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WD 2006/ 107467 PCT/ US2006/ 007186 CALI BRATI NG

AUTOVATI C TEST EQUI PMENT TECHNI CAL FI ELD Thi s pat ent
application relates generally to calibrating autonmatic

%ﬁ%mﬁ@H&Pnent and, 5 nore particularly, topalLdbdidr1se

est equi pment channels to a reference tim ng source.
BACKGROUND Autonmatic test equipnment (ATE) refers to an
aut omat ed, WUF 2 TFQEFF,ST(]%& N o

testing devices, such as sem conductors, electronic
circuits, and printed circuit 10 board assenblies. A
devi ce tested by ATE,&ﬁFﬁgaggggggﬁﬁ)as a devi ce under
test (DUT). In ATE, t refers to applying
signals to the DUT that neet predefined tinin i

cone T O aPplsmoq e St o P RAS deiemaRe oksayiagent an,
My nee o reach the DUT w.thin a specified
mcor%@-“ﬁ-“gfﬁféﬁ Tori”iS?lB% festeguipEent AhRRPSES T 2 S iEiGP SR IRIPS SPECE: he
operational speeds of DUTs |ncrease, timng accuracy
becones nore critical, since there is typically 15

| ess tolerance for signal tine variations during

testing. The timng acBAGKGRIAUNPE is dictated by its
hardware and by fechniques used to calibrate the ATE
For {atomagy Feafrewaen&m& Ereders toca avtommatadoRsuntBt spyepsiiesgipiven,
yield different timng accuracies. Therefore, proper
aRppachtatesing deyicsh sucheay sergicondyeievecleqtioni¢Firgetsy ted cirouit
w t hout the often substantial cost of upgrading the
bogrgasserhliepnay devico testpfl iy AGEatisliriged (o warflopise vades gﬁﬁé@tﬂfﬁ)-
different ways. One commonly used calibration

st anHeAEE itanipmocede i 9lapplemgniznals éuthe S T tmapest predefined
EPA, timng events for communication channels of an
PR copgledintasForgapmple. thamisiamedse of i sferdl maggewl togeash the DUT
measured using an external instrunent. D screpancies
whiibineecified Gge iy erder-te desethe D hapsurately. - As fhoperational
2006/ 107467 PCT/ US2006/ 007186

speeds of DUTs increase, timing accuracy becomes more critical, since there is typically

less tolerance for signal time variations during testing.

The timing accuracy of ATE is dictated by its hardware and by techniques used to
calibrate the ATE. For particular ATE, different calibration methods can yield different
timing accuracies. Therefore, proper calibration is one way to improve timing accuracy
without the often substantial cost of upgrading the ATE’s hardware.

Timing accuracy can be measured in different ways. One commonly used
calibration standard is called edge placement accuracy (EPA). In EPA, timing events for
communication channels of an ATE, 311011 as identification of signal edges, are measured

using an external instrument. Discrepancies between measured signal edge timings and
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predeterm ned signal edge timngs are defined to be
the EPA of the ATE. An EPA of +/- 100ps, or better, is
required to test ATEs that operate at speeds of
hi gher. To achi eve such testing

@@gmgégmggllbratlon techni ques are often useg&ﬁﬁ%ﬁ&%NIBG
such ATE calibration technique involves calibrating

predeerntified signad edg tigingsira defined B hegbe EP4 aEthe AS EaAm(ﬁ?é*tOfd‘f
cal -fixture. Another ATE calibration technique

1001wy of hettsr, Gsakddiredtio tegt ATHs ghapdireraie stoperals o§400Mz, or higher. To
techni que, known as tinme domain reflectonetry (TDR),

achieBstble Sestiyackmadycl et ABE cptibtation tpeluzigebs areradifch asgde d
signal edge, and cal cul ates a signal path | ength based
on oOrdisfifleArmedibhibueemitiedntolres velisaimgfendEE exttmally using a
signal path length is then used to adjust signa

tobl[ QBB B $fbofer cabiever Anbiher £TH alibragon feckmqie involves calibrating
calibration error associated with 10 TDR, which

thé SBE kit&maIms (Thys tEehaiaus, lgoh adege dctatin eefleofontshrg (TDR), measures
refl ected edge. That is, the signal nust travel tw ce

anl @@ Bigh N @A Gal refdtdd slphliedgd, gndtalaates ¢ sSgmabpite tnpthrvased
must both travel through the signal path), resulting

ol i FEGR@) betdses R odhdabeerhémy) . THEGI galinilclengh istthérsused to
problem TDR requires high-bandw dth signal paths,

AGPE B @S trh@dnadsson. HovRbAMARY is SThiificapatAibiatiap pirocatdeiated with
descri bes nmet hods and apparat.us, including conmputer

TR OGRS RHIRAHEHS frohOfigradlid ghddatiod\f thketefle@sd edppClTha s, the signal
ATE. I'n general, in one aspect, the invention is

miRed18Fick %rﬂﬁ‘éﬂtﬁg sifRl pAtB Gthé Hghed bhdDitdrefl8@ion atust both travel
appar atus. The net hod |ncludes determ ning an of f set

theQfbral pdidastuieReinGiend 18R ah@fivforiae Toicoinegrae\iEBbroblem,
and a channel event, where the channel event is

TBRIOGRE B&hWahdvidin s‘?@ﬁﬂi&ﬂiscﬁtch areflgannel of the
apparatus and using the offset to calibrate the

apparatus. This aspect of the invention may include
one or nore of the follow ng features. 2 WD

2006/ 107467 PCT/ US2006/ 0QuAgfarkhe reference tim ng
event may include transmtting a reference timng

Si gngds {)5’(91'[9 application describes methods and apparatus, including computer
program products, for calibrating devices, such as ATE.
In general, in one aspect, the inventiorl.i‘s directed to method for use in calibrating
an apparatus. The method includes determining an offset based on at least one of a
reference timing event and a channel event, where the channel event is associated with a
communication channel of the apparatus, and using the offset to calibrate the apparatus.

This aspect of the invention may include one or more of the following features.
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a reference timng source, and the channel event may
include transmtting a channel signal fromthe
comuni cation channel. Determ ning the offset may
\ivg%(%ﬂgﬁgpt aining a first time at which the ﬁg%@ﬂﬁ%sﬁ
rmng signal is received at a device associa
the reference 5 timng source, obtaini n% a second tine
at Vifhe Exferenss togng pesat@ay ngludg tfglrsawapg P ESTpraRcs; tipene %isnaé from
devi ce associated with the comunji cati on channel,
a igfraaioniimipeaortir.rad therharnel giepionay inelude Fansmetings gfieapel signal
recei ved at the device associated with the . )
freye theieaioranicaiorcthanird| Deteginiak Hiermdsel mayiipelade eiginigg a first time
whi ch the channel signal is received at the device
at adichdheetarengp timing signal istreccivad 8t a deicp gssaeigied avith ghpyeference
calculating the offset using the first tinme, the
tirging sondcd, obieininkO: sebenditinie a wihioghe refrtench ming sigrial is repgived at a
The first time is Ti, the second tinme is T2, the third
deviceessosiatE@ withrtige ¢onenirdentivi chianned, ¢biaiffing a thivd titheatofbichdbe
is calculated as (Ti - T2 + T4 - T3)/2. The nethod
chasnel sigsa 15 modivadet enikvigeassoaated wil thelsempuairatidynechannel,
conmuni cati on channel and the reference timng source.
obfising b dovmil tings g vddichathel ciianeel sighdriemcaved atrihegievist gisadiated with
may pass through the path. The path may include a
thaedferencediming scmiel arel ivphitisg thifloéset LSing thedinstttingd, Bwwsedosd time,
may i ncl ude pin-di odes. Configuring the path may
thie tidtdutthes, bndgie figrrthhengi Thedirgdies is §1,0h¢ second thee pdiZhtha tidrd
to prevent exchange of signals between the reference
tiink bs THY andsthel fevethaingk i THemddienafisei is adlewated ira(Miel B2 + Th - T3)/2.
general, in another aspect, the invention is directed
t 0 dheapfibsdaharsatéoincitdecdnfiguia 4 gatabdtwernAlidconfitnenication
apparatus includes a reference timng source
cloandl iagdl the deftren@tinping seurce (Theehamelndgat ardi thgreSirgratiming
circuit path configured to pass the reference timng
sigh4 Aaly paRdhronglP@s path. Thapaienag irghab ahranin &f circuit elements. The
communi cati on channel of the ATE, and a processing
ciEkeM clenenGaidyl igdln@dpih didlies. eTdrifigerimithe hith elay hedwie dinsingehe pin-
reference timng signal and the channel signal, and
dio@ed 8 SURINARe pAIB bfidRiprORnt didiangObSEihakibgiden the reference timing
transm ssion over the conmmunication -3 WO 2006/ 107467
sétedd 4482006 LA L8 Bation channels.

In general, in another aspect, the invention is directed to an apparatus for use in
calibrating ATE. The apparatus includes a reference timing source configured to output a
reference timing signal, a circuit path configured to pass the reference timing signal and to
pass a channel signal from a communigation channel of the ATE, and a processing device
configured to dstermine an offset between the .reference timing signal and the channel

signal, and to issue an insiruction that causes signal transmission over the communication
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channel to be adjusted based on the offset. This

aspect of the invention may include one or nore of

the followi ng features. The reference timng source

e a reference conparator and a ref
‘gaxé\(}deﬁmjf gpout put signals to the circuit pat hféﬁﬁﬁﬁ%llﬂgn%
i ncl ude a _channel arator and 5 a channel

cbewq} & b @J%ﬁdﬁﬁﬁedwmfggﬂ? ol hisaspect Pl invpafion mapjaclude one or
reference conparator receives the reference timng
mgreide fatlowingfeakies  ne, the channel conparator

receives the reference timn signal at a second tine
pat hThempisrespalipig sewppapninshude aseferoncs cpmparalen iy reference
signal at a third time path, and the reference
drensiree Iy signale to th@@lrcmﬁ@a@h Jhe ATEshghiasluda a ehapesh eemparator and
time. The processing device receives the first tineg,
a elipandaigivercto ot sigals to Fiercétouit pash. £ refereneepmutaratorrecends the
via the reference conparator and the channel
refasensa tiating sigiphat aoffreidions theghame] eomnpaeta utcgives ther¢ference timing
of fset using the first tine, the second tine, the
sigiml pt secors, tiragphth, ke dhared bortpamator r¥¢eivet thechanne] signal at a third
T, the second tine is T2, the third tine is T3, and
titnh pathoandithe tefamence sorfiphratdihreceiyns teabainelsigiel atcefourth time. The
calcul ates the offset as. (Tl - T2 + T4 - T3)/2. The
processing tdeyied tecevess thanfidsttthee, thersatonid tivef the itodldsneand the fourth time
current sources to bias at least 15 sone of the
viditieohe Ssrenoa demsparaior and theoshanweh chinggaratgr. iThe prodessing device calculates
connect the communication channel to the reference
theioffiisetgpsing titeciirsigtingk, the seoctk titke, ti herd toonauthtihe &fvrthrtime. The first
channel s from connecting to the reference timng
tisie i TH.thd secddditBnd ie §ay e tHiddeingd is T8, dnd et thunthatyme il dhea
current source, at |east one diode, and a transistor
potdsilg device cadoviids thdeTetisa (Nt TROUTLTINR. t he at | east

one di ode, thereby biasing the at | east one di ode

conduh4 ¢itvgit p2iB midyenqideCcanStin g deddsaad smyenb®up@s to s at least
the ATE. The circuit path may not include relays and
sdrhe€othe deass dogduteig oenoiitdsndetieg 1 ddder tdhreonnédt siet conintdi@iation
first determning a signal path |length between the
clemABILD ittatietofc£li@ingburadshd b exdigieatien e@nhiutitaidn $hAHHER from
-4 WD 2006/ 107467 PCT/ US2006/ 007186

connecting to the reference timing souré¢e. In this regard, the circuit path may include a
current source, at least one diode, and a transistor switch to connect the current source to
the at least one diode, thereby biasing the at least one diode conducting.

The processing device may be part of the ATE. The circuit path may not include
relays and the processing device may determine the offset without first determining a signal

path length between the communication channel and the reference timing source.
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In general, in another aspect, the invention is
directed to a machi ne-readabl e nmedi umthat stores
execut abl e instructions for use in calibrating ATE
Y'm%l% Gy able instructions cause a pr Ocessﬁ%ﬁﬁ%mﬁﬁss
0 de ermne an offset between a reference tim
event and a channel event, where the channel event IS
assdaiegted- Riaepther aEpsrhific le‘aaprlafhlsshreﬁ%m m%ﬁ@%ﬁ*&
and to affect signal transm ssion qver
mgdipnibat é"é’lfffsz?ﬁ“@ﬁgmﬁu"% & ué%mtqﬂrlébraﬁ%féTE Bhs exepytahle
signal transm ssion may include adjusting signa
ingtrucHeng causRHPrarIsERg feyicsio determinscan) qffsetigivecen 8 peferengpeiming
al so include one or nore of the features noted above
ewft amdpahpeel evept, heregharbpnnghpieet is assypigted aith jcgmppmigpiion
nore exanples are set forth in the acconmpanyin
charl@ﬁmﬁ*@g Al and (v affset symeldranpmisEan Pt §ig compumiration channel
features, aspects, and advantages of the invention
baspd on the edisete Adfsplinessimnak trasamistion gy iciude pdinstingtsignal
drawi ngs, and the clains. DESCRI PTI ON OF THE DRAW NGS
trmsgussmnudste@tlmﬁragch@ﬁﬁhs Hidhid avpechmas elsp yocbids ebneraeere ofte features
bet ween channels of an ATE 15 and a reference tim ng
nededptore withgespectitethe otheragpests. showi ng one of the
connections in the matrix of Fig. 1. Fig. 3is a
f | ovibleadetails kb wiany norpexaowts afeset forh ithihe aéaempanyiygidEawings and
Fig. 4 is a timng diagramthat depicts propagations
the flesrighied selivet Rgthner fatursmepaeiscatd admantigsn nbhe ofvertion AR
and a reference timng source. 20 Fig. 5 is a diagram
begbme apparerdifodethadesciiptidnhthe drammyngscandsleakcléimsi nmpl enent
connections between an ATE and a reference timng
source. Like reference nunerals in different figures
indicate |ike elenents. -5 WD 2006/ 107467
PCT/ US2006/ 007 1 DESCRPAIORD DFHERDRAMINGS

Fig, 1 is a diagram showing a matrix of connections between channels of an ATE
and a reference timing source.

Fig. 2 is a diagram showing one of the connections in the matrix of Fig. 1.

Fig. 3 is a flowchart showing a process for calibrating an ATE.

Fig. 4 is a timing diagram that depicts propagations of signals between a
communication channel of an ATE and a reference timing source.

Fig. 5 is a diagram of a pinmdiqde mafrix that may be used to implement connections
between an ATE and a reference timing source.

Like reference numerals in different figures indicate like elements.
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Fig. 1 shows circuitry 10 for use in calibrating an
ATE. Circuitry 10 includes, for each ATE channel, a
driver l1lla to 111, and a conparator 12a to 12f. A
ﬁb%&hgﬁ% matrix 14, described bel ow, can cp &%06909@86
river and conparator of each channel to a reference
timng source 16, although a connection is nmade for
only one channel atD%TAﬂ%é)Pﬁspﬁilgﬂ%odi ment .
Reference tining source 16 also includes a driver 17

and Bigdothpar siraytey &0 for pyegn calibsatipgan 4 T8 friecaitioly includes, for

bet ween a single channel 15 and reference timng )
eagh &T@@hmel,lmﬁmgl. lago 1Hi sndch coswanster A 201125 4 psrhgr@ﬁe Bgtrix
a single solid line in order to indicate a connection

- 1pdesopibed helemver camectithy drtver andll cotparaigr pieach ghamnelifel a reference

conparator 12a, and 10 reference tim ng source 16,
tinsirigshuice 6, athenglira opunectidh igmde Gmpnlyane chan@el af h timeiig this
for illustration's sake only, as described bel ow,
epbodinierdd Befergneé fiming sounee L malbaieludesyn driyabEf andfa comparator 19.
swi tches and i nterconnections. The operation of
ci r cKigtZ show® aicennpetien helyeebnwisiiglercbamet s gl refsempetiming source
It is noted, however, that the operation of circuitry
14.0Inj Kig.tZhpinsheds rharix &4 is sbivamaed gnglé splitline in exdenrtd indickE a
channel driver 1la outputs a channel signal, e.g., a
camkttigdesregm ahanndlHe, whiah heludes dyival 1lasnd gopptratbnia, and
pi n-di ode matrix 14, but is also received by channel
refoapatiatiog sobRa. 16Cwhich @élcludendrpar Ht o ch@gatathe 19 Thiess fohe
time that it receives the channel signal, and provides
iltusfrationisrseke drdy;as desonbsiictuyy, giavdicds, matie b4 asn iaclude any number of
m croprocessor (not shown). The processing device nmay
switcheanrd iaferdohmecAidis.or it nmay be separate fromthe ATE
For exanpl e, the processing device 20 nay be
i ncoThosatidn bhticcultnsEia datsbadiwithliedpeatrto ahgasielst s ecked,
to calibrate the ATE, which also may include
hoeéer,ehm ¢hetdpBiafign sHdiicaieryll6 iaihe sqmmafotl hlbelemnn#s. r inxhid 4egard,
Channel conparator 12a also receives, typically at a
chinhélelret 1 lhiciutst dhefiret 4Ree c.d.iavoltfeessighan| ThesadheRS gl is
vol tage signal, fromthe driver of reference timng
oBRUT 16 inldioltd Patrixq 4\t 2006/ rd 2146 By EXahhéIS2096rat0 T8 6Channel

comparator 12a identifies the time that it receives the channel signal, and provides this time
to a processing device, such as a microprocessor (not shown). The processing device may
be part of the ATE or it may be separate from the ATE. For example, the processing device
may be incorporated into a separate circuit arrangement used to calibrate the ATE, which
also may include reference timing source 16 and pin-diode matrix 14.

Channel comparator 12a also receives, typically at a different time, a reference

timing signal, such as a voltage signal, from the driver of reference timing source 16 via
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pi n-di ode matrix 14. Channel conparator 12a identifies
the tinme that it receives the reference timng
signal, and provides this tine to the processing

Xg\éi](%ﬁo.m().‘pnparator 19 and driver 17 for refgtenSucnorise
I'Mmng source 16 operate in the same manner as

CcO rator 12 and driver 1lg f hanne] 15, as
P’é“e‘gg% BEGr ﬂ)%l @9@’“‘% “RbPEop é%% ﬁ?‘%ﬁgﬁref @{e “Fl?fth?t &rfeeerys e r
7out put,s the reference timng signal to pin- diode
refereRe,iming signal,apd H‘?&%E%Wbsa‘i‘%? thegrocesgiedrice. 51%%’313*01” 19
receives the reference tinming signal. Reference
a“&"o‘i‘Fb"z—?F bt Er refgoncgdiring sausce; [qoPprajedn thegpme mapRe @f rapapgier 12a
reference timn signal, and provides that tinme to
anddrivsr é@e@%‘i’hﬁﬁn%é@’iaé escRBfdhelifke conparator 19 al so
receives, typically at a different tinme, the channel
si gniors spesificaklyrErengs fgpesr 11 putguls the rpfersnqgiinging ignal to pin-
matrix 14. Reference conparator 19 identifies the tine
diodamafrix e Kefoyense corarassighte howeyey alsp recgives e vferigecs timing
this tinme to the processing device. The processing
sigaal; Refesmce ppypparaderclGridendifigs the Hme jlet & recivetithe mrfciepcettiveing
processing device, uses the tinmes provided by channe
sigafpRndprendes ot Hmg te &e praspsimgdeviparafeencegomparator 19 also
determ ne an offset tim ng between the channel signa
regAyes, kidiqally el acdiferent timas gheshegmal sigphirem ch&mek drévist 11asvia pin-
used to correct the timng accuracy of channel 15, as
digds oreirireldt Reifesence compayater tridaitifies thedims Tt dtabédireg theghannel
process described herein calibrates all ATE channels,
signalgansl pisesadesthie fimoto thh precsimg deviee.act ual tinme bet ween
a reference timng event and a channel event, nanely
Tof f $be proedssing déviceror] morehirauatentseftwaretehesuting wrtheprocessing
timng event corresponds to a transm ssion tinme of
detiee, nefsdhretinges provideddpyshepmsl compdratdrd 2 hraihmfskeney emvhpa2gor 19 to
corresponds to a transmi ssion tinme of the channe
dstiegmiat an St Bingg bétwege §erohived! diglaband thdhefdest timing signal. This
approach of the ATE calibration process is to identify
offsetesuse &t coedgidise hingbairacgfo€ clemad 16 avidagribedibwand a
channel signal arrive at the reference conparator and
t he LrhernietailcihepdEatbbratianstotess distrdredhaeinkafibratet all &TE
to chaa using only these tines. This approach 7
channels, or a subset thereof, based on the actual time between a reference timing event and

a channel event, namely Tostset_ref 10_chan. [0t this context, the reference timing event
corresponds fo a transmission time of the reference timing signal and the channel event
corresponds to a transmission time of the channel signal. See Fig. 4, described below.

The basic approach of the ATE calibration process is to identify times that edges of
the reference timing signal and a channel signal arrive at the reference comparator and the

channel comparator, and to determine Toget ref to_chan Using only these times. This approach



10

15

20

WO 2006/ 107467 PCT/ US2006/ 007186 for obtaining
Toffset ref te_eha" reduces the need to perform
calibration using the signal path Ilength, Tpath ref
H0.50A0462S 1N TDR As a result, high- bandwi 96%520061007186
connectlons such as relays, are typically not
required betvveen the ATE channels and the reference
for phi sberoe o Refednger fig Tee! iningsormealintian ugng e eigad path
20 is shown for determ ning Tofeset ref to chap 5
lepgthnEpatt_hret e aURTDR- ofs Fiegt, highdbaedvpidthjcompestionst sugh as relays,
that, in Fig. 3, the reference and channel drivers
arg tpiepdly ng ieqiireg batweet e Selifecheimads and (ke teferdves tiling source.
separate bursts. As shown in Fig. 4,
Tof sRefemisgtoFighdrandd, 2 process 29 irbowve fir determainiogilssi,enro_chan
ti mes between reference timng signal 21 and channel
ugingjiia cirogtry pf Bged endd. Bibs rotesisthethind’igi 3l e refereficsl and whannel
Ref erence driver 17 outputs (24) reference timng
digyeghart ngtidrivingt theginpe Bmegltug faghet ih seGiraiehutstsd Assbowi in Big. 4,
outputs 10 (25) channel signal 22 to pin-diode matrix
Tt redl ) cribinti$ the didfemquicein thanstissians tmaehkbtvéeatrefoiencatinidg signal 21
matrix 14 is pre-configured to connect channel 15 only
antdochaudiad signd @2t Prricesy 26 obtripe tHiGvalueGs ibliayesr Refepmcofirivar 17
exenpl ary inplenentation of pin-diode matrix 14 is
odpusts (14) ecletoatediminReifed @b tepic-divpla netror 141 Chaeod idvies 112 6)tputs
reference timng signal 21 at tinme Ti, and provides
(25h altarneleigi 22X to @irpdiodeaa sitin §4.d Bmvthisexarhple,tihis gssumed that pin-diode
enbodi nent, receipt of a signal by a 15 conparator
Nkt is gentanfipwrad toaremodkct danadh ¢ delytio sdgence tintidpdource 16.
signal. In other enbodi nents, conparators may identify
Cohfigtratiingifah ptegilary @spleobastionlof pndiedeaharix 12& deseibed BSlow.
(27) reference timng signal 21 at tinme T2, and
pr ovReRsentdhadmpiai-ane 10eeceives (Ropetsaica gntieydigal 2 Theimd Tand
it takes reference timng signal 21 to travel from
pfoeides eactme td1the grosauing devi&e. 110 thAd Embaehaanabeed of b signal by a
Tpath _refto_ehan, is the difference between Ti and T2
cihpatbt Meamdfidapdficatidf) oDt insiesht e of ez Eigind e Irbdther @O Mgl ents,
conparators. It is noted that tine Ti and T4 (bel ow)
chfariRASHLEdedity 6iBbed @ACRaGREPahanel cokParafi d2a receives (27)
therefore, are measured with respect to the
réfERAGIYirhis k 6iandl 2 1 kefias TNGR biovideg that @Rato tBd procddaifE yvied) The
time scale 29. That is, the tinme at which reference

tildent AAResTb@RAke @hingSignal 21 to travel from reference timing source 16 to ATE

channel 15, i.6., Tpat_ref to_chans 18 the difference between T1 and T2 plus time offsets
between the reference and channel comparators.

It is noted that time T1 and T4 (below) are measured at reference comparator 19
and, therefore, are measured with respect to the transmission of reference timing signal 21,

namely on time scale 29. That is, the time at which reference timing signai 21 is
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8 WO 2006/ 107467 PCT/ US2006/ 007186 transmtted is
desi gnated zero (0) on tine scale 29. Tine T2 and T3
(bel ow) are neasured at channel conparator 12a and,
Shi)@lg; are measured with respect to the PCT/PS20061007186
ransmssion of the channel signal, nanmely on tine
scale 30. The time at which channel signal 22 is
tranpraitigfis designated zrae (W) Antiag seds 3. (Gmedy a@é AP dbedpv) age mgasured
process 20, channel conparator 12a receives (31) . .
at gheanpleomppygion i 22ands; thexefore ateameastind Wi Gepem 40 attan@wﬁ@n of
to the processing device. Reference conparator
the ehpanel gmgngizmgmely pative soali n dihe fimeat whichshangel sasml 221s
provides that tinme to the processing device. The tine
trangmittel éssdesignatpdrerg (QYoakcdBG o travel fromthe ATE
channel to the reference timng source, i
Tpatth prosésst28, Glaneel compartier e fifceivenGé) m@mm@m@wm
plus tine offsets 10 between the reference and channel
andnepades ot me As the powessing devige. Referehts coinperaise il esspivad (32)
and T2 is about the sanme as between T3 and T4, since
chatvee! dlignal 28 @ttibo fTH, @il grovides thebiiret to thhpugbebsipg detiee. sane.
Tpath_ref to_chan need. not be cal cul ated by process
20. Heweweat takesighatriel sighal 2Dtodhwanl fren theellR chadnel ity/fe rdference
equation used by process 20 to calculate the offset,
tivhfsemte, i.ef T.a & Raks, idbe didernccictrends and Mdrpinssor aisets
16 and channel 15 (see below). 15 Accordingly,
befpednlthe eferéree ahdichansel deppatted. An shoven indig. 140 thisttins: between T1
regard, Toffset refto_chan is determ ned using the
arfdofd iewbdg tHeGuime tis batwediekisund Arpsitce:theldistaild@, bolkignhlk. travel
Because Toffset ref to than is determ ned using four
sHou IR, the $UHRC G55, 4Q, s needfner Fead!cbted bytphesebsalr Husgeved, ne
domain transm ssion (TDT) calibration process. The
T ek B\ g uSedftb dbring: thowmudidn/set by mbedso 20 fanlduatotht affreed
using Ti, T2, T3 and T4 20 As shown in Fig. 4, the
Tied | Jefqy\@hﬁgbdtﬁé@tl eforsbd tiginh edulcd raueid chamkf smseermow)
to chan = Ti + Tpath_ref to chan - T2 Toffset ref
AoQor@R, T 4t o chiatibpicief itz ahan - T3

In this regard, Togset ref to_chen i8 determined using the following four time
measurements: T1, T2, T3, T4. Because Tottset_re to_chan 1S determined using four times,
process 20 is referred to as the four-way time domain transmission (TDT) calibration
process. The following explains how Tefmse: ref to_chen 18 Obtained vsing T1, T2, T3 and T4

As shown in Fig. 4, the followi:;g relationships hold frue:

Toffset_ref_to_chan =TI+ Tpath_ref_to__chan -T2
Toffset_ref_to_chan =T4 - Tpath_ref_ to_chan ~ T3
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-9 WD 2006/ 107467 PCT/ US2006/ 007186 Addi ng the
foregoing two equations together results in: 2Tof fset
ref tothan = Ti - T2 + T4 - T3, thereby elimnating

f.to_chan fromthe cal cul ation of To
‘%Q?@Fﬁgﬁgéolving for 5 Tofrset ref to than %%@ﬁﬁ?éﬁﬁﬁms
the followi ng equation: Totrset reF to than = (Ti - T2
AddinEahe fofgping twi hqsfiotpiogather esultf inpr ocess 20, it is
possi ble to determ ne Toffset ref to_chan using only
10 values for TI, T2, T3 and T4. The processing device
used to i npl emerdTproenssxm>Tha¥2 bd4 -greogr ammed
bef orehand with the foregoi ng equation for Toffset ref
to_chan Accordingly, in process. 20, the proce sin%
thefeRs SERwBE Trnese v Forfazcafyfation of Tow gz can g RE &g
cal cul ates (34) Toffset ref to-than using those
Towralra @30en TEREISJRGSllovaRg qquatiopy T3 and T4 nay be
provi ded directly to the processing device fromthe
reference and channel 15 conparators, or they may
first pass through other hardware and/ or software.
Once the proces§%ﬂgﬁdeMMCé@HetE¥ﬁﬂﬁe§3Wﬁe val ue of
Toffset _ref to than, the processing device calibrates
(35) conmuni cation channel 15, for which T, T2, T3

o e 5 GRS R R Sk BB i
MG IC LR R LR R
eSSBS0y RRTRS Rl FIRUTE, L0t 12

O BLSEE3 S 55, B s By . 72

channel 15 ear]lier by an ampunt equal tqQ Toffsetref
aftdc;f_“a?‘&}ﬁakél}atqst(%)ﬁo@mphgu%ﬂl@g%ﬁl&w ’ﬁgzgf e%lﬁ)r T2, T3

instruction to delay transm ssign of_ signals on

anchkfmay bepmoreddiresttbinthe Bigeesring gevice from gioggserence and channel
2006/ 107467 PCT/ US2006/ 007186

comparators, or they may first pass through other hardware and/or software.

Ongce the processing device det:ennines the value of Tofiset ref to_chan, the processing
device calibrates (35) communication channel 15, for which T1, T2, T3 and T4 were
obtained. That is, Tossset_ref_to_chan May be determined for each channel of the ATE. So, once
Toftset ref to_chan 1S determined for a channel, the processing device may adjustor offset signal
transmission on that channel by an amount that is equal to, or derived from, Torset ref to_chan-
For example, the processing device may issue an instruction to start transmission of signals

on channel 15 earlier by an amount equal to Tofsset ref to_chan, OF the processing device may

issue an instruction to delay transmission of signals on channel 15 by an amount equal to

N u"].O"
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Teffset ref to chaa Communi cati on channel signa
adj ustnents other than, or in addition to, those
descri bed herein may be made using Toffset ref to

s noted that the processing devic
&B%dgﬂbhgial i brate the ATE. Rather, the pr oggés,éféﬁ blioriss

deV|ce may calibrate the ATE |nd|rectly e.g., by
Tobshl S Ut | Ognntukieatioh ahanelrségnek adjGirgents afbardhanedrtin @ddabw to,
or off of the ATE, to adjust signal transm ssion
ﬂu&edamdbm@hydnhmybsnmﬂsuﬁmmﬁﬁﬂu&hgimprocess 20 may be
i npl emented wi thout a processing device. For exanpl e,
Tof fisiehoted that the phaessimg yieviee twlfoudyatot chlitreatathb INTE. Rather, the
calibration my be manual as well. Each ATE channe
prog@ysifedevide inbiyab g ateitichA T sydiredtlyt @gl beinsedoting other hardwarg or
source in the manner descri bed above. As a result,
softaefe, tlet & atdFloATEATE Ao ndjusisdumial ihnlmissibn gevediidgly. LG also
the reference timng source and to all other
notadl thitrpadcesk 28 timydampiehentefwithod aphaassirpnieeicenBbraxymple,
i mpl enentation of pin-diode matrix 14. As shown in
TofletJet tokhan Biaf bl bAlclBatobdnbiel Ly ek valét®atibnatyhe nannaing ealli n
paths (e.g., 36, 37) between reference tining source

16 amn@h ATE chhaRRhEbddlibied with lefiedt)to thEaferdnse timgource in
channel, such as channel 15, on one or nore ATES is

thé BRNEGHBGbLEl ARl e RNE Rsiilt, RhdbGalBrdled A THchvhrie] showht el afigned to
of 15 pin-diodes. Pin-diode matrix 14 al so includes a

th6 BirEeie (RaHE §@rdQing |NE&h& G alitirhe® AGHE channels.
transistor/switch 41, to channel 15. Each channel nay

| NCl MG dhohl it SHnpSRY R i foin BF Bin-diedd TARGL MBNASs shown in
simlar to, or identical to, that of channel 15. Wen

Fﬂgr?@ﬁd &8¢ mAckixliScl GRE Biddes £MRERITH pRASEAS, 1603 DMarReh rekérence
thereby biasi ng di ode 42 and 43 conductlng By

tnBIr%%ﬁllcé! 16 Qﬁ@zﬁm BhAh Q6 8§ () 89 BPPQU i) esiheHend¥R kiidvas
4"using also current sources 44 and 45 and 20 others

cﬂaﬁﬁél 13! & HRlr SRAWTECH 3MREted B 16 RFnBOHSAR6ELEUs Vi a mairix of
reference timng source 16, while all other channels

pidldodll S PANARES RN sb HBIRDE BurtdnfidigbeSVWofifek; throbih
WO 2006/ 107467 PCT/US2006/ 007186 It is noted that a

u&}%&%@%@h ghapnghnd 1 9MEAE BLERERY IdhBE 2 SAE Souk&/ERABistor
al so be

arrangement similar to, or identical té, that of channel 15. When transistor 41 is gated,

current passes to channel 15, thereby biasing diode 42 and 43 conducting. By properly

biasing diodes throughout pin-diode matrix 14 using also current sources 44 and 45 and

others that are not shown, channel 15 can be connected to reference timing source 16, while

all other channels are disconnected from reference timing source 16.

-11-
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routed to a DUT via a normal signal path, and can be
used as a standard channel during DUT testing.
Advant ages of the pin-diode matrix design of Fig. 5
‘?ngoﬁﬂﬂﬁg.ﬁdl tional relay matrix 5 design i n}?éﬂﬁ&%o&s%ﬁnss
ow ng. First, a pin-diode has a snaller footprint
than a rel ay - generally about 3% that of relay,
r esTilig notel that dxoferabcackennd Sommgbrencatimingsouentf eap also be
digital instrunment design, board space is often the
routad 1o alFT erewkmblsignelmtin etd chorbsussd as Asiandard dhannplsigring
board space can reduce ATE costs and, possibly,
DUTrestinge its performance. Second, t he reliability of
pi n-di odes generally exceeds that of relays, and a
pi nAdivatesesaf thi pinidlodesmatsip designl of Fig Se@vermsirdditional relay matrix
manuf actured than a relay matrix. Thus, pin-diode
desipd nicXidd theifsll@wing, Obst,agtin-diods hastal senafiad footpont thora relay -
connecting a nunber of channels to a reference
gedig@nnglout 3% thas ofwelagckesuimpdn board tleabavingsc &skigh Oerisgy digital
limted to use with pin-diode matrix 14, or to any of
indthigchadedipas iattiepasd ib eflenthe miain Hotitentdiaor cimtded densFpr Any
exanpl e, process 20 may be inplenmented using a
re@RAVEN Hoaiiadpateadan yedued ATR costs dndepossiblypimpraliedigerfammange.
14, a 15 conbination matrix.includi ng both pin-di odes
SeddMll, fRlralik®ilitp bf Kid-diudys Sinbelly wideald thdt ofielayb,eed a pin-diode matrix
mechani sm for connecting channels to a. reference
is bpPalg mdR¥asy mBwEhctireCihanh sy iEtx. Tavepia-didlemhatrix 14 is a
configuration that is simlar to the pin-di ode
lo®abd bRt ko1& fofb@medding Winflber\bAIChOMiS]s toyPesera@ice channel.
circuitry controlling configuration of the circuit
pat I ;s TBRACRFRRERIHAY Fo@efl0 id hbMehiSedab S6 willypialiode matrix 14,
repl aced Wi th ot her circuitry, including hardware
ordd Qﬂy%f tﬁ@ﬁaﬁ%ﬁr@ dedcAbeddfirdik for RUmane. ¢et eGtiphgmdt@nad may be
and/'or they nmay be augnmented with signal conditioning
nﬁﬁ@ﬁ&ﬁed% la ohtéaitbidl Yolay i@tk € 0@ JTRIrONBdEmand/10)a
software. Process 20 has been tested on ATE systens

cofitithtio APl BichiBb beaPS-aMdddiafd tedys, 088 othdW@irddA wireless

follow ng calibration has been shown to be within

mitbiahRPPSr édi’xﬁeé?ﬂlg hahB09 to alréref¥dce BB 1S, 7 Such mechanisms may
PCT/ US2006/ 007

have a matrix configuration that is similar to the pin-diode configuration of Fig. 5, with

various types of circuitry controlling configuration of the circuit path. The comparators and

drivers also may be replaced with other circuitry, including hardware and/or software, for

driving and detecting signals, and/or they may be augmented with signal conditioning

and/or other circuitry, including hardware and/or software.

Process 20 has been tested on ATE systems with multiple high-density digital

boards. The BEPA following calibration has been shown to be within +/-100ps for over 1000

-12-
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channel s - an accuracy that was heretofore only
achi evabl e using rel atively expensive externa
robotics. Additionally, the calibration results have
ﬂﬁﬂﬁ&ﬁk&éyed repeatability, and the pin-diogg; bdiob7186
as proven to be reliable. Thus, process 20 and iIts
associ ated hardware provides relatively high timng
chamealy -aanecwirgdy thaiwas stetoford onlg lackadiabletuging Seltinetyhapensive,
the relatively small footprint of the pin-di odes nmakes
extérny ostwitibd. eAdditidnally,dhacnlibmiitrersds hared damonstoaietoepsatadildy, and
| arge nunber of channels, such as 64 or nore channel s,
thedpln-dodecanav bhaygovenl tabe wdibylel This| grotma 2@l asiitsomsociated
Process 20 is not limted to use with the hardware and
hf®Firaprogidde pdativhigthidtetiging acoufc ) edth $ov2 Bost am deBability.
inplemented in digital electronic circuitry, or in
FediRphdre) thdadgiwely @mall Tbifrint oIAE pin-dodfes wakes it prssible to build an
conbi nations thereof. Process 20 can be inpl emented,
exBénde@ aRirix ddnfRfibg a Var@ muntben@leheineBl Sigh anbPe:Qnere thannels, while
i.e., a conputer programtangi bly enbodied in an
cdnBiraingRslhtoR1CIRME bedrd spacg. . i N a machi ne- readabl e
storage device or in a propagated signal, for
eX e CRtobR 2003 noPlimited 1©8é With the M@rdwaReind lsbfRard tescBddherein,
processi ng apparatus, e.g., a programuabl e processor,
PRCER D Bhehs inflenddpiddih HigRhlQ1LRHME Eitdusiry, fr BUBRIYLRF hardware,
program can be witten in any form of progranmm ng
AhARSYAdewaleN6d HdbnBinamR Hep@r,0r i nterpreted | anguages,
and it can be deployed in any form including as a

st anpkoads® D o RAFPBNRhted Sat RafOEHHAE viaCISRHIRR hrogram product,
subroutine, or other unit suitable for use In a

1.6 ONES g mgélﬁ PRBBR emtdafe@ HPM BforRERG AMRE A BB a machine-
depl oyed ?o e executed on one conputer or on

rdBiHiL RbBaCATRIIR B SopRARISishS, BF eiticiidul 16AE cHRIAPER
20 multiple sites and interconnected by a

oﬁ&ﬁ‘i}fﬂﬁrﬂf,ccﬁid (R0cREL I ran VB D0L8 LEP$NBRIPEIR0E Y Winblker, or

I npl ementi ng process 20 can be perfornmed by one or

n{Bfle AR MNTRELROREQTES R b GG NI iR Gn PREm OF ﬂ?ﬁ?{]aglming

comput er prograns to performthe functions o

148 &%,Sﬁaﬁdiné‘lccl)mﬁ{ed% ErdterPletdR1RG8Rs, 28d G@Bn BEdeployed in any form,
I mplemented as,  special -13
including as a stand-alone program or as a module, component, subroutine, or other unit
suitable for use in a computing environment. A computer program can be deployed to be
executed on one computer or on multiple computers at one site or distributed across
multiple sites and interconnected by a ommunication network.
Method steps associated with implementing process 20 can be performed by one or

more programmable processors executing one or more computer programs to perform the

functions of the processes. All or part of process 20 can be implemented as, special

13-
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WO 2006/ 107467 PCT/ US2006/ 007186 purpose | ogic
circuitry, e.g., an FPGA (field programmbl e gate
array) and/or an ASIC (application-specific
&Btﬁ&%lg%gp circuit). Processors suitable forpéf?ﬁsz?oemonse
executron of a conputer programinclude, by way O
exanpl e, both general and special purpose

PREPEFIPEIE SELUEY. 8.2 4R FP (gl eregrammplie Batp pmesd 8dpranchSIC
any kind of_ digital conputer. Cenerally, a processor

(appligatioaspqoific iptegrpted 6k¢whs  and data from a read-only
menory or a random access nmenory or both. El enents of

a cBiepersas syiablederdhaeisegivasd o computerpregramiinpiude, by way of
instructions and one or nore nmenory devices for

exare, hgthi generel pnd sensial pyrdossaiaropessers,rapd iaby gnedesicre bed
herein, including the reference timng source,

pyocessers of any kindofdegiiabenmpntar. Gieneralilyo d rovessel will receii/ednstructions
portions thereof, may be inplenented as part of ATE

ang} dads frempaealt-anlcinemaiytor v rémglomipseess memoryj aribothi @lenmdnitdof a
ATE. Likew se, part or all of this circuitry can be

compritenineindech myocesyve fayexerotieg Dsfisctiond aug ohe st wokemyenidre devices
ATE. Process 20 can be used to calibrate a

foretosing énsbmétiongland dam, nmeani ng a device that receives
signals but does not transmt signals. In this case,

for Ehesipuiry desdriheshdrein, tludingthe teferbAceaimind s@iiek, frbosiig
be set to zero in.the equation for Toffset ref to

de¢hiem and-piocigsls n26hix; aml/@l pootidue theseef] nhay beamplafmaited as gddlof ATE
In this regard, process 20 could be adapted to use

ot dscsepaliie sirtuitny fog uerein eigtnution Wixh A8 Mak@vise) Par@or all of this
drive-only DUT channel, a D flop my be added to an

ciountifpy tanchelilplemepedun o driveor®IT T @eing weteg dp @i ATEY for
calibration. The D input may be hooked-up to a chip

pad, Probiss 20 tarebealsatio calitpui aaedivQ odtit disice Ghednlig of debide 20t
flop may be routed to 2 test pins on the DUT. Tim ng

revBiasd i gk Hut daky nbigtrapih it 6lgh4ls. URithig cass] foNElafghlL dg8es for T1 and
search techniques. To calibrate a receive only DUT

TRionT3 andiT4 way byveds kakzdbein theletpatidrofnot 1. .outpuL,. cel | that
woul d be controlled by a test pin, and the Q output of

a I'P@eéxe0 cipdsomeulsel Bdealinbktadbin RiRkRgbrd fStedd could be
An input/output (1/0O DUT pin could

adapted to use the ATE’s timing generator. For example, on a drive-only DUT channel, a

D-flop may be added to an output cell to provide the DUT receive capability for calibration.
The D input may be hooked-up to a chip pad, while the clock input and Q output of the flip-
flop may be routed to 2 test pins on the DUT. Timing measurement may be effected using
standard edge search techniques. To calibrate a receive only DUT pin, a driver would be
added to the output cell that would be controlled by a test pin, and the Q output of a

receiver pad would be routed to anoﬂll_gr test pin. An input/output (I/0) DUT pin could

~j4-
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both of this circuitry. The two test pins could be
shared anongst all the 1/0 cells, connecting to one
' for calibration. Elenents of diff

éﬁﬁé&ﬁ#&ﬁhs descri bed herein maybe conbinede%gﬂﬁ%?%$me6
.other enbodi nents not specifically set forth above.
mcpiparatetio el thissireuiinnt Thajweitest pias couiébeidendisbedgd el gierl/O
are also within the scope of the follow ng clains.
cellspeoppenting &0 enea arieifarcatibrationoet hod for use in
calibrating an apparatus, the nmethod conpri sing:

det eFlemesnts gf differemd empodinfesistdepuribad bereia mayfbecambimed togfivah other
and a channel signal over a signal path of the
erapesimeants ot sperdfiqally st dortherbovey r@themambotlinentshmnsyetifisilynal
being output to the signal path at different tines,
despabaddfersineare elss mithad thd sopeadf thnfotlgwingelahannel si gnal
and ot her channel signals, the timng of fset being
determ ned based on receipt tinmes of the reference
signal and the channel signal by conparators at ends
of the signal path and w thout determ ning a signa
propagation tinme across a length of the signal path;
and using the timng offset to calibrate the apparatus
by adjusting tinmes at which future channel signals
are transmtted so that the channel signals
substantially align to the reference signal in tine.
2. The nmethod of claim1l, wherein the reference signa
is transmtted froma reference timng source and the
channel signal is transmtted froma driver in

conmuni cation with a conmuni cati on channel. 3. The

met hod of claim 2, wherein determ ning conprises:
obtaining a first tinme at which the reference signa

is received at a conparator

-15-



associated with the reference timng source; obtaining
a second tinme at which the reference signal is
received at a conparator associated with the
conmuni cati on channel ; obtaining a third tinme at which
t he channel signal is received at the conparator
associated with the conmuni cati on channel; obtaining a
fourth time at which the channel signal is received at
Whehis daimpdisat or associated with the reference tinng
source; and calculating the timng offset using the
first tinme, the second tinme, the third time,  and the
1. f oufrtPethedhier use inTREbragHARIRIAtYS tha Methaf epapisindie

fir &Ete*rhlﬁﬁg 'astlm-fﬂ% oftfsié? bét%@ﬁ‘g réfef@ck §|2F@ anﬁféﬁhahﬁél &fdnal over
tine is fourth tinme is wherein the

a signgi RayP 8? thg éPpﬁ‘@tUéatP% (Rfgieage signglpnd theT@am"#é'Q”a'T@’)‘QZO“tp”t
to the si szﬁal Rt Eﬂﬁﬁ@ént&in@s{ﬂh&ref%té@b? eagnﬂqwugﬁmg fie chhﬁ?el signal
onfigurin na et ween connuni cat.i.on
an ek ShenaRcp . hedfane Bt pRiRe fEredBPCbSoEHRg ferirhigies of

theSr!ewﬂailce&i’yﬂ\al ael hthe ﬁhme}ssugmﬁy panparaprs areddg bf thBaignal path
i gna t he .si gna €0

and iR cBREmickCeidns? Peca Ot BF B8 < hte PR o patr: and

t he u'_aihg thgeltimneg efn‘mtcscadibna{m the eppamatudiby chdpistirmyitmesstevhidhn
fut§r%§%é§ﬁéaﬁ] g@ﬂ%g g{&&aﬁsgﬁ{e@' s%ftlé%)tgpé E]Igaxn@h %l ?sd{iﬁysfaﬂuéhptaﬁél{‘to
thepyefereree sidnel indifrer ence timi ng source and ot her

comuni cation channels. 7. An apparatus for use in

cal i brating automatic test equi pnment (ATE), .
2. conphe gieihpd of glainafl oyhgieia the HENFoUY isdnemiied Fama
refi¢hBlimidg's8fiRE BRG ﬂwesd?ﬂﬂﬁél sighabik $BAdmMIREd o @drivetined to

pass, the reference signal and to pass a channel
communication with a communication channel.

3. The method of claim 2, wherein determining comprises:

chtaining a first time at which the reference signal is received at a comparator
associated with the reference timing source;

obtaining a second time at which the reference signal is received at a comparator
associated with the communication channel;

obtaining a third time at which the channel signal is received at the comparator
associated with the communication channel;

obtaining a fourth time at which the channel signal is received at the comparator
associated with the reference timing source; and

calculating the timing offset using the first time, the second time, the third time,
and the fourth time.

4. The method of claim 3, wherein the first time is T1, the second time is T2, the
third time is T3, and the fourth time is T4; and
wherein the fiming offset is calculated as (T1 -T2 + T4 - T3)/2.

5. The method of claim 3, further comprising:

-16 -



signal froma comunication channel, the reference
signal for aligning the channel signal and other
channel signals, the reference signal and the channe
signal being output to the signal path at different
times; and a processing device configured to determ ne
a timng offset between the reference timng signa
and the channel signal, and to issue an instruction

t hatonfigugrgsthe siggalapath between thei commyinigatiemehasningiaid thait h

refér%n\%’ﬁtirﬁﬂb%ﬁ&r%g thééﬁ%n%rs %I g na{: fr%qmil}iq/sgﬁii waddimPthrdughase

utur'e channe s are mtted so
signalanath, the signghReth comgrieing a naalibsefanewbelepeatsi gn to the
reference signal; wherein the processor is configured
to deternmine the timng offset based on recejipt tines

6. of Themetogtnaln i ‘@'?%F'"é?ﬁjc'quﬁe@ﬁ@’?ﬁeqonéq”@ﬁ&” qigdes; and
Conﬂrﬁér%trpéoﬁf@.ﬁnngﬂﬂmpﬂfses mé\ﬁngsmrw diB@ds o 2BchiVdhE RRbI path
geterm ning a S|gnal % %aty on time_across a Ign%1
ang o prR¥ent gxgizaps ghignal bet‘?'ﬁ ﬁﬁﬁﬁéef‘ﬁ‘é,t‘%‘f"gcﬁ%ﬁcﬁwa? other
comhehigatior dhanh€§.er ence timng source conprises a
ref erence conparator and a reference driver to output

signals to the signal path; and wherein the ATE
7. compniapparatusdtrarsedh caibratiag atiomatin teshequiamers |(ATEE), vemprising:

out B%fere%gg H@L grstoﬁrcte[&ﬁnﬁélxg‘%ha{r it gpéuli] 2 6gfere-|qg S@RQ arat us

of clarm ara
congisipnekpith configuredity passtbe r@er@nemsenaj iage &d pass achanned t

sighh[%m % REmARARERIN &ﬁﬂpé\rtﬂte%felle%c& SR %’rra‘ﬁgnifl?}]her&lﬁﬁri\é( e

rererence Signa second trne
sigpplandethes ghprnehsignals She tigreges dgnal g ths chagnsl signalthging

oufbh%"iﬁés@hﬂ'ﬁ;@’ch éitdlf%rérﬁ'hﬁ'l@stén@ie path, and the reference
conparator is _configured to receive. the channel

si gAdIocREsing feNiFe ?P"lfg‘l’fﬁd towipEine g HEingrBieeleikerthei ce
refbl%nﬁ@%lnglﬁfdl 4l the eRaniR| mi fdndgb iskLidan inshect®a et @auses

s;gp@lft@arnéﬁl@élog%dtpé{sgﬁa o {cﬁlgté%aseg%n\{he ostet by adjusting

times at which future channel signals are transmitted so that the channel signals
substantially align to the reference signal;

wherein the processor is configured to determine the timing offset based on
receipt times of the reference signal and the channel signal by comparators at ends of
the signal path and without determining a signal propagation time across a length of the
signal path.

8. The apparatus of claim 7, wherein the reference timing source comprises a
reference comparator and a reference driver to output signals to the signal path; and

wherein the ATE comprises a channel comparator and a channel driver to output
signals to the signal path.

9. The apparatus of claim 8, wherein the reference comparator is configured to

receive the reference signal at a first time, the channel comparator is configured to
receive the reference signal at a second time path, the channel comparator is configured
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conparator; and wherein the processing device is
configured to calculate the timng offset using the
first tinme, the second tinme, the third tine, and the
fourth tinme. 10. The apparatus of claim9, wherein the
first timeis Tl, the second tine is T2, the third
time is T3, and the fourth tinme is T4; and wherein the
processi ng device is configured to cal culate the

to receive theahpeesl sigoal gt Fthirdiime-path, andtBy referende corrarator is

cor"i’f@%?efd%‘n‘éteﬂfe th @Hdﬁhgi’slgﬂﬂ?g f&uﬁi‘ﬁ me! gnal path

nmprises a nmatri x current sources to
bi awherein the processing daviceta cmﬂsa@gi te saegive thenlsidime, the second

tim@Ofhe GARCHH hitBthk FourPtilRS vid theGofeRGRE cbmga@wmmwaﬁﬁu
channel to the reference timng source and to exclude

comp#@ioncEW¥muni cati on channel s from connecting to the
r ef ﬂrh@ﬂéﬁﬁhé |pFBoB§bu$g3él’é\ﬁdé is c&ﬂ'&guf@ﬂ&o aﬂ@@é@tth@tnﬁfng @kfgétiising

rein the s a current
thelfi e, Tig SecBaLimey ae g dee, ains TortiBhet or o tch fo
connect the current source to the at | east one di ode,

t he t.he. at, | east di.o onduct,i.n .
107e TR BrariR SEe e Mo e PRt 47 RS ResP R v T2 the
thumamqmrus§ésarwm1fcrurmtmieusé‘ﬂagm:l that connect the

o naVHRefi Rk BcR0aR fdes aclfeap EAGak i BB Rtass
(Tto2net4+ h3)/2.0 the reference timng source. 14. The
apparatus of claim?7, wherein the processing device is

part of the ATE. 15. The apparatus of claim?7,
11whe B¢ apparatus ofelaim parereipte signal pat F%@”ﬁeélad'?%t”x of digdes

and Burréht BBGRLOR HiSPH AL s SRE bR bikaks 8driiEngSr HIcBRdRLng in

Instructions for use in calibrating automatic test
ordss (R grABREL (aTemmuRiRdion,coaTRh i BereeEPER PR SOpEE and to

exQ S bRE @dmmunication channels from connecting to the reference timing source.

12. The apparatus of claim 7, wherein the signal path comprises:
a current source;
at least one diode; and
a transistor switch to connect the current source to the at least one diode,

thereby biasing the at least one diode conducting.

13. The apparatus of claim 7, wherein the signal path comprises a matrix of relays
that connect the communication channel o the reference timing source and that exclude
other communication channeis from connecting to the reference timing source.

14. The apparatus of claim 7, wherein the processing device is part of the ATE.

15.  The apparatus of claim 7, wherein the signal path does not include relays.
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processing device to: determne a timng offset
bet ween a reference signal and a channel signal over a
signal path of the ATE, the reference signal and the
channel signal being output to the signal path at
different tinmes, the reference signal for aligning the
channel signal and other channel signals, the timng
of fset being deternm ned based on receipt tinmes of the
16r ef érnaanhinesiegdetle madiumthatcheran execsiaglednstpigtiensfpysgtior s

cargﬁratﬁ@da%td?ﬁatfi:qgst %g%gﬂenﬂﬂﬁ'ﬁ) i @RRGLpR AN %r causm% a

mning a si propagdation tinme across a |engt
prasessipgdedieptal  pat h; and affect signal transm ssion

OVeHefeﬂﬁmé laQfdhg %@b@tﬁé@ﬁja PdfelchiBe Elgﬁﬁl %ﬁd @fcfﬁﬁﬂel Bi¥nal over a
sngpaijﬁztl ng ti rres at which future channe

na r
mphthe ATEothe feferenpr signal gre the f‘s*\agﬂ%hssgnéﬁwga?ﬂti?%@ the
sighbl [ éﬁlﬁéﬁ&ntﬂﬂ‘fa@rlﬂ@%ﬂ‘e@n%‘&bnéi l?ortdhglﬁng fhé.chafge! signal and
nmachi ne- rea abl e ned|#§e$ﬁf claim

AT AT g imigg oyt ey cBlsR Rrerd Gy Brhldmes of the
refelefit® gighidl nd %e’ictr(énhéléslghbwnﬂm argoslat sdd sfaimssigndl edth

ol o S BT G W e PRl ne

patihenei n. determ ni ng conpri ses: obtaining a first tine

22 n_gﬁ%é?@-ugﬁrgn%&%s%ﬂ%ge%\? E%bﬁl &%H \Gﬁqhﬁrpnﬁﬂ é)ﬁset by

assoct a erence
adpstingtimesoditvaiich fotyreacheooeraipnaismse Hﬁnsmtt@dwsq thet thefchenet e

sighafWbstbidi 6 vts%f&f@e&%%amhe associ ated with

e conmmuni on channel aining a third time at
whi ch the channel signal is received at the conparator

1735 S Gk MR Hind ki dbREmERIFTONLIaRA 16) "WHé?@ﬁ‘ Rl refefdicalisiinads a

fourth tine at which the channel gnal i s received at

trappraitied feay afefrrencedinieg s9wee aid tl‘?etch@"}eé?'ﬁ'ﬂ% FREANSIMSddrom 2
dri§&UR eSmmiRatict Wit AtdrRdiubib&iohichbmgl.of f set using the

first tinme, the second tinme, the third tine,

18. The machine-readable medium of claim 17, wherein determining comprises:

obtaining a first time at which the reference signal is received at a comparator
associated with the reference timing source;

cbtaining a second time at which the reference signal is received at a comparator
associated with the communication channel;

obtaining a third time at which the channel signal is received at the comparator
associated with the communication channel;

obtaining a fourth time at which the channel signal is received at the comparator
associated with the reference timing source; and

calculating the timing offset using the first time, the second time, the third time,
and the fourth time.

19. The machine-readable medium of claim 18, wherein the first time is T1, the

second time is T2, the third time is T3, and the fourth time is T4; and
wherein the timing offset is calculated as (T1-T2 + T4 - T3)/2.
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and the fourth tinme. 19. The machi ne-readabl e nmedi um

of claim 18, wherein the first time is Tl, the second

time is T2, the third tinme is T3, and the fourth tine

is T4; and wherein the timng offset is calculated as

(Ti - T2 + T4 - T3)/2. -19 20. The machi ne-readabl e

medi um of claim 16, wherein affecting signal

transm ssion conprises adjusting signal transm ssion
20di r Tod tnpcline-readible ctddium ofxdaim 16, wherein affecting signal transmission

comprises adjusting signal transmission directly or indirectly.
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