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WO 01/ 33240 HI GH RESOLUTI ON SKEW DETECTI ON  APPARATUS AND NMETHOS ARR ZB#
2004 wB@1Bs81800/ 28999 FI ELD OF THE | NVENTI ON The i nvent porrusml8éses general |y
to automatic test equipnent for testing sem conductor devices, and nore
particularly a high resolution skew detection system 10 and nethod for
timng calibration and/or timng verification on the equi pmrent. BACKGROUND
OF THE | NVENTI ON The manufacture of sem conductor devices invol ves nunerous
processes that are [oTeTal I ] t hroughput and devi ce
yi el ds. One of the @?ﬂb—sﬁ# éﬁ “ﬁEﬁ—E@eml oys automatic test
equi pnent to confirm deviABPﬁMTUSn@HDtMETMtests are often perforned
both at the wafer and packaged-device levels. Cenerally, the testing
procedure includes the application and capture of tester wavefornms to and
frob each device along tester channels, and a determnination of whether the

"captured signals match expected val ues. The tester channels enploy 20

transm ssion lines to couple the tester to the DUT pins. In order to
successful ly test a devi COELROE THE INVENIION gnal s that are applied to
the device Hﬂ:@inﬁdrﬁﬂﬁr@la&bgéﬂeﬁﬂ%%ﬁtoﬁﬁnb&&?ecﬁﬁﬁh ﬁrfbftéstu?g:] preci se
timngs. rel‘ﬁltlved ’eﬁaﬁh ot her t] éﬁl Sm.SSI 0 es that route the

t oot or SRR oS BB g Paiopy g R Ry SRR SRR Sl | but
i rpbor t andt metiodtfor imiied calibrdtiontané/op timpeyedrificatidn aethziqtﬁpmeﬁﬁch si gnal .
Consequently, in order to accurately control the signal timngs, the

del ays for each channel oenerall nust be known and conpensated for. prior
to test in a timng B£ NVENIIONY t he prirrary ways of

) determini ngm@ﬁ;diﬁtaeatryefme@ﬁduéetaaﬁc&%m&étn 6& 6 i nvol ves
driving si s al o each channel transm ss) on maasurl ng the
rel ati é%ag%@wgg {9 maxigige, thropshppt a“érdeglﬁewd@l@letq{éh@ﬁ% are known,

the ti mpmgfanf PoceGeps iegipidys eamnMc naequipaéado tonfahi @evidehe edges as
t ccnni eiorkl TR est 3 50 LFpit i of e AR o pa e P ufene et ween
pr opadevdlngGersraly, the tpating proFedure inghydeethe application had capiwre pbesiear et hods .
for  waveforms to and from each device along tester channels, and a determination of
whether the captured signals match expected values. The tester channels employ
20  transmission lines to couple the tester to the DUT pins.
In order to successfully test a device-under-test (DUT), signals that are applied
to the device pins along each transmission line must arrive at precise timings relative
to each other. The transmission lines that route the tester signals to the DUT typically
vary in length, contribuﬁng small but important relative delays in the propagation time
25 for each signal. Consequently, in order to accurately control the signal timings, the
delays for each channel generally must be known and compensated for pnor totestin
a tlmmg calibration procedure. :
One of the primary ways of determining the relative signal delays between
tester channels involves driving signals along each channel transmission line and
30 measuring the relative edge-to-edge timing variation, or skew. Once the skews are
known, the timings for each signal can be manipulated to align the edges as required
to achieve the desired timing accuracy at the DUT pins.
Many technigues are known in the art for measuring the relative skews
between propagating tester signals. For example, one of the more popular methods for
35  detecting skew, commonly referred to as the Vernier calibration technique, employs a
D-flip-flop-based latching comparator. A target signal is input to the data port of the
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35 detecting skew, comonly referred to as the Vernier cali bratignﬁ APR 200%
t echni §¥@01/333# oys a D-flip-fl op-based | atchi ng conpar aP6A/USARIPYet si gnal
is input to the data port of the 2 6 APR 204k WD 01/ 33240 PCT/ US00/ 28999
flip-fop and a reference signal applied to the strobe port. Using this
techni que, the reference signal sinply latches a high or Fow val ue based
on the slﬁé;wﬂop andhe rtﬁmcnc&;siglﬂbpphﬁyo thesi sngbcapmmf Usimgdls dehiniquat e with a

li ght | : b ti b
Gat her caréitte %@f%&%ﬂ? Gt Fhig! dFRow R bR anAROUE LEARRAR 1 00 TR0 O
skew. An@‘gh%lﬁ Bmusmglads emg@asctﬂé@wrmmsmﬂydéﬁ@mg fﬁgwnemo@mpoys an XOR
gate g&!ﬁ@h \thé rhaBbn Eah 19 caliebdd forh HRPSuIEHS BeRfmideahdRAslveADI01 -

Phase/ Frequen c?/ scrl m nat or aval | able from Anal og Devi ces Corporation.
Thi s T onBegwtidenf sHuces a si gnal with a varying pul sewi dth based on the

s kﬁ%v magni t Udﬂn@ﬂwﬂﬁiﬂ—ﬂ@ﬁbﬂd&d maniqh g ﬂﬁHe&k@rYg fkeledmhplpys Mhmnalgaé | Bc |
conbi nati on this ide. a si gna
repres en?quﬁbe\gt‘ﬁgh F&?}gg{tng E’Rﬂ%’ &g%dej%@(ﬁﬁ’ e@Hg}ca e punp
conf i gurBiscrimithtorcavialialsle ﬁbm/Analeg\Dbhees Gdtpwandmt Ehisiconstawhiene, proposed by
Fel dman,__ut,i [ I Rar. di sposed
at the &f?gﬂ%ﬁsﬁ?%%@la iﬁ’ﬁ%‘é‘ﬁ@s‘”‘%r@s J ér}'gtg J%ﬂ}aﬁﬁlt?&h%% v% reference

si gnal dchosigsakskewfpolasity.| ems¢®ntcnmbmtlgemtb| aphatgefpyoes thissirolr port. The
DATA pord’gﬂ ggsgmgbﬁdé Qv E‘i@ﬂéﬂ%ﬁ@éenﬁhé ﬁl!é'lévePBPsrk%w ectel)i S particular circuit

has an enefit i_n_that" nost he vo dependent el enents such
as curent soubERlr O%X%QWEQB'&EFP@ t&“rﬁesﬁ'gi?éagw%la&f’#\?’éﬂiﬁ%onstant
)vol tage deielib schiethe, bmﬁbseﬁmﬁdlﬂmmuﬁﬁﬁesa@umemqsm fligpflopmética 20 Wil e
the fli p flop ba d sk Wéget ect{ Oﬂ}?ﬁﬁmﬁ desc bed ab(]‘vtﬁl ta[?]e benefi ci al
for thei gﬁté‘ﬁﬂ’ 1"' i s 2\ %“’{3% &3P r anges
becasse reﬁfemeslgaaladimdhstﬂ;qﬂlpfﬂqp whibrthe Tnget sx@ahﬁeedsrtheﬂﬁﬁtparha'fhﬂ:t eristic of
flip-fl QG ﬁé?:ﬂl ult, at

hi gher ?@Eﬁi’ﬁwgéd‘%o erg &hbﬁiayﬁ ) uU%&n of t et ec%?)r degrades
to the pdded bepefisinghay m@ﬁtg Hle ‘@ktésvsdeaﬁad%e grRgals suehds %Hentﬁome%f fort to
avoid t laantaﬁésaﬁdpabitémtetc a0k edlEtivie ekt voltaged pplict ap tHeas eThisskew

techni qEuirgaR B R PRbEERent at i on on_an i nieqrated oireuit. The
t echoi que enpWinjsthe flipslep-based skew detection schemes described above are
beneficial for their intended applications, they all have limited linear ranges because
of metastability, or jitter. This is an inherent characteristic of flip-flops as they
produce valid UP and DOWN signals. As a result, at higher frequencies of operation,
- the resolution of the detector degrades to the point at signal-signal skews are
25 undetectable.
In an effort to avoid the metastability problems inherent in flip-flop-based
" skew detectors, a proposal by Otsuji utilizes a time-to-voltage conversion technique
suitable for implementation on an integrated circuit. The technique employs a level
converter block for receiving and normalizing a reference signal and a tester signal
30 from one channel of a semiconductor tester. The outputs from the level converter
block are coupled to the inputs of a differential amplifier. The amplifier produces a
pulse having an amplitude proportional to the relative skew between the reference
signal and the tester signal. The pulse is fed to a complementary D-latch, while strobe
circuitry generates a strobe synchronously with the rising edges of one of the input
35 signals. The output levels of the Q and Q/ ports are fixed to complementary logic
levels according to the skew polarity.




converter block for receiving and normalizing a reference signal Zafid ARR 2004
t est eWQ@PHRAC 30 from one channel of a semconductor tESETASOEIRE oyt put s
fromthe |l evel converter block are coupled to the inputs of a differenti al
anplifier. The anplifier produces a pulse having an anplitude proportional
to the relative skew between the reference signal and the tester signal.
The pul se i s Whils this circuibhas therhenefit ip thet agpphasgikew capbgisaccessilyi try
ggner at &énsfol @kﬂ%@tﬁymﬁjafeaﬂguﬁﬂlwg%@%h ﬁmgr sxﬁamg«tﬁﬁbgas pa]gyigags ?te the input

si gnal s, e output |evels e Qa orts .are._fixe
conpl enBiRvidey ‘?rdlj‘it'é’?“l’b@\?é}‘%wsac@t&}’“ag%"d‘%ﬂé}?glg‘glgg\?}“ﬁgpﬁroifflﬁ WHHS 1/ 33240 2 6
APR 20 FestBdHabinél9 ir? 2B ondhttottebletss ow-ofphiate dkaw desetibaiebedoming t hat an
i n- phase skew.can b %uccessf ully transfornmed into the differential
vol t5agem8§F8ﬂn$l?5r‘m9‘é%F smal | skews, no provisions are provided for
out - of - phas eTlskensentitihhhskevaleteciam denfiguratipheashtechniguesadesaiiieder ent i al
tester j i = Ooff = ection is

| ago%gg filstiade %é@ﬁ]y@%g@g{&@g%mm@dﬁm@ G o SR

becom n | r)crea5| n " . e co_nventl on _et ecti on
conf i guEquwily impentant hewever inthe uadeseblp dyration of/ diejcopventiongbtimE | inits in

achi evigylabih Bed/6AdrificafibPproddifird eTyidalgl dRB ad6fer BB IcOmpletblial |y
i npor tant_however, i's the undesi.rabl e duration of the conventional timng
calbr felibmtian@ndpdsperdant ¥eriicaHoR ARRAEANS 18 © dle F?‘?J%Hh AN er has

COW|D| ettﬁéirtebﬂ 31514]91_19,@ ﬂ)EtBt&i]br@Be diaﬁbsbdl-ﬁﬁﬁﬁﬂ?ieﬂte IDHI’,[Tl separatelpstepppar at gs is

enpl oyed to, confirmthe acecurac her . a a | robe

di spos OH%%%@“T%@ ﬂﬁé"é‘é@a‘%ﬁcg étaét SHE‘#H’? 051¥u69_ ] g;ng%ﬁge%el in an

‘ *)ef fort vith medernttestdraemploying-apjrathere fropkibyee-thptisand tmsixethgusandi t h noder n
testergy ksome{}:gaaéﬂﬁ%ﬁrcﬁtaf Jcﬂ@sﬁﬁﬁ%ﬁéi?ﬁ??%@c o5 thal E!ﬂﬂéﬁ.@ﬁgrds(:han”e' S, -

t he conventional data acquisition tine . a robotjc _probe my t(ﬁke upwar ds
1516f {obeuricem hewrs o moFe. nbirisresyiis ia lpg dester dimefor praduptian BYrPOfeseator

pr oductbREspBHAR §wc,advéralp1ﬁfdu%§mndi ngly lower overall throughput. What is
needed and of or.e, unavai |l abl e is..a,hi .r.esol uti on, ske ction
circuit and%ﬁ%ﬂeaﬁﬁq art@ée’?tﬂﬁ’ée g%ﬁ%%ﬂ%ﬁ%pggh fegg#%‘ro Btsﬁ%{v dggzgﬁélgt ely

det ect sirmsit yndamethbd forkmsevin asshipersincide testen thati ageuratelly gletacts vegy small ons f or -
rapid {4449 I ' s verd L ] HReihingRaliSgbit | On skew

det ectlg%n Cl P&Eﬁl%ﬁ%%@gféglfﬂlﬁagﬁ%}?g&s}erﬁﬂi 6ﬁl nvent ilon sati sfies these
ne2@s . verification. The high resolution skew detection circuit and method of the present

invention satisfies these needs.
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resol Wwoen3xkew detection circuit and nethod of the preRenyUSSR3eI9t i on '
provi des an accurate detection of both in-phase and out- of - phase si gnal

skews without the undesirable effects of nmetastable jitter. Mreover, the
I nvention enables high 5 throughput in a production environment by allow ng
strai ghtforward nmeasur enrSHMIMARY OF THE ENCENTEONS and devices in parallel.

To realize t foreqql -he. | i ' 1 conpri ses a
i g reser ut 1 RSy HoR AV HaLRRn i R Rl BBl SRENERTT ' 712

i nput  providastanyactrrsteaietestion of bothsingphade and put-oaphhse sighelskewg mathoihput  and
s adaphetu Rt CECH I RBEbAVRAARE DRALOL:, BilinlnBRRARIE R, S gnal s I
resggnsgmtog%gaggrod%gna . L eté;lfﬁg‘ cifcuitry |s€iopera%to pass or
i nveyt au BfieaRaoney Iamss maeg straightipgward megsuresmendy amge
bonvers%&é&%@rsma@%ﬁgsﬁpﬁgﬂj ve first and second inputs for

recei vi ng th% skewed apd reference signals, and a differentjal anplifier
for generat irA§EREF % ?@%%&@%% 1€ IFYAHOR I PR& OTRLCOMILISEHA| represent s
t he r el Bigh‘tesohftionkskeivhiztaseaiinélnding eheti-phese ifipwgrituiagd Theemsikew si gnal .

o B bR i a0 e ) il M BB BRI 0 1 e
i nvient i oeivingpnipbes: andédrewt of phaseiskew signdsi In responsertaas conitrod sighal, r el at i ve .
skew bejuan dirBlitty H blotaile RIRRAIAAS BARLEARI TR, bEkEbFaRE 20 i gnal -

The skew.detection”c]rcult 1ncludes, a ector circult ca plurality

of i npinelydesfirpedervplres GUWETHMCIIHEN Y RgatneRy eshinghandsesprd BIRUGSUt put f or
) sel ect i faeteteiviibthe RRevdiParf refdiende! sitnals! 4nd Ddiffetegtial Ampldfierdepari son with
“the reference s:{%nal. The 'Bﬁ‘?lie detection circuit e %s fl.hl gh resolution
skew de3eBERABPE PACIRLY FVi -3Lr‘i'§§§a“‘f &Y S R?P{eﬁfr}'ﬁs JERHSEt circuitry
hagsa rskéwrbeteeendhereferenepsipna mdd thesdkew signgh aCapitmp eirc@ifryas doupdedwgapt ed f or
receivi L0 . ﬁ’@\f i to a
controltﬂg?ﬁtﬁgfmﬁgﬁ{}%&ﬁ‘{OI%%gﬁ’?‘fﬁ&?grop ré)? id{g/te@&%% %ggglgﬁeo%%\%rt t he skew

si gnal si e detector also includes tine-to-voltage conversion circuitry
havi ng r espgghh¥thef fonh! tRinvetioAtdmiphiBetSske O det@66h ¥irbeit fdte skewed and -

oo AL oo e S TP ok oL SRl g ol i ve
beboeenignhk Thefskeerdetectiog aicun iviblides asklestoscignuitl havivgpt ploliey oCui try i's
inputs adapted for receiving the propagating signals and an output for selectively
passing one of the plurality of signals for comparison with the reference signal. The -
skew detection circuit employs a high resolution skew detector inctuding multi-phase
input circuitry. The input circuitry has a reference signal input and a skew signal input
25 andis adapted for receiving in-phase and/or out of phase skew signals. In response to
) a control signal, the input circuitry is operative to pass or invert the skew signals. The
detector also includes time-to-voltage conversion circuitry having respective first and
second inputs for receiving the skewed and reference signals, and a differential
amplifier for generating a relative skew signal. The relative skew signal represents the
30 relative skew between the reference signal and the skew signal. Capture circuitry is
coupled to the output of the time-to-voltage conversion circuitry for detecting the
relative skew signal. | _ )
In yet another form, the invention comprises a method of determining the '
relative skew between a plurality of tester channels to compensate for signal _ i
35 propagation delays. The method includes the steps of generating tester signals along
 the plurality of channels; coupling the channels to a high resolution skew detection
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coupl ed to the outpuf of the time-to-voltage conversion circuitry & @ APR 20
det ecMO3BEH® rel ati ve skew signal. In yet another fo?ﬁ;{mfsrquqg?%enti on
conprises a nethod of determning the relative skew between a plurality of
tester channels to conpensate for si 35 propagation delays. The net hod
i ncludes the steps_of - generating tester si qnaj s along the plurality of -

gt

channel s cireeitiserpiyingrrederarasciand i the skgndetedivnsirceit adsglegdreneidn’ wo
01/ 33240 yRGELESQONAS BRLofipatity bgaifist R fdiéhcs sipBAlsIARE Skél @arsdtion0 the skew
detection_ circuylt; and,selecllﬂ%Fo e of %&g@%&ﬁ}ﬁﬁ'SE%@aLs for conparing
agai nst EHeit ol eqrRRATnE Tich Ingideh e siegso Dg e BHNYRNME The conpari ng
st epdi ncagﬂeﬁmbrbenﬁém wgewﬂflle&‘éfeiaMebigﬁalraﬁH?hieﬁge tbﬂth&p?jsibd festeence bet }Neen
an edge of the reference signal .an n_edge the passed te signal to
a vol% ag®snalif 2y0lee%idn pf%\g&xl-\glrﬁeaboé%g?atg Od%flﬁﬁ?nfsgras a%eag%r%‘%ésur ement
‘of the telrekiive sicdvebetoeententesttiesigred tmd thsirefamncasigndlhe ref erence signal .
O her feature n - v-ent i 1 par ent
from tho fol DONAGHONES anf aioasiict DEHBREREH mbdAER Wil Be Mbhare BB P F1 1 e
acconpanthiefollowingwietajied descrinton whea 2et in coninprion witlpthe/acemipargipgo BRI EF
DESCRI PT, 5. THE DRAWNGS The invention will be better understood by
reference to the following nore detailed description and acconpanyi ng
drawi®ngs in which FIG | is a partial block diagramof a semi conductor
tester enploying one 5 enbodiment of the present invention, FIG 2 is a
high | evel block diagramof the skew detection circuit shown in Figure 1;
FIG 3 is a partiial schematic of one enbodinment of a selector circuit for
yuse in the skew detection circuit of Figure 2; 10 FIG 4 is a schematic of

“a high resolution skew detector according to one enbodi nent of the present
i nvention; and



FIG 5.is atimng diagramfor the high resolution skew detector of Bi ARR el
4. WO V9038348 26 APR 20 PCTI USOQ 28999 DETAI LED DESCF!’lq?ﬂJ%ﬂQfZgP*’THE

| NVENTI ON Referring now to Figure 1, a sem conductor tester 10 is shown
coupled to a handling apparatus 12 that includes a device interface board

(DIB) 14. The tester _includes a testhead (not shown) that” houses a
plurality of pin el ec@mmgwﬁoﬁmMMéer ating tester
wavef or ns al ongha ifletich WilY b&betfh andupdtsod) refiéncs dthegbRowitigimaede t he
wavefornms to,t in}gﬁ %igns of one oy nore. %@H(nbt shown), and receive
out put m@@?'@ﬁ‘ﬂfﬁsw 0408 ASEATPRAYINEEVREES 11 es one or nore sockets 22
for el ectricaFlQy. Icsupartixd bldek diddfanp bfis sdmicdridactoe tister emphuyirgd ene t her eby
provi di ng onvend.ent tester-t.0o- DUT signal interface. 10 In order to
ensurg th%f?’b?cﬁﬁﬁeﬂtg&stlg‘éﬁﬁefgﬁﬁ%ﬁég%ti ng al ong the channels arrive at the
DUT pi ns wi t hi AlGpreid efhighelgvelddoskadizgram Oﬁﬂplsgﬂaﬂb&ewm citduifishpwadnut i on skew
detectio i. eolui ts, generally designated 30, are enpl oyed. The skew
detection €ircdits accurately measure bhoth in-ghase and out - of - phase

channel - t o- chaieI3 is rRoagial sghemaligphepecabodiagnt gha selegter IFGUELPT B 1Bur poses.
15 Ref er rhagrdwiSetiin difcaitdf IFigw®21 gure 2, each skew det-ection circuit 30

takes the form of .an | i cat.l on ,specific,integrated ci.rcuit (ASIC). The
AS| CPncl udes B?Fhé lsﬁﬁ%?‘?%?tf&ws Gon gﬁ‘gidﬂ%ﬁt@r %Fd’r‘ifﬂ% %%c( signal s, and
first ancnsedimentroffies pesat isiegtial; ahdiput s 36 and 37 for receiving reference

cl ock signals k.. and .V : . i ' ' reyidad on ' the
ASIC with i nptﬁ@%éﬂ% 'sﬁ"&géémgf @?gﬂ%ﬁ%@{rggaéﬁéﬂge%ﬁe{&%‘%%rﬁﬁ : ghd out put s
yfeeding a high resolution skew detector 50 for measuring signal-to-signal
skews on the order of | picosecond. Further referring to Figure 2, the
selector circuitry 40 includes a pair of NN I analog nultiplexers 42 and
43 having inputs coupled to N (preferably twenty-four) tester channel
transm ssion |line.outputs. An address decoder 49 responsive to nulti 25 bit
DC address signals provides respective control inputs to the multiplexers.
The analog nultiplexers allow a single ASIC to process several tester
channels (in this exanple, twenty-four) to maxim ze tester throughput
during the calibration and/or verification process.




The inventors have discovered that the construction of the anal og ? 6 APR 20/
mul ti phaxew3s24030 pl ays an inportant role in successful | PCRAISONEPIg t he
nunber of selectable inputs for the HRSD while maintaining acceptabl e
signal quality. Wile conventionally, a parallel array of N nunber of MOS
gates m ght be enpl oyed to carry out the rrultl pl exi ng function, such a

schene often ties t o igm A OV NG a Si ngI e out put,
t hereby defi ni 35

appl i catlons ﬁﬁfeﬂﬁ#}l‘ ongtogﬁ ta %%@ﬁ%{%&é%#ﬁr Ib%ﬂfy s |n the
convent i draadlinge; clodey e lﬂtesfamp@@)@@riﬁ gedestehs of t en
creates Ltﬁetﬁaéga?tﬁkmeéd@aﬁm%a ﬂtahﬁéusettgﬁﬁsmy be ﬁléll&%nﬁ:s ch&'ir%@f:aﬂié( I'n an
effort to nimze e transien ffec d abo articul ar
ref er 8nce rﬁw@géeﬂwvaﬁ%gf%an g“n%p Zﬁhee‘\%?@ﬁnﬂ ef erably

incl Udﬁ Qitesetht ywavefdimddShe figiis Pins SF oite @&h&relmmﬁ &To‘t/gltown)\/%d redeider i but ed

in such a_manner cou ed in

transi entc'é“pufﬁv@vFﬁ’Bﬂf’ E’Sﬁ{%g Hy]ge)gcg{%ggt@t ﬁf%s %%{Fgf)@gﬁtts %lfogys Al - A4,

with eac tml@lmajﬁylcauplmg the E)l.H‘glbms wuthp teisted thannels, theEhtz providpgta is fed to a

seri es-cgpﬂg&ﬁ‘gﬂ %ﬁﬂwﬁ% ik gate OGL - OG4. To .channel the '
eedt rou Sl

undesirabl e transi ent %Fal s to_ground, respective grounded |lo
f eedl@r ough trlaﬁsdwm@wegmtégnmwgn Propgeating aleng the ghagn Y€ abat hs. The

out puts pgf DUNEpiReHvRKEN meaa&u%@aé ﬁlrzﬁi‘tji‘ofhl raamﬁamkeﬂe a hi gh

Fi gur e 2 GeierEBt g Ffaﬂt’é?gi%'t?é‘% YRI5 BSHPAF O Brpl oys
mul ti- phasmata@uﬁeasuneddotlt ibypHate dlﬁfout-@@@hmemgamﬂwm-ehztmel skeg«rsa‘br and the 15

"referenc e conversion circuitry"60 for

generat i En?m tn%nér%lé[} g&t ative of the relative skew between the
test® signal R&fﬁunngtmorfetmh@ﬂ oifigare 2, aebiskew detectéon eirguit’d) takedi sposed at
the out pijfe Gfm bign %ﬁﬂrﬁata; g;@t:zﬁ%%‘é&ra&'d(&cﬁit (ASIcY m%qatsmatmdwaastet ection

of the gener at ed Q

ut si I nput uitr
ti me- t o- WEHES t%eF%}W%{Q‘lﬁﬂdre‘&s ﬁata@.ﬁvttfcg’é%aiaregtf‘gna| 20
pat hs 52slgm &Maﬁ&tﬁfoemﬁﬁmg/ﬁferametclakgm VREF1 pud MREFR2.of clarity,

part 1 col SPFYOR a1 thprered GREe e Vi HEbR cnuBBa B p el a6 1T %\ e
firso sitgstet cheanelssmadoutmts ﬁe@ngall@balesaluﬂlma@@mmrtf& fow@zsmgg 2) for
signal-to-signal skews on the order of 1 picosecond. :
Further referring to Figure 2, the selector circuitry 40 includes a pair of N:1
analog multiplexers 42 and 43 having inputs coupled to N (preferably twenty-four)
tester channel transmission line outputs. An address decoder 49 responsive to multi-
25  bit DC address signals provides respective control inputs to the multiplexers. The
) analog muitiplexers allow a single ASIC to process several tester channels (in this
example, twenty-four) to maximize tester throughput during the calibration and/or

verification process.
The inventors have discovered that the construction of the analog multiplexers
30  plays an important role in successfully maximizing the number of selectable inputs for .
the BRSD while maintaining acceptable signal quality. While conventionally, a
parallel array of N number of MOS gates might be employed 1o carry out the
- muitiplexing function, such a scheme often ties the gate outputs in paralle 1o produce
. asingle out_put, thereby defining an N:1 device. Unfortunately, for high accuracy
35  applications, the lumped output capacitance of all the gates in the conventional
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receiving the input si gnal IN 1 (the tester transm ssion line out Jutg grgngm
from oW®®53¥Aannel ) and reducing the input signal voltBEEUSHHG* 0 a'l evel
(such as 450 nV) nore suitable for high-speed processing. The |evel

converter includes a differential pair Q1, @ driven by a current source

11. The coI | ect or out put of feeds an emtter foll ower @ that produces
the redreBHIWREeRS offeregates W%@I@Fﬁ tf‘#pﬂffe”c%e&“’@"F sgnal | nverter
I NV1. SQn'g G I bert inverter INV1 includes a differential cont rol input

FLI P, FLI t o respect |rst nd s d di fferentia a|rs Q, &8
Snd OB, QLo, 1Ak FHHPH o TR (eapsis oG O aPoY doH S Ao £t or 5 of
the f I I géfefonce ﬁ)dﬁgm 3dﬂfefmabgtmﬂhpquarsr4§ andig elaeh:pnehsl:ﬂy lilﬂ:hkdevel convgr t ed
t est t,he o t v c er LVC1 and a
bi eSS AR AROS BB A eafl inbE ¥ £ B4, DRI i AU lnck X
differ etnmmﬂnqmcapatsnwly coupded mutmu‘@umansmm«éﬁmmpltrgegs grecgrouR® and R6
est abl i ' C L d ks Il known in
Che ar ¢ thq £ aidiely s“%@%%ﬁ%%&z%ﬂ%{%%ﬁ%ﬁ%ﬁﬁﬁfs?zs% of the
transi sEaehsoututis d@ameﬁwe@fed@ﬁtmmpmmﬁﬂmgatﬁ%k @64 tlige
tine- tOcHzE:h&ﬁE@un&&iMﬂé Safdemt fe&ithiohgh F@uﬁ@% spebtivd @otndedui t i S

res ons he differenti roI nal . FLI P, "ELI to e| t her pass
or ‘hve gﬁlmﬁ‘ﬁi}@ﬁeég&tlegﬁo@{ bﬁ’F% ut|pRghs. Y eni ent | y
provi desfﬁ]ebufpheumaﬁssimés aé tled-apﬂpﬁﬁndﬂﬁihnghiﬁdeﬁty o&tminageawmm. Wth

furthertr fer &a % I?gg the tine-to-voltage conversion circuitry 60

i ncl ude® & enent “64 cou led to the output of the G lbert invegrter

INV1, and a Rcfﬂﬂi@lmqkl@flw,l ¢ bigh regplefion skew detects dHRSIDING secondfsi gnal

path 54,1 c]u@trf [ eYﬁﬁé’ @q@ A &hrough
: an(J‘gérng“;?":l Qﬁ‘?y}%ﬁ? 4pafamd 56?&5&61@ |%1\2/3et§§ftée al%@d?]rean ¥ stors

QL3 5t hrigtrsencosignak apd gwe-tgﬂe tegc QONVEEsIeN GIEANiEY 6} for ggnerpiane awmﬂgur ed

sim | arsjgral eﬂfanf!dﬂ@fthe fahum“%maadmmst@ligamafm tdf@enekescri pti on.

HO“BVGLW»P évﬁ"i%gﬁd BB isPweaty BEPyBl: et ReSBRANAR hat "ol i mnates
t he neemnfmmoﬁﬁuauid'yttm enrblle thealetectipn ofittergeneraited ouipfut eigoalt iThie iaprs| i fi er 66
| ncl udes ARQR8 it 88-5BHhdd conIbsidl cibduftfSdeHn® Tist and second signal
20 paths.52 and 54 for the respective input signals. For purposes of clarity, only the first
path will be described in detail below,
Referring more particularly now to Figure 4, the multl-phase input circuitry 56
for the first signal path 52 comprises a level voltage converter LVC1 (Fig. 2) for
receiving the input signal IN1 (the tester transmission line output signal from one
25  channel) and reducing the input signal voltage swing to a level (such as 450 mV) more
suitable for high-speed processing. The level converter includes a differential pair Q1,
Q2 driven by a current source I1. The collector output of Q2 feeds an emitter follower
Q3 that produces the reduced signal level, and provides an input to a Gilbert Inverter
INVL. .
30 " The Gilbert inverter INV1 includes a differential control input (FLIP, F LIP/)
fed to respectwe first and second differential pairs Q7, Q8 and Q9, Q10. A third
differential palr Q11, Q12 couples to the emitters of the first and second differential
pairs, and receives the level converted tester signal from the output of the level
voltage converter LVC1 and a bias signal VBIAS. stposed at the emitter node of the
35  third differential pair is a current source I3. Respectwe resistors RS and R6 establish
the DC biasing conditions for the inverter as is well known in the art. The collectors
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QL9 an riven by a current source 15, and receives the |evel 2ohvAPRedl
and dgpgig?qunverted I nputs to generate a differential PéT@’ﬁgﬂlzsﬁ%fvi ng an
anplitude proportional to the relative skew between the input signals INL

and IN2. The 20 differential signal output is fed to the input of the

capture circuitry 70, Further referring to Figures 2 and 4, the capture
circuit WW@&I&@ aél'dl(é?é‘ﬁneﬁlt@)éko?@ubmﬁéﬂg@ fepds shestimefievpltagse pr oduced

by st g?&l\@ﬁgﬁ% cirévitry 60. The ouiue Pfgzle?ﬁ&tﬁ}] is%&;ﬂf«bﬁﬁ% ﬁ;{lﬂﬂe :E!H‘Pérelfﬂai I er e][lt 'tﬁl
pair : . ha s coupled to ifferenti outputs o e
di ffereﬁ?‘i‘tgf% S!EP&Y wﬁ’eﬁw“’ﬁ“gﬁpd@ﬁ%OfdPY?fé&'ég?‘feLF°’B’§ﬁFg T BB | ncl udes 25
r espect kigeall INlutEhiccmperieatip brivides forlthe eshqueaetiof invphdsepud odi-6f er ent i al
pair topﬁgsfe%é' ely create a D-type latch. A pair of emtter followers Q@7

and g*provide a differential buffered output OQUT+, OUT-. A third
di f f er ent i al With furthe@ref@eacedioiRigare 4( the tismutoewdtage commtsidrr cirguithhh€) f i r st and

second ﬂ'luufdﬁsa&ia%xeménmc&mmgfebg%ggg@uf%ﬁg{; e&m RGP andae third

differential pair”activates in rential 1Tnput signals 30
from t h&ifferenypbaraplifieri t ry 74. Wth continuing reference to Figure 4, the

st [ ob(7a6ci _rl_ (b: UAK hHuJe?i tb %bié@ﬁe Sdond §Tgedl piith Sﬁ?lh%i‘ ltBi?él lcigﬁ%ﬁ%o% AN% gAL\IEat
gate 76.. The rier .nmo corgesa_lll;gr . Q

gertdr at%@“ﬁﬁ'*ﬁ&gﬁml 2t ﬂ?‘é@’té ARd EEStPLS 9“(8% 31 i nverted
ou'; put insertspUNVed trahsistorQ B3 thebwph @1 & wentnt 58uice lIra,_ranH ?&iﬁto@fRst, R9) 35dA!\ID/ NtAND

ate. . <hn ignal is.fed to a second inpu

of ¢ e SREPRRRSRRAdo MR B Al bt 55 WP Gi0 oo P
) const r Uaweer.ghe serondsiphalpath irstamphsl ysthe tapramcieuitorid), al, design,  and
“wel | Kngwrib8 bélews i iovideth delf-dB&IRY dchelne o ClifghAaGHe h@dfbpure 1, the

ch bloc B y te tgrh ?1

out put qf,_ the | at kK 72 1's preftera rough an out put buffer 79
tola cRAAGENPLFAFKSIUSR-pass filter 80. The charge punp ‘5 or |ow pass

fil tfe][ generlaieeﬁfffreﬁﬁhlcmtpmﬁ;rbﬁ iﬁcﬂ&ﬁ@d gﬁ&hgmiffhﬁnFﬂt%hﬁitﬁﬂﬁdktod n thi's way,
an of f-¢chi .t age can roduced. and._ qujc i rect 0 atinming
cal i br gl?oa%dc@d/@% § g‘l’yc%f%eﬁ’?églﬁ??ﬁﬁléq re(:ﬁl&gs g’ﬁﬁ?‘\%ﬂ C?Wﬁfte‘g@'@ftli res the skew
dat a f Giilbartahyerted inp\gs togendrate e diffaneritia] sigualthakingadeanpiigde of t he convenient
interf [ -3 BetwBs e id , f an expensive and
o1 ow. pErPoRigHal ihle Mlatcitheld B BRig ot Bghle IOF a0 Phe A0 TP Ehe

pr2% enflifferential sigpalamtput isfedrte thsinputpishe.captore surwigdPat ed circuit form and
packaged si Futthér referfiti@io Figes DUhd 4Hgieeupture fifhuitthe¥6 fRRudes a latch |

block 72 clocked by a strobe pulse produced by strobe circuitry 74. The latch block
includes an input differential pair Q21, Q22 having iliputs coupled to the differential
outputs of the differential amplifier 66. A second differential pair Q24, Q25 includes
25  respective inputs cross-coupled to the outputs of the input differential pair to -
) effectively create a D-type latch. A pair of emitter followers Q27 and Q28 provide a
differential buffered output QUT+, OUT-. A third differential pair Q23, Q26 drives
(or sources current from) the first and second differential pairs, and includes a current
source 16. The third differential pair activates in response to differential input signals
30 from the strobe circuitry 74. ‘ '

' With continuing reference to Figure 4, the strobe circuitry 74 includes an
inverter module that feeds an AND/NAND gate 76. The inverter module coniprises a
differential pair Q29, Q30 that generates an inverted output fed to an emitter follower
Q31. The inverted output is coupled through a delay element 78 to an input of the _

35 AND/NAND gate. A non-inverted version of the input signal is fed 10 a second input
of the AND/NAND gate.




havr Ng w@®bH datzQ@n sixteen 1/0 pins, the present i nvent [ OQEE%& I glpRzg[Hl

required In order to process the addi tional inputs nce
the preferred HRSD circuit 30 adequately steps through twenty- four
channel s (corresponding to 15 twenty-four DUT I/0O pins), for DUTs having 64

&ﬁiequghffyﬁ 0 cs%e ﬁﬁﬁe@ﬁgmgﬁb g"'ﬁffr#ﬁ% Af@ﬁ??eﬂpggqlggrcloije%l fication,

t he ASI Capdofr@l@“aﬂethtmeekyleohm@tgad into the DUT sockets to provide a

conpl ete ext erfalih rna | 1,00 fOr ral.lel array
of device | ocat i ons u %tc?clg hﬁﬁe%gltp?\& {ﬁgh t@%@@%ﬁ&c@ﬁ%’%ﬂe oper ati on
of the ptideBeh an outpEt lﬁﬁﬁghbéf}hﬂrﬂésmpbelwmashﬁhaf&ﬂ éfteechiarge pingur es 1, 2,

4 ands t herid R g skew
det ecti onr |V(r;qémm‘! Ogllgmtgge? er.ably | rrp en"gﬁfdé ghié%%‘g‘% @B]? ﬂ%ﬁt al I ation
i nto the é ¢ BRdusdiaad quiskiydirgried o ﬁﬂmg/cal@sahoewpl i cati ons,

t he |h oagmgﬁfmanyonmwrm shwmmecﬁﬁ@m{ﬂret%awrhﬂat sis. hout el
one- hundr e e evi cationg for roughput paralle
testing. The %ﬁﬁét%gé& gjfﬁﬁ?%ﬁ“}‘tgﬁ zm CSREVRaL erfaqer}:gg\g ¢hbY on of

t hi rty- tihe DIB, &niaelﬁmmateethe newhiby areexpensiiiRaid AGk-Gerfoaming robotitprokest er

t' m1'i59 Gk Sg @Hét@@u&f‘&é@ﬁtéﬂgiﬁ@ a;?tgse\‘t?iiﬁz[n:. o%tjoogpr FO%h bl disposed] of clarity, t‘he

I owi ng SCri pt Ion O OoCcus Werl fication
appl i catiftegrateg ¢ircuitform gad mkaa@ﬁ sigilatigtthatief alﬁiﬁ"ﬁoﬂouesm fdmklvucss 3.0

equal |y Mgﬁaelmaﬁﬁxeeﬁwm%@ﬁeseat&wa&n&hﬂam ﬁah . A timng
verificatian j.s rely an ddoeqr}gfnt confi1 rmation, or chec out of the
Ytester SPHH d’PPFr‘%% P%’c st'b 6‘? iiopal mpts. SeeerasiRle.winse thepretearedal i br at i on
resul ted—IRSDtclmmmGQatﬂec]dateﬂyktbﬁﬁlﬁﬂlghheéhty-&‘(ﬁir%haﬂﬁ%(c ohdifg FRSD ASI CZ are
[ f.es e eterm ne
ng%gm\?\g?ﬁt? f%} wgﬁkgl ?Dhjghiﬂlﬂﬁ%gpg%t g‘%léégtci"&}’r l%ﬁ}’g €i nvol ves 10
WD 01/ 3m&m@ndus@@me§@ Gomémxemlo totset-tp ﬂmsteat&sfor)mnnig tester signals
al ong t R&BrRRdEer fé?ﬁﬂ:ﬁﬁ'&? ﬂgepAng faré B@reﬁié{g%ge%l uﬁi& ts. To detect
et ween :

and neasure channel-to hannel I nst annel 1 and
channel S$OSkets{p proyda g COIPB'ﬁee?"t‘?P r‘i‘é‘P@g 84-‘ Brefioaaryvedfication for g Pellﬂllels a si gnal

-5 ref emengef debite lobitiods up ¢o aRMBLINGRG thd@eR&!thaced. € Sequential ly passed
th A9 h the The operation of the present invention is best described with reference to

-y

Figures 1, 2, 4 and the timing diagram of Figure 5. As previously described, the skew
detection circuit 30 is preferably implemented as an ASIC, for installation into the
socket of a DUT loadboard. In parallel memory test applications, the loadboard may
inchude anywhere from thirty-two to one-hundred—twenty—cight device locations for
25 high throughput parallel testing. The unique ASIC implementation allows for the
) installation of thirty-two to one-hundred-twenty-eight HRSD ASICs to carry out tester
' timing calibration and/or timing verification.
For purposes of clarity, the following description of operation will focus on a
timing verification application, with the understanding that the method described is
30 equally applicable to performing an initial timing calibration. A timing verification is
merely an independent confirmation, or checkout, of the tester signal timing 1o ensure
that the previously perfermed calibration resulted in timings within the required
tolerance.
o Once the HRSD ASICs are installed in the loadboard 14, the tester generates a
35 predetermmcd test waveform pattern snnulatmg actual tester operatton This involves
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selector 40 to the HRSD 50. The sequencing through the anal og rrul? 80
42 anawO4i3324@ regul ated by the 4-bit DC address si gnalmcxosozsads ed W{Z
verification controller, not shown) that specify which channel signals the
mul ti pl exers should pass. 10 The selected tester signal IN I, and the
reference signal (fromchannel 1) IN2, are then conditioned by the |evel
vol t age thetraesnsission of tesist $igyald AlGilg the destey CBaringls@0 ta RRéT tha iy 450 nV

si gnal s. r’%‘ i§,q:m%duces the logic swing levels, enabling faster <circuit
performa e respective |evel converted signal-s for INI and IN2 are

t hen processéﬂb deiect agd meesws chapnilytotchenn@l sheey, tfomnstmndedjeswd:dﬂ\éhaand I NV2 so

a1 orenra st ) L6 Rl gfS PR CRIBTY SR Lol 10°Cnoun i n

Fi gt e Seferenee Hﬁ%f fedilerthe pamasming phansels mmmaﬁﬁpwccbﬂmu@ t@nal pul se DATA

havi ng géledoP4d toigie HRSIDS0! TROMquERiid Brdugh %éé&ﬁlo%krﬁﬁiti?f‘éx t N1 and | N2.
or a

O particul ar Lt a enera I on of the out Ieast t he
20 dur af 6{‘?%8“% %?fbéﬁbﬁ&aﬁ?dfgﬁssf controlled by gverigeatianel y mi nute skew
| evel s conttdller, mot dmwn)fthﬂmpeqﬁ?ycﬂsdﬁﬂﬁdnelﬂy}ﬁlsﬁh@thQﬂeﬁré spmpdous

advant in successfully detecting and neasuring such small timng
paraneters. In order to maintain the detected anplifier output

(r @ esent i nghe badeted testey signal B and ttheereftrermo signil (fuainh clyarifiél Priviyces a

one- sh%e%&%a&oma?khe@@vé%g%g ceme?ﬁsn W%%lgaqdf@(f‘:l riggered by the

ri sing edge of the_reference si ut mngfeature
r esul t SPREEBRRLY AP miCsigeais  HEs eedy ?f@r\&f logigzwing Byelsrengbling fasard
ANDI ng/dﬁ%bl‘ﬂ;ﬁﬁ‘ohh@c&lgnal wth an |nverted version. The strobe clock CLK

then causes.the | at.ch, ci cwtr nt or "latch" the data signal
DATA f or an%ﬁ?ﬁfbﬁ JﬁYP GoRYT E?lf?gg\bn@ﬁa& e thed prgeegerdast abl e out put
si ghal seCdSaryyths GilbeH invefias INMlmnti INVQrsalthzithGf-pﬁasthWeillﬂstdﬂ-er processed
t hroughy I Xt DC si gnal
corrpong) %& an%g@fdﬁ?{:ﬁ@% rea¥m§ﬁr§c}' tﬂﬁn@f 3?%‘ @?%regggﬁ, si gnal for
anal ysﬂ@lpbﬁet fe Aﬁﬁhﬂ‘gn‘l&él‘?lgﬂiec%thﬂh erontial apipdifier prodecegemanghitzed procedur e
above @i}gﬁw;ﬁll&! th@@ﬂﬁﬁh@ﬁﬂarﬁ frudd f;rosémbﬁﬁ tk"ﬂﬁl}el%ﬁk&k v?‘ﬁcl"a\ﬁ:@ n' €peats after
he

the re nel . nal i s conpared a annels. A new
channehsi ‘ﬁﬁggba’l BE'?FH@’BPE?AS g‘?"éﬁé’PBﬁ@@‘e&ﬁ’&P‘rﬁéfmaﬁkﬂStﬂh@ procedur e

| 20 duration of the input signal risetimes) even for relatively minute skew levels on the

order of one picosecond. This provides a tremendous advantage in successfully
detecting and measuring such small timing parameters. |

In order to maintain the detected amplifier output (representing the relative
skew), the strobe circuitry 74 produces a one-shot clocking signal (a strobe pulse)

25 CLK (Fig. 5) triggered by the rising edge of the reference signal input IN2. This self--
timing feature results by sampling the reference signal IN2 at 62 (Fig. 4), and '
ANDing/NANDing the signal with an inverted version. The strobe clock CLK then
causes the latch circuitry 72 to maintain or "latch" the data signal DATA for an
extended duration, thereby generating easily detectable output signals OUT+ and

30 OUT-, | | |
The output signal pulse is then further processed through the charge pump or
low-pass filter 80 to extract the DC signal component, and establish a readily
processable off-chip skew signal for analysis by the timing verification controller.
- The generalized procedure above occurs simultaneously for all.of the HRSD ASICs.
35  and repeats after the reference channel signal is compared to all the other channels. A
new channel then substitutes the previous reference channel, and the procedure
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WD 01/33240 2 6 APR 2004 PCT/ US00/ 28999 repeated. Once the veri?ikaARRR00%s
conpl eW® 01330t est er may t hen proceed with producti on PEBUSHRE8%0

sem conduct or devices. Those skilled in the art will appreciate the many
benefits and advantages afforded by the present invention. O particular
inmportance is the high resolution 5 detection ability for detecting both

i n- phas ereperdcd UPacsfthp hersicativn weconiiéts, the tsied emyahersproededntital | y i mproved
maasurerﬁg? H"t%ﬁﬁngBPgexﬂﬁ&gﬁ{cio‘?Qe@xbgg ng variations. This is .extremely

i nport ant sem con tor testers that enpl oy nunerous
di fferenti al Bwawl@ﬂettmﬁlpQtrrvalluaan@mamhemvbe t’ﬁhlpd%immagcﬂg t he uni que

sel ecto raffo?déd%jﬂ thé Preset riﬁ\fdnﬁéﬁ | OF phrtiBHlar ﬂfi;s;or%eéf&tﬂa&&' SBtloy zed,

resul ti ti,al co 10 saV|n maxi m zin eavallablllty of

e Bes techios Aty ot dcts RS SHHouk S FesTen IR rraBRess i ng

t hr oughpubstantilly enploeed meanire Gflad&aﬁacjﬂﬁﬁrdetb%ﬁhg @iﬁiuag maﬁlbﬁymﬁ@@s descri bed
eferred. nt s ere it will be understood

with refe e r
by thosgxé?fl? élap?lﬁa'{%ﬁ%ro P?emts?fﬁ’tco ‘H %‘ﬁé‘?f’éé@?fqa"?"&?%?%d detail may be
made t hdlﬁarenmi thaonel ad;aﬁgutahmy fMoreovérShy mplepieniiing madmﬁ;mpeleen‘ort he

inventig Qé@g g:gﬂ#ﬁpéﬁﬁgﬁ? MV . A high -
r esol ut| on é-é et ector | ncludi n I aé“'lesi&gﬁ% Cl rcw havi ng a

r ef B¢ engavings anaxmpmgﬁq«v@vaﬂdméwofmegnaer praducier epesitimssingnal i nput
adapt edcdrpdsphitfugily iftedsigthnghmnd/ or out of phase skew signals, said
pass qr invert said skew s als in response

i nput circul operative to n
to a control wlﬁﬁ% mv???@‘%%?%%‘ﬂ%w@wgs%]ﬁﬁdtwgb Fefrenee respective
yfirst amdheprbmbd m!h@dimeﬁwﬂlefmtfat wilhBe ﬁﬂdﬂstﬁk@hﬁ&o@@ﬂqﬂ&i prees signals,

said ti cirGguitr ncl udi n ferential

anpl i fltggt#a%roxgléne §%““§fg %’r"éf] I%YC‘%?JWJ é‘%@% E‘ P&&Fhe rel ative
skéw betheispint gad stopepbthgnpeentivpgnal and sai d skew | o si gnal and 11 capture
circuitry coupled to the output of said tinme-to-voltage '
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12 conversion circuit ry for detecting said rel at i' ve skew signal . ?.5 AAer 00
r esol WO @#338ew det ector according to claim1l wherei n PETASHRIPL phase

input circuitry further includes: |evel conversion circuitry for receiving
and conditioning said respective skew and reference signals into
respective | evel converted skew an reference signals. 3. _A high resol ution
.skew deREEADBIS &EAdMEINIS:t 0 claim 2 wherein said nultiphase input circuitry
further conprises: a first Glbert inverter having a first input coupled to
the output of said _|evel conversion circuitry and-a second input

resgonsi ve th a cdmighoesapiemskevpdstesior includimgd skew signal ; and a second
Glhert inverter fai sdipit ccuitpubviheh diBicAbLipt $3hil ah@y Skew cOnver t ed
reference signal . .4, "A hi res%léu i.on skew detector accordi to claiml
wherei rsigal wpu, said skev signel inpytadapied foiteeciving insphaseiand{or opt 0 ed to said
't me- t gkewlsipagl, Siinpustifshitey opetafiva/to Havdrhhidsigaw Signgl€fer ation circuit
operative togrodug_ a pul se of a predetermned wdth; and 6 APR 200 13 1
6 APR THBOBY 83548 %@“W%@:@d 28999 latch circuitry coupled to said

di fEerenti al anpltinte-wrvaltap conension ceaptp aving respeativé fetrandeeaindcui try
timng, . SJ Ladi | ] s Lye. bet ween said skew
Si gkm ‘ﬁavgléé ts%g?%_ere %kgws%? a%gﬁét\é%dlggSltgﬁﬁﬁlsgjr]daéﬁégg U?ili%ﬁy skew det ect or
acc8r dicomversion tigguitry inghusing mglf&@nal ampliBer forgensiating 4 relatiya gke¥onous wit h

sai g 1 efRLIGBARHD Me refative skl BefiRA shillirORren ke WoAAtRR R sRewor di ng to
claim4wherejn sard produced pulse is synchronous wth said skew signal.
7.1% ﬁﬁggﬂ??'@sol ution skew detector according to claiml wherein said

yreigrence signal cipielicircgingusnpid tb theontRltiof saitiitione-oi-gsladgesour ce. A high
"e50! ULL SR SR P BRGSOl Rifad? Kb s, e & 1

2. . Ahigh resolution skew detector according to claim 1 wherein said -

multi-phase input circuitry further includes:
level conversion circuitry for receiving and conditioning said

respective skew and reference signals into respective level converted skew and

Nob W R

reference signals.

3. A high resolution skew detector according to claim 2 wherein said
multiphase input circuitry further comprises: V
' a first Gilbert inverter having a first input coupled to the output of said
level conversion circuitry and a second inpuf ré'sponsive to a control signal to invert
said skew signal; and ‘
a'second Gilbert inverter having a third input for receiving said level

converted reference signal.

A
- JRC T NENT I ST R

4. A high resolution skew detector according to claim ! wherein said

capture circuitry comprises: ,
strobe circuitry coupled to said time-to-voltage conversion circuitry
and having a pulse generation circuit operative to produce a pulse of a predetermined

width; and

(61 T - VS N R

- 13 -



sai d skew signal input is coupled to a first tester channel; and2 Bapep 2604
ref er ewe01gdzgetal i nput is coupled to a second tester chpemekegfedei gh
resol uti on skew detector according to claim1l wherein: said multi-phase
input circuitry, said time-to-voltage conversion circuitry, and said
capture circuitry are disposed on an integrated circuit. 10. A high ‘
resobution skew detatch drcutnoaugledgo bald difeiential anglifiatotdpat and ncl uding: a

si gnal j - d.at.the output .of .sai.d capturg circyitry and

navi g dbsEiEro SiRRRSRCiRhty plie B o wER i GR ghe relive &' gh

r esoB ut iskawdictweatssasbskew sigmbant said teferedcaisipnal) wherein:  sai d signal
convgrter conprises a charge punp. 12. A high resolution skew detector
according to claim 10 wherein: said signal converter conprises a |ow pass
filt@r. 13. A skewddahgssqlutionskepidetectaspcopading td ¢lgim hovhestimsdide skew

bet yeen produebd palst i/syRhrBAORAGRA idrcibiie simald @ reference signal, said
skew detection circuit including: 14 WO 017 33240 PCT/ USO0/ 28990 a sel ector

circuit having a plurality of inputs adapted for receiving said
progagat i ng $i gnalss hizghdesvhitivat seeiv defeetos elcotdihy &) daiRas Shb@iPRe of said
pl ural i I I [of0) ris with said reference_signal; and a high
reso%aut#%r@éideéél%gﬁesﬁ%&&f%éﬁgﬁw Pt ase input circuitry having a .
reference signal input and a 9 skew signal input, said skew signal input
adapted for gecei w ke kew sjgnals, said

. oﬂﬂi%ﬁ%k@‘ﬂﬁé@&m?&bﬁzo@gl%%glagﬁﬁgﬁﬁg%w aﬁatd .

input circuitry operdtjve to _pass Or 1nver in 11

r es Bondefergneg ppt 15icgupled ta 2 calibrtionsigpel samrs. conversion circuitry

yhaving respective first an 13 second inputs for receiving said skewed and
reference signals, .said tine-to-vqltage 14 conversion circuitry including

a dirfferentil anﬁlflgl??FO#‘UP“émagf‘ftgrg‘c‘éorﬁ@gé?FW%‘&WﬂPé si gnal

repeesenting the sad sitewvsignd énput & covpled Si €irdt @fsRi eRaReBhfidal and sai d skew

16 gignal; and 17 GARiEfec il ik isOULPA 4 Robllficdd! Bilng! S

time-to-voltage

1 9. A high resolution skew detector according to claim 1 wherein:
2 said multi-phase input circuitry, said time-to-voltage conversion
3  circuitry, and said capture circuitry are disposed on an integrated circuit.

10. A high resolution skew detector according to claim 9 and further

1
2 including: .
3 a sigxlal converter disposed at the output of said capture circuitry and
4  having an output configured to provide an off-chip signal.
1L A high resolution skew detector according to claim 10 wherein:
said signal converter comprises a charge pump.
12. A high resolution skew detector according to claim 10 wherein:
2 said signal converter comprises a low-pass filter.
1 ©13. A skew detection circuit for measuring the relative skew between a

plurality of propagating signals and a reference signal, said skew detection circuit-
including: '
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1 8 copyve C|rCU|tryfor detecting saldrelatlve skew eﬂp251 |
skew d g)dé?‘ﬁ’%ﬂ circuit according to claim13 wherein: s%qﬂ%@gﬁ' or f:hi rRélgpq
conprises an analog multiplexer, and said plurality of inputs conprise

respective tester channels. 15. A skew det ect ion circuit according to claim

14 erein said anal mul tipl exer | t gates
corrésponding to & P %lf%rlﬁ”t'c)l}lt V’inﬁﬁl??urg]? “taa@%#ﬁ‘?brﬁ %?I“flll%szga i nput
gates a_rprapugeﬂng mgnalaandauegupat fonm‘rMelgfpag;mngmt ofieﬂdfplmélfl’gadfd dg_roups
CONpEi Si nuh put gates configured in

paral |l el fﬁ;aﬁ aw%ﬁ{sghg@?rlrmn OE f@alg u§al ity of output transm ssion
gat ed correspondl rﬂjugbrftsﬁblﬁmﬁkwdgtﬁctosmhidmgmmn outputs, each of said
plurglity of output transm SR hptflifSi Qin? r%i%ren%?@ilgﬁﬁl ﬁ:@ SRld common

@Pﬁ‘ ma 10

out put s,  and, havi ngt,re pectlve qut put st ngle
mul £9 pl XY SEHlFIRUL said sk ervasaﬂun@tmigpt for weeiviveduph ateramiont o gat es

COry®spphakeslew i aadmpmbenc@cfry §Pralive QI PR oP iHvktisaid RBeAighlsSal d
pl allt of fee th%ﬁdg Eransm ssion 13 gates having an input coupled to

sai PGP pGPn rounded output. 16. A skew detection circuit
acca d| ng to cI a| m 13 iner-w-voltapPBoRedonldrciitiy Ha0M rdpesivefiseielt or

el ot Rt ot ABeiRP i MRS SEAIGELAE chlnall fid PRABSGIEE o bt ween a
pl dral mcngtsmnecsxcetrtry isnlnding s diffsrantialpemiidiesfor genesatingd r eia'tn'pasgmn Ion del ayz
saiy& medibog wﬂeéeﬁﬂhgﬂaééﬁnvé&mb&%ee% feea2d sfgﬁﬁfﬁ g%i s along sai

pluralit, f “‘channe coupling said

\detléctl 3904y t; supplying a reference si gnal to multi-phase input
cinguitry of said s kevwapiﬂb%@huﬂ? cﬁhﬁl@dltclthe S@beICisall ehetekoBaled tester
ST 9830 Soh s RN %P Ikt S8 kel SLSNSGar -

1 14. A skew detection circuit according to claim 13 wherein:
2 ' said selector circuit comprises an analog multiplexer, and said plurality
3  of inputs comprise respective tester channels.
1 15. A skew detection circuit according to claim 14 wherein said analog
2  multiplexer comprises: -
3 a plurality of input gates‘corresponding to a plurality of input signals,
4  said plurality of input gates arranged inio an integral number of groups, each of said
5 groups comprising a predetermined number of said input gates configured in parallel
. 6 and having a common output; .
7 a plurality of output transmission gates corresponding to the number of
8 said common outputs, each of said plurality of output transmission gates coupled in
9  series to said common outputs, and having respectwe output paths tied to form a
10 single multiplexer output; and
11 a plurality of feedthrough transmision gates corresponding to the
12  number of said common outputs, each of said plurality of feedthrough transmission
13  gates having an input coupled to said common output and a grounded output.
1 16 A skew detection circuit according to c_léim 13 wherein:
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signal on said skew detection circuit, said conparing step incIQbmngf é
steps of: converting the relative tine difference between an edge of sai
ref erence signal and an edge of said passed tester signal to a voltage, and
provi ding said voltage at an output for use as a neasurenent of the

rel ati ve skew between said tester siggal and said reference signal. 18. A
hi gh- bandw dt h anal og mul ti pl exer, said nultiplexer I ncluding: a plurality

of i nput ggeﬁa %%réc%PoE!ﬁ'bUﬂ bRAd2 § n’:l”ﬁadnﬁ Yre@blit I?%\H“i‘i'e ectop ahfb
0

plurality I nput gates arranged 1nto i ntegra er of groups, each
of saidisgoseporcanpniegratedicprcadet er m ned nunber of said i nput gates
configured in parallel and having a comon output; a plurality of output
transm ssion gates corresponding to the nunber of said common outputs,

each of7, Sa'ﬂnﬁétﬁb@bfwté?hmhgw rélaﬁ\resgkes@b@ﬂv&&twurﬁmwa}r%tem series to
sai d common out puts, and having respective output pathS tied to forma

si ngl ChAINEISIOSAMPRNAGIRIfOr Higra @r@mg%nqntqel@ys pasumnetnsyincludingsifes si on
gates sq‘t%égfpondl ng to the nunber of said commobn out puts, each of said
pl urali feedt hrough transm ssion gates having an output coupled to
said commrgema!r@mng sterasigrale atmedsaid pjurdlity of channels;

coupling said channels to a high resolution skew detection circuit;
supplying a reference signal to mutti-phase input circuitry of said skew
detection circuit;
selecting one of said tester signals for comparing against said reference
signal on said skew detection circuit, said comparing step including the steps of:
converting the relative time difference between an edge of said
reference signal and an edge of said passed tester signal to a voltage, and
providing said voltage at an output for use as a measurement of the
relative skew between said tester signal and said reference signal.

18. A high-bandwidth analog multiplexer, said multiplexer including:

a plurality of input gates corresponding to a plurality of input signals,
said plurality of input gates arranged into an integral number of groups, each
of said groups comprising a predetermined number of said input gates
configured in parallel and having a common output;

a plurality of output transmission gates corresponding to the number of
said common outputs, each of said plurality of output transmission gates
coupled in series to said common outputs, and having respective output
paths tied to form a single multiplexer output; and

a plurality of feedthrough transmission gates corresponding to the
number of said common outputs, each of said plurality of feedthrough
transmission gates having an output coupled to said common output and a
grounded output.



