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WD 2006/ 004829 PCT/ US2005/ 023088 PRECI SE TI ME
I\/EASUREI\/ENT APPARATUS AND METHOD BACKGROUND OF
NTION 1. Field of Invention 5 This appllcat

W%IZW@Q“Sé%ner ally to test and neasurenent equ Eﬁ%ﬁ?m’ﬂmﬂss

and nore specifically to calibration of systens for
meki ng ti me dependent neasurenents. 2. Discussion of
Rel ated Art Automated test equipnent (a "tester") is
wi dely used in the manufacture of 10 sem conduct or
devices. Devices are tested at |east once, and often
multiple tinmes, during their manufacture. The results
of the test can be used to renove defective devices
fron1 the stream of devices being manufactured. In

[ es s reveal inproper]| ating
ron Rt Sk ATl St SR AR IR LSO e PRBIE

the yield of sen1conductor devi ces by identifying

process corrections. In _other cases, the test results

15 reveal corr deAFBRRORE OFANVERTH@Ne to the devi ces
1, undggidberiventfo@r exanpl e, menories, programmble array

| ogi ¢ devices and sinm|lar devices often contain
r eg&lﬁ%@mw%w eréaiesragnerally) tp tesbandivhrgsyrerpe PAUIRA austyeore

spe&fi&é!}t}'ttb‘ EQibkSiof @f sg%ﬂny for lﬁaﬂﬁ‘—l A8 feBerdiBit nfR8s fd ed to
subsfitute a ndant str cture for the defective
one. In other S|tuat|ons the test results can be used
2. f OB AR kbeaparts. A device that does not neet
its I ntended operating specifications, 20 but does
operuiereated ogenuipment i Tistertlagwaktbosepmohd memficomsof
ruF@ogmct&%eﬁ@é\sk ?ﬁ@ges%?éjteg‘t?& ﬂ 1?&tst arfe laﬁ%ﬁeﬂ%ﬁﬁlﬁﬁe \Mntep, during
wer ormance specifica or exanple, a
theldm‘amtfs:hnmgfﬁhe regatly |oﬁtht test vanbs uvdtiem renpme é¢fe¢t'ge deviees lilogh
the 5§Peg§1 d%}r’itces %%{nfg %lra{ln Jm%S r ny s&% E;?segg %9; revea.l 1511)%&%%%

spee evice error

‘cmamﬁngamadh@Mnmhqmbmghaeﬁdmﬂﬁ1ma£m1mﬂm$emawmkaﬁrange'

rforn1 equ at a o r t erat ur Thes
sesngp Rk SRl S B e bR baaitions SR Gy figtEhErais
revehhaﬁ'rebfit&is thafreanl beuade tbethaﬂebvﬁlgs SRERE s For LOAPRL Aktbes| S
wer. .t han t he .desi i.cation. To defect errors
P“C’%f?fma?ﬁ‘éF Q’F?Yo‘ﬁg’ﬁfie‘g‘é%%& A dsiicge cogant a@ﬁ?ﬂﬁfﬂ%ﬁtﬂf retuLgs.
If teSteHg rpveRtthat aﬁdoéuueﬁmss Herediieg, th @aleSar Be Ih&ﬁﬁ&pwsa&naﬂéda
Test equi pnent incl udes

red %ggr i Cfé?eeg{aqg?%glhirhﬂé?r SEEIONY, fede) resyi can be used

for ‘%‘iﬂn'i}@’ ﬂgﬁﬁag ameﬂae ARARLS Kot ?negtoitscﬂl@hdeﬁ lopsatingeptSiditons,
plied to one test point on the device under test.

but @?ﬁ APRETLS DFAPEI agamlstrfbgﬁéféd saeifieations might Pe packngrdiapd sold aln

S
oSO 2y BB S 5 oSl o

exhlbﬁ griore Méher opfrating atd higl Proeq: bubprrfoye pepare when epsratddratiaus
lowéilsﬁééh. Qflm?ariy, a device might exhibit errors when operated at the high end of its

temperature range, but perform adequately at a lower femperature. 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 “channels.” Each channel can, in any cycle, either generate or measure a

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

. inchide additional circuitry that can generate or measure other kinds of signals. For
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programed frequency or circuitry that neasures the
time difference between successive pulses. FIG 1
illustrates, in greatly sinplified form a tester

WRASOMEEDH i s shown 5 testing a device underPF@@lSZ"‘)S"“Z“’88

(DUT) 110. Tester 100 contains a central controller
120. Controller 120 m ght include a conputer work
station that serves as an operator interface to allow"
a user to develop or load test progranms into the
tester. Controller 120 mght also include a tester
body that provides centralized resources that are used
by nultiple channels or "&re not related to circuitry
in the channels, but details of such known features
exa@@lea%%neowr{e@dw%w CHPYEY the} geperatrs 8 cRnYQy clopE Pides
BdinbrcR iR g e fhirSuitr § BRlmeabdid the time B Dice Ptk buccessive
channel %301 as representative, each channel can has
pulgspattern generator 140 and a timning generator 150.

Patﬁx@rmu@ﬁt%g ah gfaat%%pmeerf&af AR 16 RRECIdoYs sﬂ‘o%
each cycle urlnﬂﬁa test, what the circuitry with

test@ﬁ@rﬁ%@icc ymlon tesBUTY 1 Wo . Tostsr 10 eanpiins qetltrq%?fgﬁqoﬂgrﬂ@& f y
Corflrol@l 149 rﬁ@htl&:hﬁfe 'a‘é@m%ﬁer%k 13.00:0Ma WAL éé% gﬁerhﬁr interface

-exp ect ed rom DUT Tim ng gener at or roduces
to ailwha meerde gavalos or lead tegiprarashs intecthe fepfers (émtrvﬁﬂr é?ﬂ mighaleg

mcﬂu‘i@anl% n }%bﬁz tk%Fngﬁdes c@ﬂtr ML&C@Q htatama DQa Sl aha g}l@m ght

specify nni ng o S|gna el ng generdted or
challtrm;s quamsnoatelami ig hireuitst lgrﬁlatl cheatelse bitsleledngpiandcknpwn fgatures
? e. To fully test DUT 110, it is
|npor ontrol the tinmes at which stinulus 20
si glha:blsl C@nmlla#@pmbwleahmmhelioh,rtéﬁz,at 138ki Tdkitgrbannel 130,

0. d
o R RATE R il ndRRRH B ol Aher o0 R e e
150absateerh perotathe d 4pispragraahedioispeifySr edch ﬁycﬂaé @sihp amst; sha60

cont ai .the t drives, th
the GRS Rih (oG abony a6 i sasm R iR e aehE o
drive hﬂovg‘l 10001‘ﬁrﬁat'ﬁﬁludfsig‘)ztﬁ:c%rldlﬁ%nﬂ-ﬁﬁlg,llp.l n el ect ronidcs 160
udes a driver Iver S nnected tqQ a
i FEFBSERTBY, ISEPrOJ&H?ﬁP &gn%agmi* tﬁfﬁ ool e e @d"’h&?ﬁ
sign@l teaiiohd @Bt IFOT H@mpBENhRLIgndRBightlecif kbR gofé’
p-fl op g4 i s _provided by pattern generator

Slgnﬁﬂ hebugfaeaifafi ar (g fige g gad peles Fcegrsy fﬁé‘ﬁ?’éﬁeﬁted

valuB €8 Il PtestiFOT & 00, RSs MioMER tOBirfrol 1B ﬁmes &tmﬂch%ﬁrrﬁlu% I e
speci fi ed bg t|n1ng generator 150. Flip-flop 164 m ght

signpls atecppiied and H tines piyielethe Tespensamare megsumde Trwisgaererator
150 pRRiRE Elgﬁ‘ifsdthgtct)#ﬂrdl{l{e%igﬁéﬁo% including all of the

eat ures conmon In a tester, is not shomn for
si fphangl 139 al%lng Asseimeledtgniss 16h Fin Alectioniss 16G¢qutains the

oG L b s é‘%@%@%&%@?@%@o@@mé%f%ﬂ&@? t Highl el 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 canses 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, i3 not shown for simplicity.

Tosense a signal on line 170y, pin electronics 160 includes f;.comparator 166.
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One i nput of conparator 166 is connected to line 1701.
A reference input of conparator 166 is coupled to a
\froagannable ref erence val ue generator - typical
PeB2%t oring a digital input that is appPF& y@agmmm
digital to anal og converter. The output of conparator
166 is provided to a latch 180. Latch 180 is
controlled by a timng signal generated by 5 tim ng
generator 150. The data output of latch 180 is
provided to pattern generator 140. |In this way, pin
el ectronics 160 indicates whether the value on |line .
1701 has a particular value at a time dictated by
signals fromtimng generator 150. As with the
Onelinpyiedf permparapr 166fis ginpectadde tirolfi0c sA 1€erenqelienté ehioaParRty

169 EhpRA b § pygg}alrmk(a'ﬂf%\’i@fefe cd PfieeherfBid @_plﬁé,ﬁipi ﬂeélk't%fjstormg

versron Is TIi m ng _generator 150 "provi d
a digit)rirgius thetia eppdion toradigitahte anelog tonwerteri hmgutet of Pfgmilr%or

16638 pRYRELSORPNE T o0 boREARUY, & hilPapMl frbBBd by
nmtmgrgemeraor Mhi The ditgmaps oblashd8dismaevededde paﬁf@asgm@rétoat‘m

el R s

© valweus b tive dicdnsd et gndls fib fioing gcrp&mrdﬁ@ A@lwlth fheglrivernosion

of e s B ECh Al 67 SR B e RS,

verfiomie sidwiough |ine 1701. Progr armed time values are

B PO TP B AERAT 1 AP th i T e RaRL s

at piedleshohied] A Toeasuskiels nﬂ:hsx@d: the pbréRivanRiof DUTLHO, iise an

accurate indi,catio f na S .One_ wa
necp o 17 e PR ST PGt PhBst i Syhgn Heeutiis
16078 @Wined thoSe §ipfiadiigithdr [bRCDOTqUS. T thadslt inoehrddptiding

Reflebgt%ﬁéry (TDR). TDR is illustrated in FIG 2. To
170 el‘FiSlasurerrent test equi pnent 100 transmts a

PUlR0dbOnsatd fhr (hiS tr&t?s@c]bme_ra CstePldltFcal i§ cilibaned T bbrak aa
time t=0, as indjcated at A Pul se 210 trave:;@ down’

tester, measrrgienis ae Madeto deleremissthe fnsy Hge droymdineilql at sone
Profiafi®hed dmelvaluB are bitsth 6RALLn@nt B Rmpbisde f&\vﬁ@trinbi@ tdnb ne

S un-termnated or termnated in a short or
throygly bive | WadVith salibratiopdhe signalseeaersigd ?&f@eais“fﬁ%afam@e%m&ﬁe

160'3&@&%&9% ifHicafthd oﬁfxgntafg%tﬁtﬁ'l’slq{) will reflect back
owar ds test e&l pment . As shown at C, pulse 210

beg?msvaoron whighdlie tranat:wn@ mmbém@ &% ineaswRe Hithrongh 2

B kTSt A5 sl 7

malfeaf TRR tneasupament tastéauiriment 109 trangmity smnlse?40 on Hee pbidh.sBhe

was tra 5] nt 100 can determ ne the
pulfS ekl AL e Ell?gfzstlf“uhﬁ%ydﬁ . FIGs. 3A ..3B '

i | [Pait 280 fawlsnipaalme rﬂiﬂ]tuntiﬁti‘emhqmﬁle lopd viithe line at serey timke 0
lateg?lydic}égd%gg% %(3(4 %%enP%T {11968128(1)191 én%%r?’a?e% or terminated in a short or

_ aﬁy other load that is not matched to the impedance of the line, some or all of the pulse

will reflect back towards test equipment'loo. 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 pﬁlse relative to the time that the pulse was transmitted, test

o ‘eqmpmcnt 100 can deterrmne the transit time through line 170;:

FIGs.3A...3B iTlustrate 2 measurement technigue by which tester 100 may
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-4 determine the tinme of an edge of a signal, which
m ght be used to determne the tine of arrival of a

‘?#!%@1%09%2 S techni que is sorre_ti nes call ed an Illl’ﬁ%a!eszooslozsoss

nique. The tester is programed w
threshold Hin register 168 (FIG 1). The tester emts
a pulse at a tine that can betaken to be t=0. At sone
time later, latch 180 | atches the 5 output of
conparator 166. As illustrated in FIG 3A, the tester
I ssues the latch conmand at a tinme Tl relative to the
transm ssion of the pul se, Lat chi ng conparator 166 at
time Tl has the effect of a very coarse measurenent

oo b 2SS B8 BB Bt

arriA@ bied gl s8 e THS @dchditud 1@ eorﬁertmaaabalaa ah etige Tidd" tschhﬂluabﬁhee or

bel ow t hre he win u 310
testﬁﬁé%,m%rm%ivﬁ%a%%@@ﬁ BB g%gfﬁér@ ?A)g r?gre%f&%f Fitrh
pulsd 40eltithStheheBe takéh ke @5 A tokt tine ttdraiB 1 §0 latchettre 100
determnes that at tinme Tl, the signal on line 1701

outpugof compyRPEHS s i nterpreted as an indication that

PUlAS B3 A BFIOOIA, iSkstEQRGHARE rrarca c@m@ﬁcmrarm n&aauvbs
Anot her pulse is then transnmtted at_a tjne ]P?eré{%ég)rga

to thagrammlrr@naﬁ i repdse e Batehipg compagrtor fp@at tigps T hagd
very’@ﬁ'éé'fh%ﬁ{éfneﬁm %earﬁallé of %%13%31’59 1€ h 23, iy e baindoRE3 12A.

transm ssi on of pu se.” I n neasurenent w ndow
Frorg tiggsinghe tosapag i, trrarsr mtma:yekrterre@e traetherthg fgnahaidime hds

[ [ ign bel ow the threshold H This
abo‘?eoggalfvént%%%glﬂs}@l ndi cated by a logical LO I|atched at

t h&n therwpdpwail 24 ohp pulst B0 hasaot r@ohqdlt@terzf)@:and theisignahoes
line fi‘z(STE AR R %es?igﬁ%{ a cc%r&rfﬁ tr;le_zge+ %5?) <F] %elrﬂﬂe}f ﬁm{ 2 u‘iﬁ%efl,

dnsm ssi on of  anot e measur emen
the sngnaﬂmh:ﬁ]lzo_} is L@ewbmhmn&ﬂ;ﬁetbrh@ annmh@heldﬂlaestlwﬂ Iﬂ_b@ nghd

; 3%%3 %C caliggve the threshold H. _Tester 100 _
e ’ie?rc PEBEESHIE 19 gnal 1 evel as a logical H. This
se Nl&ﬁerqﬁdsﬂ BBk eaeniiedat 4 ﬁmswhﬁh ey addhbd¢ oncidéred imae
310 25t tt 0. .w
0. 1B SRS A et o Ee Tob B i Botiden
ofﬂﬁlrpldlse T]ﬁah?d@mﬁézh@ﬁ witidows3 1%3@151_5551 3t1|t) @6k nof Fdasheid méste mmh andn )
a tion o signal tr i t hr
the S s relok et & Themi et Ardsae PR areil bR

Iatcﬂeaabrﬁesrﬁbﬁtbfa&ﬁ@xit@r Tggnove any errors intine
measur enents caused by signal del nline 1701.

CaF b Plteiges RgasppsRasuE made; 4 a igis  BRIVB B YEse TOR

trandHR& SN o3 AR palsE. ].'Hiﬁ@me%grekh‘éhﬂﬂinﬁéw Qlﬂd Eﬁéﬂuh:@t’rlﬂ) Easi N
tester 100 for testing Howeve

reaches] tpiar 409 and the signad iy @grrr frhr Harfprbrléél éffetelaMO 19@6at%SrthJ§ one

R hetweepwt 1,. ,and T1+2D. If Dis the snallest
SlgnTtﬂncr erren%\gat whi ch tim ng generator 150 can specify

t e$his sirign of measuigneniy allgges tester 100 to determine that a pulse 310
transmitted by tester 100 will reflect and reach tester 100 at a time between Ty4p and

Tiopafteritis transmitted. This information allows calculation of the si gnal 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 circuifry that is in tester 100 for testing DUT 110. However, the calibration

* indicatesithat pulse 310 arrived at some time between Tyypaand Tisap. IfD is the.

smallest increment at which _timin_g- generator 150 can specify test signals, this value
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WO 2006/ 004829 PCT/ US20051023088 -5 1limts the
resolution of calibration neasurenents. It would be

ﬁéh‘{@%ﬂto calibrate a tester with as mnuch T /023088
'8 as possible. It woul d al so be desir&bT&S¢Y
calibrate a tester wusing circuitry that is be present

in a tester for other neasurenents. FIG 4 is a sketch
of programmabl e cl ock generation circuitry, such as
mght be 5 found in a tester, but has not heretofore
been used for timng calibration. Cock generation
circuit 400 uses a technique sonetinmes called direct
di gital synthesis (DDS) 1o generate a clock, CLOCK L,
~ that has a Pr %rannable frequency, C ock %ﬁ{eﬁ%tlon
limisithegasolution of sabibripi fegasussipents-cIt Jeokldde drsab
testéx‘%'tﬁlaé Ynéh Igrbéiﬁgn SR CY wokld Ak be HisirkBle PRchEbiate dlester
relatively | ow frequency, around 100 MHz, so that it

using gigcuiiey thet I&EQ:}E}'PWEP? tegies for Pt BERSERRESHghout t est er
1 091 Mo £adehar bR eRinnlbR SRR 'g&[érzﬁi’ag cH& @R buchle hight be

cl oc generatioh Circuit nmay be found_in USC%L ent
fourg,in 8 estga Buithas @ideretofqre hpen usedfior timing calingptionc

gene% uit By t M0 G Besl é%e&ﬁfqﬁ@%ﬂeﬁﬁlgg Baa bRt Qﬁéltﬁl%ﬁfﬁfl@fﬁ@ﬂ%‘

eneration circuit 400" 1 ncludes a
to gédermerd cdodEoCIh@@K Dsthitihbsa pogiamoeple fiequencileckgaprdftiog of

e

cloclaeﬁ énhate tQBQ re20i0dy lovhiredueiay, drevrslipOiMids IS?) thebit ean bepy

[
R Sy
clock %é’uer&ttlbﬂtlwust mdydekKechdhy UNpeint 6THS, 458 pcu‘f}aggeﬁ ctrabeginditled

d 42 A
Aot MOTTRE Rliai € buptPaGmilida bf RRRULES 1RGN
v ablltﬁkgéxﬁafﬁdn cicudt 402 Mhchelgs sNemerdk2GournTh @scllatpufNEd) 410.
u, tor 420 i s, u to ot ed
M°r§ éﬁm qu%gn %‘éﬁ‘se %ﬁaﬁi‘ﬁ?‘%mﬁé%ﬁ%&ms%‘l&’r n%nwsé)a%gﬁce of
appmﬁm REalb. B0/PBI4seiled Be@anbs 292008, Wyich istiersdy invaxperateds
e values jn accunul ator 420 i ncrease, the sine table

be Eﬂ%‘i?t‘%lt§%‘f%?t§s that correspond to points on that
Si REOM08acIdes ay AdcuBlaion 4201 AGeaRRE €20 Bpluésentgige 422s

on 25 the sine wave that are uccessi ve I er.in
that giphacked BRMELKy e mput ol TraisterA2a somss 5rm 2 c 4%, hadsf' 124

com%@t@s B AL oPhe VA8 SeViBuslPoiGedin rogibtal 422GHl akalpOittied ima -
The value in register 426 indicates the anmount

l‘eglﬁ?“@ﬁi ch the phase increases from sanple to sanple.

ACGRL gﬁtﬂg lo¥ acchiaf g;? 1320) fs lil?ed‘f@ héifess B rﬁe%'rﬁ&é%teé 2 table

changes  the rate ase, i.e

430f Piog taéhc@o sbfesmﬁm@wwﬁmﬁ%e%@mmwﬂwé ugupllyasgeof
Wa.vgl R p%Xl%esHB %Xduﬁﬁ?at%%ﬁ@ é@?eg%eame%m.% %Iegtgugpr%%‘s‘ggﬁﬂoea tﬂlgb t
correzfpomd)mpemtsmn 43 Bmle svagp plhieedluppinfthy segvend@uepresguft thgints on
the sine wave that are successively later in phase. Thus, the value in accumulator 420
mdlcates the phase of the sme wave at a particular point in fime.

The value in register 426 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 converii 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 2 pure sine wave
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434 is a snoothing filter, creating an anal og signa

which is as close to a pure sine wave WO 2006/004829

RéT/ 2005/ 023088 -6 as is practical. The sine

ki Z‘ftﬁé'ﬂ“s%%ppl ied to clipping anplifier 436. dppgmsizl(gsmsoss
anplifier 436 is a high gain anplifier that turns the
sine wave into a square wave. The square wave out of
clipping anplifier 436 can serve as a digital clock
with a 5 frequency that can be programed by changi ng
the value in register 426. However, NCO 420 has a
l[imted resolution with m@ich a frequency can be
programmed. The resol utioh depends on factors such as
t he nunber of bits of resolution of register 426 and

as isppsticlnber  of sanpl es of a sine wave stored in sine

t alphEsif3Rave WBELPHRANS EligpRfiChnplitientdcs Oipsihg adplifer 436
f requency scallng circuit 440 can be used. 1o Oten,

is a high s amplifge dapt Jugls shepieYavE 11,8 BHASVAYSf r equency
Muiphd &1:11151% hwavd 5§ oPBBD el BpAck 436 @aDscERs Adighthiviotktt 2

frequency by an |nteger anount, whi ch canfg
frequanarythatemn de PRerEERedbE chagmeke YRbedn eisir s}ﬂ%ﬁaﬁf
NCli HEL 1inftol QB GRWIEN b Seqley dah8aRRRMRY, The

ger anount

so- can ranne
resofutieny dmu@s amfhaiorp ch ps iétﬁ @Umb@@ﬁb\ﬁwfe ujipy %ﬁrm%}ﬁﬁ‘ 43§ and
the nlﬁ%:t%g;r 5295 éllaﬂ)f 4 s?ne%a@% Etoxt.éa‘?n ]I}lﬁ@ﬂﬂﬁ ngy. out of NCO by

I nt'egér anounts equal to the ratio between the
f r aqmmrgrgatmmupbm saediod, afrawis deaing ciuitpi) canke us

One HET e TP Pl BB Pl o

loopgenefuitiplihe frequeney iy, anGoingee atnbwriatvhieh evmbn protinnede HX a

t | h
couinie bty e PP AR ceh bR Blcfieney by an
integek ﬁlﬁaﬂildtl whitloalfee be pxrogiaaﬂmbd2& ﬁmmuylnaﬂmpher @ghfmmncmzz
IS not s

SR e

equdl Bthé ¥HEi6 biRtwebl the trequshcy laumbmalﬁo@pmfdm byothe LY. aud ths as
shown, in FlI 4 are known, such circuits have not -

ﬁ“W%F%?WﬁHP@YB $U%d i n the manner described bel ow.

MOTROMBEK dihdram@el i, | hes :hmﬂll@hﬁed sledd di&gbd:eoi axl@ukcgmmon
time neasurenents wt very

cioyi QAU TRRPF PSS B A GBS BOL AR TP oL TR

circdIBARMOETR B Rr Y2 iDn@ishGil, LT iKeviSe, CRENERoireseBdrllyad found
in a tester. SUMVARY OF INVENTION In one gﬁgect t he

accunlatprTPRifer 4228 Ro shagvy iHAWeNEaSIGh SHRREY etoss) gt A ¢
mch%@& itfa élbél@%(enex%@oﬂu@&lfoﬁﬁ@%@bicﬁﬁ‘ecp' rcuit out IOUt ting a

clock signal and a second cl ock generati.on

ci Nﬂuietclczglg Epreraion girauits axdera I FISE K 28 1@%9% sugthgircpits kgve
not S Q685 IR [ &4 1P MRe Glahfd ibscribBUd W MBredver, 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 secord elock signal. The first clock generation circuit-comprising a ,

first numeric counter oscillator and the second clock generation circuit comprising a
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first nuneric counter oscillator and the second cl ock
generation circuit conprising a WO 2006/ 004829
PCT/ US2005/ 023088 -7 second nuneric counter

VO P%ES . A clock input is coupled to the fFPFEUS2005/023088

nuneri ¢ counter oscillator and the second nuneric
counter oscillator. The clock input controls the rate
at which the first nuneric counter oscillator and the
second nuneric counter oscillator increnent. At | east
one sequencer controls the operation of the tine
nmeasur enent 5 apparatus. The sequencer(s) generate a
fiTst control signal synchtonized to the first clock
nal and a secqnd contr.ol si.gnal nchroni zed to the
i AL i 1 e TR IR A SRR )
0sdidtetaa8 tHeQedons nuBétit BB ALosEIAMbN TN clogis inﬁﬁtQitoH&ct)Is adant ed
e tes

e_connected to at_| east one |ine.
Wbé%&ﬁ tmese copod pyrdlatat ppd the seoppd pRmesls cotg ecilE e ed
inckéndnh € At R8dt ocROsdRterddtEoRrdld iRk glﬁbrétﬂ%ﬁ'éfﬂﬁ‘ﬁﬁiern%abdr&ﬂexﬁ he
time at which the 10 driver drives a signal at the

SPRAEALYS. P FRAvenseHBpRaTAe & Frst gl sienshymeoniFRdue thedinpiclogk
sigh8l ahd& sechiRBdonRl snaPfRehRordizoltd@e bdtBd o164 dnal.| i ng the

tinme at which the conparator circuit neasures the
val beangihercaspqol i invantienyslates 4 tegGawipment hevipg e tesfnoini ¢

addp%ltélgt;e&mﬁerftédrtﬁtat B4 e, SRURLIRAuiPRE S &fveaasbumﬁth
an output coupled to the timng input of the driver

an gytpggpepledso thedes n@n’eanﬂ@mmng npwtsgeizoliingtbe e atrvirel the
drr%? Upl &M, s%%&! dt lﬂ%tt&rf %&th A2 A B Y B BaE Q&'Bb@tci:og%ecﬂ-é thde
timng Inpu conparator circuit conduct or
testppintiapda Bmingrinpwt conteding the tisiept athich et avawaraton eirduity st
mefiht S Wl va Y 1 0808 GEAD GlohE A i L RoRNBUIREL 23806k end N
I'nvention relates measuring a
cmmMﬁﬁaﬂbnuendHmﬂmwemhnmuwgmtwmse$u@emmmeﬁm¢@pwutmm&nzk
hav| [ n
secP Sl LA Bl SUBRE Kpnlell and FE I SNBY compiea o
the ¢ilronkinpst o@ﬁmebmpaaitot ﬁrcbavﬂ cafiduatos eaniexch fynelqoreratigy signal

corr f|r guency, with the frequency
bdgﬁﬁng%gggmﬁ?gﬁﬂgﬁﬁ§%ﬂ% Bﬁock relative to the phase
of mhﬁotﬁérrasﬁecf; Itk!élcﬁﬁrebiﬁdﬂ‘rglaf‘e@Eﬂdmbﬂ:l@tdofmﬁsﬁrﬁgmaﬁﬁael to at
east .one ital .val ue erval is
Pt Je Sy PR EE aing A i Qoo gte ™ Hich e e
frecﬁl)éﬁtgrl‘dbﬁl&blléﬁ feshOnst BLat 3RGONE vEhO CK seoDRPADER ib BerRPLd S hivad

according to the |nvent|on m ght be enployed in 25
2 Seqpf prey qosielaied §p BrRdnt frequrasy, Xdthiy frareicy pre phase of the

secORRILLABR S0 ﬂ?%%hgé oPleoER!: BIbbEbbisd cwdmesrﬁhﬁse toat

acconpanyi ng draw ngs are not i ntended drawn to

least gpg digital alpheA mepayFRRgSintesert is stated smmom@d fﬁé%?rﬁryt clock”
and 8D & E@kofRARO R Mcohabey S 1 11 ustrated in various 30

figurés is represented by a |ike nuneral. For purposes
of /Anparapusypnd mthOéawgdu@daﬁmewnomr@ybmnplméLued in

utcﬁﬂﬁfc%esg écﬁ:‘ﬁﬁnﬁ'@m sﬂchtaget‘o gﬁ@”hﬁﬁ Hdeasurements.

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 liké numeral. For purposes of clarity, not every component

. may be labeled in every drawing #In the drawings: : : o TR

FIG 1is a block diagram illustrating a tester as nnght be found in the prior art;
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FIG 1 is a block diagramillustrating a tester as
m ght be found in the prior art; WO 2006/ 004829
PCT/ US2005/ 023088 -8 FIG 2 is a sketch illustratin

WORHGRPSFDR neasurement; FIGs. 3A. ..3C are a SEM{US300§p23088

sketches illustrating a known "edge find" algorithm
for nmeasuring the timng of a signal; FIG 4 is a

bl ock diagram of a prior art clock generation circuit;
5 FIG 5 is a block diagramof a tinme neasurenent
circuit incorporating the invention; and FIG 6 is a
flow chart of a tine neasurenent process according to
the invention, DETAILED-BESCRI PTION 10 This invention
i s not I|n1ted inits application to the details of
cor8riseiskaichaifiustratinga ivanigdhassusmegionponent s set
Forgis 5. 1 f1Cak Qb RUoP O ARSAIRELQL Bowh 48 ia! Aortiin

dr awi ngs e invention i s capa ot her
ﬁrenﬁmdmn@nngﬂmwdaéﬁmﬁE|ng practiced or of bei ng
¢ arPrIGeéfjﬂs glﬂock ia %n%%(r‘f’ clPélﬁ‘, g%ﬁﬁaﬁdﬁ%lr@tm aseol ogy and
term nol ogy used her ei pur pose of :
de 6 pis |a<blnch dgshonf] adnmneab@'cmerg amatdn@quratwgtthm g.
of 15 "includlng," “conprising,” or "having,"
mwﬁ%gﬁta?nlng," invoIV|ng, and vari ations thereof
herfG G is i dlowshat of oiiea coamesent frecehs aspading & thel invention.
thereafter and equival ents thereof as well as
additional items. FIG 5 illustrates circuitry that
nay be used to nﬂN@DﬂLﬁDﬁﬁﬁﬁE@ﬁKﬂien&nt that is nore

{
S35 B PSRy B PR
the ﬁtﬁ‘zﬁlgélﬁaﬂ of c}bnﬁmhd:xes/&bfoethliﬁthﬁ dolinirp detariptiasor illustrated in the

conventi.onal.ly. fou a tester., E hi gher,
araRg he s bRae of e oS iothis it et gt or of
beidgRBfled bl vaddus Galy$. I Also, lthe fHABedlbdyuat teddid]ogpingdiheri is

t he C|rCU|try IS u a.r asyrenment, such
for e DyPRIFO! BESCliRiE 8 el ?ﬁ%{%ﬁ&eg gt B8 Ofrhe

"indlhdiy, ENdr "Bavikp!l FoonBEdintteSnRINiSE” gededrationn
mﬂgﬁuts %ﬁ “and 500B, .25 Pulse g ne tion cir be
ﬁ‘\ﬁ’? h

thersefthareife Fﬁéﬁ%ﬂ@@ egeqmRasshe Heps isthdthesradicr ad epyalenty

as viellRY h&Btidnsl itdgsansm tted at the start of atine
nmeasurenent. The pulse fromcircuit 500A cl ocks

16416 Hpsiraiss elé%qafémbé%m%@ usqthlg magke A Hning meagRreaRt s
moﬂe{fbfé'dfse t@n bﬁ‘&cﬁt abffbablis. MPineT AR RehthidWith reseﬁuudﬂ@\dﬁ’ﬁﬁr

be set y any conveni ent neans to a i cal
ordergff i@@a tolsenondsare tegdily sehicyeble psingyiroiEn ef %ﬁnéf%rquaﬁ%}y fouaddp

a tedB Bvéh REOC KRGO HUAMIAIN o REIAL 18 highbdBoRioRe S0
generation circuit A can en as establlshlng

cxrctllrfmrehx theillusteatéd mphordiraand dhd qircmfrgds uSBCN:O mzke3 TDHe

meaﬁ&s&e{t M&%ﬂt &vusxﬁ  fot | 'cﬁﬁrattlﬂga%{ fstbput to latch 164

'S Nno
The time measurement c1rcu1t includes pulse generation circuits S00A and 500B.

_ Pulse generation circuit S00A generates a pulse that controls the time at which a pulse is

 transmitted at the start of a time measurement, The pulse from circuit 500A 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 pulée
generation circuit S00A can be taken as establishing time t=0, as illustrated in FIGs.

.3A...3B. The specific method .'b:,-f ‘which the data input to latch 164 is set.is not criticals.

It might, for.example, be set by pattern generator 140 (FIG. 1).
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weovstate, This lack of synchronization can producerunintended results. Accordingly, Wheﬂ Qo i,

It mght, for exanple, be set by pattern generator 140
(FIG 1). WO 2006/ 004829 PCT/[JS2005/023088 -9 Pul se
»gener ation circuit 500B generates a pul se that

BA08PME2Y neasurenent  wi ndow, such as 312A. FCEASRU05§23088

FIGs. 3A...3C This pulse clocks latch 180 within pin
el ectronics 160. The output of latch 180 runs to
sequencer 550B. As will be described in greater
detail below, the tine neasurement circuit of FIG 5
executes an edge find 5 al gorithm Sequencer 550B
nmoni tors the output of agtch 180 to determ ne when the
edge has been detected.”“Advant ageously, the relative
timng of the, si gnals from pul se generators SOOAf a nd
50BEscgaRemiion sdeyit 0 geaempls £ PHesciby: POt} APEASHEERl
windowWTBuch A8 3BM. em in p?@é 3@, RN erd e clickLldich 15@@Ahm pin

receives a sig entified as D Y
clectsemdA. Thamnn oblash S0 565 HENErRarT Sk AL TR bRt
in gl@g)cgr%&a‘ﬁ bteﬁwsﬁﬁ@ %H{e%aﬁﬁerﬁéht eRGlt BEIERIS. exddutes Sh Q(IE@ find

for exanple, be derjved froma nd

m ght,
algorxﬁ:m Saqpmqréﬁea genisatheoupriel lasgh L0 tydsiupuns ‘6‘??“

tr o | pélke
has &Q’Q ﬁeté&e %&%&%g ha{stl % %1{5(3 g%)l g@‘gr%ﬂ n%%géﬁﬁmg;ﬁgﬁ t oget her

genetajors d@QA m}i 068 chebs vany ntgm@nhdtlmﬁbfomaef&spre&wﬁﬁﬂé ur emrent
meap Dot S5 i A BE P s e o et RO 1N
D_S¥MNG is 8 wohmarsl ﬂal@@alds:tﬁ)pt(lﬁl generatjon cux@@sﬁo@«nd 8008 lgcked by
B T
commbArdm a@aisem gertemt(frrl é4 B gesalidniowt iQﬂ@ is Stswgwaﬂy

nc alin c
sy GRTR BFoLp ot TR e T A B SO el o

defild the€Binning ahil feenobf 4 ineastwesgnidniesvaout of NCO 51 OA.
The clocks .are all  gene
s @omi st saB Pehdisdico A bl 3 R iR
as 1351&716%11 ﬂ:?th@hﬁ,%ﬂél{(asw IOI@YGh b, ?ICU Hoﬂémdyc;ked ay amg‘crence
circuit as is known .i ar as fr e
clock M{ilkqgnd gepsralas %815% qu% fz‘f prggramspple gﬁ%%efl?i{ e&r" °<$uency
proddkedMy g0 BEA R4 ﬂﬂ[%q@&rfé? séhlif OiEdait 580 ANRleqieticNealing
crucial to the'invention. A tine asurenrent is

circyihi40Aawedpocs rtipl sloglkss alf #ifesAusaFics hat ap WSS GAGR. | n
mteée? Gl r%?gf{"e df*tﬁé{%qﬁ ufi‘df*?mb SR, , THel bRy Y NCaiegin frdns

assu he sane clock donmain as the Elocks
the mpwcwqu@eﬁﬁwosrébw i tipe uFrequsneypscalme eyt R4

may%%%ﬂuen‘&fgcgﬁﬁg & ﬁ'a§ %%5\?% attﬂ@&t A ot 5B %Vscﬁluﬁg ngl e

o are correl ate nals

circdit4gi (GIG. 4). T@@Qﬂgﬁc frequency apwhich N&l§) &l Oprgenenisha £iec
sign%[ O%Ic}uc%?%l{ﬁe ﬁ(fenttm s correlated to the clock t hat

nes operations Wwthin that circuit. Oherw se, the
Ci Adind mmsghmemes ngtiamdavitioberatiomofite BeYONE sighd. Tnpat

111us?rﬁtg€ ?mh%c@mgﬁ,a%%g dS‘Ql(IC mg%gtls %98‘[19& 6 b8%n Me Ed:ﬁgeclc?d‘ktcﬁfnahh e

' 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

signal generated in one time domain is passed to circuitry in another time domain, itis
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;., F, ' 'state. This |lack of synchronization can
pr 6duee’ uni ntended results. Accordingly, when a
Snal enerated in one tine domain is passed t
?in another tine domain, it is WO 206676@%@5923088
PCT/U82005/023088 -10 conventional to synchroni ze the
signal to the new tine domain, such as by latching the
signal with a clock synchronized with the new tine
domain are said to be in a clock domain if they occur
at times correlated to. the clocks that tine the
circuitry of the tine donmain..5 As regards the
circuit of FIG 5, the oubputs of NCO 510A and 510B
are likely not in the sane tine domain as the circuit
comteﬁﬁtinal Risthak@szeahasmmain thetrews trae dormuitt, supd as helahing it

g0 SRS SR s, SRS B e
domBAnHYNGy 8dcanatinies c@eupydat it clacksthat tnnmﬂra piccujtey of the time

critical to the invention and the details of that
domginchr oni zati on are not shown. 10 The D SYNC S|8nal is

grl % &sgefas[%& cﬁrﬁtglt gﬂﬁt} §,Ghet dugpuid d(;fpﬁ(f(z @f)ﬂﬁB%&ﬂAIOlEme ikelyop
is clocke .oduce [

not igdba Sapg tigier oM S ot ﬁjﬁaflgﬁ SRt S‘%‘Ls‘!gﬂﬁ*

meaéﬁfﬁ&@ §6:88 %lngﬂgﬁlﬂat@h hiné-ﬁbﬁe eﬂibl@y@w Ehwtevef the lspepﬁi[c Inmghod

i's provided as o n

ofsyrshionisrisRdy e BLSVRGRiERth Rl 1o HARE S ey

criticat 8 YhE i ef¥idn 8% E{e%ﬁilé’oﬁﬁ@%chmiﬁatmwm Shcfvﬁr a t i me
measur enent, mnultiplexer 516A gﬁﬁ ﬁ éyﬁﬁ dy % %P i
coihe BB ¥NCsignplis srovided arandurut rihe fiplon JAs FARTPR t he

514A@$a5c1§& oY bm: tm Proad&A-by Areg@a0stabN diehie 404 Dilip-flaf

=

exer is connected pul se generation circuit

ﬂAE@ﬁQﬂﬂﬁﬁkﬁ%ﬁﬁﬁé@ﬂMﬂhQﬂK&h&ﬁ the D SYNC signal to be
r e%@%{ftﬁ ?1'1&981%%&@55 St BN styTEHR PpE o

gener a his alternative connectlon

multxﬁlemﬁléfe quil@r @atrﬂonputm mailtinleneeS ideaie RE FERESTY $5O™and

| Hov?%lglt '151: N ?&%Eﬂt%ﬁmfﬁx&%ﬂ BRlr@a fal b6 colenRyeds |

tern I've conhect can be used for debug %

' passtheloutpatiofi imbioras 14l to theliepus of Bipelap 31 Hnd sesond side

of ngl?f%)'&eﬁeg FﬁA 2 coral%%tggﬁﬁéedg%ﬂéﬂaﬁﬁ% cifd@k SOV, ernid éohﬁ’écﬁb@ﬂlows

ocke i nverse of the clock
the Pr ®VNGetgnhioo bé rqplabt(ﬂn a memomfartxpp sigghad frogymise jggneration

S G PR G ARl 50 s
and lﬁhﬂi}ﬂe}@f snsﬁbﬁzghseajmﬁmd eheineig gH ongevieh dheailtermatite comppstion
o e LSO BB AP B R
ﬂmgqahkﬁﬁeﬁkmﬁmuhmﬁﬁﬁé The frequency of thls cl ock

gngig effogtstl] g%fls,r qelq)%gé] ]%gihg Ep g1ca? m%ergeco tﬁl 4 c|>1<\3/o!kn ovided§ BipSfiop
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. F lip-flop 520A 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

iﬁﬁéﬁ"?éf?ﬁchroni_zed to the clock clocking sequericef 550A. - - L e
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enbodi nent, sequencer 550A is clocked at a frequency
that is 4 tines the frequency of 30 MCLK. Flip-flop
S20A ensures that the D SYNC signal arrives at
WRANLALE? 550A at a tine synchronized to thePEFBERI0S/023088
cl ocki ng sequericef 550A. WO 2006/ 004829

PCT/ US2005/ 023088 -11 The output of flip-flop 520A
serves as a start signal to sequencer 550A. Sequencer
550A generates an output signal that is passed to
flip-flop 552A. Flip-flop 552A is clocked by CLK L1
and its output is therefore synchronized with t hat

cl ock. The out put of flld-FIop552A is provided to pin
el ectronics 160 to control - 5 the generatio f an

outlpeeutpyf of &ip-Hepeo BansEverRI gt geho SFBEFD 160 is
Seqi@kerR Q)Q’%en&éiés ah%ufﬂﬁﬁﬁﬁlﬁﬂﬁbt)is p&bed 16 ﬁ@hﬂcipSSSin pattern

gener at or val ue hefore pattern

oD Jons7/s Biglasiedthy GreTiand g v o BraP e
with hiFR 1 JER ATHS bf ﬂl? OES§2AOEQ tpﬁﬁ/?d‘éd kSpif BIRYMbNiCE 18@to control

connected to the ¢ i nput of fllgflo 164 within
the gﬁnnraébmﬁmmpébpuiﬁﬁo Thqa@at@@wrtp piaglospenies, 16P iS5 19t fog: R4

is plefl E[b%sﬁ%gtsﬁchaas %? gﬁj erdfor gfid1 & a bBicHINVaME bifdrelgafdm

con ronics 1 génerate the required
gensatgnlamss tf@@ﬁwﬂeﬂmlawat strtp ﬂleévéﬂesfa%ﬂhma@ertth e pul se 210

(- s LA Shokllcf BARORBE il bl ilde 184 338

sserte ccor e pulse is sent atine
pin e:lacntonmls K0 Awdesarrbcdl altové(f@p\ﬂoff héd reprepemtsi aformagint grofieed

cce iy T B PR [0 Bl B OO IR BB Gy,

a pulje Redhals eh:b ﬂije pm @Gg@ msentmmﬂtedm respoinge 16 @QBﬂmnfiﬁtzrt@m

of, a asur ene W, .S S
asseiy phecbngis R A R o pon bR SHERORD Tt cimefe,
con®RBoyayrbeistructural ly simlar to pulﬁe generati on.
cigcuit 500A. ai ns_an 0B, t
o Fi EFYR B GO0 AP ShEe 0T REEP Sip-Bp 189, g
pulsg QBREAL B pulde rg@xwrettmﬁ QREi1ES09B cofed|sidhe Eméngf df@@reaneament
scal i ng C|r§a g hg Ois simlar to the
windqve qUTEyS 1oatd 1 4--850A. Preferably, NCO 510E
i's Pﬁ[s@@érﬁfﬂﬂ'@lg cﬁo%tg@m fn@i( Be &neh@dB/ samﬂlafr td lblﬂsesgalﬁatmn
frequency However, t he e of thgﬁgg
e

* cirout S Toesingan Mo NGB BAGEIT Gty COrrRE e FRE

5108f Phﬂaé‘ géﬂeﬂiﬂ@ﬁ ciRlAGue Slsd e L éﬂeqf@émy R0 Gikdb@ SUDB that
signals wth a relatjve hase difference can be

| 1sswmte\tlmﬁwe@fa¢admwrw¢©4 - OA and NCO 51 OB at the

@Ef«l,r!iﬂg I‘?@(I) W Bis (Mcg gﬁzﬁxﬁﬁ&f tolgBhdrktah sigadl HFﬁne §§rﬁ>é’ ﬂt?;lubﬁby

heir ac ators as register 422

as NIGQ §10Ag dhhevexed, the pbase ofibe siBod mrqdwefrdthé%C@ af QB ¥S|0£%et§@m3
o W REATA U200 Do Moo Ut L ke
phass@diBreance csq/bﬁ}:hhl@mdj:e@tab;ngmw DA T NEOSYRB apthe ppgxmurp&g
with diffd re;%%%h];lovalugy%a 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 circqits 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 5S16A. Multiplexer

- 516B receivesias switched inputs the outputs of flip-flops 5144 and 514B. Foratiming

measurement, multiplexer 5168 will be configured to switch the output of flip-flop 5 14A
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bet ween pul se generator circuits 500A and 500B and as
a debug aid. 30 Multiplexer 516B is simlar in

jon to multiplexer 516A. Ml tipl exer
‘?@3@# E@ﬁas switched i nputs the outputs of fIPE*&E&%@“ﬂNﬁS
514E and 514B. For a timng r=> nmeasurenent,
mul tiplexer 516B will be configured to sw tch t he
out put of flip-flop 514A WD 2006/ 004829
PCT/ US2005/ 023088 -12 to the input of flip-flop 518B.
Swi tching the output of flip-flop 514A to the inputs
of both flip-flops 518A and 518B ensures that both

pul se generation .circuit- EooA and 500B recei ve a
synchroni zati on_signal fromthe sa quﬁlirce

to theipuitof 8fp-flon PSBI Spitchimgibe aypuod Hipstlq étt%nffte “EHWS &
botﬁhgfﬁépg 3 g2 dnd ﬁs@l dAGlfes Bt Ghi phRAsGRAELALRA It BP0 AR SIDBE

quency scaling circuit 540B. Preferably
rec@vka pyinphrapigetion Rigng AoRdbesAesoWsfre fr equency. The

o Mt e s e oy

CLELIQA geq@ra@@dzyéwép@;lmdé@qw%ﬁr@l% @ff&% AAB- Slusteral
chatk ngar%d éﬁlg%fZAﬂhv%ﬁEs%éﬂg'&Jeﬁ'&yed enbodi nent, thl s

as afrequency that is’four tines 10 t

f r eHhwentpyt of iEkp 5 D8R is coupindtte Fisslatareput P%%f&&?e 92%3 Flip-
ﬂo%ﬁoglls ?ﬁ%ﬁ %2 gfoclé éﬁﬁ LESB é)ﬁlhcg& k¢ PJCOSQ@B%HG ﬁ@%@ﬁ%&cﬁlﬂig

nti al ogic circuitry as 1S
clrd(llttCBMB Torthé filesteated, enibpdlmm, thésrddockhes aifrefuendy thaiiiyfovs times

kil

clogletiects a value indicating tinme, 15 has passed from

R L e R R AP

in 1!151 &t R eloAiidrathe rcllgiﬁmaﬁteélﬁ NCZY5 10Benkch ovie ah peduivatatortrégigier
encer 550B unts, t nunber,. r
2 390D Sewnen o Brendbis e R B Ot Bicpfod e

has jabell G6mbe iEmivsihef a piisehé b sesmad aesurateat windowe gichtae r

15 ot e b BRomSB0Y R5G 427 Qishi it
nmterktcgse&a@épss@emm& PSR B EAlHNS. mmmm theddrhtiq dflthep

I fl 552B K ted
e T e T B adp treneres SabR T2 ©
AC C?ﬁedinﬁﬁh of thiRehR Ui RicePsHoparks & !pto@raﬁﬂn@iblé 52 Baendnidlof

nchroni zed with that clock, [ u |f§ g ¥ ase
the@wsmm@dﬂatmwéﬁqmmebéﬁ?@eulw %m%seu ?1 e Babt HS

5 5% cﬁ%ﬁﬁ by%gl;go&%ﬁéﬁte@l;y Iﬁbb@lf)lﬁ Tt §§ﬁ1§1dg%c£ﬁ1@%h@iﬁﬂ§4ﬂ)3.

n prn € | ectronics

Acocummglal ﬂa.e mlttauttpmhﬁ nfitlipfflop 5621 atbbe syaeionizdrvath ts clack
inclfioa SRR B oLt H1Ee TRESMESITAR, ol BB Loe N fOBCS.

e uencer e tine of
e aShy @it bf ﬂ\np#ﬂd@\/ﬂSZB is provided to flip-flop 180 w1thm pm electromcs

'160. Tt controls the timing of the comparison operation. Inthe context of the

measurement illustrated in FIGs. 3A... 3C, sequencer 550B sets the time of the
measurement window.

Tn the iltustrated embodiment, the output of flip-flop 180 is provided to sequencer
550B. Sequencer 500B determines whether the output of pin electronics indicates 2

value that represents an edge at the end of the time interval being measured. Sequencers

© - 550A and 5508 conirdl tester 100 to perform the functions d(f;scruibgdf-in connection . -

with FIG. 6.
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In the illustrated enbodi nent, the output of flip-flop
180 is provided to sequencer 550B. Sequencer 500B

det er mi nes whet her the output of pin electronics
WAL 5 30 val ue that represents an edge AFT{U§005/023088

end of the time interval being nmeasured. Sequencers
550A and 550B coiitrol'atester 100 to performthe
functions described-in connection with FIG 6. WO
2006/ 004829 PCTI US2005/ 023088 -13 FIG 6 illustrates
a process by which circuitry such as is shown in FIG
5 mght be used for form,ng a TDR neasurenment. At
step 610 sequencers 550A°dnd 550B are initialized for

t he neasurenment. At st 612, s .510A an e

or G AR5 BORES BT BEBD SERLTGEoh s Mg aC. S B
be hEEEUBAEY.g a THIR Medstredest] Al steRO10 SofRacrs FHViASangI3a8R are

of fset may be introduced by storing an initial value

initiphiped fs thedBIAMIPRIMr 422 of NCO 510B. At step 614, a

pulss @tas 8§17 NIRRT {0 e6hd310B ke @rokiRdmed tb gblteatecibadiofithat

of FlI 5, sequencer -550A geperajes t ths, %u(lise n
sap GRS kit AL EPRES Dbt A3 DI EeeLEPE b ERaIucEd Y
S B o St art ot Lot

| equenc ( : l 1ng

t hétstap 6k apasy ﬁéfaa%@ﬁ?ﬁﬂnétnér”‘?lgé‘i‘g‘?&n% iR ERO8: A

seqh&R 5 %ﬁ%en(eﬁﬁs %Qﬁlﬁﬁn Yabdrse #RLD |s @ EigeH amEhcts as a

measurenent w ndow is reached. As descri bed above in
starCcom@enen romingid. Fihe stagAneasgeneni omBH Rl HEEr SACHHIPF hm

5508%Y stg? mioﬁ'i'?clrﬁ%?ﬁktﬁﬂlepﬂl tﬁ??c@ﬂinﬂ&of R@s&f HEN ©b 580B.

measur ement ndow until "tines inmediately before and
i e siep 6 B, Yheakdcess waile uaiigeregranged measwgmentjgndowis
sur enent el Ahdchbn | AL eft Wh b IBAN” algorithm
fea%?%ggsacﬁ?ﬁ%g’e?%‘?%’g%}%r %cﬁgnbr}@éggfenent W ndow_untia t he
maiideplemented by tladgingthedizsod a edsusdmpewindow gfil thnest he

. i f .the i ' t '

e R SRR o el R e o
Opclt%ﬁOI}; i ere@tlec_tmﬁh gla;ljr p}mgyasm?deimefor FE0Babwenen vando el

a S allgn I | .
L
is d&?m@g; ByeRsE Md?lﬂo?i&?m'gﬂﬂiva]aeﬁditthiﬁﬁ{cﬂ SBepAtlk. At
step € 0 ut o e..C rator I

R e e A A R G v 3

pas® t5l8 BlebPahida @ 60leTia s pelgk tiygdromatomgrisomepastion me irdicated
wi ndow for which conparator 166 indicates the val ue on
atsiep AES- 170, exceeds the threshold that is stored in

r eQit3{ef 62088 oI bk oMphidRr Isiii®REssed BY seqpereaehiBdo

measur enent 25 w _ndow i ds bel ow t.hat, .t Dr %eagilgol d. que the
deteswiiye if isrepspentfen Se et oA edes 3y be Sy oot i RePR § MBS ERYs
winfi&y ?Jr%ic@%gmparator 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 étep 622, the time of the measurement window is incremented. The time of -

the measurement window can be incremented in multiple ways. Sequencer 350B might
be programmed to indicate the end of the measurement interval based on accumulator

register 622 in NCO 510B reéching a higher value. Sequencer 550B might alternatively

be programmed to countrnere-overflows of the accumulator register 422mNCO 510B .
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At step 622, the tine of the measurenment wi ndow is
increnmented. The tinme of the nmeasurenment w ndow can
"g@ i N rerrent ed in multiple ways. Sequencer 550 rright
2'}5"(’ 44 med to indicate the end of the neas&F&YEAYSV23088
i nterval based on accunul ator 30 register 622 in NCO
510B reaching a higher value. Sequencer 550B m ght
alternatively be programmed to count nore overfl ows
of the accunul ator register 422,i nNCO 510E WO
2006/ 004829 PCT/ US2005/ 023088 -14 before issuing a
pulse to flip-flop 552B. Alterlnatlvely the initial
phase difference bet weerl? NCO 51OA and 51OB m ght be
i ncreased. These forns of ad rin % be used
beforoisgiag 4 st flRriapet B nigera ﬁfﬁ e tla Pﬁ F}’g Ure

urenent

betdaéaﬁ 10@%&6&@3 inyg%wcmaésled changes Adj usting the
er of overfl ows of accunul at ar rgglﬁ?smgr 422 in

m@@nmo grbusacrd shalit alb bersed tpsgyidere B FEREeH R

the ﬁlh uﬁﬁ@ﬁt‘iﬁt@ﬁﬁl@r r%&ﬂ@@%ndi Fedn@8E Mdjwbnd 1he n{nﬁbe&tolf ve
ase difference- between 510A and 510 ht be

overdlos o B elior eishr 43 NG Brpight begppig o8 { he

adjl}S{!I[EE @méﬁi&sﬁ%ﬁ&%ﬁﬁ&w THArEEQWing AR riGiRe phbehtliBGeRBOWN

ave a phase_accunul ator_wth

betwiedn BICI0s5 16 anégwﬂmgbhbe eanFigArh h?@fr@afpwebvcﬁ@@d&%mﬁ%?f
theﬁmggfﬁlyﬁlggiaefﬂ B wi ndow. For exanple, with an NCO
[ o¥

resol uti on and a clock on the order
of Ammcamnch assshdmnplndﬁge%; orighthe'vesa phespaseupEeioy Witk mpey
ssi.bl e. rCUI ngdel Y
vis PGSR ool Vet dfe oo AP b B Sue B ORI ice
examplamﬂemmo hamgm&amseg rasbluamf ol alvlael oo dxefc@qlﬁ: 65
suc rcuitr

subeg P@?fﬂcﬁﬂ %??S%rﬁ’flf’“?t@?‘{cél ﬁatcg 9 Sagig u?gé%%gﬁ 5&%?1%{? preci si on

 conbehtibiily &und $i0€ seitcandngye. tesTdn earpneaxhbrsso@h@mnasilwﬂ‘ﬁnﬁ 6

B L AT A T o
resdlnﬁféga%fﬁ&fﬁg& h:lz\?s%rdmﬁ@lm&f?ﬁﬁmm 1ﬁd&vattb:reconﬂmmg$ an edge
is detecte oi n S
ot ape ppaes o in g sy Eome R BT LS: g
steph B84, @1, 688,90 @nd 6220 ITHR 166 vepBatihemnil ihﬁaqnbﬂnsaat winda@ in
transmtted on |line 170, and.the edge ind atln %2%
il ot 1oGReEPt AHES PTG SIS GRS B i T A
conrfrp'ufrggoxg?h sfaR6 %@&m? eld BftendcRetine BRGEeOihdnlthd pulsedl es
u

accumul a

_ regi ster 422, th fraction
trangyitied op hnml]@hara?dbwﬁﬂe ting i stfleftion ﬂ&‘ﬁa f%‘@asﬁﬁg?gtéd

The%%gisg%gw fere YRS, feﬂhété @L; wmpfrr%mreyaes BeER etuNGR R 10A

ecause i ncreases a known anou §%
regifter 425athh frestivhof @f:qubmugh h@“@’@}ﬁbﬁ gagiptey 4P andcihp Plyge et
convert i PRISNCeMROB can
ot YR Gpl ol P HOTS 104 M I0BTBRASNCOTI0
incre#ses £kmivn anrmgmsﬁbeerach 28l of M@bKetbe prresphtedsvaliefcARes  on,

convert%d rtc? Enoa{ val t1me.o'I"h1$ 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

'ﬁill‘readily- occur to those skille-di‘h“ﬁtkre_art. R L R
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this nmeasurenent is equal to the value of the | east
significant bit in phase increnment register 426
\%ltl |ied by the period of MCLK. Having thus

SUOIBBE? several aspects of at |east one enb8HTHSH05/023088

of this 30 invention, it is to be appreciated various
al terations, nodifications, and i nprovenents "'" wl|
readily occur to those skilled in fife art. WO

2006/ 004829 PCT/ US2005/ 023088 -15 For exanple, two
sequencers 550A and 550B are shown. The contro
functions . descri bed above m ght be allocated to
hardware or "software in any conveni ent manner. The

descri bed enbodi nent oV dva age .of

al IESRPHER M%Seg\é%%g%ﬂg PBT% e BORRORE Sheieol Geetions
desbyPpL8 aBdvdinkight b aBdcaiRg to Retwar@orsoghe isaguenealenithgints.

control the _entire. sur eme

Thenfesibgd eppedigent g e?otﬂle Pﬁi‘@ﬂ@w% Vg ppise geraHpy HicuHs

SOdAr@d%U@@‘c@Ehvb Einﬁl&eae Eﬁg S, ORHES RbRInc Fni St BEiitrol s eniidle
circuitry. further exanple, |t is des r%)bedthat

megshisTea] PRPGeYe Aéﬁa%wévf S?%O@%%ﬂ yaTiepsy % pul se
impIGiaEAh AR pQﬂtéhQ anEﬁto% Qpéih@freentﬁﬁ QBodigy.control | ed by

offsetting the "phase of the cl ockspgenerated in pul se

gerferadfiurther cximpleitis doombed ghat g aelatie PIRESEEFIFE ent to
engﬁjcéld% ?ﬁse' éﬁ&%ﬁ%ﬁgmgyj()@ﬂ%ﬂc%m  bSRNass, diftet@hg BRr

clrcul anot her exanple, it is described that a
phasd m@lmgmﬁq@nﬂ pelpRaenpIRdoTCRitcEl SR0B. | Helativpphisg different

E’%dg 280 e data m ght be
COUM %Cﬁ?é&]{ﬁh thén%hact %ﬂ?&ﬁg?@é on the measurement
p r o%:wsthemmplayﬂ isclemohédsibet asiriele measuementdhat Bidicalgs tat e
e C d
toa e OB e B RhighlbcfRid Bl AEERMKEC
of noiza Su themeaturenet probess.r Opeweet) achikvd thiseesnit s ifdinated@ic h
edgﬁﬁﬁﬁr%%gg n%qu\é\ﬂce %Pﬁl[ va%&%h e ‘fi*i?eld Iwag X\1;PC1;9 \ﬁI‘fﬂhgi hav e

ues — associ a owng a form
of fﬂmtaagelnqhﬁt measadnmest rhight ‘tefré;eaiteé mwitipledingss forleacht he

neasur.ene ow durin ich t
o ORER TR 18 R e AR el AfRicAE
assdvpdt@l wikieit,allopme atfam mtfmgmgmwmb I:f:e effhrieshrofsd. Orthe

bel ow t he,t hreshol.d 0 .Repeati ng the S '
e e At e O et auraeh B AR £ HEAL ahdbay
of rﬁﬁ@ SHU1@ FRRY the %mamtﬁmve Dealdshelime belnwshd-threshifidn

the sjgnal value i,s equal to the. threshald and
RepgHITEGRRGASHRCRER D L St SRUBHPIET SEap WoPRIEHI D (e

: me%@eﬁ@nt%ﬁig@o@&u'ﬂﬂs L@ﬁﬂlébmé@f%sqﬁl tWiRen! thaEgraan thlhels b@eAl of

e tinme,. ooki ng fo measyr enent W
the mséﬁd@ﬁ@u@fﬂeﬁm RN e ﬂ&ﬁfﬁ@*& Q”é’“fﬂ“ﬁ‘ e
aboa@ﬁ% Q¥ &!e)ﬁn@%e ¢ oefdod &F thdi@ne SBPIRRRABES aRhcal@bBeht Wi,

houl d appreci ated that the described order of
in vdn@,jbe $ignah @;150%)0 ang S0% HPyan 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 160p 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

#weontaining an edge. _ e T _ . . R



time difference conputed at step 624 mght, for
exanpl e, be part of the step 622 increnenting
t window. Alternatively, step 620 n
\E@Qﬁﬁfoﬁﬁgyl oop that is perforned iterativel y%&lgéoosmzsoss
m ght be collected on all possible neasurenent w ndows
30 first, with the data being subsequently processed
to find the nmeasurenent w ndow 'containing an
edge.,.,. ~, ,.., WD 2006/004829 PCT/ US2005/ 023088
-16 Such alterations, nodifications, and inprovenents
are intended to be part of this disclosure, and are
i ntended to be within thébspirit and scope of the
i nvention. Accordingly, the foregoin criptio and
dr Swihragjerations, rbgmﬁsayonﬁ anghBIIVEIeIHT 370 §Coge Bfkp
dzsclos‘?ure hid ar%ﬁ\m\d)@d thog Thiflf PR AHRpe BPRALA LA,
'S ng irst ock generation C|rcu
Accaixdingl:'t thi igegoingfdescsipties ‘@dl@f%’l’%ﬂm bt Wy qtiexasep! PCPIBX“k
geger mcﬁﬂmﬁl§CUIt conprising a first nunmeric counter
0s ator a second cl ock generation circuit
outputtlng a second clock signal, the second clock
generation circuit conprising a second nuneri.c 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 numeric counter oscillator
and the second nuneric counter oscillator increnment;
d) at | east one sequencer controlling the operation
of the tine neasurenent apparatus, the at |east one
sequencer generating a first control signa
synchroni zed to the first clock signal and a second
control signal synchronized to the second cl ock
signal. 2. The tine neasurenent apparatus of claiml
wherein the first clock generation circuit and the
second cl ock generation circuit conprise a first
direct digital synthesis circuit and a second direct
digital synthesis circuit, respectively. 3. The tine
measur enent- apparatus of claim1l wherein the first
cl ock generation circuit additionally conprises a
| ook-up tabl e having an address i nput and an out put,
and the output of the first numeric counter
oscillator is applied to the address input of the
| ook-up table. 4. The tine measurenent apparatus of
claim 3 wherein the first clock generation circuit
additionally conprises an digital to anal og converter
having a digital input and an analog output, and the
digital input is coupled to the output of the | ook-up
tabl e. : '



5. The tine neasurenent apparatus of claim4 wherein
the second clock generation circuit additionally
conprises a second | ook-up table having an address

i nput and an output, and the output of the second
numeric counter oscillator % applied to the address
i nput of the second | ook-up*table. 6. The tine
nmeasur enent apparatus of claim5 wherein the second
clock generation circuit-pdgigionally conprises a
second digital to anal og converter havi ng a drgrtal

a?%nan %nalo OUHPUt 2%%8%8EFg§g“ 1m% mﬁ%ﬂﬂﬂ@

E enera mrtI glr(allit ?ﬂnmrmng ? p}l nter
osg .%ﬁecan QF rg%‘F”r"‘g‘El? CICHE PRipYLtne: ¢ 355084, ) Slg » the
Se%m rrrmercrrew {CORRUFIAG 2aSCPR HBMPHD &91111%@?0@114% o a

clock@nput poyp theursiorumasis carmtegscitiaios and the seqsmd prmgrie gounter
osgifgor, fheslo nmut @Dntsfrlbn&theaﬁé at which jthe fingt fumayic cophter pegillator
angrthgsescndenment cauitdr osellastoujpcrtent; d hideast constquenser aintrolling
thestpgradilon of theTime Mieamiremeas apemEnd, tapgdest ose ehualcar genérating a
firsttrentolnsigivd syrdsorisnient thei fisuclbck i agles sacond control signal
syrehighdded t@the sdddnd locKbignbl. e measur enent appar at us of
claim8 wherein the driver circuit and the conparator

2. Thd fikhk tim&aOiBib:StepphianB | FClahaAN! ®Berkit tBe GRRRRRk glheration circuit
andife QR €1dcR SEn BAHNRIR Mt cbBpriseSEiscand y&tgﬁm sgrﬁmbﬁséucuu and
a sddnd -rﬁl}@cttdi%iﬁl rcgmn%% SHFENE, réphalgkys of claim

addi ti onal rising a frrst flip-flop having a

3. ggé) ﬁllﬁ In%&%ﬁrex??&ga% ar?tHlJ,S] RYL1.53 l’ip\!vgg"eln(%h% Pnest dfocl\(/ %E:rtleq'&mn circuit
adBf&D Y Somprises 4 100 Hlé) @ %ﬁ%ar g an ou l*t and the
outqﬁtp 0 rn:? grisﬁ ]FIPIPE-B‘IC cﬂugiﬁr Ags ?;Ephteﬂ do qu ]Euérea l]liltoqf the look-up

gnal and the clock input of the second flip-flop

coupled to the second control signal. 11. A nethod of
4. HRe U MFGSHCREHEDBRIAE O ﬁb@néow%rrr@.th@ﬁrsaylﬂglé geRGRt Qgeireuit
additignaly compiesk an Wigiiahty analogroonverice hadpg g digi iemdam@palog
outpeint 4l |teel digitaledpohsie rcoupded |teashe ow@ur/ ablighe bbook-up table.

generating a second clock having a second frequency,
5. the tielcamegbutemdnh@pparates dof rabajmeh oyhereinithér sedoad f dedu geneyation
cirauitdadalitimellp fcotmbrses e ssvdnd |loskkup edbdd hmeéng an tdddreph ipat @hd an
outpingaitd thetougluo 6k theletdig Mmmidricadobftdr beillads{io Bpliddco dhe address
inphesfhe @oendliogk-upkabta@l ue; c) starting a measurenent

i nterval synchronized to the first clock; and d)
6. TRILRG ﬁlgzﬁsuf%?ei%” E]gﬁﬁﬁls 'O‘Ft(ﬂﬂﬁak wiRYEH O @éc%ﬁﬂ d&K! Bheration
c1rr§1ﬁca‘aﬁgloﬁ£1 Q@coﬂﬁ éb'hkf&ger"’ha{/ n8% digital input
an X gfeg ﬂ:rﬂl o s%cn, d look-up

tb% clock sane re uen
i fferent phase 13 The met hod of cIarnrll

’ﬁgdtllrtnle %‘Ii]e%m.ltr ment pijlarsal:us of c‘ialm ? Id(&1 gonall%r c%rr]nap!nsmg a dnvéruc?rcmt
havmg a timing input and a measurement circuit having a timing input, wherein the
timing input of the driver circuit is coupled to the first control signal and the timing input
of the measurement circuit is coupled to the second control signal,

8. The time measurement apparatus of claim 7 wherein the measurement circuit
comprises a comparator.



defining an event at the end of the nmeasurenent
interval. 14. The nethod of claim 13 additionally
conprising: repeating for a plurality of iterations
the steps of generating a first clock, generating a
second cl ock, starting a negasurenment interval, ending
t he nmeasurenent interval ant conparing the signal; and
wherein, for each of the pIurallty of iterations, the

9. %@Sﬁngf S{f b Qgpa% lfaf r BV\Qhéer 5 Ihjl\Fe? Qj{fcluﬁcéﬁld the
Coiléarﬁﬁﬁgiﬁewge o‘; r%f: %u?%(lliem ? | onan y co?r%cﬁes %élﬁjment for

G dat a set by repet itively starting a
surenment interval; en e maas rement, .int <9qul
105 PHEmEHEAPPEl % a?laeﬂ% e ip-flop
hayjag 4 ¢ it gadh ap atl@a qsl.p eééeﬁh 6ﬁe° lé p hpying a

clopls inpug gach 2 ptat ippntsoyplad it ¢h i th ec%ck ippg q:fﬁh% Erst flip-
flopfoumed tocthe Airht eprget S@fﬂa@d\ﬂ@ ‘ﬂ@Clt lﬁeutqu it sasprst flip-flep coupled
to theseqond ceniral sigpalovi de t he same rel ative phase; ii)
conparing a signal conprises conparing the signal to
11 aAbingthoy of messtridgl a ginge diffeeaneatcomprisiefi megdereyatingen fiest alock
havieg alfavi figquencys pee fitqedcpestimikdde rabomeal tues 1edst ane value; b)
getfdrdthiy digbhidtloviahbeing hGecoldefraRbRS cofelaleditentkliirst frequency,
withaB Fe@ibaky ¥nd FRAE o8 kHtGsecdd dl6@N@MtivE kd) thedphabdo@ihe Frst clock
beihf RonPGEINR REpdise th Gt TBAS BhE @gglm yALEr YAbtart@Bda Bleasurement
intERAS WrlcAbnBed! GNe %"rstt agclg' Ngho téi‘ﬁmgnﬁﬁzs WeBEBEhent interval
sydcﬂfo?lfz\éé‘lto thi Gecon Sl hod of clai m 16 wherein the tine
measurenment Is use | n a TDR measur ement. 18. A

12. nCFﬁe 9 8& of Gifeas ur ng ﬁm% ni? I ff RS lcxgﬁpr% St'hg%rst%lock and

frequen

f
thedebn Oéfgglﬁ‘é%/t 88?&1? et ﬁndr %@Efswﬂgp"’% Bat | east one
13 D88 ot Sy eﬂ%fnt&'ila B OBriEHE RO b GGEHCp, & velue
ef\‘/ﬂ%ﬂﬁ“’fﬂé“ﬁ@éﬁﬁﬂ(ﬂf esHEsenbinte - second cl ock

relative to the phase of the first clock bei ngi
14.cidtmeshadeef claim iBeidiionally eprenrisingaspedsing far gpivglity af iwations
thegyeps tod isehnevating anbiag wlaske generating e@r sgedndsglodia staringee megsurement
intgrind, Endisg thel meksurah)eng natiervgl tik compaingete vigniahtaad vaherein, for
each\ofi thier dmiakigdof itevatione, the phazd of theclecondivdscdi mlatibetd the $irst clock
is cohtalledan gravive sdtforedt elickphave the same frequency

and a different phase; wherein the first clock is
15.0@Rehah@Pofdliith 83 hddiSdnalll cBfbristhgt doBbcting)a A4 §dt By repetitively
sta&h@%‘iﬂeadu?&ﬁéiﬂ'lﬁ@r\%l fddaple HANBEdsGreaRUNURErvASEAd bevhPdring the

eRAVhRE afd bivafile RRRS@ita bAGE R Rked 9 kadh&onfAftsdd Syherein, 1) for

eacﬁ o ﬂﬁ%l@aﬂ&lﬁ)f r eﬂﬁ@ﬁ é’@ Jfl?hcase\?&ﬁpagcﬂe[a@i% t(fj\'.hg I&lclock

is cc‘&ﬁﬂjo o pr Vil l{hé shﬂg g pBaitd tcgﬁlpnses
s sign esﬁnl %rsl%vént bgec 2 B & 'having
aSpceF ghglg%?gg%{] aﬁ‘&ﬁ&?%&@ﬂ@‘ t‘éﬁ‘ifé "val ue into the first

d se d ase increment registers. 19. The net
16. ofh ﬁnaE o qsmt. ey LiieRPHHng| 2) (rOSEIttiRg SiER at the
beginning pt ghe mﬁz&rt?rgent interval; and b) measuring a signal at the end of the
measurement interval.

:)

17. The method of claim 16 wherein the time measurement is used in a TDR
measurement.

18. A method of measuring a time difference comprising: a) generating a first clock



counter oscillator has a first phase accunul ator

regi ster and the second nuneric counter oscillator
has a second phase accumnul ator regi ster, wherein
generating a first clock and a second cl ock conprises
initializing the first phaSﬁgaccunulator regi ster and
the second phase accunul ator register to have
different val ues. 20. A nethod of nmeasuring a tine
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a"ﬁ%% g lirss Freduen ﬂi&lgncy ontro n response to at one digital value;
'b) generating a secon loc aving a second frequency, correlated to the first ﬁ'equency,
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; ¢} starting a measurement
interval synchronized to the first clock; d) ending the measurement interval synchronized
to the second clock; wherein the first clock and the second clock have the same frequency
and a different phase; wherein the first clock is generated with a 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; and wherein generating a first clock and a second clock comprises
initializing the first phase accumulator register and the second phase accumulator register
to have different values.




