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PRECI SE TI ME MEASURENMENT APPARATUS AND METHQOD
BACKGROUND OF | NVENTION 1, Field of Invention This

wappbioemed on rel ates generally to test and neaBCF/E8®N$/023088

equi pnent and nore specifically to calibration of
systens for making tine dependent neasurenents. 2.

Di scussion of Related Art Autonated test equipnent (a
"tester") is widely used in the manufacture of

sem conduct or devices. Devices are tested at | east
once, and often nultiple tines, during their

manuf acture. The results of the test can be used to
renove defective devices fromthe stream of devices
bei ng manufactured. In sone cases, test results revea
| MPRARSSEYTIORE VA A SOR FRIEN P APMARIGT6 Y UNITRIETIROB Can
be Use O | NCrease € yl e of sem conductor devi ces
by identifying process corrections. In other cases,

the test resul gﬁﬁgﬂﬁN ﬁg&f@fﬁ) hat can be nade
to the devicesﬁéﬁ er'tesggﬁﬁor %xanp e, nenories,

1. priigdaffbhtenarray | ogi ¢ devices and simlar devices
oft.en cantai n.redundant structures, |f testing reveals
SRRLCop Aot g Pl iy AR Bea R AR RO
specifitdllyftb ealitr@io b Sifstelrstier BakiSitine dedenddnt tiedsufegneh®r t he
defective one. In other situations, the test results
can be used for "binning" the parts. A device that

2. dOogscRQbn BBRLaitd gl Nt ended operating specifications,
but does operate properly agai nst degraded

s ptgpnpigdiesiaasipmenighat teslerp ckidez dsedia theghanugctuze elower
: C i r -
e G A, UL P LIRS SR S0 B,
their atanefattingh Thpewulfs ditlie tpgchobamspd Gpembye defentive perices dumat

I d Simlarly, devi 1 gh hi.bi
the stgera%rg&g c{ev%gsﬁbeegﬁerpalgi%ag%%?&{ tIﬂ gormg éalﬁ(e:sg F]eg% rg§utlﬁs t?eéveél 1}ntproperly

~ operdtiappenafattufing equiienenbaid qae bt asedtadrepasd e yieRtofa | ower

.tenperature. These .devices could be packaged_ and sold
sermigRnglpries V’E%ﬂyo‘H%m‘?HB% PO Pow%re{vaﬁs% @??Snaleéﬁ&@aulsr
reved ORI GAURA chiSbd QNS to tRARVIcBLuIBSle 8N FEPSGInhlcC AbBes, TO

detect errors in operation of sem conductor devices,

ProgramnaRistariey 1ogis degiges Wesitnilasipyicesotien conitin sedyndamh ptaichuses.
st 66 0 Rae o BNSFL S LD o Ok o
redundg,n‘rasgyctggﬁdbrethe éefedive ogé nlrodihean si@uatimglgrt@t results can be used
for “binning” the parts. A device that does not meet its intended operating specifications,
but does operate properly against degraded specifications, might be packaged and sold at
a lower price with lower performance specifications. For example, a device might
exhibit errors when operating at a high speéd, but perform properly when operated at a
lower speed. Similarly, a device might exhibit errors when operated at the high end of its
temperature range, but perform adequately at a lower temperature. These devices could
be packaged and sold with indications that their maximum operating speed or
temperature is lower than the design specification.

To detect errors in operation of semiconductor devices, automatic test equipment
applies stimulus signals to the device and measures response signals. Test equipment |
includes many “channel.s.” Each channel can, in any cycle, either generate or measure a

digital value to be applied to one test point on the device under test. Channels might

include additional circuitry that can generate or measure other kinds of signals. For
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digital value to be applied to one test point on the
devi ce under test. Channels m ght include additional
w@reed48ey t hat can generate or nmeasure ot her RCTUS200$/023088
signal s. Forexanple, some channels contain circuitry
that generates a continuous clock of a progranmed
frequency or circuitry that nmeasures the tine
di fference between successive pul ses. FIG |
illustrates, in greatly sinplified form a tester 100.
Tester 100 is shown testing a device under test (DUT)
110. Tester 100 contains..a_central controller 120.
Controller 120 m ght include a conmputer work station
examg)ﬂagon‘?ee h\éﬁr%lsa&)nf‘ml &’R@fh? ér[&a%sfaa&ﬁtlﬁlﬁ)u@hl)%f% user
eve op or |load tes grarrs Into the tester.
prograwnted dteleancy o0cirebighitthas Irxsf;@sumdhwme diffeesprebetwesaypugdassive
Qrow des centralized resources that are used by
mul ti pl e channels or are not related to circuitry in
t FEGdhifinstetes, inlyueatlyl eltr@hﬁed fofmsanektek oW efteraltll nseﬁlo'a‘n e

.omtted f y tr100|nc
testinghalebige undéh 3 FREH U0 1etGficotians pacubbiRuftrael o
Contfollpf EXahight 1h%1&de eﬁ@@rld puhaonedtatbanhd s&ves dg ah bdrdtor interface
generator. 140 and a timng generator 15
to aﬂa@ﬁéasetta fevelry qt oadieshpramaiy 1itp thededsrs QOHME i%%wgéw%

inclu@blf {88 Body@Bdt prodhiRS cdnbiflih t&sdlulcbyihi ddtiddd shanngle 1301
shoul d do. For exanple, it mght specify a value to

changply erearg ot pRlAted Oritsvitymihe vhanpels; é%ﬂﬂéscqfééphfl‘iﬂ@wp fRatures

areoﬁﬁt%dfa—ﬁs‘%ﬁlgm enerator 150 produces timng signals that
contro i mes at which signal transitions occur.

Fofestex ddfpinelndes niltiple ghasgs dB01yil 3. .. spéei Takirgrobannel 130,

o el Sp Grenfodl e CRBRLRPRR T als huRectr e

150. ”P@ttérnlgbzyeritelst4oﬁ>kﬁogrh@unedtto kpecifyyfor dagintydlodueinp b test, whire

nes a |ch signal s re aplled andthe
the cltr%teéwg{l “\m Ew 28 S gt R R e, arehig to
dr1veg@DQf"[ail‘Uorl\5Qt{=Hl&\&k ct§dlEB§1|l§UTh@® control these
functions. Channel 1301 al so includes pin electronics

160miny g@nelat@éﬂﬁ(bwpé@e&eeméranais at eeparog the digies plwhiptat
signa?ﬁbﬁéﬁﬁmg B&u e Caq{?ﬂiﬁg glggalwgwe%ﬁ?ﬂegﬁ%%&g? N

e Si gna va e o t’hat
signaéb@'ng gowiatsl ob 6l tiomcdt ndesh assigiral vadue i$ 60mpdded toen etpRteds
= | oc glget%st b%]al fo! J S 1;n:pg Jfg)rr?oﬁlg' t’ﬁe 1meE at wa ch s%lmulpust urn

valueC VPY ] g h
signals are applied and the times at which the responses are measured. Timing generator

pulse

150 provides signals that control these functions.

Channel 130, also includes pin electronics 160. Pin electronics 160 contains the
circuitry that drives the line 170, connected to DUT 110 or measures the signal value on
that line.

To drive line 170, pin electronics 160 includes a driver 162. Driver 162 is

connected to a flip-flop 164. Flip-flop 164 is in turn clocked by a signal from timing

"generator 150. The data input to flip-flop 164 is provided by pattern generator 140.

Flip-flop 164 causes a value specified by pattern generator 140 to be driven onto line
170, at a time specified by timing generator 150. Flip-flop 164 might be termed a
“formatter.” Formatters are known in the art and a full formatter, including all of the
features commonly found in a tester, is not shown for simplicity.

To sense a signal on line 170;, pin electronics 160 includes a comparator 166.
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generator 150. The data input to flip-flop 164 is
provi ded by pattern generator 140. Flip-flop 164

W@ 28064820 val ue specified by pattern generat orPAB0S1005/023088

be driven onto line 1701 at a tine specified by timng
generator 150. Flip-flop 164 mght be terned a
“"formatter." Formatters are known in the art and a
full formatter, including all of the features conmonly
found in a tester, is not shown for sinplicity. To
sense a signal on Iine 1701, pin electronics 160
i ncl udes a conparator 1665 One input of conparator 166
is connected to line 170L. A reference input of

One &gﬁ%@%&hﬁ&at%f Pod 8 @&H&L@ﬁ 1@ 130 PUORRALIE Bl 620 AHRAGE

era l'y a reglster storing a
166 igl D@J.pﬂeall to lalpmgrarmhdﬂe xeéerapp Nale@gem@ra@prm tgpicaly aregi STt Ee

SRS RS e (R O o B
166 i b@Raled genrrcAt1gd. Dytcﬂi l $tiim gorgmﬂed [\ mhnﬂxfg(}slgn'ﬁhgnda’tea by

. .output of latch 180 i vided to. ern ener.at
timing Aghersiar { - o Apgla opiPHE Wielch | R alsieBB s RPredRagest oo
In thidREYNER eleBBoi@ 166 1Rficatds RBethéQbe hidte on Ry Imogudsaarpamhlae

at atinme dictated by signals fron1t|n1n% enger at or

value)®@. timesdigiptet by Fignaly from tinpeg gneraiond Shi A3 Bt Gediyprgortion
of pitk @lgctrc}n!ﬂ:% 1% cgﬁ Fat®YokicAns el Wedvin 1|ﬁrﬂﬁ)é’\ﬁ't dda atshepldfeti
and a S|np erS|on I's shown. Timng generag
versid® @ shown.i des S|gnals that control the relative t|n1ng
of .si.gnal s ' C L R
R e g i L E
at pitf elleatoaxds heot Tmmately\mashresthgpafo&nmoe ofj &I Hidedd isor

neasur in el ronlcs 160 to.the t
eSS B 0 ) B Oy B SR 88
160 foRROKGEs thbReighdPreadl 51 e ION$ | @ eTledrandiotine iipeughdine
for this transit tine, a tester is typically
1701 st b qomgideredo calibrate a tester, neasurenments are
mﬂ@c&rﬁpéﬁ@z&@ fc{f‘t}ﬂﬁr&ﬁﬁ tﬁrfeaéjﬁ‘st%r ik 't}'ﬁcallgﬂ caughted. | Tiecalitiele.a
Progranmed tine values are offset by an amount to
tester orppeemeds fromah o dofeamiietthe fransit flﬁlﬁélﬁr@ﬁgh lingd 79701
Prog}[glrr‘irl']eqC % bhald! a?&i (f)%h?r 2 SRS IBH Er%tat%%ﬂﬁe TRAR ‘tﬁﬁﬁ%d at

roni cs e an accurate iIndication of
thro@hgmallgo afWiBUslibkdon, Orssiguals gemereibd omedsered pbipis electranias

I 1701 h h
0 e RUS DS BB 5 | roui & echni aue

I|Dush@ﬁheﬂhmMﬂEhﬁhmﬂmnaﬁmmghenalﬂmﬁkmmasmdeﬂbnn@haest

techmgue carﬁec? I1"1m Olgortngug T{Seg]ectomea%xyp %Bﬁ) 211]91{ 1S 111ustra§ed n 7% 2th€

make a TDR measurement, test equipment 100 transmits a pulse 210 on line 170;. The

pulse is transmitted at a time t=0, as indicated at A.

Pulse 210 travels down line 170; until it r;aches the end of the line at some time
later, indicated at B as t=X. When the line is un-terminated or terminated in a short or
any other load that is not matched to the impedance of the line, some or all of the pulse
will reflect back towards test equipment 100. As shown at C, pulse 210 begins to travel
back towards test equipment 100.

As shown at D, at time t=2X pulse 210 reaches test equipment 100. By detecting
the time of the reflected pulse relative to the time that the pulse was transmitted, test
equipment 100 can determine the transit time through line 170;.

FIGs. 3A...3B illustrate a measurement technique by which tester 100 may
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pulse is transmtted at a tinme t=0, as indicated at A

Pul se 210 travels down line 170 wuntil it reaches the
wenwenbssehe | ine at some tinme |ater, indicatedP@r/UR08T023088

t=X. Wien the line is un-termnated or termnated in a

short or any other load that is not matched to the

i npedance of the line, sone or all of the pulse wll

reflect back towards test equi pnent 100. As shown at

C, pulse 210 begins to travel back towards test

equi pnent 100. As shown at D, at tinme t=2X pulse 210

reaches test equi pnent 1QQ. By detecting the tinme of

the reflected pulse relatiive to the time that the

detertRHL B8 (¥RSorbh 30 Brtlsfal, HaSh nBSHibE WRtto 4Q6mTAdthe time of
eengéterﬁ%ne thea%ng%8§?atlne th?gugh I|%e 1701, %fmco

amvaB@f a pulse3 Bhis|tabsigraissomeimessatehanedgsdanhiiterdsians, Wi ch
tester is p@sgr5§%m13n Vﬁl V\E%)éqﬁtteﬁ{ 'fgbﬁ?n gfgte[' '15@ 6. BN TREGSPEmi® a

e us to d termne the tinme of
pulse at 4 ﬂ1mathab¢andve [IHJxleB & beTihi s At sotertinpileter, datelo hidt intdess theal | ed

"ed | techni que. The tester is programed
OWPQMﬁﬁ?@R é@%old Hin register 168 (FIG 1). The

t @ﬁtﬂ(ﬁi’str@lﬁdl iSF1&. pA| e tefer Bsdes tre litblatonoamdoe atlaie dn r¢lgiviee

t=0. At sone tine later, latch | .at S t put
to thedlfanwa%a% tth Puless Latediing cPoRpRY i@? i C@ etf‘f?‘télt ot
very 50%1%5 BleaduSEMES of S vAIRE SMhe QPR BAl1iAd 17, td the ancToeﬂ HbAve

to the transmssion of the pulse. Latching conpanﬁtor
From 16 single comparispn, fesier | A@ may fleteuming Whetles e signg} aldime T

ﬂmv{ﬁﬂggﬁﬁgggkgﬁ the value of the signal on line 1701 in

Fromthis single conparison, tester
100 therasgindbet @m fte e B hastHobreghyd ddstead 0@ anskthersipral on

i (A Bl @ B Sl etel PR Aaclanld

the sibhdl€n & 70, $s I0@) vohick Béntedreesiuolad itdicaAac thaiivisgl3y 0 has not
tester 100 det rn1nes that at tinme Ti, the signal on
yet reaghed ptgetiorics 90-which is interpreted as an indication

t h@{otﬂ%‘ bas i31n Qﬁﬁsrfﬁ@:&d Yilttinh SRKEIBE thap bfhi€beednkidered Sme
. Another pulse is then transmtted at ti me which

t=0. Ftﬁ:y 3BgHistralse a asAsTeraens gnods pig e L LpTelgtive i § Ffa%w%ﬂ%ls
of th?g;dﬁaﬁﬁj &%%mﬁld@&l 3328 ' ﬂﬂ?se-g'l o Bad 1k bR tsRr it b®and

ansm ssion o pul'se.” I n measur ement w ndow 312B,
the sigodl ssngaibGelvasthn StreshelidheBhis mseserentenbis Anfcatasebys lggiat Lics

the hr old H This neasurenent is
latchciecﬁagi ea u§) ycom a%)aéclargép LO

FIG. 3C illustrates a measurement made at a time T14;p relative to the
transmission of another pulse. In the measurement window 312C, the pulse 310 has
reached tester 100 and the signal is above the threshold H. Tester 100 indicates this -
signal level as a logical HI

This series of measurements allows tester 100 to determine that a pulse 310
transmitted by tester 100 will reflect and reach tester 100 at a time between T4p and
Tiaap after it is transmitted. This information allows calculation of the signal transit time
through line 170;. The signal transmit time allows tester 100 to be calibrated to remove
any errors in time measurements caused by signal delays in line 170;.

Calibration using TDR is very convenient because TDR measurements are made
using circuitry that is in tester 100 for testing DUT 110. However, the calibration
indicates that pulse 310 arrived at some time between Ty4p and Trazp. IfD is the

smallest increment at which timing generator 150 can specify test signals, this value
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| atched at the output of conparator 166. FIG 3C
illustrates a neasurenent nmade at a tine T1+2D

WO 200a04829 t 0 t he transm ssion of another pul sePCT/IS100%023088

measur enent wi ndow 312C, the pul se 310 has reached
tester 100 and the signal is above the threshold H
Tester 100 indicates this signal level as a | ogica
H. This series of nmeasurenents allows tester 100 to
determne that a pulse 310 transmitted by tester 100
will reflect and reach tester 100 at a tinme between T
Dand T 2D ft it is trangnmtted. This information
alloms calculatlon of the signal transit time through

limits t}be r%so uti ogcahi%ra dm’? Hx%gsu}gn?eﬁ&nﬁttwédlﬁe @éslr%@tot(ﬁﬁﬁﬁfe al00

enove any errors i1n tinme
tester Wﬁhsmmﬁﬂﬁmasmma&?mg%smly &ti veprvdd alstelpea%zgrqb&ﬁ tpjcplgbrate @_[ester
ti.opn usin t b
wing e G PP e ar R har o
t eRt. aris 4 9@tdhat pfc@ﬁdrﬂrﬂ@ldllﬂ'cldghﬁeraﬂrhvmmeﬂry, gugke as might be

foundi. is b UGEA T WA ePeSDiseR A (U A ELEE S

generétfbﬁrcﬁgﬁmooakeé’g"ﬂe%lc{de RbReBenanat dfectlldiat smtispaDDE)
nals, this valuelimts the resol

to germlta eleali GhOWEaLueries e roFImRELY FeBEnde ﬁ"r"g@FIéer?t{S’n
circui A?dO' 195%%1&%%§tg%gotcﬁ \%ltI\HCEﬁ WHEHTK B R64IF Oiked FreR@ESY bl €.

&sirabl e to calibrate a tester usi ng
clockciticmiaderty bt hedtiviely lbwe fsrmesentardund 409 Mtz o thafit eanrhsy

accurgglg it iﬂeqmg Eitt%ou% teé‘tell o2 fl]\fchg El&gilsﬁ;f tlgerc%gigﬁ gﬁ@@e%f GlcBGK

ry, Ssuc as m in a
clocktgesdr@tton chruiit xlnayabenfmnd]mrtéﬁ pitart s, lkB&,éﬁB tos@etgef fmal tanftlery

ali
bk Gk MonbL R RR R ey e Bl by pers ifibmscey
( ?@aﬁgﬁﬁ%ﬁ@&em iatlagds,a T@tﬁ&}éﬂquntehétcﬂhasr @ICO) 410.
e 1requenc
ol S ] LIS SO BT S S 40
apph(galtl&? o fal £5146P8Y, 48321 ¢6dd Ddcbmbé 20BEl®3 | WhibieisetedY incetpprataiv

equency, arotind ‘100 MHz, so that it can be
byre&mermtl@leytll@t)’strlbut ed throughout tester 100. Mre

d%@d) 4 O luh&ean‘%.%alngﬂat QOU%%c%ul%P@ﬁn&h@&lﬁ register 422
gener a | OR Cl T CUl e found In US patent g.L 53
that 15 ao@ag e;k; MELKI The mpuuaﬂr@btemm oG fooKaddeDti4e, A@m &?H*
compé}eé sglé%é:ﬂgafv% %&%ﬁoﬁ% ytSYOA‘ffg&leré%el o d4(322@g31 Seﬂngggtbfeﬂqﬁf a
Iegls@pm er Gscillator (NCO 410. l\/bre details of design

an’lghe%?lt%uto gf a%gumNCfaotorr]?Z\{) is usefclct)(%J 2 dress a eerrll%r;] genuéd Fgme %aﬂ)tle
430. Sine table 430 stores a sequence of samples of a periodic signal, usually a sine
wave. As the values in accumulator 420 increase, the sine table outputs samples that
correspond to points on that sine wave. The values in the s'equence represent points on
the sine wave that are successively later in phase. Thus, the value in accumulator 420
indicates the phase of the sine wave at a particular point in time.

‘ The value in register 2126 indicates the amount by which the phase increases from
sample to sample. Accordingly, changing the value in register 426 changes the rate of
the change of the phase, i.e., frequency, of the output waveform.

The samples of a sine wave provided by sine table 430 are input to digital to
analog converter 432. The analog output of converter 432 is applied to filter 434. Filter

434 is a smoothing filter, creating an analog signal which is as close to a pure sine wave
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application serial no. 10/748,488, filed Decenber 29,
2003, which is hereby incorporated by reference inits
wenitsoesy? NCO 410 includes an accunul at or 420PCT/US2005/023088

Accumnul ator 420 includes a register 422 that is
cl ocked by MCLK. The input of register 422 cones from
adder 424. Adder 424 conputes the sum of the value
previously stored in register 422 and a val ue stored
in a register 426. The output of accunulator 420 is
used to address a nenory denoted sine table 430. Sine
tabl e 430 stores a sequegce of sanples of a periodic
signal, usually a sine wave. As the values in

as is pRCALHT | ator 420 increase, the sine table outputs
sanpl es that correspond to points on that. sine. %f'
Thiee sied wes is thet heppbetjostipring applifics 36, fornming plitRe"o

. .Si ne_wave. t ivel | n phase. Thus,

s igh 8 AR B RS PR A Ei g B P 1S phase of
t ke sjune Wy gutaif chppag arhpliflea#3ainrserve s & digeal cipgle Withlaue
in register 426 indi cates the anount . [

freaugRbat FROF BRSBTS peF SRR a8, B0,

NCO t@f@lﬁlﬁh Engnitea@?swtalﬁu@wﬁn Wheg asﬁ@ner]fb%ambmmgmnmé Tht e of
he change o e phase, i.e., frequency, of .th

resolugan FRRERIRNCREPTRSUCHTS Chegltes oGt 4T BRBI TS g2 ap

the nﬁ%e?bﬁ%m?ﬁ? L2 $ROWRFSstdrBPlsideQaislé 30 @l to anal og
converter 432. The anal og output of caonverter 432
aPyHereegtetter tjolution ivdairedrp fregiengpsraling Gregit? fﬁ“ﬁh‘j used.
filter r ' ' I Al ' to

Onen, pgfelogfidTBl PALTR BN AR AT mUER ik AReclbaee

loop dah(iilnl_lt?;_tlja e E?due_trﬂy oy Elpmitqaggr anpint, fwhith c488¢ poBiapmiadg A
anp i er IS a hi [ [if.

com BLLEE o470 e S R OGBS e

in&g&b?ﬁﬁﬂﬂ?hﬂﬁﬁkbE&ﬁkﬁﬂ&ﬁmﬁﬂBdSAﬁkﬁuaﬂyﬂmﬁ@@h&mﬁﬁ&ﬁwﬂky
i ‘ .

s SR 2k 0,0 BOOARTIRS, By RSl

equalltd bR BBIQhUld RuMAd bRt HroGaeEmcye PBD alkethe

programed. The resol ution depends on factors such-as
frequentes divigioeby &P coini®. of resol ution of register 426 and

: I;lg)]e gﬂygg g.{ag&&nem! £ a%ﬁm?léi?d%?oc%‘i’a%_ra?ﬂ & aeﬂodkgeﬁé:arﬁltﬁm

re greater olutionis desired,

circuit.r Eoprentanabeampmgofsurta pircuitafe v gxpyesslysbowvn. GF ererample,
o5 ol PR L B, i
accumulator register 422 is not shown. However, such circuitry would be routinely
included in a clock generation circuit of the type pictured.

While clock generation circuits as shown in FIG. 4 are known, such circuits have
not heretofore been used in the manner described below. Moreover, it would be highly
desirable to provide time measurements with very high precision and particularly

advantageous to make high resolution measurements with circuitry as conventionally

- found in a tester.

SUMMARY OF INVENTION
In one aspect, the invention relates to time measurement apparatus that has a first
clock generation circuit outputting a first clock signal and a second clock generation
circuit outputting a second clock signal. The first clock generation circuit comprising a

first numeric counter oscillator and the second clock generation circuit comprising a
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| oop can nultiply the frequency by an integer anount,
whi ch can be programmed. A counter can be used as a
w0 e@guoersey divider. A counter can divide the fPErUSI905023088
by an integer anmount, which also can be programed. A
frequency nultiplier and frequency divider can be used
together to scale the frequency out of NCO by
non-i nteger anounts equal to the ratio between the
frequency nultiplication provided by the PLL and the
frequency division by the counter. The bl ock di agram
of FIG 4 is a sinplifiedyblock diagramof a cl ock
generation circuit. Conventional elenments of such a

secofill heHdrlc d%ﬁﬁeﬂ"&hll@%? r RIRLY irpHOMRoupQto eXeATR! imeric counter
circuitry to load register 426 is not shown. Likew se,

osciligtorani theyseqand mumetic enuniepasillans uhe dodinpw gpriraly the pge gis
whiddGh ﬁxgpegﬂllen c1ﬁ§{81|']anﬁltﬁecslébcgrf'd¥1u%ﬂ!: g?hpl%ﬁ o&lﬂﬁa{t&el y

i nc generation circul type
incrqmilemt uietbast\the Isaqucthoecdaongelm ¢reatpention oﬁthutlms nEgsusdnoam i n

SR i I e i
signéﬂl@tﬁﬂ a sévend bcgitlﬂoj/s@xm Bymhioﬁlzécbtophwsebcdel dléchmigh®lasur ene nt S
r reC|S|o and particul arl advanta eous

LI AR e R U T bt g 0 B A
adapEnY 88 LHRBEbA 36 & QHAGNE Ind TR IEEEquipphdMVRRYG @Ezei SMENTHEN

In one aspect, the invention relates to ti

an opigyiiarRipd it thejspnointaad ¢ Waingtiaant gorrofling thy *éek at which the
driveeReLSd ééélﬁ} tﬁ&fékt ot RUbL E{l}gto?c&duﬁ?htas &) 6k SLMoRdo B d

a secon ock generation ctircult outputting a second
test pdinfeiad ¢ itigrieg inpTtventroling the Hoelet yhink Hatcomnaretor eigduit
C . he
meaGRUURA PR Bl (TR bh SO ShaBilideRh B RlMeh
courtetwadillgorcmd b ean espitlcbgf@lto the tivhiog knputfithe drivec citquiite h
e.first nuneric counter os r and the
secopd st dbdlii o Broonu i g ter i ialo B fan 30 oLl
the thﬁﬁg irpl€ofahe Ydthfabutdrttacdit. r 4 toltbBY EErieQyhafrordstioh kighalr
t he second nuneric counter oscillator increnent.

and
betwgen fhe 43t cisrit apddhsettedtd &6t rol s the operation of the
U BnABRS MHETERAL irAPRAMAINSs to Bt BEIMSRGSH{nD)a tBRNer at e

a first control signal synchroni zed to the first clock
diffesgngmalheanethed swemives gooereting a Sistelatk oymetutustifieadencs thhe

freq&e%?}p Foqltr%llgé:{é e]i ngé“{a' at 1655'3 ?Q%h@ee A ?e%&?@ élf)cléplg gnx}epﬁ% ha%k

aving a
a second frequency, correlated to the ﬁrst frequency, with the frequency and phase of the

second clock relative to the phase of the first clock being controlled, in response to at
least one digital value. A measurement interval is started synchronized to the first clock
and ended synchronized to the second clock.

Apparatus and method according to the invention might be employed in

automatic test equipment, such as to make TDR measurements.

BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing. Inthe drawings:

FIG. 11is a block diagram illustrating a tester as might be found in the prior art;
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adapted to be connected to at |east one line. The test
equi pnent has a driver circuit with an output coupled
wWa o00bhesseest point and a timng i nput contr ol | PETUS1965/023088
time at which the driver drives a signal at the test
point. A conparator circuit has an input coupled to
the test point and a timng input controlling the tine
at which the conparator circuit neasures the val ue of
a signal at the test point. Afirst circuit includes a
first numeric counter oscillator and has an out put
coupled to the timng input of the driver circuit. A
second circuit includes a second nuneric counter

osf‘ﬂ}lif’g %{(ﬁ@ipﬂlug@ﬁlngg KON PYDRGRURLEe 0 the tim ng

tor circuit. A conductor carries a
syﬁi@h r3am &@me@meswgﬁaket@m luetrating e khpwisfedep Aadii algcariem
econd.circui.t. ..l n another aspect, the invention

mrn?%?ﬁ?% CHgiE F A WG of neasuring a time difference.
ThﬁGWEEhQ@x&QﬂQ&Mﬁeﬁagﬁnaﬁ&kmhgmaxﬁmnshmnﬂOCk havi ng a

ngy, the frequenc ntrolled r nse to
s G AR A B ASFrOERI S S IP
mym?@ﬂqmg second frequency, correlated to the first
requency, wth the frequency and phase_of the, second
cIngfk6 %Séqfh charttab 2 e BIRAEEMEY PrIsessppsading fofag InFertiog-
controlled, in response to at |east one digital value.
A nmeasurenent interval is started synchronized to the

first clock and PREAAILEYRISCEBHTEON t o t he second
ﬂg{mgél?eﬁ“ﬁ%{ovﬁ 08 i/ TRLBAAGER ] dhifs Of LoRrhMERREA ON
e e tic test equi pnent,

nmp oye I n aut such as
the atrﬁngmkﬁ of Dhtnpeests setrfent 5. thaRIEFINPESCRPHH @nll@rated in the

oA, T RS CORERIAS o AHRSR LG 0 SO G ©

being\@@fiddyout Hﬁﬁahb@ﬁxkraﬁ:o m@naﬁtphfab@uogrysnd lekisiblogy @skdibarein is
vari ous flgures is. repr.esented @%H% I|ke neral . For

for theupeseef dsferiptign prdshoplgmobedegar Ugof
mcl{ﬁg%" @c@rﬂpﬁsﬁge'&)Y"}Qﬁfﬁi\é""”Q:ont'aﬁlﬂgh’e‘uﬁfo%gﬁ’gﬁnd frfatiods i s a

dlagran1| Iustratlng a tester as mght be foun
therepﬁhqrm lpme@rrt teyprcompess the ifegnsdistel dherqqftpy %Q%Wé?lF%thém
o) g§urenent FIG. 3A. ..3C are a series of
as wi
sketc es | ['ustrating a known "ed e find" algorithm

f OFIG® dlbyirategeitduidryt thatimeey befused toingplep timBreGneagujemept that is
morebgreoc%ke tgalma {o? g]rt %Eprgac%{aé. Ofim% %ea&h&ﬁ&t@@ﬂ?fe@d&@&s %'nrtlgeu' t;

order of fem to seconds are readily achievable using circuitry as conventionally found in
a tester. Even higher resolution measurements are possible with higher resolution
circuitry. In the illustrated embodiment, the circuitry is used to make a TDR
measurement, such as might be used for calibrating a test system.

The time measurement circuit includes pulse generation circuits 500A and 500B.
Pulse‘ generation circuit SO0A generates a pulse that controls the time at which a pulse is
transmitted at the start of a time measurement. The pulse from circuit S00A clocks latch
164 in pin electronics 160. The source of the data input to latch 164 is not shown in FIG.
5. However, it may be set by any convenient means to a logical value that causes a pulse
to be generated when latch 164 is clocked. Accordingly, the signal from pulsé
generation circuit SO00A can be taken as establishing time t=0, as illustrated in FIGs.
3A...3B. The specific method by which the data input to latch 164 is set is not critical.
It might, for example, be set by pattern generator 140 (FIG. 1).
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FIG 5 is a block diagramof a tine measurenent
circuit incorporating the invention; and FIG 6 is a

w0 b@e/oefs2et of a tinme measurenment process accordi/nsmD023088

the invention. DETAILED DESCRI PTION This invention is
not limted inits application to the details of
construction and the arrangenent of conponents set
forth in the follow ng description or illustrated in
the drawi ngs. The invention is capable of other

enbodi ments and of being practiced or of being carried
out in various ways. Al sg, the phraseol ogy and
term nol ogy used herein is for the purpose of

_?_ﬁﬁge[ée%ﬂa?& andi: shey g&ef&% aRflsE epaER@dls @Snéaisdﬂ::rhéﬂi g.
_ e e o0 I ncluding,” "conprising," or "having," .
wmdo::&; ewhas Al 312¢ Mﬁvi&fg;-gcﬁ@s@l&]ﬁ? elosks haich H@r%%fm pin

er ei.p, + S ' li: .
ool o IRANLLS APETRE RIS, BT e etheives
in gre@eictietaildiaiiw, ke médsGemBnt difcuis of FlGe § exscpieun edge fingt

.ay be use make timn '
soel L SR AR AP SR TR e
has bérédé Hgt_e(lft&ﬁ. ol h%dv@ﬂﬁ%ébﬁslkhﬁe eldges tivingffthe signals doorpldsear e
adi achi evabl e [ '
genergtn AB0K AGOUBSPB S VED STFR RGBT T PO TS ur ement s
meas&fxﬁed@.o§§1k$’ée%e1\éﬁ&hcimug BetA FReNEIY §igal [eAtebdtas Y. SYING. he

I I'l'ustrated enboedinent, the circuitry is us to nmake
D_SYal (?I'I_S’R qrmasnd SwbrrusesPulsh SensTavion RECUHE S nd %f)% to

cal i : t t
R e i e S e v
comn00 BomPipatterngeneatat 149n Polse gerictati®o Oitcwic198Bas gicaralyl se

. ..that controls the. tj f [ LSt 4t
s OB ST Bl BPpRSokdaanany tod
deﬁmgl:_’dﬁlﬁ %gihni&é)%ftﬁé ﬁﬁ%ﬁahﬁaﬂherﬁﬁﬂiﬂtﬁvqﬂi n el ectronics 160.
e source of, the ta.l to |.at 4,1 tﬁ&y\m
i Ruks e@newwwg\ﬂépgﬁi lpcm%%@ §&A"’-‘a§59%$% TR
as is RS IR of, deghertovab tépxqt. hRtNCOUI BA ifclpikks By b peflience
generated when latch 164 is cl ocked. Accordj ngL%k t he
C
t

clockighlland eenerapasiasiieiigbriesiaelinarerenmatl fregispn’ iy aken
a |. i = . i

o SERERL SR (] kit 10y

circuit 84 prbBdces smudtiple dlecknotll at fiequeneibs thittargriugptegerfasnon-

s R0 B e RS RS Rt B
the sdnitAdoufe@ Rhd @t Shedefie asu¢lam® it time. Frequency scaling circuit S40A
may be a frequency scaling circuit as is known in the art, such as frequency scaling
circuit 440 (FIG. 4). The specific frequency at which NCO 510A generates a clock
signal is not crucial to the invention. '

A time measurement is initiated with the assertion of the D_SYNC signal. In the
illustrated embodiment, the D_SYNC signal is assumed to be in the same clock domain
as the clocks output by frequency scale circuit 540A. A “clock domain” refers to circuits
that are timed by a single clock or a set of clocks that are correlated signals. In digital
design, it is preferable that inputs to a circuit occur at times correlated to the clock that
times operations within that circuit. Otherwise, the circuit might perform an operation
before the input signal is applied or might operate at a time after the input has changed
state. This lack of synchronization can produce unintended results. Accordingly, when a

signal generated in one time domain is passed to circuitry in another time domain, it is
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w ndow, such as 312A...312Cin FIGs. 3A...3C This
pul se clocks latch 180 within pin electronics 160. The

wo@eiopo4sed | atch 180 runs to sequencer 550B. ABCTMUIF100%€23088

described in greater detail below, the tine
measurenent circuit of FIG 5 executes an edge find
al gorithm Sequencer 550B nonitors the output of |atch
180 to determ ne when the edge has been detected.
Advant ageously, the relative timng of the signals
from pul se geaerators 500A and 500B can be very
precisely tinmed for a vey préeci se time nmeasurenent.
Pglss ?engratlon circuit 500A receives a signa
identified as D_SYNC a_comran
convepRASb O GREFARETE SPPL B TPS RSO U 4B R008 Lo ol o 2

agnal%@tl?@&& gh&fromﬂéﬂﬁmﬁi B adw ﬁinSh{Nﬁmmagammd tb be inexcdogl e,
derive

froma command f attern ner.at
domambthepm@éatg@&?é carslgead © tP?:%lP‘f Sélt?égmn éh s‘ilrrcglg eq{m&
doma@mom lar to pul se generation circuit 500A. C rcw ts

OA and 500B operate together to define
il renoisdiebiufit ot g Subo eNs PRV EPVIDA Bt iD are Hkely "9

ner at.i on, Cir oA
not i §/ B g e %ﬁ? W tfxe ég: R Iﬁllt‘t“'tic%g cgﬁgaéé Eagsﬁarggﬁﬁnl\%(l) Lo

meaSL(rErhéint S)ér.;l; {B&eiﬂlﬁil&étmmxghdfﬂmlwda}bwgva@ﬁb@ sneFigie fmeitedk
| Gl O
e SRR LA AL A

cntlcgcl F@%%?&%ﬁ%%ﬁidltﬁkgdeﬁmlﬁ ofinkt @ﬂﬂﬂomﬁtleq aenoysosal i ng

I cui roduces multiple 0, !
Té\a@éﬁgﬂ\&“grﬁéts PERVE Eegﬁ‘s Al Btetlo%lbe fﬁﬂ gﬁ??ntl Jé‘% eirjh%lt}f)]? iple
5 14AQQ clBEl@edfbg@Ll{@ ng% pﬁ‘bﬁuc&f b NEQuBAGACalH@irchinSs. dflip-Bid

generated fromthe sane source and are therefore

514AcbignethaDe § YING &lgq?letF?é&ué%y scaling circuit 540A nay

b
< R e e s e Ty The

multipfeRa 5f165 ffheq@remtyxpam tovniipleNEO 1 640K RS FENESRSIEVR| ock
Howq:ﬁggg %tii.}ﬁmr}l%%sg%ernllje%t %tg)gefepfhé n%r@f&db%ﬂl’%etcbfﬁolled to

I ni e assertion of
pass QQSXM il mp@bp 5140 tdnie inphiustflipflen S B3 ol ispasnd switghed input

S
of g BRaRe SR trnpr e g grsition AR, ARk allows
the D5I§fr)§c sggna“z' toasekesiasRiby h syethesnzation dgmat fiomgpuish geneastion
creupppe) R st apaisremes it o s e g Bt

and rRﬁlﬁIﬂ%f(&%ll B AR HeRRLES dhfirely. Glldwaiet, tiRClEmatte dohn@gon
cor ated to the clock that

can be used for debugging and including a multiplexer 5 16A allows circuits 500A and

500B to include identical hardware.

Flip-flop 518A is clocked by the logical inverse of the clock provided to flip-flop
514A. Flip-flop 518A is included in the pulse generation circuit so that circuits 500A
and 500B will be symmetrical. It might also be used for debugging the circuit.

The output of flip-flop 518A is provided to flip-flop 520A. Flip-flop 5204 is
clocked CLK_L1 from frequency scaling circuit 540A. The frequency of this clock
matches the frequency of the clock driving sequencer 550A. In the illustrated-
embodiment, sequencer 550A is clocked at a frequency that is 4 times the frequency of
MCLK. Flip-flop 520A ensures that the D_SYNC signal arrives at sequencer 550A ata

time synchronized to the clock clocking sequencer 550A.
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times operations within that circuit. Qherw se, the
circuit mght performan operation before the input

WG e@nab4ses applied or mght operate at a tinme BET/ES20051€23088

i nput has changed state. This |ack of synchronization
can produce unintended results. Accordingly, when a
signal generated in one tinme domain is passed to
circuitry in another tinme domain, it isconventional to
synchroni ze the signal to the new tine domain, such as
by latching the signal with a clock synchronized with
Fhe new tine donain are.-paid to be in a clock donain
if they occur at times correlated to- the clocks that

ti it CHid ebgs 4 ST rsggar ds t he
CF?%B‘?tF&oO? h&f%ﬁ 552?0%05%(3 ggst?ﬁffgmof Nc%q%e%g?& ag% 510B
Sequearer 550 A qeyeratert an qyinuhsizesd thet isippssedirilip#loRs S 34e circuit

t hat 4 ni.ti at e L TRAt .
sEﬁg-ﬂgg ror bR PONTER bl Bl s e TR R,
with tateticki Thereithodf Afp-Boni6hhk trprzatédon phyelestriogias 1 ¢iklo DogsNIC
" signal is %en§r te%%otm.au? nmand tibf. N9k %ri {éh% ] e
t eget“ﬁ"é“?‘hﬂ’r‘%eaﬁi’tq Bt BHEF- ¢ 18 CHE¢H g’Pé? Qlfaﬁg’tmcgynchrngnl zation
is pre_&rfﬁﬂ;tn@%, sﬁ&lpawmh ]ylp_-ﬂ‘ﬂcﬁn BerB¥NG 180 gnallogis Hpvaud lotficte asticam
gcuerigt ShiY 16 DA SpRSC BRIl e GRE BRIy el rou t
5%%-% '5'5@%% BBwR I @hhans tb BR RcBYiWat 61 WPalopWist Rvithin
in clovinh 16U NAEOY DI rOLGIPTFSIER S PBREAT OFG
pin elet® eAS MiSE Yep QPol YniPRIESSIIE REPTIBTEAT OE
. ontral .i kb
crcufi Bk SRS el ool 1) ) Gt PRI il D .
a pulekGdh grké pulsdll) (MQ. R) Isé¢ragomittedinl regponss tpdipsilom2dgingut
Ato

of flip-flop,51 he i nput ,of .f1i Q- A
esser G SFPTURET BB F s G Py ros bl BAERR, i
contrflﬁﬂd cg\g(«nl\%na_ti onI Ci rcgi t 500B. This connection allows

e D . signal _t e replaced by a chronj i

SiPghaE Ao SUP oL GRS FR Purt gl o0 B g L0 108"
pulse%gﬁ&ﬁt@@%& ¥ sCLABRE QRult SO EorltR%UhE BRlingAT a MYASREm At e

asurenents, and nul tipl exer 516A m ght be omtted

windewit surledsy 3140w VA5 in lRe Hi-t-8Fnati ve connection can be
LT L AR YL g

circuh d0eialteontrins pa NCO 19B8iat !issprgﬂemb]yec@pﬁylcteﬁ ¢he sege @aNCO
10, e oL UL R L3 R R o
is sin@ilaf €dtht fisQuehbiodcalbng @it S4GN0A

Preferably, NCO 510B is programmed to generate a signal of the same frequency
as NCO 510A. However, the phase of the signal produced by NCO 510B is offset from
the phase of the signal produced by NCO 510A. Producing two signals with a relative
phase difference can be achieved by starting NCO 510A and NCO 510B at the same time
with different initial values.stored in their accumulators, such as register 422 (FIG. 4).

Pulse generation circuit 500B includes flip-flop 514B, that receives a signal
D_SYNC 2. In the illustrated embodiment, both pulse generation circuits 500A and
500B are synchronized by D_SYNC. The D_SYNC_2 input is provided for symmetry
between pulse generator circuits S00A and 500B and as a debug aid.

Multiplexer 516B is similar in construction to multiplexer 516A. Multiplexer
516B receives as switched inputs the outputs of flip-flops 514A and 514B. For a timing

measurement, multiplexer 516B will be configured to switch the output of flip-flop 514A
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and 500B wi |l be symetrical. It mght also be used
for debugging the circuit. The output of flip-flop

WG 1®4004s29r ovided to flip-flop 520A. Flip-fl oppGROS005023088

cl ocked CLK L1 from frequency scaling circuit 540A
The frequency of this clock matches the frequency of
the clock driving sequencer 550A. In the

il lustratedenbodi ment, sequencer 550A is clocked at a
frequency that is 4 times the frequency of MCLK
Flip-flop 520A ensures that the D _SYNC signal arrives
at sequencer 550A at a tifre synchronized to the clock
cl ocki ng sequencer 550A. The output of flip-flop 520A

0 th%@é%egg%g% Siie@ tquﬂ!cgﬂg%he oﬁtﬁ?ﬁ%ﬁﬂ 1965 5PPOA th§ﬁﬂ>u@ REer

es an ou I's passed

both flip(—jfﬂhpfs Is0PA BHRA. 8mnsme§ ﬂhapaosameu ganrﬁtomlc@dmb §/0Ctéu<lﬁLﬁOOB
and its Qut fore chroni zed with that

receiyq {gRehrepgat E}tsﬁlj‘fd% WEAAR CESZA is provided to pin

eI Bttt 615ﬂ1§s613pt5Q8E e&ptersaits thhetag@nise sinclonnizéd @relasist put
ul se. The data in Eﬁ in el ctronl 6q,:§ ARt
CLRE R henesid B apen bh ant Gedieges Sediin SeHbopaceeibr®®
CLKYENE LA Of K1APA hhR tRe dap@ifeqidncy.al ue before pat tern
generator issues the D SYNC signal, that &9%;
t | Thee outzas of Bipelop. 1ﬁlﬁnsrﬁoﬂplé<bt0§13<2¢@t% wpEhRS \Xﬁpﬁ E% Lip-

s SORTFLSRAR B onh g mh i o i

cnrcul[tépﬁBS enthe 11hlsfr3£i€dTatlbcérm@1t, this hlogk hqsracfmqpmpy%is four times
cont r ol
the fgeﬂ&qp%? gl§ C@gﬁgglk eh} rr%al%)clﬂlegctﬁe i‘r@{& h& g%ﬂl?cgl:s%ﬁ] hb& 56@@ W red

quen se ‘suc e pul se 210
clockell G 2) is transmtted in response to flip-flop 552

bei ng asser cco din I t he | N '
co%@qwatrqe@am&vﬂ%x@ B itpsspocPiaeid Sxchifas Tﬁﬂo?%

in thShIttmonitBidl iRedi glen 9 alad inCNC(O IS Ol shclﬁ&GBalg sitemataes ralster
pul se that controls fli ul se.

122 (G SetgenPavBEImErs Bt VB0BR i ARETOR TR BT M
has I%%sea ﬂ%g?tﬁ%rfrﬁﬁ%ﬂgmw 9 Qhtse RUEAESRE Bdadtremenihidibd b bldis

eneration circuit 500B may be
312151; BiRe i EJG. §. éﬁthv: valve indhengraeulgienmseister 64 %‘fefflqmmﬁt%A

time, %@gegpg%ﬁs 5§§ W &i&lgglﬂtf Halrabws. Ph&hi€ Wal! the @lﬁ@t%nr dfft‘ﬁeed

se generatlon CIrCUIt
tuneahe‘a@uremﬂtuﬂﬁﬁ linifed &y tlemoynbsod bitn ip astyrswptor BEHRT f‘%?at is

lar to uenc 0
P_r EVCXee! ’OE' N@b{haag gu@g%&ﬁ@%}rg%e%px{ogﬂh&rﬁagféaﬁt the end of
the $tb@BBne@fintéRE, SaTEcEr BB @AYt a pulse to flip-flop 552B. th -flop
552B is clocked by a clock generated by NCO 510B and frequency scaling circuit 540B.
Accordingly, the output pulse of flip-flop 552B will be synchronized with that clock,

including any phase offset that was introduced by the initial setting of NCO 510B.

The output of flip-flop 552B is provided to flip-flop 180 within pin electronics
160. Tt controls the timing of the comparison operation. In the context of the
measurement illustrated in FIGs. 3A... 3C, sequencer 550B sets the time of the
measurement window.

In the illustrated embodiment, the output of flip-flop 180 is provided to sequencer
550B. Sequencer 500B determines whether the output of pin electronics indicates a
value that represents an edge at the end of the time interval being measured. Seduencers
550A and 550B control a tester 100 to perform the functions described in connection
with FIG. 6.
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as NCO 510A. However, the phase of the signal produced
by NCO 510B is offset fromthe phase of the signal

w@re@doesadd by NCO 510A. Produci ng two signal s we€Trus2005/023088

rel ati ve phase difference can be achieved by starting
NCO 510A and NCO 510B at the sane time with different
initial values stored in their accunulators, such as
regi ster 422 (FIG 4). Pulse generation circuit 500B
includes flip-flop 514B, that receives a signal
D_SYNC_2. In the illustrated enbodinent, both pulse
generation circuits 500A1and 500B are synchroni zed by
D SYNC. The D SYNC 2 input is provided for symetry

b%i@'%%nume% @ pifs @%rb@tvﬂﬁckpdlfcﬁlﬁbrtsﬁch'i@@s%haﬁ:d i5PIB Sanightas
debug ai d exer 516B is simlar
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C hiciep G20 GRERAEPRIRT  Ha Dufeopupg HE. 5
seque%@r@%A QfnehdibhislpaRe HlBBohafs @ PeSYNA dignadtvetiith qutd s e
synchroni zed to cl ock CLKIL2A ener at.e

start mpRfUemERiROMERAnS ¢ AP Figt EFEF oSO gngg%&?WeﬂieRC?flA
5503 Q%&@@g&é’ Salthdien %é%mfrﬁmmegmer Fhecousigrit of

i's coupled to the data input of
f IAtpteﬂ)I&i@, t5OPBoesEIMajse mr@ybasmamr%eddn@éWé@CWIE%’&}é

s I RAGEARSIL R 108 oA e anou Sl ort
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comparciirseisssienr: 6PUlhispis $ U el B aLEIeH e ssm apd then
passe%’gﬁco plnvglgc%%{ﬁ ??60?’ Ty puls%]tg ekdthE &c@hpa%isori (ﬁpe&dﬁ@nVa@'mtﬁcaltdﬁl

accunu register 2 overflows in that tine,
at stepgd@encer 550B counts the nunber of overflows. In this

Xt stet:ph&Oqur g&’qul%r(])f %fe cglgllsarator is processed by sequencer 550B to

determine if it represents an edge. An edge may be detected by locating a measurement

window for which comparator 166 indicates the value on line 170, exceeds the threshold
that is stored in register 168 when the value immediately preceding measurement
window is below that threshold. If the edge is not detected at step 620, processing
proceeds to step 622.

At step 622, the time of the measurement window is incremented. The time of
the meastrement window can be incremented in multiple ways. Sequencer 550B might
be programmed to indicate the end of the measurement interval based on accumulator
register 622 in NCO 510B reaching a higher value. Sequencer 550B might alternatively

be programmed to count more overflows of the accumulator register 422 in NCO 510B
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time measurenment is not limted by the nunber of bits
in accunul ator register 422. The anount of tine that
wGaeweemsey 550B tracks is programmable. At thepentSwhs/023088

t he progranmmed interval, sequencer 550B outputs a
pul se to flip-flop 552B. Flip-flop 552B is cl ocked by
a clock generated by NCO 510B and frequency scaling
circuit 540B. Accordingly, the output pulse of
flip-flop 552B will be synchronized wth that clock,
i ncluding any phase offset that was introduced by the
initial setting of NCO 540B. The output of flip-flop
552B is provided to flip-flop 180 within pin

beford fsgﬁéﬁt aog.{léésto ﬁguoﬂopl 45280 '}\I{eﬁlaﬁvéﬂﬂ 8hd 1hﬁ?aﬁf§ha§’éc dittBRnce

t he

t'ion. context o
betwemm@(l}é]r@érmldﬁllDBISMIQfoemcrq@rdelGs 3A. .. 3C, sequencer

ets th t
i PR et oSt Ry e TEARY bR AP chibgbie,
the m@zrsotenﬁmdnﬁeﬁzas@qenemey sxﬁeﬁmanﬁeqﬂém@g ts@msrﬂzrép rm nes

whet her the out
ot e et 2L NG OB,
adjusirn6Maé mBRLRtheABAH6@ I IncRaguencike sl450 phandiftsoe
~ control a tester 100 to pC[for the fun
detp

betwatn SIQ BEH 104 BB Falgktibs foRRde RS s epsgt,

thetngegffﬂﬁ‘ﬁﬁgsu?éfnéﬁmvﬁﬁo@' rcuitry such as is shown in FIG
e used for form ng a TDR neasurenent. At step
6 1n NGGuoKh 63 $05BOAFKRd. BEDBEEE RATEPAITIER Yidh mehe

U
i AT o A s plalanc el moe
examplél with hth@Odlafffng (at:] Ibtts phasxéutlo'ﬁmmé aploals en thiefosder ofﬂaqﬁ) MHZ,
I.ntrod ced storln an | U8 Lo
sub-DiOSEHRY B BL g, S@iﬁ le A mu%@ @if 01a pul se is
convirfetl%ﬂﬁm fbﬁr@fgggﬁeﬂﬂcﬁﬁul%%stei dS‘antrl?mhI@ @tnddcammsumfneﬁﬂ G 5,
uencer '
wormm e v amate: Son s o P bRl SRERL °
resolﬁt%ﬁﬁwnﬂ&%&%tﬁé LB aSiH pRIRM: if lenRsRc@ldsendel | ggers
sequencer 550B to start nonitoring the values .in the

acthermudcassshowe i HGe b repeatniterat 1ant %tgh hedporsthat inyqfes
stepspég §t§1§s6 Makdes H%EQ l T@s Pc{)ggsr 1%?@5@&1 \ﬁﬁﬁ§hﬁ%%ﬁ?éﬁ{en%ﬁﬂ@wm S

€scri connection with FIG
wchAn edgeS@eta:med" edges poinil proatsgime IPtmmdiﬁySt@E63WtéF?@r§9@d

compyt w§?snr%a&qeﬁecgng Jchn%lt?erence TRARY bETEAY wﬂ@nqgé)f%l%% i

transmitted on line 170, and the edge indicating the reflection of that pulse was detected.

The computed time difference reflects the number of full cycles through accumulator
register 422, the fraction of a cycle through accumulator register 422 and the phase offset
that was initially programmed between NCO 510A and 510B. Because NCO 510B
increases a known amount for each cycle of MCLK, the computed value can be
converted to an actual time. This time measurement can have a very high resolution. If
the value in phase increment register 426 is represented as a fraction, the resolution of
this measurement is equal to the value of the least significant bit in phase increment
register 426 multiplied by the period of MCLK.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements

will readily occur to those skilled in the art.
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i mredi ately before and imedi ately after the edge are
detected. The neasurenent operation is repeated wth
worasvg/opesegr anmed tinmes for the measurenment w nNPOTUS2UDF/023088
the edge is detected. As described above in FIG 5,
the tinme of the nmeasurenent wi ndow i s determ ned by
sequencer 550B nonmitoring the values within NCO 510B.
At the conpare tine, sequencer 550B i ssues a pul se
that is aligned in flip flop 552B and then passed to
pin electronics 160. This pulse triggers the
conpari son operation, asifndicated at step 618. At
step 620 the output of the conmparator is processed by

saqy e, %5&& ﬁ&c%%?@&hﬁ@Sﬂ(fB drk sHORR! 5.6 BéiSroBfneitgs.
An detected by | ocating a neasurenent

descritied dbwefrmgl)lltm iaborated ipbardware o1 BETWaRIinERY 6PVERENRATEE on
The clegcrﬁoe% ?chégrg\(ﬁe R 14 Eﬂle AL e3¢ alWh%#mﬁsegéeﬁér@t%ﬂ dFrcuits

e val ue pr ecedi ng
SOOAI‘mﬂSSK)ﬁB mehave wimikodesigss. bButowsmgﬂatsequhmc@smgh@cormpl thR gntire

edge | S not d at 0 d
measfigigptogsy ARTEhES S SR Of RAERHERELD) PCnEtD
unth&ﬁ@MhU&;hgﬁﬁ@HEﬂﬁ@dnoﬁhﬁcmﬁﬁﬁ%umthhe measur enment

Wi ndo an be Jjncrenen mu
QR e L S e R s
geneﬁ?e@ﬁ% eﬂaﬁ&r@éﬁb@its ﬁﬁﬁéﬁ_ &d@@OBQilwﬁttbl@ddey dfﬁgtlﬁg the 622

reachln? a hi gher val ue, encer g%?
phasgfthe claPItS@pmmd/@my SBQCW%@MFFH‘E 5405 cAb ivgphage difterent
coulc@l?{e%%l) n@ﬁﬁlﬂ)ﬁ&ge% Qifihet Bgdupt €r 422 in NCO

re |ssu ng a pulse to flip-flop 552B.
A Aemater welmple, itheddseriteil shat p hiagls reasurapeni it Bdicpisen

logic 1&@{ lﬁﬁ t%dgﬁt?f?éaﬁ ! I\Qgre Qt%rrrﬁgﬁt%gus Hh63 ué%gﬁn ct

. e use rovide re atlve bi g
of ncﬁﬁ&amgﬁsmbﬂuﬁehﬁnﬁmmw édnenvayi tn hehienal this resnlelsae ingdedate an
edge{gg Yu‘ﬁ]iﬂ%g?tasg epcéegc? 3{1 ug&% r\tacp?lev rl‘g)er OfL8 \{? ?%ltrgxﬁtloq

CORREHAIRE, the GRUfSEMaM it e Fdpegitd fnbmprmmas fermci

wi ndow. I ncrenenting the relative ase @iﬂj [.ence

P8

meayEmEEiIndey ﬁiﬁm%a%areglf@tsﬂw#@ﬁwa‘é GFd be a
assodife @it & Mlofvdlﬁgea ﬁ?rh%?ﬁ indfo r&cﬂn@e thie réﬁ"e&i oftdd®e. In the

measur enent W ndow. such as shown in F

measvighent Windewaluppmwaich &waia‘faélfe sarelh thedlgsheid & sppll ambunt
of nm?e Qlutdth 8 heBohs %‘ﬂaﬂ)g lgﬂt?){l'y 2BV E Rk e GO BLIoRMEY thtdIBold.

neasurenent w n
Repeating the measurement in the same measurement window would result in the

measurement being sometimes LO and sometimes HI. When the signal value is equal to
the threshold and uniformly distributed random noise is present, the value would be HI
about 50% of the time and LO 50% of the time. By looking for a measurement window
in which the signal is 50% HI and 50% LO, an edge can be accurately detected in the
presence of noise.

Also, it should be appreciated that the described order of steps is not critical. The
time difference computed at step 624 might, for example, be part of the step 622
incrementing measurement window. Alternatively, step 620 need' not be in the lbop that
is performed iteratively. Data might be collected on all possible measurement windows
first, with the data being subsequently processed to find the measurement window

containing an edge.



exanple, with an NCO having 48 bits of resolution and
a clock on the order of 100 MHz, sub-picosecond
wore@sio4srent accuracy i s possible. Circuitry wamus2005/023088
resol utions conventionally found in a sem conduct or
tester can readily produce nmeasurenent accuracies of a
few hundred fentoseconds and such circuitry m ght
easily include a resolution sufficient to nmeasure
times with precision in the attosecond range. The
process shown in FIG 6 repeats iteratively through
the |l oop that involves steps 614, 616, 618, 620 and
622. This | oop is repeated until a measurenent w ndow

n S det cte Fthi
p?léfi\‘hég‘gﬁa%lsp‘}l %aglgnﬁ > @n ztmeorgve)e {his &tﬂ-’ 1§tte9&é'd% be part of this
disclo§RERHY aleiiRtndes td'ﬁﬁd\&itmﬁfﬂeepﬁrﬂt agl stcbp}: Qf tfief IBV@ﬁQ@ in tinme

bet'ween when éé%; transmtte n%]Cﬂ and
ACCOIﬂWéIYe@@ EoTpgNIR “fr%lo? r@‘?”r“g% e EN Wa?’ ? ﬁa P u(f s€ was
eckefimedne conputed time difference reflects the
nu er of full cycles through accunul ator register
422, the fraction of a cycle through accunul at or
regi ster 422 and the phase offset that was initially
programed between NCO 510A and 510B . Because NCO
5108 i ncreases a known anount for each cycle of MCLK
the conputed val ue can be converted to an actual tine.
This time neasurenent can have a very high resol ution.
If the value in phase increment register 426 is
represented as a fraction, the resolution of this
measurenent is equal to the value of the |east
significant bit in phase increment register 426
mul tiplied by the period of MCLK. Having thus
descri bed several aspects of at |east one enbodi nent
of this invention, it is to be appreciated various
alterations, nodifications, and inprovenents wll
readily occur to those skilled in the art. For exanpl e,
two sequencers 550A and 550B are shown. The contro
functions descri bed above nmight be allocated to
hardware or software in any conveni ent manner. The
descri bed enbodi nent provi des the advantage of
al l owi ng pul se generation circuits 500A and 500B to
have sim | ar designs. But, a single sequencer mn ght
control the entire measurenment process. Alternatively,
sonme of the control functions mght be inplenmented in
the pattern generator or other control circuitry. As a
further exanple, it is described that the relative
phase of the cl ocks
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generated in pul se generation circuits 500A and 500B
is controlled by offsetting the phase of the cl ocks

w@emenased i n pul se generation circuit 500B. APCEUSI00v€23088

phase different could be introduced by changing the
phase in either circuit. As another exanple, it is
descri bed that a single neasurenent that indicates a
logic H is sufficient to identify an edge. Mre data
m ght be used to reduce the inpact of noise on the.
measur enent process. One way to achieve this result is
to indicate an edge onIy1 en a sequence of H val ues
is received following a LOto-H transition.

Al ternatively, the neasukﬁggﬁ& m ght be repeated
multiple tinmes for each %nent wi ndow. Each

MBAS Ur QERA MRS Wpwathshamprig: t i pl e val ues
associated with it, allowng a formof ave gttﬁ
reduce & he efirselosk gﬁnewap%@rcuﬁﬁufn’e}gm&éégﬂﬁgﬁg i AGow
during %'ofo@kgg@reﬁbﬂ @@&mt\/c%h}ﬁﬁsﬁgﬂﬁlrs?e nbferid usshedctlaton;

smal | anount noi se coul make t he conp ar at or OUt
above thhe tmsec@n@pldd@genb@nmv:wg optpEisE @|S@ponﬁé1ﬁélaf1€’??§v

the megst usregﬂedn ctloc'kgeﬁé?&oi%ﬁgm%%fﬁl‘fsﬁ%%@teco% 'ﬁgﬁ\@hé"w&hfér

result € neasur enent belng 'sonetinmes LO and
soneti naealldrﬂbr When the signal value is equal to the

threshold and, unpifo istri-buted ra

pr esentCB t hé c%Pé"(F mﬁglﬁg B tthﬁf“g %Iﬂ?ms(g%? tr% &%Lﬁ%{ 8
and LOhO%edd dvirit comnter Bycﬂlzﬁﬁlk theglochinpat comarsiling l&@n‘a‘te
w ndow i n which_the signal is 5 % HI gl_rﬂd S(g]fé/ioLO .an

edge cdiVBieh Seeclirstavaeyic e osdlater AOEeLf

noi se. AL$er odclila®PRilechele appreci ated that t he
descri bed order of steps is not critical. The tine

di fferefce @bleptipraiscarensersonalingihgieperationoldbeipt e, be

part of t OW.
At er e B R o

i s per foontmedigiabyattiroeted. to Ebatfastml@htslgb@l 286 B Isesone gorgie]
with the data

all possib sur

bei ng sst’ﬁf?L Lﬁlg}?ﬁ)?lﬁedet? eessegcé[@%?o\gﬁfsfgh ¥ the neasur ement

wi ndow cont ai ni ng an edge. Such al terati ons,

nodi fications, and i roverren nt ende '
patt | of THHIGS BraueBebnPa ae LRI hdodt ni n

t hgerShkibh bird@iichng @RAGCHRA cldiR ghityidh Icﬁﬂnt démmrsda figsk yuect
the foregoing descrijption and draw n

exéugﬁqil@y@hq:sys cisppid and xsespngd st qlglteé@m 1S c1rcu1¥ respgctwely

3. The time measurement apparatus of claim 1 wherein the first clock
generation circuit additionally comprises a look-up table having an address input
and an output, and the output of the first numeric counter oscillator is applied to

the address input of the look-up table.

4. The time measurement apparatubs of claim 3 wherein the first clock
generation circuit additionally comprises an digital to analog converter having a
digital input and an analog output, and the digital input is coupled to the output of
the look-up table.

5. The time measurement apparatus of claim 4 wherein the second clock

generation circuit additionally comprises a second look-up table having an
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1. Tinme measurenent apparatus conprising: a) a first
cl ock generation circuit outputting a first clock
wWGee@nab4824 he first clock generation circuit coP@F/iUS100§023088
a first nuneric counter oscillator; b) a second cl ock
generation circuit outputting a second clock signal,
the second clock generation circuit conprising a
second numeric counter oscillator; c) a clock input
coupled to the first nuneric counter oscillator and
the second nuneric counter oscillator, the clock input
controlling the rate at_which the first nuneric
counter oscillator and the second nuneric counter
oscillator increpent; ; t
cofero ity e appei B s Ty YR8 SERHERARL:
apRarddrisapplibEtoahe dddeesd inpmef sleqaemddrokgarieblat i ng a
first control signal synchronized to the first clock
signal and a second control signal synchronized to the

sgcondrgd @aKmsisaR@lent aparkiue of él6kn Srevasunaresttomppenkat us
of claim1 wherein the first clogﬁﬁggperatlon circuit
[

[
ageherdtion sEeBHdiIoBdR GRREFHE SBHPN 0 YR PV

fi i B Gtin ol 9 i SndCthk aighthl iBRd iecospled fuckhe
d%%é% Q%ﬁ%@#@ﬁ*%@%t %@%ghgﬁﬁéuit, rggpégggvelys 3. The
t ompunafalsuseernsiookapyptablat us of claim 1 wherein the
first clock generation circuit additionally conprises
a | ook-up table having an address input and an out put,
and t hghetiip teanferidnearparatts ofi olaim i eddbonsils copp@esing at or

is applied to the address Jinput of 1 00k~ : e.
et e R b S e R
t Bk iviiRteifite gi_kmﬂgem taf Mmﬂl@w @it isaddpled tr;]mqe figst control
conprises an digital_ to anal og converter | a
el T ephTEine PR P B BUE e A0 b Il G a7
[ [ oupl ed to the output of the | ook-up table.
SQB oel st%InQI.

nme neasurenment apparatus of claim4 wherein
t he second cl ock generation circuit additionally

iC g?gﬁ tr i ;ﬁ% ti%lre]:%ge%%g%fx%nq gﬁp&aﬁj&?%st S Em FavileRGn BRASERESent

e output of the second
circull dompiises & oomparator.

9. The time measurement apparatus of claim 8 wherein the driver circuit and
the comparator circuit comprise pin eléctronics in a channel of automatic test equipment

for semiconductor devices.

10.  The time measurement apparatus of claim 7 additionally comprising a
first flip-flop having a clock input and an output coupled to the driver and a second flip-
flop having a clock input and a data input coupled to the comparator, the clock input of
the first flip-flop coupled to the first control signal and the clock input of the second flip-

flop coupled to the second control signal.

11.  Test equipment having a test point adapted to be connected to at least one
line, the test equipment comprising:
a) a driver circuit having an output coupled to the test point and a
timing input controlling the time at which the driver drives a signal at the

test point;
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oscillator is applied to the address input of the
second | ook-up table. 6. The tinme neasurenent

wappanases of claimb5 wherein the second cl ockPCT/US2005/023088

generation circuit additionally conprises a second
digital to anal og converter having a digital input and
an anal og output, and the digital input is coupled to
the out put of the second | ook-up table. 7. The tine
measur ement apparatus of claim1 additionally
conprising driver circuit having a timng input and a
measurenment circuit having a timng input, wherein the
timng input of the drivef circuit is coupled to the

first ntrol signal .and,the ti.m i f :
rensur Sont erreane: SEULBtaRad PhtERu e ek e apa o
si gnal tinfing & dohtiallineds tirenewhichftpabaparstop tiraftanemsites
wherein the nmeasurenment circuit conprises a

conpar dioyaluey: a?ﬁédﬁiﬁﬁtﬁﬁﬁgﬁ%enent appar atus of claim

8 wher gjn t her@eiMBinQidifgh HirsthghédieoGRBPREHEI0F and
circuit conprise pin electronics in a channe] of

aut omatheging es eutpespyreshic thoiming mrubaldhe toyer gz es.

10. . T.h %%t | Mg IBAS %&ﬂ?ﬁhu@fﬂ@%@@éoﬁ& _nﬁ’rﬁler@ Rufer oscillator and
additionally conprising a first flip-flop having a

cl ock ihaping ampdpetrsoupledistthedmisigdebut of thy eoraparaier CIghRt: a
second fl.i pfl op having a clock input and a data input
couple&mgo the conparator, the clock input of the '
first &lip- falcoplucnt piredng osynbleofizatvn sigosltbeblees itprizbt
and the clock input. of the second flipflop coupled to
t he sé%@ﬁﬁa‘gﬁ? %Pnépﬂwgl. 11. Test equi pnent having a
test point adapted to be connected to at | east one
line, the test equippent conprising. a) a driver

ci Faui tThedest pyirmens ot gam Howkiren ﬂ%egﬁrﬁthcéf YL fishg
a Llm ng:.l olling the tinme at which the
dr@5§¥&g¥?§§§&§ggﬁgﬁ§| at the test point;b) a
conparat-or circuit having an input coupled to the test

poi nt d.a timng,i : | b iswhi ch
thgfcoﬁggﬁg¥8?”%?%%ﬁfggﬁ%ggﬂbéghyﬁggga Sg%& gﬁgfgna
at sdch@l diest dipicil syrthesis circuit.

14.  The test equipment of claim 11 additionally comprising a master clock

controlling the first circuit and the second circuit to operate synchronously.

15.  The test equipment of claim 11 wherein the test equipment comprises
automatic test equipment for testing semiconductor devices having a plurality of
channels, each with pin electronics and the driver circuit and the comparator
circuit comprise a portion of the pin electronics in one channel of the automatic

test equipment.

16.  The automatic test equipment of claim 15 comprising a master clock
wherein the first numeric counter oscillator and the second numeric counter

oscillator are clocked by the master clock.

"17. A method of measuring a time difference comprising:
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c) afirst circuit including a first numeric counter
oscillator and having an output coupled to the timng

WO pano43t9 t he driver circuit; d) a second cir cRECT/PS2005/023088

including a second nuneric counter oscillator and
having an output coupled to the timng input of the
comparator circuit; and e) a conductor carrying a
synchroni zati on signal between the first circuit and
the second circuit. 12. The test equi pment of claim 11
wherein the first circuit conprises a first direct
digital synthesis circuié 13. The test equi pnent of
g!alnllg_mherﬁin the sec Rd circui't conprises a second
irec igital synthesis cjircuit 4. The
equi pnéht  oBCREFAInER 1St 8%’811( b?"bf}%aﬂ} ﬁivtlf@?ﬂ‘fﬁrﬁclyséxggrte%ue%}ét er
¢l QekoleRANtdhdeiths 1bREorleivakie; circuit and the second
circurt to operate synchronously. The test

equi p _méx)t oge@rq;in.g]aﬁqcom glogk havinga st]ég%r{d Hefrﬁﬁ,ewfrelated to
CORPLLs? §§%1%H5}9 g}'ﬂx it RREncs AUl %IQ b h@tech@Bélbdkdelative to

sem conductor “devi ces ‘having a plurality of channels,
eathbphvist hf {he firse leclt beimg enstralied, infrespapiove pt least ers 418l d

t he %anarator circuit conprise a portion of the pin
elgﬂ?ronics in one channel of the automatic test

equi preg)t .  frtinghenastromat intetvelsynéyeripddn thedistelagkm
15 conprising a master clock wherein the first nuneric
count er®®sci |l ator and the second numeric counter

osci | | ayor ap@ing hRGkasurbyiedt higervBissuhrali@dko the BecoAd

met hod of neasuring a tine difference conprising:a)
gener at¢leff-a first clock having a first frequency, the
frequency controlled response to at |east one val ue;

b) generating a second cl ock having a seco

; r égjuentig, mcﬂécpdr ofl raqasutings tirnedifferenge af ckgndd 3‘8‘,“% thh fifshe
r ency., an [

| LERRRE SR AR i HpSanepapac dRk amaiect
response to at |east one digital val ue;

19.  The method of measuring a time difference of claim 18 wherein the first
clock is generated with a first direct digital synthesis circuit including a first
numeric counter oscillator having a first phase increment register and the second
clock is generated with a second direct digital synthesis circuit including a second
numeric counter oscillator having a second phase increment register, wherein
generating a first clock and a second clock comprises loading the same value into

the first and second phase increment registers.

20.  The method of measuring a time difference of claim 18 wherein the first
direct digital synthesis circuit including a first numeric counter oscillator having a
first phase accumulator register and, the second clock is generated with a second
direct digital synthesis circuit including a second numeric counter oscillator
having a second phase accumulator register, wherein generating a first clock and
a second clock comprises initializing the first phase accumulator register and the

second phase accumulator registers to have different values.

21.  The method of measuring a time difference of claim 19 wherein the first

numeric counter oscillator has a first phase accumulator register and the second
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c) starting a neasurenent interval synchronized to the
first clock; and d) ending the nmeasurenent interval

wayweheased zed to the second cl ock. 18. The netPodUs$005/023088

measuring a tinme difference of claim 17 wherein the
first clock and the second cl ock have the sane
frequency and a different phase. 19. The nethod of
nmeasuring a tinme difference of claim 18 wherein the
first clock is generated with a first direct digital
synthesis circuit including a first nuneric counter
oscillator having a firs{; phase increnent register and
the second clock is generated with a second direct

di gi tal synthesi i rcuit i ' : iC
cotrareoRbRt PRy S PEe U R gaany WRUEE

r @ehesdtial a finheloek andyeseesat dovly campiises inittdlioolg thenfdstphase

second_ cl ock conpr.i ses |l.oading the. sanme val [ e
R B Y T
methed of measuring a tinme difference of claim18
wherein the first direct dirgital synthesis circuit
including a first numeric counter oscillator having a

Fipst @H@ﬁ@tg@&Gwmhaﬁwddﬁigﬁdlﬁlc%ﬁltpﬁﬁﬂg;_ the second cl ock

IS generated with a second di'rect digital synthesjs
circuit i nctouiarigg asiged tralvalundsiiningep granspt theend ofdhcor
havi ng_a seconghﬁ$@§e accumrmul ator regi ster, wherein

SUrcIn . .
generaFF g afTirst clock and a second clock conprises

initializing the first phase accunul ator register and

t he second phase .acc |.at or,, regi st.ers to have
dﬁﬁfergﬁ?nvg?g8§¢mﬁfﬁﬂ¥w mﬁﬁpﬂggmgﬁnﬁeasuring atine
di fference RpesindifdPNalduiteoeitetatidne tifel stepb ofgemerating a first
counter oscillator has a ftjrst phase accunul ato

regi st é]rOG]argén@(fﬁ@gééé%ﬂ%}ﬁlﬂ‘i]é:rsitaé't}r&ﬂﬁ‘?’?aélmg?@j 1 ﬁe’évta[a En¢iag
a second ﬁ&@iﬁl@lﬁ%{@%l%g "corgﬁeg’in%ttﬁer signdeh&i n

generating a first clock and a second clock conprises
i nitializi nghtis, for pash of e pburality afiteralians. thephass efthand

1, SCSRM EPASEI AT B0 LSRR e it
addi t i eslativeypheenpri si ng: conparing a signal to a val ue
defining an event at the end of the
24.  The method of claim 22 additionally comprising:
collecting a data set by repetitively starting a measurement
interval; ending the measurement interval and comparing the signal value
and a value in the data set is generated for each comparison;
wherein,

i) for each of the plurality of repetitions, the phase of the second
clock relative to the first clock is controlled to provide the same
relative phase;

ii) comparing a signal comprises comparing the signal to a binary
threshold and an event is defined the data set having a specified

percentage of values of a first digital value.

25.  The method of claim 17 additionally comprising:
a) transmitting a signal at the beginning of the measurement interval; and

b) measuring a signal at the end of the measurement interval.



measurenent interval. 23. The nethod of claim 22
additionally conprising: repeating for a plurality of
W0 t@cabisens t he steps of generating a first clPCRPS2005/023088
generating a second clock, starting a nmeasurenent
interval, ending the neasurenent interval and
conparing the signal; and wherein, for each of the
‘plurality of iterations, the phase of the second cl ock
relative to the first clock is controlled to provide a
different rel ative phase. 24. The nethod of claim 22
additionally conprising:_ﬁfjlecting a data set by
repetitively starting a néasurenent interval; ending
t he nmeasurenment interval and conparing the signa
value and a value in the data set is generated for
eaeh. cofpanéthehof diRSiwherdin the Gmee@aburéhedt ieuspd W ATDRY

of repetitions, the phase of the second clock relative
t o™ ARTIMEt clock is controlled to provide the same
rel ati ve phase; ii) conparing a signal conprises

conparing the signal to a binary threshold and an
event is defined the data set having a specified
percent age of values of a first digital value. 25. The
met hod of claim 17 additionally conprising: a)
transmtting a signal at the beginning of the
nmeasurenent interval; and b) neasuring a signal at the
end of the measurenent interval.26. The nethod of
claim25 wherein the tine nmeasurenment is used in a TDR
nmeasur enment . ‘



