- 1 - H GH THROUGHPUT SEM CONDUCTOR DEVI CE TESTI NG BACKGROUND 1. Field of

I nvention [0001] The invention relates generally to testing electronic

devi ces awmo 20wmsegsarti cul arly to i ncreased throughput ofCa/uses/osywss em 2.
Rel ated Art [0002] During the manufacture of sem conductor devices, it is
known to test the devices to ensure that they are working properly.
Frequently, multiple tests are perforned_gn each device, with each test

i nvol vi ng appl yi ng stimnul us S|gnals to t he device and then neasuring
response signal , ge nunber of
tests that nust T H f Frg—racility,
testing is perforned by automatic test equipnent. The test equi pnment can be
programmed to generate el ectrical nal s that can be applied to the device
under test as a test stinmulus. ThEéég§EBéHﬂﬂﬂhent can al so be programmed to
capture outputs fromthe device under test. [0004] The captured signals are
anal yzed to determ ne whet her the device under test is operating properly.
| f the anal y%édl8 of Bwenadien t hat the device is not operating fully as desired,

t he manuf acturing process perforned on a device may be altered. For

exanpl e, f@d019W MPhed BSér i@ refartd lobyersleyioaesiing®Yechenidid@ciRedatd mbichout further
processing. Alternatively, devices that operate, but w thout neeting al
desired pépftisplaelhideinsrdasest theoughpyt de tepisyiad. " Binning al |l ows partially
functioning devices to be sold, though often at a reduced price.

2. Related Art

[0002] During the manufacture of semiconductor devices, it is known to test the
devices to ensure that they are working properly. Frequently, multiple tests are
performed on each device, with each test involving applying stimulus signals to the

device and then measuring response signals output by the device.

[0003] To support the large number of tests that must be performed in a
semiconductor manufacturing facility, testing is performed by automatic test equipment.
The test equipment can be programmed to generate electrical signals that can be applied
to the device under test as a test stimulus. The test equipment can also be programmed

to capture outputs from the device under test.

[0004] The captured signals are analyzed to determine whether the device under test
is operating properly. If the analysis reveals that the device is not operating fully as
desired, the manufacturing process performed on a device may be altered. For example,
following testing, faulty devices may be discarded without further processing.
Alternatively, devices that operate, but without meeting all desired performance criteria,
can be “binned.” Binning allows partially functioning devices to be sold, though often at

a reduced price.

[0005] The nature of the output signals captured by a test system depends on the
intended function of the device under test. Some semiconductor devices produce only
digital outputs. Though, other devices produce only analog outputs or both analog and

digital outputs. For example, semiconductor chips intended as controllers for cellular



[ 0005] The nature of the output signals captured by a test system depends on
the intended function of the device under test. Sone sem conductor devices
produce ombyoogsdsal out puts. Though, other devi ces proeazasenlipsmwsal og
outputs or both analog and digital outputs. For exanple, sem conductor
chips intended as controllers for cellular 2 tel ephones or disk drives
produce anal og outputs. To support testin? of devices that have anal og
outputs, automatic test equipnment has anal og signal capture conponents and

be deai Catatnar oS BisRBE Dl APl RpBedl GroBLaaRRER aulthe” ™
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peri odi ¢ §?]Q]ﬁ%fo§ Pataﬁséﬁj%ﬁt%yogtpﬁa%nﬂw@%% °n hherBRA e SFEHANS, once
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be peri od |s response does not cur I nstantaneou
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a transition interv the.output transitions to a steady- state periodic
si gnal . 6’@97’]19%‘? @d?ftl?%t“fi? 8#1“%“&%?4)’;‘?“‘1“3“% times called a "settling
|ntervaI " or "settli time", because the output signal |s seen to be
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periodic sig i ng the set interval, appears
to oscil | ahderatxohbs @spanded td thaﬁnm]hailggdslssallsovmgd}owéle peringdic. Thes rpggonte about

whi ch the output signal oscilla drifts” rds th oi nt about. whi ch
the. out putios] ShiarcHs At gy Eiher thicaBialy Tt PO or ARREE innt any

given ti nﬁ1stlﬁﬁlﬂfses§$ﬁ1 Shdr® Bralaf FB5G0R EntLSLMRRe bitbSt Bls@ioRs &F a §1BR1y-
oscillation at that time dufing the settling interval and the ori g| n of

osci | | ati ofteapesedasignadt at e. [0008] Particul arly when testing what should be
a periodic analog signal, if sanples of a signal are collected while the
signal is [@mﬂtﬂ | NBhis wahdgen oierpdriasetensesehll¢che”sitinginteteslst on ‘wetdidgy

processin ose sanpl es el d incoryect ¢aoncl.usi ons about operation of
t he devic meSuléel‘fatl%‘?gg‘? puppt %%%itsﬁ?fbwgberré?ﬂﬁé% dufe 15RR% SRONERoR: of t he
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spectral |eakage in the frequency domai n caused by the near-DC , as
anot her ebambethe'p@nadno|SIgnalndmugleoscﬂﬂfemg duelsg lthessettling mserkaioasppears tt) est i ng

sem conduct 0 ei ther | es durin sett i ng
hrerval drely® GPaliet Rt Kofee S GG imea P a6 b e BByt ¢ s
signal oscillates “drifts” towards the point about Wthh the output signal oscillates when
it is settled. The near-DC drift, at any given time, represents the difference between this
origin of the oscillation at that time during the settling interval and the origin of

oscillation at steady state.

[0008] Particularly when testing what should be a periodic analog signal, if samples
of a signal are collected while the signal is settling, values of parameters of the signal
determined by processing those samples may yield incorrect conclusions about operation
of the device. Such incorrect conclusions may be due to the influence of the drift on
such measurements as Voltage Peak (Vpk) for instance, or due to spectral leakage in the
frequency domain caused by the near-DC drift, as another example. To avoid incorrect
test results, it is known in testing semiconductor devices to either not collect samples

during the settling interval or to discard, without analyzing, samples collected during this



3 settling interval. The settling interval may be set based on a desired

| evel of accuracy, but may, for exanple, be the tine it takes the DC drift
to decreawo 2012/B6%8y The settling tinme may alternativel ypPog/Uused1108p38i cal |y,
as "enough” tine that sufficiently few devices fail that would ot herw se
pass if a longer wait tinme was inplenented. [0009] The settling interval may
be on the order of milliseconds or tens o hundreds of mlliseconds for
exanple. A full device test may require hundreds or thousands of individual

: lipg tines add up. . Thi Ling, L )
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time a stinmulus signal is applied or changed can create a scenario called
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sem conduck efillis@shiNerrehplet X 10 dSHEPREL mSERIqGROBuG s Jramdtisagdswfi ng, and
because such costs nust be proportionally allocated to the total cost of

manuf act uikdipfuddedss, ge Hiesesatdiae dgespdd vpgl e tatdiag|ting saaderHebtigelpdigh s
undesi r abl : to. .t ' i an ied as
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a pl ural i oytpot sigadtptesttf evarypirne adiiciubisgizabl is applésiasitchngpedRandieptdta of t he
el ectronic device., Fromat |l east a portion of the plurality of sanples, a

first settFIAEC SR Tdgvies lipned uprgue ™ dPge limisd Beouehrpubeds thahal 1 j r st
y g’ _ ¢ : gt
settling prEkaie tég@%/ysgeg?g t%@%a%ﬁﬁ&ﬁhﬁ&& ﬂ%ﬂff@étﬁ#%@{w@ﬁ%ﬁ?ﬁgtgo obtain

a first plurality o sanples. An analysis
per f or med capucithéo festrdtvigeb atr ahighgr rofe aad jcusltieeht devipdses a hj el 2itd wemnondter

aspect, the.inventiao rq#gtes to a nmethod of manufacturing a sem conductor
Govi oo, TREMARIFREC: S5 THIAI4R SHES T HGecHaPEYI co and condi t onal | y
performng at | east one manufacturing operation based on the results of
testing t %@)1(%\“ cBecauge of the high cost of eStablishing a semiconductor testing facility to

support semiconductor manufacturing, and because such costs must be proportionally

allocated to the total cost of manufacture of each device tested, having device limited

throughput is undesirable.

SUMMARY

[0011] In one aspect, the invention may be embodied as a method of testing an
electronic device. The method may include receiving a plurality of samples of a periodic
signal representing an output of the electronic device. From at least a portion of the
plurality of samples, a first settling profile of the periodic signal may be computed. The
first settling profile may be subtracted from the plurality of samples to obtain a first
plurality of adjusted samples. An analysis function may be performed on the first

plurality of adjusted samples.

[0012] In another aspect, the invention relates to a method of manufacturing a
semiconductor device. The manufacture may include testing the device and
conditionally performing at least one manufacturing operation based on the results of

testing the device.



[0013] I n yet another aspect, the invention may be enbodied as a test
system The test systemmay include a digitizer configured to receive an
out put ofwe 2devmizeB7under test. A pre-processor nay receiPce/is2@phosabsty
sanples fromthe digitizer and derive a settling profile in the output of
t he device under test based on the plurality of sanples. The settling
profile may be subtracted fromthe pluraliyty of sanples to produce a
plurality of adjusted sanples. A processor configured to receive the

luralit dj ust | f t function based g th
o1 ur i i ¢y 118G R EHo SRR G TR R R AR PSR 3R Hhventi on

may be enbadigendtmad imdide & @?ﬁizb@éo}ﬁﬁgﬁ&ﬁﬁ@ t@eve@adajueosi e¢ageurimelicsim
conpri si ng conput er-executabl e instructions that, when executed, process a
pl ural i tyAoPresupgsisens niyy ISCHET @ plrality paypRlps freprtbe digitizepanddasive puettong ¢ he

el ectroni i C ' r ' t met hod
That 1 nol BASDt T RG5O SRRk Gydeptect o PR oh MBS bRl T8, TP el Tty
of sanpl esettl\fal preSlchasest wbtrhdted frohythe pluadlityray sdneplsutotprediiced pluralitytdie
plurality of sanples to provide adjusted sanples, the values based on the
pol ynoni aPdigsd é%fBBIF?-ng RERASPTr Sgniighrechie T6ER Huthe plurplif o pdbFd ABPIER VI ce.

[ 0015] The r i i s PR ] iJpvention, which is
Gefi ned by e T achE s batedshy B RETRED A Tes R AN NS  o016] The

acconpanyi ra .t 0 10 scal e e
ar avi oo, O FnF affferiShed MERIG P LA PRl B 1 ot e
i n vari ousompgter-esidalse s@pige sasdi@d compasing kemputereadcutableringtircpiosethaof
clarity, not every conponent may hbe | abeled in every drawing. In the

dr awi ngs: WIED £¥§iad; POCFS aePl?I@Hé‘t fsAmples b e Reriedie sighrldPPIarFHDE BIAIPEL t est

system conf g &?f hR defRE. Fns BOEQNBUALPE il E&Q&h‘ﬁk i ddSh@ P! ot
illustrating S%f grences betmgeﬁ an out%d%ggyénaﬂacaptu edggﬁﬁ}ng a
settling iimthetes ditirprdpapn@uniptet at $dagtreaportion sf thagurslitgtod samples. Values

based on the polynomial may be subtracted from the plurality of samples to provide

adjusted samples, the values based on the polynomial representing settling in the output

of the electronic device.

[0015] The foregoing is a non-limiting summary of the invention, which is defined

by the attached claims.

BRIEF DESCRIPTION OF DRAWINGS

[0016] 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:

[0017] FIG. 1 is a functional block diagram of an automatic test system configured to

test a semiconductor device;

[0018] FIG. 2 is a plot illustrating differences between an output signal captured

during a settling interval and an output signal at steady state;

[0019] FIGS. 3A-3C illustrate a process of adjusting an output signal according to

some embodiments of the invention;



[0019] FIGS. 3A-3C illustrate a process of adjusting an output signal
according to sone enbodi nents of the invention; 5 [0020]FIG 4 is a

f | owchar twof20m/@3smcess of adj usting an out put signal acecrdisag1s103®me
enbodi ments of the invention; and [0021]FIG 5 is a flowhart illustrating
further details of sone processing steps illustrated in the flowhart of
FIG 4. DETAILED DESCRI PTI ON [ 0022] The in«entor has recogni zed and

appreci ated that efficiency of electronic device nanufacturing can be

i mproved w at syst.em it hat .generat es . accurate test results using
sanp o5 ot 5t B 43 SHEMehiT bLEPRR AT P S L b5 larhCE bl d Bl "Phe
out put si go@abk embbdige@h cnid wse®it aidese sanples, near-DC drift in the
signal can be nodel ed. From a nodel of the near-DC drift, a settling
profile ofodi§¢ sigwRls i¢aMoRenid Rkl R0rurdifielesflslor stide BIRE:R G} be used
to adjust the captured sanples to represent the output signal” without the
ef f ect of ilhesantetd theiffawahheitof §8ewt-red during the settling interval.

[ 0023] Anal ysi s functions perforned based on the adjusted sanpl es have an
accuracy that approxi mates the accuracy that is achieved when the functions
are perforned on sanples acquired after waiting for the settling interval.
However, the tine between theDEFAILED DESCHIPTISN nul us signal to a device
under test and a tinme when sufficient sanples of an output signal have been
capt ured ijgox¢ducegt BYeMot had@bddeRBed Bhd hppr8ats@ital bifidichBy 6f Madwrdd@s passed
to obtain sanples usable in anafgy2| ng the output signal.” Wien throughput of
a test sysgreas mgngaoiusiag cimbe weproyvesauidh adest bisteanthanhgengfates agguratedestt est

Syst em I 3oy ces, aLe SEVALed 8 CARLULYG 80,0 PULaftOm.A BRYige under
test can 1 ncr easegfahep Fshl’ oug%pllzﬁ Che e sy% em %’alllq ng

He"entire
sem conduchput siamdlf abtdighRgal9siebthesafipl®, add-ilT @fft.in the signal can be

modeled. From a model of the near-DC drift, a settling profile of the signal can be
identified. The settling profile can be used to adjust the captured samples to represent
the output signal without the effect of near-DC drift that occurred during the settling

interval.

[0023] Analysis functions performed based on the adjusted samples have an
accuracy that approximates the accuracy that is achieved when the functions are
performed on samples acquired after waiting for the settling interval. However, the time
between the application of a stimulus signal to a device under test and a time when
sufficient samples of an output signal have been captured is reduced by not waiting until
the settling interval has passed to obtain samples usable in analyzing the output signal.
When throughput of a test system is device limited, reducing the amount of time that test
system resources are devoted to capturing an output from a device under test can increase
the throughput of the test system, making the entire semiconductor manufacturing

operation more efficient.

[0024] Rapid and accurate semiconductor device testing according to embodiments
of the invention may be performed using an automatic test system constructed using
techniques as are known in the art. However, the automatic test system may differ from
a conventional test system in that it is adapted to capture and analyze outputs from a

device under test during respective settling intervals for the output signals.

[0025] FIG. 1 provides an example of a test system 100 that may capture and analyze

outputs during a settling interval according to some embodiments of the invention. Test



[ 0024] Rapi d and accurate sem conductor device testing according to

enbodi nents of the invention may be perfornmed using an automatic test

syst em cowetn1ai3ead7usi ng t echni ques as are known in thepramrtus2Honewas , t he
automatic test systemmay differ froma conventional test systemin that it
is adapted to capture and anal yze outputs froma device under test during
respective settling intervals for the outgut signals. 6 system 100 nay be
used in a facility for manufacturing sem conductor devices or electronic
assenblies, Each.of the devicgs..or.-assenblies nmay.be . .in any.suitable stage
of “manut adt iR 0p fiay Bl SERUY A HREIRefhedhi Sk e i oL ot em 100,
may be usefkcirénit @SdenEBI. CORUUE LI ded@ieh 6L8ssuhbli® Biy bd inl ddyRaigleiegd & m on a
wafer with nmultiple other devices. In other scenarios, a test system such
as test sysnefctgo Innginetfeenpiog, a tgstrsysemgaich@s seshpystam { faynayeaispé én

sever ed T RQM A WAlALAdPACKRACHIRT HaRdY FeHRly RIRIVSA Ruibll gihdi! | other
scenarios, a test system such as test system , may be us to test

el ect r oni degisseihlottes scdibrienesst sydrassutlest tespgstain WISmanpe heedxorésor med in
a manufacturing facility jn which fabrication pagcgckagi ng, .or. ot her

oper at i o_r1§‘°*‘étlF‘?’:\S sy fll’f?/r]?é?ﬂe BeRM Sﬁ&rﬁ%ﬁﬁ%‘fv éa’(‘.ﬁ‘ ﬁge@cﬁ%d%f’@?laldevi ces or
el ectroni %012?2%' I18Sti1 b Pg&naﬁ&,ﬁ‘?&?sfs?&ﬂashb}?% tgit%g}tgﬁi%?&% bPlused

el ectroni y manufacturing operations nay stributed such that
t est syst emeiGdedtnicasatnellics nMardoaet, Khieby testnopskdtohs onlypetpegbrnogeinat | ons ar e

performed. Accordi ngly, the specjfic. sta i.n the manufacturin eration
For sem cONBULCBY U LM Y ol bHeAigh: PR Brp1obe PeEipro s e o
l'imtati oRuARe kABufab¥RNSH LhicdndB@6] d&Sdes DY SleOifdntdBssBRYLIOE TRASK,HGsRE usi ng
known techni ques for constructing automatic test equipnment. In the specific
exanpl e i Istarstipasedicondyi, or tlectresic asseatbéyrmaowfartnghg degadorsamay sl | er 120
A on TP WS IRRGS 0P8 oo AREAE Bl IS (TShOHTRRLS ™Y
generate Ohe Of 1ore S irubus s gnal S Hal “afe apped 'Y ore B b e

devi ces ( afe psfoefibld. AsJordindBy, tHe8ptcifdItagd (h thEatRuBtkiAg obastisnifeent s 1301.

. 130N may additionally or alternatively capture one or npre output signals
from DUT samicopdussor|depiseatt iclbiest tysteph k0 is sgpiayed gpnot a limitation odle be
controlle Yiigypcontrol ler 120. Controller 120 may be programmed to control
t he inst rurren%s ‘to generate and neasure signals appropriate for analyzing a

i cul [ d 4 TIh m d f i mul
O gnal s gl oqrBhrRRE T MY RS Sorb Rl IR O Tl R Siunli e

nunber anduloyEs t&f equipreit. $h gRabscific exa ilk@ateBas FIEd , andsyatead yaed by
instrunments 1301. . .130N may depend on the intended operation of DUT 110.
Accor di nglifcludena cepiaelierilg0 ﬁ@%ﬁ@f‘r orgpultiplejasirygpenss hifal s 1bndiagh efithend

measur ed i 0] i it . i i on.

[ 0028] Thel?%s(t)ﬂrlllg‘% HJSC I o%e%glfjageeé%: V'of ér? %{g{n?lﬁlss{g %‘ﬁ%ﬁfﬁ% ageg%ffl.h&.i E&%Oﬁ{gn%y depend
on t he spdevités(oshgambEed) haderttéve DUTB T tunBah dfshd dstganartal 80,0r.1dGaswy €.

Accor di nglé .each of instrunments 1301 ... 130N may be a ci rcu(i)t within a

physi cal @ %B%h’t or; aﬁtﬁ]{n@%y icia,Rjure one or more output signals from DUT 110.

[0027] Operation of the instruments 130;. . .130x may be controlled by a controller
120. Controller 120 may be programmed to control the instruments to generate and
measure signals appropriate for analyzing a particular device or assembly under test.

The number and types of stimulus signals generated collectively by the instruments 130;.
. .130x and the number and types of output signals from DUT 110 measured and
analyzed by instruments 130;. . .130x may depend on the intended operation of DUT
110. Accordingly, the specific number and types of signals generated and measured by

instruments 130;. . .130y is not critical to the invention.

[0028] The construction of each of the instruments 130;. . .130x may depend on the
specific signals that the instrument is to generate or measure. Accordingly, each of

instruments 130, ... 130y may be a circuit within a physical component implementing



7 multiple instrunments or may in other enbodi nents be separate physical
conponents interconnected to formone of the instrunment 1301...130N. In
sonme enboapreerEse9sThe i nventi on nmay be enpl oyed with percodiseoianaloss)
signals. Though, in sonme enbodi ments, a test systemmy additionally
generate and neasure other types of analog or digital signals. [0029]In the
exanple of FIG 1, instrunent 1301 is an gnalog instrunment, intended to
generate an anal og signal applied to DUT 110 as a stimulus signal for a

test. Instr nt 1301 js also canfigured to capture an.analog signal out put
by DUt 110G e il s e SOt HPEAE R R pE BN PRt Uy e

si gnal nmaynteRY¥RRctedab k@ Se daramstremsntt38t. . 1804 gakem¥b@bb@metdTthe10 i s
operating properly. Qher instrunents 1302. . .130N rmay have siml ar

const r uct ilBi§8tieR mawpe saptyyse vdiirresiodis apalorsigtnlst Hepughedt sdmct i ons as are
known in I v r 1S. Shown
controll e%n%f?algg 6854{ ? ger%%‘])l’}%;se[‘é r?rtla{r}lg?/ gﬁﬁﬂ%&ygﬂl {E Ig?énanéi emn%agg{eoowﬁpeﬁg }%Aéé%
conponent oadigitsl ke in the art in an automatic test system Pattern
generator 140 nay be configured to control other components within

i nstrumenfo@2®9i , Brthé Bx 018 oLRRDAI, BHUS e 1B id dhSdnaloFBMtSimdn® igeA@dabe a
stinulus signal applied at a test point on DUT 110. Simlarly, pattern

gener at or 29agatgAY 209AL sighalgprbied dridAtas awimiius signst fouadest. nsumeny )
enbod renta. 1 tLgePafut At 8T8t DN ETLR PRI RS s b

si gnal i s capptedsibnbE Ahdl{es efthe thanret Rgnhledhy petdtvables Whpahmetee thetsponse
signal is neasured. However, it is not a requirenment that the_stinulus and
response s wheden@Edull8ds gperafing RIPRGtY- p‘gﬁhﬁf sEpmes d S0 s PRuMa¥ si gnal
be applie 1k %Eg,u' o TBRS, [ :
Nbreover,%f?é/ssl’hh@%d e%%%%éﬁ?%?“ggk?ﬁ%% nor ef%g%ﬁ?)g}]eg?é;s?ﬁ% %@%9§na| may
be sinul t inewnsi theappl i ed to DUT 110 and nore than one response signal nay
be neasured as the output of DUT 110. Further, it should be appreciated

t hat the $0030) usinshgeadmpieefiFIttl, hstrameanEl00® shognabn@sittdtya pdtern exanpl e,

be a digital signal that triggers operation of the device, |In sone
embodi men®ENSAMEH 140 deatieEbens e Hadhaygerpranerinsdhknyn BLBatt IhAR hout any

express | AR atk !?e%'f %rsm pﬁte'?r? g&f&?&tﬁsﬁﬁhw Hﬁlfgiu%atl) Corﬁfcﬁ%lfgrngl y, it

shoul d be recogni zed that one Stinulus an ne response signal is shown
only for sbmpbnanits wyitloh indttunsir §30,p0x in[sOM8 Ehibodingencoothérarstdeninee to mul ti pl e

tests may be perfarnmed in order to assess er the deyice is properly
oper at | nb SRS AT ol HRAT Goh B SRDR: TABU b Cbe mBtY GG fned Lo
control i nsididENi0 A0 tokitol Rech 06Ab&REntd Wiign iRSlutheaN1 3D, 36 RBh&Irdeyd ce under
test. The timng at ich each test is perfornmed may be controll ed by

cont r ol | erndlgee uahputhgnabyemat tegmpooft oalUB 1§.hn thasmbodmrents iHagtraal in

synchr oni o | conventional fest syste ach the tests that involve
captur s no T kel RGN R BR ety S s TRE D FliePibaR et 8| Mg
interval spghichhid rebfsOtiigpMtis HeaddeBd. IHOwéver Gt 1shRF 2 RQfuireABAUhSGhOT

di scarded, if captured, during the settling interval. This settlin

i nterval ragube apd prspersg sighalsdgangasyisd at gidlerent ppigtsey s Sﬂiml%ééﬁ@g‘éﬁ each

t est - t I dj I: ich
anal yor o OO STE SR Bulb R R Rbugt B Fhineh SRR MIFRARL BICC, e
drift, theeapprosiareniiatmiye fanpaekomnokd sfoatl ag be siatiltandOIy2pehel ofDUMe

conponents controlled by pattern generator 140 nay be timn %enerat or 150.
Ti m ng geréP apdmoisHangle espespaighaldpipbh@atsugd agihg ﬂ%tpmféﬁ@ ddUknown in

the art. EhgnghiQy&nabk aﬁﬁ@%%%lli 1% N\ Rinh B8 si L GEXEnITBY af?ﬁgﬂ?%?%rﬁ&l%@ by

controller 120, instrune may generate timng signa ontrol
oper at i on nofy, fiimexanplephbea digitplongral thanirigaers opasitioo et de8d. br scmot her
i nstrument JBSQZ' .. 130N. Jhose tdi m ng silgnal S nag occurwﬁéﬂpr ogr ammed tines,
provi di ng SMPEXINEY Yk gevicedindel ieptaaenaigiys 4B apUOHPUEHG LB R Fr m t est s
for numer gy dhéik eXEMVe dovdPresOttifEML 68Ral. Accordingly, it should be recognized that

one stimulus and one response signal is shown only for simplicity of illustration.

[0031] For a complex device, multiple tests may be performed in order to assess

whether the device is properly operating. Accordingly, pattern generator 140 may be



[0033] Tim ng signals generated by timng generator 150 may control other
conponents, such as a waveform generator 160. Waveform generator 160 al so
may be a worposeds7as i s known in the art. In this exanpCe/USasvs5mssn
generator 160 nay be progranmable to generate a periodic signal. In the
enbodi ment illustrated, that periodic signal may be a sine wave having a
frequency and anplitude programmed based @n a specific test to be perforned
on DUT 110. Though, the invention is not limted to processing sinusoidal
test signals and vef or nerator. 160, .in sone odi nents, . may be

or ogr ammBre T AR Fale R B PP TRER TR Rb B R spape. 1 n
yet ot her yaadraekt"eht Emifd@ vilidh dakfl tésYs proformed Hiak ®e @ostdlBdIbyScoh@bllgome or
all particular tests, and in such cases waveform generator 160 may be

di sabl ed de0 segh thet apstation of ald efthgilesifumantssnaybestnchipoized | bozeqreaéel ess of

t he specifi i . , that
si'gnal ey 5 SETRRfl BOBR GG FEPERLER SX AT L B BRNCLEIAIT IR
schemat i catdyyinaspaatur setthige indroaighciathat ikkioatpul 62DUThE! Osipetthdrinot captdradi cal
and el ectrical conpnections between waveform generator 160 and DUT 110 are
not criti CAFSEPdEha! SRVEH CBHNE i <ohe wismptli dhty et inirsyal dxprgss| y

11 ustr at eghehBalbGvety RGN HE DUT! APURLIRG SRR PERLOL RREHSANT
techni ques 'as are known in the art, or where no express stinulus-signal is
suppl i ed, theeagutpotsignel. pneswodintntain whifl) @38y Duefi thg ovtptiesgnabgediciied bY, one or

out put st T 1 PR A TS ok o St S b Prdeistdar SRS poi nt

on DUT 110 %@re t hat out put si (t:]nal can be accessed is coupled to

i nst rumentO0P%)1. PReot Bs compPrntyrAptrgHedpY PAisH gHcertpiol 4 mpnks Bmie

el ect 1| caloefanBPEsd. OfiniR o e ATBIBARGY HBY bOE cOfpBnchi bUG HFurRBRGL i cal Iy
mcorporatged to support 8sti ng access or nay B7& device to which

el ect ri cakneenmeticiaon Tdanglo evarald eordinl ohthenent peicesspeayabe deterofinedley devi ce. I n
this exanpl g, w&%t ut siggﬁl i s coupl ed. through buffer 166 ang suppl i ed
to a digi PREYIh PYERTRE a‘P%?fgged]ﬁ’EaE%mP‘é YEPPL EAMEY PR™GCHOt 81 f or m
Though, i tor gRedEShRSeARRY AR ﬁ{sﬁfﬂmfeﬁ]@lt?)OTHf LiRthGlif®tdhdend 65,1 51300t TRbL i cal to
the invention. In the exanple of FIG 1, capture circuit 180 nay operate as
a di gi ti zéminCsighals magiocewiat pre@trrainedtimey, trevidimgKleaibnlity dort thst sastemaldd, f or

| e, includ | i i it . | to.digital ter.
Thougn. " 1 10 s biHeiEe S s R toh SR BRI SERARET on of “capt ure
i it 180 j .critical to the i tion. [0Q36]R d f th
SRR R DN D
acquire ac§ﬁgi)1?¢?1t59fsuc?n_adﬂ%l Wavelmt HeRNh. SVARE T §QRaR/T 6d %o nlliesea

sanples may be in digital formfor processing in a digital processor. In
t he exanplcempbnddt @ isknowhen wrapl. d8 tiais qydmpld, Wwyvefept ganeragdrrIOQinnayl!l80 ar e

lied 82, whi.ch. be | | er i ai | .. si |
L eseor P LTRERRTS B EE pefaiE e 1R g SRR R Sllw R et 97

FIG 1, sapphlefarbdhbinedaby heans iiRqedncyuhd ahBlnae repuie@daiionst |y to
preprocessor 182. However, enbodi nents are possible in which the captured
sanpl es arkecsfigiesidoibg parfeingest onedr M Oo Thengle thg iweeipnfie petdingied to pr ocessed
by prepro . T . conf | i ] hCe: out put
signal ar é?%églrgsgéuSgécgg{régp%g%}:seag% ‘%\%}é?ogh{n%e{ﬂe%al??rys%p ’rlgtségﬂ%%rﬁ) %g?lflrr%ﬁgl?ci ty.

[ 0037] Pr epiaydegsograh@bieay dererpteaqedivtiedignalicharbisrabywawsfpunt etapexiacut abl e
instructions stored in &]ré(i?qtrjam menory 184, to performa processin

t echni que AIFEETPEHBIFES Bl maymof regira 2 captlir der sl lRagiaiar
accar di ng s, SRPAHNERELSs GhyliDfn bBYEAbE A maN hedidibe dr Aty Bhofindiad

produced by preprocessor 182 after renoving hear-DC drift” may en be
provi ded twathpr ocesment 1B90. Processor 190 may be a processor as is known in
the art or may be any other suitable circuitry. Processor 190 may be

com;] i gur ed003d] neaReaedlval dielise Wecifiafaimii ef theGignahgeneampddisyedafbput si gnal ,
such as its

generator 160, that signal may be coupled to DUT 110. Here that coupling is illustrated
schematically as occurring through amplifier 162. The specific mechanical and electrical
connections between waveform generator 160 and DUT 110 are not critical to the

invention and, for simplicity, are not expressly illustrated in FIG. 1. Though, such



10 anplitude, total harnonic distortion, in band noise or inter-nodulation
signals. Though, it should be appreciated that the specific processing

per f or mredworror/@egrur ed out put of DUT 110 is not critica&CTius2eth@s5ioagent i on
and processor 190 may be configured to perform any suitabl e processing.

[ 0038] The results of processing perfornmed in processor 190 nmay be used to
determ ne an appropriate disposition for QUT 110. Though, results of
processi ng nay be aggregat ed vvith ot her information coI | ected by testing
ot her deV| ce under tesg j ust ment needetg % nufacturlng
oper at i on ‘0% nglrﬁayn%en%efr %lﬁgé Besaaucatr "FeVices® TOfe‘Y%eé P9ni ¢
assenbl i egx @Mnaﬂuﬂlgnalischupr&B&lalytnosb@pﬂeaerbet glecogni zed that FIG 1
illustrates preprocessor 182 and processor 190 as separate conponents.
However, T[(t)035§ NobufAngd £ éﬁﬁﬁmtllgfoﬂeklﬁrflcm{%ﬂfp'upﬂgﬁzﬂﬁﬁla bERfQGRSSOr 182 be
separate rom processor 190. In sonme enbodi nents, a test system may incl ude
a digital FéGghdlustyatgeé@mmgpuchpptputmgmaées mﬁmtthhyemtrurmntpbﬁ@lgrﬁaﬂn and t he

L e e T R R

Though, othBistriiipherBent dhd @RS otenBOSESin! sﬁltaﬂlél pahhahelerahewcml s,
preprocessor 182 nmay be a separate application specific integrat ed circuit

(ASI C) or cornsetorFarchy mpde andrimanbroen welicsuIE fPSdifiicahly preaspeseied o puppsH i s
| d
i pl ement ‘?&uﬁg {’c%gé Confﬂbe% Ei%‘\H&é trog\?/ﬁ@hé]t%@%ﬁ c%ﬁ@écu%cgﬂ gé #nazié 815’9%@ capt ure

out put signa ura clrcul ne | operati on
such t hat nsaparoptetipi ogmarailemeaorrythﬂs&%ah@lmdie duqqmlsrgeﬁll is ¢hpughthreughui t abl e
i npl enentation for a test system accordin r{ﬁ‘fto enbodi nents of the invention

may i ncor P! art Eﬁ%nﬁdﬁﬁﬁli%iﬁo |arﬁiﬂ%tlaﬁr|ﬁf BYART Mg HEvtys EPEsentas aydigittlh a
di gital sig ugﬁeﬁa%umwp edifed B8 buFd 2t 1&@%4&@&&& R Ry therefore

be avail ab t st engineers witing test prograns eV| ce under
test. V\hemmccahbredn thehexafmpirodti FG6G. ﬂrﬁqapalrcelmula]s%anay oypuidte as g digittfersanpl es

captured from a .devi nder 1est and retu a set_ of adjysted sanples
efl octi ng oS ear REeT S EhsbS B ettt i1 o Bbbtremsd SR pur o

such a |i REapind URGHIaA0 a6 QHAIHg REJIRIAoH @Gt OTRBE IOt sHBKIE b@@ﬁﬂéﬁé&'aﬁzdftwﬁ' ons
prepared in a conventional way. Stich a |ibrary function may be i npl ement ed,

f or exanplthe, spgific saprituetior secptub FieciinBi0riaopi arial to the byestmmenory 184 t hat
are executed while test system 100 is executing a programthat includes a

call to t @036l br aRggafdiagtaf ohe spehibinghpstructisholkaptive cappr BREl, asgdretchatitt he

t echni que removi ng near-DC dri be | e to a test of a
Son CondudBBMASHLE Drergh ok PO o b Brpp e Syt U B dsst, Sl

[ 0040] Regafflwesa d \ilgltal ﬂﬁm%f‘%&eésﬁlg"iﬁ'a%lfgliah"ﬁrdcéé‘sbf"]!il%ﬁ‘e bLanigleef pey.ated into
the test system en i nvoked, refoving near-DC drift may | ead to accurate

t est resulthessaniplésercqaivadiyi sagturesirarit F&dswe sepdied oo plap@h@asoew&, whgch may

g_ggd'g' ]hF{ G'be 1mplsemaentseﬁeats %Qﬁéijt h ‘s‘léﬁa{l%tréc% Ko? dr 8‘[ sultagljéoc:lrfc:lrn?ry I <€ under test

embodiment illustrated in FIG. 1, samples captured by capture circuit 180 are supplied
directly to preprocessor 182. However, embodiments are possible in which the captured
samples are stored in digital memory or otherwise buffered until processed by
preprocessor 182. Though, a configuration in which samples of an output signal are

buffered before processing is not illustrated for simplicity.

[0037] Preprocessor 182 may be programmed, such as by computer executable
instructions stored in program memory 184, to perform a processing technique that
removes near-DC drift from a captured output signal according to embodiments of the
invention. An adjusted output signal produced by preprocessor 182 after removing near-
DC drift may then be provided to processor 190. Processor 190 may be a processor as is
known in the art or may be any other suitable circuitry. Processor 190 may be

configured to measure values of parameters of the captured output signal, such as its



may be useful in understanding operation of a test system according to sone
enbodi nents. The plot includes a sanple nunber axis. In this exanple, the
pl ot begiwe 20i2d36éeshe first captured sanple and il | ustrares/ush@1obmpe of the
wavef orm over 2048 sanpl es, though it should be appreciated that the
speci fic nunber of sanples is not material to the invention and any
appropri ate nunber of sanples may apply. fhough output signal 210 is
periodic over this interval, |t can be seen that the level around which
signal 21Q o over the |nt rva | es of
theout pucngiss BEPalnioriy B RHM, Buiakte T iibeRae dHi st BB 15 s
a repr esenttsabumrbeca&)p@cﬁteaaﬂm thé ﬁieelfﬁ:ll:@&éﬂssﬁé-gerf@t&ddm sSdapliReBo@p@lof212 1 s

|i kewi se a periodic signal, but the l'evel around which steady state signal

212 osci | RI{B41Q a8 CJ@@%&W@ inyegtipgandprocesiont H0gmaykmeantizued te peiferd in

ot her exa ge value of the signal in steady state may be
non- zer o. ’Iﬁ#&ﬁt ieihp?fage\r%?hgarrpl es of output S|gnal 210 were captured, at the

end of th thi |nt nal 210, out put si naI 210 woul d
appear st WER ¢ TS NG S B Nn P roed P et o CHP B ufiE "or “F e,
it can be dat%ﬁﬁmte I‘zlﬂtappﬂégﬁhlt% dsdpgtiebn 2D UV At FROWEN, feslt Ol gro€asihk Ynalyr om
steady state signal earlier on the tine axis. As tine passes, output

si gnal 210cgagepaed yﬁh OHW anfermaafioneolegiedRy F@étll};&oth@re%ﬁcr}ceg pades test gniafer2 f1 2.
|
out put i aab 53ty A SR PRRNE oPeltDy BR RRRR RN IR RRLHEA0S: ©

out put si gaabeer&le\muhﬂ deenmitdiey, sachmaslBUTtHOSteady state signal 212. In
accordance with sonme enbodi nents of the invention, rather than avoiding

sanpl i ng 0039 S car dhdigd b&rRbesizaray Fied 1dulﬁgtﬂaﬁastpk@r§@ts§drlmg ahdpRIc¥Rbs A
mat hemat i cal adjustnent is performed on the sanples of output signal 210 to

gener at e af0 agipapsrasicampagntst Hpwegpio dd$ Yotapsaoxinat esthetipveayionthef e si gnal

210. [004
oot ofoa- SHLGR e B2 WPt PO RS RT RLsBBRoRE ORISR %
3A i1 ust madyasclade odigil sigiad pr:dces%ﬂ@ chi) detics, Exanmbs, oopbpdin &idghal 310 is

a generally sinusoidal signal. Here, four periods P1. P4 of output signal
310 are i |ulrtfélpp%@fdaeprpﬁ%a}#&%anérpmeéﬁ%é% mwsmfen%ﬁdew Pratme Aigldpeci fic

nunber of JREL nlg)rgéeé%%ghﬁ&)p&ﬂévléé ﬂﬂﬁhméfnog o, Ofllch ﬁa&th&qﬁﬁphﬁnén@a% ion. As

can be see A, “out put signa s settli'ng suc at S
appr oachi ng pdssibkt dadthes tambedivehtsep@proossopedl mdﬁbPasepazatampplﬁatloM| ch here

may be taken. SI||U ratin esetlln |nterv The out put signal 310
i's illust SBIHE Bieery ﬂéc“éif%g[{;h?ﬁ % ‘Frymic P@gdlé‘%eélégd? e val ue by

period P4prddhoctbQuligl Remﬁ)@é?ﬁ&ﬁé@ét%gdlcﬁ't@%ﬂ@lhtr kbR ARIEALDE R¥efrohQur
periods is illustrated in FIG 3A for sinpli C|ty of illustration. An actual

out put Si gmanredrewatpueqlanalethie@meﬁlgtuatlmfeh@tmumwna}p@ﬁmw oparagpgewcht o reach

our ool o M seramate Rlselyd pleri TP rSpfiey P nesiBce SURRE Tatinae it ' 510

may be repsiaseitsgsteMacaordfipl t68mbBbdisRmR 3he HRERiondmEETcEPofite PEHcAGH C
sanples is illustrated, though onl a/ sanpl es 312i, 3122...312N are nunbered
for sinpl i#p tapr%rammn@g}(ﬂprgm appociated with a digital signal processor within the test

system. The function may therefore be available to test engineers writing test programs
for a device under test. When called, the function may accept as an input a set of
samples captured from a device under test and may return a set of adjusted samples
reflecting the captured signal with near-DC drift removed. The output of such a library
function could be provided to one or more analysis functions prepared in a conventional
way. Such a library function may be implemented, for example, by computer executable
instructions in program memory 184 that are executed while test system 100 is executing
a program that includes a call to the library function. Though, it should be appreciated
that the techniques for removing near-DC drift may be incorporated into a test of a

semiconductor device or electronic assembly in any suitable way.



[ 0046] I n accordance with sone enbodi nents of the invention, the sanples
3121, 3122...312N are processed to conpute a settling profile of the output
si gnal 310 20te3ewrt| i ng profile represents the change iPaTiuse01a/51988 Of
near-DC drift as a function of tine and may be conputed in any suitable way
that extracts the near-DC drift conponent from output signal 310 over the
settling interval. In the enbodinent illustrated in FIG 3B, a set of

val ues representing DC drift is corrputed and the settli ng profile is

obt ai ned fhtti cur hese 004 7 n of FIG
36, “sanpl S04, Rk Fre R IR aRE srb e A e B LB ot ve
of the valsyi@eraf whéiink¥ked! tefrﬁovllﬂg B4k Dt disfit @[aijrﬂeéiﬂiﬁ adétrhtd Gest Ratltp@hilod. A
conmput ed value for each of nultiple periods is used as a data point in a
data set wscuRyingHeyeidigsapEcasdon hedorer imeo nodel the settling profile. FIG
3B shows a data set with four such val ues, each corresponding to one of the
four peri ¢ed1p1. . Flon 2ii$h@mt¢mt11@dtr¢tmgﬁm@utm2l@ﬁem ddvecg|unger test| U@ tBRO1

represents o put na durin 2 resents out put
i ona 310G R P Bl B s BB S P bt B G E Ena 320 dur | ng
period P3 cmadmy@wer&%@ék iNERASSEARPHIOMIEr agisg M thiSHAnthle, itRIplpEbdgatt PA.
[0048] The val ues 3201...3204 representing the near-DC drift in output

si gnal 31Ovithihe figst sarthregerple anylluseraigs der shapgiof the ayeloun oapl %)%y t hat
bt eoe Rkl Rl LB PRRL Bl AL CAPRRRGRL gt ol 878 200 L1 o
of the valmmdﬁ?cﬂthe inv@a0én hisd mrappthxﬂlafermmﬁehef sal@lmmaﬁsm;ndrrh@l@arrpl es
3121, 3122...312N.in _a period of output signal] 310. In this case, each of
the val ue§u@2®&1gnal§ééas Peéwﬁécs%vr%f thig Wéﬁlwer aabb%ﬂeﬁéhaéfhetlﬁ%el Srgtp hiedy o1
3122. 0 One

sui tabl e ﬁgt hlrbd@ 6%91'11? %?Fﬁ%h@gégt@ éall tgg% %rrvrgl%ugﬂg %g“ H? e fé%/%% Jét y val ue
(repr esentigngl wergraptutedvel ) over one period, whi ch for a sinusoi dal signal
may be the wavel ength, in the captured sanples. The corresponding x val ue
(represenf00u2]t i nuperinfpasgl e autpieignal 31Ckasepreamtdtion of @Rteady paienignaf t hat
wave. This conputation ma be repeated for. each wave in the sane array | f
the sanpl &lfen r%yrtétezr@n@ ﬁlzérlrewlsgarpﬁrle@c siggpls Pristhaffyel argpfl Whishexpect ed

DUT out pu eﬁ&}gﬁgﬂe siig%éﬁ2f2o&gllfa&s 2? Q:J)\ﬂs’c'anl'gl)ouﬂii z&o 1€%s 5% ﬂl@ r (PF% {54 480r m

(FFT) of e captured out put sign then the wavel engt
in other examples, the average value of the signal in steady state may be non-zero. If

sufficient samples of output signal 210 were captured, at the end of the settling interval

for output signal 210, output signal 210 would appear similar to steady state signal 212.

[0043] In the example of FIG. 2, it can be seen that output signal 210 deviates more
significantly from steady state signal 212 earlier on the time axis. As time passes, output
signal 210 settles and more closely approximates steady state signal 212. In prior art test
techniques, analysis was performed on the portions of output signal 210 after the settling
interval, such that the captured output signal 210 would be very similar to steady state
signal 212. In accordance with some embodiments of the invention, rather than avoiding
sampling or discarding samples acquired during the settling interval, a mathematical
adjustment is performed on the samples of output signal 210 to generate an adjusted

signal that closely approximates steady state signal 210.

[0044] FIGS. 3A-3C illustrate processing that may be performed on a captured
output signal according to some embodiments of the invention. FIG. 3A illustrates an
output signal 310. In this example, output signal 310 is a generally sinusoidal signal.

Here, four periods Pj...P4 of output signal 310 are illustrated, though it should be



it 2.0 4..8 [0050] This value may be truncated to 204 sanples for finding
the average. The corresponding x val ue may be chosen as an integer sanple
nunber asweebi2o03d@sough it shoul d be appreciated that thecsmseorfiosiosginber of
sanpl es chosen, as well as whether that nunber is truncated, raised to the
next integer, or otherw se adjusted is not critical to the invention.
[0051] This "wavel ength average" representg the approxi mate DC of fset of
that particul ar wave. Each of these mavelength averages W || go up or down
as the signal not,. car n or.nat | bou out put
Cone. i ¢ s SREFHBRHARS T BEGRY raoBr PR o M naP DR RE 5 Bl ot
frequenci esen6€ OAGtaiObe/seeh UCRICVBVE et Elgﬁa\lesﬂ@@ﬁﬁ:ttﬂﬁgwmcﬂh&hﬁ isidi t abl e
representation of near-DC drift for curve fittin t hough it shoul d be

appr eci at @BPropding Hestesliotdte valheacres reriodePedt nan%Pa @u@h 1%8513 gaydsiegent at i on
of the ne [ S not
critical ?%ﬂ ﬁ%ﬁegagh%qﬁﬁgég] <¥&ﬂ‘mR§1%P?ﬁ) uﬁ*ﬁuﬁ;@ﬁ%{ %ecessary

t hat aver ag@arblallgz eduphddeick wandly saltd valayey pargidis,. af sHohRi agpracededyut put

si gnal . ther, in some enbodi nents a wavel ength average nmay be determ ned
over a su PWEY%n@la'iﬁ?FFBEg oYt Mv@élofi%lsflllﬁ%ﬁraf%n&@y%ﬁ?ragllmB]FClH desired order

appr OXi et g, fi e z§ﬁta&t|uhlrkglt;ﬁft§i\c§'nhlern9}t reglﬁﬁ'e ?éé%} n‘?)ll'gﬁllg{l f?u-ﬁabglt{g{i'sh n! N sone

4 enbodi nents, a wavel engt erage 1s I ncl or e first and
Iast full ov@w@d eadt ftsadyrstdthe sanpl e set. [0053] Though a specific technique
for determning a data set for curve fitting has been described, it should
be recogni[@®3]t haln oEfeystappsieacalest sByenbe0d sedhichrangeinait aighalgs vqitmes
representative of the DC drift conponent of output signal 310. one
exanpl e of " 48118} OB Agi ROt iBe RIS 2ne bl Orrar %’F?P(Fé?lt}%d Byaé%rﬂeﬁ&f si gnal 310

d t to which
uri ng_eachinpl MHLk] plaidRGFbARITRInIE 3GiRadRRENRLA Qudpkaseet to uhi c

a curve can esenting outp y a data
set with Bé%rsmaresumbandtﬁbresnmpmu—y dalpiteso121, 3122...312N may have

advant ages in sone enbodi nents, such as reducing processing conpl exity and
reduci ng 00463 us ciapicthidhndeywidf sdnfiteerpbaii@ssts bo thedh sation, théeanflasired out put
signal 310Q, it _is not a requirenment that a single value representing each

period of bt pé%2mreﬁaqce@$@t%@lﬁ@%ﬁa%téalg Avpiils Of HsrPusig ss%aﬁlpil@ g€ peri od
Id b d
cou e gaﬂﬁn%ﬁirsglg I‘é[?"f:&%ﬁ%%lﬁe ﬂfﬁ%% ottt (‘ffgnf%f pid (gﬂ% RRuPEEf GLOE

based on as out put si gnal
310. [0054h&Regarbdicespuet it ey Mnabker\w@rtﬂamnaets themeahD@EhdMabmaporﬁ:ﬁﬂl . 3204
formng a from output signal 310 over the settling interval. In the embodiment illustrated in FIG.
3B, a set of values representing DC drift is computed and the settling profile is obtained

by fitting a curve to these values.

[0047] In the example of FIG. 3B, samples spanning a period are used to generate a
value representative of the value of the DC drift in output signal 310 during that period.
A computed value for each of multiple periods is used as a data point in a data set to
which a curve is then fit to model the settling profile. FIG. 3B shows a data set with four
such values, each corresponding to one of the four periods P;...P4 illustrated in FIG. 3A.
Specifically, value 320, represents output signal 310 during period P;. Value 320,
represents output signal 310 during period P,. Value 3205 represents output signal 310

during period Ps, and value 3204 represents output signal 310 during period Pj.

[0048] The values 320;...320,4 representing the near-DC drift in output signal 310
during each period may be generated in any suitable way that allows separation of the
near-DC drift component of output signal 310 from the steady-state component of the

signal. In the example illustrated, each of the values 320,...3204 is computed from the



data set are generated, a settling profile nodeling this DC drift may be
conputed by fitting a curve to the values. FIG 3B illustrates a curve 330,
repr esentwogoe/sedstl i ng profile of output signal 310, tirat/usasiios®asfit to
the set of values 3201...3204. Curve 330 nay be in any suitable form

Li kew se, curve 330 may be fit to the values representing the DC drift
conmponent of output signal 310 in any suii{pble way. In some embodi nments,
curve 330 is fit to the sanples using a | east squares technique. In sone

enbodi nment s cur y.e 330 p om a n. ot curve 330
may be ancapEiife STRPT H1E0p b NI Beriod O AR Sis SR, TR WS ey o
some enbO@thﬁcEﬂtﬁe vilhes 3200 Vve20] tepiegedththed@tiagpOhlnt 5f heRERFREBING the trend
curve of the near-DC drift may Be regresented as a Newton Form pol ynonm al .
The pol yneh?al- 3h9ay1n@é06ﬁsm91@mefla@p oypderignafRbligh, as the order of the

pol ynom al increases, the processing required for curve fitting also
i ncr eases [0049] s on@nestibblermaethed fariernungle datamyt ipeludes tokigg tl’msavaragpeyci fic

exanpl e, a_seventh qrder % mal may . OVI a _desir. m se
bet ween & goauepreding SRl EsPidioa Rl Wr R facEli SPPR Ber o
data poi niige Wt gh, W&%Qﬁpt@fed%lawlésaﬂ’ﬁ@ dsrr&puadih® sasfaluEmﬁ@ﬁasaﬂ&mghﬁne
presented in natrlx form(2):

or sample number) is chosen as the center point of that wave. This computation may be

repeated for each wave in the same array. If the sample length is 2K (N = 2048) samples,

for instance, and the expected DUT output signal is a tone in bin (M = 10) of a Fast

Fourier Transform (FFT) of the captured output signal, then the wavelength is:

) K 248 4.8
..Q_l,_‘,,,mwt‘ g e T e
FROPIES T 5y 16 M

[0050] This value may be truncated to 204 samples for finding the average. The
corresponding x value may be chosen as an integer sample number as well. Though it
should be appreciated that the specific number of samples chosen, as well as whether that
number is truncated, raised to the next integer, or otherwise adjusted is not critical to the

invention.

[0051] This “wavelength average” represents the approximate DC offset of that
particular wave. Each of these wavelength averages will go up or down as the signal
settles, but will not carry information about the DUT output tone, its harmonics,
distortion products, or any noise except at near-DC frequencies. Accordingly, such
wavelength averages provide a suitable representation of near-DC drift for curve fitting,
though it should be appreciated that the specific method of selecting a suitable
representation of the near-DC drift for the particular periods of the signal is not critical to

the invention.

[0052] For curve fitting, it is not necessary that averages be computed over all
wavelengths of the captured output signal. Rather, in some embodiments a wavelength
average may be determined over a sufficient number of waves to find the polynomial of

a desired order approximating the settling profile of the output signal. Though, in some



EQ (2) [0057] The square matrix in EQ 2 is known as a Vandernonde Matri x.
Each row of the Vandernonde Matrix contains just one of the x-coordinate
val ues ofwoheirdas®7poi nts to be fitted, and each col utmPhaastée/ox108@l ue of
its row raised to sequential exponents fromO to k. Wen used for

pol ynom al regression, the kth power corresponds to a kth order polynom al
approxi mation curve. The colum vector left of the equals sign holds the
y-val ues of the data points, and the columm vector on the right holds the
coefficient f the desired. polynon.al rve. It s this .coef.ficient vector
Chat oy Botpgimeas o GFREn SO R RuRtuf e i Wbl SiETEU ' Fooss) ve
can expr esaveRhgthfine kanplegeation as (3): v =EQ (3) [0059] Using VT as the
matrix transformof V, we nultiply both sides of EQ 3 by VT and apply sone

P?;') _clglﬁfﬂ,mga] t ?4?1%%3 afsBEcitibRcRRGHE FiBRIMUBSE PHaBSet Br EFVRLIOR Had) © =
been described, it should be recognized that other approaches may be used for generating
values representative of the DC drift component of output signal 310. As one example
of an alternative technique, the maximum value of output signal 310 during each of
multiple periods may be used to generate a data set to which a curve can be fit. Also,
though representing output signal 310 by a data set with fewer values than there are
samples 3121, 312,...312x5 may have advantages in some embodiments, such as reducing
processing complexity and reducing the susceptibility of the process to noise in the
measured output signal 310, it is not a requirement that a single value representing each
period of output signal 310 be generated. More than one sample per period could be

generated. In some embodiments, curve fitting may be performed based on as many as

all of the samples 3124, 312,...312y of output signal 310.

[0054] Regardless of the number and manner in which values 320;...3204 forming a
data set are generated, a settling profile modeling this DC drift may be computed by
fitting a curve to the values. FIG. 3B illustrates a curve 330, representing a settling
profile of output signal 310, that has been fit to the set of values 320,...3204. Curve 330
may be in any suitable form. Likewise, curve 330 may be fit to the values representing
the DC drift component of output signal 310 in any suitable way. In some embodiments,
curve 330 is fit to the samples using a least squares technique. In some embodiments,
curve 330 may be a polynomial. In other embodiments, curve 330 may be an exponential

or a spline curve, such as a cubic spline.

[0055] In some embodiments, the curve fit to the data points representing the trend
curve of the near-DC drift may be represented as a Newton Form polynomial. The
polynomial may be of any suitable order. Though, as the order of the polynomial
increases, the processing required for curve fitting also increases. In some embodiments,
the order may be 4 to 8. As a specific example, a seventh order polynomial may provide

a desirable compromise between a good fit and an acceptable level of processing.

[0056] Though, any suitable curve may be fit to the data set in any suitable way. As

a specific example of how this curve fitting may be performed, a polynomial may be fit



[ 0060] The standard approach to finding the nunerical solution of Equation 4
I nvol ves Gaussian Elimnation with a nunber of floating point operations
("fl ops")wohat2/436980n t he order of n3, and results in a polryuseniiabioss t he
formgiven in Equation (5): [ 0061] Such an approach may be used to fit a
pol ynom al to the data. However, in some enbodi nents, other forns of

pol ynom als may be used. A Newton Form Pojynoni al nmay be used and may reach
a numerical solution mﬁth Iess conputation than solving with the

Vander nonde echni qu €SS .sus tible.to errars in
Uhe data 8¢ "0¢h e polE e FSGRGRP SR afou; FERPHS PRI Mof He3rEehf0T ne
resul tingipalydofsral(2goef ficients. Though, a polynom al may be expressed in
ot her forms, such as Legendre or Bernstein, which may alternatively be
used. 16 [0062]In enbodi tg, i Rzwhich a Newton Form Pol ynom al is used,
the pol ynonial may be [éxpr §sgd Qy Equathm @§ . =bt -xx -b, (x. - xn)(x -
Xi Xx - x7) bi(x -(x WEQ (8) .

23

Eoxg Xgn . . . XGPw EQ. (2)

[0057] The square matrix in EQ. 2 is known as a Vandermonde Matrix. Each row of
the Vandermonde Matrix contains just one of the x-coordinate values of the data points
to be fitted, and each column has the x value of its row raised to sequential exponents
from O to k. When used for polynomial regression, the K™ power corresponds to a k"
order polynomial approximation curve. The column vector left of the equals sign holds
the y-values of the data points, and the column vector on the right holds the coefficients
of the desired polynomial curve. It is this coefficient vector that may be found to define

a polynomial that fits the data set.
[0058] We can express (2) in matrix notation as (3):
¥ = Fa EQ. (3)

[0059] Using V' as the matrix transform of V, we multiply both sides of EQ. 3 by

V" and apply some basic algebra to solve for the coefficient vector as in Equation (4):

Ty e
a={¥¥} ¥y EQ. (4)

[0060] The standard approach to finding the numerical solution of Equation 4
involves Gaussian Elimination with a number of floating point operations (“flops™) that

is on the order of n’, and results in a polynomial of the form given in Equation (5):
Qg + X + QxS + o Fatpx® = P EQ. (5)

[0061] Such an approach may be used to fit a polynomial to the data. However, in
some embodiments, other forms of polynomials may be used. A Newton Form
Polynomial may be used and may reach a numerical solution with less computation than
solving with the Vandermonde matrix. Such a technique may be less susceptible to
errors in the data set (noise, roundoff error, etc.), yielding lower errors in the resulting
polynomial coefficients. Though, a polynomial may be expressed in other forms, such as

Legendre or Bernstein, which may alternatively be used.



[ 0063] Here, "b"
that the coefficient values wl|

I's used for the coefficients of the polynom al

be different

to indicate
in the Newton Form than those

of the Stwodarah3Fasrm

[ 0064] The Newt on For m pol ynom al

mray/Uuseo1s o5wasl

nunerically by constructing a triangul ar

matri x of divided differences of

the form (7) through (9). =EQ (7) Y.et A71 X, t1EQ (8) N A Y2] YT:
0 yd _X, - X - X71 16
[0062] In embodiments in which a Newton Form Polynomial is used, the polynomial

may be expressed by Equation (6):

F= b+ Byl —xgd+ balr —agHr — 2y 3+ Bale —xp¥x — 0y Yo — x2d+ 4 Byl — xgda fx — 2}

EQ. (6)

[0063]

coefficient values will be different in the Newton Form than those of the Standard Form.

Here, “b” is used for the coefficients of the polynomial to indicate that the

[0064]
triangular matrix of divided differences of the form (7) through (9).

The Newton Form polynomial may be solved numerically by constructing a

bol = EQ. (7)
RN S
bord = = EQ. (8)
. L S N
¥gaVes Yol = roed - hden ] _ Xz 3:'-3 B i; - ﬁz
Sparte szl T Xe — Xg - e — Xg EQ (9)
[0065] Such computations may be performed using techniques as are known in the
art.
[0066] Regardless of the manner in which curve 330 is obtained, curve 330,

representing the settling profile of output signal 310, may be used to adjust output signal
310 to produce an adjusted output signal 350 (FIG. 3C). In the example illustrated,
adjusted output signal 350 is generated by subtracting a corresponding value of curve
330 from each of the samples 312, 312,...312x. For example, sample 352, of adjusted
output signal 350 is formed by subtracting a value of curve 330 at a corresponding time
position from sample 312, of the unadjusted output signal 310. Similarly, a value for
sample 352, in adjusted output signal 350 may be formed by subtracting a value of curve
330 at a corresponding time position from sample 312,. Since curve 330 in Fig. 3B is

represented by a suitable mathematical expression, such as a polynomial in some

ly2



EQ (9) [0065]Such conputations may be perforned using techniques as are
known in the art. [0066] Regardl ess of the manner in which curve 330 is

obt ai ned,woun12403880, representing the settling profil e eCTast@aoswsgnal

310, may be used to adjust output signal 310 to produce an adjusted out put
signal 350 (FIG 3C). In the exanple illustrated, adjusted output signal
350 is generated by subtracting a corresppndi ng val ue of curve 330 from
each of the sanples 3121, 3122...312N. For exanple, sanple 3521 of adjusted

out put signal 350 is formed by subtracting a value o rve 330 at a

cor FespondMgatis Beelerbiad¥siliEchBrisondinf o Pk hoalin & sy

si gnal 31812S.812,aihltNe sanpl@bdiethéiefors aaml of tkd&Bei FAnPHsuThefsedbptput si gnal
350 may be formed by subtracting a value of curve 330 at a correspondi ng
time posi tigoal P0opasbhpmélady pomedj nce curve 330 in Fig. 3B is represented
by a suitable mathematical expression, such as a polynomal in sone 17
enbodi menf@067]t cQneeysiestest @tpntwignak3 Bois faspdniding beasehian migsiropb@tigni ft  at

h point jn 312i . 312N in th | . ther ef h he_oth
Campi b5 of" W HEE ettt a0eely bt SEIRad S SRR TR e et 005 omce

adj ust ed QuilypUthossi)Midd adp®ed suth@rsigdl 3350 mERYe REMYE Baseddndain@Fls cOp&it@t i on in
the same way that a steady state signal was used in the prior art or in any
ot her sui daBnganiervatssoger, thamwourldihgse bepngaapipd uwsingriaior 38dedraigupefaror ned
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some embodinients, mulf’%&%lit%rsz;tisohs of the curve fitting process may be
performed to adjust an output signal. In each iteration, the new near-DC drift may be
modeled and subtracted from the adjusted signal generated in the prior iteration. At each
iteration, the amount of near-DC drift in the adjusted signal may be further reduced.
Though, an arbitrarily large number of iterations may not be desirable in some
embodiments. The number of iterations performed may entail a tradeoff between
goodness of fit and computational complexity. As an added factor, when multiple
iterations are performed, inaccuracies from iteration to iteration may accumulate, such
that, if too many iterations are performed, accuracy may decrease as the number of

iterations increases and errors accumulate from one iteration to the next.

[0069] In some instances, the type of curve fit to the data set may impact the number
of iterations performed. Fitting a Newton Form polynomial, for example, may be
desirable because fitting a Newton Form polynomial to a set of data points may require
less computation then fitting a polynomial in other forms. Also, the Newton Form
polynomial may be less susceptible to noise. Nonetheless, in some embodiments, it may
be desirable to limit the number of iterations, such as to be between 4 and twelve,
inclusive, or to ten or less. As a specific example, in some embodiments, it may be
desirable to perform eight iterations using curve fitting based on a seventh order Newton

Form polynomial.

[0070] FIG. 4 illustrates a method of operating a test system that adjusts the samples
of an output signal for a settling profile according to some embodiments of the invention.

The process may be performed by a test system, such as automatic test system 100 (FIG.



[0068] I n sone enbodi nents, nmultiple iterations of the curve fitting process
may be perforned to adjust an output signal. In each iteration, the new
near - DC awoOf2012m8y98be nodel ed and subtracted from t he adjpastusdoigiogras
generated in the prior iteration. At each iteration, the amount of near-DC
drift in the adjusted signal may be further reduced. Though, an arbitrarily
| arge nunber of iterations may not be desjgable in some enbodi ments. The
nunber of iterations performed may entail a tradeoff betvveen goodness of

fit and c at i ona n added i
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accunul at @nySMﬁh'BleI%lpmdnft too many iterations are perforrred accuracy my
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to the data set may |rrpact the nunber” of iterations performed. Fitting a
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be desirable to limt the nunber iterations, such as to be between 4 and

twel ve, i mert@sihedestomeras maesp sf(lﬁﬂllhlé signalagnay hepplied © thy derpeeeundentesione
nbodi i :
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an out put si gnal for a settling profile accordjng to, some enbodi nents of

the i nvent§hnSUuehrdnglscuealsmgy B%alﬁ%#efiél% ARSI lE Waevstm&s%ltgelh%mgsuch as
aut omat i Ctécﬁﬁfquéyésta?@k%frﬁhgat 18 1). Though, it should be appreciated

that the process of e perfornmed with any suitabl e equi prrent

[ 0071] The eSSAPIEIO(El% £12'10 %a l%s QF?II r5ugbtu gégﬁi%ﬁﬁﬁga%tﬁrgd ag, & O@Q& %‘pa%/ may be

whi ch a s us Si ress rocess

initiated be nalau&amymdtmé C)ﬂfcui)ﬁ‘ slﬁzlha@tcapmre(‘aﬁaﬂasbI(EIGTaan‘ra@hw othgr oper ati on
when a deV|ce under test, such as DUT 110, is coupled to test system 100
and a t estUigble Way- Hersceidance Widh $9mg @HbOQ@CEtérlﬁlsd?OtPF@s%aé%fo waihEerdhe nor e
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event may o giving rise to an output signa capt ured and
anal yzed. Aacodimdilngirgcessang b tdodk 4005mayniee gim wmthrletlesonrlmdialayﬁ)illgwa1§ are

applied to the. device upder test ch stinulus sjgnals lied in
D s t ABTE I IO IS5 ey Che i I e ST 10n BN

[0072] At Qh@@#bl%él@éll@&ﬁﬂlge\%h@fl tdsPRsOQUERUre 8GRI foRs RsCARY HE Sithrtettfall 11$ anpl es
may be captured by a capture circuit, such as capture cirtcuit 180 (FIG 1),

or in any thstprear agiui t abl e way. In accordance with some embodi ments, it is
not necessary to wait for the output signal to reach steady state before
sanpl es f @073hal yOhee the sarnplpt areedpturkdony disogieymbpdotess icogcuatently edtkh 410 may

begin with little or. no dela foIIovm ce at. bl ock 405. hi s
way, the iht@PILINZOESHBRIGS HEDPrageps %&glﬁ‘giﬁgﬁ Pﬁ%@“%ﬁd“‘cnﬁéapmred Samples °
the output signal. Processing in 415 adjusts the captured output to compensate for near-
DC drift. In the embodiment illustrated in FIG. 1, sub-process 415 may be performed by
preprocessor 182. Though, it should be appreciated that sub-process 415 may be

performed in any suitable hardware components.

[0074] Regardless of the specific hardware used in performing sub-process 415,
processing during sub-process 415 may begin at block 419. A technique for computing a
settling profile may be selected. In the example of FIG. 4, processing at block 419
represents an optional step that may be performed in some embodiments. In this
example, different techniques for computing a settling profile may be available and each

test being performed may include a specification of a specific technique to be used. For



end of block 410 during which test resources are utilized for a test may be
shorter than in the prior art. [0073] Once the sanples are captured or, in
sonme enboaprerEeIsconcurrently with the capturing of sampTas201a/051988 pr ocess
415 may be perforned using captured sanples of the output signal.
Processing in 415 adjusts the captured output to conpensate for near-DC

drift. In the enbodinent illustrated in F|¢c 1, sub-process 415 nay be
per formed by preprocessor 182. Though it should be appreciated that
sub- process 4 tab ar dwar nponents.

[ 0074) RegaraTees  BYeer R sbaT i 4 ARt B s LI BT R EEE b cess

415, proc@sEinbehider b REecsiiddordEOGassrfellprByntEEe R dhyahitio 6y 4 ARcorbidgg hni que
for conputing a Settllgﬂp profile may be selected. In the exanple of FIG 4,

processi ngresessoaiblorkat Papmeisueivs dafermistneohiape st epve gt Vatag obtyper f or med
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settling proti e aval eac per Srined may 1 ncl ude
a speci fi calueomagbe aetepﬁ‘mieeﬂ,i for &xenipit, dyaeddingdealusied prdr'gjﬁmm]:@ paxaigdreor it i S
descri bed  above that ai settling profile my be determned by fitting a

pol ynomi alin 8y & %rpsélbtﬁl?FéVaéfr der or a curve represented in any suitable way.
Accor di ngl a/ ﬁ)rocesa ng at block 419 may involve determning a type of
curve or #0878 ue of blagly42Qiasatling prafilertxbe egmppted fro@ theeaptyray opdulised f or
representi I T Y a2 Or
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t he captured outp onputed settling profile may be used to adjust

t he capturbéﬁeltf%?fﬁitatatocbl‘%@l@n@f’?@d‘ﬁﬁ@ 5, described bel ow, provides in nore
detail an exanple of the processing that may be perforned at bl ock 420 and

bl ock 4301007607 6] Reggadlatsed sheptpeeitie n@,qsb@mrm@ymﬁathﬁmﬂm@ mRfiteHs t he settling
profile i %o&ﬁ%&%ﬁ&% g ldﬁ%gt $he B?pgh g&)ﬂﬁltﬁeaﬁ%%sggf 9\{'&1 pi‘&]ay Hbeée@cf %cess of
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adj ust ed @uo¢ipivh bsicgrAab. tﬁtheemupledﬁﬂ(erza,tan\aejtmtedlaaqimt kig@alds c@ﬂputaiter the
first, is performed by fitting a curve, representing the settling profile,

to a datali€Eivelyr .E@elaltrrratsﬂlr talfitér ’é‘ﬁjﬁtﬁ%tt’édl’etfet%‘tﬂbSt%‘i‘i*Bﬂtaé?élr‘ienretPFF‘éelﬁrr}gd pe
I terationgedithot N6l {51 dt&?e&%&%@éa fréin tﬁ é%f‘&ﬁ tt&%ﬁm%hféﬁlfﬁth% or420, and

430, the sett |ng prof| e may be corrpute rect mthe c ture
out put . Artgrasiont &bthe fmﬁetemtlosmsrmyremtmﬂsledblbdﬁd@t)e‘#m aed 4B@ thms"dttdang of

iterations tQ be erforrre 0 ust e In sonme
erbod menPEE FYEd AR ey BP0 tHEg ChEt hesroriadle meha e 1 ¢
exanpl e, 'nEh SRNBe® QMU B Se nhﬁl%elné{f’[’&%udﬂfs td B@ﬁéﬁdrﬁl@@ iA"TBYm 111%'a>ﬁ or nore.
Though, in ot her enbodi nents, the nunber of iterations nay be twelve or

| ess. Accedpistedloytpul.t Insome emh@ddnmm §xgbnwelay of itkragings Imebv eerfomedusi ve,

iterations nay be per ned. et,. furt er e single
[ or at | on ey PS8 ar O Red. o BRI AL AR Taatrt B I SR 452 may
be 081 tt e(ﬂﬁor{:) P@Hcﬁjg]ihmher entbodlifettsl ﬂ@mﬁﬂme@ itaita@6nd May bOtaVe biefini ques
ma e suita
y Accord¥ngly, it some embodiments between six and twelve, inclusive, iterations may be
performed. In yet further embodiments, only a single iteration may be performed. In

such an embodiment, decision block 432 may be omitted.

[0077] Though, it should be appreciated that other techniques may be suitably
employed to determine at decision block 432 whether a desired number of iterations has
been completed, for example, the magnitude of a settling profile computed at an iteration
may be an indication of whether further iterations would be useful. As one example, if
the maximum amplitude of the settling profile is below a threshold, processing at
decision block 432 may determine that a desired number of iterations has been
completed. Conversely, if, from iteration to iteration, the maximum or average

magnitude of the computed settling profile increases, processing at decision block 432



enpl oyed to determ ne at decision block 432 whether a desired nunber of
iterations has been conpleted, for exanple, the magnitude of a settling
profile cwopot2de®wr an iteration nmay be an indication ofPChiuskignsfoast her
iterations would be useful. As one exanple, if the maxi num anplitude of the
settling profile is below a threshold, processing at decision block 432 may
determ ne that a desired nunber of iteratjpns has been conpl eted.
Conversely, if, fromiteration to iteration, the nmaxi num or average

magni t ude of e ¢co ted settlin rofile increases rocessi ng at
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enbodi nents. In this exanple, different techniques for conputing a settling
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out put . | Retdlimpgeafilenhay ecusad idisferdnin @eaabdid. i Aga fppeofficl example, besodeput ed by
fitting a | ower orde{ﬁttﬁol ynom al to the adjusted qutput computed in the

prior itefEPPOCIACREIHNAGIG/IC PRy CesSMRYCatn BIedER gaBionditiag 268Vt
processi ng, af Brgfg?l;o\[:ﬁia‘f’%@val{f@sydeﬁ'@ @bk @&Mﬂasﬁh %Ix.t\%gshlﬂg u&tfi@fatﬁﬁgput' ng

the settling e based on the iteration tha s bel ng perforned.
Though, ptlocesinggrodie inhp bk cddPuted by Mittingeat ldveatrdeppolonarhiabecthe adjustedh sone

enbodi nents, the sane. approach for c ut.i a settlin rofile my be used
Tl et s aBE r gt “rtind derdrbe cblib b Siul n-ench
i terationhd}BeRsiHk AObIGEY 4 PY, d¢ERG tdilscRicARK tfeddehnfifue BbO&dmtfide tRe detfihgual
settling profile may be conput éd based on the adjusted captured output

conput ed iprofilbaggdioprthd terntaer bat is bainigpgriphecd eBwngh, preecasingat blpds 44€kianpl e,

t he adj uste a tturﬁd Qut put will be éh{;\t cpn*@lﬂt ed at bl %gg( 430, tl n
subsequent ™7 e at i BHS]* Che" g LidTBa LRt UK BGeRUE “WPT " &L RoHI ed at
bl ock 444 seldingGoRleaaBstsd Wigd imall heraPshs0r iteration. [0080] Once the residual
settling profile is conputed at bl ock 442, processing proceeds to bl ock 444

wher e t he [¢@R)) duages@dibdsi JtehdNpeific fedhfii@PRAdEH chéh frathfie prRdidsd mhe

adj usted captured output. In enbodinents in which an adjusted output is
conput ed Ipyocserbtortdetk 412 vl hieck 4420 n ecsétvial sedtling erafde trajyibg comphifed dased
processin t bl.ock, 444 constitutes a .further .subtract{ion based on the
oot dual " daib G oftrEr BRI ARETR Bt RN S b O REGRTNERRE of 't he
manner i nitshitioh, foRexdmplé B¢ adGitetbEdpRittd bstpiBeal bthecRasiuRg dt ®RE 438ck to
deci sion block 432. At decision block 432, processing may again branch to
bl ock 440 I pubsggueneiterptiensathe gaBIsigd captyradeoupayt Mol e ds compyied atilpcketdd

iterati On%uﬁﬁgf p}o%eggﬁlg in the prior iteration.

[0080] Once the residual settling profile is computed at block 442, processing
proceeds to block 444 where the residual settling profile is applied to further adjust the
adjusted captured output. In embodiments in which an adjusted output is computed by
subtracting values representing the settling profile, processing at block 444 constitutes a

further subtraction based on the residual settling profile computed at block 442.

[0081] Regardless of the manner in which the further adjustment is made, processing
loops back to decision block 432. At decision block 432, processing may again branch

to block 440 if further iterations are to be performed. If no further iterations are to be



21 perfornmed, processing branches from decision block 432 to bl ock 450. At
bl ock 450, the adjusted output is analyzed. In sone enbodi nents, processing
at bl ock wbQoreagedse performed in processor 190 (FI G 1) pom/usthie/nsses t abl e
conponents within a test system Processing at bl ock 450 may include any
operation that is perfornmed in a conventional test systemon a steady state
output. [0082] Once the analysis is conpleted at bl ock 450, the process nmay
proceed to bl ock 452. At bl ock 452, the sem conductor manufacturing

mhy be oi BTAP ELPRRR BarParRe S ARt B PR AR o fr e 7

el ectroni adpseehipyt FRALYBES. Unisthe @RI RS, gf&emag At ASOPNS Ky nor e
operations that are conditionally perfornmed based on results of tests on
one or noPerfaEyddaprogessor dRAMIGe 1) asotherysaifable compeanpatssithinjarieft 6¥1¢Mg t hat

t he devic t C . t. Si is faulty,

t hat devi25%%%%%%&?%&%2@IP%F%E%@%gﬁ%%&%?%ﬁﬁ%%ﬁg u %%?ﬁf?%ég aéWPﬁ?y wher e
t he devi ceesosysass enhlisieadpytateeutpepai red or di scarded. I n enbodi ments in
which the test systemis performng a test on a sem conductor device as
part of a[gesRgr, Oh& HevhAesiTRohD]EaPAIRAUSD ddprocety BaypRleqBict S bei ng
manuf actured and di scarded w thout packaging the device or subseguent

BT ocessi n@lockrd5at Aé PlasiHoa the MIBicondiis ot TRy Bicy vy PBEAligs Sy psERTbr mance
bi nning o ' : r : ' .apal ysi s
mayal Cer BACRH 5 SRELHE bR ERp or bR 0 Rh0SE SEIRRR) FREL Sl 000V

sem conduecbavenadnalsenicoadictoras skitrbyic aeseufbe ndfufaguape bpdration drdahayray

i ncrease the yield of good parts bei ng manufactured. Accordingly, it should
be appr ecil? &l A6 MHAEE PPSTRERNS SR afeocqnﬁglqaa%f)%qrmefirb@se&r%éegtsaéﬁ%% med at
bl ock 452 ' V.. S i il ' : : ' . El G 5,
an exanplgﬁg¥e§?%%gi%$ﬁ§stEgﬁéﬁggmggg%g$%gﬁﬁgga&?%ﬁ@%ﬁgrggggggé%g% 420 and
process bluoddr tddthat gendrited theapparedldwepy s@nelsis fngtybthgi deviat miny betouktiGo | n

t his exanpl e, . processing. at .bl ocks 510, 512 and 514 is used to determ ne
the” nunbop POF L Te R o SyHPB RN s Sl dedoyon eerh By MRS Be G Bt e
captured QutRdbd SindiRbodihekts BXRARhehe £LGPstedAs BObrABng b kddsbg At e that each
of the cycles of output signal 310 includes eight sanples. Each of the

ei ght sanptesonduchvalesigeds put pf dvatee, thadedée mhp be aenarated Bomia stre3m0
representin he DC drift in the output sjgnal .310. Though, it shoul d be
bt oct a 8% hafe PHafh i Ao Eafih Bl AEPagte s ST aRIE) depend
on the fregeengyp. dh die efibbpiriensd, BlealnaBSis Wely beased g prafdRheéhce dimhig oft he
data capture 22 circuit. Accordingly, a technique for determ ning the

nunber of thedgyicednger teste I higtntier smpagimanss. greowabysissempilesmnatizply@sent i ng t he
DC drift » f ) | ing t
r q&éﬁu@%@f&ﬁ%@"nﬁ&%%Jus{}nén%eto%%ﬁ}?éo%rdﬂétofgr%?c%ﬁqgéc i&g&@%“g 0

determ ne a nu es"to average 1S perforne 512
and 514. Atanbfaoaking bperadoirasit mag idrerse THeayislitiof goddpar)s besngranidastea@don t he

captured output signal. The results of the FFT operation are anal yzed at
bl ock 512 A&é?réma?hét tReld %@@&Claﬁ%taa@ﬁe@ﬁe%%ﬁ%% MPUFRETRGROGEY out put

si gnal . At é%?ock%@nhagr&@ﬁfan "RAMAOROIGRIARGRAENt i s determined by
identifying the bin of the FFT wth the maxi num absol ute val ue. [0085] At

h
bl ock 514, n I (o i Vi di. t he
| engt h of [?iég’?camrﬁgﬁqéﬁ %E? agiseéglgi le(ﬁ#ogcﬁgs%@lgg&égg? és(rgg@egg&l%unber of
sanpl es) Ppyockkeblbikvitdeatprbédesdblatk BE®BKIIGskRAtedOThe paodessihebegifis sdiglkes per
cycle is identified at block 514, that nunber nma used to average over

b
groups of 4&nP B s¥apPks B2t pickpal P ¢ gad iﬁ%ﬁw@%t%%ﬁt%mmesihﬁnm .

number of samples to average to produce a value representative of the captured output
signal. For example, FIGS. 3A and 3B illustrate that each of the cycles of output signal
310 includes eight samples. Each of the eight samples is averaged to produce one of the
samples 320;...320,4 representing the DC drift in the output signal 310. Though, it
should be appreciated that the number of samples per cycle to be averaged may depend

on the frequency of the output signal as well as the sample rate of the data capture



[ 0086] Once the averages are generated at bl ock 520, these averages may be
taken at a set of values of the DC drift of the captured output signal.
Such an appromoiéssay be used to anal yze a sinusoi dal si goalus2e@uenoss t he
signal is not sinusoidal, this approach may al so be used. Though, for
non- si nusoi dal signals, other techniques may be used to determ ne a nunber
of sanples in a period or to analyze the gjgnal to represent DC drift.
[0087]Regard|ess of how t he set of values Is generated a polynonial
exponentlal cur to,th 0, characterlze
The st | b aREhe§Io RE PG KF RImIErech® sk T PelS sk

pol ynom alslge@mtprradlcatsarblbles:iepﬁeaanﬂ@wh@e@mﬂtm%etperfsﬂﬁddact the trend curve
fromthe polynomal. The trend curve may represent the portion of the

pol ynom algogaycl ug tHQe;?d?ﬁ[pl§ B?ﬁﬁ}’ SSbﬁJc@ssﬂ‘%’fBQl@%%me ahdnfiRer SK&MRI& Bf FI G
3B, the steady state value of the curve 330 is indicated by S. The trend

curve nay ab@ag@nw@tfeunefdlmblpdes ik §B mllfﬂy AtihoakarltO; m@astﬂﬁeumeﬂ ue S from

t he curve 0] dIe f e nner r.e urve is
croated. OBt R Tharteroesann fs PO AR kel B bl F L Ena © &
creat ed by) 5112[9@)1{ aGtan zéiﬂatfbﬂ’@ﬂtrﬂmQﬁtb@hlﬂthé heodst Beghefitl ¥@npdne ke pri or
signal. In sone enbodlnents a weighted portion of the trend curve is

subt r act egaptires|ogétut 40al. Aidhocksd1Rathe largest fisguenga co@ponanhisetetrsanineetys i n
whi ch an '1&e%E@5%%ﬁltepoﬁ£8§@§P‘F%\9ﬁ{ @8@ H‘a%s&{l|ec{fa}u°e' gnal, in the first

iteration capture n subsequent Iterations,

oot on a0 RBYoRE s [ thAGloltR 87 sihd) E@éﬁrgwggésp%muq%#bwe i e one

enbodi mentler@th 6ths captnedbuut s%ﬁall(ﬁ/hicﬁ e RSt 8 duf@er ¥AEINGISS) b
alterations, nodifications, rovements will readily occur to tﬁose

ski |l ed i the e idantified aogogkrok2. él@smﬂ rsimber phetmitlefurer ciele dviderfifiadgpt lpckut put
.SI gnal to 5&2 %Xt%uhﬁ)%r ﬁlf &%(é\tﬁecptro a@gl% Pger%aélrps o# rﬂs R fe pe%g?tgn?g e{)é r{od of

i npl ement éd "as a preprocessor i n an £au
sem condumﬁwapdﬂw@ﬁﬁutcsﬁgrﬁl.ectron| c assenblies. Such a preprocessor may, in
near real-tine, provide adjusted output signals for further analysis of a

devi ce unqgosel est Onddone Y edragdshee %&ﬁﬁﬂéd&%ld&ﬁzbethhm\@f@% fdy b tzﬂd@ﬁ at
sui tabl e processor at any suitable tine. It may, for exanple,

i mpl enent edeld valugs ef e e datof e waptusedonpuisignal $uph ag apprstack; y@v@m or

other avai lsé%p to anglyrz@ ¥4lsoidal signal. Even if the signal is not sinusoidal, this approach

may also be used. Though, for non-sinusoidal signals, other techniques may be used to

determine a number of samples in a period or to analyze the signal to represent DC drift.

[0087] Regardless of how the set of values is generated, a polynomial, exponential,
or other chosen curve may be fit to the values to characterize the settling profile, as
illustrated in FIG. 3B. At block 524, the polynomial computed at block 522 may be
analyzed to extract the trend curve from the polynomial. The trend curve may represent
the portion of the polynomial, excluding any steady state component. In the example of
FIG. 3B, the steady state value of the curve 330 is indicated by S. The trend curve may

be computed from the curve 330 by subtracting the value S from the curve 330.

[0088] Regardless of the manner in which the trend curve is created, processing may
proceed to block 430 where an adjusted signal is created by subtracting an amount equal
to the trend curve from the prior signal. In some embodiments, a weighted portion of the
trend curve is subtracted in block 430, such as half, or one quarter. In embodiments in

which an iterative process is performed, the prior signal, in the first iteration, may be the



[ 0091] Al so, the adjustnent of the output signal need not occur in real

time. For exanple, sanples of an output signal nmay be captured and
subsequenwbyoerigbszed. Even though, in this scenario, tireTaS2el1a5Was ay
until the output signal is analyzed that |ikely exceeds the settling
interval, it may nonethel ess be desirable to conputationally adjust the
output signal to renove the effects of nesy-DC drift because the tine
during which test systen1resources are occupied stinmulating and neasuring a
response fr uced reasing the throu of the
oot oyet SUIBoRIEReHedt S el MR iE ol L i PR aRe bRt ™ REHEKAT que be
appl i ed i RigAblt Rk ihesd presiuiepdt®AL . The technlque may be incorporated into
any test equi pnent, whether or not automated. [0093] Additionally, though

testing STm@ﬁ”dUHSx% %‘é'd@%bb@ sdleaghiRed Rt ﬁﬂst%@@&'b@&heﬂ?@ftﬁfs the
inventive t ni ques, it should be appreciated that the techni ques

descr|bedun@nENm1h®w3b@m&pghﬁgﬂﬂmovmmesmhﬁguamynnvpémbbnﬁewice havi ng an
anal og out one | stens. Moreover, it should be

d
appreC|at§§p¥WS$%g?ﬁ%ﬁéﬁﬁpﬁgg?gé%ﬁrgéggﬂg%g”ﬁé%?ul as pre-processing for a

test func are ot s and can be used for oce55|ng
BN 111 TR 2 Y L A At Rt A v e R
a|terat'0%§naﬂqﬂtﬁhﬁqgH&Qﬁbe&%&%é1HE&9M§ﬁ§ﬂ%%qﬁé§Db&&§ﬂH%HaﬁQmQ@c@%Et of
this disclosure, and are intended to be with he spirit and scope of the

|nvent|onsy%@né@mmﬁggwenmhedﬁ@oe@wwngodé@cumpmaﬁﬂmhhd druahvia ipgepregessdoy  way
of exanple only. 0095] The bov d r|b ts of the present
"nvent | on Nt 1 EREnTeA ATRRY S SRR ST TR0y Ta Rhairded pe
enbodi mentsdérayst bElowePére fRNE@EH Inﬂi@ B&aﬁ@\r@ﬁ&m@afaw@ﬁ@ab@é prdc&Rsititaay i on

t hereof. Wen |nplenented in software, the software code can be executed on

any sui t alshigablg 6@@5@6&3@@&%@%& b@ﬁnldﬁmpm@ééggerogramﬁéwad Wraovi ded in a
single CO@PM£§E¥%% I&?Qﬂ%ﬁ%ﬂ%??ﬂgmﬂﬁl h&hﬁ¥conputers Such processors

may be i rated ¢l Teults h one or nobre processors in

an i nt egr@@@ﬂ. c fgﬁg;@go onent . houat, 2 RT.9CRSS N if TP TNt o

using Cir
example, samples of an output signal may be captured and subsequently analyzed. Even

though, in this scenario, there is a delay until the output signal is analyzed that likely
exceeds the settling interval, it may nonetheless be desirable to computationally adjust
the output signal to remove the effects of near-DC drift because the time during which
test system resources are occupied stimulating and measuring a response from a DUT is

reduced, thereby increasing the throughput of the test system.

[0092] Further, it is not a requirement that the technique be applied in automatic test
equipment. The technique may be incorporated into any test equipment, whether or not

automated.

[0093] Additionally, though testing semiconductor devices is described as an
exemplary use of the inventive techniques, it should be appreciated that the techniques
described herein may be applied for testing any type of device having an analog output,
such as cell phones or audio systems. Moreover, it should be appreciated that, though
the techniques are useful as pre-processing for a test function, they are not so limited and

can be used for pre- processing an analog signal for any suitable subsequent processing.

[0094] Such alterations, modifications, and improvements are intended to be part of
this disclosure, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing description and drawings are by way of example only.



[ 0096] Further, it should be appreciated that a conputer may be enbodied in
any of a nunber of forns, such as a rack-nounted conputer, a desktop
conput er ,wea 20epB3eys7conput er, or a tabl et conputer. Addi PCOABRI/OSB3EONPUL er
may be enbedded in a device not generally regarded as a conputer but with
sui tabl e processing capabilities, including a Personal Digital Assistant
(PDA), a smart phone or any other suitablg portable or fixed electronic
device. Further, the conputer may be physically connected to and part of

t he test m ar. It b onnect ed. vi.a such interfaces.as known in the
art i nol ulbBgT oM teibaitbeBed PRESSER e St BNEREERRARe (T ernet
etc. [009T7hpleaRnted if QPO RIMATBYs WAWE FOR exMhiplBhe einbdiineaRtngucput devi ces.
These devi ces can be used am)nfg other things, to present a user interface.
Exanpl es onplsmepise vgingiheudyarnaoitware ta qegtination shaseafd dVheniswlemented ace

i ncl ude prsbi%z?ﬂ’e?thgrso% lc%é{e gaﬁ{l?ee&% &t&ﬁ o 'aﬁ#@ditagfegjsr %Qotr'o?@ol?écti8H%PUt and
speakers or other sound generating devi ces Y or “audi bre presentation of

out put . Eypasphsess, othetheppitovidied i€ @ Singleatonparer be disathttddarmangusdtiplent er f ace

i ncl ude keyboards,_ and pointing devices, such as mce, touch pads, and

di gi ti zi nGOPABIEY sg.uCl&\grO&ﬁﬁprﬁemasé%ml@m&e@ aw&ﬁgé%teqﬁﬁwté@m@n? Pput

i nf or mat i gL E%&H%rs%{?%ﬁ?ﬂeglﬁ&%ﬂ’cﬁﬁ Obnfnchf) TidEh, ApdLoe hoy ot -

[ 0098] Such cohputers may be I nterconnec eg y one or nore networks in any
sui t abl e fimplementedlugohigregcaistyan hog silitablecfarmat wor k or a wi de area networKk,
such as an enterprise network or the Internet. Such networks may be based
on any suilosl] e tRattreliogyuhiist dppyeciHiel thea agemiteli Mgy boecrabydisdintaallof a
protocol and_may. include wirel ess networks, wired networks aor fiber optic
net wor ks. NUBBelLfdpEps. sichsse @k mounisd comprizg. a deakiopicomartiel a 1apteR sof t war e

may be wr iCBItﬂgﬂteH%ir 'agalﬂé%oﬁ%u?er.” %ﬁﬁgil%g&’ﬁyé %&iog@gle? Ay A B A ﬂelgr&'éﬁges

and/ or progranmng or scripting to o may be conpi | as

execut abl eongmkratle régndpdage @ogeitabut with suitadbilapecesoig chpatilities, exkditged on a
f ramewor k vi rtual chi ne. 0100] In this respect, the inventjon may be
brbodl d ALeodH R el KRBT AT R RS RLPDy e bAbEparoE bERT:

nedi a) (e efbcirofic OVIBA IFRIEhBE IR Sbm AR P ich1IOP@NNEEESE B arfeiPatthdi SCS
(CD), opt iecglrodicscs,‘ digital vi (rjne% di SIEISHE?;[})@/%) , q)jlgmagrrlle‘ti C t%pes, flash

menor i es, test ystan, or drrhigls eannoeted via sBeleinderfacogasdmenityl ie tiGaareinahudangs far ot her
sem conduct or devi ces, 0or. ot.her. ngnstransitory, tangible conputer storage
medi um eﬁé%%%%?ﬂéo%@etooﬁmlﬁg%%’rt ?rim?rﬁgtt (,J“tCWnen executed on one or
nore conp or ,other processors, perform nethods that, inpl nt the
Varous. SMBT ment Bock RO BnE S TaioE B8 BHULT SV FHEY EBpUES: T oadabl o
medi um or JeRdiaaaaR u@@d,taﬁf‘éﬂgl%ﬂ{elf alhg, (ospiefent hater e R0 I@MPRYs P LRGLANS
stored thereon can be | oaded onto one or nore different conputers or other
pr ocessor sleviges thptl candnatusedatoi puord dais pesstintediicetineluge petarts or disghtyisoreemstor

di scussed _ab Ve, Agaiuseg htertei n, taﬁ% ler rtrPée non-{ ransiﬁt or%{ .cosngéut el r eadabl e
storage medrEMCERESTRAE SRS PEEEHE A SP U PR AR AP URTYRELR be
consi der egrdsenthorofBuipiit 2Bk biiBlet bf Biput @dvides kieat 04n BeruNel a6t AR} iddrfRe MACHI ne.
[00101] The terms "program or "software" are used herein in a generic
sense to rkglede kegbegigs. ay¢aoigting eayierseruch ga &nies- tah pads. epdrgigiEringiebletk abl e

i nstructigns I t o} ; r er processor
to inpl em%\ %tanbglr%% %}gagl{bégs)’%ec?@ ugefyr%erg%e?%eslglhﬂﬁ%@%wlgﬁﬁéusg%dg P gécclli}ssed above.
Addi t i onalréapgnition ohaudtetmdifipferaiat ed t hat according to one aspect of this
enbodi ment, one or nore conputer programs that when executed perform

met hods of0098¢ PrSE@onipledinh P Be QoML 8Fidie 0P thofe BtROHE if @APput er or
processor, but may be distributed in a nodul ar fashion anongst a nunber of
di f f er ent seigpputosinsingludpiecised sel graagetwrik ora ntids, diiep sefsvosls et &5 B t he
present i tiQn, terae [ ruct | - be in many
forns, sugﬁgﬁgisg;ﬁ Stgviogl?n%?m&h&ﬁgg},weg%%lu‘iég‘g&%gmgﬁg egégercriooﬁledn gﬁ%%ﬁér s or ot her
devi ces. Gheslaky ¥nd papgpamenootiag tb sy MdeblegpibionelSandprBginaliEe wikjesct S,
conponents, data structures, etc. that performparticul ar tasks or

i npl enent DpRYAke witse ngredrksiek filpsRtE PHEOTKSTy pi cal |y the functionality of

t he program nodul es may be conbined or distributed as desired in various
enbodi men{€099] Also, the various methods or processes outlined herein may be coded as

software that is executable on one or more processors that employ any one of a variety of



26 [00103] Al so, data structures may be stored in conputer-readable nedia
in any suitable form For sinplicity of illustration, data structures nay
be shown wo 2hevs6ds7el ds that are rel ated through | ocati eaTius2atheswas a
structure. Such relationships may |i kew se be achieved by assigni ng storage
for the fields with locations in a conputer-readabl e nmediumthat conveys
rel ati onship between the fields. However,,@ny suitable mechani sm may be
used to establish a relationship between information in fields of a data
structure, ingludi t hr h th e poi.nters, tags or.other nmechani sns
Chat est asPreins BrleroaiitE e aocadiy M Tiathiee b8 g4 0dringdty Spect s
of the prasmpiber aﬁ/@mam@rpr@ymi@myﬁﬁgha@h@myoﬂpao%@ﬂfﬂmiﬂgbf Soiptifg tdols, anyar i ety
of arrangenents not specifically discussed in the enbodi ments described in
t he foreg@lsAgnars qompiled pepwicatanlstmapghine lageyage pede Gppteipediate sodethatis

details agga%%£ﬁﬂ%ﬁslﬂgwg (ﬁgﬁgﬁggg&ﬁmget forth in the foregoing

description rate raw ngs. For exanpl e, aspects descri bed

in one e i nt y be copbi.ned..in _any manner .w th aspects scribed in
other enb TS s e R R i e erds b o RREE iRaliR S L ed: o,
of which afedexr g Ruligk ddapited iMhble thedid)€e. 8¢ h soRBlifePMRRGr@®nPar nogf the

met hod may be ordered in any suitable way. Accordingly, enbodinents may be
const r uct é@ppndises, epmaedt slisgs €CIPBopBeakdiscs. dliglipl vidge diskh (P ¥Parnagngtin

illustrat i . 1.NG 1. O Gt a S ven
t hough shgﬁﬁ&ggmggﬁhenevgﬁkggggﬁﬁﬁﬁakﬁ%2?F%??E%ﬁgﬁﬁgﬁﬁggﬁ%%gﬁ?§6%§@T§use of
ordi nal t eemiitosdieioralevicts, o8 biher heeaamdtory, tinitle comepiter stolape teived)ai ms t o

nodi fy a claimelenent does not by itself connote any priority, precedence,
or order &RCWE Wihan08 MGTe RTOSERPRT thath SRR FXesHtedIRE QneRh H4F COPBIEFTSIO whi ch

acts of a offiet: Eﬂﬂef%f%hf?&ﬁrﬁ{ ﬁ‘[@t‘ﬂ d?ﬂﬁtat M fteaft %Wrﬁhy e@%o&iﬁ{%ﬁ{s%f [0S

di sti ngui sh one clal n el enent ﬁaV|ng certaln nane from anot her el enent
havi ng a saeetiomdbeyshed atfoge. libecahpithiercadadilamabditier er)méedia chirstid ngui sh t he

claimelenents. J00107], Al.so, the phraseol o d term hol o used herein
s for t ndSBRBERE: UL LR ipEigm SrRIOSABG PSETERT FubT BEFLY PY {1 ng.
The Use_Obrﬁkﬁ&&ﬁ@hﬂ@c&pﬁ&@ﬂﬁﬁb&kﬂ nkeQBm%B%ﬁpﬁﬁmﬁthﬁﬁﬂEaq%b@%fﬁw _
“involving," and variations thereof herein, is neant to enconpass the itens
| i st ed thereseaittinyensind aedistwsaddeaitoyet Heywod harsinagic teas "adetittansteay itens. 27
CLAI M5 What is clainmed js: . 1. A nmethod of processi a_sj.gn out put
by el mapmaRieE i slofieg amedivmy s BirRen Pty oMt g0 0L} P
of sanpl esa®be BorRRIeidItb Ge i aRIfadh@B! @8 & Bitic RO ftrihuldtpsf oraf mhdienee! ectronic
devi ce; conputing fromat |east a portion of the plurality of sanples

a first seso1oiNg Phokihe Rbothe ResirRire” SIB8& herein in a generic sense to refer
to any type of computer code or set of computer-executable instructions that can be
employed to program a computer or other processor to implement various aspects of the
present invention as discussed above. Additionally, it should be appreciated that
according to one aspect of this embodiment, one or more computer programs that when
executed perform methods of the present invention need not reside on a single computer
or processor, but may be distributed in a modular fashion amongst a number of different

computers or processors to implement various aspects of the present invention.

[00102] Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program
modules include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Typically the
functionality of the program modules may be combined or distributed as desired in

various embodiments.



subtracting the first settling profile fromthe plurality of sanples to
obtain a first plurality of adjusted sanples; and perform ng an anal ysis

functi on wo 20te036987st plurality of adjusted sanpl es. PCT/US2011/Dh®3sret hod
of claim1l, wherein conmputing conprises fitting a polynomal to the
plurality of sanples. 3. The method of claim1l, wherein conputing
conprises fitting a curve to the pluralitysof sanples. 4. The net hod of

claim 3, wherein the nethod further conprises iteratively: fitting a curve
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t he out putuigdbld foemeIFRE binfPhicRy dﬁﬂlu@@atﬁﬁf dag sedctines hiag badhowwh esdhsMRIES
provided in a preceding iteration; provi ding adjusted sanpl es by
subt ract i Mt geel rgkaged; througk lopgtien inghe fihfé syBgtyre; r$g1¢h sHpianehipp may dikeyisgbgt i on

fromthe ggllggée%ile[& azsq?l%}? n el Vf*o?'&‘l% fieﬁ‘dst\l)l‘?h f%%&t?o?ﬁ'nﬁ‘g cbl{xjﬁu%!re%ﬁ ble >

The net ho urt conpri r%m the first
plurality mffditﬁﬁljtmt:@d/e$ﬁfﬁmtE&S}ﬁp be@&eﬁl tl&efaetldis ﬂ@om@ﬂdn@ softatlé methansdm
plurality of adj u(?ted subtracti ngeihe second settling

profile fismbeised fqeta Sﬁlm aql%tt%nslafp bshyqrateigraaiph iadields pdafastyciiEzond
pl ural i tyn‘r'l:flucﬁf‘il Hﬁ‘& tﬁ@{mﬂ' o%ntglg tags or otﬁer n:[& e‘“%p%t Qgta‘tﬁ i m S5, wher ei n

conputi ng conpr ses Titting TSt curve to t ural ity of sanples and a
second cureletignshipHetwéenstatadlemeandts.t y of adj ust ed sarrpl es.

[00104] Various aspects of the present invention may be used alone, in combination,
or in a variety of arrangements not specifically discussed in the embodiments described
in the foregoing and is therefore not limited in its application to the details and
arrangement of components set forth in the foregoing description or illustrated in the
drawings. For example, aspects described in one embodiment may be combined in any

manner with aspects described in other embodiments.

[00105] Also, the invention may be embodied as a method, of which an example has
been provided. The acts performed as part of the method may be ordered in any suitable
way. Accordingly, embodiments may be constructed in which acts are performed in an
order different than illustrated, which may include performing some acts simultaneously,

even though shown as sequential acts in illustrative embodiments.

[00106] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to
modify a claim element does not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in which acts of a method are
performed, but are used merely as labels to distinguish one claim element having a
certain name from another element having a same name (but for use of the ordinal term)

to distinguish the claim elements.

[00107] Also, the phraseology and terminology used herein is for the purpose of

description and should not be regarded as limiting. The use of "including,"

1" << 2% <<

"comprising,” or "having," “containing,” “involving,” and variations thereof herein, is
meant to encompass the items listed thereafter and equivalents thereof as well as

additional items.



7. The method of claim®6, wherein the first curve and the second curve are
different. 8. The nethod of claim4, wherein fitting the curve to the
pl ural i t yWwof2opzaispdses conprises fitting a polynom al to rhe/ysbunabiosy of
sanples in the first iteration and, for each iteration after the first
iteration, fitting a polynom al to the adjusted sanples provided in the
preceding iteration. 9. The nethod ®f claim4, wherein iteratively
fitting the curve conprises performng between 6 and 12 iterations,
i ncl usi ve. 10. The method of cl ai E %Mgﬂerei nin at |least a portion
of the iterations the curve is a pol ynotd avi ng an order between 4 and
8, inclusive. Whatisddimefhe net hod of claim 10, wherein the fitting the
pol ynom al conprises fitting a Newton Form polynom al. ~12. The net hod
of claim1, whérei n%@lﬁﬁl@ﬁiiogerq%mas%gnqipwwhéy ghelestpuvedties theurve or a
spline to ity of sanples. 13. A nmethod of manufacturing a
sem condugﬁégl%dgéé)wpgles%ngf he nethod conprising: testing the device in
accordance w t hedehéngrepheditpbf cinglen df;a meniddic signal epredeitingrtaé bytppestfthe m ng
at | east onpe manufacturing operation based on the results of testing the
devi ce.  clectronig deWcgiest system conprising: a digitizer configured to
receive an out : A lldg[??{ﬁ' : - . i to:
recei ve a pl urgﬁlﬁ? gtfl%%fr?%ﬁ eagfef%?to tﬁ%lji | glctp ?lzng;t? OPEM%QE&Q&{H@%&%

of the periodic signal;

subtracting the first settling profile from the plurality of samples to obtain a first
plurality of adjusted samples; and

performing an analysis function on the first plurality of adjusted samples.

2. The method of claim 1, wherein computing comprises fitting a

polynomial to the plurality of samples.

3. The method of claim 1, wherein computing comprises fitting a curve to

the plurality of samples.

4. The method of claim 3, wherein the method further comprises iteratively:

fitting a curve to the plurality of samples and adjusting the plurality of samples
by, in each iteration after the first:

computing a model of the settling in the output of the electronic device reflected
in the adjusted samples provided in a preceding iteration; and

providing adjusted samples by subtracting values in the model of the settling

computed in the iteration from the adjusted samples provided in the preceding iteration.

5. The method of claim 1, further comprising:

computing from the first plurality of adjusted samples a second settling profile of
the first plurality of adjusted samples; and

subtracting the second settling profile from the first plurality of adjusted samples

to obtain a second plurality of adjusted samples.



29 derive a settling profile in the output of the device under test
based on the plurality of sanples; and subtracting the settling
profile fwormttmserurality of sanples to produce a pl ur@Cirtus2afi/oadpsist ed
sanpl es; and a processor configured to receive the plurality of

adj usted sanples and performa test function based on the plurality of
adj ust ed sanpl es. 15. The test systgm of claim 14, wherein the
pre-processor conprises a digital signal processor. 16. The test

system of claim 15, erein the .pre-processor is configured b

corput er - executubl e TR S TRt & R T Pt hrise B De Bt eads ust
the pl urald the pdirab§@ls@fples and a sékbnd Hhee te ke fERPl@MiGiofalpistd Lomplkker ei n

t he conputer-executable 1 nstructions conprise a portion of a digital signal
processing library. 18. The test system of claim 14, wherein the

pre-processor gonpr 'T%g%e%l[ﬂodbéglcﬁlm 6 where}lg the'%irg'tod{'fr d ﬁl@ﬁhé %c%ﬁn%i:%rve are

conput er -readabl e storage nmedi um conpri si ng conmput er - execut a

i nstruct i difseréfdtat, when executed, process a plurality of sanples of a
periodic signal representing an output of the electronic device according
to a method conprising: fitting a polynomal to at |east a portion of the

plurality of saml eShe method Mi&a@wlﬁ%&%?gg&?gﬁp@,ﬁggt@mﬁgiﬂgg@gldnom al from

the plurality of sanples to providé a s, t es based on
t he pol yneamples c@ppese fittinpop p@yndmialtoi the phigaldy bpsampdés inhikee Bisetemoom ¢
devi ce. i

20. . The non-t it . Tput er - dahl t di f
e %10, BB RS s TR S b S B R5E eel™ ©
sanpl es byyoyidedaatie pre&idatd @ra@dd er a first iteration:

0. The method of claim 4, wherein iteratively fitting the curve comprises

performing between 6 and 12 iterations, inclusive.

10. The method of claim 9, wherein in at least a portion of the iterations the

curve is a polynomial having an order between 4 and 8§, inclusive.

11. The method of claim 10, wherein the fitting the polynomial comprises

fitting a Newton Form polynomial.

12. The method of claim 1, wherein computing comprises fitting an

exponential curve or a spline to the plurality of samples.

13. A method of manufacturing a semiconductor device, the method
comprising:

testing the device in accordance with the method of claim 1; and

conditionally performing at least one manufacturing operation based on the

results of testing the device.

14. A test system comprising:
a digitizer configured to receive an output of a device under test;
a pre-processor configured to:

receive a plurality samples from the digitizer;



30 fitting a polynomal to at |east a portion of the adjusted sanples
provided in a preceding iteration; and provi di ng adj usted sanpl es by
subt ract iwgQ 2br2ospeshe adj ust ed sanpl es provided in the pPetas2oig/o5t0ss ati on

t he val ues based on the polynomal fit to the adjusted sanples in the
iteration. 21. The non-transitory, conputer-readable storage nedi um
of claim 20, wherein the conputer-executafpje instructions conprise a
function of a customdigital signal processing library that accepts as an
input the plurality of sanples a rovi des. as,an outpu he, adj,ust.ed

sanpl es provi ded at 99 yS AORE Rl B, o065 8502 Rt Biler {DERERN SRR
conput er - r eadabligalsthy @f ageplegdhdm of claim 21, wherein iteratively producing
adj usted sanpl es conprises performng a predeterm ned nunber of iterations,
the predeterm ned nabifEctipghsgetibagpiefilosremdheplurglifepfsgmpdes to producoa.  The

non-transitory 1‘%@@%%@%@@%@ 1gs§sdh8r age nedi um of claim 20, wherein the
e n

pol ynom al in di ent “iteratl ave different orders. 24. The
non-transitorya peaoepdst eonfi@aethiol recedteotha genraiitioti ndjofted banpreahd pnfoim@ian t he

olynom al is a_ Newton-form polynom al.
POl Yy test ?unction based on the pheraliYy of adjausted samples.

15. The test system of claim 14, wherein the pre-processor comprises a digital

signal processor.

16. The test system of claim 15, wherein the pre-processor is configured by
computer-executable instructions to derive the settling profile and adjust the plurality of

samples.

17. The test system of claim 16, wherein the computer-executable instructions

comprise a portion of a digital signal processing library.

18. The test system of claim 14, wherein the pre-processor comprises an

ASIC.

19. A non-transitory, computer-readable storage medium comprising
computer-executable instructions that, when executed, process a plurality of samples of a
periodic signal representing an output of the electronic device according to a method
comprising:

fitting a polynomial to at least a portion of the plurality of samples;

subtracting values based on the polynomial from the plurality of samples to
provide adjusted samples, the values based on the polynomial representing settling in the

output of the electronic device.

20. The non-transitory, computer-readable storage medium of claim 19,
wherein the method comprises iteratively producing adjusted samples by, in each

iteration after a first iteration:
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fitting a polynomial to at least a portion of the adjusted samples provided in a
preceding iteration; and

providing adjusted samples by subtracting from the adjusted samples provided in
the preceding iteration the values based on the polynomial fit to the adjusted samples in

the iteration.

21. The non-transitory, computer-readable storage medium of claim 20,
wherein the computer-executable instructions comprise a function of a custom digital
signal processing library that accepts as an input the plurality of samples and provides as

an output the adjusted samples provided at a final iteration.

22. The non-transitory, computer-readable storage medium of claim 21,
wherein iteratively producing adjusted samples comprises performing a predetermined

number of iterations, the predetermined number being between 6 and 12, inclusive.

23. The non-transitory, computer-readable storage medium of claim 20,

wherein the polynomial in different iterations have different orders.

24. The non-transitory, computer-readable storage medium of claim 23,

wherein the polynomial is a Newton-form polynomial.



