherein the data i n raPdDD$2006/036912

access nenory addressed by the selected words is

pi pelined to correct for system path delays. 16. The

RBinpREn2EAe itingothacedsaimtnidry widrestd by e bctediwgds wih

results ina 6 - bit word of which five bits identify
expectqddataiigid of the state change and one bit identifies

hod f
tppcgflgn %t‘J agyogml?mcaz]a? %@g :}%%ggﬁt%%g%@g% oappIo;/l ng

a flrst strobe initiator pulse to a first pl urallty of
del ay el enment

t d
15, ddjorucbos niing gt |oierersit bl inumioas S Sengon
addres&gtb% ik ééte& @oﬁﬁ it pipelinedfto @8k Ect For g;sysffehfﬁdth pélaysal i ty

atc es; applying each of the plurality of del ayed
copi es of the first strobe initiator puI se as a

h-cl ock si.gn 0 :
SPGESOPI0R) o 2 AR RIREONLIR B SPadl s BB it word
of whl&aﬁvé §i%s igéntifhehdiaia oS ihgnalte timnpbandbne lacnﬂannﬁei; the polarity of
encoding the plurality of sanples of the data signal
the statehpgan a first digital word which identifies a tine
and a polarity of a state change in the data signal;
storing the first digital word in random access
17. e maethod ihppds’m’xg]’gmmMcaodaﬂa sgnabeniprisiigat or pul se to a

second plurality of de el nts to rate a
obies £ oo s SR ST LS AL E st seneen
Yr Ok iRitfak 12l gnal to an i nput
plurah%%t{de?e{ﬁ/@%]g Q%ileigf;tgﬁgiﬁ $| ur alll %y | at ches;

eplying 2 tite signal tal antippusiof g@qhagf@cﬁréuﬁu@btm 1@‘1@@685 ec ond
eSO S o

latch-c‘lmrﬁ%ﬂl f PldtfeapoidinOlatchfhefsoplutdisy of Iatdheswbelain d plurality

t here acqui red; encoding the plurality of sanples of
of samples Oéﬂtﬁcd@tasﬂgli!?élls thereppasdtredecond digital word which

%1%83 %'tlgesglﬁrath't %ﬁ‘%l% AT é‘igﬂ% t8 fo?‘hiaé first H@ﬂglewblr&l which

eterm ni n del ay between the
identifidsattBme hmhagpolantytd‘fa sthe¢ ehamigg atheaath sigmal;st at e change

BPRPE TS FOF B g0 SBFATSTST The methad

SR o e o sy oy
generatd a plupdlity af d¢lgyagfcopies of the second strobe initiator pulse;

applying a clock signal to an input of each of a second plurality of latches;

applying each of the plurality of delayed copies of the second strobe initiator pulse as
a latch-clock signal to a corresponding latch of the second plurality of latches wherein a
plurality of samples of the clock signal is thereby acquired;

encoding the plurality of samples of the clock signal to form a second digital word
which identifies a time and a polarity of a state change in the clock signal; and

determining a delay between the state change in the data signal and the state change in

the clock signal by comparing the second digital word with the first digital word.

18.  The method according to claim 17, further comprising:
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channels by routing the second digital word onto a
cl ock. 19. An apparatus for testing timng of a
wa@ncls2aous bus, conprising: a sanpler conpriBCTYSHE06/036912

plurality of increasing strobe delays each triggering

a corresponding | atch which sanples a data signal or a

@B ding itignkorddinalved fpd wd il dstng the tiemiagdéa plunality of

comuni.cation with the sanpler which transforns the
channelshyoutingthe seennddigial wordaate e defkedge time data and

polarity data in a binary word; nenory in

conmmuni cation with the encoder, the nmenory storing the
19. imapppratoy fbr testing tairg dfi amyhreneus buk, coneprisingy| es ar e

data signal .sanples;..routing circuitry in . .
BRI CARPER AR OLeshse TRbe fdavy sagh sastine sy

corresp%ﬁhﬁ?tlétﬁﬂ whit® fahipids¥a doe derdd vt 26108k SighalReféxi tampléd dae;
sanpl'es are sanpled clock signals and routin

, t he
snreacgdent eorupunicelioekith the samplar drch ransiorms gl?e Sembed data or
dd | in [ ' ' | .cl ock bus and

clock S%’fgﬁé%‘}%ed&?‘g dasdeal aégw gg%&% ?Prr%wgglsla&%ﬁd use the cl ock
trhéiRor§ah dotmuattaties withhike eimbderhibranemongrstbristgdhebinary word as a
the mam_)rd:/'k‘;é first conpare ci rcm.ii try in communication

data bingry ward & : WQIG?WMP@“R% clock tinme data to
trgﬁir%?@i?cum}pﬁfc)én‘ﬁﬁlﬁrgcaﬁfoﬁ it he chitiel B folting BRQREY selecting
conpatre circuitry in communication wth the first )

the binaynpendédaringaset pylaritytiéthesemples errgasmpéedodloakidignajs and routing the

. conpar i expect ed ,val ues of the data binary word at

blnarygvrg)g&ofér &gﬁlfﬁgiast(ﬁ?f&snw s‘ﬁa’act ual val ues represented by
9adAol) Jafeés WREnicOmbfigidXEER fiith tROclodibBusdidasoatigsred to select
according to claim 19, further conprisi

. .ng :
clock titee datk mdisextha glogk tigmei dataytoiaddreoniba iptedtinasy Word plofeden the
memoe,ncoder wherein the de-nultiplexing circuitry is
"Yaduces a rate of data transfer into the nmenory.
first compare circuitry in communication with the memory for comparing the clock

time data to the data binary word stored in the memory;
second compare circuitry in communication with the first compare circuitry, the
second compare circuitry comparing expected values of the data binary word at specific clock

times with actual values represented by data binary word in the memory.
20.  The apparatus according to claim 19, further comprising de-multiplexing circuitry in

communication with the encoder wherein the de-multiplexing circuitry is reduces a rate of

data transfer into the memory.
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