TRACKER CI RCUI T AND METHOD FOR AUTOVATED TEST
EQUI PMENT SYSTEMS BY George W. Conner BACKGROUND
WO 0@0M)298H aut onat ed test equi pnment system i s PCEUSI009/049320

testing integrated circuit devices or |1Cs. That

testing involves functional testing including tine

dependent data. The automated test equi pnent system

grackEef eTRedITOARD MRTAGE FOR! AUTOMAREDATEYT ROUEGRENT

test circuitry that is connected to a contro

computer. The control coRE8TEMSprovi des a user

interface that accepts and stores functional test

patterns and timng data, referred to as test vectors

for activating the test circuitry to provide stimnulus

signals to a devi ce-ciﬁwcd‘%?e-tvgstc "PUT. This al so

i ncl udes receiving and eval uati ng DUT response out put

signals. The DUT out putBAGEFBIENDr e eval uated to

t er mpyne I tri.c.an i-on

[Ooogﬁaracﬁgri%Q?P@%tggetES%BUqugggﬁggkpa? Sﬁﬁmfuﬁgtigﬁgﬁ for
testtiest i ngtablerdsl accrctital dstepes n dhe Jorsoduct Coatof testing
. iintegrated circuit devices to provide paranetric an
invogeiar FERAT CHArackErT Y5 or R deviioas CoPBOGRC data.
The THe:fhesent ckavedaridast ealbzed, t hatsdt heeferred to as an

ef fectiveness of such testing relies on accurate .
ATE syirretironi zatvBacef Lvhe iestudiesandtERIT. TRIFSULS yecdust  1s

l.ock speeds. i ease i gahertz d t

Conn%%ft%gti\l%gnegds O%A%Olt es%%nﬁ%@%egra'depen%@%t ?rg%{gpﬁ%avpﬁg}puter
provanlepr eci seeel ack exyfackr ottiztat onepAt hingh dtreguenéynctional

i naccuracy of clock and data synchronj zati on can nor

e
Lestegy s AY i FdiS et TU 1 betatSetthe vectors for
acti@%&ghﬁst%% df ék%&ﬁﬁﬁ%z%%tﬂE%&HE%?%tfﬁb§@§e§i§$als to a

t he device under test increases. As discussed bel ow,
devigchki-ginggy -¢eclr dec®YSe t hdhdat eatsansiecilvAepneresreiving and

"jtter d" a_|larger per age o he ta
evalghibll BRAC (BSEOMRS Sol2bUET BERRETNGYC: aruk"rRdR! foneout
signmesul tsce [ 0803 udbatl | s needetketsian appar atiusramnd/ 0rc  and

net hod _f or

operational characterization of the DUT. Stored pattern
functional testing affords a critical step in the production
of integrated circuit devices to provide parametric and

operational characterization of the devices.

[0002] The present inventor has realized that the
effectiveness of such testing relies on accurate
synchronization of the tester and DUT. This is because as
clock speeds increase to gigahertz and beyond, the

effectiveness of the testing is dependent more heavily on
precise clock synchronization. At high frequency, inaccuracy
of clock and data synchronization can more easily result in
false test results because the margins of error decrease as
the operating speed of the device under test increases. As

discussed below, this may occur because the data transition
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ensuring that the response data signal is correctly
detected. Thus, it has been determ ned by the present
WO no1e/002985 t hat what is needed is a neans for PCT/US2009/049320
synchroni zing the tester clock signals with i ncom ng
. DUT response data,signals to allow detection of the
Cimey G oo Ak & S P CURBES RoRPEREY HTGEAE Of the data
s1gnSUYMARY o[ QQR4) i) ane serkedisiRit-c @de@ﬂ%@'t@@Earesults.
signal capture circuit that synchronizes a received
[000gilgi t al"h@at alsi givdldachel6dex aappansittisonc et @et giethod for
ensqu% tﬁ%ﬂﬁ!”ﬂ%? 955?8#?5 Bgﬁaasqb%bﬁauagaég¥f%égll detected.
sanpl er and an early/Tate transi'tion detector. e
Thusdi ditt &lasdateersidqtad rosiangpl vy sampl ese amdt hohdsnthe that what

, received.digital data signal at a first tine, a second
15 pPrRECYandSa ¢ hiterts maf.or'%héy WPHEE S r &RSi t FGRTET  clock
sigr@@lec,9kni SihRoOAFUNDGAL I bW ide t he i gistiahdataco allow
signal sanpler to receive sanples of the received
deteditgional o fattacsi gaaboaset Ive thi r stgnahe avgecohdoni e Jitter
band_and the third tine and fromthe received sanpl es
determine if the state transition occurs between the
first tinme and the seconduMMaBYand if the state
transition occurs between the first tine and the third
[000¢ilne add@ fPof tHEIG R Hosi @ Rt tehe &t esional capture

cirddfighsichiz@n genenates an increpentldgcrgment  signala signal
indicating a position for the transition.” A strobe

incladjegs tememarngiirtcuint degdat commuificat ioms witdn tdetector has a

. _.transition detector to receive.the incre [ decrement . .
aigi g R RO R EE T b naRt SrEnar sotEre e eibicion
detestioghe adhystABAtaci Hd geqes at esmphersty-eka s gnad holds

based on the indication of the position of the
thet?%ﬁ%%Y@%ndlgﬁéaéigi%%# éaﬂaaéigﬁalacd%W@ﬁ% gipgui t2 second

timehn%kﬁd%§tﬁﬂ_ t%ﬂﬁéfli é!@@rfifgggé {P§$8.§i89u@é§gctor is
to receive the receive dlgltaY ata signal and is

in coupbedchoicomunticatehev tdidines st rdelie adjigstiensampler to
circuit to receive the strobesignal to capture.the

recei¥ee VEPIRGi C4  HAT a FCGIA cat tRELEF Mg fof STHRAL at the

firsttrebgesi t@dond 00Q3k, Thendi ginal tdat-a stonal samlebm the
incorporates a first . o

received samples determine 1f the state transition occurs

between the first time and the second time and if the state

transition occurs between the first time and the third time

and from the time position of the state transition generates

an increment/decrement signal indicating a position for the

transition. A strobe adjustment circuit is in communication
with the transition detector to receive the
increment/decrement signal. From the increment/decrement

signals, the strobe adjustment circuit generates the strobe
signal based on the indication of the position of the
transition. The digital data signal capture circuit includes
a capture flip flop circuit that 1is coupled to receive the
received digital data signal and 1is coupled to communicate
with the strobe adjustment circuit to receive the strobe
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tracking flip flop, a second tracking flip flop, and
third tracking flip flop. The first tracking flip flop
W@ aph00235 and retains the received digital datBCEHU§SWa/049320
at the first tinme and at the third time. The second
track| ng fl.i captures and retains the received
sianilg; Pl GEFAT ghaF s CPhe SacoHP e, CHRE (RIFURL at the

tlmltn@ag)lfl R of |Sltgofb|e0@>llg$1alln conmuni cation with the first
t racki n%ﬁfl ip flop to receive the received digital

[000@dt a siTgRaldicaprdr et tat Sl rsamg e 1@@%@@?@@@ a first
[ thi;rd ti 6 L gl d Si X
traC%QEthurfefgg)r?&lg) ha%easeé{o %12 %re%—gt?a? ft ﬂ&éf at%glgj{ ath rd

tracﬁdlmsjt Al rfgcep gneﬂtheanfﬁlﬁstsemmqn flglISI gh@;b cdbeures and
first timng Si gnal has a phase difference of

retadns dhiematay 6o i 419 i st gnal 17 Thetime and

at t@teocttm%negrﬁteor I%&%&%&%t@cp{@ylﬂﬁlé he1 § dlbré&ptures and
timng signal at the first time and the third tine

retaihe filrstrecackeagdfibiipatl ofpteo fzs:;ac;om@l eadndheetsierndetime.
r e ital ta sikgnal .. The_cl ock nerator i S

The (BRI R FALB e T ¢ ' g T AL e el en ene

firsthivrth fdiiny fif_’DJp_o t ol secebvecthe veeatiev etk Higiddal d_d@t@al data
si.gnal captured at the first tinme for storage until

signgde GG i TR efbek ﬁéf‘t@r aPsr SIOEGnettleld tohe third

timeProvi de the second tinmng signal to the second flip
flop at the second tine to capture and retain the
[000rcecei v@@edl@lqlaialdaﬂ@t@ ghahaat cehéusecorid iire. has a clock

%%85] Thetearl tetra S|t on .det ect or h ' q

IeNeESmpar i 'S ci ?8 eﬁ ¢o at i Ve th The fFPQt aanaecon

timithli rsd gflailp flmoRs ﬂlqsgienﬂnaltrﬁ; as 14dS1 4 ONa OFKHEE eACeference
signal to indicate that the transition occurred

of apstreeematted yf i30St friome téwed sevrtchitridnitriqresidiel . The clock

/[late t t det ect furt her | ud
Gene R LRk Pt e EaE o MR rgional at

the sEicend anget Bhad thiel pilepst i i pdi ¢ate #ihatt tracking flip
thetransition occurred between the first tine and the

flopsdcondapiwes. apOOBItafte sit¢ obecadyast wemt teilr clata signal.
The gﬂg’?c{ﬂafc_? ngr&?{;?' Ee%%%n%"dtde%&%%@&de the first timing

O0- ana converte
signal to the third flip flop to receive the received digital

data signal captured at the first time for storage until the
third time. The clock generator is connected to provide the
second timing signal to the second flip flop at the second
time to capture and retain the received digital data signal at
the second time.

[0007] The early/late transition detector has a first
comparison circuit in communication with the first and third
flip flops to generate a transition occurrence signal to
indicate that the transition occurred between the first time
and the third time. The early/late transition detector
further includes a second comparison circuit in communication

with the second and third flip flops to indicate that the
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and a variabl e delay el enent. The persistence up/ down
counter is in conmmunication with the transition

wa@ledleoomBs via an OR tree to receive the PCT/US2009/049320
i ncrenent/decrenment signal and is constructed to

i ncrenment the rsi stence up/ down counter so as t
trangdticl aOSErEBECdiT RS Val s SERAr. THES end the second
timedi gital -t oanal og converter is in conmunication with

t he persistence up/down counter. The persistence
[00030/ dowd heountEFr 4RE beadl peBYEARMADICE TRt pl ecHiRrises a
r. adj t imt a._re i.tien.ra f. th
per R CE BRI e Ly Ghnad TEEET et ey, Converter,
and el erentakdls idelcomairdmgati .on Mhé hpd hei dighdal to/damal ogunter

converter to adjust a nmaster oscillator strobe si%nal

1S 1 GOREMALEARE st Tobe Signal dased oh &l Gyt Bfa an OR

treet hecdi gi-bak1},e- analog convent f /adbeeNart abkegdahay and  is
el enment provides the strobe signal to the capture

consgirpetied fror igeptamanty thfe nreacsi steah el gik Alowatgounter so as

to ghopal. 0009l The digital data siggalicaptyre CArGULL) co
urther 1 nclddes an ree circui at is’in
analogmubheatien With ihe donansiid=on et edtcor . thbe Rrsistence
tree circuit receives the increnment/decrenment signa

up/dogn aCLeR tRtimber Tof  EICGER SEFEIGEs PRfdRyR| ¥R e may be a

prog&%ﬁﬁ%%qg‘ﬁéﬂféﬁpﬁgtab%Egn@odd%éfBuégjﬁQ@%dth%o limit a
digital data signal capture circuit 1s not unstable

repeand idoesraoe osti ichat ere¢ODIO] Idigddrdloudaenbosiigrent s, The
.t@ﬁ_di ital d?ta stgnal capture cirCﬁit aIs% iqﬁ%ud Seital-

varighlLadker toRt rEFT er J5THe" t FRERBP LBt PBI Mt it dr9ita

to-a@@mayni eabhivertwirt Ntad patfesR genemakeert OokEEelY¥€or strobe

~ tracker control signal and in comrunication with the
signglafsi oo [détedtier HiPRhe IrobafUst et eifewrtof the

g1k Q1RQSILIAA hhe SbT i gnal a JApchi on of { 1
dlgl%%ac%?rggghf oIC§1gnaI??501l]tﬁﬁavar%od%5é%bo%?n£§ts? ement
provadeisgi ttale datarsvgnasigapt ur eonetthed isaexecut editouit for

tsynchro ize receivegﬁdngﬁal data.si%gals. The net hod

CAPHH &S CdSCEET VARG Eranditti 6Rd“of ‘8 FPecei ved di gital

[ooodat a sirgral gibBetegti agthhest gansi t tapsukBCl Hd@suit further
- sanpling and hol ding the received digital data signa
includes an OR tree circuit that i1s in communication with the
transition detector. The OR tree circuit receives the
increment/decrement signal for a set number of clock cycles
per cycle of the received digital data signal to insure that
the digital data signal capture circuit is not unstable and
does not oscillate.

[0010] In various embodiments, the digital data signal
capture circuit also includes a tracker controller. The
tracker controller is 1in communication with a pattern
generator to receive tracker control signal and in
communication with the transition detector and the strobe
adjustment circuit to position the strobe signal as a function

of the tracker control signal.
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at a first time, a second tine, and a third tine. It
is then deternm ned whether a state transiti on has
wWoeanem™es bet ween the first tinme and t he seconBCT/UR®09/049320
and whether it has occurred between the first tine and
e third tine. One of, an.increnent signal ra .
OOl&Ecren&ﬁt:ﬁ%ﬁﬁﬂu%s YRS HRUF o pPovFg' ndited i ontonal
capt@fred POShbHON HF ke usteadt erdr angd dn.om beat \A@%etlkv%d digital
first tinme and the second tinme or between the second
datat iqwgrend + heTbhi pathpae InAlgtesbeladiagiaing -z} Ustierns of a
d in nt, al an re t o
recqu%%. %Hgag%l Qe %ggt ?hggal Stg égggg g ogﬁghetran81tlons
mclmelee;l \seadlpﬂllgngt ancﬂatcalcﬁlrgg’]aihe sreapt wedd usi gl theta signal

str.obe signal. [0012] The sanpling of .the received
at ifgits dHi%y s"f‘gﬁ%?oé‘ii theeti pef tgil el he ¥condlt 1s then

de t eldiTBie ARG ehe 4 B r&atﬂérecmmﬁ%ru%a@e@@&@if@@ Between the
first timng signal and a second timng signal. The

firsfti rstmei ainAlg Wignakchad aiptmsendi fileatéroe of has occurred

betu %pro bﬁat§h¥ gO Eron1the setond H{nkpg SI naI E on
T I'm nNg S|gnaf i's provi ed at the f|r time and®

1ncrb|ﬁ@ntthlsrl@nfalln&)ﬂ G Ghpitdnerants Tt nlé hgeecety@dto provide
|%|tal data signal. The first timng signal is

R t 6% pﬁva%%th%nfF%sttﬁ¢n§ﬁét§|3H%T3%%Flon between

the 8GeIVE Hhe regeiyed dighlal idat . Siignale LAPIAL eé’eé'&nd time
t he flrst time for storage until the third tine.

and décondhitidn hignsi gnal sitsoproviided lati s heeld et basﬁﬁt@m the
re and {etaln the recei ved d| ital ,data S|g téy data

inC5EhE Sechd 11 e Geriar allng TR st £ bB&" 1 gnal

signiancl ydetsynehnani zicngciide r%tde(lb)%d/\ﬂ thgthelregetyedignal is
digital data signal such that digital data signa
captyrgle Wpahnge the gétreédcedifiNdvtay bet ween jitter bands of

OOlEhe re%@I&%%ﬁgﬁﬂ%ﬁi%fa£ﬁiskggghv§8|%FgQ%§.blaqéjﬁfghal at

THE DRA is asinplifie
the dfagsam ofman aultonstedndest imgui pardt GmstenanD014he may

FIG 2 is a sinplified blaock dla ram aut onmat e .
inc10gl daiSrem By storebnanird LSl eBl AHerrut]  tining

Slgn[a9015] TheG £3rd© aiphay ofiuexanpl & Djsﬁagéglotlaﬂference of
out put signal and the automated test equipnment timng

approkacksclsed®§orfrom the second timing signal. The first
timing signal is provided at the first time and the third time
to capture and retain the received digital data signal. The
first timing signal is connected to provide the first timing
signal to receive the received digital data signal captured at
the first time for storage until the third time. The second
timing signal 1s provided at the second time to capture and
retain the received digital data signal at the second time.
Generating the strobe signal may include synchronizing the
strobe with the received digital data signal such that digital
data signal state value 1is detected midway between Jjitter

bands of the received digital data signal.
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capturing and synchroni zing the DUT digital output
signal of various enbodi nents. [0016] FIG 4 is a

wo ogbooxdBagr am of sone enbodi nents of a transi PCDNS2009/049320
detection circuit for digital data signal capture.

crbodt ment - of BICHER PREpAEQY, O itk 38 & o
[001BYT di gitlzal 10utput .5 {18018 ol G1 &1 S BadOfh Codi 29 @t omated

of one enbodi nent of an OR tree circuit and
testpeasilPfence syplé6wn counter. [0019] FIG 7 is a block

ihagra f anat - | f d ture
[001gﬂrcuiEhgﬁr%cgﬁ$g{é§%$%%d$%ﬁgﬁ%%ﬁk(éﬁ%ﬁ%&m[%%Z%T %Fafmated
test8 estidwmeand sgxarpl ehahnjilt tter abalkds ciervaddirgitiealt .dat a
i.gnal . DESCRI PTI ON [ 0021] The main limting factor for
[001§He coRThini cat i 8n “ofP¥ast °datd: %ﬁ?@ﬁl?st&aﬁ§¥%¥?%H output
signRet ween o Juitegrated & bt Somd St t@fmﬂh%e_cgl@@kgaﬁ@ed for
setup and hold tinme on the receiving Flip-Flop, or
captigticky. Bevesghcdrdherent mdehddsl maygbeausedtiootdemignal of
Vari%h%he%%%dga%%%%ing of data across the boundary between
thetm)HfayMEchCMt& One way of
[001synchr eiczatd onsi & tl@gincldideysandbAgseomeckmbodiments of a
simultaneously with the data on two _separate
transldioni SSIC6R TPAPNSITTRIIS Eommonly tedf Eitéd Stgrad capture.
[00159ur ce ggynchroni zatign. J0022] ¢ Anot hetoway g b9 enbeds  ap
the clock in the data by encoding the data wth
embodligekitngowi t A adprot ccabtudat @ldows: t Herextceattiren of DUT
a3 .thg Cc %ck fromthe data. Yet another way is using
195dgi PEEEYSnal  communi cation protocol s that provide
[0o1'8handsimaki.ng’ ifeedback digidataai @ sh@nahisod tmémf 06M an OR
the transmtter that it needs to nove the data
treet caAsiutiito ANFe PELISVSIDENEST MPEAOoHR ICRHE1E S0 conpensat e
r001/9r | agkcof -synchr qni gyt vy hetmeen, & e, L ransmtif8nent of a
integrated circuit and the receiving infegrafed
datacicegtiutre [COG23] tTHe ralveye utrec i GUES digy the wsegual.one
r002f] 1 D GOROI At oL alngW Ltanster of AL in 4

digital data signal.
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and an automated test equi pnent system [0024] FIG 1

is asinplified block diagram of an exanple of an
wa@edlonexoetl t est equi pment system 5 . The aut onBCBUS100%049320

equi pnment 5 includes a control conmputer (not shown)

typically in the tester ' , Which is in
comrmuni cation with a tesgﬁﬁgggﬁ%gui$he test head 15 is
[002agnnectred t9; 8n davinGe iindt erfaesr baayd ehe DIBmdhinith&ion of
DIB 20 electrically contacts the DUT 25 for testing
fastt hedladewi cevluhder tiést Lrine fgaviedeurmpdricaresttw®d maptpgrated
ck d.sili 0 S nd or, e
circRiRACKAQEA JI gPﬁl %%b G2y %Qﬁﬁl gﬁ& fﬁ%%% £%ﬁe on the

cont ai ni ng man probe testing
receaut@@aﬁédgiﬂﬂogxubmantcByStSﬁwérmﬂddﬂﬁfeﬁ&nﬁ methods may

circuitry (not, shown) for generatjng stinulus signals
be ugrd &Pal%ﬁ tﬁb tﬁb%s%‘%fr % ¢t o ’ifhea‘E)‘Eﬂs%tgﬁ‘hlP%mdarY
betwelehCU &ﬁ}é(nogwéhowté@yat@&l ude powers . signabne  way of
pattern, format, and tim ng generators; pin

syncalrectrenics; and taputyoutgut sdmidigrs, csoml ofimhlthneously

.. .1S ocate in the test head .15 nd sone ji.n_t he ster .
WlthnthFranegiO depend|n§¥%né?he eﬁggﬁﬂ%gﬁﬁonFupﬁhgr This

commohily Glelfeuirtry tonets showak gy chachudetsiognal capture
and evaluation circuitry. [0026] FIG 2 is a

[002¢ilppl | APEFRBIEockE Wi &§r arf oFMBRE pdi&si BLeckxarpl ehe data by

enco%ﬁ’%%d'ﬁ‘?é‘t a9t san;aut opmt ed; 4 &S‘m@c%u'e?”?%t%)é%tlerﬁhat allows
channel to a device-under-test. The automated test

the @qqmrp:mntonl@ﬁ ité{@ & taast errqontiroldamd ¢ 105t twadtther way 1is
s overall, functi onal gontro ranet.ri.c and

w1 B SR 7 £ R0 e e esP 1530 e Pfovide

“handehiamitigon etetibecparamgt &t a4 uncitdronal testiAgokrd the
described in test vectors 107 that are dispatched to
tranghg titedi vitdigdl chlann@fSde hatOpr 8\Wivde tHE stidd ustransition

relalARAY 1 e%tart%hg,ﬂa' S,And) gpaj-t ok ot h%gén%%ﬁ%%%sc% OUWPUL 150k of

signal's of e devi ce- under - t 6st e test vectors
synch@pnarce tiyr ansfvergqredthe® artesmipathgr nrgeneradatear dildcuit and

n The testfpattern En]ator 110 decodes the test
the FeCEdrs "07 "6 IdE{-EF m e SHe speci fi c pattern of

(00231 MUl us et estocsicgnales-Hriargqueach r@el&anrk% ansbd hus160& or in
each input or output pin of the device-under-test 130.

Combﬁﬁ@tQ@ppJﬂ)oﬁll%@ tespspart efndata between a device-under-

test and an automated test equipment system.

[0024] FIG. 1 is a simplified block diagram of an example
of an automated test egquipment system 5. The automated test
equipment 5 includes a control computer (not shown) typically
in the tester mainframe 10, which is in communication with a
test head 15. The test head 15 1is connected to a device
interface board or DIB 20. The DIBR 20 electrically contacts
the DUT 25 for testing the device under test. The device-
under-test 25 may Dbe a packaged silicon die, or a
semiconductor wafer containing many chips for probe testing.
[0025] The automated test equipment system 5 includes test
circuitry (not shown) for generating stimulus signals and
evaluating response signals from the DUT 25. This circuitry
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generator 110 is the stinulus test signal formatter
115. The stinmulus test signal formatter 115 receives

w0 b@eogeasss at ed test stinmulus signals and for maPGT/UR®09/049320
signals for correct voltage anplitude and sequence for
ordered test vect The output of the stinulus test

(nots; §RAIt orfiat t éPC%:Eé i PHe 1 e§tlg§€|lnu%%t%}f@halfomat and

timihigMJehgenesa orp120c18Berbastsst iamd Usnshgnalcditn 8givers,
generator 120 adpusts the timng of the stinulus test

somesifnaflsi @u chStﬁQ?a{cﬁey iar efeorreet | jeadi dRedndo SR in the
test%%e rﬁérﬁﬂf@aﬁé’e‘ibf'c Lons; of the devi 8ﬁbgaﬁﬁén‘c65t Further,

out put &f the test” stinulus sSigna
thlsgeDEEatotriZO mst t g dwmput mbe t hectess ShKﬂUﬂUSC&@@@&b and

drivers 125. The test stinulus signal drivers 125
evalﬁ@6&P&ecﬂﬁ€ué§§ﬁbprlate source inpedance and driving

[002@Ur renterand svald ages 4@ Meeted hel d Pul i £ 8ah reﬁeaﬁe%ossmle
the devi ce-under-test 130. The test stinulus signals

exampd? f eowwochecngst ost i Aol ususpynaakddr feets ¢aBiament system

p I|ed t 0y t he devi e-u der-te 130. 2 The tes
cnarfBR 5 e oghare 1a5%5r B he o lbitars guarat et By CHuiPTent

100 deaeceaun@legtéestcdra@mh nespond®s o thhe |pputz$defs tbeerall
test stinmulus signal drivers 125 and are the _inputs to

funcitrenpds tc I edfonsE £ onparae bf + F 0a8 il oo e3s tepelng of a

devil@SLRSPRRSE COSPAr aker/ | Qad Ci G t 8¢ 1%%@@%%&&% and
appropriate termnation | oad devices for the

funcitiansd ssioninid nes (pscateddciircuiest amdstocondddt orfspt are
and bl at carr est resp nse nals 132
di oo 3Gy Whspoite CONBAFATE/ | GRA ErTCu: (1935 TUAThes  the
stimlasisConpakat ek sei r€igisl 4 orndetneiii ti NgtBeVAldagthse output
state of the test response S|gnals 132. If the test

Slgnuaéepoch%etef%gnﬂa%wﬁszl% digitt al3%at a Sigynarst tHstqs 107
are ﬁé@%f d tr %ogbg@ ﬂ%{ﬁefﬁegEHQEthkahgﬂ The test

ternate e test response signals
patt&m@lO@emqyaﬂqxttﬁﬂ&on@acadees tray |meﬁact\betors 107 to
anal og- todlgltal converters for. sanpling the anal.o

deterad e o Whions8eSi &l £A5F For Of urthdt | hffForridhals for
cachl 0928lndhe srecovened ftonStezEt@ﬁpqli\ﬁ)%tS'@Ba'o%tle%?e apen of the

transferred fromthe test response conparator/| oad
devigierapideg -test 130. The output o the test pattern
generator 110 is the stimulus test signal formatter 115. The
stimulus test signal formatter 115 receives the generated test
stimulus signals and formats the signals for correct voltage
amplitude and sequence for ordered test vectors. The output
of the stimulus test signal formatter 115 is the test stimulus
signal timing generator 120. The test stimulus signal timing
generator 120 adjusts the timing of the stimulus test signals
such that they are correctly aligned to meet the timing
specifications of the device-under-test 130. The output of
the test stimulus signal timing generator 120 is the input to
the test stimulus signal drivers 125. The test stimulus
signal drivers 125 provide the appropriate source impedance
and driving current and voltage to meet the input requirements

Page 8 of 37



135 to the response digital data signal capture
circuit 140. The response digital data signal capture
W@ 2010000293340 est ablishes the tim ng of the recPOBPUSIN0Y049320
test response signals 132 to insure that the test
response signals 132 arg.correctly received relative
Of {5 (R PR HELDTtRat adenat o0t ebF SbqipHEHE Soystdinls 127
fromlGhe Thest est1103RONSE Blagnal i idZs a125t BeB applied to the
transferred to the test response signal fornmat
devicgcovery —¢iertuil80145. The test response signal fornmat
recovery Circuit | nter pret f t t t est
[002;Zspongéesi§%ats %%%Q%¥§%sd$gﬁy%gf t é??o?%%t gﬁethgggnals
genetrastedr esponges sidgvalce -132drs teart edBOy imt ergquetrete to the
. The test response signhals 132 are then conveyed tq the
lnputtéstol eSPEnsEE St gﬁ&ll%giflér %]o?ﬁ?a}edahaeiféc n@“g are the
inpulist @4 te kB Gie skhe-d 8sin JesRORSer St gnal o K1 FOf r&oMpareald  The
recording circuit 150 receives an expected response
testsj gregranse f r eamPheatest lpatt erdi yunerat ol 3910 furvide  the
conpar.i.son to.th%.reco er%d, tinmed, and f0£gatt§d test .
approgrlate terming ig? #ﬁa evices ?ﬁr e ransimission
response signals : € outcome of € conparirsoen’is
linegonppledtt@ heconeita tlestisresgbtineepors, 15hd hatabiles) that
conveyed to the tester control unit 105 for further
Carrﬁko&@%siEﬁséndr%%%?%%%id%%gqﬁ%ﬁteiﬁ%ﬂ' coftfol tGAlt iBsPOonse

comp@B¥ tioRglhi ude conts @] « £ uagki on, iU g s( N Show)r SHERy 1t
as a shmoo pl ot generator for providing contro

for gigjralmsintiond he fodckigen diladeksol10hel s stl20sd@bse signals
135, .140,, 145, and_150 to nodif he ti4n ng of the

132 oot 151 1R 43 56 gnal 85097 At Chptir 112 of ithe tdgtal date

signkesponseisi gnal $nd321 04 0020] 1l nothe @ytemat ed destche  logic
equi pnent systens 100, the test response signals 132

statgpy b stFURtfet t éThavket Hesfoureersyaghroizee 132 are

1di-gi tal,data, e digi a wth.the edded log-to-
ana %Igch, byd tghet%lggi?%rﬁéé Py 0 e rahetes anatog-to
digiteimuriotatirar rpr ofocol sampatingr ozhde dhandghakeny" response

. feed k data as.descrihed_ above. Additionally, any
Slgﬂ%;ﬂ gggeépﬁng&rggfg r'a gﬁgﬁoﬁrotpcols are going to be
[002gCcel vetcandr& g F&€d Sy Ry oni zakpeAsko enabherdhe132  are

reception of test response signals 132. Rather than .
tranjsgglrerent fspecitflic §6BGt | BRSPS adwrermter /dlogek £oFcuits

135 q§§at§ge%%gggﬁg%m%¥gffglq@&@aaggbhgﬁt%@@ture circuit 140.

The response digital data signal capture circuit 140
establishes the timing of the recovered test response signals
132 to insure that the test response signals 132 are correctly
received relative to the timing of +the automated test
egquipment system 100. The test response signals 132 are then
transferred to the test response signal format recovery
circuit 145. The test response signal format recovery circuit
145 interprets the format of the test response signals 132 to
insure that the format of the test response signals 132 igs
correctly interpreted. The test response signals 132 are then
conveyed to the test response signal error compare and
recording circuit 150. The test response signal error compare
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what is needed is to inplenent a general solution that
shoul d be able to synchroni ze any transfer of digital
waolaia/0839¢hal s (i.e. data and/or clock) from a PCT/US2009/049320
devi ce-under-test 130 with the integrated circuits of
the aut.onated test nment 100. Further
and FaCAR T (0 O dEt BT (it CROTELT Y tPRGRge signal
112 tdhenl noam fgsdi ght abrdagansighak uu@n&khiqm&@ﬁﬁaﬁase@o the
on the transition tracking adjusts a strobe in the
recogereer oflnpd, dﬁgﬁiaﬁOé@@ét§ﬁgnbﬁSéyéﬂﬁﬂXﬁﬁﬂteﬁhﬂmﬁhs 147.

The %%P@c&%ed%%a &tSS%% ?9@o8'°%¥'88g§%@8&91k> ggpbﬁ¥eqi test

t al a Si be i n oundar
resqhﬂtKdeHHKESZﬁtBMtCESSbwevdygdtab dﬂkﬁ'@&@ﬁEﬂScontrol unit
0030] FILG shows an exanpl e of itter bands in

105 di%i t r?ﬂﬂ%ﬁﬁﬁ%ﬁﬁﬂSl“ﬂuﬁﬁ t3 e A 801a" %nﬁe%ﬁﬁﬁ control

unitar €0l watwat hengat thedransichiners oof SUEEESSEVEnot shown)
transitions of the digital data signal 800 relative to

SUChthE3n@nﬁh@p00$&Q§t@¢@ﬁtﬁtQhedegWﬂ&VMﬁﬂﬂﬂsﬂ@ﬁﬁﬁOBO@lgnalS
%‘H Jﬁ”gf$%ﬁ df@@ 'T%Bhelﬁbg'ﬁgs‘“ﬁéss' f¥§ and
e jriter

meen ahd§“can b€ 'a ‘sidnitican
150 mmﬂmdﬂmﬁy th@htimem@eﬂeleaelte%tzﬁtmmﬁmuemmqﬁhxﬁ 127 and
about |1 Gz (| Gops) or greater, because the jitter

captyaRds Glclhpy &Siar GEFPPEISSt FvaNFercdrtage of t he

[002di19i talpdat gesignal 800y [QQ31] chRi ¥AELOPUSsystems 100, the
enbodlnents a digital data signal capture circuit

testdefte@mn@@s mr@dwrlr@]c@mfbea sransitioh of hdwee the source

syncig o4 R 2 Al e bl B6 OUARy darh o albok e Snbedded

cloc&ignabrbelmgecapau@@@aand gymnehropized byhal |l bidirectional
enmbodi nent of the digital data signal capture circuit.
CommvﬁéC@ﬁgppa|paatacgﬂgnamh%%pﬂU%@f f?cubﬁn@ﬁ@ﬁkd@ﬂect§eedba0k

datare?éh%k%&ﬁﬂ§§ciogF ear | d%ﬁtq naﬁﬁg' %;ege81gned

ative to th “of the receivi U|try A
dataﬂtnﬂnsﬁagnprotoumhg pmwtgqnmqﬁt¢hbednmdeuwedtﬁnd require

ved in . .the same direction. 032] FIG 3.is a ot
syncBR R IqarE8: uhder SPEELS( DOFF | SSFBR5GCH ghFal tAaka TesPonse
sign%&@n@3zﬂﬂlkgtﬁﬁﬂjﬁHHhiﬂﬁpﬂ@ﬁéﬁkt@%%cf$&¢p§@ﬂﬁti©ﬂ@nﬂo each
cl ocks used for capturing and synchroni zing

form of clock for data skew management for each application,
what is needed is to implement a general solution that should
be able to synchronize any transfer of digital data signals
(i.e. data and/or clock) from a device-under-test 130 with the
integrated circuits of the automated test equipment 100.
Further what is needed is to provide a circuit that actually
tracks the incoming digital data signal transitions and based
on the transition tracking adjusts a strobe in the center of
the digital data signal eye no matter what type of data
protocol and clocking scheme is emplovyed. The digital data
signal eye being a boundary between jitter bands of successive
digital data signals.

[0030] FIG. 8 shows an example of jitter bands in a digital
data signal. The jitter bands 80la and 801b are fluctuations
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the response digital data signal of a DUT for various
enbodi nents. The DUT digital response signal output
WQOomEis298he response fromthe DUT to the sti nuPCEUSHS9/049320
signals 127 of FIG 2 . The tester control unit 105 of
FIG 2 generates tracking clocks, Track Gk early 210.
2t G FRACE LG R Pare 289 CERAC dFe WTF oI RIS g Lo Bt Lot tal
data0f s phase. &0o hreherfakl img edge . fmihel Tb?@'i_ed Kigarlof the
- 210 arriving approxi mately one quarter (J.é& cycle
digiggd| i dptehani el Tré%k O oektpafengiore Egehl of dfe 1in  the
. .track - , a . 0 d.
o e i, £ A S T ) Rt i g e oan be
a siespanse tsipgndall coutguuth 205, fideush gidal tespoasefrequencies
signal oqutput_ 205 s sanpled at the tinme A 215 by the
of %%ﬁgwné%&ge(bﬁﬂb%b TrackIer btk | &E€PF2 The dildiftdl Pands
occup®SRONSE & gnal] QutRUt, 205 s edd 4heitimeaBr220;ignal
y the rising edge of the Track C ock early 210. The
800.di gital response signal output 205 is sanpled at the
i,me C.225 hy the rising.edge of the Tr.ac ock |late_.
(003335 [ 88331 S it i TP o7 SEPECt at o at bmE R e 21810maL
captane atitheiti metCradbear earl ogtealklrgneenpaf ed transition of
determine if a transition_occurred in the tinme peria

d
the (soidideh! t RetSafpiiAg at the PrfelA ¥ BRESAL HRE (iR term
digi@a%z%atghesic%r%ltsal réf’@fé: §5a59§ @tattah%rt | B A 2§-§g1§£‘g being
at the tine 220 are logically conpared to determ ne
captivfred tamdsisvirahmocirededbyn ahle eimedperned bet wéen digital
the sanpling at the tine A 215 and .at .the tine. B 220,
data (IR GH it ST Ehe 4151 (P H DGR ST RATL Capture
circeuttputhaddSdatethe tifreche 215 aard tatont head | BBrCi225 @f elater
different(§a transition occurred) and if the logic o
thanst L HFCT heldi gt af r é9pondee si gharkoutput Fos afeceiving

: i me d I ar. hecs :
Clrc%??ékgiti@h%ﬁ%ﬁ%ﬁe§q?$%ﬁekgﬁﬁgge%%%€%%§?%aﬁgi?E%nClOCk o
thenposivkidon nmise Ibempl adedcatioa.l ater time. Alternately,

003 e hagi o states of the diglial nesponse.sionel.. oo
resp@h%%er§9§i£§1t5$HE3 t egnaccwuEsht andd fride d0@ntited test
states of the digital response signal output 205 at
equipRent| netming clocks used for capturing and synchronizing
the response digital data signal of a DUT for wvarious
embodiments. The DUT digital response signal output 205 is
the response from the DUT to the stimulus test signals 127 of
FIG. 2. The tester control unit 105 of FIG. 2 generates
tracking clocks, Track Clk early 210 and Track Clk late 212
that are approximately 90° out of phase. With the falling
edge of the Track Clk early 210 arriving approximately one
quarter (1/4) cycle earlier than the Track Clock late 212.
Each of the tracking clocks, Track Clk early 210 and
Track Clk late 212 are used to sample the digital response
signal output 205. The digital response signal output 205 is
sampled at the time A 215 Dby the falling edge of the
Track Clock late 212, The digital response signal output 205
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215 and at the tinme B 220 are different (transition is
early) , the strobe clock transition position nust be

w@b@omakoat an earlier tinme. The noving of the BCT/OR®09/049320
clock transition position synchronizes t he strobe

: I th t di qi.t al t t 20
is EARBeRe ak ot GarE oPerEdobutct0Bl (EPHg S RSUEY the

Tracl @ilbalk kesponacsi gnale Qilicjalblialzoﬁeé}&orﬁj@é eci@th m gweyut 205
. between jitter bands of the digital response signa
is paPpled20Bt [WE34F1PEG C4 32D advogieedi Ay? any ofedge of the

T Q|%u k q §|Qnal transition detection circuit 200.
rac %%s—e%%%d nment, the transition detector 200

[Oo3dset ect §ha stiafecdr amsgtcomt@ftetsheat eceevedndi ght 215 and at

data si The di |tal sponse signal output 205 is
rE&@?v % %’yz% ditgi t Pgaaﬁ ?éﬁ ghafP3anpl eri i3 it oa

tranfsi@Mohne QiR of, the teste rasponsecoppar atvs/ Loadiing at
circuits 135 of FIG 2 . The digital data signa
the s@ﬂﬁ?e%~c?l%uﬁﬁKQS@tséﬁﬁie§l@ﬁd<ho2a§ t heTdegidiglital logic

crarb SIS, 1 IBL RUAW 208 a0 Lacl es L e BOUBLe ogscony

compﬁﬁ%ddOU@ eielt%ﬁﬁtllntel onfr @t etf&ElR)tiblhp ddoapse2b0ianthe time
255 receive the digital response signal qutput 205

periphe IR 149 opPBBOI 1S 2F oERBATATCTHad 0 btk %%r?§e time
B 2240 a@ftgﬁeD@%gflld pS’EJi@@S 25% is&l 8§5§ga@y rté'b%onse signal

Track_Cl ock_| ate . The rising edge of
outpTitacR0B ock @@EIyth@ ﬂkl@@érsanﬁeEDDRthblptim©p<25325 are

ai £ Rl Pl na bl 9h0 SoTHE Y | e, bt or it Pttes o

the Hla;:lktﬂ oeksh @it € Zézghang@@r’c@u&h@dy)%il tpef kkape255 2105 and
anpl e and hold the digital response S|%nal out put 205
at blﬂetﬁ'emq e ARXA52TF008BF T Sut(pyeNef tEiRE DBR flgits) » the

strd%|0pc$?§k %é%%. %ﬁkﬁp ﬁi £ foﬂakﬁstnggé ?g_t QQB a later

The Trac [ate e i nput
timet.0 thél¢bmuhtbéwn1naﬁ oththe 1BBR-f | Epatkep 260 the0368jgital

cesrlSeria R o ol U Teck O onic e 212 4T LOOELS i
225 di gét ali frreseerRse (i @ﬁ%'ns@ttltolﬂle sutpHte@f thel DDR fdHep 1ogic
statzgo%fzﬁgmﬁahigial response signal output 205 at the time A
215 and at the time B 220 are different (transition is early),
the strobe clock transition position must be placed at an
earlier time. The moving of the strobe clock transition
position synchronizes the strobe clock with the digital
response signal output 205 such that the digital data signal
state value of the digital response signal output 205 is
detected midway between Jjitter bands of the digital response
signal output 205.

[0034] FIG. 4 is a logic diagram of a digital data signal
transition detection circuit 200. In this embodiment, the
transition detector 200 detects a state transition of the
received digital data signal. The digital response signal
output 205 is received by a digital data signal sampler
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time C 225 to the DDR flip flop 260. At the sane tine
the rising edge of the Track Clock late 212 triggers
wo b@oPDR33 1 ip flop 255 to sanpl e and hol d t he BPETUSZM09/049320
response signal output 205 at the tinme C 225. [0037]
Iat transition detector connect ed

/ 0
Clr%ﬁlFﬁathé dlg FAI' datse si ghatP Sanpl® 2§%eto F&E |vereSponse

compsaiRley 16hdt heirecetyed 35 giotral rdat a si gnalhd outipUtt$ 1A data
B, and C) . The early/late transition detector 280
signpdc| GaBBlEke EkéFusteZ cdaguies Z65 ah@ 2P0 &RE tRegital

resp'%[}!@egast gm%ze Ly LEXEbB'SBﬁ ?ﬁg‘i‘u&i‘é‘é‘t t?e65dét9r91&a£é%?tition

npar e ed and ital response Sign
rateB a(tDDRhe dutiput fdfortshe ZI(R f|255,f| ogn@5®@6edt h t hehe double
ampl ed and heId di gi ggponse [gnal  at e out put
repe&l&floflhe E‘)E)%f %Rtl l2?60 38 Pdet %Sbn g f 2<—ﬂ1'5tg1 recerve the
digitkansidd T esh betwegost he thieneph 245 @andh dhezs0 is
time B 220. The clusive OR circuit 270 logically

clocgempduve sl tawk samptlede ey el @ dingdi the D@@pdﬂs@ silpmal 255 1is
t .the t fth [i flop S5 Wi t he

Clocge%'keﬁ tﬁg E%%EQdC%| EE?PESpgﬁSe Slg%§| ?ﬁ %d 9 ?f the

Trach @ﬂobmeeaaﬁﬁlzumfﬂﬂﬂg@&ﬂ%tﬂhdkﬂﬁﬂrﬁlmplfl@p 250 to sample

transition_has occurred between the tine A 215 and at
and hypd G Wﬁ?Cﬁ%&%ﬁahheeﬁﬁﬁﬁﬁ%te197gll8§FEHFI§°@b@&|ﬁ£§ time B

220.thergignal1 1267 | pdicatisngthar Lhe Logig §B%592¥2t991ggers
di gital response signal output 205—at the tine A

the ﬁgﬁe¢wﬂptiﬂ@me2bbgto §ampéeohnwh@aﬁ¢ute& deepbméeresponse

naI 5 he t| 220 (A=B) with the
Slgn§ ﬁgl f%zaﬁﬁdﬁgaﬁlﬁg YRE & nS|t|on has occurred

oo3t5qt weerhehe dtdpe: A@ﬁlﬁh@ndDRhElﬁanleZ%K AL doﬁn@ected to
provide an increnment signal 277 indicating that the

the deftehe "shduld B ooy TatrrfteP c2®f ur eThReTaRGkt @foCck_late
212 ]ﬁépehéeﬁto%a'toouwgt c§g§65?§:nﬂlﬁapfof’h@ﬁ§ %pu?mg flop

e Exclusive OR circuit I ndicates that t
260.] ogi c state of the digital response signal output 205

the | e A .215 | not e uaI to th | o a
1003 e o GPEAr Fadho Rt T uTHaEk SO O T#EF c7he briggers
the 22@& (fal% )f IOVAgES: @ M@f@mtt@ geahp 282 hndi saléingigital
that the strobe should be noved later to capture the
resp@p@@tﬁlgm@§p@ﬁséj§$gﬁ@}p@gtgﬁttQ@5DDR flip flop 255 at the

time C 225 to the DDR flip flop 260. At the same time the
rising edge of the Track Clock late 212 triggers the DDR flip
flop 255 to sample and hold the digital response signal output
205 at the time C 225.

[0037] An early/late transition detector 280 is connected
with the digital data signal sampler 230 to receive samples of
the received digital data signal (outputs A, B, and C). The
early/late transition detector 280 includes the Exclusive OR
circuits 265 and 270 and the AND gate 275. The Exclusive OR
circuit 265 logically compares the sampled and held digital
response signal B at the output of the DDR flip flop 250 with
the sampled and held digital response signal at the output A
of the DDR flip flop 260 to determine if a transition has
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[0038] FIG 5 is a block diagram of an enbodi nent of a
response digital data signal capture circuit 140. The

w0 edb/oom®3ponse signal 132 is applied to the  PCT/US2009/049320
conparator/load circuit 135, as shown in FIG 2 . The

conparator/load. circuit 135 cei ves conpar at.or
occui R 57 GHEr 1359 nbHBa: ag2hol QUL G0Rar CHit g (7RO~ The
Exclhedive sbmt eikeweks Dfo t hegtest 1Kesponse & gaak I3dp1Rd and
conparator circuit 133 determnes the logic state

held eligitofl tHesp@ater 85pbASe Csiggnalna 32uandtgenerdiesPDR f1ip
flo&'E%énﬁﬂgﬁ“tﬁgsggﬂéfealgﬂalh%%?ngi§¥¥%fryg%#55§$esignal at
gita g capture

i nput to the response digit ata “si gnal
the covcput MOof[ O0RBO] Dhke rfésponSeodi @idlal tdatdetsegmate if a

capture circuit 140 has a master oscil]| 305, .
transgfhdicdd 'aS MESE AT FRE T e (it tglé??erAa?%g t%gn%’étlé]?e time

c 28%rohkeccl Agk 3%%71;4 hatysusesh 10, capt ubaptihedi gital signal 267
~_response signal 205. The nmaster strobe clock 307 is an
indijcapunat ¢helte tSter e iadj Ustt il uilte 36071 The sespbese signal
adj ClLJtcui 50 i ngl s .t he del-ay, el nt; 335, t hat
Outpé\l vzl?‘rfc‘r’esé%r%éél %/lgnethn‘&e g 5063 cﬁ%u&l 3E)§ t%gggelﬁ%rlé:t eg]tate of
the tHeyiadjlusteathosideola gtlaacko 30t heas ist ttiee | hpd 80220 (A=B)
. data capture circuit, such as a flip flop 340. This
withyehees domel of 74 ﬁéﬂdlﬁ?&ﬁﬁ@ bagi g, Gra@sitHersthypeoccurred
l.oc 37 f c n of .t he rATRY b .
betw%&j%uztth%d Elﬁ%engﬂ%gat F@g gbeaftéﬁl%glcéezggm%el )mat§o bpeIOVlde ot

incrégedtt osaghast 21 sthaabetclneckt83¢ usied ym@de should be
channels of the tester . [0040] The adjusted strobe
moveg] g eI3F Saappliedto He Phases grrierat 9330 PREPUt 205.

The GRNEIALES Ihe Jhagk: Geck garty 1 A0doRh€ s rcuit 265 that
© Track C_I%%}:k{%eat%@‘glz The TrackC o%:k_early12rlc(l)lland 2

indithecFr adletC ook lagec 28Raaeeotthehtd ming ialputssponsdesignal

transition detector 31 The trapsitio et ect or, 315
out ot B f ) B8 ofatE A e e BEESEpE] TR ERE S state
of tihe digital response Ssdignall 205tpstapplsi etk tehéheime B 220

transition detector 315 along with the Track_Ck _early
(A#B210pandideeack Oekreatet212igasldi 282ssedlialzovienan tthat the

R C TR PR R I —
signSilgnRalcpout pots 205 is early or late, and thus

[0038] FIG. 5 1is a block diagram of an embodiment of a
response digital data signal capture circuit 140. The test
response signal 132 is applied to the comparator/load circuit
135, as shown in FIG. 2. The comparator/load circuit 135
receives a comparator level signal 134 indicating a level
demarcating the logic state levels of the test response signal
132. A comparator circuit 133 determines the logic state
level of the test response signal 132 and generates the
digital response signal output 205 that is the input to the
response digital data signal capture circuit 140.

[0039] The response digital data signal capture circuit 140
has a master oscillator 305, labeled as MOSC in FIG. 5, that

generates the master strobe clock 307 that used to capture the
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i ndi cates whet her the strobe clock 307 needs to be
advanced or del ayed for capturing the digital data
wG@R2gnah29295 to generate the digital response sPQIEB2089849320
mhich is transferred through the test response signa
or,mat recover circu 145 the test respons
G101 S CoHoie b 2RT-r edui Hg° CrT Al g0 (gr @07 is

an idput QQ4l{nhdher stpebeqadiustielneui 35850 fiHd hefrobe adjust
i ncl udes the persistence UP/ DOMNN counter 325 and the

circyilgi t3RQt 6nghareg dorvedtery330eTFRéE a¥PUsthent advances or
It e t h n u

delafd 185 SProhe° T B8 T b P AP berobe

clocknGBQWEmbtcmmﬂﬂhb|ﬂﬁ©dﬂ¥i£2§ @mﬁatbapﬂ@neenentult such as

co d DAC 3 lied to the |nputs of the
a f]dli%n?gPPPg%‘anal oaﬁéﬁn\?%ryt e 386"Fs Yhe? obfputcigirnel basis,
i.e.thepersistence; UPLDAMN counter 132snadhervaltuef tdecer may

i ncrement command | NC_DAC 326 and the decrenent
be achmedmg! DE@EW‘E@CB%Z&JQMp@ﬂtsaoﬁlﬂﬁéep@ﬁ’@n@teen@@yummd to

unter 3 S o he of _the transi;tio
adju%% %Ee g§¥g$§ré§bonseggﬁgna% gbgggséﬁe%er%%ﬂé H? Of the
testbme transition detector 315. The strobe position is
with digital -to-anal og converter 330 in which

OO4OdrgerT@§lu@gJBFB@@de%t?RF%a(ﬁ%%ﬁfl A3t hel delaRPEishen the
phas%:”%éﬁ’é/ﬁa&hﬁ sipohe Jiaterand- spalber valuespravide 1y 210
| ess delay in the delay elenent 335 to nove the strobe
and edrd i 8rack0040tk Seaeealklgr.obl €éns driesd frlomkusiang vj udk0 and

t tra |t|o et ec 315: Fi |n .current and
the fﬁ?@' —apﬁilea gﬁ%s,éﬁ%e %f?obekﬁay 6@lp nning E%S to the
trang@Xtrienel yeheghokr egusnci esrrof & 1Grigs Q11 DI Betklctios 315 is
very difficult to inplenment a persistence UP/ DOAN
Stru@é@ﬁ@@rEBQB pPhafoean 8perfSSE ML ridghdohFt nér emehite afggital

resp %%r € =51 P S1 8t LB SAT gl aper %f%tfdrﬁ%‘&@&é’tor 315
con to

ere I's a | oop tlne or the circuit
alon@ewpamdtm@ dh&ﬂQeimhwqaxﬂﬁ|2ﬁﬂ(ﬁndrﬁxea¢bbelkTh@te 212, as

. digital data SI al pture may beconme ynstabl e and
aischsier atiote NS ERIRRENEs ok s o 18- addnyes Phpasition
detelch® r NBISMEMJ QUHE “dtABd decrermRt tayhpubs 282 ar@igital

applied to the OR tree circuit 320. The extrenely hlgh
respengek freg@encicedrad (4P 1is early or late,

indicates whether the strobe clock 307 needs to be advanced or

thus

delayed for capturing the digital data signal 205 to generate
the digital response signal 345 which is transferred through
the test response signal format recovery circuit 145 to the
test resgponse signal error compare and recording circuit 150
of FIG. 2.

[0041] The strobe adjust circuit 350 further includes the
persistence UP/DOWN counter 325 and the digital-to-analog
converter 330. The adjustment voltage for the delay element
335 1is the analog output voltage of the digital-to-analog
converter 330. The increment command INC DAC 326 and the
decrement command DEC DAC 328 applied to the inputs of the
digital-to-analog converter 330 is the output of the
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potential instabilities and/or oscillations are

managed by the OR tree circuit 320. The increnent
Woi1p0029322 and decrement out put 324 of the ORPCT/E82009/049320

circuit 320 control the persistence UP/ DOAN counter

per SR GORS THIPOTh Wy Casa2or ne iGi DA BaC of hal norenent

comm@@pt UrRCCHACUI 326 S isedtan adedf&hdoundadnmdiat pes pac 328
alternately an input and an output, for instance the

outpgasa Pt nshef paerrﬁelrﬁdﬁn%t WP { PAHE icovae T 6328 vergatensed on
T I pt r 0
the (g b an i et alP TP e L Bl iR siona
205 mm\deilerngmtr’reej sy nuhestwgealtmho d@t@@\tlocremlcﬁer - Tleststrobe
DC enabl e funct| enmented on theDrive

POSllt/lénsulgﬁqa’?e‘i 0" appr bﬁﬂ&?gwoeﬁaﬁ 890 gvEabed 3P in which
larg@irdi$ &l udat 8, $hanRls CAPLAr geQiicuit Q. §O044] eﬁle(;?:erﬁ 335

is alogic diagramof an ORtrée circuit 320 and
movepahsi sttervie d@/mmrcbm@rl@zwﬁfu%epmm mepss Jheay in
tre ir 20 C SISt strl of DDR
the ﬁélayf %&%é“e%ot%% 6 Yo e D6 oA S0ba, - 405h,
[004QQ5c ar@dreéaad ?pFJhebcDatnput Saﬂfsé he ﬂ%fl i ifdops j48Qa the
and 400b are connected to the OR gate 410 and the
trangitgers At TDOR PP fIFdpsS 400t And CHGEE and @k future
applqlétaf%li'bn%f thec OR gatiee 410, ar %ecof‘&%ﬁﬁ&' to the MBne1y high
gates 411. The outputs of the DDR flip fl ops 405a ang
freqzﬂl@@l@larse oénn%ct@ﬁZt@H hewo@R .gat el 412l and etrhye duufﬁultcglt to
| ops d 405d an put_ of
imp g R ab Bt H15-aP S CBACEIRG G T CRPgat ke lain Thgerate
withcl @gkd@}nk _hscAdbehs a@rﬂ’dil etk derddier claekdinputatof taagh high
of the DDR flip flops 400a, 400b, 400c, and 400d, and
operahgenad05,cUBBEY andS2088d, TA&SHCriehent 1§P6na¥llH§377for the

t tion 3 E
Clrcfuo thé]hg’raétSr mpu%go?}qg{%gg%)m %%Sq%ll&l Oa vmﬁ?&l%k%j the
digiaatlputa taf $E@ﬁabfcapEuDBRmﬁylbddmmﬁlﬁﬁmabkﬂkﬁnd40@01llate
applied to the data input of the fl flop
as oDts R AOOES rapsartver IO TRATERES 26 ify orbhhalneTement
outplurangizstdren fdeleetor: ILE it BFd2 Hrd sa@ppld@ded othbeor tree

- data input of the DDR flip flop 405a with the out put
Cer@ﬂtea%%gof t?@@[xygqﬂqq§lg|o@ggh. clock frequencies and the

potential instabilities and/or oscillations are managed by the

OR tree circuit 320. The increment output 322 and decrement
output 324 of the OR tree circuit 320 control the persistence
UP/DOWN counter 325 driving the digital-to-analog converter
330.

[0043] Third, in many cases the digital data signal capture
circuit 1s wused on an I/O boundary that 1is alternately an
input and an output, for instance the data pins of a memory
both transmit and receive data. The digital data signal
capture circuit 140 must be disabled when the automated test
equipment 100 is providing the stimulus signals to a device-

under-test. A DC enable function would be implemented on the
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405a, 405b, 405c applied to the data input of the DDR
flip flops 405b, 405c, and 405d, respectively. [0045]

wabaoowmpuit of the DDR flip flop 400a and t he BUI/P81089/049320
of t he OR gates 410 and 411 are the applied to the

the nul tiplexer 420, The out put of the,
prive T3/D) o 064 ahdl | RESGREpAEEeof t RBCBRgaPbs di5oang  the
digi4hd aneat ke qapp! icedthect e riciput 340f, the nul tipl exer
425. [0046] The clock clk _hs 415 is applied to the

[004ddt a fFilg- fl60|dss /B0l aBtC 43439TRE 6dt 26f Qﬁwafsreeebu@bmult 320

e B AR 1 OHRI Ty e ot e phase butRUl B the e OF

treedatﬁrélhlip BR2op dkﬂ@slStsEomﬁeCttv&d EOrtthsl nm.lt DDR telp flops

400 4%k el 7 Srcorfefl oasta (Rbaochio: ndlBeof 1tk 4054.

The @XGIHSve ORU32ppRArIhg Gubpyl 4@l %@M‘doﬁlé{@e Ronnected
432 is connected to the data input of the data flip

to tfheo@MSZlaterh‘ﬂ%Os@lﬁ@lctbﬁeopfﬁﬁwtéesﬁa thier R fhae flops 400c
| Vd de h I o el .k 4 ct or f
and’?%ﬁ%f %%é %P% kﬁﬁ(tns(l';]fllgiliéthe |%' %sglgutﬁﬁf(%$ ??Fted ko
the d& aydtddp 41Dp 4BRe andptibe oH- mhasemmﬂﬂmﬂp(ﬁldﬁe 405a and
data flip flop 434 are connected t 0 the i nputs of the

405by 3349 p%%%cws% CohélselEctIt 1% nesd ofthlehémtpUtS of the
por Mlitd Bhexer 900 2 2% 00 AB5 NavVE: thie: nest fc OR gate 412

OSC|IIator cycl es per vector select signal MV
arezﬂnﬂn@qtqd)SQIébﬁ Kﬁé punber 438 . sad%m$ngloykleék hs 415 is

lied for cl.ock.cycl e th|
app1 300 (R0 ol IR Tl P i Ter U BpRif P Risey 400a,
400b, 24008/ énaam:dom,g QM@| ADFNr £6851, Dw155e:l OCekndZyﬂbﬁd The
[0047] The output of the nultlplexer 420 is the data
Incregsat o atve dath FTep FPopt4455 1481t ke Tt 301f5t<hjé FIG.

i 4 el p p wi
s SqUperety 25 pob e LA pule gl o [ bogg wics

the ofutiet i odr eeeatt lorfanche ofDDFhef DRt ﬁé@p@ réQOa 32Z00x,e 400c

PP 1330 Gha Che GUTPUL I ( R CRCgaTEs A2 and HEs B10Hne?00%,

and dgegogrente pancihyofy t he it mee cbBeUi 320 t&lke transistion
coupled to the DDR flip flop 450 via the nultipl exer
detegzor PHE GfodKG-nputis girrheddta e platapsngds a@hdthe DDR

f11p4§QdE*%6%£C%§9h the output of each of the DDR flip flops
405a, 405b, 405¢ applied to the data input of the DDR flip
flops 405b, 405¢, and 405d, respectively.
[0045] The output of the DDR flip flop 400a and the outputs
of the OR gates 410 and 411 are the applied to the inputs of
the multiplexer 420. The output of the DDR flip flop 405a and
the outputs of the OR gates 412 and 413 are the applied to the
inputs of the multiplexer 425.
[0046] The clock clk hs 415 is applied to the data flip
flops 430 and 434. The out-of-phase output of the data flip
flop 430 is connected to its data input. Additionally, the
out-of-phase output of the data flip flop 430 is connected to
the input of the exclusive OR 432. The out-of-phase output of
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with the divided clock 437 fromthe output of the

mul ti pl exer 435. The outputs of the DDR flip flops 445
w@rdoasN3are the inputs to the AND gates 455 apdI/usm09/049320

The non-inverting outputs of the DDR flip flops 445

nd 450 .are..t he uts to the AND gat.es 455 and. 460
o M satifery o A S D R RSB tipge of the
exclllsape 44% and 45(y atBet heidRut §£t @hthes AND gaf£S0A6M32 is
and 455, respectively. The | ogi cal conbinations of the .
connggtteat stcoft%ed@b@alﬂppﬁ fdfopsha4Beand 450 gewer 434 . This
i r 4
stru%%%re %@%@%ﬁ eﬁgﬁﬁﬁ%%%;qngngégjgﬁgﬂasgﬁ@Tﬁgogg c?ﬁ_hs 415

the outputs o gates 4
by j&nﬂn&nenbfsngnalaﬁ@Zf@md decreaentlgikgnal k 324 4d8,t hehe in-

ommand Sig r ersi stencecounter 325 to
Phas&ct?k}‘é\%tarﬁsn&?@ f gﬁrﬁ’? of‘gg dettenehf of-pPhase
outphite LOUte h99é81f1&\tp tﬂeo;f a@jfsgrée@%hh@c%dr ate {¥h Vinputs
4), four cycles of the increnent signal 277 are
of [togi calpllgzl@éﬁﬁepiedMﬁth th@h@? gatest410aaad 4ineandof the
OR.gates 4 and k respecti vel 0
mult&gg%xFlg %?8bs 4 %. g?n oo égcgﬁ%er%%ﬁ¥ﬁr nglllator
cycl@bk;ﬁ&WMﬁbﬂbwlﬁeﬂeby ﬁDQﬁalIMPUhame a lhetch to select the

i ncrenment and decrement conmands in each group of fou
numbgyc| s, SERBY1RAnEHIC Iesc PR hetd 0P Tarfd To att LR ﬂﬁﬁ%SClOCk
cyciRlsace @Bt {&he persi SiENcs: U Down-count ere 3@§thér£“ @ 8£eater

course, is not ideal in that information nay be
thani de. 2thoee li perereng ngdaBsf@T7e@ah @@Tcad©@ke@yoae

one. decre nt SI Howeve tlons of his
100038, St 185 WIS B cvanCbhal of RECUPSTE af20ats siignatats input
to taptakeai slapcunatbe.445  ednd henknenepent i gmé AiYtiplexer
has gassed t hrough and been processed bf the OR tree
425 dig ctire 32062t g gerierat ethfie defér et SignafS822, Thes, the

outpﬁ%mgftﬂﬂgl?@1§a9€§ Efénaﬁarhﬁqrﬁf (ﬁékement branch of

appr oxi mat e G bits per second (2 ps) max i n sone

thelGﬁﬂEﬂ@ataironsy 32%herrs owerpliattr eoehbhea®®Rdecrignenhtop 445
. aIs 22 and 3 are ed as input signals far the

via Jo oS Ahe R R BodROCouHihr 435 FOP Further P e el 41 e 412

and r4at3e orfeetmzet ld@treﬂaﬁlwtﬁmﬁl of £ tthee pex st séenserdpl Po¥R0 are

counter 325 are further divided in frequency by the
courdiedi der téier AR f 1327 e 3P 1ol privefucent helexer 420.  The

clock inputs of the data flip flops 445 and 450 are clocked

[ -9

with the divided clock 437 from the output of the multiplexer
435. The outputs of the DDR flip flops 445 and 450 are the
inputs to the AND gates 455 and 460. The non-inverting
outputs of the DDR flip flops 445 and 450 are the inputs to
the AND gates 455 and 460, respectively, and inverting outputs
of the DDR flip flops 445 and 450 are the inputs to the AND
gates 460 and 455, respectively. The logical combinations of
the outputs of the data flip flops 445 and 450 generate the
increment signal 322 and decrement signal 324 at the outputs
of the AND gates 455 and 460. The increment signal 322 and

decrement signal 324 are the command signs for the persistence

Page 18 of 37



I NC_DAC 326 and DEC DAC 328 signals. In the present

i npl enmentation this allows a digital data signal
wa@re1oloe298s ock 337 of FIG 5 to capture the di geC€HUSIAY@49320

signals fromthe DUT at a rate of approxinately

00Mo or _below for _digital. data signal_transfer
counfEtuedhSoht bs. < BORSTS Retir Mg 15 F GO fhecount or a

decriciRhement aticor e +t.he persi stence Up/ Down counter 325
Is a progranmabl e three or four bit Up/Down counter.
[004PHe pelsi sthencer Up? Dowhceobiht ep 328 tRedfs vt ridok BFuf hevcles

£ gl at 'ggili@f'ﬁ'?fg . ang de st 3%4th the OR
© tshl%gnac\sé.eeﬁ%?{g?ﬁsg 6rsi‘stence Lﬁp(%é)wn c%u%%er éz% tth the ©
gateachd@Oesahdie 4K rumd coOBnt gandsandlderarichcrddi®entind clocked

si gnal _322arrives, the_persistenc p/ Down, count er. 325
resePETIasdl 1o (HHE a0l At L And PESuedSar ind et Lhe Center

withCOAMBAE |G BAC 826 1 tikestrebeddiqi talrd 0orgaabogire both
~converter 330. If the persistence Up/ Down counter 325
incrgaenémemcs degrermnd arvotrerddect vt commmndt 324qur cycles,

arrives, the persistence Up/Down counter 3%5 i s reset
SheY S 4 tpoi K VATGE anil tRe per sitente LOFDows o C @t the

persicuriher 32b/Dsstescurdent egebt. comung DEE DAGIE28, lifs not
, t he persi stence Up/ Down counter 325 is programed to
ideage tthr £82bi tid E M iQdct PYE @edi {Ptfes the-neptiree increment

sign%qgetbbboncﬁﬁtQXpyc%nE%qggr Qﬁtf99§ Mt i Hebhement signal.
persi stence Up/ Down counter 325 is a four bit counter,

Howeiverdi vé desl 4 heomaxiodumirepesitiiehipat erdme apfageor tdfat the

__eight, This, all . it tf_chi
i1 [ Tod 15 25ONBBE. " Fut fir SO HBF&Rent At tls Why HBGESTNt

signkQ c2pl uhesdigidsdd dahaoshgnalndt pekackimgdates v, khe OR
GHz, In this case, the 4 bit counter would yield a _nax
treer gpbf§iion 328t etof IBTSMESS Be’i désieddudi ngivhel of¥22, the

repe@ich ohePEHi d 1 ORsT alen pﬂéﬂ'rﬁéarﬁngfo&ﬁﬁégg‘g[&r g%ﬁy_lgﬁéin‘?é?tsely 2G

serves as part of the loop dwi dt
bitsl greger seountl vi@l ugows) t hexpeansi steacemdpeDewn acdonter. The

103 S PRSI S BN L8 O T H4ice oo

inpudi gkt ghadat arsi gnale r gkesiBreange U5/ vsed, dwawever, 3B for
there are stability problens the |arger count val ue of
furthie peresiedtidicd UgleDown tssbifiteror325 i sThevai ¢apets of  the

persistence Up/Down counter 325 are further divided 1in
frequency by the divider circuits 327 and 329 to produce the
INC DAC 326 and DEC DAC 328 signals. In the present
implementation this allows a digital data signal strobe clock
337 of FIG. 5 to capture the digital data signals from the DUT
at a rate of approximately 500Mbps or below for digital data
signal transfer between chips.

[0049] Returning to FIG. 5, the implementation of the
persistence Up/Down counter 325 1is a programmable three or
four bit Up/Down counter. The persistence Up/Down counter 325
keeps track of the relative number of increment 322 and
decrement 324 signals. If the persistence Up/Down counter 325
achieves the maximum count and another increment signal 322
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[0050] In sonme enbodi nents used on a tester 1/0
channel, it may not be desirable to track, or adjust
wo b@oso9she signal, while the tester is drivi nBCDUS2009/049320
sending signal to the DUT. In such a case, the
.persi stence counter 32 be di sabl ed ing the
2ro 1325 i braBl S SrONar 383 DkHen S IIHG cHiner dAtser O the
midploS n@n and 0084lieTherenbediamats ebnthRedr esponse: digist alo the
data signal capture circuit 140 of FIG 5 iTlustrate a

strofiengledpat-h- Foraraprdr icvgveirgieral 33@t a signdihy persistence
Up/D@%Wevggunk req¥ﬂglQEQ&%H%&N%thHHtgdz%ﬁ?ta%%%h%qen&?crement
data oy

the digita signal capture 140 circuit may enp
comrizhnel p¥2geagenerat ortl3lOpetrsansehicen Wetlrotci counted31825 is

and the OR.tree circuit 320 for the capture of digital
resedaii® ot GRAPECTRC mPLFBI 81PnEtE el Srite arp/Dovn  Sounter

325 automated feshcequippent SYsiem copnected tg28 DUT. 1f  the
The increnment signal output |INC 322 and the decrenent

persgisgralceoutpUPoDEC Bt a 3¥glie chepmeinney Be be three

traggfer f*re1d t.Q @Iltl p.LIe di_gital-to-anal Qg conyerters

bltSBSO on other |eg % afi Hallfjgssi %%% m(:"jziipt GPBEET FEult s 4%0. by a

factp@022] i@ afhd Sif tlock thagiamof U/ Tesponsenttgi 325 is a
data signal capture circuit_ 140 of another enbodi nent
four,fdrte Q%%sel@eﬁéi’é%? 806, Meré e SRS tort 18t ecate by a

fact%!rr%teigj&. afgli £ he1 OR LT @ReCilaGUIte 320 Qfod N& e off chip
digital data signal capture circuit 140 are enpl oyed
to HWeorliprionvddi g £heMbper emétt usiegnalp leutemita 1iN@ 52 angeed to

t he decr. nt .si gnal out pu C 524 to nmultiple
captiiite (0 it S har L eant nAY AIPAIS TR ef BEnl2 GHz.  In
thisazeryt ethd esthiequireddr system vilded phasex gesgeat 0ion rate
310, the transition detect circuit 315, and the OR
of FFTRERS r cuite BT Of TeRCHNG ttAlC dath §bgﬁalr€&&ﬁ%ﬁl§n rate,
L CUi cal | ive ref d trac
persfiehcl 0 B PR 3 p " SREVERt 840 B LRECEHe Loop
bandgenghataamt3®d,. t heh¢ r Aasgtronodetecta loiar cufi tt13d 5peandstence
t he

/e TbLes, chigUlt, 120, perat oo i, L g Oy [0053Leor o
two .0f NJ1&0R e dniLuids 320,.0ft theldd acker BOS-gBYLhbEdigital
brought to the boundary of the response digital data

datagj ghapal rate in range 1is wused, however, 1if there are
stability problems the larger count value of the persistence
Up/Down counter 325 is available.

[0050] In some embodiments used on a tester I/0 channel, it
may not be desirable to track, or adjust the strobe signal,
while the tester is driving or sending signal to the DUT. In
such a case, the persistence counter 325 may be disabled using
the capture enable signal 323 when an I/0 channel driver is
on.

[0051] The embodiments of the response digital data signal
capture circuit 140 of FIG. 5 illustrate a single path for
capturing digital data signals. However, in embodiments of
automated test equipment, the digital data signal capture 140
circuit may employ the phase generator 310, transition detect
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capture circuit 540 for transfer to other response

digital data signal capture circuits 540n (not shown)
w@R010002985 channel s of the automated test equi pPERUS200$149320

i ncr enment output 522 is applied to one input of the

xer and he decrenent .o t 524
Clrc&&ﬂliifzo “Bhe Pﬁpd? oFr?ﬁeCﬁﬁpPﬁﬁl ) 598. tkﬁ capture of
digikthar eneita | npnHl2 and amd@@&ﬁm@nt irpput 2Mbrdrels of an

applied to the response digital data signal capture
autogiatedi t t830 feom PRt resPeise cdingiecakddata st grialT - The

mcr%%%%%rteegbﬁ‘é%' to§€$u9f P&&‘e%éi‘p%%a"h%%e' ae%g&%ﬁt signal

aut oma test equ The 1 ncrenent
outpappl Ded t3R4A sé;‘coadlsmmgleof cfrﬂaeln@ul tmayem E(ianarf@krred to

t.he decrenment input 514 is I|ed to e secon np
mUlt&ﬁﬁ@he HHEEERprERer8169 [%%% tr%%lﬁ%‘ﬂt B Oh er glgltal

dataMdliynphexert50% and the sodgeut of the nultipl exer 510
are respectively connected to the increnent input and

[005¢He deédénent MSanutblafc]t hél garasi s@ién@erwmw ¢ountet data
sign%% t%l?g?ﬁ ltl é%& rsléQSé%?da%%%h% ﬁbéﬁif%ﬁt whﬁge the

advanci ng”or e naes str
phas@|0@$néﬁ%ﬁxks Geoermﬂnedtbynehelemteﬁf&dcu netesent 315, and
ut 512 and decrenment input 514 applied to the

the (QpoRoE diigiTh - d3E8 Signanccabtlind loi AebRt H40 Y offptuTe

c1rdﬁﬂ¥”l£@aﬁgg5%ﬂﬁf$§éﬁt@%rmﬂfﬁ§ﬁéi e%Bee%mdygﬂgnt signal
system or by the i'ncrenent "out put 2 and

outp@écr@ﬁémﬁaan@ud 52&3fdenrementrwﬂ@naBOOu@puthdﬂKI 524 to
nnel ho [ 0055 The ersi stence. Up/ Do
mu e e g3 8T e L e bty b Enal G Cver e of an
auto&%@edt ft%s(iebaﬂn@n%ﬁfﬁ;ntsﬁﬁﬁam andricapsimg e fhépe f4 0pr 331)0, the
function as described in FIG 5 , except that, if an
trané)%ttéloﬁlaldeitﬁ?c?rter?elnlfcqlﬁpﬁl%rﬂa%ﬁdtaécpgnérﬁeq er]LﬁCLSLM 320 of

e r ri 0
the |g| tc{ﬁ Baf0 sﬁgﬁ%ltali b Lﬂfe DUT £&$POR%Y éollectlvely

data sig 205, master strobe cl oc
refemgydbetvar eed acc@w&bk@ﬁtcﬂqqmctnamsnnﬂon§0@f dorot hepe of

s 8 (ohgesgonte Ut puL, slonely 209001, SLfEL 01 qecect
circsQffe 3aBhodinde s, oRhe rext @&&@blltngaam@terla&@utaSSlzl and. 5.

100535 O | R ement Tahepue | 5937 A oehe? ENEEY outpuc
524 of the OR tree circuit 320 of the tracker 500 may be
brought to the boundary of the response digital data signal
capture circuit 540 for transfer to other response digital
data signal capture circuits 540n (not shown) of other
channels of the automated test eguipment. The increment
output 522 is applied to one input of the multiplexer 505 and
the decrement output 524 is applied to one input of the
multiplexer 510. An increment input 512 and a decrement input
514 is applied to the response digital data signal capture
circuit 540 from other response digital data signal capture

circuit 540 of other input channels of the automated test

egquipment. The increment input 512 is applied to a second
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as described within the tester control unit 105 of
FIG 2 . The shnooi ng generator provides the increnent

wo ppoposBgynal 512 and decrement input signal 5BET/US2009/049320
nove the strobe signal to find the tim ng boundaries

. for successful .capturin he digital response .
inpug; el Coat DAL SEae FO0MN TRE s aite e KRl Boaput 514 is
appldenerat ethebyctche ot nagker cgoRhEOuGithguictkc52@10The

tracker control signals 525, |abeled as Tracker CTRL
(00543 FI GThe ougraltsguf celde f RohtiRéepart 808 gerertdtoroutput of

of Fl he ac co | S ave 4
thekﬂ?@?%%?%%ﬁﬁgglsgpe Fhﬁ%ti%%%gé?§£%§g$e,%%ggg?¥e% %S the
increekect of fignt chanhekheantkdreamentodepsel ectf . thee paabletence

si gnal causes enabl ed transition d ctor _tracker
Up/aoesnpcemaﬁs?%%o Sl PULfeRIRARTa 35{35 (@i 510 act  to
sele'sc;%SWH&:Héle AHCT S8Rt c £OHMBRAS0R i Rg IJICraent QU PUL+ robe

2 and decrenent conmands on the decrenent output 524
cloctko 3QT | oW tdrt DUE NG pal thes poriser vt pancsegralt 20ut 512
of all the oufputsi,gnals .of.the . .The reset .. .
and Hehone 0, SRE) PHUTPRD B0 OO PhG ehahtsr Sipitg! cata
signalll thetohannel scioc r &40 nfiromt hethesetchwalritels Thethin the

reset. value is a DC progranmmabl e val ue for each
autog@iiCer teThe CSELEBENSt Hofs camnelF Asé8Calinerfaligd output

522 i epeat gaukbiphexerspaQs sd the,degiemeitxer 500 of the
mul ti pl exers 510 to switch fromthe |ocal increnent

chanogtlputessisgpoains 522 and the | ocal decrenent out put
i,gnal 5,524 to the external, increnment inpu i gnals
100533 and e PHAGF SHNE S niaY EMGnar S B TA T TREDsq) ShE  Strobe
digietherocchannely funetdohet s 3B0,mathey dsed fereheackildzd, and
response data busses wth a separate reference clock

captirgnsniitht ol I8 oM@ heuBEFiomnPy CRE PG cifaniéi- oty Sxcept
thatfhleh LI . sepacal & &.0ed:s hehdg bggelyed Modement input

remai n using t ocal signals, ot her persistence
514 Up/Downoseuntiers 325 wfinchetlot hBUTchampelrsanidltput digital

receive t i ncrement and decrenent .co as the :
Gata) et @iisht 2DRputt S o RaRG decraar | FARGE oL f o tife varied
accogtianpeltJ ectd vi pgn hei separat anclacler Ther CONGIO41 response

functions for the automated test equi pnment contains

outpudgi elyhrat KMOBWsChny tée Tt helrerel §i fg reBpormggomated test
equi%%%%@gls to be the source of increment and decrenent

[0056] In some embodiments, the external increment input
512 and decrement input 514 may be from a shmooing generator
as described within the tester control unit 105 of FIG. 2.
The shmooing generator provides the increment input signal 512
and decrement input signal 514 to move the strobe signal to
find the timing boundaries for successful capturing the DUT
digital response signal output 205.

[0057] The select signal 515 is generated by the tracker
control circuit 520. The tracker control signals 525, labeled
as Tracker CTRL in FIG. 7, are sourced from the pattern
generator 110 of FIG. 2. The tracker control signals 525 may

have 4 bits to control the functions of enable, reset, select
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commands as the increnent input 512 and decrenent

i nput 514 and all other associated channels of the
waedlonexoetl t est equi prent will follow [0058] HE¢EUSI089/649320

node enabl es the increnent output 522 to cause the

decrenent . out put 524 to force th ersi stence Up/Down .
OthegouRERR 325 1B 1 By ¢ e Ger FBUBE - a oItk CAP Enapianal
causlas A If reguensy thahshsienesguacter thatciefr thegm@stercuits

oscillator 305. The train node command as one of the

500 t packer lcofifol C8RgREILS 525 cheses t hestiagkekheoniperement
iLr.cui actj v t.he ' j N 5 rai

Commgﬁ inéJl %alotnsgtglel gl rlo(:nrgeltnfrr:epnuét1 oo‘%&tﬁ#]e % %g? e§%%%é}ﬂ%{e g%@g%%ds on

the idputerodnt heuANDtgdia 585 ifsltlher itice eDBMAt dinpittal51Pesponse
The | ogi cal nmbination. of the train signal 530 and

CUtPthe RTINS i ﬂﬁuf‘tlélfhferfé%td‘f%ts ThE %e§§al‘:§)?e DUT. The

rese@le@mﬁ@ﬁdOHEBQESS|£WP|pé%@ié@énE@ngﬂQxﬁhﬁ sbiRPERY 325 of
of the persistence Up/ Down counter 325. [0059] The

all ttle nopdecls used nedugosi P orthicheradst ervadtucobe dihsckreset

307 int center of -the q]el ay. range .of the npmste
vALNG P ock 307 B il tioal eVl ce T | gAERE: | The e Se1ect
othelrogtie@hn€dMaianateisona 0f tdhedlreal nistgeaenb3tdand dilkeers 505

increment input 512 also issues a reset to re-center

and t1Re dPGFEarers- dnal 'od &oiRiet t 210330, ThECTH aif ACRpde g s1ocal

incr@RkYitapphi s Waere the gmst ergosgid | abekicyed @R8It output
vector select signal MPV 440 of FIG 6 are set to

signfdet B34 of02 thed ext8rnablMasterepseitl | atrt cpebeslperdl2 and
vector sel ect signal MRV 4 set a factor of .one i
the (Rese Tiht erEd S 19701 Scdeded hals narLert [UGR0) Channel
func@h@oi Y BF18AADDy phekll nghof tthekiegperseodfset ata busses
~ tester to variations in strobe placenent may be
withi np| ettt ettt Qs & frarangts of LeFkt her #rahht wode. L SHhositeg DUT -

14 Scsed. to. find,an; edge hy; pving.the strebe Along ;s pe:
on yluﬁttﬂﬁs ?%%nggpgpa?or %gloes Jeran#l?aqu F’%Sét %Q%as%o%gi.g L being
receslveoboi mg lgenercabdn, wstthogn the téstel cempnelsuni £#11050ther

of FIG | d i ssue succ i ve i reme or .
P Sqa5FBEnt Ve hdC 88 SERGt T Sfr OB poSlEForfagnels will
receR¥edHy ohéeshded anBUAtcrShEReI RGrERNMMNGS MBYe bencrement
i npl enent ed through tracker control 520. Since the

inpugnabld and £esicpMebde BiIdE oPl4 from the channel receiving

the separate clock. The control functions for the automated
test equipment contains logic that allows any of the receiving
response channels to be the source of increment and decrement
commands as the increment input 512 and decrement input 514
and all other associated channels of the automated test
equipment will follow.

[0058] The train mode enables the increment output 522 to
cause the decrement output 524 to force the persistence
Up/Down counter 325 to slip by the period of a clock (M4) that
has a frequency that is one-quarter that of the master
oscillator 305. The train mode command as one of the tracker
control signals 525 causes the tracker control c¢ircuit to
activate the train signal 530. The train signal 530 is one
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the tracker control signal 525 are not used when
shnooi ng, they may be used as the increnent and
waleawmmes: bits for shnmooing. As an alternati VECT/UR®09/049320
i ncrenent and decrenment shnooi ng commands coul d be
. el ivered the nul_tipl exers 505 and.510. [0Q06
i War S bR Hehte D e pLiSi STRGR. HPBbwR Toduif 1D gate
535 325 €edt rakkbRgnt hengdiugi tsal2 t 0- anakog epmer tesmSBation of
needs to have a(ProgrannabJe i ncrement and_decr enent
the \glade ¢fional D30 pnst @9 bzt rangnt ficrnt B2 sgenerates the
rr |y, i.g i_hcor t-e i bj t | -
e oS WAy Fangd i o L Use L o Gont 151 T hel§al & rP<nT
of tak thkeslieapncwhiUph Downt womnitepadlSs .l oop stability.
062] Not shown is a gain adjust for each of the
[00558@ t al'f6- EAdfod Conviet tH1%7 330 FoF ' &t 97 chapnBrstef strobe

clockhez gyt anmt edet esdnequi prenthsysieny Thengai noadjtust master
modi fies the output signal of the digital-to-anal og .
stropenvekeer s 3930 suchntifratlt héedetay arlangeesit -t he Tdel ayogical
el enent. 33 ches to 5% b er r al | e :
Combﬁﬁgﬁﬁgghéﬁﬁe?ﬁgogniﬁélagf%ﬁ%%e§%Pe§F%%qg§%mé%C%§h;%ﬁnlnput
512 Thisoi S desier able=ddt | nst ancesemher e the gépatal eto-analog

reference clock is transmtted fromthe DUT and
Conv§éﬁ§ﬁal3?ﬂput gﬁ&nnEFélﬂué?oqqﬂIl§M/?ﬂéYséﬂ5F5%§i where the

mast@?fHé%H%ié%éch%§f§595%§ channgl . sdheci ngh gABNt MEPU40 of
signals 512 and the decrenment iInput signals 514 being

FIG.semt ate tskee st@avéachampelas ol | 6wiaqrg 8he tMemisintiopsillator

of the separate r.eference I%ﬁg]n f@ to nove the track
cve1s; Sy T s A0 Cpant e TR TErEhee. ChARRGF oL CF one

is aleesisvicegtbhedsepanat gikeflekerc ecelaek riwirt.hi n 5%
%0063] It should be noted that in order to reduce
[0068dndwi dtHCoraddi refreftmeP theeaptar ed dilyi t aFSPespensd the

test%irgQ%l \%ﬁ'aéirb%él nG{ beg;igglpégeﬁé.rgpg'g%y qggh?rﬁlﬁleme%t'éed as

ecrenent output signals 5 are enco suc at t
a variansidn onf not tthmilrevedbde i ndistatoes richei @actised. thhisind an

effectivel %yts t he bandwi dth requirement in half.
edgeaRyi f‘}oéfr%éﬂyﬁ S R4 &ﬁs@%i%ﬂﬂ 4t S STRmER CoEpPare from
failGhCWd H40sdegs nat genesat® theck-AehHeNERt tQUPWNS22ester

and decrenent output 524 at the sane tinme. In sonme of

contggg unit 105 of FIG. 2 would issue successive 1increment or
decrement commands so that the strobe position is moved by a
desired amount. Shmooing commands may be implemented through
tracker control 520. Since the enable and train mode bits of
the tracker control signal 525 are not used when shmooing,
they may be used as the increment and decrement bits for
shmooing. As an alternative, the increment and decrement
shmooing commands could be delivered to the multiplexers 505
and 510.

[0061] In wvarious embodiments, the persistence Up/Down
counter 325 controlling the digital-to-analog converter 330
needs to have a programmable increment and decrement value of
1, 2, 4 or 8 least significant bits. Currently, designs
incorporate a nine bit counter with a 500ps delay range. This
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enbodi nents of the present technol ogy, the closest the
i ncrement out put 522 and decrenent output 524 can be

WO 2018042985 apart dependi ng on the size of the PCT/US2009/049320
persi stence Up/ Down counter 325. [0064] Wiile this

i nvention has .been particul arl hown and descr| bed
1s Yhisth YPef&rendd t etf%”erhb%% Nt S° e r BoFC i T wF R pgmpacts

loopUR@enstoed by those skilled in the art that various
changes in formand details may be made w t hout
[006ddpart Neg fatomt Hes s@u gatnandlsebpéost gapd of the digital-

to- angﬁ% tlggnygfg f NFQrI%ﬂJ; chéng gltqgqu%% automated

capture CIrCUIt or synchronlzatlon of
testrmmmmpmbmmgbyﬁtequencyhdl@mum aﬁﬁﬁBBI@bdhflbbethe output

di_gi dat I capture circuit conprising: ). .a
siongndidft BR Betudiar oS roig e o el Yysh e tne
dela$ anglg é%@' eheCapablhe OfersaiPl 339 aRd-hekditRd & or better

recelved digital data signal at a first tinme, a second

acrogisng L landiea thpwd chﬁ@neéﬁdoz Yehan assrdngtiext etest equipment

transi on det egtor onnunlcatlon with,the ita
SYSt§ira s#énal san% %ler %e eafﬁy?la e ??%ngﬁFlonqjge Separate

refe@eheet arl dagi Nigs conshsmct eddt 6roacehve saNpes ofvéhel input
recei ved di%ltal data signal at the first tinme, the
changgdsnd™t$ fre L odd@ ™t hele hisedahiorke aRATFFBRT e he asdei Yaference

chan%%ﬁp|eSngt%HBﬂE%éﬁtal§£§£e t@%@%t'S&QOQEHT%jﬁﬁt&@éﬁement
first time and the second tine and if the state

lnputnﬂﬁgnakm dtéubsibet weert the fhestsleiviee @mhidies t hptdowing
|ma a |ncrerrent and ecrenent ;transiti

the T B ke S s aret ST T CReEapFRndisEp o move

the atﬁséd]{)bpo@ﬁtuﬁyneﬂﬁe Ckhedi tanea eds wichbi nrderedi@l t @hannel
data capture circuit and configured so as to generate
receg vaPobéSsisgRalt A &s é¢ tor e Pﬂ@ﬁéﬂéﬁﬂtéﬁ@ decrenent
0063 jansi tIto%h%glqrc]ialb% ffamd hcenae@r'r}//é?é&t{@”?é&%é’@ bandwidth
et ect or a capture circuit constructe
requéapinene tdie dhglt@bt@aed:ﬁ%ymﬂabsrﬁgpoheesﬁn@@al 345, the

incr%%%%%lbutput signals 522 and decrement output signals 524
are encoded such that the transition, not the level, indicates
the action. This effectively cuts the bandwidth requirement
in half. Additionally, the response digital data signal
capture circuit 540 does not generate the increment output 522
and decrement output 524 at the same time. In some of the
embodiments of the ©present technology, the closest the
increment output 522 and decrement output 524 can be is 2-4 ns
apart depending on the size of the persistence Up/Down counter
325.

[0064] While this invention has been particularly shown and
described with reference to the embodiments thereof, it will
be understood by those skilled in the art that wvarious changes
in form and details may be made without departing from the

spirit and scope of the invention.

Page 25 of 37



2 . The digital data signal capture circuit of claiml

, Wherein the digital data signal sanpler conprises: a
w0 2@0/00293% tracking flip flop to capture and rRCHUS2009@19320

received digital data signal at the first tine and at

t he th' ti_ne; cond tracking flip flop to
captur IEEF&%&&Fﬁb%%chived digital data signal at
the Se@O@Qgﬁkﬁﬂ daRd G ilna 1t kiake utreackidag ifl iR f 1 op in

communi cationwith the first tracking flip flop to
Syncbé@@ﬁ@@tﬂﬁ@ péc@u¢@@edwgﬁt@u9@aﬁée§w§@§W'@aﬁﬂ@@éddaﬁa

rs 1far st u I e |
B oA e T L s
wherela)theadtgah&htd@Mad&m@nabrsamnbensﬁu@ther

conprises a_clock generator to generate a first timng
si gnal and &’ second1eititg 9&itgn & INiHe FETR ?ﬁecﬁpﬁ§ﬁe of

sampllli @n%!%%QBl%@saar@%@%%e@!Gﬁ%ﬁ%@qed%Eaa@e@%éun%%ehyflrst
- 90 fromthe second timng signal, and wherein the
tlmeal@cweg@n@réﬂ@e,l@n@o@né@né@-ﬁemﬁno@mde the first

timng S|gn§5 at the first tln%r%n%l%q%nt ird tine.to

the first fli'p flop tolggpture retain the received
commiingickbali othata t&i ghal dard teandecte @ ig@ar evinge etrhe thier st

timng signal to the third flip flop to receive the
earlﬁé&éﬁ@e&répéﬂﬁépnd§€§G§F@ﬁapeé§@t&P@&tépcﬁﬁg-FPr§€Celve

samp e@eo%th%tQ%%ggv%@tthﬁ%%lt@!E% %E@%ala%q %%%n?ﬁE%q time,
to provide the second timng signal to the second flip

the BbapndttHWe,S@QOndhE|¢®lﬂd.¢aw@ua@daﬁdome¢@enrehelved

d _di d h
e} R P AT a6 G Capelrs Crrcutt or EFAS The

firsthergien ahlie tear Ispcloate thimansind o &@be%ké&eCQE@hB§Q§o@
first conparison circuit in comunication with the
occugec bR vaRa tthier d 1fsitp timepsndo thenératre & ieansict generate

inc G € d%bqg%bnko E%%%Q%H%nt@%E'%H% % %%%!g'o%he state

occurre etween the first time and the second time to
trangenepat ecche réacreenent transition signal . 5. The

digitaldata slgnal capture clreuit 9t ¢aMed within the
digital data capture circuit and configured so as to generate
a strobe signal based on the increment and decrement
transition signals from the early/late transition detector;
and

c) a capture circuit constructed to capture the
digital data signal using the strobe signal.

2. The digital data signal capture circuit of claim 1,
wherein the digital data signal sampler comprises:

a) a first tracking flip flop to capture and
retain the received digital data signal at the first time and
at the third time;

b) a second tracking flip flop to capture and
retain the received digital data signal at the second time;
and

c) a third tracking flip flop in communication
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wherein the early/late transition detector further
conprises: a ) a second conparison circuit in
w@ommesat i on with the first and third flip fPOPES1009/049320
indicate that the transition occurred betmeen t he
st At and the third tine; i C Circui

WLt o it SR M f LiRe TPS(: mit oA o o aF S8R
digiGlaNCuists 0 qgeneaie e iaRCherert rsransiel oo rSis@ddlage

6 . The digital data signal capture circuit of claiml
untilf ihehdhigenpiingi-ng an OR tree circuit coupl ed between

t < ea%%%’%ﬁ%%t%ﬁa%%%%'%%ﬁ%%ﬁe%%%tu%%chQ%uﬁgr%Qeclalm 2,

adj'ust nent circuit he "st robe "adj ust me
whereiincihte ids gdanfli gured stigngénekaié ca ébmmhersc@m@klses a

ased on i ncrement and decrenent strobe si s from
Cloc?hgeéﬁr@Féé &or gePEraEe, aTﬁéréugFFQP“&a§ég 3ngpd second

timiG@PLULS aG1, F GhilctreQfy @@l Mi6 s WhEKign stibe 2Gapklr 8 phase
circuit is in conmunication with the variabl e del ay

dif felremert otfo apeceixiaattke ysindbérsngnat seoonttheimangablienal,
delay elenment. 8 . The digital data signal capture
and wheggip &Pecpépﬁ$ﬁgen®H€F€|nl§h€O§P€66€da&Pu§Fﬁ€ﬁ@e the

£irst HGWih MRSt @nk %1&%&5%%H%n%%dUR%QOW%l%%U%E%% to
coupl ed 'to receive the increnment and decrenent strobe

the iugﬁ&lill@ ﬁl@pd¢@|papimmea@awogecenmemberre@elved digital
ommuni,cation wit persi st.enc down counter
datal O 3 Pl S ) GLETETR s cman Cafon weRal
to thide tdiigidt &l-ito-rana ey Q@@%@ﬁbe&hbor@@b@&bdﬁdﬂ@i&%ﬂ data
oscillator strobe signal to generate the strobe signa
Slgn@éseépéﬁréﬁ-@ﬁtﬁﬁﬁ Of: eie tdMgi AL 5§ 4RAF0 G ESRY EFFethird

tlme, Wﬁgh%o%h%bkégngt r%bg%%'t%%P%%% n IEg%éetmee%]%EWE% the

erein the e circuit 1s coup t he
secomdaﬁéuplddo@eaect@e ae@ommetp@estgtem@eume/@@Wnretaln the

T e R

dﬂteCtQhef@ﬁth%Qtd@%@b%&g%%lcb@@KuQ%CbQ&c@QE e¥cleafn 2,
the received digital data signa
wherein the early/late transition detector comprises a first
comparison circuit in communication with the second and third
flip flops to generate a transition occurrence signal to
indicate that the transition occurred between the first time
and the second time to generate the decrement transition
signal.
5. The digital data signal capture circuit of claim 4,
wherein the early/late transition detector further comprises:
a) a second comparison circuit in communication
with the first and third flip flops to indicate that the
transition occurred between the first time and the third time;
and
b) a logic circuit in communication with the first
and second comparison circuits to generate the increment
transition signal.

6. The digital data signal capture circuit of claim 1,
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inhibit oscillation in the digital data signal capture
circuit . 10. The digital data signal capture circuit
w@R010/080983 6 , wherein the OR tree circuit conpPCBHES200€049320
) an increnent branch connected to receive increnment
ransition signals ftromthe early/late tra Slt I on
Furthere COBPT 1£1E |ﬁ@rleﬁﬁeﬁrgﬁéﬁuéﬁnﬁPP§ﬁﬁ6~ ptyregn the
earlRl/ukalkl ty-0fisebnaldey ccenneched thiei pil-ops B@ﬁb@@ment
out puts in communi cation with an increment OR circuit;
circpiy,apnicheherern ﬁhﬁp5¢ﬁ@@eh@¢0wgt@ﬁnﬁnﬁaﬂCUﬁt is
con£3AUY Rl LARNLLA aD QULBUL Qe AL LORN Bemens and
rcuit, i'ncrenment I|p-FI a cl ock si gnal
decremput Bﬁr@@@ﬁﬂﬁ@@@ﬂBOﬁr@hﬁhh@ @Rvmde@ @hm@bl$|gnal and
havi ng_an out i n conmuni cation with an increnent
'ﬁput ﬁéggéﬁéuéééﬁcélﬁﬁﬁ oWAPLHERt ErFCatd BTy caaim 6.
wher@%%r%ﬁ%n%a%%%Q%hCQQQQQQt%@ Lo reariuve deeeneith the
transition signals fromthe early/late transition
varidétlecter aane lprevitdé oca réeeriarenth csisgrabet ¢ iwhel from the
%r3|st§nce ﬁp/domn counter, the decrenent branch
varla a
fla plurality of serially connected
f@upfl@m& @a@umglo@bm@tglgaaple@pt@r@ decrerentfORlaim 6,
circuit; and 2 ) a decrenent flip-flop in
Wher@éﬁnﬁﬁ@céﬁr8ﬁewaﬁﬁUéﬁméﬁﬁ Gﬂr§Pth€OH@éﬁ§ﬁ§nt OR

circuit, the %%%%%@%%Ec%‘b%/%b%% haviRg 2 cheek signal
I nput |n conmuni cation with the divided clock signa

receane haviengnameoetputndn deonremendatsitawogi Bhgaad@crenent

[ t of th /d
i g1t aP)dat & BRGRAT gt i B EE GO OF i Afwegghinication

withWiekepd ra iReRnicav epl/ddgnodbpit «of; thel i ncrenent
flip-flop and an inverting output of the decrenent
flip fldp areVedipled C6lay FACHEREN b CaRERAND tgale v ith

the @?@-qur%'an a0 IRy eLting %%tp%%_gftt%engg% %”%%Elllator

an i nverting output he i ncrement
strobb|51QMaﬂ are geoeplaee t@easdE©teangnbdabaheﬁNlngameputput

he |ncre nt braqch AND %ate and t he decrenent branch
of the dlglta -to-analog converter.

9. The digital data signal capture circuit of claim 8,
wherein the OR tree circuit is coupled between the transition
detector and the persistence up/down counter so as to receive
the increment and decrement transition signals from the
early/late transition detector for a set number of clock
cycles per cycle of the received digital data signal to
inhibit oscillation in the digital data signal capture
circuit.

10. The digital data signal capture circuit of claim 6,
wherein the OR tree circuit comprises:

a) an increment branch connected to receive
increment transition signals from the early/late transition
detector, the increment branch comprising:

1) a plurality of serially connected flip-
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AND gat e being coupled to the persistence up/down
counter. 12. The digital data signal capture circuit
w@R010/080983 6 , wherein the persistence up/ down POLYOBIN9/049320

is a programmable nmultiple bit counter adjusted to

limt a repetition rate of .the .recei.ved digital data
£lopg BRXN91 §UCPRE oG CATTHAR S SiGRal \ELpElr d"ERFEETE OF
circelidi:m 1 further conprising a tracker controller in

conmuni cation with a pattern generator to receive a .

tracker confrol sigRAICTEAENItNEOMPUAILORt POV WSt Rt Reput 1n
commr @Sl kion . 4¢ e%%%u%g)%t.t e strohe %‘é@.‘tﬁ%@t GLIGUL the

o position the strobe signal as a function of the
increnmackerf 1dertiriol $iagnaly. al4.]ocAn aubordt edptestin

equi pnent system conpr.i si ng: ) .a plurality aof
Commal%gicealoalafétiﬁ Gnée&Fture® T dPr8 s gncs AHPENPE Ay EPUE
in coggeinved tdigl talndata jsi-graks of nema Blrurall ter@fi stence

channel s in conmuni cation with a devi ce-undertest,
up/d@a@hC@ﬁﬁﬁﬁé;dﬁ@ﬁtal data signal capture circuits

compri ghng - Lol a-transition detector comprising. i )

a di gi tal data signal sampler capable of sanpling and
decrialditng rankeeeiovied idingiltsalf rdat ahsi gaall vatl aa<f ithhsition

time, a second tine, and a third tine; and ii) an
dete@&PFyFP&t@rPW&ﬁ§i@!@ﬁcaéﬁééﬁoﬁlﬁﬁaéoﬁﬁuﬁp€apﬁéﬁ%ﬁtﬁﬁce
up/doe dicgintal data signal..samplehcnt hegarnlyhlat e

transition detector being constructed to receive

sanpl es of tlhe receilvedldityi tdl seatia ldivgrannatctehle f1ip-

first .time, second tinme, and the third ti and f.rom
£1open B3 PSP EEAp < PUS e e e A6 4t 81 FaET e ran and

occurs between t he dkichshehitmE 1apd 1@ Secerehriinie adndn

~if the state transition occurs between the first tine

withapd OREPURI Pd thre derd cgenér &Re Cithcréfrentthgngecrement

£1igROCETEIL et on, Shgnahs Desed LIRSS o i
the tlovtikledearllogkl atigntrlarsict hewidet ect outrdt) ia somolbeication
witha%i%%%g%%%n%ig%%h% %%u% %dp%%sgg%ence up/down counter.

11. The digital data signal capture circuit of claim 10,
wherein a non-inverting output of the increment flip-flop and
an inverting output of the decrement flip flop are coupled to
an increment branch AND gate, and wherein a non-inverting
output of the decrement flip-flop and an inverting output of
the increment flip flop are coupled to a decrement branch AND
gate, the increment branch AND gate and the decrement branch
AND gate being coupled to the persistence up/down counter.

12. The digital data signal capture circuit of claim 6,
wherein the persistence up/down counter 1is a programmable
multiple bit counter adjusted to limit a repetition rate of
the received digital data signal.

13. The digital data signal capture circuit of claim 1
further comprising a tracker controller in communication with
a pattern generator to receive a tracker control signal and in

Page 29 of 37



OR tree circuit, the strobe adjustnent circuit being
configured to generate a strobe signal based on
wo paweomas and decrenent strobe signals from t PET/OR009/049320
tree circuit; and 4 ) a capture circuit constructed to
capture the digital data . si.gnal using the strobe
commg LA ohg i iy Grarid et Ja e paene TSy SPgmEGE Obe
adjushaicmtl4iwheriel ndt ke ditgichak ndata rsivgnali osanplker a function
conprises: a ) a first tracking flip flop to capture
of tamditeraikert ketegeei védnrdilgi tal data signal at the
finst ti t hird.tinme; ) S s
t Facki %@"%U?%“F?%S fee Stqglrl%’&“gﬁﬁ PR A e tnos
di gi tala)dat a gilgmall iaty tlfe ddedand tiane; sdntad kadture
. third tracking flip.flop in comrunication with the
CITCRltSt HOoraSRIAG TP G PP SC6 WECe Ve HiRe Faca) veégnals from
a pldightialy, datarsigrals Gapturednatatthef st b fR itk -under-
storage until the third tinme. 16. The automated test
testequeigpment. $yst dmodftadl diamel 5 ionadr cieptire dilgictidlt sdat a
H%Q%I,sanpler further conprises a clock generator
hat 8énerates a first timng signal and a second
timng signal), waereianstihe oh Ket elitirng osipgnalinkas a
phase difference of approximtely 90 fromthe second

tinmng signal, ard %h%%%&%é%H%a%?o%kg@%%eﬁ%ﬁQ%e¥scapable of
sampdAMREEHed hloQ cRMQV iade e Vil st NG gl.gnalyral thea frirst

first time and the third tinme to the first tracking
timef,| iep sklcopct ¢ loept ane andhietaitnmehe anelcei ved di gi t al

data signal and connected to,provide the first timng .

STgnal To the third 719071 OplT s r oL@ vart e Foce veg 17
comm@lin@ickhali cgatia t3i @hal deaptunedaat tshenkilr stnddiiee,f @he

storage until the third tinme, and connected to provide
earlynd ag€c dAGEIFIRG SiEGRATC oo PEREIs €0H1Ed TGS Sf [Eep raceive

t i : Cc re-a retain _tthe.r [ :
S T Y Ao oAl af orhe lsaosha el 15 he fiter rine,
secoadt amated ahelstt hequihpmentt isystem dfrool aihm Ieceitlredeismmples

the early/late transiti.on detector €9 rises.a first .
determine 1f  a state transition occurs between the first time

S
compt

and the second time and if the state transition occurs between
the first time and the third time and generate increment and
decrement transition signals based on the state transition
occurrence;
2) an OR tree circuit coupled to the
early/late transition detector;
3) a strobe adjustment circuit coupled to the
OR tree circuit, the strobe adjustment circuit being
configured to generate a strobe signal based on increment and
decrement strobe signals from the OR tree circuit; and
4) a capture circuit constructed to capture
the digital data signal using the strobe signal.
15. The automated test equipment system of claim 14
wherein the digital data signal sampler comprises:
a) a first tracking flip flop to capture and
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conparison circuit in comunication with the second

and third flip flops to generate a transition
woeecaune®ate signal to indicate that the transiPCDNS2009/049320

occurred between the first tine and the second tine to

enerate the decrenent transition
retalet CHat G CHOSE GPRTEH Coyet SrheoR e Pl IFE7 £ vhifer Gife and
at thkerearykliake transition detector further conpri ses:
a ) a second conparison circuit in comunicationwith
the fiPst afrdsekiond firiagkfingps e ifAdiPc &Ce CERAT rEha@nd

reta%ﬁ??%'tf%gqu%gr %%1Q%H“%Sﬁat%§g%'ﬁs% t%% %%%o%%?tlme,

I'ccir i'n communi cati
and Wth the first and second conmparison circuits to

generate the increment transition nal . 19. The
aut omatéd t@sﬁhédﬁl6ﬁ§ﬁ#l§@SFéﬁPo¢ﬁ€ aﬁﬁnf@mmWﬁéFéFﬁon

withi R@SHiORe adlustimentr 16kY GUich, GOMLIS8%e &hk &eceived
persi stence up/ down counter coupled to receive the

digijtpadr dagnat sandadecesmamedstitobdcsifgralts tiye) far storage
dl %}al t.o- analog converter in comunication with the
unti rd Fﬁ
perS|stence up own counter; and c ) a variable del ay
ell@nentrhien ac@RMdRticCaticat \enqhhptnlee tdisgistralr to@- analieg 15,
converter to adjust a master oscillator strobe signa
Wher@d“géﬁ@rgﬂélﬁﬁé SPrebE18Pghals SHRIET SHIARSGuCpIPLafes 2

cloc&h%e%bg'%%l %%a%n%E%%r%Q%%ert% IS%OtlEH%ga% %%%ﬁe%nd a
test equi pnent system of cIa|n119, wherei'n the capture

secogidr ¢uimti nigs silgnednmuiecatinon hai tth rstie tuaringblse gdellayas a
element to receive the strobe signal fromthe variable

Phasqefiay TEIERER OTo EPPTRE AEGEL 6" t 650" equf phieRP Sy StBHIY
signdll, CLAdM LS MNLEN RS BHEER O Gl bobh LUl ¢d

bet ween transition F cand the per si stence
provupled diwe iomﬁtemisdn@ssn@neécemvehehélmnareametaaddthe

enasgGiEent Liansition signals, tom the earlyate o
retaP@r te¥cheefi vilie dieceived dizgistahhdatassicanal ted to
provide the first timing signal to the third flip flop to
receive the received digital data signal captured at the first
time for storage until the third time, and connected to
provide the second timing signal to the second flip flop at
the second time to capture and retain the received digital
data signal at the second time.

17. The automated test equipment system of claim 16,
wherein the early/late transition detector comprises a first
comparison circuit in communication with the second and third
flip flops to generate a transition occurrence signal to
indicate that the transition occurred between the first time
and the second time to generate the decrement transition
signal.

18. The automated test equipment system of claim 17,
wherein the early/late transition detector further comprises:

a) a second comparison circuit in communication
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inhibit oscillation in the digital data signal capture

circuit . 22. The autonated test equi pnment system of
w@b@aom2k3; wherein the persistence up/ down couPCEUS1089/649320

programmuabl e nmultiple bit counter adjusted to limt a

. ,repetition rate of the received digital data signal.
wi e R Gt 68 rEoE LeGet EySt B CaE oo P e
trandheneinn che rdiedi thak wdaha tsicgFal: scapti e 2@l Gliet third time;

furtherconprises a tracker control unit in
and comuni cation with a pattern generator to receive

tracker ,contraql. _signal I I I ¥ :
transi%?on ée?@@?gr%gﬁ %?%elgt%%%gﬂgéﬁégﬁﬁghyh%grg&%tflrSt

and tsecposi tioawatrie osit dkeusitgnalo gena rldrcttihen iok richent
tracker control signal. 24. The automated test

tranggitgreftt98y<tem of claim 14, wherein the digital data

siignal T¢aPLukenGickeUitk FULREHEONPERERSM of claim 18,
|ncrenent/decrenent selectop circuit in conmmunication
whengiiinh takl stthhebgl acalisttyeoft dilgicralt dar@rsisgal capture

circuits to _sel ect one of t?%gincrenent/decreq%%tto

. . A a persistence u wIl. counter  cou
clrcult for ncrenEnP]ng g ecrenenting thg

recepeksi shenceceemaher ahasedcormanst atteodk aiseleet:i on
signal. 25. The automated test equi pnent system of . ,
clai m 24, wReféi%h tan TitRePEREREl FEEVEFERE $8) eomgpnication

withCE%%Ub%r%%s&%ﬁk@eth@o%%”%%%&%%&Uo%d@ ;hin a shnooi ng
generator within the tester control unit for
i ncrement i ng orrdebleneletliayg etleradjtust chemstrighéion with
si.gnal . 6. A digital data signal,.capture t hod for
the SiRIREan05ea B CPnaetves iPnariP R, o et el gocifidator
stromet Radneampui Sjen@rade) tdet ectiong riansilt erRSdobnaan output
received digital data signal, wherein detecting the
of theaddidtitens teomprileds COTVEIE§&Apl i ng and hol di ng t he

o0 VIO O £ Sl Bkl T ateeens
wherstiat ¢hter arpgitiren caccuris bet vieeotimerfiicasti oni we thndhiehe
vari%%ﬁ%n%eﬁggee %m%%&“%%nreceive the strobe signal from the
variable delay element.

21. The automated test equipment system of claim 19,
wherein the OR tree circuit is coupled between the transition
detector and the persistence up/down counter so as to receive
the increment and decrement transition signals from the
early/late transition detector for a set number of clock
cycles per cycle of the received digital data signal to
inhibit oscillation in the digital data signal capture
circuit.

22. The automated test equipment system of claim 19,
wherein the persistence up/down counter 1is a programmable
multiple bit counter adjusted to limit a repetition rate of
the received digital data signal.

23. The automated test equipment system of claim 14,
wherein the digital data signal capture circuit further
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the first tinme and the third tine; and 3 ) generating
one of an increnent transition signal or a decrenent
WO e@ans9BdN signal to provide an indication of PET/US2009/049320
position of the state transition bet ween the first
me and the second ti bet ween the second t.i
Compéﬁ&eﬁhé {£HAFEE T OP AP PP&& a"strPEBE S &P“b&é&geén
pattEh® 0Receh thhe tionGkerdRt Akt eRnsirgnals ighaliheénd in
decrenent transitionsignal ; and c ) capturing a
comm@mgpeéuoeawateagﬁelt§e@eet9@mueeéﬁc¢ﬁé eaceityied st robe
adju%E ehgl g%%%l%l a%ogﬁkqg Q%esg %%%es%qg%%l %é T%%nction
wherein sanmp the recei
of tdegm&abk@atao&mg@alsa@nbhe flrst tinme, the second
tlne and the third tinme conprises: a eneratln% A,

fiffst i AY CSMGHEL &Rd ta SSECERAG ﬁﬁﬁ&e ghalclat

wher8her R Wheiflanshskamsngrshgrabchas aiphase difhherence
of approxinmately 90 fromthe second timng signal; )

compgﬂ@@ﬁd@ngnpﬁem@mﬁiﬁepwﬂm@@tsﬁ@d@pt@ﬂ pheCMuﬁsﬂntlne

and the thir tur nd retaln t cei ve
Comm&nlcggﬁoaata%5|gnal andt ggﬁﬁeé%gd to &&F dthe £i'rs nal

captbm@l@grﬁmgma|tbOs@&@@tV@nbh@freméii&@r@mgmkabe@ab@ent
si.gnal_ captured at the first tinme for storage until
Clropfe st Kiord iCkeMeRrd g PpFoviteitg HiRe $8CoRGEitmitRgCe
counte@N@asdt Lhe Second Lidme ta)captiure andhetain the
received digital data signal at the second time. 28.
Tﬁé neﬂh@da@ﬁombaemxZestf@ﬂbh@meeanﬁWBeemgO¢r@&@dmn@4
n one.of th &zcrenent tran |t%on Sl. g %

v ereﬁ&n@ﬁt&ﬁc&ggﬁg RECEERRAT © §ﬁ or Suéﬁdlﬁdjﬁ§tﬁﬁ§ in
comm@ns te@hens vgrali nbas etnrone hemerheand cdecrienent tskr eketer
signals fromthe OR tree. 29. The nethod of claim 28,
contygm repﬁtaépﬁsﬂpﬁ§e§e§ﬁﬂ@6eO§|@ﬁ&ﬁeﬁﬁ§§dn@néﬁeﬁ@ﬁpsén&he

strofiecrement; strobe signals fromthe OR tree conprises
provi ing the increnment and decrenent strobe signals
oﬁ6theralgneeltdaaapensmaﬂeneetmmenhemh@mdfbhe out put

e rsi stence OU er. t.o el a II‘C t
sync%&P&g@a?ﬁgn of rece%ve dlglta% %atays%gna t%e method
comprising:

a) detecting transitions of a received digital

data signal, wherein detecting the transitions comprises:

1) sampling and holding the received digital
data signal at a first time, a second time, and a third time;

2) determining whether a state transition
occurs between the first time and the second time or between
the first time and the third time; and

3) generating one of an increment transition
signal or a decrement transition signal to provide an
indication of a position of the state transition between the
first time and the second time or between the second time and
the third;

b) adjusting a strobe signal based on the one of

the increment transition signal or the decrement transition
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strobe signal. 30. The nethod of claim 29 wherein the
OR tree circuit receives the increnent and decrenent
wWo eansBdN signals fromthe early/l ate transi PCDNS2009/049320
detector for a set nunber of clock cycles per cycle of
ge recelved digital data signal to inhibit
signgdéi PP&tion in the digital data signal capture circuit

. 31. Ehe methedafhoClhaiimg28aiwWierel Rigener atRe value of
t hestrobe signal conprises synchronizing the strobe
the\mapﬁlWﬁ@-ﬁé@eﬁ@édd@ﬁguﬁa@n@ét@Sém@néhes@@ﬁObﬁaﬁlgnal

db@'ta%h%a %t%b%n% %h%&?h§%|%%er% g %%%%? aﬁ%yreceived

béet vieen j ban € receive
dig1$egndbta3%1gAaﬁebhodhboﬁlautomamecahh¢ tsestbinag time, and

el ectronic circuitry conprising: a ) capturing and
the {Prdhr diiMsi RGTPEdERVEd digital data signals froma

plural ity ofycghannehg ian fGOERURIGALILOR Wk @nd a second
devi ce- under test conmprising: 1 ) detecting

timlm@aﬁg@m@énsW®ﬁr@l@e@@ﬁvédr@ﬁgmﬂ@un@aﬁag@@gnébs wheheiss
detecting the transitions conprises : i Ilng and
t

A1t fRGrdiCRg héppé8§ﬁW€&e&ﬁgPpglfH%@atg?gﬁ%FO%? Blipipgtstonal;

time, @) SeC%@%vﬁHﬂ% and &ithRir ditine; diighadeter mhai gyt
whet her a state transition occurs betmeen the first

timet iamel ahe ﬁh@r§e¢on@ ﬁpnea@m@r@eﬁwéememhenfwhgtrep@eved
th thlrd ii) generating on .
a1gi 3 HAEa SibHa Bk, gk e R e TR i3 giming
sign%ugm@lrb@e@w@vw@% &@cbﬁ@b@aﬁh@ﬁt@ﬂ dapesistiben 10kcaphered at
state transition between the first tine and the second
the tfilge to 1BEL Woen Sthé 2gec oRd 1t e Caid itRe HRE dang! )
provi digg tRe.ona:0f the RekamRl Lransitihon siongl

or the decré&nment transition signal to an tree,;
second time to capture and retain the received digital data

signal at the second time.

28. The method of claim 26, further comprising providing
the one of the increment transition signal or the transiton
decrement signal to an OR tree and adjusting a strobe signal
based increment and decrement strobe signals from the OR tree.

29. The method of claim 28, wherein adjusting a strobe
signal based increment and decrement strobe signals from the
OR tree comprises providing the increment and decrement strobe
signals of the OR tree to a persistence counter and the output
of the persistence counter to a delay circuit to adjust the
strobe signal.

30. The method of claim 29 wherein the OR tree circuit
receives the increment and decrement transition signals from
the early/late transition detector for a set number of clock
cycles per cycle of the received digital data signal to
inhibit oscillation in the digital data signal capture
circuit.

31. The method of claim 26, wherein generating the
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3 ) adjusting a strobe signal based on an increnent
and decrenent strobe signals of the OR tree; and 4 )
we@aph0iosy) a digital data signal state val ue oOPCT/H82009/049320
recei ved digital data signal using the strobe signa
t hod of claim32 wherein mplin
St roP s GRd LGP AL Aot SRCGRar (2L TEE B PE oPemiL SPhahe
receS®eONdiliing,] anRdat ke ghhilr dulthm heenpligsesiadhta signal
generating a first timng signal and a second tim ng
statgi gaale weedeitective fildse vt Pritgesi graltea®aadshade the
ffer f r tely 90 fromthe second tin ng
recegﬁgﬁaﬁﬁgg%fq d%@%d%ﬁ he first timng signal at the
fisest i metand tthe enmb@atumelﬂ@-meetum@ ane crebaiin
the received digital data signal and connected to
Clrcﬁﬁ&?ﬁd&®@ﬁ§l§l t timng signal to receive the
recei ved di gisah daka sl @,@Jnc%@ewze@hgatretcleevfeldr stigital
time for storage until the third tinme; and
datapﬁe@m@dﬁgfﬂ@@.@e@dwdaﬂuﬁwn@fsp@@ameéﬁ ﬂﬁec§@@@@d0@¢ﬁ@n
witht cagtur_ungd r% a|n the recelved digital data signal
at” Fhe secon S35 e SmetHod of claim 32 further
conprising: 1a ) @bme@tn@gtmeaeEnQbenel@mab by ceived
adj usting the strobe signal by predet er m ned anount
dlgl&ﬁ& detér FiLArag - pﬁ@@é@ﬁnsgﬁ§@FF&P9yt@€ fhenséddioved
comp@iGital data signals; and b ) selecting between
detecting transitions of the received digital data
signals and the shn@@mp@pmg a1 @Ql@b@gSUgﬂaie¢e$M£ﬁon
t|o . t hod of cl.aim
sio135T (pEpeieiBaiuet fg 4 16T 6ECE; Gnaf BACed 0t AES 2
thirdnernewent and decrenment strobe signals fromthe OR
tree conprises providing increment and decrenent
strobe signals fridminecOR}e Torhperaisterretransition

occu%%“%%%%e%%dt%%efq WUt 50 Lhe B eS%%E%% etﬁ%%”%%%.%%t%een
lay circuit to adjust the strobe sign
the first time and the third time; and

iii) generating one of an increment
transition signal or a decrement transition signal to provide
an indication of a position of the state transition between
the first time and the second time or between the second time
and the third;

2) providing the one of the increment
transition signal or the decrement transition signal to an OR
tree;

3) adjusting a strobe signal based on an
increment and decrement strobe signals of the OR tree; and

4) capturing a digital data signal state
value of the received digital data signal using the strobe
signal.

33. The method of claim 32 wherein sampling the received
digital data signal at the first time, the second time, and
the third time comprises:
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a) generating a first timing signal and a second

timing signal, wherein the first timing signal has a phase

difference of approximately 90° from the second timing signal;

b) providing the first timing signal at the first
time and the third time to capture and retain the received
digital data signal and connected to provide the first timing
signal to receive the received digital data signal captured at
the first time for storage until the third time; and

c) providing the second timing signal at the
second time to capture and retain the received digital data
signal at the second time.

34. The method of claim 32 further comprising:

a) shmooing the strobe signal by adjusting the
strobe signal by a predetermined amount and determining
pattern sensitivity of the received digital data signals; and

b) selecting between detecting transitions of the
received digital data signals and the shmooing of the strobe
signal based on a state of a selection signal.

35. The method of claim 32, wherein adjusting a strobe
signal based on the increment and decrement strobe signals
from the OR tree comprises providing increment and decrement
strobe signals from the OR tree to a persistence counter and
the output of the persistence counter to a delay circuit to

adjust the strobe signal.
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