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CAL| BRATI NGAUTQVATI CTEST EQUI PMENT TECHNI CALFI ELD Thi s
patent application relates generally to calibrating

waunbwnatdet test equi pnent and, nore parti cul ar PgT/US2006/007186
al i gning test equipnent channels to a reference timng

sour ce. "BAGK R RO ATR TS R M EATS

refers to an autonate sua y conputer-driven
approach to testing devices, such as sem conductors,
el ectronic circuits, and printed circuit board

assenblies. A device IS referred to as a

devi ce under test (deﬁi&ﬁﬁéﬁﬁégﬁa4ﬁng accur acy

refers to applying signals to the DUT that neet .

pr eH¥f PASA! PPHPHPICBIAES Bansielly topgHblingantamatip fost pquiprgent and,

edge of a signal nmay need to reach the DUT within a
mor@p@éﬁl@il@b' {q pheningiest sanipsredbehanpels éxst raferen@Uiming source.

accurately. As the oper ati onal speeds of DUTs

i ncrease, tining accuracy becones nore critical, since

there is typically less tolerance for signal tlne

vari ations during testiBOQCKOROUND Ng accuracy of ATE
is dictated by its hardware and by techni ques used to

cal hBfodlichdie e(ﬁﬁTﬁnerﬁ({fﬁTﬂ?f&f{:ﬁ W Ql'; Wdiated] \is‘iﬁﬂ}? Ymputer-driven,

calibration nethods can yield d erent timn

app?&a%ﬂ rt@?ésﬁlzg %lég?cegs esfu%fq Gs se%lggr?({ cﬁo% epec% 1'118n Icultso A5 pr11¥ted circuit

accuracy out t

bsta i al ost of t he, ATE' s hard
boskd RRRGOEE ot AR hedRy é@géﬂ héemsciods prerieningayest (RHD:
onmonly used calibration standard is called edge
a@e‘}%%tﬂ%é GPREsey(efer to applymmsignalsioribe PUEnthat megt predefined
comruni cati on channels of an ATE, such as
timingenonpitdintat Fonexsimpds, greatisieglgdss, of alrsfegmbmsm neail to reach the DUT

within a specified time-frame in order to test the DUT accurately. As the operational
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, sdch as identification of signal edges, are measured

using an external instrument. Discrepancies between measured signal edge timings and
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using an external instrument. Di screpancies between

nmeasur ed signal edge tim ngs andpredeterm ned signal
wodom/ 747 Nngs are defined to be the EPA of theprP&THES20M6/007186

EPA of +/- |1 OOps, or better, is required to test ATEs

t hat, operate at speeds qf.4 i gher,...TO
predgieRpingl sienetedea dPTRG Ae Sidyo § s B CBF AT A pA of +-
techni ques are often used. One such ATE calibratian
100pseembftignds reqnipd iostestA{TiHs that operaternd spepds ek UPYiHp, g higher. To
using a tool, such as a robot or cal-fixture. Another
achigvEBsuch tdsking bc@madyeorod T ealibmatiinvechniqiies breaafiengisedhe ATE
internally. This technique, known as tinme donain
r eOrRGUENRTE\alifiaRdn teoRE§uY @Solass ¢atibradmptths AGR akteadily using a
and a reflected signal edge, and cal cul ates a signa

tool PRAER at 8RB P8RS @R, Andilkf ATEREELRESVREMIGIEINVYRes calibrating
neasurenents. The signal path length is then used to

the ig% Hﬁ%mﬁf.l .nﬁllis FJCE@%,SI&BQ’H ‘as h&%ﬁ{a’in fé;%&\%n{teﬁry _l(rJE“)B’R), measures

niticant call I'on error assocl at
.Which results st rrom sj gnal degradation of
on iR st g Freectol MR AL AR ST R P pilgutn basea
through the signal path (the signal and_ its reflectiaon
on UGB P ER BF A PRUGIOBAES < FUnaEn g aei o HE PR ey o
in .siagnal | oss and distortion. To counteract this _
adjust Bihad transrmiRsienq Howeeerhiligis-ip sigailicantrakbigHan eyt apsociated with
such as relays. SUMVARY Thi s patent application

TDRleslich bessltsretokidyl fromrsiigrmp depratation of thelratieateyl etgap dhatis, the signal
program products, for calibrating devices, such as

musffiEvel tWicgen®ngh thd sigranpatA$he signaltdnd iisryRdttion Mussboth travel
directed to nmethod for use in calibrating an

throgglg grfgas{i) ; {).’Itﬁf—; r%ﬁtﬂ%qnisffgﬁhlqg%n‘a‘%fiﬁél‘fﬂoﬁi M9 caintfabstls C})roblem,

| east one of a reference tim ng event an

chann i . t vent i s associated
TDI\?\AI?%HE’S g%aﬁﬁ%%tﬁg%ﬁg élghﬁsé%ﬂgg Q?%%a appar at us, and
using the offset to calibrate the apparatus.

SUMMARY
This patent application describes methods and apparatus, including computer
program products, for calibrating devices, such as ATE.
In general, in one aspect, the invention:'iAs 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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Thi s aspect of the invention may include one or nore

of the follow ng features. The reference timng event
woayosimnzdeade transmtting a reference timng sbPgmals2006/007186

froma reference timng source, and the channel event

ma)fh.e @gtle &e {1 éoe'hf hg%érﬁélﬁgh%%ﬁﬁhnﬁééy ?Elff?geﬁ?er%&&% signal from

connunrca?ron c
ncl ude . obt ai ni n rst ti t he refer

o relefion gritiiore 8% Rt ey tauaibies ftn sienal
the reference timng source, obtaining a second tine

fromy thegamapnigasiop @h@rn@ﬂ cRetermpingy the gffeat may pelpds vlétama‘tg gfirst time
devi ce associated with the communi cati on channe

at whishahaiefigrencettiming signabisacceisidl @ha tibdce fraoviatied sz\'ri@ntab réference
recei ved at the device associated with the

timia g so0ttd, ©dtaidng & kesvndltimontvaiict thg réfefency tilidg dignadis received at a
whi ch the channel signal is received at the device

devid® aQttc@dvivi {hl chbRgniBd868 RAmnk], BbRathiSOM fIER) tuﬁ@ ﬂt which the
cal culating the offset using the first tine,

chalfl%f Qggal.tlé fé%ewgq'_?t P idbHcl | hﬁgc t@@ gw‘&xhcﬁe E@H&hﬁm&h clglﬂlﬁ

the second
h
obtr%m%a ritief b et S LR EE -

al so include confi a pat h_bet ween
he PeFFRRAS (RS SAVICH, c&%&ns fe qq@rter%rrﬁ;@e fﬁrﬁ%e dhsisiegend time,
The channel signal and the reference timng. signal %‘
the garsldirah ead die foreh pisren TheHestginisnldy therserandeirge et ithe third
of circuit elenents. The circuit elenments may i ncl ude
timeisriF3 and the. fo@tn fimgus Thgendke pffitchismmiculated asdd 1bi B3 iy - T3)/2.
the pindiodes to obtain the path and to prevent

exchangehed mayanalisclbed yeeiguiiiea pahoetnea thé som@unication
source and other communij cation channels. In general,

chahikl AP HRGEfeASRE Siningd B ) VR dh@hhel §igHAl B8 48r iR timing
apparatus for use in callbratlng ATE. The appar at us

mgﬂaﬁ‘ﬁ‘r g?ggs tﬁreo rlz}% cl%(ﬂsl eﬂg} ggrqﬁﬁcql?decéglﬁl%{gw cgfec‘?rchﬁ elements. The
cuc?ugc rc]a[ elfllgsenqa}tl SlcPu%Sé pm- 1odrese f (?on%%%%né Ithrg pnagh 9 1ncluc?enb1asmg the pin-
diodes to obtain the path and to prevent exchange of signals between the reference timing
source and other communication 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 communication channel of the ATE, and a processing device

configured to determine an offset between the reference timing signal and the channel

signal, and to issue an instruction that causes signal transmission over the communication
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pass a channel signal froma conmuni cati on channel of
the ATE, and a processing device configured to
wdet@rmi4se an of f set between the reference ti nPamUS2006/007186
signal and the channel signal, and to i ssue an
I N b eS:Si [ .lransiy ssion. ov h
chalyT4 B A B0t DR SEMRATERL OB e TSR R Rl M one or
offset. This aspect of the invention may include one
mor&rOfE%erfé?HBWngréa B owi ng features. The reference
timng source may include a reference conparator and a
r ef BegisEsense tHiEpe sQeR MY inclydgrarirense coaparatos gpd a reference
pat h. The ATE may include a channel conparator and a
driveh smegputdignabsrto tlee @renp paths i Thead BE nmytihdudd a channelpminiparator and
The reference conparator receives the reference timng
a clsngéladrivat tosouftput Signhilis e thetdieuic pashn dihe eefbRRacat @nparator receives the
receives the reference timng signal at a second tine

refe@ich ,tinsihg sighA ¢ lfir& YR kIR Pandk @ %@ﬂnﬁﬁﬁto‘i‘ A& efRa Mk ference timing
signal at a third tinme path, and the reference

si gnﬁ %@gﬁhﬂ& tin§ gﬁf.hvﬁr% dhiiet Q@Iﬂ?ﬁjatof' k&@fye%gﬁa fciﬂzrugsf%llj Eig'ln%l, at a third

e pro essi ng device recelves t

. the.second tinme, the third t.i and the.fourth_ti

tim, iy RS re e Ry o S Pirab Sisiggiop! £ oflime, The
conparator. The praocessing device cal cul ates the )

proggssiggdeyise ﬁ@e{Vﬁ%RFingttU%rg%% seepd Wmedhe thijdfme pibthe fourth time

_third time, and the fourth tine. The first time is T,

via thearefsensa gompptatar end the ahgandl kpmparatore The progessingaleving calculates
fourth tinme is T4. The processi ng device cal cul ates

the bffsetafsinpahe fisst {ifile, the Fecond Tune, thEIh#r@ timEhendcthe dourth f@th The first
may include a matrix of diodes and current sources to

timBiE1,ahe se2and tiB@RETDfthé HerddiBe RST3; endithetfbiireh e is T4. The
non-conducting in order to connect the comunication

pro6R8RB&levice chiBflafeS iRy SRCEad (TT N $aureeyyand to excl ude
ot her comuni cation channel's from connécting to the

ref ﬁﬁ%ﬁgcﬁltwgmul gy AR m%t@ixtol? id?od%? %?Cf &é'rae'islp%él%é:eers Eélil ila}c?g ’at least

pat € a current Source,
and g tr%nsistor.smﬁtch to c?nnect he curr nﬁ source. .
son%eoof the diodes conducting or non-conducting in order to connect the communication

channel to the reference timing source and to exclude other communication channels from
connecting to the reference timing souﬁ: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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the at | east one diode, thereby biasing the at |east
one di ode conducting. The processing device may be
woande/10f46the ATE. The circuit path may not i nclQuais2006/007186
rel ays and the processing device nay deternine the
of f o i A e | ;
perisntehdf Hotier siiect BARTAAG: BUAR o e SRET.
im ource. |l n general., inh another aspe e
medipoitistie] Sear PRl TP T h 6T TR LB dde Grfoutable
. that stores executable instructions for use in o
instpgfiphy GRUSH g PRorEssingrievisede detgmniac pp effsefbeivaieg agsfpsacg timing
processi ng device to determ ne an offset between a
eventefndracihenneliemenigwhere the chanined evdm ihasiso@ated withwrengnukieation
channel event is associated with a comrunication
chativdofitHe ATE} die tdhHectaipghal thardhii®itin Glegth@lcotrmansdntias ichimnel
over the communi cation channel based on the offset.
basé biLieioTes | AfFSdtinksAMEN HSMARioMBNay Melude adjaskintsSd gy
signal transm ssion directly or indirectly. This
: r
o 8 o PP a i RBe R AT Mo By BAMERS the features

det.ai |l s .of one, or. more exanples are set forth in the
not SRS lh P B RELELHES e descri ption bel ow
Funtﬂfé ﬁ?atures, aspects, and a?v ni ages of the .
i nv SHISRIMS BERORESEPPASERt STt 18 aeeoRPRpYing frawings and
t he drawi ngs, and the clainms. DESCRI PTION OFTHE .
the prsaviptiosbelioy. Further fatyrescasaents hadpdgpniagenef thg iyfention will
connecti ons between channels of an ATE and a reference
becommiapparsuiufree thedaycritionstha ddiveiggs and Hewilaigisone of t he
connections in the matrix of Fig. 1. Fig. 3 is a
flowchart showing a process for calibrating an ATE.
Fig. 4 is a timng diagramthat depicts propagations
of signals bet WhERCRIPTION OF THE DRAWINGS
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 pin—digde matrix 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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conmuni cati on channel of an ATE and a reference timng

source. Fig. 5is a diagramof a pin-diode nmatrix that
woayoshie7463ed to i npl enent connecti ons bet ween ROTATFE06/007186

and a reference tinmng source. Like reference nunerals

in different fi gurﬁ] &ft]fﬁb%é Wnts DETAI LED

DESCRI PTI ON Fig. 1 OWs™ Ci rcw use in

cal ng an AT rcwtr 10 | ncl for ch
i@t Sl (ufor e s crlrgites BEATES Cinciply B8 Gittudes, for
12a to 12f. A _pin-diode matrix 14, descrlbed bel ow,
cack AT Ecehanecl a flwéerdlrlweil 15l & enmpRaraten i 2200 124c A Rifahrisimatrix
to a reference timng source 16, although a connection
14, descmheiebélow, canl gonoed thdhdomee hnécoraparatned ¢nchichsnnel to a reference
enbodi nent. Reference timng source 16 al so includes a

timihigisverce 16, dAidugh 6 o@IcaAd Ol nflle b Ghly 2ns bidaBiePat a time in this
connection between a si ngl e channel 15 and reference

embddith 8. %‘f'ér@&:e]tﬁnmh@oﬁcg 16 Biso PdMdés QdieivBR 7 had d borhSarator 19.
shown as a single solid line in order to indicate a

Conﬁg% E%?&éd‘fﬁ%&c@%ﬂﬂ c?lg% Y00 fl e Wéﬂ&%&rg{c'e\fﬁ{mg source

11la &and corrparator erence tim ng sou

, 17 and at or
16. ]@*Fﬁ%@ 4 G LIS Sﬁ&vem&wwgg "ﬁ@i@? oo i fate o
di ode rfﬁ?é ézﬁl n in er of swi tches
conrfioneBY e MRS sV hIPh e F 1ir g g0 FPERrRIY 120 g
described with respect to channel 15. It is noted,
refaseneevianing serree 1 haviipl ingludendinyer di7 pdicomparatprilg. {Mihes is for
sane for all channels hi this regard, channel driver
illudttdionis sakie enly; ehdasnebedsietpvalpin-dioge madriv d4 tagmckidgaay number of
The channel signal is output to pin-diode matrix 14,
swibdhks hiid iatescommeesinéed by channel conparator 12a.
Channel conparator 12a identifies the tine that it

recehySsrilif FRARBENY B i98&cribaNitRTQPEARS chitinl 13."R is noted,

however, that the operation of circuitry 10 is the same for all channels. In this regard,
channel driver 11a outputs a channel signal, e.g., a voltage signal. The channel signal is
output to pin-diode matrix 14, but is also received by channel comparator 12a. Channel
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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to a processing device, such as a m croprocessor (not

shown). The processing device may be part of the ATE
wonoost10msy be separate fromthe ATE. For exanpkel/ush®e/007186

processi ng device may be incorporated into a separate

pinﬁié&é&h&tﬁ%?lﬁa'%%%gﬁé?e ! e?%%t&r‘h&?deinﬁﬁég feti fg}t% %Fva/efvebthe

so may i ncl ence t|n1ng sour ce
refé&g%cee‘%m%%% D AU SRR 488 D1
such as a vpJtage signal, fromthe
i‘ﬂ?é ?7 g‘?rgf éfeé’r‘?‘é HEWDg ?‘H’ir?Fgl é%‘?fg% 1%'316\%186 PROBFIA§eomparator 12a

matri x 14. Channel conparator 12a identifies the tine
and;dyter {2 fos cbanpek 13,196 dessribedhelewt i ni ng signal, and
provides this tine to the processing device.
Conplraspecifiitsllyndfethncy drivar7 7famtputethe refamact timingysignal to pin-
source 16 operate in the same manner as conparator 12a
dio@®thatty VRIRAR@&ntotomshanoel 9, oweas:, ales edckivesitieetRyénce timing
More specifically, reference driver 17 out puts the

sighdlf RefR&RebMpR%tcti19 H@éntfﬁ%s ﬁieriﬁhé)ﬁ'ﬁt TRdckives #fe reference timing
Ref er ence compar at or 9, however, al so receives the

sxgﬂazem PR ek o 000, B B 1o
I‘CC%IPIS ]g gg\gl eéent oe\é:ﬂgene%@ %t tllgt? t%&%nng %ve1 11a via pin-

recelyes typically at a dlfferent ti.me, the channe

diods gasr R TR mpRTFigE 1O Mentiic the Bmedhgderepeives {e channel
14. Ref er ence conparator 19 identifies the tinme that

signal, andlqupvides thisdimtorthe prosegping devissd provi des this tine
to the processing device. The processing device or,
nor Ehapouesatngl deyics of imarcacexeaelyt sofgvira ekdvatipg ﬁc%?pirmssing
devi ce, uses the tines provided by channel conparator

devi@a uadddhé £ines proeRicd @Rmaaﬁ{eo onﬁ&r&t@r Ui SldfeRferB cBfnba@tor 19 to
t|n1ng bet ween the channel signal and the reference

Gl S T ol 1 450 RO ESI e vt o
offset is used to correct the timing accuracy of channel 15, as described below.

In more detail, the ATE calibration process described herein calibrates all ATE
channels, or a subset thereof, based on the actual time between a reference timing event and
a channel event, namely Tofset ref to_chan. In this context, the reference timing event
corresponds to 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 Togget ref to_chan USINg only these times. This approach
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In nore detail, the ATE calibration process described
herein calibrates all ATE channels, or a subset
woOhereaof467based on the actual tine between a reCEUSnmE007186
tining event and a channel event, nanely
refer

for SRS Tttt S aissh e st °°”§e” alibfiGeh fHik T Sana path

reference timng gnal s ] event
lengé]&rfpetwéhd@mtaé HhTﬁhanAsgrﬁ sy b.tlil %&F&Pﬁ@mﬁ?gﬂ% such as relays,
gnal . See Fag 4, described bel ow. The basic
are Hrfpmaéié(mt BiquirhE batweer i/ ehasnels mad tegeference timiepsdurge.

times that edges of the reference timng signal and a
c haeteiring tgiags. drnd ¢ @bctsh 80 iefhomanioe detampuain@t BfeaR6h,_chan
the channel conparator, and to determ ne TO

usirfgethe CBEuitr9 of FaR. UshdY DAd Yotbdh B8R if FIERS, thdéfSrence and channel
approachfor obtaining Toffset ref to _chan reduces the

drivegeste hot cﬂ)@\ﬁﬁ% h{Phe RArhOHAL! R ré%ﬁéﬂ'lﬁ st at§ baRal Apsasthewn in Fig. 4,
Iength Tpath_ref to _chan, s in . a resul

mal B SRl B B
and A:tﬁ Efs%igg 2%'0(?%5” g%g o Cglliis E@P #oﬁ]l% Refe(%erice drlverd 17

ef tq chan u3| ng the:circuitry of Fi
outpas (32 rplgrent BEMAMEN Ph 7 ile e idr dihamed daivar 113 outputs
channel drivers are not driving at the sane tinme, but
(25} ehanwe! signas & tr pinaliglermatsx 1As Iis Howwkampliitis agsumed that pin-diode
Toffset _ref to chan is the difference in transm ssion
mattixrigsis lped-v@diguredfte cemeet ¢hiamheld Suiniintal reRréncanching snned 16.
signal 22. Process 20 obtains this value as follows.

CorRRfuatBIMCST atdlex¥dplady ulﬁilérﬁéﬁtﬁtlc{n?(ﬂﬁflﬁ-@fcﬁﬂé MEEx 14 M d@cribed below.
signal 2 1 to p| n-di ode matrix 14. Channel driver 1lla

out 1@%1%11@@ E’amgzﬂ%f‘ b rRLFRak 6% fefbRnd M all®f 5‘3 md éf}l and

I thrs exanpl I's assuhed that p n e matrix

pro{llﬁfe? {h%.t 81%%]:‘[«5 gl%ﬁa?gcetsgn envr%geCtIEo hlf% Iréglu odin en? r}%c%{ﬂpt of a signal by a
I d t 14 .
comEEHPy g ar 1%8?13%“3 Rt o Briea e e o B s&% cLelestgjmens,

reference timng signal 2 1 at time Tl, and
comparators may identify other signal features. Channel comparator 12a receives (27)
reference timing signal 21 at time T2, and provides that time to the processing device. The
time it takes reference timing signal 21 to travel from reference timing source 16 to ATE
channel 15, i.e., Tpath_ref to_chan, 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 signal 21 is
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provides that tinme to the processing device, hi this
enbodi nent, receipt of a signal b y a conparator neans

woOdeostiofd6zat i on of an incident edge of that si ga&lus20v6/007186
ot her enbodi nent s, conparators may identify other

e BT S AR IR e TG e
NIRRT e%gavs'p,%éavwﬂ%sgaq Tl kGRsion ot

timng source 16 to ATE channel 15, i.
the cheane] sigmpl, namehyzan e sopke ). f Fhsrtime at wbltchéb@mrvl sigedd2 1D
plus tinme offsets between the reference and channe
trangoitjed iadeignatedizercs(Ohohechle Hat time T | and T4 (bel ow)
are nmeasured at reference conparator 19 and,
t hah pfdeess 20p cRarmehsaneaatvt 132 re@8va B 1)t ¢chatihed signal 22 at time T3,
transm ssion of reference timng signal 21, nanely on

and ?dede%Qﬁét%u@egto 1 Bfocksdingldefick! K@fe%nc%bﬁbaﬂaﬁerQ%&ﬁves (32)
imng signal 2 1 istransmtted is designated zero (0)

chaxg‘{él %:lﬁ‘g% r%cﬁ Itl?neZ’P4 ahl ?Fol gc?es "ﬁﬁg s 6 PR &\%es@fﬁ depasur ed

conparat o a an t herefore, e neasur ed

2 iR Bt o) frmtj;?%@%a%l g rfience
22
G AT 2215 L O G P

recei ves (31) channel signal 22 at time T3, and
betyrentheiteerenest andj ohanned cornparpiotsc dssiheyndavie &, thRdimae beiween T1
conparator 19 receives (32) channel signal 22 at tine
and T2, is abelit phosdntkess Hebatent T3nmmdt T, sinee thealigsisiervgtidegiadetravel
The tine it takes channel signal 22 to travel fromthe

sholifbeqhasumed. T.Qy (N6 f.ChedeReBe Edlcilngd 59 prdtess 10. However,
Tpath ref_to_chan Ts the difference between T 3 and T4

patp mfum el ﬁ%s&{ {os&tr§fe RS MBS 18d wfp%c%gm) A& AR offset,

d tors. As shown in Fg. the time between T |
T2 4
Torgie st B5REoRSTH R g %%?%rggté&g&pcha%ngl f5 (e abWES

Accordingly, Tpath_ref to_chan 15 depicted in Fig. 4.

In this regard, Tofrset ref to_chan 18 determined using the following four time
measurements: T1, T2, T3, T4. Because Togtet ref 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 Togsset ref to_chan 1S Obtained using T1, T2, T3 and T4

As shown in Fig. 4, the following relationships hold true:

Toffset_ref_to_chan =T1+ Tpath_ref_to_chan -T2
Toffset_ref_to_chan =T4 - Tpath_ref_to_chan -T3
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should b e the sane. Tpath_re f_to_chan need not b e

calculated b y process 20. However, Tpath_ ref to_chan
wO00ss10TH6r 0 deri ve the equati on used by proces8CRAUSEM6/007186

calculate the offset, Toffset ref to chan between

reference . timng squrce and cham el 15 (see belo
Addimethe Hregpige “‘ﬁqﬂgﬂuﬁt_l?%sftfgéggﬁﬁwlﬁsén:depi cted in Fig. \Al\f,) .

In this regard, TOfset ref to _chan is determ ned

using the follow ng four tine neasurenments: TI, T2,

T3, T4. Because 2TBitfesetoref= £ b—difah Ifs Tdet er mi ned

using four tines, process 20 is referred to as the

four- way time domain transmn ssion (TTDT) calibration
ther@y@i@ﬁ@@“@%&ﬁ_@bio_@w ﬁgméh?JPinH%qu@ offset_ref._to_chan- S0lVing for

TO fset _ref _to_chan is obtained using Tl, T2, T3 and
Tostsck 4t ASnas Pesults inrthé&fajlowdng equagom:ol | owi ng rel ati onshi ps

hold true: T o ffset ref to chan TI + T p

ath_ref _to chan T 2 Toffset _ref to chan T 4 - T p

ath_ref _to_chan T 3Addi ng the foregoing two equations

together resultg In: 2#ToL{peL e tatgaghan = T 1 - T2

+ T4 - T3, ther e%y SH ™M hat| ng Tpath re f _to _chan from

the cal cul ation of Toffset_ref_to_chan- Solving for

TOffset _ref _to_chan results in the foll ow ng equation:

Tof t p ( HOSS] i S¢t_re houc al uﬁn onl

i ring by e 98088 30liT}s pogtBlety BotetmiRe e of My sk only

TOLf Set a I I f:
valG il 2 LB T 2 B R KTy e Bt ehent Broced20 may be

roce 0 .may h_e. pr.ogranmed hefarehand with the
rodyBsA P e TGP G OROPF EGHTPRAT s s

Accordingly, in process 20, th r in Vi

r ee@qopggggl%,ein\pgq)q%é%m,éhe gqogestffigg d%gigégf%gi-mg thggl&lu%g for T1, T2, T3

calculates (34) TOfset _ref to_chan using those
and Vi, enabcaldifiates/ @) & sesd @F (o Flag USTRg thpe values. The values for T1, T2, T3

and T4 may be provided directly to the processing device from the reference and channel
comparators, or they may first pass through other hardware and/or software.

Once the processing device determines the value of Tostset ref to_chan, the processing
device calibrates (35) communication channel 15, for which T1, T2, T3 and T4 were
obtained. That is, Tofsset ref to_chan May be determined for each channel of the ATE. So, once
Tottset 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, Tosfset 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 t0 Tosget ref to_chan, OF the processing device may

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

. «10-



and T4 may b e provided directly to the processing

device fromthe reference and channel conparators, or
woheys/ 7t i rst pass through ot her hardware an@8Coms2006/007186

software. Once the processing device determ nes the

val ue of TOF Set ref to chan rocessi devi c
offseamomm Eompapyca ORI E P, S ofiet thigh o aeition to,
T2, T 3 and T4 were obtained. That is,

ﬂﬂﬂWéﬁﬁ%@@dh@ﬁﬂﬂ@abh%ﬂwﬁ%yﬁﬁg@d@e&EbﬂMﬂed for each

channel of the ATE. So, once Tof set _refj o_chan is

detleismioteddhdtdhe procésaimg eileylct: ftecl fmoy sekiatigragethie 6T FraRather, the

adj ustor offset signal transm ssion on that channel b
procgssiti agmthay balibrats (HRQAVBE iddivectly, cde) byviastridtiamother hardware or

TG fset _ref _to_ciian- For exanple, the processing

5 softgﬁl\é' &@heﬁf%ﬂ ok SEUE IRNATRSorAdfst ﬁEm{l PrafiéAfsbioh heddsdihglSl His also
signal s on channel 15 earliér b y an ampunt equa

notetdCEheE RN fff ﬁct il Hleﬁt ﬁrwﬁﬂ%ﬁt le%%&%ﬁig'“tﬁwfi V%Feﬂ?%ple,

I Sssue an 1 ns el'ay trahsm ssion of signa

on channel anmoun

Toffwrm@@eayrbeefca?cﬁae% e@#mﬁ%%g?kaaﬂoe e ghi !
adj ust ment s ot her than jn_addition to, _tho

dedtachyeld shangsl ﬁn%lg/e 'hgraﬁ%glth §esgact to the 1eference tlmmg source in

TCffset ref to chan- It is noted that the processing

the vhennaalesarisil aboregy Avot regull.icpetacadibrated ATE chranchghould healigned to
processi ng device may calibrate the ATE indirectly,

10 the efgrencdymingsbunse bndtp it dther daibchil £TB chaofetswar e,

either on or off of the ATE, to adjust signa

tr g SovanaseMpRNBhylembitaticn of (i0-divleatattiRat. As shown in
process 20 nmay be inplenented w thout a processing

Fig. df"\f)h? BiodE %atﬁ%ﬁﬁﬁ!d@s dib@kd aﬁ%gé@fn_ﬂa%sc@%n 3@337)%tween reference

ca cu ated manual Iy, and cal |brat|on may b manual

t R
tmif spipe®Edaf ATECTRRNTS LB, 2857 ?ﬁﬁ‘tﬁeﬁ%%@aﬂ%% rs%%
As a result each C rated ATE channel
chai 18 PP KB gwgwe%d 9? Fitgn eoip e SafGe B V5 § atrx of
~other calibrated ATE channels. Fig. 5 shows an
15 pin-giedep Hiy-diogsmesiini4else ancdudes s IEFwHReIes Picomestedathrough
shown in

transistor/switch 41, to channel 15. Each channel may include a current source/transistor

arrangement similar to, or identical te, 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

20 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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Fig. 5 pin-diode matrix includes diodes arranged in
paths (e.g., 36, 37) between reference timng source
wo@o@nd74TE channel s 15 (N), 39 (N+l). That i spceask006/007186
channel , such as channel 15 on one or nore ATEs is
connected to reference t| source.16 via a. natri
o Tigs Rotan Garba reipreRctl BBECI TS PP TS I B also be
current source 40 connected, through transi stor/swtch
routefitto aBUEHamaabrma sigralpeths hahaen berasedias @/staadard chanied dpring
source/transistor arrangenent simlar to, or identica
DUT wstiiggat of channel 15. When transistor 4 1 is gated
current passes to channel 15, thereby biasing di ode 42
and @anta escifehe pig-didde rpateip@esiyn b Bigl B@veli Dttional relay matrix
t hr oughout pin-diode matri x 14 using al so current

desi chﬁﬁi% ARl i BRE QliRRiRlehhah sﬁ%ﬁeﬂ@étpﬁh@ﬁfﬁn arelay -

annel 15 can b e connected to reference tim ng

e3P S P

ref erence channel fro referen 16. C
instyeg G810 IR0 SPE°d" DUP OF S RGP R eVl e&%rﬁw
can be used as a standard channel durln DUT tes %
redustiom it bryed spice carregner A B gesthand PRsTRY; lgfrPfﬁ‘fe i RfT Oe%ance
over a traditional relay matrix design include the
Secdml, thwniehghili®i ofpin-diedps gengdiadol expreds thas phielays, Fnddt piridigde matrix
than a relay - generally about 3% that of relay,
is typRally hidrg ehgilyhnatdhcaredthanuireigy makrix. NTlgls, piepdiode/matrix 14 is a
digital instrunent design, board space is often the

1owa%btn rdiablel BARRK Hi0¢onBHAMB AInueRRS bE hanA¥ly td eiferthedthiafinel.
boar d space can reduce ATE costs and, possibly,

' nﬁ{ % dt ﬁo@@&é‘r F@J}S&ss A hn‘ﬁttéﬁ td ﬁée’ Rth i)intdiogg matrix 14,

gener a exceeds that of relays, and
or t(? ﬁlgshggt%g gl'rl tagcrl%{l‘?s Qbe I (ir? lfolﬁ‘%}ﬁéli{o 0 St ?aﬂult %a@?@fpﬁocctew ﬁ)dmay be

| ow-cost, reliable I@ggigron far _.conpecti.

er of
impigmgiied winga sonvene

ycrﬁgtﬁﬁép lieu o pm—dlcr)](g]e matrlx 4, a
combination matrix including both pin-diodes and relays, or by any other wired or wireless
mechanism for connecting channels to a reference timing source. Such mechanisms may
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 EPA following calibration has been shown to be within -+/-100ps for over 1000

-12-
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It is noted, however, that process 20 is not limted
to use with pin-diode matrix 14, or to any of the
wobao@wars7descri bed herein for that matter. FoOPCT/US2006/007186
exanpl e, process 20 nmay be inplenented using a
conventional relay matrix in lieu of pin-diode matrix
chanpels a@n@@%a%thabwaﬁmrﬁﬁosiorﬁ ﬁ&b@@hwgah%%tlﬁng rlataebyedensive
relays, or by any other wired or wirel ess nechani sm
extefnl rahoting chddigiondibn thel elibration rasfiléy kavealemonfirajedspeagability, and
Such mechani sns may have a matrix configuration that
the pig-dode hatrixthas proeepitnbeichdelec @htis, purcatd 2naraf itdFdsgocidied
with various types of circuitry controlling

hardv@Ré bANIRE kit lly hide tihing WedurRgtith [bRecospaRBlcabIIis,. and
drivers also may be replaced with other circuitry,

Fu gﬁlll(H‘gl tH9 raﬁf\%ﬁﬁalﬁfb%ﬂg{m ?ﬁ{h@ﬁﬁ{ _BiodEOhalids 1Yt)<5’sg1bm build an

eteCtlng S gn ey may be augnen
eXteﬂ'&?‘ﬂ{}@g}I@P %%ll{}‘tf%ﬁlgl %g?glgl/gl%glpgft Cglgglgeqé (rﬁﬁ‘%g 41 orI ncre C?l lg%ls while

on ATE s h mul tiple high-density d|g|tal
CO“BH@PS§ea%ﬁ%yE%R 19¥#Fhg calibration has been shomm

to be within +/- 100ps for over 1000channel s -

ac dpeasy 29 etot iaytodde asowish redrdv e ané sefbyae lg§$°ﬁ1§ed herein.

relatively expensive external robotics. Additionally,
Protdse 2@ adn be miplemented il digitdl sleetrdeivmrstityy @dn computer hardware,

repeatability, and the pin-diode matri x has proven to
firnbearé,gbftedates or ussnbipdtdaedrred® and its associ ated

hardware provides relatively high timng accuracy with

| o505k 280850 5@1rh1§!9ﬂnlehtte& at Féagttlﬁ%ﬁﬁ%@acb ufeebﬁig% b¥oduct,
nall footprint of the pin-diodes makes it possible to

ll'lﬂ)u]% p?%‘%ﬁq% lgigteﬁlb)é%%?gﬁlg]% %a@lohmﬁﬁﬁr g z{la nr]ﬁ{i]chlne-
A PR S -

descri bed herein. Process 20 can be inplenented in
OPCERtigN(oA) dagd RISEFSHIZAPBHRNIS & 82 DIPErIpMARIFBIRCSTSOR & ORRAEST, or

multiple computers. A computer program can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed in any form,
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 communication 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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firmvare, software, or in conbinations thereof.

Process 20 can be inplenented, at least in part, via a
woaQopuiess7 pr ogr am product, i.e., a conputer pregras006/007186

tangi bly enbodied in an information carrier, e.g., in

| mat i on |
pu o e L R B T RO e G Do R BB g sic
Bl B Ah S T aPEREr i1 i & comput ers. A

conput er pro%ran1can be witten in any form of

pr ggwwwgw ey fpadlee exoslieniefrycasemibéri pseigrem include, by way of

interpreted | anguages, and it can be deployed in any
exafiplenboingdngdil agyl spscial purpnsk micooeogasogs, auimd any ase ér more

nodul e, conponent, subroutine, or other unit suitable
prot@sons o anykiad o6 digit] gy IGIMERINTY, a HroeEPLET reREQ8 idFuctions

can be deployed to be executed on one conputer or on

and'@btd frBine ©OdBHSHSMEYy RRGasddne a&’éssdrhélgl&égﬂtb%ﬁl. EfefiRtits of a

mul tiple sites and interconnected by nmuni cat 1 on
eIt ’ W th inplementin :
oo g RSS! S ASRGIALSL YA Gha PLPER hfor dcvies

rammbl.e processors executing one or nore conputer
ﬁ”%@%@%& “?%Pﬁé??@? the functions of the processes.

AUo art .of prqocess 20 can be i npl enent ed as,
sp ejé]ilg?lb‘ik‘ﬂtﬁ%g@mﬂw hergin, ipgluding thereferencgriinmipgaoyitce. dirgeessing
programmabl e gate array) and/or an ASIC

devicgppind pintdieds mpaiai fridéor nerieepsdherdofs imay b tithpleRreotedss pagt of ATE
suitable for the execution of a conputer program

or dsrscharate cirbyitryelyr wk iexanyphaiontyatthATEN drledwiss) Pas Pe il Ak this
pur pose m croprocessors, and any one or nore

ciropiteg sy implmaited di Gk Hmete DR bEAIRYEE by tiERgEal | Y,
a processor will receive instructions and data froma

I eaplroREs Y ORBABE Yscdllto Raliiadey @&9&3&1&/'@%5,ym?%1}1%05 Bevice that

El ements of a conputer 1nclude a processor

rec&%gscéféﬂaﬁ]sgbdt SLd A ttliaﬁsprﬁit %&galg.n f s crarlger, %orrreexrarlg{p\{e, %glvuieg ?osr T1 and

T2 or T3 and T4 may be set to zero in the equation for Tottset_ref to_chan-

Process 20 can also be used to calibrate a DUT. In this regard, process 20 could be
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 anotllyer test pin. An input/output (I/O) DUT pin could

-14-



for storing instructions and data. The circuitry

descri bed herein, including the reference timng
weaweie746pr ocessi ng devi ce, and pi n-di ode nmat r PET/US2006/007186

and/or portions thereof, nay b e inplenented as part

arat circ |tr n conj unctj on
mcw’?#'ztr%ﬁ F SRR T S tesins oo FSsheredcmingy: alie 10
| emented on one or nore DUTs being tested by
Centsﬁé’nﬂ ngpp pe als? Bige éofpaliratierd to calibrate a
recelve on%y devi ce, nmeaning a device that receives
oRkemenis At difes entrestbotlinagns gscibaghtzrain niay Heltombimsldp form other
for exanple, values for T I and T2 or T3 and T4 nmay be
emiystiments et specificeliyesat Gurtt dbome f AtheF @nbSetmenes ndt epathidaily
Process 20 can also b e used to calibrate a DUT. In
destribeR] HepglAteh algy ﬂﬁﬁiﬁ&héz&og@ of the %11@\%@%&%& 0 use the
ATE's timng generator. For exanple, on a drive-only
DUT channel, a D-flop may b e added to an out put cel
to provide the DUT receive capability for calibration.
The D input may b e hooked-up to a chip pad, while the
clock input and Q output of the flipflop my b e
routed to 2 test pins on the DUT. Timng nmeasurenent
may b e effected using standard edge search
techniques. To calibrate a receive only DUT pin, a
driver would b e added to the output cell that would b
e controlled by a test pin, and the Q output of a
recei ver pad woul d be routed to another test pin. An
i nput/output (1/0 DUT pin coul dincorporate both of
this circuitry. The two test pins could be shared
amongst all the FO cells, connecting to one at a tine
for calibration. Elements of different enbodi nents
descri bed herein may be conbined to form ot her
enbodi ments not specifically set forth above. O her
enbodi ments not specifically described herein are al so
within the scope of the follow ng clains. Wat is
claimed is:

-15-
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1. Anethod for use in calibrating an apparatus, the

nmet hod conprising: determ ning an offset based on at
woeamiionse of a reference timng event and a clhrammskoo6/007186

event, the channel event being associated with a

tleimteidast channel of the apparatus; and using the

offset to calibrate the apparatus. 2. The nethod of

claim1, wherein the reference timng event conprises

t r ahsfimethedyfar useinerahmting bmpgpratig iad methothcamprising:

reference timng source, and the channel event

Cc onqut¢rEBsing A nsiettabdiortat (MM ofS rgRdénck iidiThg BRent and a channel

conmuni cati on channel. 3. The nethod of claim 2,
evelt) eferjhanile eQERTHRINEGs§RIIG WS 2 cORhRIHagn @hefn!n@lscg thd %aratus

at which the reference timng signal 1s received at ’
anddevi ce associated wth the reference tim ng source;

obtaining a second tine at which the reference tinmng

Si j R t 2 device associated with the

coglm%@rﬁ e eiaT ﬁglﬂ’ﬁ% P& g a third time at which

the channel signal is received at the device

associated with the comuni cation channel; obtaining a

fourth tinme at which the channel signal is received at

t he?- dERs wethad o6 elaim dowherein ththveefereficertining evemticomprises

source; and calculating the offset using the first
transingtting & hefeacotivhing signal fibm 4 feiferendeitiming 366tcé, hed figddiahnel event

time.4. The nethod of claim 3, wherein the first tine
conipsisdd trarshettingaahenidl BBnilFroh? thetddgrbltiéMiohi ABnries T3,

and the fourth tinme is T4; and

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

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

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

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

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

calculating the offset using the first time, the second time, the third time, and the

fourth time.

-16-



wherein the offset is calculated as (Tl - T2 + T4 -

TS)Il. 5. The nethod of claim3, further conprising:
woandiiguerng a path between the comuni cati on eo@msedo6/007186

and the reference timng source, the channel signa

an e reference tjm,ng.si | passi t hrough..t he
P ThE AT O Lo TSR et e BT o ot e s T2, the
_elements. 6. The nethod _of claim5, wherein the
thirdtime ig T3, ane thefoyrte msris d& §idh- di odes; and wherein
configuring conprises biasing the pin-diodes to obtain
t hevheedil therdfstias palevieted aeXThariget of - dBYRal s bet ween
the reference timng source and ot her comruni cation
channels. 7. An apparatus for use in calibrating
automatic test equi pnent (ATE), conprising: a
5 r efsergRGRethdddMIaifPYERh&GRBMpssRed to output a
reference timng signal; a circurt path configured to
pa . f i m i.anal: .
B e e
rocessi ng device configured to determ ne an off.set
souff SRR G HRa iR Gl RR BB RGHatt, the path
signhal, and to issue an instruction that causes signa
compriging ¢y 9f et $.HBCSmmuni cati on channel to be
adj usted based on the offset.8. The apparatus of claim
7, wherein the reference tinmng source conprises a
reference conparator and a reference driver to output
10 si ghdlls thethvdef dainc 6 wheyeintihe armhitwienaitncdrgrisdpin-diodes; and
conprises a channel conparator and a channel driver to
OUutvphbreifi ic@MRd1Fine@ohlpised Bigdihg thedlitidiodes to obtain the path and to

prevent exchange of signals between the reference timing source and other communication

channels.

15 7. An apparatus for use in calibrating automatic test equipment (ATE), comprising:
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 communication channel of the ATE; and
a processing device conﬁguréd’ to determine an offset between the reference timing
20 signal and the channel signal, and to issue an instruction that causes signal transmission

over the communication channel to be adjusted based on the offset.

-17-



9. The apparatus of claim8, wherein the reference
conparator receives the reference timng signal at a
woi2omt10tdeme, the channel conparator receives tReT/US2006/007186
reference timng signal at a second tine path, the
channel conparator receives the channel signal at a
t h8.r Bha apperapustaf cladmd  vRerainthe refsrace BARE SUHC CEREISGES
the channel signal at a fourth time; o wherein the
refer@iicecemphrpraad b cefereacedes to hetpfii signals forthe cirtvét rpdls sind
time, the third time and the fourth tine via the
r ef/R&8RGRe BATNREDREs Adithnhblecontparnel andembamad driyersnadutput
wherei n the processing device cal cul ates the of fset
- ' he -fimst tinme, the second tinme, the third tine,
$gn%§¥§qgﬁéﬁﬁgfr#  time. 5 10. The apparatus of claim9,
5 wherein the first tine is Tl, the second tinme is T2,
the third tine is T3, and the fourth tinme is T4; and

wherejin the processi device calcul ate as

(1" The apuarers SR S dtefetn SR its TR RS e R e

wherein the circuit path conprises a matrix of diodes . .
refergnosrfiming ik at SdiFICEBe.he HHARECIEOMIPAETT TEesiEPS e tefigence timing

di odes conducting or non-conducting in order to, )
signal@h A eedont tieeqotihn it danndsouaratesregedves Hee ghapesl sigpal at a third

timng source and to exclude other communication

timeGfagt) agd thefreferenceoaapirhtog rdoeiveh therobumred igraltat aifouyth time;
source. 12. The apparatus of claim7, wherein the

10 Ci Gdidin BRI CHHRY 1§88 redeifel the fitst Siglel teseaind!timas theothérd time
di ode; and a transistor switch to connect the current

ik . e C T
o FRAHGRL PP ol i b Uil o s

glf %xifhré-nreg]} ghve\:hp?cr)c%issgné eevigei 5a%ﬂ1£tespf%'é %fﬁ&m[ﬂgstﬁé fifst (B! {2 second

time, the third time, and the fourth time.

15 10. The apparatus of claim 9, 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 processing device calculates the offset as (T1 —T2 + T4 - T3)/2.

11. The apparatus of claim 7, wherein the circuit path comprises a matrix of diodes
20 and current sources to bias at least some of the diodes conducting or non-conducting in
order to connect the communication channel to the reference timing source and to exclude

other communication channels from connecting to the reference timing source.
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t hat connect the communi cation channel to the
reference timng source and that exclude ot her

woamwn74at i on channel s from connecting to thePCT/US2006/007186

reference timng source. 14. The apparatus of claim?7,
wherei n the processing device is part_ of the ATE. 15.
Thi2.aphasnpetpiusot! ckain Tnwhersin Begiisuit RathGoOPwEses: pat h
does not include relays and wherein the processing
deycueerdeb@cei nes the of fset without first determ ning
a signal path | ength between the communi cati on channe
angk ledxe onetiedenmd ti m ng source. 16. A

machi ne-readabl e medi um t hat stores executable

I NS HHRGHLPESIIOD cHEfect theCatrbiisatiicB o Biétad MRkt dhetd@sle, thereby
equi pnent (ATE), the executable instructions for

biasiglgttlt‘?‘v\e}e Agcq‘aa%t &E{(ﬁg&eséd?ﬁu&ﬁfg. ce to: determne an offset

n a reference timhnhg event and a channel event,
t he channel event being associated with a
conmuni cati on channel of the ATE; and affect signa
transm ssi on over the_ caonmmuni.cat.i on channel. based on

t hé3ofthe @ppagatus qhdaimybAvhrEctp e PRECGOTAMSPS Majryy of relays

16, wherein the reference timng event conprises

that cormestiihe comguaicatewehannel to itha reéreicghianng pgieguand that exclude
reference timng source, and the channel event

othet oompmuakatidi ersntls fiongeoanediaugrie thesiefmerce flinong sdvece.
conmuni cati on channel. 18. The machi ne-readabl e nedi um
of claim 17, wherein determ ning conprises: obtaining
a first tinme at which the reference timng signal is

reggi Med JabarBud ey iiGEn ?,%@éiéiﬁttﬁéjpﬁ%&@intghﬁvfcﬁfxseﬁaﬁt”&fﬁ}ele ATE.

timng source; obtaining a second tine at which t
reference timng signal is received at a device
associ ated with the conmmuni cati on channel; obtaining a

E ElérSg Ieggpz?rtatum% glgirrtl pF W er}gi?ln[ﬁtla ci%clz npaalth Idges rn% %ci/u%g ra%ys and

wherein the processing device determines the offset without first determining a signal path

length between the communication channel and the reference timing source.

16. A machine-readable medium that stores executable instructions for use in
calibrating automatic test equipment (ATE), the executable instructions for causing a
processing device to:

determine an offset between a reference timing event and a channel event, the
channel event being associated with a communication channel of the ATE; and

affect signal transmission over the communication channel based on the offset.
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associ ated with the comuni cation channel; obtaining a

fourth tinme at which the channel signal is received at
woOheostievdcce associ ated with the reference ti m RQT/US2006/007186

source; and cal culating the offset using the first

time, the second tine, the third tinme, .and the fourth

t i e, Thegmachies-readahlpaediampeimlany b miredn thergierneg fiming event

wherein the first tinme is Tl, the second tinme is T2,
compirises trimiseditinigraerefesents tinang mghwl ffopy arﬁemng@tlmmmurcgn@d the
wherein the offset is calculated as (Tl - T2 + T4 -

chandélebént cd Tprfgébetraﬁ‘ﬁﬁﬁﬂtlﬁg aBathebdigndréidinutheabmuiaiicatidf channel.
wherein affecting signal transm ssion conprises
adjusting signal transm ssion directly or indirectly.

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

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

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

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

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

calculating the 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 offset is calculated as (T1 — T2 + T4 - T3)/2.

20. The machine-readable medium of claim 16, wherein affecting signal

transmission comprises adjusting signal transmission directly or indirectly.
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