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AUTOVATI C TEST SYSTEM W TH SYNCHRONI ZED | NSTRUMENTS
RELATED APPLI CATI ONS This application clains priority
wonaensBs U. S.C.  119(e) to U. S. Provisional PCT/US2005/042691
Application Seri al 60/630 111, entitled
TR N 2 N\

é -9, MENTS

hereln |ncorporated by reference inits entirety. This

case is related to "INSTRUNENT W.TH INTERFACE FOR
SYNCHRONI ZATI ON I N I PMVENT, " fil ed
FebrmyhypiZdiorddibims plfi'ﬁxh@"ﬂmdie‘i 35 mppcp@n ag(@do bes rpeéxem@frac e

herein In its entirety OF THE |

Anphiasien iSemal Na (&9 14 éﬁ@flﬁ?q ‘9N ?BRHM%‘%WCH&NIZATION FOR
AGEHVRMRA trE’ Rt PRI, t il A NoYerhistr 021008 witéh is herein
instrunments within a test system BACKGROUND OF THE
indoRpIENE toNeBegnice Britheatisty- devi ces are tested, often
mut trhRlofld f1Red UNSIRUMENT WRINAAGIRIARE FORI ece of
automati c equi pnment, referred to as a "tester,
SME&@HIZ@TWB‘# éUé" QM&TICST@&%E@UIRMEN&’ iffhed Bebeuagy 22, 2005,
WISV SRR v G8hichR B[ RyiRASUr € the response,
{'68Pei*det'er m nes i s operating
properly by conparing the response evoked by a
careful ly Contro'l%ﬁEEﬁ%ﬁfﬂfﬁh@vﬁNﬁyﬁ@ an expected
response. To fully ester shoul d
genghainecaivd remasganerally grksnasio odst amipmeeyt ol hawpakticwlarly to
th eratin nvi ronment of those devices. |ncreasing
CO@Hﬁﬁ? frgrgend WE@H?&?E%@@Por chi ps has required that
automatic test equipnent also generate and nmeasure
more conpl ex signal s, devi ces
generate or respend si gnal s.

Man¥gedR¥hdREr dSHER aﬁsteéi’édskftéiﬁrrhl\/lﬁplg an-g Ql'uhﬁg thei@fhnufacture. A
processors for video signals, also generate or resp

ond
pigep obpTBR}icdFSy FiRMenE Tefefred 8 # civaier. i HEcdi th BRSO M Signals that
stiful AtedBieRNd ufh 'tcts?dDLﬂ')%‘ﬁg FPRE S Sre (1R 1BspORW, YHhE @sdér determines
| npl ement ed on singl e sem conduct or devices. Automatic
whedhst a DY ip rearetingpseper i W gumRariag Eeepansgicyeied by grsarefully
I C lest equipnent is
Cogt%ieggﬁ F@a%ﬁl V%th ﬁ & %ét#%c?%i%ﬁsl tiple instruments. .Each
i nsfno dmtbrtest pevlcetsrtﬂrs teates ghouldfgenerite aad measuresigmhls gach as may be
neratin g an
o IR KRR G ich) ot
seerl:bildqotoe clmpsslhas werpired thar a&xtqnmlt &ist @mlpmnaalgcegnenatetagd measure
%rOV| e t.he I nation

% %gqaé s A 6 icon 80r 5v1ces ner Fel: Sr [re%ﬂén% to %lgglrls!:e% digital

IC U evi c
signhist MaAg ﬂé\licet,h;abh o dvaki diﬁ/e Sﬁpﬂ)ﬂa{t end mtesﬁmmﬁtr ivales signals, also
rovi des
generate or respond to analog signals. Entire systems, containing both analog and digital
electronics, are now widely implemented on single semiconductor devices.

Automatic test equipment must now generate both digital and analog signals.
Accordingly, test equipment is typically made to contain multiple instruments. Each
instrument performs a specific function, such as generating high speed digital signals or
producing an analog waveform that has a programmed characteristic. Multiple instruments

are installed in a tester to provide the combination of analog and digital signals needed to test
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flexible way to create a test systemthat can generate
and neasure a set of test signals required for testing

WO 00605398y any sem conductor device. However, PCT/US2005/042691

assenbling a test systemfrom separate instrunents

apremtipsdaivcadikatihg meirutidhd) thaRedideQkpdre tesBHALRIT provides a
%k ner.s chaus? t he @Ctlons of the various
RSt GYERE S ATt HElBY S drm atneErte qog/megsurea set oy toslevignals
rggyuorpdfolr }eser\/g':l\luttﬁ&]@ ah@ 8dmit RUébSIeIed Sem conduct or

devi is often necessary for the tester to

det e% Pﬁvﬁ r ki‘é?eﬂl?‘f‘ﬁéf‘ tegt sypemiffonesepirgig anstryaisnts eteates othdaibnal
chdi@hgel Hetesiisgfidh QGG

relgil n toga cert%?ﬁtggwﬁimggaﬁﬁgbfd?ﬁ%k@gugpummFﬁgﬂﬁbe
coprdinpied.j Frrafepteistes opropedie swdirale teg resgitgoved s:nn@mbector device, it
isgFHRR hadedr

rel ations h}?tggthg?‘%%y\[ﬁaeé}te\p@ng cl))gl?lgﬁdrt} gtbéecmc & EhEHT deteeled ppd that
thﬁPWP dPscwEsdtat abnegidld timierie mlzttwy 1] dnedrtapr soviiutles C‘aordmated operation

8 sHelest Shel one} bt
of 1ﬁ$ 508 ﬁtﬂﬁ&ll&ll ak Q’ﬂg foq% r kg ggner atgd glé(f rrlgagursg w&tbmh(astlme

circuit In a teste
refagopsdinsr ol t he generatl on and rreasurerrent of test
ener at or Ther e

tte i
S ig rt"i‘rlxeswdaﬁ %%rhﬁ?te lmstrpl?]er%t% lsq% gl O]y‘,dg aﬂéﬁl’,’fﬁddfmé'[‘y Ithat provides a

ten a actil ca
refee(fn@ﬁ eleclearsl covimantiato abamstbhecitel Aablyi Hanaed QM probRies a series
stem whi ch can, be

S tes
of TR ah Bk cTRLYE e ler it it O e lbigepattem
gcmflaa £l ock may be specified wwth a resolution limted
Lower fre uency cl ocks

per
havté] hl”c?ﬁsg%“:‘e“p“e“if ?Cé‘agq%[jtottﬁ"e?@f‘ﬁ‘?cé b & ?ra@ewé@k tha ey
r«:h@ﬁ}ofauﬁddaﬁlt to\hyensgiu @A in 4 feisPderh 8RR LN BB uh@esuqble Events
to use an "interpol ator.

“"ﬂﬁ‘te ?‘Bfiﬂ ‘8%}‘6 ﬁ°§5%FSgPﬁ elork men kg snegified vk k r%snlurxm hmued by the

petibd@bl hée clack. rasier 08qRh: A 10&E had l&tbeﬁpglogflﬁ'ld t 10\1df less
t |nter$}ol ators nust be accurate and st ng
YRGSl ng i nterpol ators in a test systemt her ef ore

pr esent Sy AN ek Fés&ﬁtl&pﬂé df¥ie qpl% RGNl TS AL o1, Q
. measured relative to a digita RVaT| atlgjn Bﬁ
nERAlats Ky i ArHit HTat ¢pitiagk an inkntal tiad iy aénaetameﬂ a(pleﬂl«iﬁ(d)m@lock

HoVeO bl Illf‘e‘?ﬁdiitgrs'nﬁxs?MLaﬁc ah@%trrilh? 10%1%‘anéyﬁm.%ww%)dators in a

m xed- si gnal sem conduct or
teshyystray tg@{yf@ée Presgats compleBoet o prehdus s'ae:htumest drémedd0fed relative to a

dighrhibdecture is shown generally in FIG 1 and includes
a reference clock generator 8 that generates a clock
t hat\ vagatgingnrthdappedch otrusfr@rartedrcﬂ)llytuuko ccRihl a@hitdcYir®s

1 h. ds 10 d 12,
M RN R ——

lcacbyl&l, hhe I eﬁB@:t(ﬁﬁ PREALIRsERS th BR Rftoc tul, HRueh %en%hﬁy b0 Ipe 1 and
at an instrunent is a |Oglca concep

mcgﬁgs aéngg clto FENERHOR 8 tlaﬁagzcrwtqsmﬂ%hm sdlignbuted, of fphl@d out,
to 2 plumhty of digital and analog channel cards 10 and 12, respectively. Each analog or
digital card may be considered a separate instoument, though it should be appreciated that an
instrument is a logical concept and that an instrument may be implemented on multiple
circuit cards or, alternatively, may be implemented on a single circuit card along with other

circuitry.
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circuit cards or, alternatively, may be inplenented on
a single circuit card along with other

W@ 200605998y . Si gnal s generated by a central i zed pet/U8I005/042691
generator 14 are fanned out with the reference clock

to the channel cards. Pattern generator 14 issues

oIS ST RERe i e e O aay | e FonrCad Sidbe
reféreRRIBRR G B YhAeIGeRIEr PitReh dentraRaChiskues tommaids thakre to be

each cycle of the reference cl ock. Oﬁ‘?&’k Si Snal S fotr
per{QfaIce Py FACHIINUAPGE! Ay CorpRRIIRPYLIE PRRGRte] ToE Gchstrpgient for each

cyMhbe firdrviRe cgef orm formatting circuitry 18 to
produce digital signals for application to the

devlosk pigatls for dgrdigal rrrdsies fed HOWRINE CirpTah&I O hdivEs
waggfonﬁ fﬁnhﬁlt%ng&i?&ﬁtrww prddB&EdiYieal gi%gali SHeXti FHAD eHedeGide-

Igital reference cl ock signal ynt hesi ze an

undanadsbd ET.aeksholnd UEe aaras easdc) 2 ek thewthsr bandaesgiva be repppiely

e P AL ol R il bt Gyl HECHL AR clock B ihnlBe ook
modhie¢kCMD 18eJbe ldvaldinilng togk ARdrives funpidonabeitcusy, @3@e or more
a8t jnttlru%jen,té\snal og C ock Modul e, assigned to the assignee

or® 'Aepi'esent i nvention, and expressly incorporated

her 6hafdoy of éfeanang elotkisidesribettin UeS. \PatefalSdr Galrf&|269, entitled

i nstru t have its own cl.gck and.t her.efor
AngfSR AGE Moool HosRRS ol BSreitsy o e e b 5 AT masesty
inchipamtddnerdin egreenace of it dnererye fRacke medogihanknent maghave its own

vari atiop of the desi shown in Fl 1,.eac
clop Dt ireles s a8 Ot tear T Pl GF MR B e fgauency of
thedelRemhad Q6&. oper at e synchronously, based on the

reference clock signal. Each patter.n ener.at‘(}éﬁﬁout uts

S

comfemggiaen ofdhgrsign shoyn indidG gl grahripstrumqat ipgjpges @ paitern

geddfor’ GRE phREh bdnRtorfofcrtd REhYRIUSIBL bAREY diSth Bfer8@@RIock signal.
instrunment to include a | ocal clock generator to drive

Eagh pptiguyrgepeietobp HP e pRERIBANgS Of “FHenty denits ProatkingEHesheghe
rec{aﬁé{d produce clocks of different frequencies. However,
t I's necessary that the pattern generators start in a
c ooAdbtlzer seriatian ks foncacPinsirimens ¢ ipeludaw logg) lock genegior to drive its

7 ent | y
o BRI 8o et SRR e o aftrent
frelpyencied. el@never, iitns ndcsssanytthat gteyppttern generdters start 3y s t@ndifigsed
acfoQr di nati ng the operation of pattern generators
operating at different frequencies. The approach in

t haPulpishid mivadapaipitios A OOB4AH oyited COTKRTHAECIRRE

roly ERERYIT el ek ERIE IRy b ol SPGB e

entiretyPdescribes a system for coordinating the operation of pattern generators operating at

different frequencies. The approach in that published application employs a synchronization
signal, called DSYNC, in connection with a reference clock to “align” all of the local clocks
at a specific time.

A need exists in the art for a test system iﬁ which operation of multiple instruments is

readily synchronized.
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A need exists in the art for a test systemin which
operation of nultiple instrunents is readily
WG yvehs980 zed. SUVMARY OF | NVENTI ON | n anot her BSPE81005/042691
the invention relates to a test system of the type
having a plurality SlfJMM&ﬁYl@TEIN\%NTﬁ@@J t esfj Sysgem
i ncludes. a reference cloc ener ator providing
r of eMAAL ARk TEATYTHGR ISP tfpet S leBrabFHeqns hvingagluality
of astaimentso dike @@fk@fﬁt@ﬁ]Qﬁclﬁ&gﬁ’Le@Qeﬁ& clddR gt &fa%r&ﬁ&ﬁdlﬁé Qg&gence
nerator and providing a first oca cl oc ene
@f% n/i( ? e NP EY RS FRMBPTASeh & Krshlvgal glock peteratasong bd withcigfarence
cI8tiogenBdtoP b RUFBVIRE a%mﬂ&ogk%enérﬁgd Rb&ral Jefe¥en%e c]o%k and a first
instrunments. A second instrunent conprises a Sé
cqniyehgircyit steRngveramnise cewmphdsdor e ph@llt)eCﬁfenmuoentsJ !Acslecond
1ngt?dh$én@&9ﬁ R85, &E@ﬁ@ lg+zp gll?@k %e%grg[bq dﬂ)?e% t? ! (e):lre (Q,{eﬂ%eu(ﬁ?& generator

fromthe reference C second con

alapio dingm SqCﬁ%deﬁH)Chger@tmmﬁqm tkheefsrem@rmboepmerc&hd control
ecified

S
c&?x{trgl&lv\l}g acm rttgb@ gne{)jnng%t t%lxﬁ econ (ij)tn?r?l 011{:wéa§%188g,1 the @Bml} qﬂa time
spe¢ifiedipt a tuam dalﬁ‘tjpmt/lﬂwalthd:mptﬁ o the yechad tdn@roBeifc@nt Jn@'functlonal

cx%cﬂﬂgtm%ﬂgﬁﬁgxﬂ E pn P cnglu(tl Eo ti]%ﬁhlt{)l’.t)? 858‘22%3?* ﬁé‘nong)tl ;lﬁﬁﬁ‘t‘:tt ‘ihén
funcnlonéspolnﬁm eXe@umg\kHﬁut:IﬁloaSlS&Eﬁ(ﬁl@e @ta viatuS aS@Rbd Alits icHRHH input.

G PRl SNl Rt Sihtesil e Qs s manieang thaeond
msnmimmf kheGlafW’oylt Ogryth g EREERAR thad aleluabcd MQ@Salé’e tV\lhglFél t‘ﬁé Hfst

q inthe first control circuit is coupled
COREY\BFRY B GOYRI\P s nefreork fomsovjdg e timg velye imihe m@eegeam the
seddné coR0 B]GCL:@tCiﬂédu@Ied G the WbdwotiSto TR Btk tfn‘?e TAg A ﬁ%y}@[&(

to receive the tipe value at its input. |In anot
as pELInNothenasPegyBn IV eRiion g¢latesete atraethpdrdoheratingfa togeystm ng
commptigind atS%@ﬁWIWﬂ&%héltﬂ&teﬁ%yét&ﬁ%x‘tb%%n’hﬁél it LZlrygrrllllmu‘nkcatlon link
test system further conprising a commu
befyvepmihe At eprt v inptagmants: vidhe imsthod gompiws estdvdisieg i oammon time
ref erence. bet
rd??ﬁ?ﬂéﬁ%%?gﬁfﬁélkﬁﬁiﬁq %ggi { Hn%%% runeﬁF@m"mngontefq“
insgumgRifliong) otastphtterf defSting evstts Unetest, Witk opgtiogof @S Even]Es to be
vents i achest rtion o
o~ R BY B0 B i R B bRt e s

msgulfgg\m qogmmmicatlhgfrem et ﬁ;rstt lﬁsti]hmeﬁt)(te Chet Q&mb)lnshhﬁieﬁﬁﬁ@ﬂﬂt
Instrunent to

n at in mthe fir
cor RENEHEE M BTH L BN R rh eaonsie BacheoRe o R and
a tigig@c whigh dte elvemsst tobaex@vediant &abhihg @NSIGHS §RciB¥d ke and executing

Seco nt and a tine at which the event is to
theys uﬂq%fﬁ?ﬁ&”%gﬁdwﬁﬁ1‘P%@“ﬁﬁ&ll the specified tine and

executlng the specified event with the second
i nstrunent. BRI F DESCRIPTI C]\I CJ: DRAWNGS The
accomnpanyi ng S AEBIEENGS be drawn to

scalte. ac&d’r\nﬁdhﬁngj H@‘Md’g@ are &@ﬁ&nhgﬁﬂ bk glaa Qb g2, ¥he dlawmgs
d

nt i nponent that is illustrated in vario
eac*: Cgﬂ?(‘é] @arly identical component that is illustrated in various flgures 1s

represented by a like numeral. For purposes of clarity, not every component may be labeled

in every drawing. In the drawings:
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represented by a |like nunmeral. For puiposes of

clarity, not every conponent may be | abeled in every
waoleaeiossyso | n the drawings: FIG 1 is a bl ock diegraso0$/042691

a conventional  clock architecture for a sem conduct or

t est®IG, 1 ¥ dblock difgran BE Q%vgﬁtﬁgﬁl%ﬁe& I‘Cﬂltﬁ:lflgg bor a semlconductor

architecture according to one formof the present
Sivention; FIG 3 is a sinplified block di agram of the

cl ocGap ‘i:sl"H BI6K dd RarR bt ':F biGek agchlt': &tﬁe a%ér!ilﬁ (f r}:{zmg?;f the present

di agramillustrating alignnment oca
INYENUOE; 3 di agramillustrating synchronization of

wat ghess; jsfl s%qe\llo%éd%l&k% t ngltﬂé}{]&}g %hncc':tﬁr%%'g% I 2

interfacing t i nstru
charhlGi #4 isst timing dggancidnsnating alignornpufadessclbds ween t wo

i NSty s invention is

not Iﬁﬁé% dl%@;@hhg%%]nlgcg%%oﬁm%oq UL | s of
cons‘tlﬁu&wadqhoc&rdmhgtdmeomntamgemrmﬁcmgftwemerromem ;2nget
forthi |1 ow description or |Ilustrated|n

t he ?agv:/llsr?q% %ﬁ@%&%ﬁtﬁ. a§Qmnlingeation pracess beby grartwo instruments.
enbodi ments and of being practiced or of being carried
out in various ways, . $ h hrTaIseoI ogy and

term nol ogy used he pose of
des dﬂxhsph%(ﬂﬁoxﬁi’s dloﬁllﬂﬁit@ddn ﬁt@ﬁpﬂl’l@atfoﬁg@fh@ ?Qta@ssgf{ ﬁ:bﬂgtltu'cﬂgr and the

The useﬁo "i ncl udi n& nprising," or avi ng,
arkapgemeRt ofi SRgPonentsGicieth Hgthe f%lﬁurmzaiewaw@n@r iflpssnatedfin the
drh@h@d MheliSveARMTE cApabe B@moﬁmn{s A Bf l}e’l ﬁgctlced or of being

gr eafter and equi val ents thereof as we
Caﬁtﬂ’ PHTIBYAHOYS i . Alrp s phrdsgolny anddpradidlogyalsed/heran W fox the

pudpos@b¥ &E@@ﬂbmtsh&fld hb&el rQéé?d?—:h 1,9 Bmb ey édﬁg ﬁ%e%‘%dmcludmg,”

relation to a sem conduc,tor tester, gener
"cQraRsyRat @ dhavme, t eantainingl udﬁglvmgcmpuamtxomﬂlksbﬁhdmm is meant

to &?eon@ﬁkq tik 1‘6%“1‘3&9%6 éﬂérj dhd Q{f@%lc t'hereo astw%ﬁt heﬁi]gtéoqablgems

houses a pluralit el'ect oard ‘assernd
gen&efgminggnan ébené'laslw tokgGt B 8t embgiabig of thadhvediidttis described in

I‘Cl&t%?ltlg leer&@grgiugtgr te%érs %%&éerallllt Idgsq%n%gflgg t?ﬂ u%rl]%egglcgllp e

I nstrunent car
wodlstitionR2,cad d t@hieddidén pliagoal)s Th@tedhé‘ati biddt b prirdRy &F eZe%tromc

|but on.to gn arra tru nt cards 30.
ooy BB hHidsgand el ol i ingcETheEd 36
distrfvation weds28 led mohipktiastvaienPrdsaot he test head board
ass reference ¢l ock generator 34 that
gengrg{uét§§%d ’Pz:?%a?emf’ée’&tf% gd 36 3%?6% Benaiycp Ristripygon card 28 for
distridfigsretoa aﬁbﬁ@ﬂﬁn@ﬁﬂﬁhﬁdaﬂfs 3masrhé? SRREI AR 26 iREuES %'EBJnSuteP
oscjll ato Computer interface 3

t
imGiaPt, i, st syt lmga ¢ e ek Rparcasserehiop aren rofiehee
clo&it @ink@tor 32 that SUnBMBE a \WIEeReeR 1d¢R EdenbiBY REE XE QR 5%@[%;106 clock

programs.that can be | oaded into tester 20.
ZENKIIQ may £omprisep for 5};3@@41@ ad 06, MHz crystal oscillator. Computer interface 32

allows the tester to be interfaced to a computer work station 22, through which a user may
develop test programs that can be loaded into tester 20. Computer work station 22 provides a
user with other capabilities, such as initiating execution of previously developed test

programs or analyzing test results.
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user with other capabilities, such as initiating

execution of previously devel oped test prograns or
wanabyziong test results. The central card 26 i nedT/US®05/042691

control circuitry that generates contr ol signals

responsi ve to _conmm m t he wor kstati on,

{ he PRI et e Qe DR REe g el T gesponsive

to doffreInBOE6m ChORkfhtnalonaBEthe h@nt@‘ﬁ?f%ﬁlé;d:(ﬂlﬂﬂiseﬁ ®SYNC" signal.
f anned-out, or distributed, alon%@gSYNC

The refereige clopk signal pgd the DIXNCagenal are fanwed-gwl) o, dl%ﬁ?%g’s glgngn
DStYINt é:“dsﬁ(fLI@ 'Phtn' d?l@c1?tfu1t%»af6‘jana§8 RAp3t Ve BU bisiePbn thB@&Ribution of

ignals all pattern generators on multiple
card At rﬂjmmt@ntoéﬂme signalstallevs PAtIGHY B8BeTateE anrinylHide lstyigents to be

staft&f‘ 1?1 WGRGed i C?%G@Jﬂefé%nyﬁa%gﬁéagﬂ-wwﬁtﬁlﬁﬂﬁt runments on

I nst runent cards 30 nma |g| or anal og
i nsThmnﬁnmntsronnwuplemth@ndﬁW o bf diggialiongeslled ingruiegistagimay

per?oq'gx ﬁnc%ljog%&elgﬂgd aﬂé%ﬁzﬂ&%ﬂ% a:l)"s%ls‘{il% ﬁttﬁ)Aad glcgs' o figital

nstrumnen al's fnel card anne
mstramehtm cabaeit zai‘charellee@tct ‘b chaniees card o chwnin msslctrq>rp¢ wsources for

ter chann . Lik de
R e e
eaCFhrﬂiaﬂféftﬁhng:taleGSQéathhmﬂE&nmmﬁl mchkidesoclidok MRlule 42. Clock

oC ule 42 ramed t.o.ge erate ne or
R85 ol op progrempatia Brsts e B oS o Befied PRty from
ROUES G kel semboéethbodthent @achofahe d1beks @b@eéfe‘d tgemmtre@ﬂummz is
a clock module 42 is intended to be us cally. "
mt?nded tofetursth 1993lY: he it fl%@%eﬁpab%ﬁf%t%?%thf flock
gerfeh6K AJBH&! Rh@htor Maf ekt IEURE 8t RieriBiffgeneregi@cizb.0B&kSuse
of several different frequencies, Because all of the

all of e Rlgclrage gragated ol the &wet wurcedhecladks may be consideredc ks
syfdR6ndR vﬁ%bﬁ%&d T“ﬁy BobY RBAHS md BQSI%Q“HQBMCUOTII}@ the analog

clock modul e may be simlar in construction to
clogmbdie desedlredrip b Raigeidtymiisad, 1BH23, Brevpysle ﬁ’[CONGWB?élrbY
3, previously incorporated by reference
rdﬁe&%ﬁﬁ% he | ocal clocks may be derived through direct
di ngtdbczé ylotksardysbeudsiivey thropgadiesct dgikad dyrtiensis uding ¢ @haspjocked

loog LCIIPPI% ryI a(:nu%)elfl cgunt%éggl ten(?JC,&% ug@%:sgﬁ?egﬁﬁ ?l% é}lﬁgg \ng'lg US

PatenttAlipIheajloMIJQ/VHS mltNdJMRLII OAGH B MBI CAUCRERf i | ed

mﬁce € %Dect‘em%gr %@ (FJ W%LFE e{ heel? :nrl]c%o roipag%daé ergtéa?%ge gl its

ent&eﬂyu MRstiappleaticd dscrib8ch hlluﬁetr&rcohiitaxt osnnﬂytob&namgdbd usediin a direct
direc i tal nthesis ci | erive on
i e 1 S P TR B o KA P AT Rgaones Trom
thelreeRh&Wekc! ock. Each instrunment card includes
circuitry to performthe desired functlon

i nsEschipsiumentcagdiaclides girgrtnptopegpiny thedpdied S'fﬂ‘éﬂ?“ bt

insB8m&RAIn thd €ast UNE il RN RhstrEMERBLEN 3 30ACIY @8StidaltiR@itry includes
circuitry 47, and formatting/pin el ectronics circuitry

timipgg Cirppitry 444 qnélqur}ag;mgg)gp ﬂ@)ﬁr@fn&% gircuitry 48.  Thus circuitry can generate
and measure digital signals for testing DUT 90. :

In addition, digital instrument 30A includes a pattern generator 46. Pattern generator
46 provides a sequence of commands that control the functional portions of instrument 30A.

Pattern generator 46 may provide branching in response to certain conditions or execute other
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and neasure digital signals for testing DUT 90. In
addition, digital instrunment 30A includes a pattern

w@eoenstoer 46. Pattern generator 46 provi des aPCEUSBNITE@2691
of conmmands that control the functional portions of

cdnﬂﬁiohzu evtiodsed s 4 Ritik FMALALAientOP MR ROAYIALS is clocked by

ﬂ%&hlq% {q response to certain conditions or execute
h ek §legkanoduif % and may taesefore provadegnsirugdonstat 2 he

prb?%tnnﬁ}é&tr@tm witett ﬁl@? Pe ﬂgﬁh‘? E@B He f%uérﬁy CFRE ifﬁgrep E Fock.

ck froml ocal ock dul e 40 an ore
pr oV @gdi P%W%m%%/\a@cl@e@mglstatmm B)@Chlatleatlwmmd;m&iay

inRera bt BarastifBe hAerifdaes E%%y (?G?Jl]l l;engv R SLER Cc% 35!).% ahows

In addition, instrunent es an |ns
p%‘?'ﬁ‘dﬁﬁ?fﬁﬁoé‘éﬁ fosamimunicate IV@th)othemnstru‘uams MA‘n@nmtb} 4d)lﬁay send

cﬂ%ﬁ@é &)e& e'x&:ugerd ttﬁJ fuﬁ&iogéelé:ir?m W otlwsr msatlrutgl%{r}\{saﬁr%ést? IpGStatus

attern genera Onnun
qumg@tpqgl gtherRasttuarentsglen eragpt for exdtiphele wed b @arvRRAGtibl

br %ecut ed by the functional circuitry of other
I nst funents or receive status i nformation from ot her

i ns tgthmemmmhtatnaglhy\;e cflfcﬁldfrﬁtﬁ)fmﬁblﬁl cid@uiths aebeh@lﬁg ORtHeQbecific
t] ona N er st ave
fuacl%ro & ﬂéenltmpbe%e&?eﬂg)ﬁ éli’ giE?t?‘&?P{- rlyql d%%ni?aé ﬁr@ %!%nqqﬁ,ecach instrument

cagpiediddsa cfdsh@tddor 420 be inpl emented by the instrument.

descri bed. enbodi nent, each instrunent card
|ncItEE§b stimqng i thedeserited gmbodiment alsadpqlider A infasfaggie the ISL.

SoilesadtiubR s iy 0daRBitte ¥ 8QsdgBChidRfted '&ub&’gh%é RE AtBert ngy be
i nstrunents may be a source of nmessages

o QTR Y BB G R g 1o R Beiruyensemay be comstructed wih

ISO@fértdaad th@rah&hit BRS %Ia@ﬁtsre&e'i@rlﬁlm drieled bBtlH QHG %xpiereéeﬁle
I nstrunents may be constructed Wwth I'SL interfaces

mesipges thioagk HicdSonfleraptivelyait mag bedesérabln Itq/cqmsmtcln asinpletikiegrated
01ILJlﬁﬂEWetfoﬁ%dallrIgE%ﬁéﬁoﬁg%ﬁ O Ratl; & ggrytggl % dnSh 1{1struments that

Alternatively, 1t my eS|ra to construc
reqgiiragnyeot the Bdr faneigng i ras i mStrumha$ thpiedof ot ne: aal IS1L Binctions, the ISL

lmﬁ,&u}gﬁ,{a §Ogﬂgﬁlé§§reé}; integrated circuit on all

I nstru uire any of the ISL functions. For
i nsSermamntemertamayiomntuit a pm@nﬂgeyerhlﬁthzfvurgahd: SN, fofrllflﬁs ﬂaﬁbm

om t 1 & .Some i nstru
e e TP e G b e R P e
COIaBlathh'ce umtrgmemmaetds Ito ézcutt durriper ITDHIWERMInot BARBtruments
tern enerato d with the speC|f|c
ol il SR n@fte BT GEh00 e cenia paeeTa gP1ICHgOE may
rLCEl@S tommm‘beér thé IS bakdd dnnkd ﬁrbl%iﬁﬂ% Stofe@M FdtRriPR&hEBIOR of other
ener at The instrunents that do not contain

insRUPPLT /G airirel. 6P RRHS ™ BEREA e BOhFrRAPEIA B ith emmands for

mulig$eitlstamdnan HeQgste® &k@llte¢d i n pattern generators of
ot her instrunments. Accordingly, each pattern generator

may "198° SPBYH RARreH Sifa TS rempRIBeRBLIT pittern dengrplogs and analog
insiritaédtd deRRY: SShdh A dIEisisY RIRHHR RS Sows the pattern generators for

digital instruments to be redesigned each time a digital instrument operating at a higher speed
is designed without requiring changes on analog instruments. However, such a partitioning

of the design is not required.
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In one enbodi ment, digital instrunents contain pattern

generators and anal og i nstrunents do not. Such a
wal2os®53980 | S desirabl e because it all ows the pett/E51905/042691

generators for digital instrunents to be redesigned

eac hMbrengenaaltyi, gorh@instrifdnts BNt RREAtAleRIhA ke c%h%ﬁﬁs to other
ed. is W t hout requiring changes on ana

d
Rt BB Sl encarglsd PETETmgnS reoehe commands

fro@SittEn sdusceB 0G ehc@Aly Ecﬁﬂoh@ﬁﬁstﬂl‘ﬁﬁﬁ{ﬁ\l 1Yot 129 att rm generators or will
instruments will act as controllers tﬂat S % nas
nQt hays RREFMERATAtOEHOREIatingt thersamep sate aprFbose n thic Idlgltabmstaments

contehdifled dpRtUABH
ot her sour%é§§ éEner2§m§pé%g%q§§%%%ﬁgpns ?%ﬁé%’ﬁéﬁhwqmph
ingfEtmenis rRayRe sy RO niged @p désoried o thejabévemuentih@odepafeat dpglitution
wgﬁ@ﬁm’h@f A | t r as .t hos t he
ital i nssﬁrﬂﬁ&rrlgant@@ %gor% I%ngta(gg kbggrﬁla(ta.ng & s%rfc%%ﬂnrzatlon signal
Dﬁﬁg’ﬁr yedisiribuied tomubbipledesiumedts, sucical 304, 60l snd 3J0QTUTHel I ¥ENC

sigAPIEMITROE Ba ?o e alge%{gé }mﬁcbf(e Z e d a &bs 8%‘5’2 gs(;ai%?ergﬁgee time by

above nent ent app
caglhpajnuringnt. FD@e tBe loaallck)ﬁ:k'sr a0 El@nedl Qﬁ@onﬁiﬁnﬁlrﬁkﬂﬁf@ence each

|Qn YNC, . are dlstrlbuted to
m§[¥.|l%m lﬁ@ t?a%‘g 0 rartéh i % 1rg%b)3@&ntu%ﬂsgﬁa aloeal clipgk
DSYIH(\Zetss gnlaﬂn theckesiéri ofcuesn@om@ffeﬂeﬁuhafunﬁ%%dyrbetcb&dl?ﬁeﬁby

ichis ta ef erence tinme by each
re%re% e?ta r%nﬁtas tr@,ll@gtb E}éeq[a%ai Yptepgsg EFRexamplegs ﬁg;h@gtrqr@ené may send a

cocrmmmbrb 4 debEndrieftRHRAC ELhe BRI XL dH G Ml at g@'}fmgrﬁivlﬁa)aﬁ)e specified
ks time by counting pul ses of cal

re‘% ed Rmeé%ﬂ%w{mf e Hrst matryraat o thedeqat Metsh o thedieddnd firstrument
is $yﬂ81irbluﬂéi‘ll’tb $helTBd4l Reick 89 fﬂé'ﬂ?ﬁtn%%}%ntr SRl C%Hﬁ‘&leg ?uédlt{l];? 30%n the

gcked by the. local watches. For exanple,
Se‘ioﬁ t'}stﬁh‘ﬂ?ﬂt CHfRipitigtfIcqtion afthn eommand ast,dmnmropnae HoebRpt .

mohit6ritg B 10041 v@&ﬁlcdﬂ)tthé)&cafd 1Bﬂﬁ%}eﬁt H ?P‘;} g@){at? G BEGLS 1 ed

relative to the |ocal watc ¥ Ut .
asqefltaipggevien ffdhe ipgtrumentssontaia obask orduiengdnetatepiocalslocks of different

fre§en6iRg oni zed to the local watch on the first

instrument, event controller circuitry 320 on the

secBh GSt"Ilml@lFlflgl freprhmem hme néferemiecthe mgmli nh@n’boﬁffeytth@commands or
the R Y
0 Pl%ﬂ;%aﬂéedtnla?b il s@@'{:eg %‘ chron?lfstyné%{r?atﬁzﬁlg 1%\?5 895(5 ﬁI}q simple

| ocal
asynghrenays noxbreumsat@nﬂmk negl be\ilﬁplloyefd thit@elicd 8 Kithd®AkuSs in messages
cal cl ocks of

ratln
_—&M#$g?£n v rgaﬁQ rgglg esﬁ%ﬁ%ﬁ%ﬁpﬂﬁgéﬁéﬁﬁﬁbn time
r efﬁﬂe&sl&;wstt]m tigel 1g.ﬂﬁl|nﬁ:nt dyachreamviey 1ihb@SCRBRAUSFRY. 2 is
fo g nessages. need Etﬁg %ransn1tted synchronously
R €] ALTURRYABI ROLE R Hs P sk pcines gainss 3104, 3108 and
310¢h nonnaé tedioi each <bﬂtnﬁ<m§tnyneka@ s8didsYRAIGEAa o 'c%%n&?ioﬁé td%he
val ues in ssa r at her than arrival tines o

netaorkmay pednagn i @ S“’t‘%’ CBHEDI For pYanle, 6fchd$b interfacEn@y have a
porsét@tiger tdtmbetiod Poinf SA Hﬂ%& be YSHmBs Bﬁvs?cgﬁy % Ldn‘ﬁlécﬁ&J aﬁ%«;}ﬁd to

h shown in FIG 2 is fornmed by a communicati ons
the pstrament gugh that {iggsyqRrriag sighleen ths ihmay b@readily, coBpleOB thnd

instrument. In the case where ISL lines are physically implemented as traces in a backplane
or other printed circuit board in the tester, the port could be implemented as a backplane

connector. Where the lines of the ISL are implemented as discrete cables, the port may be
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310C, connected to each of the instruments such as
30A, 30B and 30C. Connections to the network may be
worebe/05398@ny sui t abl e manner. For exanpl e, eacPCT/SSz005/042691
interface may have a port or other connection p0|nt
1m?]@ﬁﬁent9@¥s Dt DR R §Jcﬁ al llr?’ RPY5 BcGR ﬂae %o%mgglé in ggween
o the instrument such t Ines ¢ hal's
Insfry@entsjs fibﬁal)'/ta@é by equgtir Q0 th@uptlssd SItgnalst fn@n |arimb mmectted tol am

ms‘rbﬁlelﬁ%&?n rsgurkes{rf 4 ﬂlglsgac'gegé ﬁ-ne ngs dofi S (f% Imé dx?slrtrr%gltsgtrs &Ptended

traces | a bac ane or prin
tobmmcﬁ@ﬂme@vefmemhemg@rt could be |nplenented as a
e Bh 8 PR DR LG B K o
syrbbxonphtwewtcéubtans peovitied by eteehmam‘mﬁ:mf théstuﬁiamaasloa hedia, the
s R‘]ﬁm { & tI;ac f? Conmmuni cat |. getvveen instrunents is
PG TP FLF AN Ot s SgHmug o, e A3d edauiey i8 Aol csitied] dorihg

mvlemtnm Fonaaniprgedch offhe Ic&ﬁﬁlﬁhlﬂﬁld)h liaed 3108 25108 SAWCENiH speed

ssage to the s connected to the instrunents
SeflahFE gawSB‘@e?rﬂe% ed g SeaPsineof e wiee reddSReare vaamipderol

stalhd’ﬂ*ﬂ TP @hinfhScaBbn ﬁr@fﬂ@bl@' CahmfictlonSeANds § WX €8 Foctfid
wn. Because sync oni zati on need not be provided by

“S’etSH LHidarReetoeali But aprotasal tequiringfewst exerheadibiss is used in the
desSim@ichibediti®Re 8 PRIV ALV lﬁgn %1"1}& i Waﬁ’s%l&s%}lsl ' ne and

t he router is not critical o the invention.
a[ﬁifF dhe @aupurigatipn ines operatsiie excessof | Ghissang ]J@ésages ar@doket
basQ@YEeQﬁ p§ck@! ﬂ&ﬁ@l@@éjveﬁ‘l%ﬁé fidd o Q'fc’lhtéﬁg E.Jggrgﬁmceﬁlo%o%t xqr%%le a
cal | [Tne. Firemre an exarr‘p
packgt nsaryamiededi IgeqeDadthesawronirclatestontipn M. désh snstrument may have its
R st t%é‘ttchle'a nglger tL %%ffy ﬁl%%urc and?q')e eéana%g%l ?{galfl Bt Crh

a standard prot oco pr ot oco
meyygsr head bits is used in the descrlbed enbodi nent to

pr oy I enc nmessa tran sSsi ons
Y bRl el SRR P TER09 LIRS Sh R
speerBstbaguion &Tehq)lasrhmtenmeﬂdied atb dasiakiin ITé&ytolpeﬁfer{j €n one
s fi.el f aci n i cati on,

el & e oAt T M MaRS VP e

seqlmndesd:eﬁESpﬂﬂdlmg)ﬁﬁ vafbuskopefationdshd idstRiMent Yy Hafem! e &M¥imand
ﬁ hat coyl d be used to specify the source and
spegifes st Aot SeqUENIEE 1 1 B ANSFIMARS SEeSs 2eopHBHEDY pRgFuting

the §eBified Midrodae @eqﬁérﬁ:le &ofnahe &oreommand val ue. The command
val ue may ape0|f the action for the instrunent
[~

i déhtamnd fief mipaliedgnahastnshtoranather ingrument diomexdmplope
inst@ARACh ABRhce 2QARR ith S LHMABAY ﬁaéﬁld?cam%&qp&?ec%d% dt%hh@?lt that

contains multiple mcrocode sequences correspon
it cqpplgtes ssmensuteriento e instumen recgivingtthimagmpend ilum malsmaen

respSAPPREDriaRBLC bilch 88 b RerRRFi n#gth@fegms%%%% %surgﬁﬁﬁ N$E processor

i nstrunent "executes a co execu
or a%‘ﬁé’@lef“i’ceﬁomf@rteﬁ@@l@erls@qgﬂzwcéleffmkum the store. A command

f '0?1{ @;ﬁ( gmélir%ﬁédsanl%d%&lt p%cl(sé{s%iis%sinctluode ar}grtleh\%liuel posngertl%%? called a
“time stamp.” When the command field indicates an event to be executed, the time stamp

indicates the time at which this event should happen. When the command field indicates a
status, the time stamp may indicate the time at which a conditional operation, such as a

branch to be taken in response to that status, should be performed. As described above, the
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i nstrunment may place a value in the conmand field
indicating that it detected a failure or that it
weophetvedd a neasurenent. The instrument recei RETIYSIohH/e42691
command val ue may then respond appropriately, such as
Joddy whicR&3SH €l the gstriiients &8 Ul dchroalzell bethaBAsSIneH®RAdnt tan a
processor or_alt rjng“ﬁxecutlon of a test pattern to

copgruniaie timsavajugs relgtixe 1 the same PSYNSEYEYed enbodi ment

pac b@&k%tsaﬁasjqndwuel fufdier Fields. MBor\eRhrHifle, SATRELHERICR okRE@ds may
stanp.” Wen the command field indicates an

beé%eﬁltfort T derestionr Bor coection nultipkniesspags (4 eleonmgnicating a

cobninf¥Bd 8f stMN &Rnd Bbp beMERteSARHL PackR@PBEEh su¥iBfRsshAEcould have its
comand field indicates a status, the tine stanp may

oWn{HReHaeP-t he time at which a condltlonal operati on,
such, 83 i) Qgt?d']&‘ﬂb tBé‘fS r]n&lﬁ]deﬁ Q3RRGS80 Roﬁt@najoo may be

~status, ‘or ne descri bed above,
lnrphmeo@éto qmta@w@sordmgm anytdqevqnmt slgorishins Farraxample, router 300 may

re %Qého b n ?sa%é‘ﬁd tfa%&?]rt] 59§&tﬁéﬂﬁg%ﬁéﬁggrg%t£%‘d@§g@£ Based on

I me va ues re e sane
thm@wnmmwhudeeﬁmhaMEkmﬂmakds For exanple, a checksum

f elhg th2 em ocﬂment of F (9 %qu%‘um?ntsaﬂg\egndfﬁh are 1ﬁlu?]trage%t gltgln

or error correction. nessages
cheroieandsc Eachnigeladasarpaaerd garerasdsra#tm; ar&MﬂH respeetyvebe Instrument 30C

i ncl uded |n one packet. Each suc a
rer P G e SR o e S R SR e G s g
mdhﬂel al sagdrate gateﬁh geoutatdr. 304log ﬁigtlplﬁ@é’nt 300 inghedat event controller

i mpl enrented. to opera ccordin any .conveni ent
cognlegsg i kera! clegk mg ﬂﬁﬁi@ Wi mogfalr%@ef%ﬁﬁg}ty FRSHRRY R regglupand
redpBRORIMARASAHE/ oA BiAd sfafld s dage) THY LRAUVEh ORGS0 s @Bcribed in

specific line based on the destination value in the

ergsige Ketel! Heggaeetion witk RS- nbdement of FIG 3,
I nStFBé‘Pﬁ{éFrﬁgeg%omg QR Al Mstnlrhétsd dodlaBbragradlt Bat @Jemgy the

channel cards. Each includes a pattern generator
sequaceqd RPTaiigTe v barerfprmadriripg frsiing dodeyiepr lagkmlysteted

P28, L0 TS sl A Bl 05, 8, sty i

ingratesls. nT@ee/neayaspwfy, fam g apeple, et # ceriait an80E spured iy degengnate a sine

wa\?\% Sf‘{]de%ﬁ&{ fr@c{%ﬂer?crg af?QélﬁﬁF ifle fefaiil @ foaa'n FLRFKa QM cﬁané}%ﬁér that a
|1 C contal ns u

Icrent circul to rec
raméspbmdmmvamonmgMdsnmanbwDE@mdasma@matmessbgegnaﬁhamtm
thf:e(yxezl%czpntroller 320 is described in greater detail in

onne ? foh"with FIG 5, below The pattern generators
| n Ff@S diAgintl 4B illussrhte ulvepro@sClonwlacnlopal oaguchpsinttivainstruments are

eci f ce of operations.t
Sy PG BS R OR caBD BT R PR TG o o gencrate
on€ B ckie N&A! ¢lodkb e FEthP dSaiARmbPéifichty cRPelodk hoBSle td@eles a
erfor bot h anal og and .di gital instrunments. They

feﬁﬁwﬁﬁﬁ¥a$€¥ Ksqgd agy W¥“W%%PMEQ§§Néjn anal og source

I S FRG.9aNA6MaRs thabihB DIWANEsiflal RlehlEFés £5edifiE PR E hedéfeRnce

certain tinme relative to an event 1n a digital channe
clogk sigpal at tgne E,. Preferably, the RCLK and DSYNC signals will be distributed to each
of the clock modules such that the clock module in each of the instruments can identify time

E, as a reference time.

10
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receiver is to start capturing the output of a DUT at
a particular tinme relative to an event in the digital

w@E banansdoso FI GS. 4A and 4B il lustrate the proceBsT/Dg2005/042691
whi ch | ocal watches in two instrunents are

Syngheoa 286 1llupt§at&§ﬁf§1fgrﬁﬁﬂcfﬂlmv §.c188¢ nap}egghttsr é’l lmg clo

i ncl ude a cl oc e"to generate one
geapratel dy aclock meddes ECLKAds ehtmmdo reeta, shemrlpembcbtmkn RGHBII e

NSRS LN CHAOE TS0 i s i

regdhetiont he DSYNC Si gnal i dent ifyes a specific edge of

t he f ti Preferably, the
e K BTGP s s Bt (S dosi g abadiferspoed
patdn&s antl patkntrpplichéen, Sucknoinad alighea 16t40 clociEightl & ith fhed8Rfence
me Ei as a reference

of the instrunents n_i i.fy. t
oI st Qe S o e DB YRR e ol de FAmD R PrAer KA i
genapee s@thth DS tinnalhat indkkegaNeT@t AdtiRY EA thd 0CH 1?&@”&3 £-
a shorter period than

LCLKA i% sihovvn to.Fa %
PrfeEgP IR §ale oesiahiis HGifadLIdA E@IKARQLII%V%“%W/\H%HI
LGIQ(A ﬁﬁﬁ/‘ kot belm ghddttH I@CEK' M&inihghhd 'ihefeeé ab H@tb&ﬂnlstlitqlcﬁf\onshlp
gned with the reference cl ock. As described In

bepiren s oL b Ko Redtkeprt thatahrcrelationship inppsiknewm. Bowever,
somkb sétBinls AAMWRHEOE, a{hb g%nzﬁ LC‘K@[ b&:bfﬁ@é‘al%‘ng(pélth Bb%ﬁét/%g%mﬁn,

ref erence clock he occurrence o
LCdiKehhags a qlﬁerﬁﬁepe@‘%h Bchge (T hpg plignment @okaks doegeneratiedhat

all%éé@ be c%d&{t r ﬁh’t‘hér INata hdiGh L{geel%laﬁ ]Plﬁégﬂ{aﬂhe}e 1s %re%tlﬁnsahip

NCO i s set predet erm ne esta
bewaxs edgre@)ﬁlal_le:mpatalé¢ edch VigeR@EsKproRrainois ex@utedme Ei  LCLKA
may ARQL R t.hat .ther
det er rr{ tnggg t?%:d ?@F‘% fllggr?gﬁ Ee a?ﬂbp %A 2 a0 %eftﬁl Waich.
Heafn thaReslgk ioitlusthagd at time Egl Hta tomsiBy qecirs a K’.ldhy,ﬂ)]@vu’fter the time E,.

n {86 Rbeq AR ld ki e el ittt el i ppese Tocken
loogiciit@tre. nAftpxemlymHadgh aﬂhR(Blplﬁ; or'ElSttiﬁgs Altiegnagnbcked ld’é)'potﬁg Sutput
fﬁl1 es fI)t (f@u re that. al ‘%es be coi nci dent.
of ¢ Pliasg fpoked 'epp,may ﬁ@“"t”é?ﬁ‘?f O PiFiRdse oL pe Wﬁ%‘?téb‘?s"”é\e de]ay’ Dar,
allcliv@d the pioiss lckedespse esc kg6 8 pteh@glablesvfaru%pea}1 abl e ealch
pro IS execute After this settlin

| nt R B GHerininsd ciisn i elpRbe et insbs an

N(Id'llﬁbrh@{; alhichad ietplentdited . withBditaE 6188 thySank lihedSb fedh €4 dé&rmmlstlc
The time E2 occurs a delay, DAT, after

OUtPE' ‘r‘Fé‘e’E%“““g A% Elingeaiervah e@emédhwmal Dhecas) h@dkeaﬁtu@ltbb)e
co@ERLERR S R PRI, Gl itk SudhThd Gy @fsﬁe bRk %kécplgﬁlg is. notg stable

circuitry. After any chan e in the input or se
durgys tha{dnteshials 4 he sreribig nhwbey,of evresguthsutttlof intheyalphidistepend on the

Spetm@h@g 1 &R dBK r&gﬂ?@l n j itter or otherw se not be

pr edi c abl e. The ay, DAt> allows the phase | ocked

| odpéle ilpstratedembodioent, the eclivotuddtdrevithirl the NCO is reset to zero at time
E; and cycles through the NCO are counted until a sufficient interval has passed that the
output of the phase locked loop will be stable. At the end of the settling interval, the local
watch is loaded with a value equal to the settling interval Dar. In this way, the watch tracks

time with the time E, identified by the DSYNC signal acting as the zero time reference.

11
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The del ay DAT can be determ ned because the cl ock
generation circuit includes an NCO portion, which is

wo ppbeseeied with digital circuitry and theref e BUBRSS/642691
determ ni stic output even during the settling

i nt ep M@'emb-'c;@ﬁ{eﬁf &é@@rtbe& h@re R%%E’%%SS A {qd“ @ﬁhp ﬁi]eﬂ"?@?eltlg S tch in

g counting cycles of even
cagh InstREm et fsempynagt agla Pmp“@snmmestt %AECH@rIﬁmgsmtsahe watch ina

co'nﬁ‘&l?err Yr@l‘rumg_rhe AY Hﬁl% 'Ef | WAg'%meﬁdas lt%% ﬁbf S’The \ ue%gé gs

settling interva e spec
mdﬁtemmtecbeéwe MoATCHA hasinat Ibeenl skt a1|$ltat tine. dFE?fmmhhﬁﬁmthat at time

t
ST -
WadCH i mewtnenus f(ﬁrevtéﬂ pubf Dé‘,ﬁKﬂd with alie etnhﬁnOchﬂeB(tH in&kmeikte

d 00 abl e. At of the
reRATRE e I o PR Rod b St rFiner el g St W TEHA one
pulsalot ECEjhadftet ealiidv®4set t | i ng |nterval DLt- In this way,

t he t tracks time with t tine Ei identified b
t he Cmﬁ%vi\@dg?sgwmaew Alge H@‘“fiﬁ g’ciléll‘?fkf htelockrentaie ot fhase
msttxhlﬁleﬁﬂﬁbﬂdwmtfoﬂm&ér»ﬁ@&@s Reetidtul ih r&nﬁfyﬂfg&ﬁﬁes%ef izt be
to set a watch in each instrument that nay

sy %Cé]fo% éo %6 R8I B confellpiingRmeni\AFeHAA skeyrseslees gloglthLKB
in WasfolledlingneRd: LOLK®! 1 rﬂ§} B BBRMeed £t bE,loFeheEhme W% as

has a val ue 402. The val te 402 is indeterm nate
L ke s thgamrosiacepate apst repeagablesteackiag of time withimghe E$tGyste it is

pre?%l@l‘ﬂ@ e &t 188 bé éllﬁﬁecﬁ%nh %I@NA A1§o E%?@Hﬁ" gnfnd %}%%

4, representing t del ay, ereafter,
instrypeRheild be @ladeéawﬁl qomgealmthmnmmwstmtu thevalwoinatW ATCHA

On%@ggnﬁaﬁ;gggakmﬁeflect|ng the length of a period of
CLKA. For exanple, value 406 shows WATCHA one pul se

of FIG. KA sabwethaith ualuess@42 abhitdrio W ACTHB St timeehtad Payre
~ - ks th cl es
indRlehfnb el iRe 120 Rbve LRSS st Blon R W AT I ARG A0 P shovs
thait tocalgéneks EGLK4 and ﬂré:sKBnhgynanus tligned, syoasing ak dert it Aott he
|n the .contr.ol |l er | shows a
ne \%é‘g{ AP YR TR qREhip hetive F%@?@PH%HAPKPCL KB. It
mayDkpite thgtfadn &adwmcmlnnwﬁlymhﬁnaa%ﬁa&@wwa Caycomtrolled
repeatable trackln

ins{yET s g e ERGE & LOM - RPSOtith 1 1o e RFE Mt B igner

resb.l@hdﬁ&hbxe\)\a’l’ﬂ'@m@d] e EhtlobiAstruMesO . HAveVEY sl com IUE@watch can
rolled.instrunent should be loaded with a Tine

be (Fa h/eSYPﬂg?m@&rt? SSHEREA apd veed theynghipriee Wi\ ECHANTRCMA TEHB.

FIG. R igafitieOihisabw iréss it RAkh . F1L.&EW RASS 'AQWﬁle@g v(/h[%ss watch
val ues 412 and 414 in WACTHB at ti nes E2—ar

takes et Yy 498t dimeplaicia taken astbs refragnee point foe B KSHs) hAowrd:negiy,
LOWO RO TG is @lv%ﬁ’a vEILGor AR R %91\@’5511: Ranton!ra&ﬂlms(ﬁjuﬁlegt‘;im}y%My

and LCLKB may not be aligne meani ng t
idepiefy thedtrasBidp |theyieépn|bmwmquehmta rsise pll strvweents tehaveitigBELK

and¥hsaGE %nﬂad LCLKB.

LOW_RES watch increments one count for each cycle of RCLK. In the illustrated
embodiment, LOW_RES watch contains a field 418 that tracks time with the same resolution
as field 416, representing the most significant bits of WATCHA. Accordingly, FIG. 4A
shows that after WATCHA is set at time Ey, the value in field 418 approximates the value in
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Despite the fact that WATCHB initially has
i ndeterm nate values, a controlled instrunment my

wo e@ekstosme using a LONV RES wat ch. The LOW RESP@®EUS1005/042691
has a | ower resolution than WATCHA in the controller

LELE WﬁtTCHﬁVﬁi‘fQchés%ymeemtrmd NinR& fo éhAhat

synchroni zed to WATCHA and used to sync onl Ze
Wefol GRY E3REeserity (e ayithigerater resplutont marsuDWNR.Eéswm dndthat LCLK and

R@@kggg@%wﬁ%nmm&l me Ei LOWRES watch takes on a
value 408. Time EI Is taken as the reference point for

WATCRRIG Ads OV iYES watclOwsRES with Giblds 420gandeia2 aamg indetexfninate

V&%&gTﬁngC E‘l%]]gg I'CEIC'SCI‘AEI%QQ(}S{ %?#}l‘l ﬁcge S@eﬁésbolfwnblg%g grese%t more
bitsed aaﬂsletleﬂ than heW_RESnt&chr @a prodecd hecc&RAlng]ya @ ir DI are not

ncre nt s ne count or each .
S AR By bt S AESS 1oAY ade-dhEutiviens b Remeucs in
wwamm aet@QWNRES ﬁamal tiedd:@20 bt 41216 Sot b IR 1uded th dohe

| d 416, representing the nost
1“@5§ﬁ?%$@5%ﬁigﬁggﬁg TCHA. AccoPdlneg gIG. 4A shows
t hatFIsztBeﬂlu&h‘hT@th préceSEby which h BEhtloller thdt@méad rHQy dyAchronize its
field 0 tes the value infield 416
loggh ek eti C?ﬁ? aéﬁi: TrdiA patha logql pigich &nta@omm}hél inggument, here
debigt@OWATOHES Tl@ﬁfro&@hv%g%oﬁﬁﬁfe?ﬁﬁﬂﬁr%&t sgﬂﬁ r}@ J&mmand to

greater resolution than LOWRES watch and t hat

th%?ﬂﬂmﬁdéi%méa@t@gt igdicaiingdhat &V A FlehB should bnesynchrﬁmzad@mmsa(ATCHA
THeQWhRERI Welugdl o tﬁném%uw twlﬂlcil'l&lngﬁesﬂtggtlrﬂggt %%‘hﬁlfé‘v' ng

i ndet erm nate val ues.” Thése f S represent e | east
syaGhgiifetiemsiouldaspuigs well pOW REShrndatieprabsent nore bits

of %@%941@&&19'?1&&@&%}1%@% %tcggtroql%ﬁmgtrn?rge gg?lﬁ%utes a_time

Accordingly, their ‘values are not shown anh
stapw 428 shatriscentdo e 021@r<rbled ostaihowirea capatiandc mmafelESQWATCHA is

S O C Fi el
SR S o PR I YT A el i e
Tho L OVORTRESatelmoc the cﬁt@llemasmﬂmmhxsat\ameme Phocasss3ny

oo SRR Bk BR AER RS N e o

wat The catuean FOATCHAI a@dmb IES is"idéRid teomPE @ tistRSt8Hp459d Time stamp
-ocess i.nvol g}es the controller instrunment

r?8WR‘éte‘1D>é% GTESTIPHE LE NG WA TICHKY stibgine the time stamp

45(D rmtbmﬁtltledhgl“ Tiehat o uMVolF @B PSB! b b1 B TR AEARI | (%dto\é’ll&\p a message
nd includes a tine stanp

coNBREAF 58 ¥HEP BB G (IseoBylBr oRyeetfoshe comrolied

1ns&h@H{tdIrﬁtﬁf§bWayaﬁ1e VRl lstaBD 450il$ bég%@é @A kiARIhA Bcé{x‘% &P%r et
coqt gEC}tI ne, denoted E3 in FI G t he contr ol

£4 {RREHReNE EhfjHesdle %’“Fhfﬁlﬁz@loaﬁ%mmm that is sent to
t helnqw&ﬁwdhﬁ&t HRSEJdR 'F*IG i 4B, %e‘%&ﬁ@’@@%ﬁp 43?)tm$1h&@“s‘ Eﬁ%?ds 452 and
e 4

is shown to have the val u
454/ aW@éf ChyinclydeaAiptdss 16 ands4506] thathmwehmamemmcr of bits as fields 452

and 454, respectively. WATCHA includes additional bits in field 458. The additional bits in
field 458 represent additional resolution with which WATCHA tracks time, but bits with that
resolution are, in the pictured embodiment, truncated in computing the value of time stamp

450.
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The LOWRES watch on the controlled instrunent has a
val ue 432. The val ue 432 approxi mates the value 430 to
w0 beelssysd s of resolution of LONRES watch. Thecwab20e5/042691

in WATCHA at time E3 is used to conpute a tine stanp

450. ThEi viRie 51 BB stdrf 456 ma P BRI ¢ 1’@¥nt9ﬂ tHeoh S0 W B lfleset
he value in WATCHA at the tine the tine stanp 4

r%@%@ﬁﬁﬁf"@@hesﬂ‘?@nﬁﬁé Siauldore axputagt fTélé!noﬁtS‘lmféqaeﬂabloﬁtlme stamp
45uh e fal éfSQtrépYesEPcri%et\g’ltlﬁdhle Qé%% %Iﬁlﬁ%ﬂglg LEW e s rwiﬂgh t REome time,

tinme stan'p be transmtt e con
dqnﬁ@ﬂﬁamﬂﬁ 68 &CHW_BBﬁWmhltd@s Pma valueETt matbing this bitwayfield 452

otttnﬁe §té e A A é“%? Péﬁ | ns Scpm(i tRE’:'St Ia{TE tc% %g valge S]ufll’e?d 452 of

after rumen recel VES
tirgg pfamp 65\0 2zpiteniled otremeht mag ldelnefyethtbmde Bent illustrated

in flelds 2.and
a5,y Eper RS R Rt 8e fotece S W 416t Ol bhgume i
regramgtedumﬁké} 48fas Ikt To genefattecd ldsal 4ﬁ>§k avittl a4i&ér,ence edge atftlmeI Es, the
itional bits in fie
R T S5 e Rl i
anadgé ofi therikal rclmb lalutrhé)Es QLK BV aGiBndAT RO EY, B?Q&fﬁngtthé%lue in the
NQ@B’&M ﬁ% resolution are, in the pictured
68 R Cirt yRrddp generat EokibBe ﬁgaltlwseﬂa%%x dfoncentiglly, an
inghahRl 4od iikEMalgY Emie ESH, NSO 3AFU14 BOat Bk B IS EH Elpedge of
ti f}/ the tinme _at which the resynchroni ze wat C%]
@gﬁlﬂﬁlﬁ’ dgcetn EVeRthaughdl ¢ 1B ismos ayaiable af ting 4 e, thsi VIab,les in
théfiming RRc\irp6Pthd 8éhtroNed 1'n§thﬁineﬁﬁgre E&@B ﬁﬁ?@ﬂen th%ré’ﬁﬁ%e&fé? and

same. resol ution as LOWN RES

Lo tsegnazated. 4 Gk WKB’aVEM@Eg \K/ﬁtb@ﬁ an %dge@t mne BSval ue
456 spmt caliling ied¥6al ﬁ1§r1 feeulféde Hﬂ%{é%% \Agfnt‘{gl’{'{ﬁs 1®E§ra ed 1115 91G 4B

By conparing the value I'n
asParfj el d 452 of time stanp 450 a controlled

| NSTRUGRNF ¢ dﬂmm @qnwavlsﬁﬁhgg%m it B REGEES ATcHp is

represent e occurs
loadpgrwitiEamisiitial valn@andslmquﬁ\eslehCEﬂBl W ATGHB4B 0adedERth altme that

h f. d
o BBORE % PR 85K b e S PR G o
In th@ﬂ WY, Mhaafcm lid logdee atith atvakie havieg £ldtasatinias raiatl@lﬁ.hﬁbgo & value
C LCLKB i s alli

in §POiRR b 5 e Been R hab K i s exsaisbiers s t he
locel dlakithat uB»eld; wmgme ratids Wek,KBATOHB iy dndRoRiased WATEHA.

ConlcetFtl alKI@% %g Aﬁgterval R after tinme E4 (e.g., tine

E5) 1 f 561 1P BBOSSHL 1o spuRcg of variakpr eeey o transgiéon of
theohluk GkddBo slagy kiche RGP 450V Wk HHed BbdvELBnlodn ¥} is truncated

|Iable a#}eqlplrre E4 of E5, the values in the timng

f“’%‘ut Sline sgmBPelprdt is Garsmittyde T upathen WNTCHB s syaghrarizadiat
WAM’(EIHIAt W TOHEMI1ddaYd %8k b hage dads E&lﬂ@tﬂaﬁ tl&%ﬁfe% W%TCHA by

B wll have a phase as if it had an edge at
an ﬁ’BOL‘“SBﬁETQeeYE’t“Iei H&:2 inky ¢pryach ime i Eent pregrem iepeatide Pre01s1on

with QhichicBRmaRdsa 8¢ repSatddly HREEEE &4 v ThckdaGd b@%to‘?}mg% reémainder

Rz and using it to adjust any time stamp values in commands from a controller instrument to
a controlled instrument in which the watches are synchronized according to the process

shown in FIG. 4B.
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The end of the settling interval is illustrated at
time E6. At tinme E, WATCHB is | oaded with an initial
wo ad0aesasd cl ocked with LCLKB. WATCHB i s | oadeRCT$1008042691
time that represents the value of tine stanp 450 in
t he a9heMkZAIE. 9
t hi sﬁ?/\fgyg V\ATCIplIItBj IS ande%qarﬁ)bp&a&%gfaﬁ% ﬁgl\t/?ﬁ&nb elsed to
TSRS oS mands betweancronicp beasd § Heandz d@@tlnanor\/%o‘ﬁ@l—woan shown.

Shusc YdgreA bR udel %gﬁﬂamrc gry Bﬁ r\{qjlélegbnalt@lgﬁ‘ E@ar %@9

relationship to the | ocal
fupgfjogalgarguitt\RTEHB thesembadihamd wihere douree AnATIGHINAtidmbdahis 510 and

5ﬁ@mlstﬁlMntsﬂh@fun%ﬁona@mpc%ﬁﬂ ‘%ﬁ&tg’sQFg E&ehn \r/et%]rgllrgdi %é&‘g

results fromtruncation o e val ue use
ingt LW@nSQfdrmwe@@umms oo krawred tiaonme as Bmsr aammxed R2perSrm

fuBgrtg)ﬂgﬁngeg% %Et%%{x]ﬁ cm?du V\}(gl)nge s a(r?qégfeagn%geg ﬁ%tm;e Wa% Otna)ay be a digital
mmmhmom‘ﬂ@elamasod bIadEﬁlO\Mlztyl‘beam\Aﬁi]bI@mtsﬂﬁaﬁerit 806 R da€K may

al ue CHAf amount R2, The val ue
C"BQ%Q% ncg“’“i‘}aCFC“'Sé&?Pr?R‘%e r %(eélgia%% Hrasssringdigiish prgppalog
sng?:abcnespecmwdyth whi ch commands can be repeatedly
sed by storing the renainder R

t ed ca gg g}g
and it ﬁ‘ﬂ"?et '61 14" VA i hdve pttest &Wﬁra\tpaﬁéééhqt gencrates
com@NAEId Sohtfdd thedfuf@iohd] Qlré iy 5905 RN bSard SWﬁtsﬁ&H §Hhout a
instrument in which the watches are synchroni zed

PRI SPRATHYY- TEUETAECHFBUSOS SeReales pammmnds fczr@esmmmnﬂg)ardowo

THo§ dolfman@s ar@ cbthRGkic L PG RMnAiorPbdal d¥ @S AGRe [ Cui t
that can be used to communi cate conmand s etvveen a

s ouPcOMIYRIEti prth beiweendbasbaardstis pravidedithcbugi Gouits 33ovtrich is
parP@BThe €510 0tk ebbArd 16 lu%%% rﬁlﬂ&t’f?&wcu& I.’af(fA" ot llt.d? 0 and

destination board 540 | nc unctional Circui
comgmnicptipryayer herkiddi estinajieberd HMiriodudmdn desticn aﬂrmmm?OB

EaBPRIGoARuRRSH P4 e the funct i
lC| rcul %ry gxeg%t ergj ?’?g 1L‘l gt‘ﬁ%gﬁg’%ﬁ%ﬂﬁﬁ PEL S :’gﬁ@i or other
intpgyated eirparitcchisnd may be circuitry as now known in the

art 1122833 L) uges\j’g \Qgﬁ)dand ulgg? “83 ﬂlﬁgs(}ﬁhég glgfil%oﬁo

st sem CondUCt or evi ces.
an@ﬂﬂYrﬁéQ abehald;mgrytrﬁbdeld mcsmnmuge B&mﬁ@ﬁca&f(\ﬂ ab@sdihd Rt thOlected
nt 30C and each nm

propoc% (gfl tﬁe g s chrgvl?rg DT ngér%?gg}tﬁoailg Kegiprmed in the
axgwmxercampmg:naraxﬂ a etk infRgfact gich as fophing Mds@GesSh@NALSets,
hoBS ecrtt v HE source board 510 is shown to have

enes P B ilieArtr A RECHG GORCP NS 68 TDtATR RIS cEin
recaosatittol phdd@tsfupBe il @RRbnEhdsSikk V410 padlits RS el M@ thi Akt higher

1 g;ﬁrd 540 shovvn W t hout a pattern generator.
Ve thes t”boé Qf%‘FSSH’GAPEé(r@péP@éﬂb@m#ﬁﬁ asrifydhat messages comply

witH @Rt fomait bOMe BRI préiBeol Th&%ﬁarﬁ? afﬂ%el@@lmu}cg ?; ed

to destination board 540 over conmuni cati on
despagtion BRisweepspprbtoryalhid asxrqegn@ﬁwm@d IDh;no tighestayuDerthey may

chedBfhat MOLARe inShP@hd stQJ‘np hbe ol°§h1e§s§gé"rre?1%s$1?s% a.h?}oture time.
i ncludes an interface circuit Ato tacilitate
Transmission of a packet in this example is initiated by pattern generator 46A

indicating an “event” is to happen. The event indicates that the instrument on destination

board 540 is to perform a command. In addition to specifying the event to occur, pattern
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conmmuni cation over the | SL. Destination board 540
i ncludes an interface circuit 320B. Each interface

WER00605398820A and 320B nmay be inpl emented as OPEI/U$2005/042691

nore ASICs or other integrated circuit chips.

gerrgof Hceindizgtés a thak wilesthPEMendRQo addr. |Iﬂtt1§ér1i1§ﬁ1%te%%%odlment the
C HY 530 and PHY 550 are the

clz&rcjg#t ??/frﬁyan gfg%‘g%ﬁéa%e%m?um cation according to

t he $bd effsced ppovided ¢4 tifE staMBer!cRbuit glh’)' STifk Elﬁfﬁhérr%rcmt 516

orrrts functions .tr d|t|onalll{ performnmed |
F“cfm?aar ém%%{ﬁIBB Hifetingthe §mg at whiek destinasion Reard 54Qisto execute the

cﬁrﬁmﬁmm@dma@ssamalmmgn aRKEWsth t&hg&gg
drivin d recei ving If:l)at agover the 6ﬁ§§?@alewﬂt QO 530 for

RS © CyrEant L Fﬁrt“?tPrlﬁ%?e Bk stksptip A RGHArYdr and
passTmgy vM&Jh" ¢thaD B6 kR I%Qﬁ&plh%ﬁgcéngeﬁlm lg}"%‘ixlg% Bregeh%l %‘GIUdeS a

Ieve{Jiq of the network for processing.
Clecki ¢ ‘§e6°@ép?$§€etq1?amer\aes¢§@geglocbmphey Weifdnalﬂhehef wittids clocked

bPh clhhiethsEal %E%n(ﬂfs%xﬁqgé clo Otﬁft rives pae%rB §ﬁ ettgr A{ﬁé hﬁxe watch

t hat source or estlnatlon S corr

maybg twplaneptedestaplnas 2 onunieDwih lalsmhlh emt)lﬁﬁ beontror clrctlh!@lto reset and
a

0 e 0 e h L ehd
loH&h %9@&5 td PQ}‘ i f‘ﬁﬁét 5 %Qs‘;t a grem r{gthe—?ﬁt{;ﬂéﬁfi ggnpemment

nessag esents a va
weg\(rcd{;b ébﬁ(@plqchedtlm lgcabplacilL €LK A geitirdtbdbeallob) cRRk hifille 42A.
Tl i cat.i.n ven is to happen. The

gasglﬁ{t'bglt té@f}eggl?th on w1{lh\gh1?%gatc W httrag)lﬁ t)dlgslf; nefritigH to the
mb@apdf Bapd Wagzrl]ltmefpeblﬁlcham ﬁnmmam that Bl o tPRK hFhe itha

t he patt er ngener at or
resso[ﬂgf(‘)ga ueasl orsalle maélﬁgi i)]eélOé&EpilP clogk drivipg thay watgin Erh@rably, all
clodkh wslt hat edleasnboeanyesits of tebGutidn® 1Rf tikd\QarSYE
of fset fr ?m the current ti rrlé nThe 011‘ f se%rﬁl?/ssnglreg%fg%g)&ssed

fr(%m INSIryIpeRL tog DSfment: Jowayet indpadualringtgunaengsmasy trask ttiongi with greater

or ikGer prroRishes a tinme stanp indicating the time at which
nati.on board 540 is to execute the command and

des
pas?&%tmﬁﬂ‘?%b‘iafwoéﬁ‘amﬁs a Y SRGHRIS6R Wl GHilgliS 5k depstiiné relative
to 1d08 ceURMCLKE 1PYioPrRBedk QY tifaf E@E@%W%lj Ckﬁ-ﬂgtthe same

f time for interface 320A i s kept
reayREe hRatyit seuffiesmetienit ad Cani\ &lﬁ;and YW EBHBISS2 walyer obﬂf}ﬁt time

in e 64r8¢ RhM or Bt %ﬁm@a@lhsg ﬁa e fo r i %neaag?cibngw angd

tinme based on a cl ock
WATGHRES2 iy canverted lo soatcoigos yime Horanobeforsitine stalmqgscgkewé&ed

| erat ar 46A.
rel&th@tt(é gﬁgn»%/agﬂn ag?%(}p yarx]eélgg & élg)rllje eg} byva @ﬁhrgnts\ﬁaéq:h %L}}Q{\TQHA
anctgfﬂTrQﬂB e senehtomized accoetiatto areqarmasdnﬁslmatea %mm 41 Qnd 4B.

rern.

bed
peflfn%é“nm%ted% thl(r)nnsii: 91% I&,s_ﬁregf{ﬁA;ng& %ék%@gﬁynqe@@aphe

| ustrate
ren@llrmi@kvaLL@LMAtogah:a gt lexd smh@nizml of@da&%s nmmaﬁlel}gﬁoreg he,
resolution with which each watch

regﬁ%@% '%I dﬁécr‘bgd ﬁlgﬁve &) eqnnection fzve)thtFﬂ@ 4By heremainder Ba a¢presents a

trac

diffemnhebepyeh areabheytratwsd i@ WATOEN b oRi drse tRRE ﬂl\*fg\’f"?ﬂ@that is
a resolution equal to or smaller

““‘P‘g ﬁ‘q ?%&“‘B@??gotgn © ¥#lug yied k9 eake aivime pamp fardbe vactabnize watches

confinankie Blatiging &did remainder value to the time used to create the time stamp for all
commands after the synchronize watches command, the truncation has no effect on the time

at which destination board 540 responds to a command.
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clocks will have at |east as many bits of resolution
as the tinme stanps in nessages passed frominstrunent

w0 o00s0598ument . However, individual instrunentBCTESF2005/042691
track time with greater or | esser precision.

Dest 4 I T )
CeS 028 R 9B 4Rt g IRLERF B e 50

Switsth 51 %mmtytmwatsomemm ahmlrem@mKeB vhlee B sodesivef frothe value in

W%f’lﬁlé{‘] gﬁ@&ﬁﬁﬁyg%\t@%{‘ el% B%h stér::éd Ehle%lal%ngn l{eﬁxsFer y\gel S not used to
adfust tratimerin WreECHAE14.i Hee vsadnmhaslst wpiekeatsfany wituige ther @i s the
de?iyed%&% 514 and WATCHB 552 be converted to sone
ntime format before timne st anps gener at ed
r el &b corgputing dreeinveastaaip, teevalue PWAKCH A istdlsd ahgll?(Ent&EW a Riency
fferent

o G PR AT G /0 e IGERLL08 PP pasmpmum
tralﬁl;ﬂﬁslorﬂd%l@l’ldr zﬂﬁesshgb frdif S(bdr&dalﬁ%fdailedo eyt Bdnatidn Ward 540.

re 514 is augnented by the renai nder
PG & Ry st Thad Tesbu s gheriasniralt bt for ixed delays
beWadef B Gumdiit. SA%@H:&%N mtrd 4Rt of Nfixeed rd@%' a&&rno5ﬂa§odli%§ any errors

descrij bed above in connection with
in f1Ewag R delprepsarsythal dh destinalipn besrdires nbtertaw@ra rtl%éaaeusn@nfymg

exbduB6K6h domm¥id GHAAR that PRsddl \ﬂﬁlettﬁearﬁgs@%e lwhs %Iglﬁ'%sm@édaover

is introduced by truncating the value used to create
the}Sfe stanmp for the synchroni ze watches command. By

add Wntatﬁ'aa(ef & t'B9 gﬂr(\!@ﬂouﬁl §lg t6 H%tlhéitl%ﬁ b8§8Q46 cEhe o{a%l%et%asses

the tinme stanp comran ter the synchr
thigaghcltidy iﬁ@nﬁsarablovet PRY 1560 pdatdvare dedsated tcerhaxagtngommolnle

ti 40 .1
fulﬁ:c('g%aﬁ/{’héypﬁ g?(?%%%l\ge% g vgg% gacggt thg rHengsl(gfq eipatcfglé% are put
comnunwated tet higher teeatmimualay. Ae glusnrzeesd 5 packeSwintadtingdd Message

etstat'n ome ¢ esthere i_.pnder value R2
111J1%pé€§n at t]prgﬁ%(eé:uteg sd)gsse -st%nf m%lS t he CyCI es

whe Minkuri-sarbygsr 566 sitputecbritb bsigalsue tHefiest 60ihs Eﬁct’ult'é}l&l deStination
to ust.the tine

vog el s EsbEedh anpmerdiaid FOeRAE. He bRl

mgdﬁ&haﬁ eﬁJsédJﬂﬂﬁdtioﬁaﬂ cirbltrg 99Ptateix Bte v vEit TEpiSth AP It shA@d be
| so augnented by a | atency val ue

ap%f?%?ts%thPfrfleﬁtélj igq 'é?a@i‘@ meptrashoad RN tapes Of pamawds sqauifing

coiltfd] Bignd1O1dR serft RPGthé e chiB b AU hAtRADBhASUONF Slek aypik OF isa
msssa%e from source board 510 to any other destihation

dessgRFdAO8YthatarconEelich iRstrutER mayiTesedyp asanaheonias Watshsgicommands.
Suafﬁaséonﬁﬂa?ﬂeﬂ%ge?sra?ig%aﬁ bkibdks %4h'1rpcrl@stkerﬁiocfu%r42fd Qﬁﬁq?aqglg%ﬁles

bet ween i nstruments. Accordingly introduction o
int WAHCHIR] Aereforscanypl gignatsaarycadsoany fremtisresun-starpanis gto clock
R 4belLRE WU 8 sshaf L ' fh St
MY eceive a ms_ssagestsg p%ﬁe$§ﬁ“ﬁ’8&e&§%§h‘1t’“?‘r§%9%?a lsgm%gﬁ%%rﬁ%g%\? ut
aregiof shewntferafariassed whil e t he nessage was bei ng

tr aﬁﬁmpﬁe&gpﬁg\{segontrgﬁedl t§ %r‘ovide a value to time un-stamper based on the

synchronization process in FIG. 4B. Time un-stamper 556 monitors the time input to identify
when the time specified in a time stamp is reached. At this time, time un-stamper 556 asserts

the appropriate control signals.
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When a packet is sent by source board 510 to
desti nation board 540, the packet passes through PHY
wos/0ws@bove, PHY 550 i s hardware dedi cat ed POT/US2005/042691
managi ng network functions. \Wen PHY 550 receives a
val i Tinpamksempet b5 ©QMLR oSk tltnla%alfa@%&fgh%lﬁnplexer 560.
lvf? ni cated to higher level circuitry.
ulRieer 2408 Ste%{e‘b'éi’ék‘b‘?“ the peramprdrig be emgtségéon arﬁdnda@nlng«vatches

cARMMEE Bine VAL EXERES ﬁ&n'L@WW@@a&R 554 nFor lﬂﬁ ﬁwer ¢ mmands

556. Ti me un-stanper 556 outpufs contr ol
tipp galpgsgpaydre prevaded fromuMAKCHR SffjbsMuhmategcrr%Dw@exﬁéfﬁhy circuit

hA Y Ovidd ' 13
N0 B4 e TRPEON R uh STTBNE uh TPt Fogpe s A Cin
is pyfirdronizad kndprpidestthe/vahgoin W6A BREBS2 aﬁﬂ ielv @yYichiofized.
b 0B e AR LA AR Lo L0

D§ ¥} spgnn]gascigmlbc;d indilGraA. SLdv@rebﬁuS(ﬁﬂ\t/atﬂOSXXtrhzﬁf be a separate
For exanple, 1t is

stln 540
G b a0 AR 582 RAGEHE. TomCibrauiHontv g 50 may be a
logied ebnstruet xsmreohmambgemwrﬂheﬁ hepEDIoAEn Bt of b6 watch 8HaTand
rs alignnent. o cks within clock nodul e 42C
b P Rk BBt B e g 66 baborard by

fumt@nﬂlcﬂcmy 590, Signelu B tafpe3 46 i ukthS E ARSI p%?tﬁ)n ocP et f?:ﬁzket to

42C an TCH B 552. Lines carrying
th%@ﬁftfo&r“ ﬁ°§'ﬁ%{%§¥w Halre Betrypes atihe timg spegified nbtthe Qh’@mnfporThe

ingttudfent tiay frbddss Bk eXBMmamBElput be AR LAl aﬁfii;ett $S6lh ! sgxﬁe @/a that
value to tinme un-stanper based on the synchroni zat 6h

PrISE L BSEumentsTegRondad to Wlﬁ@amﬁﬂsmhﬁ)@aﬁ%&emmptsoﬂmonehe

enfbofheht) Riétevim sighf nﬁdef(éé a"ﬂ?@fbc&&%érﬁ&? b§s%8 %h tﬁe c‘g{nmang1 value and

tinme stanp is reached
stagls @ seaugRaet @a&sq@ceapmlwmemseand @mcnws nscrgnwdb msfFudmns from the
méhrpt anper 556 receives a current tine value through

mul ti pl exer 560. Multiplexer 560 is steered based on

t heVéﬂwamﬁlemntb@OreméCmc eutstafper 556 aynolyibini Tenenat ghiser 556

e d e RES wat c

mangE%rsmg? elr“h% ?t%leto %re t\ﬁfgl gmptfg)éyrmssﬁ%e and to
tewnlﬂédrefthmr\M"ﬁ@HBuéFEhe LMLﬂ rhdydhexdya Gl E@PPRHASNhS

' ' id I f LOW RES
cot\f;\}ga)fesﬁth ﬁl@% %taltn ?o thQr}:;)P\f%Rrg f?s,gggal%::ff%? g}eawpb&@c]p sControl

cxrgWBChnay)mlonmd ﬂ&rtdltmllt Md&ﬁnﬁa?&ﬁoﬂbah B&ssithe OB vARL o the output
Low resol ution watch 558

hroni zed
\thlb {]jlﬁ ttlgle va ugsetgg/t((ﬁ é%ﬁtkngﬁfacq (grcplétgéqay&ﬁdm:l%gg)(qlgr@hthgfest of

thetchaut'r)Sr(NEe Hisginaent &sexd@fehe Bedmbiy. FI G 4A. Low
reslﬁ%utl on watch 558 may be a separate hardware
el CHRREVSF. i SRR malcatenBons g s bl Foretxpmpleothe time un-

staih B @haytih@dide Wl fible DRE sB®AL 91%1@]3 &Qin%hs BQ}DE% {cg&%x ed for thf

| emented by using only the or der
'“SRRQ'F mé’@? ”“WPé‘PPeéWB‘gé Kep OPFPah@ﬁlil @Q@dawg be tzmutle$ht the time
indBpPRE by lt@&)rﬁ%@p(ﬁlﬁﬁn@ttmkgta% Wlflﬂg 55% AR ul% atnétgtg&r{ ti% ma&/ 8}1'8'&“%W

circurtry 592, trme un-stanper
conmq,nldp Eﬂ,]bedqroqep\sg@ inyaickdar othgr than the order recelved

FIG. 6 is a flow chart illustrating the process by which a system, such as an automatic

test system as shown in FIGs. 2 or 3, may operate.
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the functional circuitry 592 in the instrunent at the
time specified in the tinme stanp. The instrunent may

wEemees®st he command out put by tine un-stanperpP&B6S1005/042691

the same way that prior art instrunments responded to
conmimdiso@sd Puluddiytwp ph B4l @u@?ﬂ&@%s@és@ﬁ&vn éﬁu@-@?ocgss 620 and sub-
ode

enbo?'gegt the event signal indexes a m croc
PETD g0 bl gl FEBrfmeitoProgsste20anexaspiad instha ISL interface 320A
(Hegs)esTaebnikdIRE i@@&ﬁ&ﬁ%%%rﬁce%@&fd i?ﬁﬁﬁerﬂé}g EXGEUSE Snterface
3 Cﬁgﬁgﬁe instructions fromthe nenory. Various

ﬁ‘?p P4 coH©!llgd insiryraentin- st anper 556 are possi bl e.

Ti MeAWiepsd 18P REal BREK WEKinGRNLARLBIA iR e YUt

register to st&?e t he t?ne_éﬁgﬁgﬂPﬁgﬁgéﬁﬁigg%aﬁ“ga§%%§~A
PIOgYp Bt AP stTajedabeyedn conneetismyei iR [Gak A enay B gerfiorinted m@ylign the clock.
Withed 48 Sorfroflt Pi [ at . co res the tine

st anp to tOh_ecgg%thrr%egl? iqg?é?{/%g)f %62 etrfo\r/nz?\rglj HE B fime- st 652. 2
LA RES veseht is esetaind ceritioflyd webgginonirtiog ptlies WK, of t he

conpgy he command |l ue t.o the out put

when te%g&tgoll%g%& a u%st'ﬂ}?gt%aﬁ? at&?e#git%ﬁeé?Yeazb%"“&‘P?'@lﬂvF‘ir%)e ISL.
Ahgisp ©2, thaconider ingrumiegnahitstfbiethe gigdnneht deh thid BUildsiiied th FIG.
4Ahe instrument to execute the conmand. However, nore

conpl ex i npl enent ations are possi ble. For exanple, the

t i nAtgteptAdmeratetayithin eHed@rdet inbtRlngent Ri16Red Vith I&ﬁ:talignment
be schedul ed for the instrunment.

lLtiple c ds ma
d%%megaﬁékﬂag%ggp S%ﬁf%‘?‘flﬁ'en out put each conmand to be
executed 626, thd@nirbIeR ilsHoh &R k&[s BYsyntBrofigl &%%Pé%”géfxﬂ&and to the
t] st anp. I\/UIt%pIetlme un-stanper units may also
Coﬁﬁr%ﬂ/%&ﬁﬁ’ﬁ?{d’é@tt © B prhseeeaswad ey &A sot ietesrontrelp atchiamand
progrem@EdiRra Fa@6@igéReatordriGhe forltrd11& ihdnAW D At synchronization
Ich a system~® such as an

il U%{CF“ ng.the process bag Whi ¢
COMRABTHICIudes Bl gyrap anindisatehiin 6 imFIGL 8. 2 or 3, may
openab@p 5L tRIBREARA gL [ -
sub- pr ol?:esses shown .és su%?g?cg}gg%lg@é%hgﬁddovfﬂ%rl%%%rédswa‘ts
unphe olwhrefqﬁlglo@mm ladigtespl t@ne Bat neatthep the messsigGiRfcansbits of the

tinfXBAH iR thd HndthGhideShardHat g%ﬁ%%. 320A (FIG 5) of a

controller”instrument. rocess 650 is inplenented
i n heenp 8§10, thetveluf tcle 18RBB inE-IheN) uefl tagaentd KtILeH is

' 10, local. clqck, within the .
conPRtd. TEamtuc i coleSRa i ndl i Bt A oo s E.,
LCAKB, whars finallyednaited; dad aiplass) neittit iad aibdgde ablife B4AAEBYsiRed by

i Qr t liagn,the clopck. Wthin the controll ed
FIOE BT Rl 0L 0L DR M B oGBS ey v cock
useditorelockMhatSN @ afibay Aeplefd iRt ferIBI6HH rdl&ink 85 Bk d@ﬁT% of the clock

e

eontrolled to begin counting pul ses of RCLK
f’en%gﬁ] PO instrument then waits at step 656 to

r ecRi tealignaRAn@ndingieked b e LBW-RAS wiiap tP@?c%ntrc'ilgg instrument
nstrument waits for the alignnment del ay

nsontr ol ler i : .
aligng ﬂ% 05%1 chcf( a6§1§P5402 g Alignpgntof tha clock at step 662 is performed by loading
the computed value into the NCO.

At step 664 the controlled instrument waits an alignment delay time, such as is
indicated by Dar, in FIG. 4B. After the alignment delay time, the process continues to step
666. At this step, WATCHB is loaded with a value representing the sum of the time stamp in
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At step 624, a watch within the controller instrunent

is loaded with the alignnent delay tine and that watch
W(sizm)ss9s(unni ng. At step 626, the controller i|iPSI/USQMRFI042691

sends a synchronize wat ches"” command to the

controlle trunment over, the ISL., This conmm
thea%syg@mmﬁ% ey 20 Hwﬂﬁfﬁa% Aoy tifdigeaih Stgp 6%
Thé&d g the wemmai RiaytidcRed BomE foahll cﬁfckhmmte E:Uﬂifﬁﬂkd mmﬁmem

synchronlzatlon command includes a tinme stanp

i ndPubriasess£P0 aqminpes atptep 6Q‘§3whg&e t]thé)Btr%lgeg mstnwg‘lent waits for

furﬁlgxnéorn%zln@gfrbﬂstﬁé mgﬂerﬁﬁﬁﬁhgﬁs t he command over the
walits until the |low resolution watch indicates

a t Dnﬂwqcnawolwﬁtnémem Hie process ROERSAT iTemRter 676 o P ©3Re At step
63% élggerer% A48 ¢ fﬂac{nlfgath§ }?G&Q{eg BbAfRn \f@gmﬁn@wg sto@gd Sthep

e va ue to be | oaded into the NCO used
rengpéaier @i e bd Tk fpseX@mnbum@deglﬂfﬁesuvfaMﬁé 8i(BIG: éhp ut e d such

tha%@;% etsﬁ‘é?o" Pfﬁm‘s Sn Radeh 1'eP1}§119mL#b¢n ﬂ@gg%tsﬂ !A:f'?teﬂEGM the

generate as a pha

intéréce almuad@ets &ar atqommaE@ to sagd fol anatherinstenhebty IFItE ent@diment

S 1814 S8R5 Ba A YT PR, I5RERSon

Wian dntemice dea&mioane@ideea cérambrat, sherpedcasslpmcg:etad; to ktep d&si gn

of the cloc enerat.ion cir n
P eSretrahe FRRGESh RSt ehe iRt suf i YR Med bloRE witn
thei oﬁﬁlfrr[aﬂdreﬂ& adlinterfsee icirsuid showh ircth@ edtb@lim&tt @PFRH 3, the time stamp is
gnment  of the clock at ste GZE&S §£for

R R N e P SEmare kg sored

at $id}P630QR4 k E}eh@tdnmﬂ&ﬂatuiwtb aVBffies thafls pfdggmﬁaatm ded @ytern
time, such as is indicated by DAt2 in FIG 4B. After

geRSFEOTa| | gnment del ay tine, the process continues to

st eRy §668638AIntdrAbScirhiR B0 AVOHE phckel RATSIH: Weltihestan@ déenputed
representing the sumof the time stanmp inthe

atﬁﬁgyﬁ@h@ﬁwﬁﬂé@ﬂwaﬁ@ﬁégwﬁﬁwﬁﬁhd and the alignment del ay
ol ﬁ&%@%c@chﬁ%&% o fi coHERﬁl%@ HstrGhent Wafs M@Qﬂ@z& NBYR& ommand

clock 1n the control
is regpstedu N\élm the&sptrma@é esgsce@@g oggrring Whethe atocgs‘@e@sntg@ss at step 670.

At‘é@ﬁ_fs%gp gjﬂq}r& th]; hbrﬁ({ihel ]ﬂ%l%e{t WIEDLd &i& R I§19fs&éﬂtreﬂ 2{%5 a time un-

e contr er 1 nstrunent
smmmmtmmhheﬁﬁiﬁéﬁﬂﬂnent the process proceeds from step

626 P 832, Al ste [ r i ng

¢ net Rt a0 e Wi Prohinel i) 8 B TR R It S
probivRd teethetind eh-snimpebl&is attiateadlue fmrche»gamaﬂirec; st'Bmp atored at step 670.

regj ster such as 51 ro S
WG e TR SEE T BF e oh Pk ERET dbe DRSS et
stepb®p 634, the interface circuit malts for a command to

send to another instrument. In the.e di ment shown

i Gt 55 Sl BE Ap P OT e ST 0R i P BBAPL BTGy 292
thak ER8R PSR PEIIREdAh e ABIRL sent at step 638 to be executed by functional
circuitry 592.

The process may continue in this way with the controller instrument generating

additional commands and the controlled instrument responding to those commands. The

specific commands executed may depend on the type of functional circuitry within the
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When interface circuit 320A receives a conmand, the
process proceeds to step 636. At step 636 the
WO nioensa8E circuit conputes the tinme stanp to BET/US2005/042691
transmtted along with the command. For an interface
inSthundatst THE QMHidnA1 é&ﬁnﬁﬁp%kﬁ@@hagrncﬁhgthGQ i s
stanp is conputed by adding to the curren time stored
conpnang ewhigle By eRpuE Moretthan mvehdwrmgéhe opgtatien of e tadteat st ep
632 @R QGQ dg&? gfnq@np d@st &N atann?e[éﬁg f"f]*ﬁeeatrc}%tg Bre dRscribed
programed I n e pat ern gener at or
dbpm eaplae eor@rmtrcia i be3@phfcnpusly eonpawlietedi hﬂb‘?elﬂd urrsgu ﬂnhﬁs meaning

LT A

is mm\’ccbl Rredsei sysdhrenizanion iseprdvided t- vatlelpssﬁﬁe& l@mﬁddseoands of resolution -

0 's i ved Cc ecel v ver
o R 8 5 ot e B TSR L B
thlS)tl giput thh Gest Syﬂﬂém&‘s’ £eilDivEly 0w friguepAC Kihe réfeefdcuBstkQy pefetdb8, less
%b g uns er, such as 556 éFIG
thig)2 AT RO R i A Sy cRBlFB G pmpoq e has
referdiee dbekr@d 00 MHAN A Le@hteWBivGqRERY cet cdn®etddferhbdRith less
un- st apper has 12%lma val ue matching the tine stanp
CXREIVE T Ty thap E er [{RARTRcY Rlack pnskis B1OFS s38sronish ﬂnaltg@ﬁ@ghe
tedt B@tdni.me on the local watch, the process continues at
step 674. At step 674, tinme un-stanper 556 asserts
conthE Bhersihgyrahitectuey shpiyp et Floh Aldewsiuplenthe dgsigpter phqg instrument
I o Ak
EIUPELE SR, G Rl BAEE Sy PR b b, o
2 “ﬁ)‘% segamenidevelnmed fage sysen pinplowiay theiardhitedtere o6REG. 8l harbe used
L ,
LSRR, RS o S0 AN0L. ITRURAN ra wier
it lTh@cé‘sq@e'ctp ffneque@dwnlwmdstheyde?@gn ce”dhgmymstepxmntt toallévhepdrativa at

luﬂcl)] (f,léJ ona?n m%ﬁ(gﬂ% rt¥a\v¥l%gt62pl pnru\tn!']]e(J t8 111%nhlgcturers and users of’

exec

»mswnohmanmzwnmmﬁﬁmasnmmnmaqmscthahnmamnﬁeﬂwmmﬂbﬁ@ymb@nonof
est e descrlbed

ERBGMERAST, SR8 BhbERuRhabd)S b GhCinpd I8 HERCLLRS
insanmbntt ect benegaisieiacd frhe geabaioa t(eghﬁhbiaBSn Cio tHFRIRelgn it iRRrface
asynchronousl y communi cated between instrunents,
f@%‘\éﬁq‘flw“{%@? YRR YR RREAIF N e RSCE RENE Btk direrds
maved fra@as stiysteatid ynoter theybm® the command is
recei ved. PreC|s§§€ynchron|zat|on is provided - with

| esEUlisanheitse ol ¢ Bird oamawsBmsnissubLE BYFe &3adilp Fetigte | Yo third

pailt eSS cbulive dsesadingf a (e@csc?itéﬂl W& -a réf@ttwel} QB Heerface
cl ock distributed throu hout the test systemis

that weludes tat greplopnirylis é'é‘ﬁc‘? is sirpwn jnelflgr &nBechen detkrfdcs may be
COlp[l REET SRl ¥nd1€ Hee i I%QQ(JM_'%I' Qﬁﬁja Og{b%r & %?§tml&r

| ess. A currently contenpl ated
conveniently packaged as a circuit module. The mterfaw may optlonally mclude alocal

clock module. A tester manufacturer may provide the interface to third party instrument
suppliers who could incorporate them into instruments. Instruments using the defined
mterface may then be readily incorporated into test systems.

Further, the above architccture allows many other desirable features to be easily

implemented. For example, it is not necessary that messages on the communication links

2]

3



20

25

30

reference clock of 100 MHz. An accurate, |ow frequency

cl ock can be generated with | ess expensive circuitry
wo bas/ossokd gher frequency clock and i s nore easPdmUS2005/042691

routed thioughout the test system Further, the

architecture shown in FlG. decoupl es e design f.or
betypen laﬁrwm?gts}%s SRt e sl P 31?%8“{5)5’?%58%‘% may
be BRNIGREHAS déEiflg b QedtiR@idnaBltha K516 B aﬁlud&dmaarﬁaa@e auahlyate

an anal og i nstrunment devel oped for a systeme oyin

g@gp trument

that g{bingfrierantsde thersesten siauly rgcqiygang @rqsessdhy wclé?ﬁy E

ma?%%teﬁgnaﬂﬁ%b&ﬂg% Wbdshhet Ran eame tl@er}'WntIerﬂlﬁeebroa%é% [Rin the
capabi ity is important where it is necessary t

desfinasigudietd of thevaergeset Reefdady.grhean smugiof sentioed Wﬁtﬁ"éﬂft“és fegFives
a cd%JnQM O sl Ofts ﬁ\tthé]érgﬂ?ﬁavg lvfﬁ&hesﬁﬁ&t@ﬁve Wes sERhioh &z the

cost savings Is provided to both manufacturers and
waigh ér e pfstramesending theetmreandi prent i f i nst runent

desj r Lol I

t ooh 0B 3T B e Rl B ) AL ABRARALERD Pl
groof. alMﬁeshgwherﬂea t fatteinrgreupt’ 80 astht destingtion fielshweuld heresponded to
by glzlg{s]ttéﬁrlncgrﬁ dmfa[ér)gﬂrpf gner ?té}}?glﬂ% gp?r%eyrﬁéllgtal] r1)’it1heeI iésantﬁ@'l%nts that
recpily sortr@hndd G@bhtspactivulad ipatienggdnbatar ey fbe pEsignsd wennelpattern group.

irectly ved fro t est.. syst e to anot he
tn §lsofiieg Yl rpet RSHE e iy Y et R B Ed yfiipnize the
wal¥Bys i ell 6pmhe ifseadedyinfiBegrbip. at ed. The third aity

|ns rurrents coul d be mt&grated |nt a test

n advagiage p F?/mc,gb‘ﬁ‘ﬁéé THEY Whétc’& W&ta Y Pé%&a“% fhe tester

w1tﬁ\ﬁﬁmﬁpl§Q6§1EQ Iph@dm Sétethtads” IFacts [vRithl pattern|generftor Gutdbean
interface may be constructed_on a sjngle integrated

progfappAdito Aayendndegerdlaa)test Ao Ber pmpls; 5Leshpe dequrendugor

de WA BBty aRPEKAIBES, 8% Brc@ilry eHikdneIRAMH Ereastiiesignals to test the
i nterface may optlonaI%g i nclude a local clock nodul e.

fasipbus epty de OprpitRFE EIERTE RS IENPERlY OPP BaficHEePHR Thetcaryiy & geyerate and

meaﬂw RR Yest tﬂec'ElBHrEﬁQhafH@&{ inShindGs G oMt b %@hcpl%ehe

nt o instrunents. 1nstrunents using the defined
group| Bpthdoeeswayld bp testedh simuitantions)y, ibrtibe pogemsdo festagch eetcould be
.

e ST AR 5 R kbt TR

exaﬁphrstrumentmsayl’metong] ®cess dray onhaatttenegslag ehpuelm artbhvetlon may be
atjon nks bet n_i NSt '
emglog[qil s%c 2 Seen narl {0 «Ens Po smg gll’ége @E u&%ééo?él&ﬁ%e%@
mcbﬁldtem]t)b(ﬁmﬁﬁﬁdé dr bn;bredﬁhrrﬂhd@hm ideatld pnatessmF drxérhplt, destidadon

| ded d t
17 et Pl e et € ERY Gttt iy Bebr il g wd ghow the

pattehegioasske be symBMnizekt r ument may receive and respond to
nmessa es with elth r their qmﬁ}é)lDor t he
ferly

" BHES B ENCRAEh b OFsramEhesiory A VR0 dGRiroR BRBRABrye  the

preY¥HRD embdineRts Blerdo® it willlbe @Eddrisdd BB ENe Skille€ B tHE€ St that various
command, all instrunments _ in the group have t ches

changestin FRseand deiai! &1 OR AT B B R GRALIBR [P hhgpirt and scope
of thBslvesgnt sendi ng the command.

For example, various physical implementations of a communication link are possible.
SerDes lines are shown as single lines. Such lines used may be implemented with twisted

pair, coax, optical fiber or any other suitable physical medium. Further, two lines may be
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Further, a limted formof broadcast nessagi ng may be
enpl oyed to create "pattern groups.” Messages with a

WO pab0E3980 group” I D in the destination field vt/ usines042691
responded to by all instrunments in a group assigned
that 1 D. For exa of the instrunments that

g R BRI GHP B bR Bl A S RSt VR R Giseeairafers: O

a sTiBM dRFle RSN NES teAs@IN AlRAHati edly) iGhOUGe. adkquatdth sprdme foionly
singl e nessage addressed generally to the patte

O“PQW%TEP%EWE“@S} HORYRBHPR éeli‘el‘iféor\ﬁ,g{ %\fﬁggcopﬁoltlﬂrq I\gpre?'fpé, itis not

nedeE‘sﬁP)f HARKE SnifuriABo 9l AU seid]l. @eaRirRg 8f &mmadiéibhs networks
group addressing is that it allows a user to program

may fhe useds dtdp degreribedribat @ ippaket switshedougtwskis eérm%m@ériw smb%mems
maE@Q porlsggét&ﬁ!lsu%aogﬁe‘?rtﬁegmﬁ%tr@ coul d be programed to
ave an | ndep ent” test flow. For exanple, in testing
a sBahdotrdmenias shpewite bavgionhiclack meduly udn aument msw hpypsmore
r st
thai} Ege ?1 l{rH%&urlé/ ﬁu?thgrgﬁl% d@&ﬁg%&;ﬁﬁéﬁgggﬁg %]%@le&htd%ntté?
mspamtre mrchgies)aj patteﬂih@ncnatocuNotraﬂ'l digtay maeyragnes e hansasnattern
s B B B LR S OB TR
corbmm(hﬁoedpasuemgehamemumloyher bllgttaltlimﬁruplemg r mehmpllees)tne d1gital

. _each bus coul F t i ndepe dent Q ch n
insGRgaTeY BRPTls g B ARG RRARO e AR BBl
freqkntySdttethSE The IRYrda@tmen @hstr@mémi Ma¥ haeivetenmaids éom the higher

group, though arbitratio | oyed in such a
fre%‘{?é%?’}eé {" e‘@?fé"lﬁﬁ’es‘i%‘ir aﬂ&%ﬁg%ﬂ‘@ ‘M"E}fféﬁaﬁ recetve commands
frof A0thtrAPRALHS ¥nck£6r€ EVEHwhdCNEEi sl ﬁleﬁmﬁ@ﬂ@mci& Stte DI €

conmmands_than it coul d process. For exanp

gengederpribtilloRay by desifal fontoms istiak wsiguaenisgo B@%@W%ﬁ or status
mekddsdstyBBRLs in multiple pattern groups would allow the

pattern groups to be synchronized. Wile the invention
hasingden?Barior . srehjorzgam obyitichrestlpivpesgiufion pratch is used.

Aflrexe{ﬁglﬁ‘g&ga& q, ‘@Vbﬁ(ﬁfl?fr?cﬁ(g Gile GRHRAGLITRMLR e RETRAE perioti of

e understood by those skilled in the art th
LCLEB, oo heghanespdwsionrwatiady myligrdticrs exist forragpleyeenting &V AT@HB japd a

LO\% tlgérﬁj&'atgls p%%}ag%g%vﬁg %%}?l?eslﬁlsﬁ ot 1H1$régne§ftﬂp ﬁ)»\plfesglm%n and the

i ous
hlglh mizb ke watchen skltefnaavecho fireLaing aandwnrelmaylbeais@i foobath Bedow

resc%u{l%n wat|cl|1 gneds the low repo?ma%%n%%h %? hg h[éhggsg)lultéhl Q?Jgtclh.i nes

arr, coax,
opt Futraier frheISL mshoarnyo atnhem isuirhetiyd © epdtystharalOtiree dartsmf the

Furt he u .
svlhiit P er LB TR T Bt DR anEiske et IR i paster reion
boﬁl@ fal Ok h@fn‘écl;tecﬂ’o, th@lS$ito @l](ﬁv cinphexedioh wid insayimbets us@dllow

ternatively, adequat e to provi or only
CO%W@H%V%WFWQ{K %%Orﬂﬁa q%%?wwg @W%&tg? ESILr o event

CONTROISILEE ShowhBmBR@Ated iwith b Sould! ANBGESS AbYrefilal. Shfilar

comruni cation link be serial. Oher. forms. of

fung o i B hegiayiske Wil 3 Pgkyt dtchipg gircyit oricireyibgrdiahipggirouity.

A1&nnlg€wde¢y rea&& Astrambt 609 FeddRE WRITK phcke N k QYR dnlylkk packets
enpodi nent s
addressed to it. However, having a router or similar switching circuit reduces the rate at

which each instrument must process packets. It also facilitates broadcast addressing and
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may be constructed using other types of networks. Each
instrunent is shown to have one cl ock nodul e. An
w0 n®b0ss¥eNt may have nore than one cl ock nodul BCT/US2005/042691
Further, the described enbodi nent shows that each
Ao 85 bR Lo
PARE s DO TR Lo O T ey OO0 AL e rllRfyion b
mtthﬁ s<3\btchuna chenie¥ withouwp thetrieed fomepeegrar ﬂpglcSmn@chlnlgtrurabnt
I nst Ry G fr om
gene\&ge{}%%%%n o?th% E%C:ﬁ%v d)]f%r%g fhtg VSl E? %?&éxeétﬁﬁrl cdock may
beﬁbimedjmrgll bad ofi 1r$$tigetsrimnlhs desirgd geb eglatoastip Wath iak elige df @ other
enc atter l.e ot hers ner at e
clpedtENTY e B8 iR Sttt BelBneyh hevesteuts g coun
upr @ ceunt doenneduaidingly @dﬂlﬁé’lﬁmhvgﬁkﬁ rmd‘yrr&ﬂltellﬂ Qiyge® BLSimaller numbers,
Al ternative of the digital instrunments

sone. or
de '{?r}geoé]é]owghggmﬁaga(fkre 'm a central pattern generator.

Evemish) &nis @dt hedts@iyt @bt alinierdngiitigerCio Attt §ysRat hedshre time with
th?generators it still may be desirable for sone digital

HEYCRIFRAMATEOIRA SRR MRS BFasytedinis W i i a3ae Prepision as the

tirfd 18hSin d Iﬂes's:zlg@ 148poshibicQhat b Ginf u%/s%tﬂ'epﬁ]lhﬁ @ﬁt?@trbn%fvent indication
wat ches, | ow resolution watch is used

th??ﬁd?ﬁ“bﬁf"%‘dm@ﬁs a Yy el toroabiegmeinkeber of theamose sighifiean hits in
th@fﬂ&l@lstaﬁnﬁ of DReREEd. Ofhe Qlfmel-ug-sﬁ%pe% mb a?ong \ith a[hs@c%ﬂﬁgh ﬂﬂt an

Alternatives exist for I mp ‘eme t1ng
eV@m LmbREsfwé,mm\séqarart%ﬁ fandiignewirewt ﬂrayenhﬁemmg @asttsxgmﬁcant bits

ofltﬂmlneem 1he f{lwom% Hﬁeﬁmse\nﬂe lageqt'ﬂe Ee%%awb#gt iegst

wat ches. Alternatlvey e same h
sighgffcaypiith ag dneoffsetwndesesutetthopnvimnglat amﬂle toffeet Iﬁ«)m the event 51gna1 by
th1{£§§18 Mtion portion of the high resolution watch.

the ISL is shown to connect instrunments to
eac Bomt: Hee val@:dme sfp)a»mtcs“fse)tfbytnhﬂtqﬂysaleem A0, ba&m@@lmﬂtoadare

tr nt s u SL. ., For exa
cefeotd iR SFRS o408 8GR oE B cBhalyer i Greamtient,
syahtomvzed nrmmmecmtumﬁbnm Chordinstbd oiEeatbs nk bk @cliée@Wy subtracting
the sgmm%gﬂxgﬁlgif%%mtg\% gﬁ;p {u ue eEt erﬁ]téeac}réq%r;)pé%gﬁ]%@hon in which offsets are

commﬂhcﬁﬁ’&ﬂheﬂi F\d)rteharﬁplé quGes sth's r€hidifder hid 13Rhcy ROk h&Rd to the
lonal ity may be provided with any packet

f
OUE’WSPE ﬁﬁcﬂdyf’g et ol esoraliss R be Svens Héfhie (hekgrd r‘XﬁtCheS Or,

thefd ¥R} @taly\be lintrodBMRANYtHIMEE EITRAL thAB¥ndrREEIhY Gr’ocglvc%df(s
packet and sel ect only the packets addressed to it

HowAlserit isklsssribed apove tiekinstaimessierd ‘syncbydnizefi nys esed berein,
msfr@&lle'@t?&e Tsl{'ltﬁ;hfo"ﬂtz@d %CMbl‘éhS @@e‘t\eg'm krtm%x dg%ﬁ HLAGHE AR

pac ket s. also facilitates CaSt ressi ng
opeipfIat theripstgmsntss Wisk @mb@n@ad:mst@amn@ea taviol dwshlt wdhipyhe
tinfPEOREATY J¥hABs & ?ﬁr rform tf?] s%h%l neefjt@%zllsere ¢! an contrast, if the

swi tching circurit out t pro
insfreyyends on nemmhrmzqdmmals bNV@ﬁetesyﬁthmone)@amted)hy du:ﬁferent

WO C ei t her
lnsﬁﬁmérgé/ ﬁgy Fz}% gjalngfg t?(?tes%gg%]punti éreatgrgtllé%n tﬁggmtlri,geac&érg?yr 3 he
tester. ﬁ’@yn@irmzedh dbasmotyhbdevan regge thaf ofelriond bedoincident or
simultaneous. Instruments may, for example, be considered to be synchronized even if there

is some delay between a command executed on one instrument and an action taken on

another instrument in response to that command.
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cl ock. Likew se, clocks and other timng circuits my

be inplenmented by circuits that count up or count
walooms/ossdecor di ngl y addi ng tine val ues may resubeT/US2005/042691

| arger or smaller nunbers, depending on how the ti mas

e fagsiods Aspl da, 00t it el

comBident RIS RE le8kc8 Wheh alighad. &ﬂ;ﬁfa réprésentatiorsis foTpbiityetiiustation. Two

time with the same precision as the tine
clobuBat s coptidred ARFEEY I 1GnE O™ POTHIPE o HecH onk el gt with a
deRHhiRitic Bfte RARhsHIPEY ok ipBRioMdElhe dthePaladk s@gn@p KF ureaG h@sSnot
atime equal to only sone nunber of the nps

neegsyfy aidhisrelpianship {e feReated ifg vy QYR ?ffth%\dP(ﬂ@s Iyeasesypphgre two

cl&k%atq{ﬁv§@1@f@ﬁﬁf pe'ir@bl's tHR QR eWobillo@B daBel srakd [ stdhalk nAl
event is to be perfornmed, provide to the functional

chasige Eamtcyelsdo s Hbrryen Halast clagky prefl igngdiat smestingg, theglationship

befwelE e%@%etemﬁlstly ROk 08 fnitP ﬁ'ﬁﬂos&f byt th@ sthifl By T R en

use remal ni ng | east si gnl I cant” bits as an of %Set
andFetee, 16 4B élug@a’f?ﬁaWdTgﬁﬁaarldl W TeHBshay ing tlasysamiganost
mg%%gﬁt b?t 9111 sypl}fhrt)ni d es§&r§‘ﬁ h li@ SWIH 1'liﬁeewatches may
mul T p fUés, vari o
be @px@rcutadcsmchacmzed esarif thext i$ wnwiﬁ A O’éfsﬁt bétsert thﬁl@ addegribed
53,808, 8y SRR EF BTSRRI g v
readfje caibiroed srayndéo &g hicete @dolnye cfigotor. aFJIrthﬁg wtatveae@amyebe considered
o RIS Y 0 b e 5 AR SuFR 5 e
W ADCH@xXadpV R TCHBGre 50(9&&6%@ localrebdcReleff diéfevelnt] fﬂatleemcgﬁs \hd watshes

St S B S RSB B R BRE HEoporiona
to tHa@sBodveH thkﬁ&sﬂwﬁveb@call abmdwke@ tid Wikn Hme\ek 56 Winfgray timing of
t hat gener ates the | oc? cl ocks. Al so, desgrl be

eveilsol &Pepfable fTREY P HiRtls! %Wétch§WrPF&ﬂ?Sz%eaed o mized.

her ejifther, ISt 4AGRNATS iIRE@atS BCA Wy Actr&a ek WiteHes thamend &nde
determnistic tine relatiaonship between the operation

exgguted gbanyiiyng hiafsAp 8¢ expesieddy Neh O 20 e irdhirscifigd with a
redoRBibE Ehag&(ﬁHJ)tq)e tﬁ%gnmtéh ripRockdsal WW@CWré’é‘trlcttBﬁs are placed on

tester, per ormthe sane each tine test I's repeat ed.
oppratigonitheaisst sy§gm.shapl fisatiqns sk be pla\ss@ Polesigy Ao shecpircuitry.
Fol BLglpY2tes m%’r\@z%réohﬁﬁhdsfdﬂé‘&ﬁly QMsveAE 6P briYd &t tfniefg k&R Ean be

[ nstrumsn%' y vary fromtest to test by anounts
regyeseaieeby thhamlut: Irrea tnerstagp.dbeuaed ty/stere amr¢rpaindes may be avoided.

Cc

) o e
ungasypablé.or exanpl e, be considered to be synchronized

even if [ Q !

on grs] 2 ftllr{;] 2 al?ema%tvg' g%hgoﬁnzgg \W{?&ks ﬁlag ﬁ%%@ﬁ@ $afME gtgrmg
a remahdar velot Romaydspolnegedtbg stthag the dnasmrgmﬂmaktélm séche watchon the
coxbtfoifbpgtgudr%eygﬁ a%??({}\gﬁelé%i?%%?@éﬁrtomg? gvlatﬁhes Cargrlénéfln(\}\ﬁ eZecuted. Such an
ap]_é’dohcgll”leﬁhosﬁuﬁh] 1a arsgmreaemlalt alDWaﬂcISesfacermmhlwnlednyslyoésynchromzed

H P?CE sthloxgsn three instruments connected through router 300. This number of
connections is to demonstrate the principle of operation only. Likely, a tester would include

more than three instruments.
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cl ocks may be considered aligned so | ong as sone
portion of one clock signal occurs with a

wa@ledoepsiosd stic time relationship to sonme portipar/os2008€42691
ot her clock signal. Further, it is not necessary that

this relationship bge r ated in every.cycle of the
ol obwr i ReRs BBk BRLE e VAR R uSuft vaRE
ingh@im sl rocésh Bothahalbg mel digiai sipois ol tiedgedfiofypt beinstwments is not
si.gnal s EP¥ change fromcycle to cycle. However, if
a]WHg“@P@E §INERIYE i gned at some time, the relationship
bet weanieAges, insdidicitRniliand Hhiprévenzniiatein@ndddd b8 part of this
_inposed by the stapiljty of the Fi nqhs._Futher, Hia
disgigsirp, agd piedpigdogioreg LR dhe\ARHERE %‘fgl?ﬁ 31 pEentigpeARELginely,
theSfo@3bihl; a@Rtipti ot ahd \aﬁe\mng?_xémw Aetampii6hlyval ues are
shown for sinplicity. The watches may be consi dered
syndfiiebisickaBediven if there is some fixed of f set
bet ween them As described above, fixed offsets
between timng of events in different channels of a
test systemmay be readily calibrated out and do not
create a source of error. Further, watches may be
consi dered synchroni zed even if there are differences
in the least significant bits at any given tinme. If
WATCHA and WATCHB are cl ocked by | ocal clocks of
di fferent frequencies, the watches will increnent at
different tinmes and will increnent by different
anounts that are proportional to the period of the
respective local clock clocking the watch. However, so
long as timng of events is repeatable fromtest to
test, the watches may be considered to be
synchroni zed. Further, FIG 4A and 4B illustrate that
a synchroni ze wat ches command can be executed at any
time that can be expressed in WATCHA, even if this
time is specified with a resolution that cannot be
transmtted or processed by WATCHB. If restrictions
are placed on operation of the test system
sinplifications may be placed on design of sone of the
circuitry. For exanple, if synchronize commands are
only allowed to be perforned at tines that can be
represented by the value in a tinme stanp, the need to
store a renmi nder may be avoi ded. However,
constraining the tinmes at which the synchronize
wat ches command may be undesirable. As a further
al ternative, synchronization of watches nay be
achi eved without storing a renmi nder value R2 may be
achi eved by setting the least significant bits of the
wat ch on the controller instrument to zero when the
resynchroni ze wat ches conmand i s executed. Such an
approach is nost useful in a systemin which al
wat ches are sinultaneously resynchronized. FIG 3
shows three instrunments connected through router 300.
Thi s nunber of connections is to denonstrate the
principle of operation only. Likely, a tester would
i ncl ude
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nore than three instrunments. Further, instrunents are
descri bed as analog and digital instrunents. Mny
WO n®b0sE¥eNt S process both anal og and digital sPUnEE®05/042691
and the specific type of instrunments is not a
limtation on the invention. Syghsal terations,
nodi fi cations, and inprovenents are intended to be
part of this disclosure, and are intended to be within
the ;spi ”Atteﬁ@%éﬁ%ﬁl qling-he invention. Accordingly,
t he foregoing ées’crl Btl on and drawi ngs are by way of
exanpl e ehl y. a Wiaence slock géneetbripsaviling MsfeencAcloekt
X system npri.sina.;..a ref erence clock generator
‘ provi di ngj?a réﬁéggrhs(t:rg%gﬁocgw}mwg a first instrument
conprising i)ia fiafistlbetalbclcgametatoyengiditto theaefdfthedclbdk
the reference cl ock generator .and provi di a firs
| ocal clock gener a%eg‘%atﬂ; pcr‘l’lvé‘%f’%? @Irs‘g:og% CE‘%B@FZ‘,‘”W‘% frgm the
first control cirawletensd Qodkng progranmed conmands for
the plurality.of instruments, .and.c) a second
i nstrument cotbr i s‘ﬁf?f@t Goptref CUBHbLH NEdregrapmpd gommands for the
10 gener at oi coupl ed dl@alihef mehan&ngendc! ock generator and
provi di ng. a second | ocal clock generated fromthe
refer encg) cl o #ECoRd NSTUMERLEORPriEdAt rol circuit having

an input and an outpetndlf@l §8&KARAeE@NEJuPled §b 1he W trence clock
asserting the output at a time _specified b t

atime
val ue provided a \BSBH@OT Hdprovigng meecerutlor cloghgensrated from
circuit; iii) funghd @rdncEtib@uitry having a control
i nput coupled _to the output of the second control
15 circuit, the Wunctdserraf ceqticd girquithagiog ey inPHgend ah eReEt. e

in response to a \aldig caRReLit&d allertShERMI A« 6RPYetificd by
and d) a network between at |east the first instrument
and the second i ngttmmahie Providedrethpdmmet wahe secongl eentrol circuit;
nmessage t hat i!ii?c! YRRSiof by e a Bhensh tEa&lefd! b e output
control circuit is coupled to the network to provide
the time val ue i n of He seresd agarobsitkuithtbe Secomd] gomitnoixecuting
20 circuit is coupl eq fﬁrg;tiu?ﬁ] 1‘35}0}%%&5 a LBl &&&k 65 its control input;
and '
d) a network between at least the first instrument and the second
instrument, the network carrying a message that includes a time value, wherein
the first control circuit is coupled to the network to provide the time value in
25 the message and the second control circuit is coupled to the network to receive

the time value at its input.

19

The test system of claim 1 wherein:

a) the message carried by the network further includes an event code,

30 b) the first control circuit is coupled to the network to generate an event
code associated with the time value,

c) the second control circuit is éoup]ed to the network to receive the event

code associated with the time value, and
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the tine value at its input. 2 . The test system of
claim1l wherein: a) the nessage carried by the network

w0 obhEwsd ncl udes an event code, b) the first PONUS®HS042691

circuit is coupl ed to the network to generate an event
code assom at the tinme val ue,

control &rc u S??“g ERRFebG S A ‘?{smﬁfw %ﬁoglp]sﬁg g(g{ﬂs § Qunction

the evenfclr&aﬁlﬁ tssveft oatpRhatrgh vahe ifdicheiny &leW@ent 3dbch) a time
the second control circuit has an event out({%ut coupl ed

to the fdieateddry the fime valpgassqpptedayidihthe sYRNHERIehavi ng a

val ue indicating the event code at a tine dictated by

the time value associated with the event code. 3. The

t est3. systldptast systemiofelingh athaichh thtyeferarce clogk Basq lowgr frrguency
a '%‘ﬁhf‘é ﬁ{%ﬂi&@ﬁ%)’ock Q;"H‘thé Els%orfld losdi cloggal clock and the
secon ocal clock . The test systemof claiml
additional ly conpr|S|ng a master control circuit

geney at (o Bl i 8L Qo cirui
Trrak | nafe afRER P LAE bl B m S8 phli circu
genexeadratingcosypelirsrezsation sigual proyided taathe §irst inseurhentsand I“dﬂ@@ln the
R L
has tﬁtlfefs@ﬁtlhﬁﬁﬁ:z}ﬁh@ﬁs@ﬂiis t han 500 MHz and a | ocal cl ock
generator in at |east one of the first and second

| ocal clocks has a frequency in excess of 800 MHz. 6.

The & est Thy sdsedystom of Rininl Whiederthd rfdroiee oRtkbasla frequency of less

conprlse Wi f chi rcuit and . a plur

1 e SRHE Bt L6 Bloe bigielon &b SreErieng e e g segfed locol
an idhstks MEBMequéncy ThéxctR ot s@ymem of claim 6 wherein

the switching circuit conprises a router. 8. The test
system of claim6 wherein the nessage carried on the

net vpr k inig ltééfjs%éteﬁrbf R eSheRRthd RAwsH o Eh&g aGlitehihd circuit
additionally conprises an address table t

asscoi apbsalsnehlings, eachgoyplad petycesf the sitebingecdreyit g arjastrument.
or nore of the plurality of lines and circuitry that

provi des the nmessage on a |line selectively in response

to the vdhatesodystam ofddines svherginttheswiodgiggarcuheprapiises joyter.
in the address table. 9 . The test systemof claim8
wherein at | east one of the plurality of addresses is
assdci at dile wist dystampif glamh b We@fn th¢ messagel@rricfitom themtwork

Syst. em erei

aeadbnuaat it g BERAL it ok BT S A TERHERE yigrss bl
of ahzalamo&lawh edchionNa phelify sfatidressad woh ond erowdre Oﬁmﬂpmraﬁlﬂsof

a pa}t ter

nes and circuitry that provides the message on a line selectively in response to the

value of an address in the message and an entry in the address table.

9. The test system of claim 8 wherein at least one of the plurality of addresses is

associated with a plurality of lines.

10. The test system of claim 8 wherein at least one address is associated with all

of the lines.
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generator. 12. The test systemof claim1l wherein a)
the first control circuit conprises a first

wo powe/s398cki ng circuit, clocked by the first |pPCEUS2005/042691

clock; and b) the second control circuit conprises a
second time-tracking cjrcuit cl %ed by the second

| ocall ¢l dBktestsysterpiodclpgyt “agreindhly Bt ¢an P‘rﬁ“fu\}vﬁ%‘}’%‘?sﬁsapa“em
the fhdrgbr.i Nstrument conprises a digital instrument

and the second instrument conprises an anal og

instrunment. 14. A nethod of operating a test system
cong5|3|qgeg%“g§g§gfgmﬂhqq§@&ypents the test system
further conp i'ding a communication Iink between the at

| east twe) i nsthmfmn@rgrol eiFruitiepMAGYS & GRg Himsitragking yircuit, clocked

‘ establ|S@ngfﬁmq&gp?gdghﬂp reference between timng
nt

circuits east two instrunents; b)
sequenci hy onthelsesond eatrol ¢isuit gpraprises i S@ggfhtllaeitre@tmg circuit

patt {% ni. N tRn atest, with a portion of
the(gvg% escgmgyggu &d by the first instrunent and

a portion of the events to be executed by the second

i nstrunment; . c) co nicatin fi |nstr
o (e Sabbial vREPPLRERE | aber AETECTHEhed DR Tk
t 0 Speinfeyt Al thea@sdndantrusegitbmpisds @n exadap ingchnippt.t he

second instrunment and a tine at which the event is to
be executed; and d) waiting until the specified tine

and 1@xec W mBBod bBopsRERE 4 teeithy e BRbmpidify 4t h@s&%dﬁm’kuments, the
instrunment. 15. The nmethod of claim |n each of

4
t he test pysta frthen fomeprisingp F‘Pr‘é'@%m‘é?t’ioﬁé‘&%b%tl”s a%ﬂ&%smfr

haviiRgruthe R4 NMBE hiefol ¥Yora@iidgo! | ed oscillator with an
accunul ator and establishing. a common tinme reference .

conpr i sed) | oagﬁteﬂ)éls}aﬁg gpqr@rﬁ%wpe (efgrence bptwegiptiming circuits in the at

accunulamggjg£lﬁpgmg%gerlcalIy control I ed oscillator
in at least the first instrunment. 16. The nethod of

cl ai m 15bhher eaqnerev)ng@@tt#bﬁfstslmweat throwab i tasi pagtern defining
refer enc% 63‘\?%{)9 t&?@l%ra%'n%nqg tHid e§¥rﬁ§:grﬁg%'x5@ﬁéd% the first

si gnal ; I'ng ‘an alignnent value iIn
accumul atntstrumfsnttahé a pomtien pEthe Eyentsdmbe eebeted b:stiﬂle IW@F@) r
in at Ieastﬁu q first instrunent conprises |oading an
. men
allgnnent
c) communicating from the first instrument to the second instrument over

the communication link to specify at least one event to be executed by the
second instrument and a time at which the event is to be executed; and
d) waiting until the specified time and executing the specified event with

the second instrument.
15.  The method of claim 14 wherein each of the timing circuits comprises a local
clock generator having a numerically controlled oscillator with an accumulator and
establishing a common time reference comprises loading an alignment value in the

accumulator of the numerically controlled oscillator in at least the first instrument.

16. The method of claim 15 wherein:
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value in the accunulator at a tinme dictated by the
synchroni zation signal. 17 . The nethod of claim 16

wOobmse5398d he test system conprises a referencepct/usio05/042691

coupled to the at least two instrunents and
establishing a common tine reference conprises ...
count i ng¥pul E@LERINERLOMETOR T FalerE OISO WdRg Ag

[ nsg%&%gﬁzati&&ig{mgﬂmt hod of claim 17 wherein
establishing a comon tinme reference conprises: a

. ] ) .
count i ngblper ileafingm aligament v e ke dachRRlatop of thg armericaily
rel @5:1&‘6@%3 Qscﬁlaff!r Bat 1A t(RAE R Pin MuntdAEc VP REY 1084824 Mgnment
si gnal; sendi ng a nmessage fromthe first instrument
to viee mgborrduinplgtonpipeime digteted by ty sanchronezatian gignal.and
c) loading an alignnment value dictated by the tine
value in the nmessage in the accunul ator of the
nume?.i calheymetbod ofalldimd 6 odweieir the test sysfemisempriges adeference clock
instru t L.oe. di e n e
LRI 8l ok ol G A b BB 5 O
14 wheprisencastiabpulehvhie eefoemesivck pmthersefopd @nsgrament.
conpri ses sending a nessage fromthe first instrunent
to the second instrument, the nmessage including a tine
val ug, ankk rahebdf tdiinng wheteim@tabB§hingen@enmon tithere$earad
instrunent at a tine dictated by at |east a portion of
t he PV al ue. 20. The nethod of claim 19 wherein: a)
theat i M A@inhgd Fatiolls dfithd fRerdnicé Slbck 1BSatITRB telADEANG 4 GRS A
first time-tracking.circuit having a first tinme output
and ndiratef biithegypshrifation Hewake second i nst runent
CONBY i SeFerinkROAEGagel R the AEKinBGurhdnii Gliht secbld BERTE a
msssa?e_fro_mthe first instrunment including a tine
val insldsprtineslygeptt ating a time value fromthe first
Ui Mgy OUt Ringdn ﬁ%ﬁ%ﬁﬂv%[h‘e'a&tﬁedtﬂgffﬁe it 5180 mBhORMesH in the
second instrunment” conprises |oading a value into the ]
s ec eerdmujatasof thg akinagcadly ceniiollebessBlgton in thp secongrimsiymené at a ime

gen ﬁl'c%}e%doi/gﬁe\?ﬁgg UzﬁuJ f.nrtl‘?et m&gs afiY {h@ lt'i'i‘ne t12a.11:ked-.rh e net hod

of claim reitn the timhg circuit 1n the first
i nstrunment conprises a first |ocal clock generator and

the tim circuit 1.0 .th C Jd st - |

" b S B RO L U GRS
comuanprisestendiaf @ menege Gomphd Sesingtungni togheasecdrdgkstrument, the
generated. b Seco

h d | qcal K . | i cui
7ol SRVE: PobanERTE Gt deai ) REAARIFERh Ol R

gene@fsatiment aCa time dictated by at least a portion of the time value.

20.  The method of claim 19 wherein:

a) the timing circuit in the first instrument comprises a first time-tracking
circuit having a first time output and the timing circuit in the second instrument
comprises a second time-tracking circuit;

b) sending a message from the first instrument including a time value

comprises generating a time value from the first time output;
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22. The nethod of claim2 1 wherein the first | ocal
cl ock generator and the second | ocal clock generator

w@enenster cl ocks froma common reference cl ockpCRBS200%1@42691

met hod of claim 14 wherein comunicating fromthe
first instrune o the se ond | n;

conmmuni c4t i antgk’)égi“nﬁ aﬁ‘é’}e\/{ﬁ "% ?Ppﬁ? %ec%ﬂgs n]g"éf?r?lifns
ser joading h RN§lGe MmEWhe edconl tile-fracking @icuit Baked dheheniichatheof
claim 14 a) establishing a common tine

r ef %%W@@%H}@F?%%gz"elo)‘ Prdentifying a tinme relative to
atine derlved fromthe timng circuit on the first
instrument; ii) using a first portion of th

. defti f i B¢ reqthd afglayme mhprginghs imweFapYkin thy f")st BEBIHRY
ﬁ&lgﬂgeso@ﬁrtsi 188a1 @fock Péhelatlf? @Bd fnk @chitd AR uit dNMe Bdcohd Ristrument

further conpriSes sendi a second nmessage from
t hecqmm§@s 4 sesendupesh elogloganpratos e%g%&bllﬂ@tgrwwon {ipgreference

Secp r[@ssaﬁi%gﬁlg %Q[Uaf( 'gé{emedaoystﬁé:&egncf 1bO® cl\S@il gé?]egl%[n‘l VigGhit

froma time mthe“timng circurt in the rst

i nstelative rta dédksasnerbipd bhthedirg dasdl deskeqeerpinmtdiewt.of t he
time value. 25. The nethod of claim 14 wherein

communi cating fromthe first instrunment to the second

| nstl un€Fite m@hmtofsblgn ot azrhsmntthev figgt boead klock génematortang the second

?1 groc% ﬁerbefat?rl gtéaoﬂgtgg]é)%kes.liﬁ m a cerﬁr(r:lgn e?é:rléecte cFo%gE“ sing
vvherel n the plurality of fields conprl se at | east a
co nd field st a
o0 ER At el it 1 Supls PR Rsftind o M bl ent 0
conpie is&ﬁn@lrﬂt@t&hd:riﬁ abrhprises todhBunicBing e a netwosldc@iiprisingiam
27 vvhereln(ﬁ mcatlngfromthefirst instrunent to
t hePYBERRY sPHAd {PEFFERTECEEB AD? TO8BE i nserting in the
destinati on f| el d a destination I D of the second

i nstrunent. he net hod of claim27 wherein
con%nT}%?dﬁ‘?ﬂi‘@qfch’fﬁ’tlﬂé" Fiefst i nstrunent to the second

i nstrunmept CQOBbIiARG alcBRRIoh kiR réf@reh&%oﬂ%ﬁésnat I on
field a destination | D corresponding to a first

pattern group and 1th@fY%§§ﬁT§féeﬁa§V%@ i deaiy eifrerp thertiming

least a thir d Rt @ur{,gh@flrst pattern group.
30. The net hgofwf‘; (Iﬂg]ﬁm 29 additi onal | conpri si ng

conmmuni cat i ng)fr onsing § Hrst pdrtion of the identified time to generate a time

value; '
1i1) storing a second portion of the identified time; and
b) the method further comprises sending a second message from the first
instrument to the second instrument, the second message comprising a second time
value derived from a time from the timing circuit in the first instrument offset by the

stored second portion of the time value.
25.  The method of claim 14 wherein communicating from the first instrument to

the second instrument comprises transmitting packets from the first instrument to the

second, each packet comprising a plurality of fields.
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instrument to a plurality of instrunents in a second
pattern group. 31. The nethod of claim 27 wherein
w@oommssos@t i ng fromthe first instrument to theCEHESDNFH042691

instrument conprises inserting in the destination
fiel @a bibameihsd oflddim 14 wherein the plurality of fields comprise at least a

command field and a time stamp field.

27. The method of claim 26 wherein the plurality of fields further comprise a

destination field.

28. The method of claim 27 wherein communicating from the first instrument to
the second instrument comprises inserting in the destination field a destination ID of

the second instrument.

29.  The method of claim 27 wherein communicating from the first instrument to
the second instrument comprises inserting in the destination field a destination ID
corresponding to a first pattern group and the message is communicated to at least a

third instrument in the first pattern group.

30. The method of claim 29 additionally comprising communicating from a fourth

instrument to a plurality of instruments in a second pattern group.

31.  The method of claim 27 wherein communicating from the first instrument to

the second instrument comprises inserting in the destination field a broadcast ID.
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