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METHOD AND APPARATUS FOR CONTROLLI NG VARI ABLE DELAYS
I N ELECTRONI C Cl RCUI TRY BACKGROUND OF | NVENTI ON 1.

wo2@ba52305 | nvention This invention rel ates genkPCHUB3005/026689

el ectronic circuitry and nore specifically to

i mproving timng accuracy in electronic circuitry such

as test and neasurenent systens. 2. Di scussion of

Rel ated Art Automatic test equipnment (sonetines called

a "tester") is widely used in the manufacture of

sem conduct or devices. The tester may be programmed to
generate stinmuli signals that are applied to a device

under test (DUT). The tester then nmeasures the

r @dAAEERD tAINND NRRARAITHS FOR GONEROBLINGYARMBLEDELAYS IN

nmeasured response to , the tester
can determ ne mhethéEﬁEﬁgﬁgﬁﬁiéggﬁgﬁggﬁgﬁoperIy. To
accurately test the DUT, the tester nust reliably
generate and neasure test signals. In many cases, the

time at which the SACKGRAIEPEF &IVENTON DUT or is

asur. at._the.DUT is inmportant for accurately
t'est i rfggflﬁthb’@ﬁlorﬁ'o control the tines at which test

si gnalthi@hQedRNaERlR GeflralPRSE@GniJBRYithyedidehsre specifically to
include timng generators.” Timng generators generate

"Tegyeingstining ascurfipeineglegirosicirghErit fuck g festandgupasyroment systems.
drive or neasure test signals. The accuracy w th which
the tester can generate edges, sonetines called "edge

Pl acemsptysgiog WFRedted Aitm ts the ability of the tester
to generate or nmeasure test signals at precise

. l's at eci sely .
def i nefitompiie testpauinmasnt gioymetisg ealindza dpstert ) ardelyageq @ the

ofte cri-tical ifi.cati r
TR YT ——
SEFuGaNEHAGT st explied topdedtd ngleatest @WET). VELe/tebtegihen measures

frequencies, it |is desirable to have edge pléacerrent
dbeipsprnpe istheesstinaulhygndly| By coppariigdhpmeasyred (gsppnge fan

IFBHABLIARL SRl el WAV S L SRS BE R R o
dicaghiaiy teft the PUTH theaestet wsdt ecliabBOgentms¢ ard héSuraickisdamls. In
a controller, 112, whi ch may. . ncl ude al. purpos
GRAYLARESS, the tiges dlavlieh ﬁlﬁ Skﬁn%/]g‘ms am%é% tp @%ﬁ@fﬂﬂ@s gﬁé‘fmﬂe at the
H?@@ﬁ?ﬁ%o?{ ARALYZLEIESE tihg%ﬁé b7, Controller 112 may

also 1nclude circuitry that generates timng and

synchrinndonabl the tisnagrabivhidhdest sigeals ateeganatatedodrestasnred 0Pany testers

fcng El%qit{;mg}lg?%?}%e%]x{ygg’?@%gg tggr%relltgrrs g%rllezrat%r‘%déeq“sggn%lst. hfh%ue%ge signals

trigger circuits to drive or measure test signals. The accuracy with which the tester can
generate edges, sometimes called “edge placement accuracy,” limits the ability of the
tester to generate or measure test signals at precisely defined times. Accordingly, edge
placement accuracy is often a critical specification for a tester. Particularly for testers
that are designed to test semiconductor devices operating at relatively high frequencies, it
is desirable to have edge placement accuracy as low as possible. For example, it would
be desirable for a tester with an edge placement accuracy of less than 250 picoseconds.
FIG. 1A shows a block diagram of a prior art tester 100. Tester 100 includes a
controller 112, which may include a general purpose computer or workstation
programmed to execute test programs or analyze test results. Controller 112 may also

include circuitry that generates timing and synchronization signals for use internal to
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to a plurality of instrunents, which are here
desi gnated as channels 11 b\ , 1162, . . .116NEach of

wo b@ooseanhel s 1101, 1162 . ..116N i s connect edP€TIUS290$1026689

downstreamcircuitry 130 to the device under test

(DUT) 110. Various types of instrunments may be

enpl oyed within a tester to generate and neasure

signals required to fully test,various seni conduct or

devices. FIG |A gives an exanple of instruments that

generate and neasure digital s'gnals. Takin%bchanne
£

tester 186 Cpntm@hsﬁgtaﬂwféqmtcﬁ@tr@lmﬁha prej TQUish dwau gy anait gigeitry 114
| . t )
g R L

@ReN af the RBantetshli 165,,channell 6. isG@onneklel thtoagh dbwasieocikcuitry 130
enerator 120 isésrovi ded to one or nore timng
g‘éﬂ@rdﬁt’@%mqe&t@ﬁ ) di%i ng generator outputs an edge

si gnaks, . L LT .
cont r e REOPRT R ARRGIELAY b BB IARANARR ATTR 1} Bmeratc and
andabure Bigngle Mejwated to it teawatisugushi@mdoétot devicdsodKG. 1A gives an
generated by clock generator 120 tq.id [

SpaBpleiog msirpments thatiseperats agd greagyg Hgﬁaﬁ%%lllag% ’Faking channel 116,
9? NRALER: th%%gnﬁél 1Y éﬂgwﬂqg g%ﬂa%rasclé)ﬁéeﬂgﬁtor 120, Clock generator

nterpolator™ circuits t lay e generation of
4R0 gelgeates gdimiital dockathghamtrotsi thetimingeef carcsip epeértions within channel
qh:gber of pul ses has been counted. Usually this del ay
i‘neludes a fraction of a period of the clock generated

by cl qgk -BRReAM Blocid ééherdt&j 110 18 pWRY¥ded(tB@né bFindse @hing generators
each edge generated by a timng generator 122 can be

4 p2cEadheiimigtdeneratvir ghtpuiégmeslgo bigpale ditsitiomng Bhesretdenay be

signals fromtim.ng. generator 122 are.provided to a

PrRamnER fooiro] Ui ke Rl Fach /g ienls A oBplioihe tine generator
dbh ¥Sirs FeesOITRALIBEIOE ShetAEH bPRIBEIREefttort 12URS identify a specific
controlled by the edge signal's. For exanple, format

tinrecatiwthicioan gvigy stemabuey be geresadedai Sameatining gryeedere indhide

LS. coincident .Wi.th first edge sikgnal and falling
e T S L
shdceid HEnbdr Of FRlseLhds Beeh cdiddedaYsubbachiadsay telelds a8 fraction of a

| ead connected to DUT 110 at a tine slgec_i fied by, an
paaed of tha alock eprsrated By Islpck iganaigion EHe rlatthis waypthetiming gf each

e
peicisagrired by each of the channels can vary fromcycle
to Cy(r:l“lhg edge signals from timing generator 122 are provided to a format circuit 124.
Format circuit 124 contains drivers and comparators that operate at times controlled by
the edge signals. For example, format circuit 124 may output a pulse with a rising edge
that is coincident with a first edge signal and a falling edge that is coincident with a
second edge signal. Likewise, format circuit 124 may read a value on a lead connected
to DUT 110 at a time specified by an edge signal generated by timing generator 122.
Timing generator 122 and format circuit 124 are programmable so that the specific test
or measurement function performed by each of the channels can vary from cycle to
cycle.

Though timing generator 122 allows the times at which edge signals are

geﬁerated to be specified with a high degree of precision, such precision only results in

accurate timing of test signals if all of the channels are coordinated to the same time
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Though tim ng generator 122 allows the tines at which
edge signals are generated to be specified with a high

waele@nes23ef preci sion, such precision only resuPCBUSW05/026689

accurate timng of test signals if all of the channels

are coordinated to the sane tinereference. To

coordinate the activities of nultiple channels, each

channel generally includes calhbration circuitry 126.

Calibration circuitry 126 inclfudes a nmenory that

stores calibration values. The calibration values are

defeeaneendd cdendinaty the eelivitescafivaftiplewhpmnsls, pachahannel generally
Pl €, :4.0..a Si e | <bEat J on .r out | . each channel

TR Sapbgidh feded 158 CPRPLA G, 5 inf RGP £RERRS)

SeoTes ddliteationhaluast Tiad cdlibi@ioatvalek ekt def@msnedriing a@Alibration
each channel reaches the interface to DUT 110 is
RREer B apranpia syt siinple pRlbratioa roulées, errhcbapial aay be

Ae

i . . {0 e . .
ST P (R F AR PR s
siggabfrsmidach tigmaclabasheett® iaterfhsetoUT N0 igvhedshsgie The measured

DUT 110 at the same tinme as signhals fromthe sl ower
SRgREy Wsed iy corepyg admsisrenauiluet thatnan by ugedtoggeqify an amount of

. . N el

ST LTy, ARIES 1 RS iEfIL b QR GEn ARG pPrnc

putedacenadUT d 1@ et the saat tibldhs tibAa@tfronhtheshoveer chammels. By using
houlg,arrive sinultaggouslg. If the channelﬁ have

Hes5e PARE el BALESF 25 RA eI ProgTanayd et e taster channels,

SlghGMiftdrY aft 8P tHERKakiel £1 6Tl 1%5.9.:1261:& ﬁ%o' nRhbOD HAVYESDUT 110 at

one for each program*re@ th me: way, callbration
itlee ganeviinde shdudd arsiae kinprlageasiyed tine at whi ch an edge

b ted. However, calibratian.circuit. 126 .
Gomer df 15 SEfdiebainge Bk by PaRtiRRic: srigh aguiy 126

ThS%0re ahi1Rp R ChItaRH HiSesPbViol 8adhGfYERLERAGRe. In this way,
pl acement only so long as the delays Within tester 100

califgiioispsevded for paahi pregramnekd| tigsatwihibh an edestreay hi@generated.

ange, the edge pl nment accuracy.of tester.100 m
GG SRl BNl 503 Ry e Sh RO o tues.
TBSte GYiSELI0R vaes Pivitl debiiratdl ddgé’gﬁbl@rﬁerﬁ%nﬁl RCl8ng as the delays
generator 120. Clock generator 120 includes circuitry
RN tealst 1 €vsaain eanstagk plé sifevit deleysayithingestard 0P ebange, the edge

SRR Bty B e Bl PRt amounts and the edge

pl acenenhavegetboaiied @fpattivldr @edbedm M lekt e ag@udifig Grcuitry such
IBis an exarrPI e of clock generator 120. d ock

gerleriaeereratonl 20n Flaglegengraipt 2inelpdasicarcuibyithatdip semperature
@%ﬁex‘t&' (f;f%.gfl tAsRO te%g h@at?{ﬁ?&eqc!o?scéfo%, ldgl%es %gugh%erent channels

clrcul
will change by different amounts and the edge placement accuracy of the tester will

decrease.

FIG. 1B is an example of clock generator 120. Clock generator 120 includes a
direct digital synthesis (DDS) circuit 150 and a phase locked loop 152. DDS circuit 150
generates a periodic signal having a period that may be controlled through digital
controls. The output of DDS 150 is provided to phase locked loop 152. Phase locked
loop 152 acts as a frequency multiplier and can generate a clock signal that is some

multiple of the frequency of the signal output by DDS circuit 150.
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generates a periodic signal having a period that may
be controlled through digital controls. The output of

wODB6/05303 s provi ded to phase | ocked | oop 152. PEITHSM05/026689

| ocked | oop 152 acts as a frequency nultiplier and can
generate a clock signal that is sone nmultiple of the
frequency of the signal output by DDS circuit

150. Phase | ocked | oop 152 incl ydes a phase detector
154 and a voltage controlled oscillator 156. The
frequency of the signal output by volta ge controll ed

osci | Phaagsylodlssl lepbgiciudeps Bipse drtgpior 54 wd diklfage coptrolled
BF%@a 89 ‘f§oe C’hg nferélc?udérplﬁg gfthg y}{gg%ite ?};utt Qg@oﬁééeﬁh{r&ﬁgcpoécﬁlator 156

dpirset f prbpértioRce theasmtns oﬁpﬁ&éd@ﬂécﬂoﬂp.’uﬁt t he out put of
frequency scaling circuit 160. Frequency scal

c. r cuithe Petpuh pEBIASircHH 1é9twf>V@P@ AnPne Hawt tp@@%?v@@tecth 154.

%u%ge%g?rrllﬁ '}{:éei\zeé all Q%cog%{ z é]% TS © Fﬁ p&ﬁ OF %%1141:‘1?9 gﬁﬁﬁﬁg%lrcmt 160.

IP\%dﬁedcy alind biZeuifT TFE) proqudes af ofitpeignt thas rsalbwmgm frequency than
circuit 160 is connected to the output volta

&8 HERUS P @dods d3qi9TatiBraUene SCABRBFIERGIOD, IS {rhige %ﬂmc}s Bethg>8 of phase
fl&c?(gﬁ% 153C que 'o??r@ l'ggca'h?l Qirsli¢ s%ﬁﬁ&@é?ﬂb ZRJoutput
to the output o o tag 7ol fed oscillator

buttagesdutreted osciliatopieinc Acoyrdidyty, Shmd)lﬂplﬁtalftfmquetﬁtyassdmg circuit

L5b &4 el gveciPobes Calytnosott Boltes opROTaGesei g o

r 154 differ, the output of
%&cé({‘glet gqcuteﬁqugﬁl% sEat ecte! p

tor 4 changes the control input to
voI t a@éamfdtafodxbr 164 ciotipates thel@Bput lofi fraqpanop eedlipg circuit 160 to the

et DS ity S 64 Shug sy pBthh RS dirfr, the output

Bt‘ PEULC @1SteRfdr @94 Bhingst 4R %bnﬁrch":lﬁput‘f@e@lta%@ abeEoIdRVMaRY 156. Ina
frequency scaling circuit 160, matches the output of

m@edu rcouﬁgum@ tropnpliase deiestey 1 Hndilhadies itk outpht @ntvlayltage

put...o ocked tra ks t
sppnisceirtior TIEB0ER FouRERetaind PEATaHS Bfilaequency
$6e of1a6k 960, Hatt R RANEARYutSFDDNEirait T30 1h fﬂe@ﬁend‘yl and phase. In
general , all ‘of the channels 1161 1162. . . 116

rtlgs: slayethe putpshatphass bwcbfpdcl@on 152 krackRee omtp@trcéfws circuit 150, but is

n in th ative
ERR b L R AP B i R e S RN IEL S VS
Wi t hi mn BEerali 41Cuf the Lﬁﬂmarsme{ ag¢kgd1bey @csied teanse reference clock,
cl ock, REF. However, DDS circuit 150 incl udes

B&¥p otherefers; phangsy i the rpfepatapleckdomat change splatiye Bange! events
{he Rihe cﬁLultt‘e?s tﬁ%@@nﬁgﬁ‘éﬁm %ﬁh% bS &fc%ﬂc}%@ até“@chlﬁSgy a

rénce c or exanp a traditiona
@ctﬂé@l:lbé clbelg IREE SsHewelveg) DBE ctrOata mﬁﬂ tgludes components that are

temperature sensitive and produce output values that are not directly tied to the reference
clock, REF. For example, a traditional DDS circuit includes a digital-to-analog
converter. Further, other components in the signal paths through each of the channels
may be temperature sensitive. For example, the timing generators 122 and format circuit
124 may include components that are temperature sensitive. As these components
change temperature, the relative timing at which edges are generated may change,
reducing the edge placement accuracy of tester 100.

In some prior art test systems, the effects of temperature sensitive components

were reduced by controlling the temperature of all of the components within a test
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converter. Further, other conponents in the signal
pat hs t hrough each of the channels may be tenperature

w@emsis3ve. For exanple, the tim ng generat or SPARBSHEN026689

format circuit 124 may include conponents that are
tenperature sensitive. As these conmponents change
tenperature, the relative timng at which edges are
generated may change, reducing_the edge pl acenent
accuracy of tester 100. hi soms-é'prior art test

systens, the effects of tenperature sensitive

sostpon &t sxamgdle, qoddipleted ciyybeplacsdatvier plgctterdc ciserptsr diharceld plates
of . alJl__pf. cQ ent SyW-t.hin a testsyste For

B fheat e RS BOCRR BB H Bubh R PHBIERE s 6R oo same
Gipe@tthg fempbigue0 [Hbwdvat, eswadt badedifdle tdipidstdd Bethtet 6

to keep all of the conponents within the tester at the
Pharegpledcattany Witdirpeteglien premorameasielly sreatapdigiag Becuracy in any
%?e%kﬁfi‘i(b,lc 1 provi de greater edge placenent accuracy
WThin & tester or more generally greater timng

accuracy in any el ecCEUMNVARY OTUNVBNTISIVVARY OF
| N\VENTION | n one aspect, the invention relates to a

p .
‘del ay [ 8RpaPEs: B¢ BYDECR sFntes toadeday ¢ommpensaied glepironje system that

Gad & Wit et FEQVII?% 93%1?% dgﬁeﬁﬁ%g%gyat PAsdne eEl@ﬁ*BmﬁQx%al variable; a
environnent al variable; "a second circuit having a
fsemdlarkuiphiting b fieedbadoputh, the seuoid danitechrettédinserieewith the

th.the first circuit; and a delay conpensati on )
privEE PO RFASOR st kOSetRd Hhme%e aglepagly having a

JERS AESIY¥n RS ﬁ@?&ﬁiioﬂﬁq tﬁe%eﬁéggigpgﬁc%ﬁcﬁ &PGE qﬁé’t"\c)(rcﬁift.‘ the

first circur't. Tn another as € I nvention
r el at & anwharaspet.dhatnventiesiclagyssd emathitawiatig tat pstemahastiyg a

0 annel s. Fach channel. has at |east one first

GHFEH O RARE. S4Ph POPnGHg IfOnE o GG Feviasp G deley tha
cRarloRERAIS ot € toMeiripetirt kit PRELSHRm; 3 PRARSIB kST having a
IooB havi ng a feedback path coupled to the at |east
deedbadkrmsth equpdad to;therideast oed fipt Graaitemd hdslanglemedthaving a delay

DAt i Ronaled R R e BT R BT Rt b peralamet

p@ﬂjﬂécteﬂﬁlnﬁ@tfe@dmﬁlbﬁﬁthaspect, the invention relates to

a met hod of operati n&éa circuit having one or nore
sub- cilit E¢liansthenagpedtathe iaveatpmyelatemio aohethgé of pperating a circuit

nse 2NVALT i 11 ith a first
REPREPRT o Re™ brARTTTbR wEE bR b idtadt P Bss
efvieonheacl achkdinadshwitina i peitdraUThe nielt®ddaldyeShre@iig a delay
havi ng},ﬁa del ay that changes in response to

elvenbinrelsedhack sadiin therriroyitithe delay plepment pasings delanthat changes
ﬂﬁ%ﬁ&ﬂs@% drofitefitl Eonditions with the first pattern and operating the circuit.

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. In the drawings:
FIG. 1A is a block diagram of a prior art test system;
FIG. 1B is a block diagram of a prior art clock generation circuit;

FIG. 2 is a block diagram of an improved clock generation circuit;
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BRI EF DESCRI PTI ON OF DRAW NGS The acconpanyi ng
drawi ngs are not intended to be drawn to scale. In the

wale@eiosnisy each identical or nearly identical PONPS296$026689

that is illustrated in various figures is represented
by a |like nuneral. For purposes of clarity, not every
conponent nmay be | abeled in every drawing hi the
drawings: FIG 1A is a block diagramof a prior art
test system FIG IBis a block"diagramof a prior art
clock generation circuit; FIG 2 is a block diagram of ‘
an i mﬁ%@vé@s ¢ popk vsrdnbinamidenstagding the operation®dfidslay efanagit 210 in
ﬁ@f ]JZJJai n understandi ng the operation of delay el enent

: 11q£|G. 2; and FIG 4 is a flow chart of a process
by WhiggG. aid £8bRTchenpF 8ptdigssidiewhioR b eyseg eﬁigﬂ)&)‘in the improved
generation circuit_ of F?G. 2t2§gbe oper at ed. Dé%AILEB
PissErRepTREpR qiFtudt ofilen2 gy besopsisted. i nited in its
application to the details of construction and the
arrangenent of conponents set forth in the foll ow ng
description or illustbBTAU FD DESCRIPAWONGS. The
i nvention is capabl e of other enbodi nents and of bein
pr act i Ceyingention ipaetgmited mjsapglieation t¢ Hej dstals\p genstruction and
AR AR S P R PR Bl ihfrated in the
rdegyainge dTlasink éntioniisn gapableco flosleer efmbodinentsdind@hf'being practiced or of
"conprising,” or. "having,” "containing," "involving," L
DRBEFAFIH b HSVAToUP SGYS-hilse; the PhescRian andgfeppiggiagydised herein is

t ' | i r&af | Sy reQf
a0 g ol ek
SystwmgléSonbhsthgiedohavingersosemargl “iadaaimzdcpasl. vatiétions thereof

ave recogni zed t hat sj gnif] gant use. of .i naccurac

BReB it R resnmhess Giarteli st RiPretlr Aa Sguvilpta iemsot as wet
tbhedshemgkmsof the tester. The delay within the

circuitry of the channels may change based on

envi r diveelalagicompaakiatipw sestens dederihed badoweffetaseseral advantages. We
%rcuits. c{ vvit.h.%:ertai n types of t.ec nolggi es tare e
Y@ T A DGR, 5979 §F PAEPBASY IhrhdRe BERgPent Iygpriation in
AR Wit EheCdhbgntld 68the SesRAl ThE 1y Whige eRbuiRh @ R
delay variations. CMOS circuitry is wdely avail abl e,
chapnelssnay ¢hangpbised onsavireineantal epyditomsp sch, as|tgmperature.

it Ee;ez(g%tﬁitg {pgﬁg %tﬁlc{gﬁﬁﬁ tgpee% io% %%in?olg éég L.I‘ke) %c?r% SIfls%reptlinslg to delay
variations then others. For example, CMOS circuitry is particularly susceptible to delay
variations. CMOS circuitry is widely available, low cost, low power and relatively
compact. It therefore presents many desirable attributes for use in a test system. It
would be desirable to use CMOS components in a tester, even the timing system of a
tester, without an unacceptable decrease in edge placement accuracy.

We have further recognized that variable delays within the clock generation or
timing circuitry of the tester are particularly detrimental to edge placement accuracy.

To avoid these problems, we have developed a delay compensation method and
associated circuitry. This delay compensation method and circuitry may be used within
the timing system, and particularly the clock generation circuitry in a tester. It is also
suitable for use with CMOS components.

FIG. 2 shows a modification to clock generator 120 that compensates for variable

delays. Clock generator 120" may include a DDS circuit 150 similar to the DDS circuit
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woul d be desirable to use CMOS conponents in a tester,
even the timng systemof a tester, w thout an

wop@e0s3abl e decrease in edge pl acement accurBCHUSA85/026689

have further recognized that variable delays wthin
the clock generation or timng circuitry of the tester
are particularly detrinental to edge pl acenent
accuracy. To avoid these problzns, we have devel oped a
del ay conpensati on nethod and associ at ed circuitry
Thi s del ay conpensati on nethod and circuitry

w@ijuwlew generpdort [i2R0h theyrior @y The@uipat of Emsaqﬂrcylttlﬁ@ is provided

t -r [ st
g{] Igg)g%ﬁ%gg‘?l d lbé)ﬂ]lﬁ %Hgve%cﬁggrlfggo nlgj%t gél‘vﬁ tée s%m@ E\ﬁq%tmn as phase
neckietlilest 1 3Mintthe pﬂuﬁrczkt g&ﬂlﬁélaﬂ@rdel@fbofrﬁrﬁhseﬁmmﬁﬁﬁlﬁiye As in the
for variable delays. ,d ock generator may i ncl ude
RriepEtarees lock {egp B2rinchides & bt dBt?StOé .%m Yales cpmfrolled

gDESlﬁgtog ¢56 5 QFe e&g&k:i)fatht 55% dIHEt' 1951u tfreqﬂ%ﬁ gﬁ?’éompcfult 160. In

circult 15 I'S provi to a ase
BBaition Aitase ldcheklodp 1162 pindlhades asmnabks deﬂ‘es/ mmmm indfedback

se locked | oop .152 in the prior art, but
|Pﬁ€1ﬂ’%e§1d<fe(f gﬁ%l%ﬁ circuitry. As in the prior

art, phassld cféq:e{‘y 1109Bs aél%y chérQ@tElefgﬁﬁ ticht g 3 ﬁgﬁaﬁeﬁ e delay

154, a voltagecontrolled oscillator
fchmd&:taxiktiqsa]f theld8uithyafor Wlhl’dhlﬂﬂ}ﬁ' don’qanm«);l istodieiprgvided. For

ti K l 152 '
renbisec S arab s T8 Ganes L rrad dpudagree C of
Rathperdas ﬁeﬁa& Qﬁﬁa’%ﬂe &élﬁ‘} 20 will KfMialsidita de}@d}ﬁﬁc?enstlc

del'ay 210 has ay characteristics that préeferably
pareAsingy bplcagﬂcem%mfdeemﬂ plgsmpératineinsigaseii try for

arptEee it BOEREP R 2100 hshweReRur kR i 1 5, qmy celay

IntRI OSEBPHEiddeS ddlBa¢iRRitO10Mhat BIRREMRBE T RvhRSH LA Phase of the
vari abl e delay 210 will have a simlar del ay

émalatttt of phase éockq Inep &35 ﬁ@tlmﬁnﬂarmnge@e@bw frdy dgreesd by

t at ur ecaus Y,ar i ab
o1& SRE B T SRR PR RE BN Rl i Slocked 10op
182 1. odHeephdyy lovked &ope 5d eis&:}bnﬁdctéﬂdhtseﬂés&vﬂﬂﬂ&ndtﬁ@ element that
ef fect of advancing the phase of the s

n out of
pHEasEcesaletay, Mei@?ffechtl}ﬁ sylasteq rbmhlg@%@ﬁlfed lapwy 12fe|oAfpets the

Pl%&ﬂﬁi’&d%?ve oy IO Cfonf e s STRM ok 0)dcRed loom 1520
| oop F5ﬁexampIWiEtﬂarpib&ScE31aly0231|0@dld|mD$) cik&ﬂt 150 Eav@@hleﬂ@ﬁﬁda&blay
in series with another elenent that introduces de

eharagietisiips é@rf@eﬁge\/@dylaymm r&éne@atodympﬁr&%e Ithe ﬁ@aya %wgh DDS
?gult 189 Lvea$iab & &f?ﬁ s%ﬂgg of ggﬂe[ %@ﬁ{t as the temperature

elenents 1 n series
of operation of clock generator 120" changes. Any temperature mduced “drift” in the

delay through DDS circuit 150 is offset by changes in the delays introduced by variable
delay 210. In this way, variable delay 210 acts as a delay compensation element and the
timing of the outputs of clock generator 120" remains relatively constant even as the
operating temperature of the circuit changes.

Variable delay 210 may be a commercially available semiconductor component.
Programmable delay lines such as Part Number MC100EP195 purchased from OnSemi
may be used. The specific circuit used preferably has a delay characteristic that matches
the delay characteristic of the components for which delay compensation is required.

Generally, the programmable delay 210 will be made with the same technology as the
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For exanple, if variable delay 210 and DDS circuit 150
have the sane del ay characteristics for change in

waledoays2803 h respect to tenperature, the del aysPeTiDg2eg$026689

DDS circuit 150 and vari abl e delay 210 shoul d change

by the sane anbunt as the tenperature of operation of

cl ock generator 120' changes. Any tenperature induced
“drift" in the delay through circuit 150 is offset

by changes in the del ays introtidced by vari abl e del ay
210. In this way, variable delay 210 acts as a del ay
cOmpeneHs fqrm}eclen@npemmmlh éestmeﬁh Her efanie iblemperaurgfrelated

R ISR g 0nse HEPTHORE Rl IF) berfPOSh NS Bt

Viatloglebgveiet aqenaﬁl@ ARy 06 nehyRMENMOSdrpateat. | Bk &ver, any delay
sem conduct or conponent. Programmabl e del ay |ines such

£9MIPSRALING FisErenk heb it chareeivsts SR LORBARS cgape baed to
@Hdeg ?¥§@ﬁ§&{h&?fﬁ&% Og%ﬁgmgﬁﬁgerably has a del ay

ar ac mat C y characteristic

of t he)al@ymmm@mmz f)ﬂiVld&ﬁ cortrad édpays ooariabis dklagr210s The control
require t he programmbl e delay 210 wi ||

Ge 1y
HePYinefs Sﬁheﬁﬁegt%] galgss rarighde geley digyiodeve H@d@ﬁlﬁ%@ﬂ%waﬁcwnsﬁcs
\Tﬁ b B OARGRS %‘eférkfc?'n%hlg%%i g%ﬁ?o 1R e[vgs ﬁ%:{ﬁ Bipyts’ t t co%trol the delay,

tenperature relate ange tro
tdlal'agwghtrdﬂEB 2ahaxhbe & reigﬁﬁerbﬁhhmge dlgfltahvaﬂih@SSelechon of the appropriate

%}Eﬂ%’ a@{?ﬁ»gt oty 7 On@é 1s dgwbatzgggwgg lﬁﬁa%quz Lon Wﬁ% Fqgs 3 and 4.

fﬂ” W&oﬁtmm@?&?’a fé%lsﬁéf %%&?Bé Rhati & intd H%lby'i‘f:oﬂtfbl M Rom

can be used provi de del ay conpensation for a
(Bonimiim riﬂ 2 (Eé} d)A)c @’ytmm[len?»ﬂlﬁng ldol\ay destrdd@ifrash dugl‘p\dl tegister, the

nt t
gt ShyaBies S Vaslte a2 1 S e el Rpbidliy of Byl bs wsed.
(Wﬁé'r@ ﬁ&ﬂlhl%tcbﬁﬁol ik Boﬁ@mﬁﬂt&ﬁdih%ﬁffoﬂﬁ‘ﬁfc@ of ﬁfe‘ cﬁ'ﬂ‘éhﬁ folekBi¥h delay is

210 receives digital inputs that control del ay,
¢emaynsatadibyolari2bz dﬁ;&y e nwyr@gqcs@mnaﬁalrmaﬁgeé and gew delay values

val ue, ,Sel,ecti i ate ontrol val ue
§Binred R0 SO Rl BB Bl G S Ebd SHimputea
\MlﬂbtoFédCi(ﬁ defayadirél 21fordeb ayy.control 212 is a

regi ster, a value maybe | oa ed into del ay control 212

from EMever. |d@1aypb@raeuenmcs pAyerLBtyy Iyl I@ﬁ@hﬁmgﬁ gy @éargy enough
&%h[lpis 2%5269% é’l? ro(‘ut%i ﬁ)lg an%g ‘ﬁg& o?ltlile?/ &nltjr%fvalues

OI' varl a

tWigild ©8 kpecifis daaﬁihrdﬁgﬁ aelrdmnﬁﬁy Ch&ptak @hv1tc§nnental condltlons
contenpl ated, the ormance of the circuit for which

GBangp, the ca@rﬁﬁféﬁgt&ts@é thepe changanwal eghnyeneang relahy eheconstant.
SHERT TR SO B AP BT v
vexken esmamyfa&xersdo rEpH]lzt}e@hlues could be updated as part of servicing of instruments
containing variable delay 210, but would not be changed dynamically as the tester
operates. In this scenario, delay control 212 could be a relatively permanent form of
storage. For example, delay control 212 could be a flash memory. Alternatively, delay
control 212 could be implemented as switches, jumpers, hard wiring, or other relatively
permanent or semi-permanent connections.

Variable delay 210 can act as a delay compensation element for a wide range of
components because it has delay characteristics that can be altered to match the delay

characteristics of other components in the circuit. FIG. 3 illustrates how a variable delay

can be used for this purpose. FIG. 3 shows a delay versus temperature pattern for a
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and stored in delay control 212 once a day. However,
del ay characteristics of circuitry may not change by a

wo anngesBaough amount as a tester is in routi NePCFES1005/026689

war rant dynam c updating of the control values. Wile

the specific delays through a circuit may change as

envi ronnental conditions change, the characteristics

of those changes will likely f&rain relatively

constant. Therefore, enbodi nents may be constructed in

Wb & BmBRbRY ERN tNIRkipBlotirves 3361, 3‘1‘0%.03 P0/1288 §1wil. SEach of the curves
manuf act ured. "Del ay val ues coul d be updated as part of
gemodegisribe délay vemsndivmperature natidrn 'pﬁtjle\ﬁgﬂca when ged grgmmed for a

e s R Bhar YATR e B Bffreppopds o he

cellyGréRicad wethatdeMBigyD per manent form of storage. For
exanpl e, delay control 212 could be a flash nmenory.

Al t er didta refergpice gempapatien rahe dalay duongh Yesiablegl rresponds -
iyt ch ' : A . i vel. .
S e R L A

delagy (RiPthedpenrdihg amgs of @ltaystcibigiansade i0 gertdrsityEliteat.or

a W de range of conponents_ because it has. del ay i
¥sPrEReY:; carveck Op Fghcates? drdayahercisaistiothahisaplatiidy gensignt, having
characteristics of other corrponen%: n the circuit.
RldelayZhitabigsibticathasmbpbe gepyasehtad be .ay can be used

for this purpose. FIG 3 shows a d&lay versus

cur vel o 3 efels B 28, PR Sl Blparly P When e

- QUlayesalueePict &EDY.S AL hethdribwy3 N0gr3105 isterpalalides. [Girt€3 10, shows

of the device when progranmed for a different dela .
ddughen fxedrdedang theFsfereractiemperaure. fav lhalse shovsy gor@éﬂt/@lange in
corresponds to the delay produced wth a setting D1. AD
Alag Wiﬁxfxefgﬁaa@ thappanad thpeaseiR by I&’d.e [rahetihigitagdd example, —= -
vari abl e del ay 210 corresponds to 8. As the AT
tenperature increases, curve 3101l sl opes upward,

iglesiat thag increase in delay. Over the operating

range of indErest, this increase is generally linear.

Accor di ngl urve.3 Lndicates a del a .
char adtafryof Vinue ey AEINE ShedGiutier fngtisgdglay setings.
¥6} aaF aastsaen & bg. DabariBle ReayapRs aRbefadThange in delay
Curve 3102 tepresents the delay pattern for the

wridigespenttoltempeshiaye. iHewe tenefor ke gey pvegraamied dsley valieszhe change
As with.curve 31 312 .i s nerally linear. Curve
ériéf\éma%]%t&éesg e‘f‘ﬁ%& %é]?peir‘?]‘théedS gl‘eq%%, at the reference

t enpeicaic iR, dedfred ddlapbis@aciddyis &f 166 BisE A or GhadHO®ngensation is
delay with respect to tengerature represented b h

dpsrediareislontifiedy vanapiday

matching delay characteristics. For example, if over the temperature range of interest

. hi
10 may be set with the delay Vaﬁle that has

DDS circuit 150 has a constant delay change per degree C matching the value of AIf ,

variable delay 210 could be programmed with the delay value of D4. In this way, the
change in the delay through delay element 210 would match the change in delay of DDS
circuit 150 as the operating temperature of clock generator 120" changed.

Setting the delay value of variable delay 210 — in addition to providing the
desired delay characteristic — introduces a fixed delay through clock generator 120°. The
amount of fixed delay introduced in each of the clock generators may vary from channel

to channel. Such variation in delays could prevent events in the channels from being
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Z-JJ), is greater than L . AT The delay of variable
delay 210 follows the sane pattern for other del ay

w@eaobiosn3ss For del ay settings such as D3. . . DFCT/US2005/026689

vari abl e delay 210 has a constant change in delay with
respect to tenperature. However, for |arger programed
del ay values, the change in delay with respect to
tenperature is greater. Once the desired del ay
characteristics of the circuitt%or which conpensati on

is desired are identifjied, variable delay 210 may be
seordifiatel. tHhewelesr.ayg destribed abrite 1hgentnegtiohivitl Fdel by, testers have

haracteristics. Eor..exanple, if o t he .t enper atur
PR ERAE hithiohd cotliBhucH R slph 0¥ NEE P G BTRE S R getoys
bbanes ﬂ@@éhaﬂﬁ@é.eBreférﬁfﬂ}r,CdMiB@tibﬁ Qirvdlrye 26 will be set #XEr the variable
vari abl e delay 210 coul d be programmed with the del ay

vialaye2 by approgrammeiddn il pf theraamiedmigelufmgidstaydempgnsation
%ﬂrﬁ)&gh del ay el enent 210 would match the change in
eFay of DDS circuit 150 as the operating tenperature

of cl GI&. yelered procds2 By valicng edter SghtdsngstdrnO0dedlading a clock
val ue of varjiable delay 210 - in additiaon to provid] ng
Brecraian madulgd PQymay, he Breddn thapanufagipge o gepaicenduatendsyices. The

g?(%(cgﬁés l%%ﬁr%% Blo%i{ gfgb &gﬁ%@ﬁsﬁfeﬁr}%% a%rﬁ glaCF' gocﬁﬁf&iﬂ:t th@ Ehan§e n

ay I ntroduced In eac gener at or
aalry wa thyrefpestriodhapeaature. oSwihaamedsuresumih codd batads biyprogramming

del ays coul d .prevent events in the channels from
ﬁ@c}?ée%a%%g il 120 easpratea gk TE358¢e3; nl he output of
RO ehd Ao bl Tal whfha hEPL O 5 HeAGhpRANR bine
calmpbnatemakiug up icloel gehadraiyen st isivhacdedn e output of the clock

Pref erabl.y, . jbration circujtr 26 will  be set

spastt i v Py el oisP iR ARt

t ERARNESbAC [ TH S Qrag,eé}ﬁ}igc%(iﬁﬂ%”tﬁﬁé bPPul&ds! oF léldck&enerator
FI 4 shows a process by which a tester such as

fi2etmey boBlenhfédidi ng a clock generation nodul e 120°
gzzi E éj%g%glagﬁ’ (%)Eli% e E%g?%éﬁa&?ge @;eotgﬁl%fr% Qg\ﬁgﬁhgrcircuitry of interest.
PBASHIIE R ifenah&cdBsbhch@ of Rdbeatle hiRRhed &Ikl Gi%lﬁf/board that

with respect to tenperature. Such a neasurenent could

bes areald plnje pith ghuadminnpedhrookh Gethe tempaaiur eighe fluidxguld be
EDudEHE Befied Shr2EonBhng dntndsqd (L SIHEA I the DS s
Alternatively, a heating or cooling element could be applied only to the components of
interest.

It is not necessary that clock generator 120 be installed in a test system when
programmable delay 210 is set. A printed circuit board on which clock generator 120" is
constructed could be removed from the tester and placed in an oven or other temperature
controlled chamber for measuring changes in delay induced by temperature changes.

At block 412 a delay setting for programmable delay 210 that offsets the change
in temperature measured at block 410 is determined. The change in delay with respect to
temperature, determined at block 410, may be compared to the characteristics of the
programmable delay element 210 as shown in FIG. 3. The delay setting that provides the
closest match to the measured delay change can be selected. Alternatively, where the

delay characteristics of variable delay 210 are not known, an appropriate delay setting

could be selected in an iterative fashion. In this embodiment, the delay setting of
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cl ock generation circuit 120 ' would then be observed
as the tenperature of the conponents naking up clock

w@ewensa3pon circuit 120 ' is changed. The out peXT/U8200$1626689

cl ock generation circuit 120" would be conpared to a
reference clock not subject to tenperature variations.
In this way, changes in the tine of pulses of clock
generator 120 ' nay be identified. Various ways coul d
be used to change the tenperaﬂdre of the circuitry of
interest. For exanple, when the conponents of interest

apgabie delel ado uSochangﬁdu anddle wepirpers o&plock R4 rapgated: The process

Cg ﬁ%@ﬁl}ﬂ%}?lg géiﬁ/ cgrﬂg gé E‘[ L{Kgé‘l ?thée (.{11%11% rt% b(ta compensated

@@fepez&étpﬂ@tﬂragddrdmgﬁlgl r&uﬁﬁ@ﬁﬂﬂﬂ@bﬁn@éhahgelmmmn k&pect to
Al ternatively, heating or cooling el enent coul d be

é@pquétﬁl%lﬁldﬁteﬂ@dt he conponents of interest. is not

oo e Tk s e B RN S Ae0tor ey i ﬁéﬁtg tﬁs% ierhined,

PEddREsEE Bilokedds tto br@ak dm nAWbiloclh4 T4, ek dgeandnal wiudd@rogrammed
s constructed could be_renoved fromthe tester and
ﬂﬂlta delayicanizel Zhde i hg spestficprogenpaing siipe My HerpPassd on the
ng
ﬁ‘fggf:e%%aft}?{el o e g%brﬁﬂ)'&@lj% ia;ﬁ%ﬂgﬁtgg?ﬂatf&q gglt%.tgsl % })e recorded in
prﬂagh arenedrl; er d’mlemyon’a’zﬂ)&tlldlat:mofyf sklternathelys tiaaygeay be recorded ona

tenperature neasuped at, bl ock 410 is determ ne
@Fﬁéfr%é’%"ﬁ SHESEYGHA FPSP‘éétﬁé DAL HYRE R gontro Slter 11 Winere
gﬁﬁt@ﬁéy e Hselto ity ﬁt k81 fmﬁfitcﬁl@s HBEId be set at block
aracteristics programmabl’ e del ay el enent 210
d$4shown in FIG 3 The del ay setting that provides

ts glee glt erg fmlﬂ’a tl% 2 qtcg g}ﬂgl}e?atgﬁzg E%g%g%&%%ﬁ&%oﬁ ?sndesued are
G Rate E't%tércﬁboﬁroc\fe%é 45159 ceRlAYd & BachrcfodkUenkia@M 20 within
an appropriate delay setting could be selected in an

itestar 400 vBhef deddyi eompensationieteneanb fticaeinelock penegrdpramay be set
tin fv riable.d 210 i s changed an
Fizor Bl For Sl Bt Sepeintab IRE PR ek programmed on
@HrbMﬁBée&@s bdTBretasy @elnestélﬁhaﬂa@a@%r nmeasur i ng t he out put
of the circuit to be coq?ensated is repeated until a

del ay Aseording)y.rsebwiradepsgti0imay eqaue deing,die appmypstyre of tester 100.

%% lés\g{c%%?rr S etglg ld%l%y ?r{nsgﬁ glefnr%%tg I‘%él nﬁ,ﬁ’%%al@lﬁ&oduce fixed

aaag ifiongl el N6l tB %ﬁanrﬁ[ RGeSt glemroc@sgﬁocteédsbb olck416. Atblock
| ock 414, the determ ned val ue is ﬁlmg%réamred into

ddb.athecinnirgsnertops asaseenatled i 3 {esisF &i§ca ta fapaverthy effects of
Yikd tlgx‘rilﬁge glfﬁpentcgseamong the channels. Block 416 may represent a calibration

routine such as is known in the art, resulting in calibration values stored in calibration

circuitry 126.
Once the tester is calibrated for both delay variation and fixed delays, the process

proceeds to block 418. At block 418, the tester may be used to test semiconductor

‘devices. Testing may be performed generally as in the prior art. However, the tester

may test devices with much greater edge placement accuracy. Tests may be performed
at block 418 with edge placement accuracies below 250 picoseconds.

At block 420, the semiconductor manufacturing process is modified based on test
results collected in block 418. The results of tests on an individual semiconductor device

may indicate a fault within that device. Where the fault renders the device completely
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i npl enentati on of delay control 212. The appropriate
control values may be recorded in a flash nmenory or

wotdvensasenvol atil e nenory. Alternatively, theyPOHYS1965/026689

recorded n a disk or other storage nedi a associ at ed

with a conmputer within controller 112. \Were sw tches

are used to inplenent delay control 212, the swtches
woul d be set at block 414. Were nmultiple clock

generators for which delay cdﬁ%%hsation is desired are
included in a tester, sub-process 450 is performed on
daeneralledhe @@m@r@@bbe 1epepteda SoRierseBeandpctop deviqusereegngiructed

- SO RRRRR eRieRR b b R PR EIEY BB e o
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they are installed in a tester. Accordingly,

Sfstegriy toesbicebthe ﬁﬁvlc@éé‘{lﬁtordlfﬂcﬁ &0 & kRscivigRRir Q€ sigHlar gperation to
sﬁﬁgtﬁﬁte ]aquuxﬁﬁﬁtaéiaﬁl alf? % @%meﬁ? Iﬂ%ltlg% g %g{?@%}?g#l@ Dhdicate

I"enent's can poten uce fixe
dhaétrmrmlvwhpthohgnfwlty, pemfoamk estosting tdmd@raﬂ:ed&peqﬁﬁmﬁﬁdin such a

to bloc 16. At block 416, the_clo enerators )
SHuRHAm, @@ mgfaghudngprogsss may be it sﬁeeg’ Wag i destebdevice for a
q%&l@[‘éﬁe?fo%a{xdex Gk hideTbifhe bl {o%reE ES&%‘(@%@I Eextla% may be packaged

ock 416 may represent ration
rapdfor tebeldeh dawiceswitintower iperforineanae specifeentibhd amgl soitl for a lower

e Wbt WERe TSt Pof Secciersh Mo by device may

&d 1oRk ¥R midvea foaceeds to
\k@oggtﬂ’g%gg At h%hé)?‘k%t o;@ tr{ré tes()?{er?fgreg}?/r b(ggused to

test slesi coHtbucamn rmtd@m&a semicofdrtdrigvives/cdydd plésriigrvelobe

I.ly. dnt i t. .Ho te
BB a0 hear i R el by RGeS o
%gﬁﬂéfr%ﬁt’usea% hﬁkmﬂié RoiRer F&rdmhg R steliffeh] 4hhBysi¥ dilest results

Elacenent accuraci es bel ow plcoseconds At
tfrom k baieh of derdcesantcivdivaicmaisaligamenbist aivviiey siopias educh @uld be’

modi f,i ults.collected in bl

TRACoRE P RERER Ot SURhERe ek TR St Bamfipe e tstea
devi ceTavyg thuslieetiBedselvatd] dspvétt BF &t 16dxabndembsBmeMI &1 Bis

the fault renders the device conpletelyinoperable, the

dexenten. his to be ppypreeinted vaiyseliswiipes fieatiogs g dgprgvements
%ﬂﬁ%ée{dﬂgto%&n%ttﬁbs!é@ﬂﬂ@&'g% giements and can be
repaired by renoving a de

ive el ement and

subst iFoutxangpla, it edsidebatibededbore that a Thiisble deley viRinehhie used as a
manuf acturing process _can be altered is . to subject the
I3y compersepn 11@016@% Vgnga pardable dedyaprovigies g@ﬁiweal#ent way to

Qﬂﬁ{g%tthé)@ela}‘;’pattem of the device. The fixed delay introduced by that element is
preferably made irrelevant by a calibration step such as shown in block 416.
Accordingly, it is not necessary that the delay compensation element be a variable delay.
A delay compensation element may be constructed in any convenient manner that results
in a circuit having delay characteristics comparable to the delay characteristics of a
circuit for which compensation is desired. One alternative for providing the required
change in delay with respect to temperature is to insert a component having the desired
delay characteristic.

Also, it was described that delay compensation is provided for temperature drift.
However, other environmental factors besides temperature may impact the delay in the

circuit. Compensation may be provided for changes caused by other environmental
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substitute a redundant elenent for a faulty el enent.
In other cases, test results indicate that a device,

wo bwaghesdaul ty, perforns according to a degradedr/Uus2005/026689

specification hi such a situation, the manufacturing
process may be altered by biming the tested device
for a | ower performance. Devices binned as | ower

per f ormance devi ces nmay be pac%aged and/ or | abel ed as
devices with | ower performance-specifications and sold
for a lower price. Alternatively, where test results
ivatirllag ey QrOMng:@dﬂa:s cmqurﬁalmqrselempm thm\rm@n@atp these
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%ﬁ@ﬁ&mﬁgﬁmsgggﬁénent of this invention, it is to be
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o change the pattern of the device
ﬂﬁbae@h@tedstalystlcmfwro&ﬂucle dompeIISh’raQn ieldesiendt Wherprcempeasatiyn is desired
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del ay conpensation el ement nay be constructed in any

ﬁW@nm%dﬁmhét results in a circuit having
del ay

terlst arabletothe
char 200 BBt Lo o RIBR Ay fortptan€ 1S5 g Eibons s ofien
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chagse in delay with respect to tenperature is to

loog” Wm@ upﬁgl‘,cprﬂg iy ¢pamedonsveith pledsajocked loops having a
g&%‘fﬁ%} H:)ﬁa{se i?leteAEolc" OPI&A g 1(¥@§d ﬂ)%ﬁ)‘p WHI% cf%tecﬂ%g E?etjhgly orders are

npensa erature
klﬁm&‘vlﬁés g10§rhdiffeﬁﬁt/hz[rﬂé§'fmfds “telgy WckedRDbIeds used herein, the term
tenperature may i npact the delay in the circuit.

orkad losm 1 @@nyﬁm%éawftme regriigessolcthe seder pfjthe phase
LG ﬁ[&vﬂ}fag’é’]fé:éfg&nglln %58% hrgcﬁ Sio&%r @Ha%g 'ggﬂteﬁtgg 121&9 %e Wed.

conpensati on spon
As a further alternative, a delay compensation element inserted in the feedback

path of a phase locked loop is shown. A delay compensation element may be inserted in
any convenient feedback path.

As yet another example, FIG. 1A shows a tester 100 with a clock generator per
channel. A tester may be implemented with digital instruments. Each digital instrument
may contain circuitry for multiple channels, but only one clock generator.

Further, the above described system has one delay compensation setting for each
variable delay 210. This same value is used regardless of the operating temperatufe of
the circuitry to be compensated. Such an approach is suitable in the described

embodiments in which the change in delay as a function of temperature of both the delay



envi ronnental variables in the same way that the

conponents for which calibration is desired. As used
whegoeiosesdvhe term "envi ronnmental vari abl e" i ncl RUEESH05/026689

factor that can alter the nmanner in which a circuit

operates. Tenperature is one environnental vari able

hi sone cases, relative hum dity nmay inpact operation

of a circuit and may thereforg be consi dered an

environmental variable. As andfher exanpl e, the

operation of a circuit may change over time as it

opwpensaion cawintandithe pinanilgp bssempensairdasupepsizat over the operating

%@elﬁ% e{eﬁgm an 1¢ n\ﬁlbéé' { ré?l&glﬂl to ‘6% rcbﬁBJarﬁateﬁ o ttll{éec{e'm ﬁlpensatlon

dRhnat Eah&n@ﬁsm@mt cﬁblaiy ORSctdrtsaey, it ma;ebe:@mrabﬂsacb e«d:npﬁa @iultiple
of the channels 11 116N i ncl udes pul tip

comrd rehes sylipblenier éif&aﬁ%nt opgrefing epnglions fn ﬂ%ﬁﬁﬂ%fte%t?re]so@ may
GRS b?or%ﬁet@lgtvtﬁe gﬁ%@t¥%&&ﬁ%&l%ﬂ ShirEoh&, 1%@ a%lue
conpensati on IS desi ere Conpensatl on I's desired
fasociadenitihiat epeeatignyoadieioh in téley daltay 2t2nAdematives, if the circuit

el enent shoul d be set with ]ghldel a that matches._the

frebe erampgpserh hacdday dngss Wish respect iy a1 i iropicpia} condifion that are
5 I f [ I

HBFeche Al ARtechr 9 WD, (RIRARTRD cRiner nfig e bl

pooiide addaypéhizartaisic dodtt edtched tyasgedit dmb¢ tadiboatdér of

t he phase detector ﬁ?d in the | oo e term

h .
| ockeUPh gPratiansRARICAATS R P ieh Sc%ﬁH]é%‘%dreﬁﬁg B piyt of this

gﬂ%ﬁﬁuﬁeo&ﬁﬁﬁ'e LRORRd @@Bé Q}ch& $He QI?H@ e Bhﬁll%einven’uon
etector. Phase | ocked | oops W etec ors of other

@fweﬂdﬂl@méhfsmmm@esgmptm aidfdraviags aredyesay e axamade only.
delaﬁN@%Ck og " As used herein, the term phase
|.ocke C?%ﬁe ‘to any simlar structure regardl ess
of the order of the phase detector and phase | ocked
| oops with any order phase detector may be used. As a
further alternative, a delay conpensation el enent
inserted in the feedback path of a phase | ocked | oop
is shown. A delay conpensation el enent may be inserted
in any conveni ent feedback path. As yet another
exanple, FIG I A shows a tester 100 with a clock
generator per channel. A tester may be inpl enented
with digital instrunents. Each digital instrunment nay
contain circuitry for nmultiple channels, but only one
cl ock generator. Further, the above described system
has one del ay conpensation setting for each
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vari abl e delay 210. This sanme value is used regardl ess
of the operating tenperature of the circuitry to be

w@ovpeseses ed. Such an approach is suitable i n PEEUS2005/026689

descri bed enbodi nents in which the change in delay as
a function of tenperature of both the

del ayconpensation el enent and the circuit to be
conpensated are constant over .the operating
tenperature range. |If ei ther R circuit to be
conpensated or the del ay cogﬁensation el enent have
non-I'i near delay characteri &GS it may be desirable

to co t.e multiple n sui:tabl e for
&iffe?gﬁﬁa%ﬁ%Pé%gﬁﬁdg%ﬁ%ég%8%%%H?§m? %égcase, tester

100 may i nclfugtciRuidasiap atdlajelepaidehbieonpdeat bmgenvironmental
condition and, in response, |oad a val ue associ at ed

with tvBEebleperating condition in delay control 212.

Al ter @)@t ! V%l s¥coﬂdf i}cnﬁ hﬁﬂ/ihg ld'féedﬁchl%ﬁatﬁ,QH@?é@ﬁﬁﬁ Figcﬂff"&)nnected in
del ay changes Wt h respect to an vi'ronment a

condi tserfigs witlathediret oh@bitcandst ant, a different type of

del ay conpensation el enent_ naybe enplgye vi de_a

to pr :
del ay C¢har ACeEi OMPENIAHAR clrahenersd & fradbpck ppth having o
cal i br ' jf A i I
pr ov e e o BEBEAANS TRy debBhdefpY of Rt cireuit
di scl osure, and are intended to be within the spirit

d f the | i on.. Accordingly, the f i
ot 1Y SARDEP RS TAPiS /Sty COP neh AP By
Wabehsatich BleR: d&ﬁﬁ%ﬁ%ﬁegrﬁnﬁ%lgn?m FRengat ed

el eCtronic system conpri sing: a) ifst circuit

havi ng a del ay dependency on at | east one

B R o Br ARl o SRR ST et gt
Wetal) ot iR delldysdontiehsatioh elchitsht Ps)pr@%rdﬁl!m})d WP eANsatd ¢ald a rate of

el ement connected in the feedback path having a del ay
dbyesdd delpy prithyesnecbiedbmperatuiecaiepaghle épda délgﬂzz;demn hey of the
gi%st circuit. 2. The del ay conpensated electronic

@%f@ﬁW&f claim1 wherein the delay conpensati on

el enment conprises a programuable delay circuit. 3. The
del ay conpensated el ectronic systemof claim2 wherein

the prlidgdglerepmperratedyelesfropissysiamapy cldmpefiByeinghe delay

| : " I i
S S0 S L IS B S g e
tdelak/ o€ ikl cbiyy ddefRnstion ¢lepient hes 4 dorfdsp@idinpidiange of delay with

respect to temperature.

5. The delay compensated electronic system of claim 4 wherein the second circuit

comprises a phase locked loop.

6. The delay compensated electronic system of claim 5 wherein the phase locked
loop comprises a voltage controlled oscillator and a phase detector and a feedback path
between the voltage controlled oscillator and the phase detector and the delay
compensation element is connected in the path between the voltage controlled oscillator

and the phase detector.
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4. The del ay conpensated el ectronic systemof claiml
wherein the del ay dependency of the first circuit is a

webangs23ed del ay with respect to tenperature aPd/URm®05/026689

del ay of the delay conpensation el enment has a
correspondi ng change of delay with respect to
tenperature. 5. The del ay conpensated el ectronic
system of claim4 wherein the %econd circuit conprises
a phase | ocked | oop. 6. The dé1éy conpensat ed

el ectronic systemof claimb5 wherein_ the phase | ocked

P o
1Toop ddwpielaysompensstadectiopistsysiemery drw ¢ Waetsi the frsg circuit
h t Qr d a feedback path between the voltage
%8%@?8%ﬁ%§ﬁ§§?$ﬁﬁator and the phase detector and the
del ay conpensation elenment is connected in the path
bet ween the voltage control|ed oscillator and th

€ ..
Shase Thetdskysempenspird destigpesyrseislan evieeindghe ®DS circuit
f i I ' irst circuit conprises
%X%ng%:s%r%@l(?g méﬁa%g{l%g?géﬁ%g%fpensat ed electronic
systemof claim?7 wherein the DDS circuit conprises a
CMOS digital to anal og. converter. 9., The del a) ..
@onper%latd@ﬁycgp%@wmd&lgcy@fvéwwnaf&ﬂwﬂ WP the fifsg circuit
febfrphis&s! ES cife QRS hat i SRR, fhlat Gtk Wit 1BMbBAnAe del ay
tch%?h{slarclﬁes V\sint h“%:yerrper at ur €. %O. An automatic ?est
system having a plurality of channels, each channel
npri sing: at |east, one first. cifcuit having a
Bt Ahdom e RonRpde e nubpbnte! Fondn iothifael
%fn‘ﬁr@in&j rst pattern; b) a phase |ocked |oop having a
feedback path coupled to the at |east one first
circuia); arntlea§t cncdestayrcal barang a fizstidalpy dhad ehanges hatesponse to
changﬁs In I es&qgs% ttoﬁéen'per ature with the first
pat t er, PERE"GRYaF €V AEH: connected in the feedback
path. p}l. TEhMassilookedtlbsp h8shg & YetBaBkYatiCéRIpIBALO the at least one
wherei n the phase | ocked | oop conprises a second order
phase fugitcéierirand12. The automatic test systemof claim
gj'llg:M: Zcﬁ elt 2 a; eazﬁy(a)etéerlgegnﬁééxgiﬁgrg.dfefagﬁlliat %h{tﬁ:glég fn I%Q}%q{sé ?oel%m% erature
with the first pattern, the delay element connected in the feedback path.

11.  The automatic test system of claim 10 wherein the phase locked loop comprises a

second order phase detector.

12.  The automatic test system of claim 11 wherein the at least one first circuit

comprises a digital to analog converter.

13.  The automatic test system of claim 10 wherein each channel comprises a clock
generator and the at least one first circuit and the phase locked loop are portions of the

clock generator.

14. The automatic test system of claim 10 wherein each channel comprises

calibration circuitry.
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13. The automatic test systemof claim 10 wherein each
channel conprises a clock generator and the at | east
wop®e052383 circuit and the phase | ocked | oop aP@I/US2005/026689
portions of the clock generator. 14. The automatic
test system of claim 10 wherein each channel conprises
calibration circuitry.15. The autonatic test system of
claim 10 wherein the at |east .one first circuit
conprises a digital to anal og converter. 16. The
automatic test, systemof claim1l5 wherein the d%gital_
tlg- andibsgutcsraiertest sydempr rleus 19 1 oGt {eapt ang TpAtSYit
AR ic test systemof claim 16
&ﬁg%ggﬁ%%ﬁgkgé?ggﬁgggﬁgﬁpk%onprises a programmabl e
CMOS del ay el ement. 18. The automatic test system of
claim 10 wherein the del ay el nt conprj.ses. a
Fogr dmraBioaais ey SEtEHeh eI &5 WRerRH H5dl fﬁ&b@}aé% fRyverter
BoftH6ld CRRY BGIONS aRilofBbfcRep- Circui ts that have a
el ay that changes in response to environnental
conditions with a first pattern, conprising: a)

77 ourtte e ity SufEhahelefad RS A bir el dngegscs
ip%%rgrﬁgﬁm%@mse&ﬂ}rg&ggm al conditions with the first
pat

ern; and b) opérating the circuit. 20. The nethod
of operating a circuit of claim19 wherein the circuit

g in channel ~of an autonmati est stem .21. The .
T8t hod PgAuBp 3 570e oF Se L TSt Trias cOfprises a
@g@ﬁ@jﬂg@le@e Adm&ltenment conprises: a) providing a
programmabl e del ay el enent; b) setting the programred
del ay value of the delay elenent; c) after the

ogr el . . de i S :
a8 gt Rs et b ol Moy G plfBthar sy ve a delay
Adrehiids Of refFpotié acénvirongesteNtohdtibue ath Ot feRry SoRgrising:
the nethod of claim21l, wherein operating the circuit
conpr iases Q@}Vﬂ@lpgj&l@lag elemagnt gha fedpaskpathypdhe circuit, the delay
ot hod it AL HE1sD ik b RO 4Bl e oonditions with

the first pattern; and :

b) operating the circuit.

20.  The method of operating a circuit of claim 19 wherein the circuit is in a channel

of an automatic test system.

21.  The method of operating a circuit of claim 20 wherein providing a delay element
comprises:
a) providing a programmable delay element;

b) setting the programmed delay value of the delay element;
c) after the programmed delay value of the delay element is set, calibrating

for fixed delay in the tester channel.

22. A method of manufacturing semiconductor devices using the method of claim 21,

wherein operating the circuit comprises performing a test on at least one semiconductor
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manuf acturing process as a result of the result of the
test. 23. The nethod of manufacturing sem conductor

walewsoss0Df claim 22 wherein the first patter nPCEUS2005/026689

rate of change of delay with respect to tenperature
and providing a delay el enent having a del ay that
changes in response to environnental conditions wth
the first pattern conprises prQviding a delay el ement
that has a rate of change of"&gray with respect to
tenperature matching the first pattern. 24. The net hod

. ! g .
deviet dimnaits wamitfatirerand the weiber Ayther gempyises| mealdpg a change in the
I Ses vidi i ith the del ay
SRR AL SRR e,
tenperature that matches the first pattern. 25. The
met hod_of claim?24 wherein the circuit is S)a;f(ghannel of .

aA- autlbsasthod @@m@@%mlq:@ldgctﬂ {]ﬁVé(!‘/qSF gim 22 wherein the
e s
iefenfeink el ineh dylap alatelemgthim redppnseiosenvizénmditel coatihiods ofith the

perating a circuit, of claim19 wherein the one or .
%&t@a‘g%&PF’@GﬁS&f% iasf_Le?%v %@éﬁ%m@fii a faé?/.op %ﬁege of delay with
(E:‘%s B9, Mimyick RO GRS iR MsORfEAL I Ng the circuit

rises generating a stable clock signal.

24. . The method of claim 19 wherein the providing a delay element comprises
providing a variable delay with the delay set to have a change in delay as a function of

temperature that matches the first pattern.

25. The method of claim 24 wherein the circuit is a channel of an automatic test
system having a plurality of channels, the method additionally comprising calibrating the

automatic test system for differences in fixed delay between the channels.

26.  The method of operating a circuit of claim 19 wherein the one or more sub-

circuits comprise a DDS circuit.

27.  The method of claim 26 wherein operating the circuit comprises generatinga

stable clock signal.



