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WD 2006/ 055980 PCTI US2005/ 042691 AUTOVATI C TEST

SYSTEM W TH SYNCHRONI ZED | NSTRUMENTS RELATED

APPLI CATI ONS This application clains priority under 35
W00s5/0554809(e) to U. S. Provisi onal 5 Appl i cat POWUS2005/042691
Serial No.60/630,111, entitled "I NSTRUMENT

TN S0, AR ST Nty
reference inits entirety. Th| s case is related to

"I NSTRUVENT W TH | WMI ZATION I N
AUTOVATI C TEST EQUI ary 22, 2005, |
0 whi Etis applicationtlpersgtienty oyder 8F Bridhdel 1A@) withSiRrovisignal
%ghr'rJaﬁWSenﬁ -b/630, 1 EenlifYENTd Y MBERT sgrgmm@rzr@ﬁ@ﬁ $OR

to automatic test equl pnent
Mﬂqmrl&:mgsn BRUBHHINIGT filod on Nerem!rnem 200# whichisderewst

@?Q%Qe’ I NVENTI ON Semi conduct or

evr ces are testedtg':1¥l n mJItiEIe times, during their

rran ume eapeels refatedoip EBNSTRUMENBMHTH NTERF A@E dOBment
%RTE‘%\J N Alﬁ%‘ivﬁ{ﬂc J‘E%Tlﬁﬁﬁpmme”f%@i(%r&a?ﬁiz 2005,

stinul'ate a devi ce under fest

rvbwheawmrthyrre%mw@m@n &s eeetsr  det er mi nes. 20
whet her a DUT is operating properly by conparing the
response evoked by a carefully controlled test
pattern with an exp&dilddOFJEEINYENTIANT | |y test
devi cgg ’mvteﬁﬁ)ntr@%ﬁéené@MOQuﬁ%Qﬁt@Jt BqBPHenTBRBHEE particularly to
signals such as, may be " found in the operating

‘5ﬁﬁ€ﬁ?mﬁﬁwﬁhﬁé§ﬁﬁﬂ$ﬂﬁes | ncreasi ng conpl exity of
senrconductor chi ps has required that automatic test

~ equi pment al so generate andoneasue/ 25 nor e conpl ex

[2 A

signals. Most seRPESHRELDS

I s p@RAidoRdRicd Be\eRE B tédied) drivh muﬁnlpena\hes dui\m@merdmahﬁeam A
such as di sk drive controllers and processors

OB SSPEHEI e CTRRET GUHER A B %SRBSR 1D Gty ienals it

Singidd Sdevicbuhde teSN(SjLHI)TEnd % @reasamgmlesﬂmw Tae @dsegdmﬂhnes
re now.w age

ita el ectroni cs,
bt & DL SRR BB PGP OB M [h e e etvg‘g?%éaarfsﬁﬂm
rr'gd&&negw @@:@ﬁr\ﬁt}emkwpéatedr@pdnaé and ana: 0og si gnal S.
ccor.di test e ist

A oo s plices; OB B TR PR Pare TRl ¥ as may be
fﬁﬁ?{fdflg rrg&)p&aﬁrml ivifrduﬁr;eﬁtﬂf@]ﬁds@ﬂhvacﬁﬂ thr%ngenﬁpmrmg hi :c gh

ee 1 glta a or roauclt n an nal o wav orm
FRIETIEIOT B 5 FARREAN A APBRETY SR RImenf ] §Rprate and messine
s t:dsmr]rste-nst@ualsa MBbst semﬁcﬁhdhedar tevides pensiaeror r@p@iday high spead digital

ti a nal s peeded.to

080 DB ittt S urisl St riiticts Y Hapcybis aiso
gdaathte r refgopditd anglog mgiiaisu rBartesydtdrad, cqianing Botb epdapaing digital

est uncti ons. prov
J]ec?romcs, are now wid 1mpllemente9 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
producirrg an analog waveform that has a programmed characteristic. Multiple instruments

are instalied 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 virtually any sem conduct or device. However,
K{EROHList a test system from separate instrupeUS2005/042691
creates an additional 5 challenge for test system

desagmdarsiciiec &Itﬁz&m@ RRrafdoQns pﬂfvncfelagpa}é?ertlesq Wihctions provides a
coordi nated. For a test systemto

I

ﬁ%’lp@? 7l ¥e"v‘:é Vé“ﬁé%ef“ TSR BReif 28d BeaE S e task signals
d@qul@ﬁei foi testing Slrmftlty&ny sefiesaadtyr dedite. t re t esger to q q
det er mi 0 speci fic signal was detected an :
t hat r}]tl(ﬁ\gevgrl :Iissenl'lbl?agg g?ﬁs?{éﬁerﬁt{mg‘ sg%g? pistEungen sergaigs an additional
r diabengo fortiest aswﬁrdba@nrsﬁfgtaa;ﬂstgs actlggls{rlffgieﬂﬁgiﬁg ut%gﬁﬁ]grtté A0t be
0 n '
g%ﬁpecpglttég d ﬁé{] ala'tggne%s%m t% 0 BTREYY, V2 '(ﬁt?sf IE?bl.tllI% AR a sgmyconductor device, it
r i PBe wpaeshdrp for tl@iﬁte\!\mﬂeteﬁn e bl Irt]lf.'lﬂzt etifSEEAMITRA StdeRd M (hat

4 I CUI r ov

P{E\?e ]rglgxﬁgc%ﬁn‘g ({) ‘gﬁ :,éeru]% lc%me e fi e gxxe %:? cleft I ﬁlg{uﬂ%ﬁ:‘pgmaﬁd operation
Afiiedngtrumgnty is geseseqry fdn aignips' 1O\bie @e:ﬁn&dsmﬂ hR&sure@iwith specific time
tc,@;mt'@ggﬁ t Io contr o: I t ge gene[ ?t i on and rre?sur (Ierrigt of

est signals is called a pattern generator
Ther e Gng way toe:ﬁordmpﬁemrumeﬂts ik Itmnrbwtl@cohhﬂlz@d x&ﬂuﬂ?@@l}{n Qﬁ)vﬁeq a
et RLENTRK Qﬁcp&)lﬁuﬁalaag to 9ﬂ“1s?t?mc l e %rc\}{% JtL ¢ le%%‘rjﬁhzg 810v1des a series

many instrunments in a

(hefsamangp foeconty) é‘?ﬁ%lwf!lhatmcameasunemem of elstatgnmelstoallc&ngﬁ;snem
@fnedar&l™ock may be specified with a resolution limted

by the perlod of the clock. Lower frequency cl ocks

have | Pligier rrastisal dimit to Herfesfiomey pfiagvlietece dbsk that éamibag
Fdiablly lﬁ{nlnémout aﬂn}%%sﬁuﬂﬁrﬁé&%ﬁe& 5 ﬂc&g which ?anLge !lggesi&%ble Events

ﬂe3|red known to use an |nfer po
Wt Bt B‘E?F%’telﬁ‘“’f & edesg of £ elpek maydrc spesified rv~azhkx resoluiion Bunitad by the

bdratl of fhe @lobk. ACHw P ﬁug.lt,n@ RRkd e Q)ﬁ%é? o5 IC%F Knd tBtgrPton, r{JIO\’lGC less

i_.nt.er_%o{ ators nust accurate an
HREBEEPIUEPhg i nterpolators in a test systemtherefore

pr esemhise SoAHE Bhs le@iutRAlis &Ei@e?{emis SR lggif 19&%0 dtOI’ An
nﬁeﬁafrd relative to a digital clock. varia
& é‘p‘b‘i"&&k{ Hiabgan Gaskng ntevalibat i A fpctioneefneodriad Q:f@tk:lcmg

\ﬁﬁhlblt, Gﬁérptﬂﬁoﬂs PusEHFREQYRSarkdRabRE DEaLa) /sl -EMh%u mterpo tors in a
tl’Qt % sem conduct or test sys‘f’em manu a%? Cfl
g} g%ﬁ & PIESGRES Cﬂrg}lexggg npfPresppiedise Hineere gxeastﬁqsé relanvc toa

cbg:mhclbcﬂccture is shown generally in FIG | and
i ncl %des a reference clock generator 8 that generates

a o| be \ﬁln?thoélton tlée agpropeh of Yiiagd cegpralbysmengd clpgking arclytegture is
cpiplﬂ}éﬂ inttlye ©ftal Y chiRdd-A0d) RRA AR ?cn{}@gtclﬁ El'[ L% f‘atl,%re% rﬂ)q

E c} vel y. Each anal og or
ctﬁ‘H%‘?ed el Oqéoé’p’éiiﬁﬁﬂ‘é“‘icﬁmTllﬁrﬂérhttcblit!helfgh\'u gensxhbwincmez and

ua:pralt»ea:t\,wr@de tbat geAdtatol LS ééﬁ@'ﬂtn 4 (?loﬁ tﬁa(t) & a‘l‘fs"i]llahu‘fe(an ) ]tned out,
n..i nsérurrent may | ement e

to i ‘?’b‘ar of 3&@&%‘ 23 a“aéﬂgtcé?“ﬂfﬁ't‘?(ﬂe‘el‘QdU%’B@yICB@CmWﬂ}I éneinv@d:g@n
dg;tsll cagll reayQicre6hsidered alsehafdidNGnMeh D ﬂ\%ﬁgﬂﬁf shofrld bE Q}BJ{ L¥atedihat an
mstrument is a logical concept and that ar 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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WO 2006/ 055980 PCTI US2005/ 042691 Signals generated by
a centralized pattern generator 14 are fanned out with
the reference clock to the channel cards. Pattern
PEN@naEEss?8014 i ssues commands that are to be perfstoo®meizeon
by each instrunent A connand may be generated for
each
ol oc kBRI s e ¥ B IF e BRE R e
te€erdricertingk to wheccharmel;caﬂiﬁ PaMem@anaﬂatowIesssuwmmhmnam that are to be
%erformtdt | negchcllpsr Cu'eFétr ASH ggea_nd eraogéj g«%lerq ed {{S%ﬁ.chsﬂlsgl%%le§t f{:)roéach
sh@wmﬂwﬂﬂhemamakbg cards 12, on t he ot her hand,
recei t C

Clbekls %ﬂiﬂﬁ ?&g{e% ta] AR GhAbEA il OJH%L zrgeiﬁ%ﬁ& tives

cl ock sigra esl ze an ana roug A
amziaoy felmatiog cinpdte 1é3 6 poNfce igitalThignals cﬁ@“aibplwnmrdg thf:I dgike-

fAl’Qlerd{eét ﬁTf iy olvvgpai'hﬁ](éh 18%‘#({53620 9«9&]1 I{H) Fe% d@@ﬁlﬁ %otely

nstru nts. 0 e ana escrib
gqne!@!esdlg@dtrefmenqwk% $ig8d alEB“:SnthEﬂ*ﬂelatl P@ébg (‘Aﬁ& Ithjgug!;l ao@kg Clock
(:1@)3159' 9% NI GRH IRGE bl PRSI
|nveA? eﬁprgsaﬁz |ﬁcorpor§ted Rerern b mwormow
m@b@ﬂ@ﬁ@@ﬂﬁm its entirety. Each anal og |nstrunent may

have dnwor&vmthecdmsgcmqs (QSSREN 6. s%@énahe @igsioh3, AMkd
frequency, whi coul d be higher than the frequency of

Amleg{dogka¥leduls e@ge?cbte Rhe apsignge okthe preseBin Mt andrPregiy -

RORYRa b hFdiToy fefer@BER ifs B8y MM ahd164 MQ’tﬁﬁneﬁt B& RBE fis own
enerator. The pattern enerators Opera

qrkand Bpis(pss gperatnas dsiowhiTeqyency oy Bietsruld fi?lhdﬁ?k"-' té?'gﬁh‘afrequency of

tﬁ@ﬁhﬂgﬁéggap gener ator outputs conmmands or "events"
for its specific instrument at the required tinme. 20
A f uft hematen of e dssigy shopgin Blge qaﬂswfmmﬂftm‘tlbdeﬁ AeRtraR

Rnér@ealTHe |p9t€é|ﬁ] 208 Perale@ybhionSust it Base®¥Mkhd ?etfér&{cﬁ clock signal.
%ﬁnerator The | ocal clock generator may_pro

B BRETHCIERIPT QYR COMMABER e TR eaRe mﬁ‘furﬁ!fsﬂt at the
BREeSEAEY that the pattern generators start in a

coordi nated  fashi on. Published p ten cati on
01 0S0HBYEL CPrisios BIFGdaoh TR B R O P%%g@aeto;\to drive its

OEREQ@ENE% BAssEPhelile&l Eibck ée\‘}ﬁ’aﬁhm d,spx’a@rcebmcusmeeffﬁ%at ed
reference in.its entirety) describes a syste

f‘teﬂtb‘i“a'ieh PWFYeR K& nSRRSaRY shalhepattemeeraraions st i inated
[mmﬁhatlng at different frequencies. The approach in

o1 gnBfoiRteg e R VR RORL BT R Wb Rl

RURO& %’REQUENOYQBASEID frESf‘ ER’W@hﬁdﬂGﬁEer&b&QﬁK@om&ﬁ b@ reference in its
eg{}g‘tyt?lﬁs?rﬂ’ “Wh Fyéf‘?n’ofﬁb"rogf(’i"@ﬂn%tlhe ﬂ?ﬁr?qoﬂ Iogpﬁnﬁ‘g‘tgg ﬁerf%tﬂ'is g p?rgtmg at
difendht fryqusyoish Tadappasdch id 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 in which operation of multiple instruments is

readily synchronized.
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WD 2006/ 055980 PCTI US2005/ 042691 SUMVARY OF | NVENTI ON

I n anot her aspect, the invention relates to a test

system of the type having a plurality of instrunments.
Wiezweeisomwyst em i ncl udes a reference cl ock gemreraisois/042691
providing a reference clock. A first instrunent

conprises a first | osuMMARvIORTEVERION coupl ed Lo the
refer enerato and pr.ov a first
| ocal RrE SR8E ORIAB Riv Rt Bratutn tef wex hing st
f pfrugqtrumgr@m”ﬂ@nescwscml ibcledeo s tefigerpe dgﬂ@g’ﬂmdtoﬁﬂﬂﬂiaﬁgi rdfBnce
t I
cavel RS bt DALY TR By QoBERR oy coplipiiaite prene
t Heckreatessiamad providoig adesiducal ahock gamhtqdrfmm e f@erams @Ib@lﬂﬂqd a first
I ce.cl ock
QBRI cﬁ!:lﬁlcslﬁ)rﬁg Bﬁ)rgé&rﬁped ¢ ﬁﬂ@‘a&ﬂ Sor' tﬁ“e p%urgl[}{ ogwgr%ngu Argond

second contro Ircult avil n
tIRETIGERIEAMPEGAHE pasbnddisat cliotk membt ¢0ngled im&h@ﬂdfelﬁdmt:e abckagenerawr

t T I Q 2 | ?encg d at e
A RRRSELLS 8 LR, BRI LB v

GrFdthaving amppitagd an @Umtrtb‘t secongdubntod mpdu&dssteﬂmg he: dApuPatta time
QpecifiR@ b§ 8 GRIBJaleo '

le)?cc o ? exe?:lut ?xﬁ%ﬁkd & a}%g{hﬂutt to tBJ]ns%Foeng lég:ﬁtrol 01{%111 arvlgmj:gonal
SUCHFY '@dméta cppteol @phtqoapled et outpuTfghe :eectndsymtoe nir@litSthe

@Rt ehaN@ic Wy kx Relieen@ion ﬁ@ﬁaronsterﬂc?% Lfll&ei(atsserte fid éorgnol input.

ﬁ@d t he second i nstrunent
& E5{ 5% alF0 lias @ ngiresk betwdenrat loast e firstingrusient :tnldehef detant]

IbtrEodHk, R nefl drie BirlyingS Iﬁ&y«:%ls ﬁﬁt ihQudeb § n&%&%ﬁﬁ% whet%m the ﬁtat

EYOVLde t e time value in he nessage an
Yiel Breuié jsepgniad tp &G@SWI@G prayidetie timest wabeln the meesaga ame the

tdeend dofiteo! ¢ Aduitds &uplell o hOReHvork hdlreBY th@ﬁm@%ﬁ@ec ’lts input
|nvet|o relates to a nmethod of operating a
syst P ‘H@‘“&?““P% gdatestgnp micthad efippenating a llehsyiteelst

sqnaﬁ:e:m; ﬁﬂlEdsh% IRGIREAS |t1{&}es@sﬁﬁmﬁlﬁ& Bdrh ﬁm ar&ﬁm unication link
et ntpe at | east two instrunents. r%e 8’

BRI oL P PlanfiaRiens. T 0ot coririess 26ebiishiog brarmon time

lhé:teneelbbht/deﬁhﬁﬂagcdnﬁﬂtéhﬁ &t Ibd’s]t @ nlls?rﬁrﬁénts; WO i &ﬁﬁél%ﬂgﬂ{x the first

msl ench &on the first instrunent throu
bERrgReh AP petiiedRliging gventsipa test, with P@f‘tlp@fﬁilh@weoﬁs to be

dxbtﬂlted\b@ s rit%sbﬁme&&ﬁﬁﬂﬁ&ﬂom theFedtd tB%E eﬂcé&ﬁ’lrea U)gﬁlg tsacg)q(fj

; n%%:tlt %n of . t rBl‘F to be execut ed econ
PSS e neoprunges ) st loehe ﬁeﬁ@td "ilsﬁytl‘!ﬁmrﬁemthet 0

CDhmusmﬂm)ndinic ﬁ&bédﬂ’iﬁﬂka@‘dﬁ evbii®o b&éi@&ﬁ'tﬁa'b‘}%é s@fbnld'u'fklﬁ'ulli'ngnt and
nf to he executéd by th

e eve
S iRl e S B o e und g st i Geme shscuiing
llueo;pbmfled)ee@mmﬁIheaﬂd)nﬂ\/ﬂisﬁ-duﬁkgu_untI | the specified tine
and executing the specified event with the second
instrument. BRI EF DESCRI PTI ON OF DRAW NGS The

accompanyi ng dr ES(DEIPIIRDNUth{mq\]@g) be drawn to

scal g, eal}{})m % dentical or nearly
i dent'i ca é?]‘f"“g%’é? “‘?‘é“‘?ﬂ F‘b@tbf’ g 19 fralgadn g grawings,
efch dsnes! qarswarbe(pdsrmsﬂmbxﬁﬂoﬂayt that lid lhxﬁsnﬂt@mr@housﬁ%hres is

r%%é?ﬂ%%? a?Jﬁc gtlm%erralﬂt gtr)ra;%(x)]%?@eesvoref ﬁ%{l%glg)g ?‘%%] qp&gmt rmnth may be labeled

in every drawing. In the drdwmgs
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WO 2006/ 055980 PCT11JS2005/042691 FIG | is a block
di agram of a conventional clock architecture for a
sem conductor tester; FIG 2 is a block diagramof a
woomhe/asssi t ect ure according to one form of thReT/US2005/042691
present cinvention; 5 FIG 3 is a sinplified bl ock
dI agr &ng.afis h hl@cIth@gﬂfm 3F £&nt &&ibaHT BloQf ardHit& i for o sleﬁl @ctor
a timng diagramillustrating alignnment of a |loca
tif:ock FIG 4B is a diagramillustrating
synchFthizaas block difgra@brh@sck afthfectie AR oRinR@Ste fgfn?gfr tﬁ@ﬂ;resent
ofwegl (gcwtry interfacing two instrunents; and FI G
Tow chart illustrati ng a conmmuni cation pr ocess
bet weétG Buioa slmshﬁaﬂmksxagraﬂqQ)fE?EmbkﬁauQEﬁ@%f@chQN Thi s
mvenFicJog L lmte . $_1|FI ati ntothe
det ai consi lg&@ﬁagh' 5%‘{&“& 8
conpoRKh#B 1seed1agrmilh:surmmg hﬁlc}ﬁrehllz;ﬁf% Bﬂwﬁaﬁa@ﬂ IOt I on or
e invention is capable

illus t

o oS S o A0 TR S s 2P

bei ngFIL5 6 ésar fidwechad ditusirating a ko eniviiys proddss Betwbdh@wo instruments.
phraseol ogy and term nol ogy used herein is for the

pur pose of description and should not be regarded as

I imting. The use ofDETAIuBMDm;RIPTMn'pri Si ng, or
"havi THis mvenﬁ&pﬁ %bﬂtn‘ﬁged 11% Its ?chay%%ﬁ‘ﬁ@sﬁgﬂﬁ% cioP%wgtlon and the

t her eof herern,
prraggeent h%qoemﬁrteets setrfdtﬂexqulnwfalka’nn@detsdsrexnembr 1H&su\a&ﬁ in @6
g,qg; l; eC| f aI I

2, ;‘F}& gﬂn%(;ra\{e@rﬁs czﬁﬁilg”dﬁ%e | on | S ﬁfmfébemg
asticshqubi verious weishi Adem thephuaseotogy bt t;emgmmsbq/herem is for the

gb8d stati.on,

E\aps0 Dk Scpath bl A bl KGRl SRS e Rk T GhaicE.
romResings’ 95/ having;"t ‘90%?1"1&% éctnmbﬂng: add(yamiloassthewa Hedsn, fsaficant
B RARhdhds ek iR A
GRNGITBIIL B HTRABLY hCRliv B0 BB d ARl e fhioopt jeoms,
i nst RGFEHE ose spscifcrlly AsFIQ. 2L@teﬂ@tﬂéuﬁemtmfﬁk@lveﬁt,lontthéaescnbed in
©RMN 18 sGREShdgGod s n_car
il g Sdl bond éga tt?sgégs%eﬁérgl e§xF1taa9edd)fO i 1{?&#%&& a forr&pa?eds
vepskstatiop 25 @Rq ¢ iesthead2d (ip@hsntem)y é"és teathcvd rhpuﬁteea plurahityerfieRcigonic
b32rdta§b@ﬁlbl‘ids@§r geRBai® %K@ﬁl%ﬁ% tgs@ s:%n%lst ame tcpn%rapca?qg?({ d

ﬁ’ %%ds and a reference genera
divapon el 28, Ffé#févfeﬂeelseweekcar@ﬁewot ed RCLK. The

ref eAeNkgrtddas KIG. QERE bR catliedd f&‘aE'B 1RG0 afsflb &‘ " for
MHz cry stal osci | | ator. Comput er Pnterrace

déf IJ[’B(A%‘ PhRR a‘i""éfé% astrpmens garfis}0c (Fha sestrak cardz2 6ineiuslss @ cormutde

irgéridbd SNthatdics hl WRAHGRLHN?
1@/6]1? r ams ;:St can bte I oﬁtgé% tiébﬁt%gd %é%%"%g&e%‘ﬁ& [te?e §ence

ngrator 34 atzggne'ﬁqltgﬁ,q gEseenge clogkedengicd RCEKhdhe reference clock
gepadinlal Cofirise SHCdkamplel 11 00INMIS HYst %8G HdrO @3091 uter mierfacie 32

prev ousl¥ devel oped test prograns or anal yzing

al wgl,tlhet tgsterto be mterfaced 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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dipgk mogple dessiledie Pes- ﬁaterz @Iﬂrrﬁéf g,

5 WO 2006/ 055980 PCT/ US2005/ 042691 The central card
26 includes control circuitry that generates contr ol
signal s responsive to commands fromthe workstation.
@uezood/osssw® control signals conprises a " DSYNCPCSiugreb/o42691
The reference clock signal and the DSYNC si gnal are

fann out,. or distrjbuted, .al.on DSYNC a
£ o St ST A roeR ity B e egales ot Cels geggpeive
folzem thiasdsIfichithe abrkedtidn. One df tBBconDbBﬂig’ﬂablcbmptﬁseoﬁ "DINESE@" signal,

i I || at t
FiedP P e and B¢ RePRRSAACHT affroqht pf Bt sas
DeYECant ROLEFRI-out airdudtry M@hﬂ)3&4&iﬁd¢ft‘iyel§' l‘thspbmd on theelisribudon of

LA TR RSB 5 i o AR pmens o

dirgi frednispnds arthd a:bgvese@reab&d appliegtianUOrIB08TAD. depl ct s a

di gi t.al st £ ument l.s I

c han?@ lncsarnEIents y C fng?tﬁgrgfcgd %?ﬁ%ef‘dég*%(ﬂ%%ﬂ?c g’ I%r may
pedfoton ﬁInetlctnemvermgkﬂwml@Iné anafogtsesmtls.sIpstnemnt 30A dapedtsya digytal

Iﬁ{l‘ém%gt a]r@éa?]leci)lﬁ ac#%&%p%gdr‘a 9&3%%\1?1' nCI‘H ré%ﬁcron{a e?e.rc rblﬂg Ef% rees for

m@nplelte@tgkchanmm | Aetest Bystemyis fikelp toogcrlwdﬂwdtml@c@ewé exde one
I f r

o "RUBFAERHi 25E USROS,
thydude 42| nryibe poetrdnamedio peperatersine primere Clyckseofa desdred frequency from

a
%(Ié]?]!? aﬂln rﬁ(eﬂdesérﬁ@d e:}%JdEﬁé?lt ta!fl:gl r?(lg ?%%%?wﬂer ocﬁ&pﬁge]ﬂcécr%?dglre 42 is
intgyded éfrml&@lb“l@qﬂﬁbk ge. aﬂthméb@nawmnfcfrép@ﬁpommq& s eloaks .
FRGAYS & cl@é]J geﬁéra&)maféeg&gh% cREE FSNRfPlifEeht" i%m.lénlaf%s S@é'wuse
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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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46 provi des a sequence of commands that control the
functional portions of instrunent 30A. Pattern

generator 46 may provide branching in response to
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30 digital instrunments to be redesigned each tine a
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respond appropriately, such as by transferring the
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25 FIGS. 4A and 4B illustrate the process by which
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a rel ati onshi en e
aBawhthe phase lackeddeoppt ogetterto aspreck@mm edlie. After this

sett kh@(gziéy'ﬂpﬁ rcéll%e c@%nﬁqgﬁr_ﬁgusg Blg cl%%lgge%era{‘c%‘ difcuit mcHxées an

to set thé local wat
NGQ ptipmtvbigh iy implemsnigdwitl digital ICW@IEQalﬁdhﬁwfsreaamdimrmlmsnc

ol eved ding m&%cttllng?ntgval Tllé} ﬁ)ﬁ:e nd ?rﬁ&{' ca%rgg%ﬁ&?&tby

t he cl ock nodul e generat es oca ocks u3|ng ase
cpytiRg eveles gbihe NiCOs eiven thpuginthe eutpetioy the phasg tocked lt)th:els motpmbte

derngStﬁzIttxth}gaﬁ @’fw Q&f @E\ﬁ%& B%g'glggm tl%%@tth hﬁter/yit\R tdel%gd gn the

t he. phase oce ntalnjltt r or ot
S%tFCGES‘%@HFW%bI“@dUWhe deI ay, DAT, allows the phase
| ockmdhd i0@mRadd Erﬁbtﬁﬁhédt &hd é&cﬁmﬁzﬁ%n%@ﬂg ?GCYjalg Ee%et 1d Do at time

DAT can be determ ned because

del a
Eg%ﬂﬁ‘é&ﬂ?ﬁ Bipugh the NCO arerequpgdantia Sﬂflﬁe@tp@ipwldﬁs paskeiddint e
otpRloe e %@Q Iddkeldhocﬁii il baktaBlb" &tbht £ AR SEARGLSTALE, RERCA

det erm.n A
watch 15 loade w:th 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.
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out put even during the settling interval. Therefore,

the interval DAT can be neasured by 25 counting cycles

of the NCO even though the output of the phase | ocked
Wwaomoé/essssot stable during that interval. Therep@siohs/e2691
nunber of cycles in the settling interval wll depend

on t hey théarEddindht §R8kHA hQkinlhepEl Rl FIBUA &- useldr}o EJEQ watch in
illustrated enbodi ment, t he accunul ator Wt h

8t Bgwmepidhy) gy actes § popgollqr insiyrmenty MASCHA re@mtwth%watch ina
NG@roaléemmuﬂmemlmﬁtelE,, WAwaAJ Hak £0dIud 400 THA a1 A% F?sassed

tth gOo%tg hase | ocked | oop wll be
B’F&mati\ SRpe Ve dC f‘hf‘fh@t @flﬁ%ah@atﬁmeeﬂ@% thews fhetag fime
vm,t WATCHA ioRded withithe @m&&bm er@ﬁb‘lﬂlngtﬂ& dch, 56t thiRer,
wat ¢h tracks tine Wt h

DAT. In t
CPAREH R incamoys ool At B L e ERR TR amiia bt eaeh inogmes
réfRctrgrtm: kmgm%ffgqfeﬁbcfﬁm_&%m m&%&/ Oagﬁe%ﬁ sgoués \;\]IATCHA one
n the e odl nent escril pe ereln
qle%iﬁgééqﬁef far“cf YA is used to set a watch in each
i nst r(DrmErntled ihatumeny nag his@mhcladCloql £i0tls eiat i:iaa& WAtERB bn those

resen s the ch.in ntraq
I RSTT ums Oweygh o] fhasegyate W{?&?—Weﬁﬁg’ g'\?@fl%t"ﬂf’fztheyrﬁéﬂ be

vaklrenidfi2o il waidh dnethe coAtoHirénsoenants EIG/\AI@hH\NJEaE;ch @Iock LCLKB

R0 e MsurdeR) LELRE: 1neSiog e SRR Ut ot SBmensas

tabKdeFarthe DAL acTihge eall e@riable WACKGIAf itine matnthStebtQstem, it is

peEPuR Aot abhli Yl L8, ARRU AT St ST
@staumsneshowid be @aaﬂe@@vrm WANE GHAcaorepong v istethe falGin KAVATCHA

& &850k {Control I ed instruments nmay al so
inCIF Oo? ‘Iég?gﬁ%focks that cl ock watches on those 10

i nst mifpreidt showiibacthevaluek 412 dndds4inMBIACHTESR a ambeE umd Eylhre
mﬁletérglﬁﬂ{e' lgeﬂuﬂg te!,/ m’no{_ﬂéﬁﬁl PHH%& zeﬁ to Wnﬁﬁ-f%nk%%{%lﬁ %shews

evvatchlnt e’ contr trunent
fﬁatllﬁébqlow bekKA@nKBCLKR naywottterabned dméanadznharehate it it KB.

deEesEQ?nYy pﬁrov&ﬂ‘x‘élat‘b‘ﬁ?rgp B]éi‘&reeQZl%e d es&?ﬁCEﬁﬁeané F%ﬂ ncy as

he nost accur répeat a acki ng
of t %ltwﬂtelrﬁ% thah W ATESIB igiisilelrms mdptemnatpvaétﬁesrmhmltehe

1%%@1t%y%ablgmgué{“gtﬂé‘@-ﬁﬁ% Uﬁ%ﬁ’ Oned T %@w?ﬁh has alower

control I nstrunent —s be 1'0oade
rgealutien thaa WV /g sbmerstrolier instrimecnt: allereevien the L\mmcws wn:tch can

b&gﬁgfg}gﬁmmr{é‘eﬁ b ﬁﬁh:‘dgﬂ@v\%ﬁé%ﬁﬁ t&m%ﬁoﬁﬁé"g@ﬁé@& E)‘\%TCHB

FlG o6t identifignihis low easelutien watehyes ROVE RESt Asdions 15 QUM (RIS wasch

410s AR 408\ I C ;
A B0 0 5y i b S SR Koy,
Hoé” AP ke élééxswﬁlwf ACTR AHRE glelﬁa‘tqnéﬁléﬁldllpﬁtlb@?m readidy

iRAGO heQfmd I LKA e ABL ribddleiBodi RSP bécguste he nfsﬁ’%&n&ﬁ%&elw cik@u(

|cﬂéé|ally has i ndeterm nate val ues, a contro
253G 2p Yifrelghaltmy track tine using a LONRES watch. The

LOWIREW #BS GAtch@Rrethch@WRE 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 E;, the value in field 418 approximates the value in
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resolution than WATCHA in the controller instrunent.
However, the LOWRES watch can be readily
synchroni zed to WATCHA and used to synchroni ze WATCHA
W Wad@asize 25 FIG 4A identifies this | ow r eseCwusEmns/042691
watch as LOWRES. At tine EIl LOWRES watch takes on a
Vididle 64§ A TCHIR, Ekfféreicésail&%@e Q%ﬁukb@ t(g ﬁ)ﬁlﬁ&lﬁ@ﬁlﬁ{e@ &) 1he ar:tQEat
V@TCHA Accordi ngly ’h LO W RES is given a va

AZEHS fale"e%er*ﬁémﬁwﬁ /sf%ﬁfeﬂdvtrc'édhﬁnﬁ&w patpipgnd that [CLK and

r @K bapes badertt dffférchivendsi me Ei in the descri bed

enbodi t?&ﬁi‘f@uﬁs all. instrunents receive the RCLK
and Sty2iclon sk with falds 430 pedi3havips indeterminate

O.lahhﬁi These f&&hepﬂ@é@dt@eﬂéasﬁ@niﬁc?ﬂtﬂidd@ ef %bwgﬁﬁ ?g@l? resent more
contalns a t11l.e
R s Titiot LA AL U PRBII: BFForlieeirEchalgbire ot

rsbqom&ﬁﬂlﬂtdymgx besuiie to 5d Y th bR rebdyt SnPhriddAHERIen the values in

ARTCRA s Low 555 idha. FRRER] tseBoesd peehe rd st

viaplemeritation 2 VOW2 BESMAERO80 PCTI US2005/ 042691 field
ributed to

416 o
r oundllt. n\é\ﬁgl RS R Qrﬁcesﬁ‘cbé(c‘?hq% "“‘af&*r@wwb%%@ﬁffgome its
tigentevatht hﬂrgd@@aed WeSGIHA, iwdth atldvalwdi€AnRESnitdlled nsai€lent, here

B G e D B TR B ool BB sorstripprraond

fig 2orteNiehystiumtet ipdiciting tiet WA TCARigwuld Bh @}ﬁﬁhfﬁ)hl@écﬂﬁltb WATCHA.

TEDCERERD olBel R by ubRTlorii®s RR 4P e ME o o

saphrprigign ehoumgrrds well g5, the dyechromahoue&h&r e not shown

and t Zero | ow a rea

conp e{? ,%é‘g‘?] ﬁﬁ'e %@%@%ﬁ g{/%lqgétg ® Fepre 1‘5%}53“3“6 § °’E2ﬁ95|:§r;‘§’e
m%ﬁo thtdq ygnt td 46 cantplldPRstrveedt in @tcothandq cAtuded;] WADCHA is
éngQlln RNL flely l]qe #o. I#\CM{TB%S t a?lp: 433‘ ?CI*{!%B iy Ftl]] indeterminate.

| ustrates the process ch™a con
Tt QYRES watgly omsiha ewl@ﬁedzxestrutnsnt Heow vdlueic Whe trdweet32

SpraRAkert WALGRHY, i ﬁ@.t&fregsm?g@éﬁwof&saw&%m rolled

i nstrunent, here eS| nat e e process
i nvolTheyaludia EEREHAIe! @me Exis tised m%mnwemdlmngstfmpc@mrﬁmb stamp

45@ is Johﬁ)u(é@ By hidBldmb gﬁ@e\%\d %{(ﬁ%&?wﬁ%’g atctgcﬁﬁrnéech 2 stamp

shoul d be synchroniz s
1R @H@gte@t erignoyntpftheabiset isphefetably dufiicientlydeng thellew amessage

Rhitaihhig Gl trikEstakm, S0 ﬁms%eé%hq}?e &J{&E}Hﬁ& nlﬁﬁ'gﬂéné ?o%h%‘@clé] rplled

.as the synchroni zation val ue.
ipsrumert, iythis wapethe Hive pamp 430 Wiﬂigcnr@sn@tmtm@dhp Qta@ss afiet thee

cShtedled ﬂ@@urﬁéﬁﬂecé1§esstl?er§5m(,th§bn¥zgﬁon%%1{aﬂt]i l'ed instrument in

a conmand. At tine ; own to have the
val ul thegmbogiment thustated in RIS ¢B thetimasanp 434AmaHRs figlds 452 and

4341 WATOMEHELMsTRIE 416 %@5&%]@5&%@4&4@%@& Jﬁms as fgds 452

ntrolled i nstrunent has a val ue 432 val
?84%6%? Yt S¥ATREAVBludss adgpiony) bithin fialhd38s Thé addition bits in

fieRISIGR etipte@éht BddikdMY E¥ef W@ Wsth 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 value in WATCHA at tinme E3 is used to conpute a

time stanp 450. Tine stanp 450 is conputed by addi ng
some offset to the value in WATCHA at the tinme the
wWomietm 450 is conputed. The anpunt of thecofbxesos2691
is preferably sufficiently long to all ow a nessage

cont aiThe ngué in@infelstitpI @ fRy bOud® il B i e ad Wipd e
cpg rﬁ_m qutrU”Ent to the controll'ed 25 i nstrunent.

I RPRTENGRYACheReemmapd shquighs exeqyted; [The mess sigaifipant bitsiof fime stamp
t4ﬁ@tm ﬁe:ld ﬂﬁfsreﬁl’ﬁaieﬁftlrﬁmlth e EHxﬁd}Jesloﬂﬁiloh BSLOWRRAS wat%ﬁ EAV&he time,

t I a In the enbodi ne

o 8y PER R A LOW RS ViRt Gbet s whasrdit asshmAcic iteip field 452
quemstmff,gsanﬂy co@aﬁnﬁnnﬁkﬁé’@‘]ﬁ%& ih mcifwdm el t?@leﬁvéﬁc ﬁgﬁ}m 452 of

t nu er, o Its a I el ds

Afﬁ‘? ﬁ%‘%’“lae"s“’é‘c g3 %mewmwam@gc dditional bits

| n fi §hdvﬂl&83prashﬂe®mme a4aray 450i chur;t ﬂtn\%ﬁ}ﬁ Eﬁér@lm‘é@ This time is
FEREERED 0 0 BRI LGP L R LG e e
thmei Dottt adagdmddt mmi; withf avedat thal Wil creQeThe bdoOettebius aligning

HELE SRS R 1 £t YRG0 R sty e

@%Téhofttb‘: PBE piruftysediie gttnem-:a IarLKm toctwvatue dagee sy Rc hrenakgRlly, an

0 t.ed.. . The,
Wrﬁe{i%ﬁ SQWS gf’ H{ng EQ)‘3 tl}%w 3"2’;’%{5‘ be ﬁt szr& dndd_%l?ng an edge of
LEEKBsbeonld picppe Bxen ﬁotﬁh@@é@ls melsewhllhﬂaie@lntlms ELGK/EREﬁ values in

n u X

%?%ﬁ gtegtke@'?gﬁthg%\;ﬁgm]&eedq Bl%gt 'I’:%self S0 tF gg circhrtry sg‘%as and
LEDKB ipgengiaied, Icﬁleﬁaﬁawwl%ve aghamspht hadgmteﬂ@ A Blnel &5 N

LOW %%%e"%@ﬁl&@ nﬁ&vah k&ethéﬁafjc reh nTﬁe s%!ﬂ% n?t ?/glfl% hlgst{n?eﬁén %2}3 4B

450, a controlled instrufrent may |
Tval ue represented by time stanp 450 occurs a tine

R aftheknd dffe sothing thtbSailil st*a d 2 {?,9 Lr%g E}, g*f/gifgﬁ% éS

413 as E5. To genérate a | oca
#lgd with 2 jinigial palue and glockedewith Iﬁld@( Wﬂ@"ﬂl@es whdcgrveith aatime that

fepré®niEdheWalul o@t:M@l:tMﬁp &:Qﬁh H@”s#ch{%‘h Bnlﬁ'kgt?}?ﬁe g ¢ &t ES@SDAH

as allgnln? TePaC
Ip Bfixmey. VAT R é‘doaéiﬁd ’tVlﬂFré Vﬁue lwmg@tdpﬂengntsherehad:mmpnmthe value

ih MT(N@@aﬂlf Istt}ﬁ?ea%lo@é%i%'L@L@ Gt h%ﬁ%ﬁkﬁle%%@sﬁlg to the

e based on Rl nce ,
‘%‘F’X @?C *P%SIO@P WATGHA. {n thys vea') W&wm@@rsh@uﬂzqﬂ &V ATCHA.
" zer fh the bsHpERIF FREY 48N, %leeggurcé-q@lgﬁ%tl%b %gl!ﬂgrﬁﬁ‘lct#“né%non of

Evep t hough LCLKB i s not avail
thevalug aFqdde crepfe timp glagtypi SAg Ae desstibadiahovst an dmunidatis wiriceted

fiofSthé tiNe Etﬁmﬁb&‘ox%@ttls §shstahl. ‘f\#i\ﬁnwﬁéﬂewﬂréﬁﬂhé J)Mclﬁﬁgied?é

enerated LCL se
gij?'f‘% q&? 8@ sghwigh aj@lueghat sémlf@éhwhmlusmwwﬂm by

i SmbER2S RGf RIM C ! edS
ah Sm ﬁB«'\lfaS ¢ }_I%— @y_l_\ﬁgfr Eezlnh Rehe a@és?ﬁr\‘fﬁjaxtnllslsrﬁgéa ﬁt gfeéﬁaﬁg

w:tg thﬁ%ﬁg’fﬂlnﬁ?cg&a‘h e rp?%dlggxecp‘{ed t:rlaq]lg: iggeassIFGHBng the remainder
R} evaidlathg\d th Bdjadd ahytichd dmp/aliés 1@6%nﬁhma WinkBudr sk Bment to

s |l oaded with a tinme that
a conl:rq_l% Instrument in whwh the watches are synchronized according to the process
shown in FIG. 4B.
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20 represents the value of tinme stanp 450 in the
synchroni zati on command plus the delay DAn. In this

way, WATCHB is | oaded with a val ue having a

o Boeat i c rel ationship to the value in VATCHA20@S5Y042691
Is thereafter c¢locked by LCLKB, which has a repeatable

r eI at I'I'G)hﬁ’fgl PwitO FINE, a b16€GaliagednP6fantiRtadacE k:i?&llﬁsthay\ﬁlr—z%sed to

Comm way V\Ad EH i's s nchroni zed to WATCHA.
eSRmn e ot iess 4 BUEE brad? s Giand o espnarian beard 899 1s shown.
rSmu:le beard 6 AnNn¢laden Gatticoal di)rfcultrg 590 413 bt nbssd SH@mcludes

r 0.,. As descri bed above, an anpunt
bR bR 08! bR iRy WESS Tourie apbfioBlips boagde 310 and
t¥B asnRstiments, THeufanctivkae oiro AN GRB utes tlﬁm@h&@méqmgd foPthe
\{\ﬁg %:'_Iae(!u%ul oaded W th ahva ue that 1s smalle

R R NRFCRA 3w A ths A s later develeped &g geglorm
dlﬁncF@nsn@gd tvmsysemasohﬂmtoﬁéev&et GFSt exppg) sdliick Soa"r@ﬂ@aﬁﬁdae a digital

B can be repeated|y
sl 304 o 4o O B B Pl et i caglpmay

Rontaip dengdmbpitctitry epmaiqrnaﬁetfo:agtyerhmﬂgams tnaaFprivgedi i€ of dhalog

cRmTBRdSefit@n a control ler instrument to a controlled

iRstrunent 17 which the watches are synchroni zed

accordérpgouree hdanl 3P dcbewn iaospniteim gEiﬁtoMﬂBA 14 oMrates

2ORGLES BulaLng  now

a bl ock%gwﬁwwgﬁaﬂﬁﬁﬁgace Cltllp {PO3H g%é)‘c?ého"ﬁbw“ho“t a

DA geperaloniati¢ra scr@rmmmrdmtmemnca f&mﬂﬁtﬁﬁli(bﬂ:ﬂ:ﬁﬂl 540.

58 a5 ur ce

e BB BaP S e ARk A0 Bt b SRRy

dest i‘heRMTBIHIGIBelr RRtEREON en d,ﬂeuxi@gs isforoveted thtmigh mUlt«mBm rv\ynch is
Zof tHeNSL. h§ou$dél%% . L nat)

l%gtar és? 510 and Q‘g%ﬁ‘gﬁgﬁ%ﬂgﬁ%&%&ﬁﬂ?%ﬂ?% Hac’ﬁ 8nal

IR RicEign QeietSs  Deginhigndoid$40 nelydésrae dntérbree tikmit 320B.

A28 iR ircai 920 yhdBe

art or as later devel %’gg{ Hé bue erﬂ?&tea 9%"61%2)2"\’%6%23@ grpother

'f“i?g‘ta@gf”%’é’rﬁ“@bnduct or devi ces For exanpl e, source

boar thi& Qe SN RAuds BhiF §38/ {

dest i nati %n bolar 3 E§> 5t33@/ a“dein%?‘ ana oénclﬁlﬂsét]?ﬂpngsn Péb\&SBO

anh § He ol a5eelye cirepify ai’ﬁﬁeff oA TRMITnIceigntar gordiMpoolx sektied

Pr@bea6NRE BLL MisanéifPasih ndlofl &t ARAL ARa0y

gﬁals resp ectivel % source
W@mﬁ%ﬁe{“éf’ﬁa BRévie| é}tt%ffac%wfﬁﬁétﬂng@nms%@sntocp@mms

ch@:km@ Phritd] driving aﬁ&fé@élhﬁ%@ﬁta Slek e 'pﬁis%aﬁr%gvorlpg&ﬁlla&%h I on

oard 540 is shown wi thout a pattern generator.

”fﬂréf‘i"élf {78 Baske’s dpyransper 1y Rassig dalidspkrigydesivied to the next higher
labelsdritiadeivaik RpoeksSfd Py
g %nén ﬂﬁeg lg”\ﬂbdessghl?nat [ gﬁﬁ@ggr@%%%ﬁg{% thah mengzf;e i ('Tgply
wit T tReteiastid pretasely deneamplenbeyypa deck datspurvs ated
dcﬁshﬁzﬁisbg D 15 QékiRpond IO valiRbebe drd deRRhdondh: tll? ﬁxe teg{'en §10 He§ Thay
@ t?10 includes an interface circuit

S Y2Rue 1R Biedisisiemp; fisid Qf\?é?eswﬁ‘érep@aemsrae@w hmrﬁ tme.
boama]ﬁmsm of aipieRet anrh{sremﬁ,g%emﬁm&ﬂw Jattdf g&emﬁ%ﬁ

L age ci,rcuit 320A and emented as
in lc.atmg an _evelll” Kdp &gppslil efxpnt indicates that the mstrumem on destination

board 540 is to perform a command. In addition to specifying the event to occur, paltern
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integrated circuit chips. 20 Interface 320A incl udes
PHY 530 and interface 320B includes PITY 550. PI-1Y
530 and PHY 550 are the circuitry needed to nmanage
SO0EISSeR0i on according to the sel ected prot eCoiUSTNS/042691

the ISL. This circuitry perfornms functions
t AT GhAINdcalsen fioe wheh thnetdneis thaceWat @e TRBRAYMES ditfent, the

at.mebmekvehnsgﬁéﬁgﬁﬂom@m@es lggm ng messages into
packet s checki ng ar My 'ng and receiving data

over tHe ng i %@I‘deﬁél Mnkstmopm exzd:w:tde ‘Pime stamper circuit 516

I @dohRiRs kil 5B Wﬁﬁgﬁt@yﬁ@g?@ﬂu&h eshna{%l é&’é’?‘%osgb fs%g\é}?elc{:tg the

packets received to t
nEAVRATK 2piasysp Besciiyag stayp, Plokyg ﬁﬁmthamﬂwﬁﬁ@ afde eabfi Qo PHY 530 for

Vednshisibl) athe FBSSRERS o SRk ! f, the
sel ec(t;%d prgt ocol . For exéﬁ%?mAlghééjt%ﬁ%%ﬁt& t hat
sour c & Mgrwatele ay ha implementyddn e qoeepndviyobu atdidats P e Rlos a

aﬁxdu:d&lsttrbdﬁ)ﬁislp@ﬁaéegf Simb Badef6n § SR0EG gph?fgrglﬁg tgax%tch is clocked

eck Et]]at the value in the tine s
b'ﬁ FECRIGpUs 3vith she odpok hatdreves Pﬁi‘@m g0erator 46A. The watch

'linearrtte mhﬁlsmafﬂedihﬁm;ﬂy RaLCdebted Wit I‘érﬁallea%ﬂ)w o?gtj)n?rol %r}r.ctu{txg 19 Fgset and

ard @ttern enerator 46A indicating a
8 OIS B thefunctignssdesaribed hardim innmmmtea emhod:ment

d?éATtE‘HatSII Ofs cldoRarty 1&40clbck LTGLI@:?%JnQJa{EH By Qmﬂa@k moflule 424.

3%8“ tj,on {'7‘3 8e0| f ing the event to occur, pat

BHO%S 8 re @O‘é’/“@’@?@%ﬂtc}g@q@mw ndi@:ftical to the

iinveitoat Eschavatdhries fuhistp hfIsU@uﬁ%@rer bit&h&t%ﬂﬁ@&# for tracf? n&e %uh a
e

kff;@% g “ﬁ ?8 ?rﬁg‘a@?iﬁﬁéw He{l?PeOfthﬂrréOCéSfdﬂxleg thaswmrovii'rcredbly, all
tlocks will hayest lanp & maii lbﬁybft sohion d; RS
&é@ Somput es_a g an, i ndi céat??tﬁlgét he t1 %ES%?‘!SH’“S“
IS o g, &"354'8 divigug] ansgrymmeni may thask Sme with greater
erdessmipemivgd. passes this tinme stanp, along with the
i ndi 0_PHY 530 for transm ssion.
The g%trsénglﬁ?n Oar?iﬁp FQF&%&ME@%@@AW@W@Q IrpenAirGHalative
1§ dopal clovi L'QB/K& lit'is myb&sSamhﬁmm@daﬂdQ@%BhMQQbﬁ same
u rcuit that recor
“3%%‘%!‘58 eﬁaotg TR Sﬁ%&ﬁ'&&h% WF HA I B JRATCHBSER @ﬁ@bblyput time
e o e o o kb A
CHbg? B Sofeh O syl Sl commtsers whetnicd
f?(i;welto @tm’camh agef coopated o thﬁinh? Kept ltsya Blﬁelgﬁtsﬁd{chﬁ @%reh WORECHA
e, functions descri bed herein.
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or |l esser precision. Destination board 540 includes a
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the appropriate control signals.
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functions. When PHY 550 receives a valid packet, the
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At step 664 the controlled instrument waits an alignment delay time, such as is
indicated by Darz 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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specific commands executed may depend on the type of functional circuitry within the
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the conmmand. For an interface circuit shown in the
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implemented. For example, it is not necessary that messages on the communication links
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't egrat e Mo & test Psystemw tha re
lodinpaat, aisinglemcawge addteated Igm?rﬂjlﬂ ¢sthe prstemngseip v&wf{ yyothrerize the
éﬂ&ﬁ Asmics ¢ %t}%@mérns]ﬁlﬂ%g@ Such an interface nmay be
Const ruct e&1 I ngl e- it egrated circuit chip or a

s mal IAnradmmge gifpat»mn sEuD nadcmsweg Vhitlat it alleims Acupeicta Ppragram the tester

mqulg Bichl cpgeteg.g nt:,iars?euksch ﬁgi@an bmcﬁ{ eAGSMENId be

1 on ocal dul'e. Atester
m@mﬁracct ugrheve amdydeperndent drst fidye lqumrrfpéﬁc i teghing fserefcenalpgtor
deUx%é AR Bse 519 ar?‘&@ﬁ%)d/ BdsS e RcuTBHb %eﬂe%@afrﬁ%e@&ﬁe §1E|ﬁi'i§ to test the

Into I nstrunents nstrurrents u5|ngthe defi ned
fast b haiche aranstumens deigpesdel pPRApafiera SFoYBr ARSdre iy & gepsrate and

RSIrE BBnatdil tdsNRE stol B rﬁgpdéeon%s@tmnﬁlﬂ§$s's'lfgﬁ‘ed516 h@é’é@nd’@dﬁt‘ém

other desirable features to be easil
RHD- @I@é’lﬁb‘ﬁ@ coyld bg testpbimpiiangaushyy hut f‘ﬁé’(oﬁﬁ?é%gé%&é%ea@hb‘{st‘f@“'d be

iR ahd 8 inddpaViR PSR/ LRRASA for mdependent execution,
PCT/ 11 005/ 042691 betvveen i nstrunents be d gct ed to

a si Agliestrment maydelengie mpre {HaRonemaLLap SIRYR: ﬂ?ﬁyg% yhmagonzay be

e%wy@a?in%[mm LchaBY tHekip krfdgrl@u%%ﬁhétﬂﬂkh@ﬁnﬂlan&dﬁay r@ekbdl
be 'ncluded in a packet to in ate that all

PSRBT AT of Fige S YRTahis SHB teu H BEer o Fef P pplgdggipation

1bRALRABEE tessERSE b betShctdTBRImeniBY miBHRI pd€erd BbupLSAMDSlIow the
to messages wth either their own 1D or the broadcast

PRty Aropprdo Be gehipRizadi on fiel d of the nmessage.
Pr ef b khé invehedh s Bdel f;mlaflarwbmhddeﬂsdnasd Wlﬂiﬂ&l&h‘&:ee to the

t ol
GG STop e RGEObia by HERFAY DEoTS R R e o

chdt@ed iR Félbing Qbta$ BAF b PadtReréin WA degatting i thasﬂmlﬂtmﬂ edbpe
form of Dbroadcast nessagi ng may be en‘pl oyed to cr eate
Orﬁ’ﬁt"f"é'f'tl‘?" groups." Messages with a "pattern group" ID
i Nt her ed@aple,Ratidu@ phisical ehpwith@tidie of £sqanaiatibolink 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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to by all instrunments in a group assigned that ID. For
exanple, all of the instrunents that recei ve commands
froma particular pattern generator nmay be assigned to
wezopaEesEon group.  In this way, a single nmesBages2005/042691
addressed generally to the pattern group woul d

R o %S i vt o TsToraPhedb Gk SR Eighis o
b biagle dltpleahdl lmsmaar hgawed. tAdtepaidghainntahde bdegae to ptévide fblhonly
(r)rx%l-wa communlcglone}‘ronp gtt%rg rg%ne%?&? {O%R((‘?l’lt éOn DFQI'&: hMlo%g{/c(fa“ 1s not

patt gener at or
nemebsq[re ﬂde&ht camumtﬁaltlowmlmrser@k aﬁmblefpnmsmftcesmumgatans networks
Eynﬂye U%ch l'ﬁ:{ %Escpge%vthaqg Ipmkg JIeﬂ%Et»\BHcSis %o gﬁdstlﬁ%g&ﬁments
e clrcul measur e’ si § 10 test
tninebe CanStqudIBSm[ﬂ}thd!@mQﬂOﬁmMOFhﬁﬂe nts assigned to one
patt aE‘h ﬁEtRMEn% il {E it bhY il nR0R! AhS§nsdlfent RIS Snore
si gn tes ow bus nmay be on instrunents
@sustmgm@dk modue. s@wmﬂp descabad embodjmeni shovBohdt epliskigital
ﬁ&Hlln%ngﬁﬂﬁcE Qteﬁ} %Qﬂhéﬁp QU S YigitA U tﬁ]ﬁ@nt@ﬁggrhgvrﬁsa aflern
eac cou written | ndependently an
geww@dtomhta@éva?fm of thrsipyestion. gRome [digital igstiugients g JRepient
EXBEME £8hn pat®hhn %eﬂéﬁtf)ﬂ%ﬁ Rtner @Yt REAREEnEO FHPJxﬁmBQ%m@ 'il?gltal
pattern group, arbitrati on nay be enpl oyed i
§E{EIICAs Ftey Belcralr qcbt@h:slsrwé"wﬂvfaﬁy PRStCE Whileothers E?"Gﬁ‘éerh‘gh

Hdqaicl 9&%9@8 br¥e row‘eqm@y ins RN B IS/ FEtivE CORRLIR QM thOHiSher
commands than it coul process. For exan‘pl e,

ferayerich aedso fltematively, %Oﬂtewa@“ af hodieitab nsiEyaaits mayeceiv fpmmgnds

frdh$ b E&hERIHaRerh geﬂswtarl Bl& PiRh LR Ridl i QDS ePstnthipbdweny t he
pattern groups to synchrgni zed. Wiile the invention

§aYatBEdh StBIdP%Y Q?lﬂeﬁfaﬂ? ArHeA igiv "5@%‘8?’]‘%@&3% qopmands or status
&@E@gﬁeg&e;so the preferred enbodi nents thereof, it
w | I be understood by those Skl lled jn the art

hat
var i JUEIG- fRRigee & symdhenizatgip! datehgs; a er%?@"ﬁ?ﬁ&’é‘“h 15 used.
ARSERICRroW-AtRa N ACEPR thacROirhd Wit 4 1§ RN khdal ANHe fEOPOF

30 of .the inventjon. For_ exanple, arlous ph
- il i AR rRRITIOD WatcR o AHRIATTYEY K ioF Wefa?r@n% %f‘bﬁ%a“d a

188w Deﬁs {vhtele SSe@Er@te%HﬁWrea&y%b 0G4 @ Iniph@fent B W desoM@n and the

wth tw sted

%%trﬁ%tw? PBiches r'\?talﬁgztws{w samp ardyjage fﬁﬁﬁ? i O o
rgddcl’ll_l}lﬁeﬁ/atclﬁ WA thd lﬁ@&es‘&ﬁt}ig:bﬁom&ﬁfm REH6do0bDABAICh. _

use to .a oW t wo- cO ni cat L.on
ot R IdSE B Bart Paomee: S ave et o e bitRy e
sstéh ﬂllj( Bedcdiﬂﬁéowd&d the if3QuiieNs tbﬁbuglﬁtﬁdISLAl Foeexuadpley the ynastet region

e adequate t.o

R oe e i o SLIAPR chehuiaie e g ias or o allow
csﬁﬁnhlﬁdalﬁloefcs)mpmf RO6¥%tation 12 tb e Etﬁﬁmuﬂﬁ@&ﬁ&saftye IShat t he

be ser.i al

ni nli n :
T 553 St oo Saihrgu e Aouls” Bt Pluivd s Sigg
fiifeAdnaHtypagite tprsvdet ol dnynyeickd l’s‘kltdh&geﬁphogtadpulbﬂﬂltchmg circuitry.
nmbodi nents . nay be constructe
AR RE e infRiea iR BROV b Eratl! £ s SRR,
adbebsddao itARlowaedrramiap b roviy ohseimdarswitehing circuit reduces the rate at

which each instrument must process packets. It also facilitates broadcast addressing and
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than one cl ock nodul e. Further, the described

enbodi nrent shows that each digital instrunment

i ncludes a pattern generator. Not all digital

MWE0aaSI0s must have a pattern 10 generator POTAISLEF/M2691
benefits of the invention. Sonme digital instrunments

g@ﬁfm RFoRpMRcaz® BILR B5hhelimmpPidmbAld @rﬂ?oggmﬁrngtaﬁ 5&&&@ tr¥siiBbn table

tal I.nstruments. For exanple, sone digit
i A terswmgscwwd@%lﬂéhe@e?deqoaﬁpr%éqnylog@wnfe?@qe%wewynt

pat t eWiereMhdhon®ahi 1§ 2 GRNE Bt Bighth g Bagef 5@%%@@% e1thcr clock may
%ttewg The | ow frequency . instrunments rra¥
c ém{:!quslﬁqof “reedﬁpsdﬁ%We d?#réﬁuaﬁwﬂewéy with an edge of the other

AlldeRr DRRbWNE |cLbck§dﬁHBth@Jtzrﬁ\hé ciethitd A8y ¥l ifipledlented 6} SRS count

may receive ComTaA'i‘ é{? from central pattern
JEPEFENBICY IS ROTGIER agfips %W@Y F“ﬁa}ﬁﬁsYI&Wﬂi’fﬁ%‘ Oéé‘ﬁi‘lEF ppmbers,
pﬁpdn&Tn@ong@m&feaiﬁr@ESr,en’adkeSt| Il may be desirable for

to send commands or status

sone Instru
ness aggg '8 " Ttrﬁgeﬁga aﬁlt@e uﬂ]gtamﬁprs g2 e} system measure time with
SW‘“E PRCiZiai bma@ﬁCWM%ampar thensure Gselviihi tm{hawabféb}sioﬁ as the

%mwsm ther S 2 %ﬁ]l WATCHB tracks tine
1 Step it b SRR BB mE A S kit 41 cyom pication
fvihgina foes olodk teachewvatimb equﬁl o @hIg3bmy MENI@X biSthe MO§t significant bits in

nt i WATCH RES t h Se. are
R R i R e s, Habd i FOBQRAIEr e an
amit is xebe mrfgﬂmadelsohd& tio tire ﬁmomarcumtﬁee'btﬂahmg &ayt, sxghffﬁant bits

r or bhot h r esol

vvat c hp@gt 'h%h og\?nggasl g?r??ﬁoenm?%‘r f]tonr“]ayolfse ?ﬁ SR YHE *© et ©
sigeifitant bitss amoffdet ardier¢cherthe cotmmahdit ai tenesifiswirtrdnothe evenedgnal by
bAstidgENnts to each other. Qher parts of the 25
system may be connected to the instrunents through t he
| SL. Sor texanieesre sivenmidt by muiglconlued otlsel vagions bﬁsrat:ons are
ga0NRE Ene\gh hpar} J}ﬁetl 1?%‘(1(1%@ toaolnL Mné %qyuaqllle% %E Iogen in Vwrument
I nstrunments or f er work
@mdtrpmwdmarto@wbmsmmm rﬁ@ah@miwpennqmayi lﬁLaphaa'whaé by Sibtiasting
ﬁ:@% én{?@h%pfhg gt %%Jaihea N%l?l‘H:f' i orcﬁ qu %eq{)cahgn {]ljlo\’!:’d'ﬂch cifﬁcts are

ulre SI'm uncti ona
%%lfﬁéeﬁl@é@lc&é \AFQr@Harn@}e,dﬁIGo‘iﬁhpweremmdcmmd la@am:y ezhmas gdded to the

&ilﬁu@é’dftl(fc)ﬂ watchds. Al“ l{(e% ﬂlﬂe!s (\.[(El be 1%Yo%'[1%’cd »{1&&[ MEFE)EEI whthhes. Or,

recelve every pac and se
thepd v dluesarpyths introduged wetisrthe chra'vrtrm @aagmtee rhedcpcatsqlmkb ar

SWi t QfdoNg isCebitbd aﬂo@@ﬂ&&ﬁ%ﬁh{%@n& at & tyﬂ&]]r G’hAF%%E' Pereln

|nstrunent must process pac ets. aCI Ita
IByAGea st sErrbTonized whendhete lszziemnm%bhc@monsmp between the

&@Iﬁ&ﬂ@%@qwﬁ%ﬁ@ Tiwyick &nbifbiz iR %ﬁerﬁ?%@é&%@ sl?%a&hwﬁﬁsn e

npl emented by progranm ng an address tran
(g g aecuragy qfigee tesifrs ey the |Sﬂrr@qﬁat3h ymek tepigbteredtnd. deeahtress, if the

iFRRMeYE AT hSAFhGr§iized,; qgt@rvb]@ ﬁéﬁm&tt fund KR @xecuted by different
SynChr0n|Zat|0n is achi eved y al Ignln geS of two

IRYUYRIRALS MAY Yy From) tesé o tppk Y ampruinisereatps thay Hejtimiggrs cusheyjof ghe
@egesyhasoding” &8s 'nBteﬁJox&évEEereﬁlﬁlﬂea}Bdtgﬂémoﬂs w& &J&;c@d&nﬁage

of the other s clock kew se, clocks and

SPRUNRRRGUE i IPRYMeRts mgy, fB@XPlﬁg’Péﬁ-ﬁﬁ@%rqéyo B¢ %eﬁr@rgzqdwa@n if there

lsCSthﬁfdelaﬁ@et@éen%éﬁﬁnaﬂ@%cut%&ﬁfn@ iR MerRISH BlhclibdBken on

val ues result in larger or smaller nunbers,
another mstrum nt in response to that command
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dependi ng on how the tines are tracked. Also, it is
not necessary that all tine un-stanpers in a test
system neasure tine with the sane precision or that
saxivod/oasesoun- st anper neasure tinme wth the samerus2005/042691
precision as the to time stanp in a nessage. It is
szlstlglk?evgtﬁeh %chlbn?t(t’la clocf(s ar ahgggﬁ egpoggst’l gr?,réigtu%\é anﬂatvmg
omhydmomgndgtxemhenfahgdeé Peh b repragentétioo anfor Garits of iNusttalien. Two

1 Eﬁonas#enlaeﬂ rTﬁ ?oglrc]mér %%{ntng E&Tl%(éfﬁf{h@?@gl[ stxEYoacurs with a
paprﬁmmst@dgmepwbwndbp tcrﬁonheorﬂlumgﬁth@wh¢r ctiick signal. Fireher, itis not

[ {; ZAg e
Eﬂﬁcg?s?rgr rglgatg It[%sﬁrgﬁ{m%f)?%la &b&ﬁé& in E‘ée'ti'yrsc &%ntf wr%rglotchsggn %ils ere two
clophsitlmit haye Idé&sqm nagiods, gmrﬂatnfampsnmnt0§ egges ghthp fWosegnals ey
@B(a%%éj{r&gk rbﬁ-‘e tS%?E!?%@Jve:a gtﬂe%cf?; Jrn.sﬁt E'c{ 8@311}19 gm@“fﬁenrtelat:onshlp
nount tine values are shown

éﬂﬁtwg@tedw lwlﬂtqmnpﬂll@c toay itfuw limiag iggosed éiif theseabBigesfabq denals.
are ges&! FleednimisiitoN AR AT he §EA TR SIS hosAREn L

the time val ues on one instrunent synchroni zed to

aigeifisnst bitsiider srnshronizedo Soel Yelegere élt%"f“aff"f YRPLRY. Bhe watches may
BEL.SMEE QMclﬁ&hieﬁ%@éﬂ iPherd @ ohe fisaANEHBMRHNen tHe@M AsiiBscribed

“other value. Neither the order nor the location in

praverixed eisstsbetiean tmipaBf sraRfs jndifferent chagnels ey ted Rgia9) Bay be

Feh&fly calisheNSut raﬁd"@d A 8eatd B Souk RLR G, Fadthie Swa&dﬁ?ﬂa)t B dolfidered
out puts of | ocal watches. These

val u
Flﬁf]?f%%ﬁé‘éder\/\hf thererprg dderprpesin t%d?ﬂéh%@ﬂe 1qept b*tstahaé%'v\?a fpastf

WBATCIEA hlmwm‘a:q;mfwbdkemb)t 1Beul GloEIG i HifftrehRdquaR e thd wsiches
the | ocal cks.. Al so, ht i s described above_t hat
Coitferent

HCeramares et iR SRBIY o Sgpgoportona
tonBd FeHDB G the RERCcOWNEIT AGTKZRAkMD MO Waltl) Blolwsved, so long as timing of

determ ni s time relation t wee eatJo
SRS T BbE ot 15 1 Gty Y eh P o Bn et o S gl
t est @urBhoUGA4A vhd 4B Mubthe thztt la RyritlroAiz€ WaRhays commiaican be

t fo t h
PROS PRGN DT R SPIRSR TRAT PRy Bvinat iyReis By B
tesdl@tov @las cdnadibe @andneisdd of procdskedry VéM'ECHBedfrbsyndloflsf @t glated on

%f)regai{?%{;ﬁ t%ﬂrs\r?%eén ts]nﬁ(ﬁliﬁ&é%{apg%%ﬁ )P?aCF(? ?rhdeséaafo ole of o%the circullry.
Py ranipe ifi sxmﬁi‘ondna esmmands attennabipwed te G perrinbdat times that can be
a n ci s
r%ﬁ%gen{ed gy tghe ya u? o ﬂ'éed sgfgltl e ne él ngo;e%ggrgﬁﬁ% #ﬂ%ﬁ%é g%?dgh
lémveu f:ortsinaemeg theslrrseoatavlnkéll th@ﬁyb@tmma@mmd may be
48 :rﬁlt)lgd on one instrunment and an action taken on
er instrunment in response to that command. 24 WO
2006/A3559806r NEMaBY @ﬁ@hr@mzsm of WitRleaimgp be aghidved without storing
Li | 0
%ﬁ%@?l&?% gué I'% bg Qéé%elv%g?y ﬂ'{nk %gig’aﬁt mélldﬁ?c%hﬁa V\ﬁ%?the watch on the
@htr@}hemlsm@mnhtoaaewoeﬁreeﬁ@msanqhmmesvafcms Q@hmalnd ig eggcuted. Such an

g oML %gt%efuﬂm systeh g%&lem “e%h&%ég]ﬂmgmgly rggg,ﬁguaﬂzed

ng as sone por 1 on O one cl ock I gn occurs
det e FIF- disbewthrer mstryments qoarpsist ﬁlf?ltghg‘éﬂ’@ 386r Wl@ﬁu@fer 9ihe

Rhefiors kA6 KeRbRRAL the pHB&E\@ bf oﬂeIatlbnc‘mﬁ?t Likely, a tester would include

more than three instruments.
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5 necessary that this relationship be repeated in

every cycle of the clocks. In cases where two cl ocks

that have different periods, the relative position of
wdpmec/esodohe two signals may change from cyclreTius2005/042691
cycle. However, if the clocks are al i gned at sone

: Iom\;'v; t%lﬂ?e]r {ngtmateng ars Aggcen E(g'sl}. aF?]cég S%%gglltrai 1Pst|un7fen{ m[\ﬂl stic

fisgunadnss. pr&mstﬂnﬂra,nallég ahid ddil sigdalssihd e elsﬁcim(f@dmf amu{umcnts is not

mﬁm@dmm %%129W% same nost |0 significant bits when
ynchroni ze ich val ues are shown for sinplicity.

The Vil higsationy molificyions iaukbinwdoveyerghiro fritadel! enbemart pf this
85:516' 1d§49ﬁte¥ Jf*e)&qg bé; fvftlﬁff Ehe Qﬁhi’\ﬁﬂ Igccltptg ?mhe ’ﬁﬁlelqu%c .r/\c&ﬁ:ﬂngl Y.
ove, |xed offsets between tim ng events I n

mefftﬁregcerrgtdeachfammané despwingsaeedly vy of @mlﬁﬁwnbe readily

cal i bgated Mbqg gnd do not create a source of error.

Furt her, watches nmay be considered synchronized even

if there are differences in the least significant bits

at any given tine. If 15 WATCHA and WATCHB are cl ocked
by |l ocal clocks of different frequencies, the watches
will increnment at different times and will increnent
by different anmpbunts that are proportional to the
period of the respective |ocal clock clocking the

wat ch. However, so long as timng of events is

repeatable fromtest to test, the watches nay be

consi dered to be synchroni zed. Further, FIG 4A and 4B

illustrate that a synchroni ze wat ches command can be

20 executed at any tine that can be expressed in

WATCHA, even if this tinme 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 some of the circuitry. For exanple, if
synchroni ze conmands are only allowed to be perforned

at tinmes that can be represented by the value in a

time stanp, the need to store a remai nder may be

avoi ded. 25 However, constraining the tinmes at which

t he synchroni ze wat ches command nmay be undesirabl e.

As a further alternative, synchronization of watches

may be achi eved without storing a renainder value R2

may be achi eved by setting the |east significant bits
of the watch on the controller instrument to zero
when the resynchroni ze wat ches command i s execut ed.

Such an 30 approach is nost useful in a systemin

whi ch all watches are sinultaneously resynchronized.

FIG 3 shows three instrunments connected through

router 300. This nunber of connections is to

denonstrate the principle of operation only. Likely, a

tester would include nore than three instrunments. 25

WO 2006/ 055980 PCT/ US2005/ 042691 Further, instrunents

are described as analog and digital instrunents. Many

instrunments. process both analog and digital signals
and the specific type of instrunents is not
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alimtation on the invention. Such alterations,
nodi fi cations, and inprovenents are intended to be
part of this 5 disclosure, and are intended to be
within the spirit and scope of the invention.
Accordingly, the foregoing description and draw ngs
are by way of exanple only. Wgatsjhsgcl aimed is: 26
CLAIMS 1. Atest system conprlépﬁa: a) a reference
cl ock generator providing a reference clock; 5 b) a
first instrupent conprising: i) a first |local clock

gener at orAﬁ%bﬂfS?&FtCB H&DEef erence cl ock generator
and provigi ng @fe%aré&tegl&gagen&h% Fr&z‘?(ﬁﬁé at&dhtoqpline

reference clock, ii) first control cfrcuit storing
programmed corafamtigstwnentigemptiSingl ural i ty of

instrunents, and c) cagnd i nstrupent conprising: i

a second | ocald] cl o&ﬁrééﬁgﬁé"?ooc gggﬁﬁ&o?@e%eﬁle fentd clock
reference cl oGlener@®nan@pRividnga i@ Vbl &Gcl@igérfé%’t&ﬂfrom the

| ocal clock generated fromthe reference clock; 15 ii)

a second cont referadice elgFk. havi ng an i nput and an

out put, the con 1 eUlt - ' t

output at 5 tifle. s S HeREbL G o) e s for the
at the input tphurthty SestmehedtNaddl circuit; iii)

functi ong& circuitry having a caontrol input coupled to

the outp of? SEHRNAJBHBHRETE SHPPBIIE] r cuit, the

functional ci peul t rayse&?ﬁq%ag%ﬁ)cg%eﬂergf&l%lm?éﬂ fo'the reference clock
response to a val ue asserted at its contr I nput ; and
d) a network Igehevetonaat plogakiig 4 keohd teshl ¢lost generattd o
the second instrunent, tgge network carrying a nessage
that includes B ¥fHRRGHEE having a greater

resolution thgy a RasQiHAldRRoRirdut®abRAhSRRA afll 96 Kutput, the
wherein the first control circuit is Coupled to the

network to pr&edoad confeoltdingnit ustettmng the 6tptihat artrss speified by
and the second.control circuit.is c h%d to .the o
network to r e@&n\l/eevahll?\%m 1@ aE/%“Ie lﬁlg)”g?g SEFYG entrgl circuit;
The test systegily of fgdchibRalkirehi@ydiaRings) confi8l ABES@EPled to the output
carried by the network further includes an event code,
of the second control circuit, the functional circuitry executing
a function in response to a value asserted at its control input; and
d) a nefwork between at least the first instrument and the second
instrument, the network carrying a message that includes a time value having a
greater resolution than a resolution of the reference clock, wherein the first
control circuit is coupled to the network to provide the time value in

the message and the second control circuit is coupled to the network to receive

the time value at its input.

2. The test system of claim 1 wherein:
a) the message carried by the network further includes an event code,
b) the first control circuit is coupled to the network to generate an event

code associated with the time value,
¢ the second control circuit is coupled to the network to receive the event

code associated with the time value, and

27



10

15

20

25

30

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 coupled

to the network to receive the event code associ ated

with the tinme value, and 27 d) the second contro

circult Rgs an,evebhd OuhRY EirgﬁHRAsea% ngmltd?lgnft ldg&ﬁlbd’{b the function
circuitry, the event output having a value 1 ndicatlng

t he eventcircoitty, tic eacrtioneput Havihg b edluoyndibeinigitheeweat csle at a time
associ ated w t he. event code. 3., Jhe test system

oF "ol oy LG PEEHE RS VAluE SReREE T B RS RAET 2of S mer

frequency than the first |local clock and the second

| ocal clock. 4. The test systemof claim1l

addi3t i ondlheyest oysteri of olgina 1 velsran thoowtaraiceslackdias a lower frequency

generat.in S hr.oni zati on_signal, provi ded to the

fi v Sty the Ard il Stod apdhe esond RN eloB T 51 | ocal

cl ock generator conprises circuitry to align the first

l ocal clock in response to the synchronization o

si gdal . Fhetesésystam oglgine hadditionaliyheampriséngd mastaecontrol circuit
ref . ; I :

and EE ST DA afon CEIHTRSARY (o B fire HAGRHE sl Gterein the
fir $irstasehl slock pehdraicbdomprizes bivaksy hasglign the Ges doval clotk in response
excess of 800 MHz. 6. The test systemof claiml

V\/neF(éaW ToRIENSIEShpri ses a switching circuit and

a plurality of lines, each coupl ed between the

switching circuit and an instrunment. 20 7. The test

system oflheltat sgsGenwbicleinn 1 thheramilteakfangnce ictockihbs a frequency of less

conpri s router. 8.. The test system of claim6

whe R ODARHABES & iealilor Eepciion B iapuieiet ot ksecond local
an RdLERs Andubhe RWkb&RiorgogMIgHi t additional 'y

conprises an addréss table that associates each of a

plurality of addresses with one or nore of the

plucality,of 25 |ines.and, circuitr hat provides the. . .
resage. AHCkf PRieLEl SR | 5T Hoheb ik SR shiting creui
val ped @bluadlitRAeTiR&ES eddh dolifleABEHRERA tidvitdhirPiFcHitiaRd bh Snstrument.
address table. 9. The test systemof claim8 wherein

at | east one of the plurality of addresses is

. . i Tl ‘ ' Th
Syetom of el oo hE0 R 6 Yplenh b Shctity Soonl BuhiRh o outer
associated with all of the lines. 28 11. The test

systemof_ claim 1l wherein the first control circuit
conpr i sedhgteshiypiernol Japes #bsrein the message carried on the network

includes an address and the switching circuit additionally comprises an address table
that associates each of a plurality of addresses with one or more of the plurality of
lines 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 ail

of the lines. .
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12. The test systemof claiml|l wherein 5 a) the first

control circuit conprises a first time-tracking

circuit, clocked by the first local clock; and b) the
second control circuit conprises a second

time-tracking circuit clocked by the second | oca

clock. 1 t ] [ .

Firat i nelFamntah Sh e s e ke Bl Podidfives o pattem
t he geeeated. | nstrunent conprises an anal og instrunent.

14. A nmethod of operating a test system conprising at

| east two instrunents, the test systemfurther

CONMQpL Si Mighededt SPNIYAILE Bl WhdinLEt Ween the at | east

two 15 instrunents, the nethod conprising: a)

provi di ng)a cdhebrst cafied encat chmjoises o firstrimmgtradkingicirant, clocked

in the at | egast .t instrunments; b) establishing a
conmon tmﬁ?_ﬁfséloé’\é\igcéo‘g%?ﬂgen timing circuits in the

at | east Bhwo itRSEdRBOSEroMctrBuiféRRYes h 86@hd tinftrAdkdk circuit
a resolution of the 20 reference clock; c) sequencing

on the fictapked bythewaeond lopalslagh- a test pattern

defining events in a test, with a portion of the

events to be executed by the first instrunment and a

por tIzon atheltdre s@vedn b clafin beviexes thefksbystitera@ompises a digital
instrunment; 25 d) communicating fromthe first

i nstRSGRERNT Al the secopd HUMest cQIRRIFES a1y apalog ipstrument.

communi cation link to specify at | east one event to be
executed by the second instrunent and a tinme at which

t he 1dventA msthod o eperatig i &gt syateth eympvdding atdeashtwd instrements, the
specified ti and executing the spegcifjed event with

¢ he [SE¥SHR FUTKeF EhBRRSINg o mupfratii fibo hetgeot i aponst two
mheqﬁ%ﬂnﬁﬁﬁpmg%“mmﬁéddgﬁgégircuits conprises a | ocal

cl ock generator having a nunerically controlled

osci |l at e} wi phovadingecommica referenve clask ttabinighéingpits in the at least

conmon tine.reference conprises |oading an alignnent
val ue inhﬁﬂgmgﬁﬁﬁﬁﬁulator of the numerically

control | gg os %&thﬂﬂ%ﬁf_ﬁhd &nathon Gakirefei@ich béleen timing circuits in
instrument. 29 16. e method of claim 15 wherein: a)

est abl i sHier§leastigionpsirumenss witharesi aesobition; thasa resolution of the
provi di ngefgrengé/ag(lﬂ(r_oni zation signal; and

c) sequencing on the first instrument through a test pattern defining
events in a test, with a portion of the events fo be executed by the first
instrument and a portion of the events to be executed by the second
instrument;

d) 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

€) 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.
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5 b) loading an alignnent value in the accunul ator of
the nunerically <controlled oscillator in at |east the
first instrument conprises |oading an alignnment val ue
in the accunulator at a tinme dictated by the

synchroni zation signal. 10 17. The method of claim 16
wherein the test system conprises a reference cl ock
coupled to the at least two instrunents and

est aid, i shTHROn&h6@ T8RNt 1 S/heRfier ence conpri ses
counting pul ses of the reference clock on the second

i nstrunerd). 1&staplghinge soamen tinaresrercodeamsises providing a
est abl i shi : ) _thnereference 15 conprises: a)
countingqﬁggFgggaggﬂﬁggﬂSE@erence clock to track tine
relative )o a lbadirg an sliiiroadre daldy id the asyuililawA bf thicinkmerically
signal; b) sendjng.a nessage fromthe first instrunment

to the secBRallshsCillatrie at oatt thrfmshinatrymen compgiees lgadme an

20 c) | oagi-ng oA a@ld i MHEMeudM HEG At Sdka l:h/]}ﬁe &{i¥Rronization
value in the nessage in the accunmul ator or the

numner i calsignatontrol | ed oscillator in the second

instrument at a tine dictated by the tinme value in the
message and the tine tracked. 25 19. The nethod of

cl aiyn 14 mRer&hél 658AR] | 6 WhBRiPHe WWBtdnh BBmpRERa8fkfence clock
conprises sending a nessage fromthe Tirst instrunent

t o tcRepledbothd af leastiwerdnstruments andeesiehlishingie berdingg time reference

time val.ue, and establishing a ti reference.on. the
s ec SREPHPRPRARMRISE of B foferdh ok Py SooRd Hprugint
portion of the tinme value. 30 20. The nethod of claim
19 wherein: a) the timng circuit in the first
i nstlBunerihedestind efecdaig T wherein eptbliplipg p sgrumany tipe reference
havi,pg a.dl rst time output and the timng circuit in
t he ‘Se¢ond i nstrument 5 conpri ses a second
time-traaki ng countting gerioldy obthedefognac cesls ageadkrtone tditive to a time
first instrument including a tine yalue conprises
gener at | I%at?‘rli’ﬁéﬂ\?é PRZHASIEr st ti e out put: c)
establ | SBYNG kil o'fidsEARFSm e RPISREARS b AN SkdBRInstrument
corrprisesb Ioaé&nggg val ué i nto tﬁe éecon%% b © stumelt
ti me-tr adckilubnga timeivaldgasedl on the tinme value 10
generated fromthe first tipe output. 21. The t hod .
of clai mtho whdHErdigomeR rueticEd by the time ¥4 the message in
| NSt r ume e aceRMBlato? OF tifk funidcal 19 €ahtrdlled DScitfIBL [Ale Second
and the timng circuit in the second instrunent

instrument at a time dictated by the time value in the message and the time

tracked.

19.  The method of claim 14 wherein establishing a common time reference
comprises sending a message from the first instrument to the second instrument, the
message including a time value, and establishing a time reference on the second

instrument at a time dictated by at least a portion of the time value.
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conpri ses a second | ocal clock generator and

establishing a common tine reference 15 conprises

aligning a clock generated by the second |ocal clock
generation circuit relative to a clock generated by

the first local clock generation circuit. 22. The

met hod of claim 21 wherein the first |ocal clock

generator and the second |ocal clock generator

genaoat e THeaadtbod 60dhaien COWHORIL: ef er ence cl ock. 20 23.

The nethod of claim 14 wherein comunicating fromthe .
first ind®rundht ioge qrgitds thenfErst wsTymert SPMPHRSSE igktime-tracking
conmuni cak L, S : > [ :

of seri al%h]lcl{ﬁ% ggxg %2%%? e édgpg&?{g&éeﬂr&%u’f% lﬂﬁrﬁlg skdond instrument
met hod ofconipaisen dlskcodbtimerackingestalyl i shi ng a common

time reference c rises: i) identifying a ti . .

el at ve Mo a SRR Butvien Hrb et drg iitng ¢ tigge value
the first, ﬁ%ésL%Eﬁ&taﬁng b XinkSiahk RorhithShirsPRikiotfu@l the
identified fime to generate a time 30 value; iii) .
storing &) secestdblpbing mhmefreference de Hie setend inbtrmmend wdmprises

ﬁ')e sfc, 28 e nﬁéa@?ﬁ% %-,‘Za{h}f“?}%é? ﬁl%ggé@ﬁ}s{g% Q{:{éﬂg ﬁfgcuitgbgag%g on the time value

I NSt r umepknerkfoe ASACOBAIrERESSHRPEONPri Sing a second 31
time value derived froma tinme fromthe timng circuit

inthe first instrument offset by the stored second

por L on ' I . . '

Aheltin aosimdddFaR Hovhasin Y Rufi] BRRih o) Rlsbindfumen

t he cempring a fivst Ibculelick @enghios @sd tHeaimsing icirbiiginpthe kedosid instrument
fromthe first instru gt to the _secqond, each packet
conBPPBTIFG asepndr SFqllCl;J% feepgratog and oiablishine peroRpRenyfime reference

ol ai 0t it . . o
cact g ARl ol AR oti g s ARpC QP b circui
Thergtatizedd aclockl gehenafed bytthe Gish ladabclptlugalerdtipneirchit.el ds
further conprise a destination field. 28. The net hod

of claim 27 wherein comunicating fromthe first

| NSby UMBThe hi2tholAEmSACHRG einthé FTRITH 888PEdRER0r and the second
inserting in the destination field a destination |ID of

t helasebdack ganstatarrgeneratexdocksonme chmhonfreferencencizk.

wherei n communi cating fromthe first instrunent to

23.  The method of claim 14 wherein communicating from the first instrument to
the second instrument comprises communicating over a network comprising a

plurality of serial lines connected to a router.

24.  The method of claim 14 wherein:
a) establishing a common time reference comprises:
i) identifying a time relative to a time derived from the timing
circuit on the first instrument;
ii) using a first portion of the identified time to generate a time
value;
iii)  storing a second portion of the identified time; and
| b) the method further comprises sendirig a second message from the first

.instrument to the second instrument, the second message comprising a second
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t he second instrunent conprises inserting in the
destination field a destination ID 20 correspondi ng
to a first pattern group and the nessage is

conmuni cated to at least a third instrunment in the
first pattern group. 30. The nethod of claim 29

addi t i ongph/y AR Vel FhnC 8 BH SR Eninp QiR Ait ﬁrpﬂfetﬂ?sdt instrument

instrument to a plurality of instrunments in a secon
pat t er n gilsefhy the s®ted sthendpirtionlobthe ¢ined val®? wher ei n
communi cating fromthe first instrunment to the second
i nstrunent conprises inserting in the destination

field a Wheagdast off daim324 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.

26.  The method of claim 14 wherein the plurality of ficlds 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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