-1 - HIGH THROUGHPUT SEMICONDUCTOR DEVICE TESTING BACKGROUND 1. Field of
Invention [0001]The invention relates generally to testing electronic devices and more particularly to
increased tINSUYHRIBEMA test system. 2. Related Art [0002]During the manRdeusR81df0SéPafconductor
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 devite. [0003]To support the large number of tests
that must be performed in a semlconductor manufacturlng faC|I|ty testlng |s performed by automatic
test equipment. The tHs DAY H s[Heliidab s igmHls that can be
applied to the device under test as a test stlmulus The test equment 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 pr8eit GREHEysis 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 bp&ielé obliaveirHent meeting all desired performance criteria, can be "binned." Binning

allows partialla/ functioning devices to be sold, though often at a reduced price.
[0001] The invention relates generally to testing electronic devices and more

particularly to increased throughput of a test system.

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. Some semiconductor devices produce only digital outputs. Though, other
devices prodf2@idaRae¥dlog outputs or both analog and digital outputs. FoPEX4MMel/8&WBonductor
chips intended as controllers for cellular 2 telephones or disk drives produce analog outputs. To
support testing of devices that have analog outputs, automatic test equipment has analog signal
capture components and signal processing circuitry, such as a digital signal processor, which may be
dedicated hardware, or may be a general purpose processing unit performing digital signal processing
operations. Thlertigited sighsk groceyodpro casksaipwamplerippattestiaoiddvesishgdreineters of

the output signals, Wi can N LeSPERAGLIPASSRRIPG JANYSS At BassRBIAMELETS (©

determine performance of the device under test. Examplesof these parameters include signal
amplitude, tottinahprrsascidseaicioryirsusims actimstalrdene gritersecss Whethrmuvdiatisdisigerdls.

[0006] Testing 0f dgVICsS ALY 9%‘%8%&‘1'}%9&)9&‘ BIIRRIGIR gansiAtYPaUREMEeghping periodic

signals, frequently sinusoidal signals. The output signals, once the device under test has responded to
the input sigiP&PcRs disdanesfienhe heribgit! Fisisataspertserdueschrsdbe srippiviTadesusipeRather,

immediately {gliowipg gRRlicAiANPHENGNGE I sstiMuiis:SignalN6le ML A I AR Bierval as the

output transitions to a steady-state, periodic signal. [0007]This transition interval is sometimes called a
"settling intefi@@ReoiosbRlip gairmectbetndeemme peptrsighes i ferfetddsansettieny” into its steady

state conditiqf., [{}f31gPalNAYaAIRRRA SR I061MES A REAE DG A EHMPORERiGHIIRg this interval,

because the periodic signal, though oscillating during the settling interval, appears to oscillate about a
level that ch&3gaaeiesiybvartitise hantmeeboiepHitgnete output signal oscillates -drifts" towards
the point about which the output signal oscillates when it is settled. The near-DC drift, at any given

time, represd%e diffsréingebdaisen SRR OTRlO HeEpAisie A s EaRTEHYmsE treedtting
interval and Eﬁl@n‘gﬂﬁiﬁd&fi@%Hﬁ@?ﬂ&f&&ﬁﬁ%ﬁﬁ@&@d&@%ﬁlﬁar@'ﬁH|6ﬁ'ﬁpﬂ¥@?%’h£?s§f8ﬂgé/\{ﬁélﬁ§m€|d be a

periodic analog signal, if samples of a signal are collected while the signal is settling, values of

parameters 0P8 SitfisdeteARfREdOHIoRMsEE S b LA hapsiiafionddiietasestdusions
about operatiRR i $hecaeViasLRMARIRA T REEANGIISIANS MNRTo RS Wike 19 Miedndepesmbthg drift on

such measurements as Voltage Peak (Vpk) for instance, or due to spectral leakage in the frequency
domain causkHHe Hertloemans gﬁ%&ﬁ@“é%ﬁﬁﬁﬂe@%%?ﬁb%“ﬁﬁ%@??&&%&? Fe¥EddY it is known in
testing semigendusdnbdR\gaato either not collect samples during the settling interval or to discard,
without analyzing, samples collected during this

[0007] This transition interval is sometimes called a “settling interval,” or “settling
time”, because the output signal is seen to be “settling” into its steady state condition.
The signal may also be said to include a “near-DC drift” component during this interval,
because the periodic signal, though oscillating during the settling interval, appears to
oscillate about a level that changes slowly over time. The point about which the output
signal oscillates “drifts” towards the point about which 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 level of accuracy, but may, for
example, be the time it takes the DC drift to decrease by 95%. The settling time may alternatively be
set empirica¥ HH2E3eAFGh" time that sufficiently few devices fail that wouldP&§th&iRfde/Hd8asif a longer
wait time was implemented. [0009]The settling interval may be on the order of milliseconds or tens or
hundreds of milliseconds for example. A full device test may require hundreds or thousands of
individual tests, so these settling times add up. This settling time can be a relatively high percentage of
the total time required to test a semiconductor device. The need to wait for output signals to settle

every time a mﬁﬂimﬁg}t@i{gﬁhl Bhapptidia ométiangadcbs @Wé@téﬁﬁﬁi@e@dn@d 'Qfmarrmted
throughput.” Revics liited HirpugbRHt mEans:ikal R FEURAS RISRIE)Aeplayeddtim,

semiconductor manufacturing environment has a capacity to test devices at a higher rate and could
test devices Hng Highetteanativele henot ovapirieptirittg theughilingertmiaitioapsméewdapiecsamples.

[0010]Becauﬁﬁl%&P%&@&‘&H%E@E%Q'i?gimgeﬁ%ﬁi@ﬁﬂ@{%‘griﬁ’?ﬁi‘éﬂ&ﬂ@é‘d'.ity to support

semiconductor manufacruring, and because such costs must be proportionally allocated to the total

cost of man @m;ge of eachedRMictmieaEtnhYng Havcedimies INQUEhRUS isHadeairabieds

SUMMARY [0011]In one aspect, the invention may be embodied as a method of testing an electronic

device. The RigtHbEsRBIMEAnaB BRIV NEPH BRYTSREFUBAYTSREE S KERSHRY SigHerebPésenting an

output of theiglgciraniGdayics Heseriali PR1Iep ofthapiwRlinhef saRIgseAdVelSeiging profile
of the periodic signal may be computed. The first settling profile may be subtracted from the plurality of

samples to oPRERNEREFRIIRG ANt SIRREeteE i iptea sSAR SRS TdR¥fen M sedJeTRhEY on the
first plurality gf @diustad samelas- 4003 2inanathanasngah e ppventiprisiiesdmamathpd of

manufacturing a semiconductor device. The manufacture may include testing the device and

conditionally {5ERfSHAFRY st idasice hgniethibretig odesuire T pussynuakriE DR s thakARg the

device. 4 automatic test system deployed in a semiconductor manufacturing environment has a
capacity to test devices at a higher rate and could test devices at a higher rate were it not

waiting during the settling intervals to gather usable samples.

[0010] Because 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]In yet another aspect, the invention may be embodied as a test system. The test system may
include a digitizer configured to receive an output of a device under test. A pre-processor may receive
a plurality s¥8E298¢PSthe digitizer and derive a settling profile in the outpBESfURY HARALB Inder test
based on the plurality of samples. The settling profile may be subtracted from the plurality of samples
to produce a plurality of adjusted samples. A processor configured to receive the plurality of adjusted
samples may perform a test function based on the plurality of adjusted samples. [0014]In yet another
aspect, the invention may be embodied as a non-transitory, computer-readable storage medium

comprising c@ﬂﬁher-e&gﬁ@t&hﬂ@ﬁmm@%ﬁ@théfl?ﬁﬁil@lém@xémﬁéfd%qﬁé@%@'aeﬁl@yémmoﬂmnples ofa
periodic signglfepresenii jﬁ&ﬁétgﬁggi% EREEARIG AEMCE v B AIRRESTRALVRY REJREHQFMed

according to a method that includes fitting a polynomial to at least a portion of the plurality of samples.

Values based @retieopeiyeiomiasliasgiybe Bh_mlétc'té@mm Emmmaii_g}ttﬁesaﬁﬁﬂésim pﬁ@mlegadj_usted
samples, the,yahieshasedGlbeROBNRRIRhIRPIESSINRY SeHINGHRAING SHIRH AL heglectronic

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

attached claitft!i BRPEHLD ERC R¢PTROM O DRANY NG Sl [ooteynhel etckopipdisgin tvaliings are not
intended to gy duavin g srale Aln e dauings- gaghddentcalnr nepideiicalcompaneyt that is

illustrated in various figures is represented by a like numeral. For purpases of clarity, not every
component ity ierfapaledeitt Byshjorrbgssoonihneldraliingsadpoiadsapiess a functional block

diagram of an automatic test system configured to test a semiconductor device; [0018]FIG. 2 is a plot

illustrating diffHHces BeuGERRPEIFOURRRA TR H easRR R s ik adittlig AeRvHRBAHEPEN output signal

at steady staigmputer-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. The processing may be performed according to a method that
includes fitting a polynomial to at least a portion of the plurality of 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 some embodiments
of the invention; 5 [0020]FIG. 4 is a flowchart of a process of adjusting an output signal according to
some embo®ith&hEBFBeE invention; and [0021]FIG. 5 is a flowchart illustraRfd/HizAEY§dals of some
processing steps illustrated in the flowchart of FIG. 4. DETAILED DESCRIPTION [0022]The inventor
has recognized and appreciated that efficiency of electronic device manufacturing can be improved
with a test system that generates accurate test results uding samples of an output signal collected
during a settling interval for the output signal. Through analysis of these samples, near-DC drift in the
signal can bdM&leled Firorhia aitatestsf tiod meeacers orifdj esbogting piofil siphahecsigdllctn be
identified. T%ﬁ%tglﬂgoﬁﬁﬂfgﬁt%f‘tﬁgiH%@gti%?nglSt the captured samples to represent the output

signal without the effect of near-DC drift that occurred during the settling interval. [0023]Analysis
functions per[fasmid basgrsl enstheaRiUSIRASRMAIRS NAUE ATRERUSACY TR -BRRGNINRSS the accuracy
that is achieved when the functions are performed on samples acquired after waiting for the settling
interval. Howdveiataa iinfee prawesvitipletdptcation 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, reducinlg ,III; Ia}grg% gi iime ih test system resources are devoted
to capturing an output from a device un& Ll LED Dk oughput of the test system, making

the entire Semﬁ:ﬂ]ductghmgggrfﬁ%{ Hgsn 968 geglazg grm%%epreefcf:llgltggtthat efficiency of electronic

-

device manufacturing can be improved with a test system that generates accurate test
results using samples of an output signal collected during a settling interval for the
output signal. Through analysis of these samples, near-DC drift 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]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. HoweveW @ B{i#iHtic test system may differ from a conventional testRéyEfesAliHA54938 is adapted
to capture and analyze outputs from a device under test during respective settling intervals for the
output signals. 6 system 100 may be used in a facility for manufacturing semiconductor devices or
electronic assemblies. Each of the devices or assemblie€ may be in any suitable stage of
manufacture. In some scenarios, a test system, such as test system 100, may be used to test
semiconducteystayited maldstiticih ibaréadibtioren DA iAeiEingifsricomdlectsthée desdcds. In other

scenarios, a et Yl aS tash BYSIRAA-BRYDEMHRY IRCHE %?Xiﬁ‘?&?tgﬁfetﬁ%eh@fv € been

severed from a wafer and packaged as individual components. In sfill other scenarios, atest system,
such as test B\riartoe, Mapbe iwsadriostasteelsyiicnicsasBamisie sy wordSfe maydaeusssk 9perations

may be perfquped /i3 HAQYIRARIIUJARY M WRIGD RDRGHION. PREKAYG) %%;HH})% ggrations are

performed during manufacture of semiconductor devices or electronic assemblies. Though, in some
scenarios, saiitsiddetether eertrnsicdeseriimashiattornysparilidiaanty vedisi@stted such

that test systgl0; 100, 5 l0gRIEALIL 3 def Ly drwhiGh QY ASSHRPGIAIRS s apmed. Accordingly,

the specific stage in the manufacturing operation for semiconductor devices at which test system 100
is employed $omppacRtitdiichlbathes seciOURS] Pestisysiem. BoomaicHes ripatrl et ushrguredwn

techniques for cORSIEUEIRE AWEMALS RFLRAVIRMAEN. l@s%hﬁ‘;é%ﬁ%ﬁkcrﬁagﬂ%%ﬂﬂﬂﬁ{@ﬁ%“ FIG. 1, test

system 100 includes a controller 120 and one or multiple instruments 1301.. .130N. Each of the

instruments FRaYUGRTIBrES faRdi O impichitaRiicatiognais tRsIngrer AMHERPESAORB SO PRSI B Vides (or
assemblies) yndes test R fukllr EARRAEHEINSINREBIS 3G dnic 23N PTRY. aﬁ&’éﬂ%ﬂ?ﬂv sBhe

alternatively capture one or more output signals from DUT 110. [0027]Operation of the instruments

1301.. .130 \SEEay IS cERENBEAUS PR UCHEFTRING 265 cb BRIt HTE IS B HOG AN EE to control the

instruments @W%&HQH&%M&@HP%@ ?sFlBE%EHJPﬁ? JQ&&H@XE‘%EIP%W%@( gﬂ%&‘!&ﬁ;ﬂ assembly
under test. The number and types of stimulus sgnals generated collectively by the instruments 1301. .

.130N and thEsREHBENSHhd Arses BTyt Hin SigriAls fiten DUT MROHRALTREPBRIatEEI9Eed by
instruments 133eod AR MRYHePaNFRM R INsRACHPAS @R WV 1 nfictRyintgle the specific

number and types of signals generated and measured by instruments 1301...130N is not critical to the
invention. [002T#¥construction of each of the instruments 1301. . .130N may depend on the specific
signals that the instrument is to generate or measure. Accordingly, each of instruments 1301 ... 130N

may be a cirt#¥inin Seshysite dSfhBEcht FapiSHTEwgne known techniques for constructing

avtomatie test equipment. In the specific example illustrated in FIG. 1, test system 100
includes a controller 120 and one or multiple instruments 130;. . .130y. Each of the
instruments may generate one or more stimulus signals that are applied to one or more
devices (or assemblies) under test DUT 110. Each of the instruments 130;. . .130x may

additionally or alternatively capture 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 instruments or may in other embodiments be separate physical components interconnected
to form one of the instrument | 301...130N. In some embodiments, the invention may be employed with
periodic anaN 2iA&?8Though, in some embodiments, a test system maydokiRAa1Yg8%erate and
measure other types of analog or digital signals. [0029]In the example of FIG. 1, instrument 1301 is an
analog instrument, intended to generate an analog signal applied to DUT 110 as a stimulus signal for a
test. Instrument | 301 is also configured to capture an afalog signal output by DUT 110 and to
analyze the captured signal. Analysis of the captured signal may reveal values of parameters that
indicate whetheltiplg strenisisp eratiay iproheriyrbeadenimnssrberienastSobysic3bepmgnpaise similar
constructions,or Ma% De-9BIHIESHIORFHOMBAIRRNSHIUNGYRNSIAS e KRRAM infhe a1t [0030]in the
example of FIG. 1, instrument 1301 is shown controlled by a pattern generator 140. Pattern generator
140 may be &hreriponedt be $5RNORA Yritthecaredic anadegovgants teEheyghem sParern generator 140
may be confighiinsRntiakalten aTpgnanim AN desiiBant 1Ok, dhepp.cingrizents other
instruments, to generate a stimulus signal applied at'atest point on DUT 110. Similarly, pattern
generator 149 figifdsigrslsther components within instrument 1301 to measure and analyze an
output signal from a test point on DUT 110. In the embodiments illustrated in FIG. 1, the test point at

which a stiml#82%¥ignalisthppriaante afEFEnd tasiaast Hhikt 2t M8 theEapnsedgehics

measured. HQWeMEE qih shARfaatifppieatthaUne sHmuAUsi ARG KESPRNSS Sidea!s PednsRaured at
different points or that a stimulus signal be applied by the same instrument that measures the

response sighil! Matedrerigesd rRioartalsHeantiag therahoretidy Hélstitunnd Ygnal#alee
simultaneougly,appliethia DUl asdieerpdian e esRPRSR SIYARINGYJasmeasuied as the

output of DUT 110. Further, it should be appreciated that the stimulus signal need not be an analog

signal and miigaeexbaisieDbE d Higit ARSGHRCRERRFIGY e (B RHINERthé Fevict3 (N Bdthe

embodimentgwhena desdasRredshiests s&%&%&&a&@&%@bm@h% ancexNasiaput, there
may be no express stimulus signal. Accordingly, it should be recognized that one stimulus and one

response sigf&<4RSHFENly for simplicity of illustration. [0031]For a complex device, multiple tests
may be perforr&ﬁed in ordey to assess whether the device}ié dl)r,op rly operating. Accordingly, pattern
1

generator 1408 be HPEGTAMMEPtS EontrdM iRt W0 218 BEFRIH Mty IR RBYEN a single
device undertestatdia 4i0iPgtaivhieheash eshis prriccoiesbmay e coindkollied dy sanireer 120 such
that operation of all of the instruments may be synchronized. In g_conventional test system, each of the
tests that inv?)‘f\t/%nbaé]pﬁﬁ??ﬁéyétf’&pgﬁgggi%ﬂﬁ%@fpﬁ%éo?ﬁ@? SR sk ELetting interval
such that theconiieieptOM thihlia seetiber B0k capitkeeho eaibcarden:sibaantneinkiingdhe settling

interval. This settling interval may be repeated for every tes formed.on DUT 110 because each test
iy et ORI S WO eP L ARAER B B it o SIS S e siome

generated by&Nerhtdil 046 adjpstat 60 bnrachpoiifhtihe tdilsknentemag detpeaitasmedsiar each test.

[0032]One of the components controlled by pattern ar 140 may be tjmin erator 150.

Timing gonePARY Ao iy WSEBE EOAMEH Lo et ertt AR B TIEHS SIEoABHG overa

control of theFl€stiprbeass pralythe wielehmitecunys contidiles g Rdinstitfaent 3@ hwasgssiarate timing

signals to controgocg‘e ation of one or more comF nents within instrument 1301 or another instrument
¥ A OB Ao

1302...130N2TH G RIGH AN OBSHP At BrodPararhad s PrsHURERE AT for test system
100 to be progranhimeddesppoiornsiasis fer memeralist diffiient popes of davicesmulus signal be

applied by the same instrument that measures the response signal. Moreover, it should
be appreciated that more than one stimulus signal may be simultaneously applied to DUT
110 and more than one response signal may be measured as the output of DUT 110.
Further, it should be appreciated that the stimulus signal need not be an analog signal and
may, for example, be a digital signal that triggers operation of the device. In some
embodiments when a device under test generates an analog output without any express
input, there may be no express stimulus signal. 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]Timing signals generated by timing generator 150 may control other components, such as a
waveform generator 160. Waveform generator 160 also may be a component as is known in the art. In
this exampl&/Q2eiish8generator 160 may be programmable to generate XHEASA LIS In the
embodiment illustrated, that periodic signal may be a sine wave having a frequency and amplitude
programmed based on a specific test to be performed on DUT 110. Though, the invention is not limited
to processing sinusoidal test signals and waveform genévator 160, in some embodiments, may be
programmable to generate a periodic signal of arbitrary waveform shape. In yet other embodiments,
the DUT 110pteayenuneddaicerdratimsiiusnfin ome opaiparticulapieissss and iringledoases waveform

generator 160, may e difablashermayioeaeh Relydod Wittt niuspehd3hdd IRPadRaeqrdless of

the specific format of the signal generated by waveform generator 160, that signal may be coupled to

DUT 110. Helr%l)t_ﬁasﬂbmpnngr%_iﬂm@frdﬂezf ﬁwmﬁmmanys aagdeusyingdubnoingh Snqptifiereneendihe
specific mechapicr| 4Rd-SIaGIHGA %%ﬁl‘ﬂ%ﬂ%@%‘?&h‘ﬁ’g\ﬁ&?&%Q&E?JP&&IB& YD T 10 are not

critical to the invention and, for simplicity, are not expressly illustrated in FIG. 1. Though, such 9
coupling may1s¥ peffarered uSHGIREdhifiGe Susd Hral khg)wﬁﬂhtt@fe@ﬁ@ dd (iethgs notsapssredimulus
signal is suppligel maydat ot ﬂf@&e&ﬁlﬂﬁﬂhé%’éﬂg%{Qﬂzé‘l.teﬁﬁigfsgh’ilﬂg%ﬁ’e&myﬁgre output

signals may be measured. FIG. [ illustratés that one such output signal is measured by instrument 130.
As illustratedcacrise peirvery rstrerorwre e that bl dsubasiasl ash stapersauteis duusieinto

instrument 13 e (5 201 EARYCBERAN SHiKARIS Rl Wer e alsatUisahegensalionysan be made

and may be on a structure specifically incorporated to support testing access or may be a'device to
which electri€f Eoifdetnsivetsd B ReardGuding. Mot arkioperaiionobemsidennes ior gfishdraimple, the
output signal is coupled through buffer 166 and supplied to a digitizer at which the analog output is
represented H&ltal 16 afitBEGAMPLPILIF BRENSFERYRaHIMEBSHEP LA B &5 iHT Eritical to the

invention. In tag.exdMPIe. Of fkiae lockRPIHE1S1GH 1A BaY eoRIRIRAB G SidiligtinfeAPiyre circuit 180
also may be as known in the art and, for example mag){ include a sampling circuit and an analog to

digital conveHRPWIHBBH2H ShBANEDE St caatad oh s SHcRs BBt LH5HYNEdBtlire circuit 180
is not critical denRe1ikIVENSioRs 1ARRAIR 80 S0t the SRERHIG SONStHEsRRPhEaRIIGE 6iTeRt 180,

capture circuit 180 may acquire a series of samples of the output signal from DUT 110. These

samples may bEFERGRRRTRS I BIBBLENRFH gt picedadrimctie ddamblor BIgse1, the
samples acoiifgslhyeantvweycheut 180 R SHRRIB L0, PIORISERSIOL BARy WHE R AE inplemented

as a digital signal processor or other suitable circuitry. In the embodiment illustrated in FIG. 1, samples

captured by ExBRREIATMABE REISUBIRES ERFELIPHS praffseaudyPas 45ifever, embodiments are
possible in whi ? he ciptured samples are s(gﬁed in digital memrgsé‘or otherwiie uffered until
processed b éséroce UBPEe e B A CO RN SRR RHIER LML B arotlihut signal are
buffered befexarpaicessivgels 30t Wistratadgatesioplicity. WP he peaeesson 6@alsoaydgcbe a
programmed, such as by computer. executahle jnstructions stored in program ory | 84, to perform
 brbcessing CIEARETE AL PTG S oRE WIRCHOPIE Bt GE D BReL i S LB g to
embodimentgrobthenimsatioRe At acjipte diutsdh sig ks eehieriininhprepsosrssdial Beraftes removing
near-DC drift may then be provided tgfroces or 190. Process?hrt]l 0 ma be arcgéoce%snsor as is known

in the art or r%‘-ﬁi} glg?’l)]? DthEPstitabI8 YRy 9’%9:%%16? 190 Ly e 'ﬂﬂatf ¥ ME8ure values
of parameterspeditieteaptube patioputgigndshi¢htasTivugh, the invention is not limited to

processing sinusoidal test signals and waveform generator 160, in some embodiments,
may be programmable to generate a periodic signal of arbitrary waveform shape. In yet
other embodiments, the DUT 110 may not require a stimulus for some or all particular
tests, and in such cases waveform generator 160 may be disabled or may be not included

within instrument 130;.

[0034] Regardless of the specific format of the signal generated by waveform
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 amplitude, total harmonic distortion, in band noise or inter-modulation signals. Though, it should be
appreciated that the specific processing performed on a captured output of DUT 110 is not critical to
the inventioWVa& @ 1310t@83or 190 may be configured to perform any suitableR$rb&S381A¢S10888] The
results of processing petformed in processor 190 may be used to determine an appropriate disposition
for DUT 110. Though, results of processing may be aggregated with other information collected by
testing other devices under test to infer adjustments nee¥ed for a manufacturing operation used in
manufacturing semiconductor devices or electronic assemblies, such as DUT 110. [0039]It should be
recognized thavMIG milktregsiopredratagserhnBpanas predessor TIohasrseyarhrecceimponents.

However, it ig@%g Eﬁ%ﬂ[ﬁmg]{a?mﬁ#ﬁﬁs&tRQ_;I%[ 9&9@9&@;@@82 be separate from processor

190. In some embodiments, a'test system may include a digital signal processing chip, device,

instrument, qisegramsishihe UPCHPNS P PHEBRRCESRBF LG/ AR JiRIARESS9HERARYCRE performed
by the sameigﬂtal signal processing chip, device, instrument, or program. hough, other

implementatiols ArBIpEaRehahan BrdRBHYIn LR, 1 rBproisdsdr N8P UREP 8 separate application
specific inteqrAghRIICUtASIR: FnaBIEF CTEUiRA e MRRSIME S IIB W BIChRESRIPFESSHILB2 is

implemented at dedicated circuitry to remove near-DC drift from a captured output signal, the

configuration©fHEBRBLIAY m AV Eh BBt SPRr R B SR AN S POEH AV R B GI8RH I8 mory 184 is not
required. ThegghedisH Ltal?lseim%m&&@@%&%%@a&&x%%mam@i@&W{mﬁwfﬁ the

invention may incorporate a function into a programming library associated with a digital signal
processor withiHRE YRS Sy<fan bF RelfiEion flereierbavansrHraAa BaEXIdS IHEEs writing test

programs for3,denigBResT deshe\MneR:Callagisbe.fHpRIR:Hap ACGERIIAS @ IRutRSRHOf samples

captured from a device under test and may return a set of adjusted samples reflecting the captured

signal with nBEHESC it fetrorRiss tPrieddeitine of RN raAIORABIRSH EdsRIBEs8viieigiidlone or

more analysigfHCiAnSIAIEPHEE AN SPIERIRNALVRSUSR-@{iIDsaNY flnctinrinaYhe implemented,
for example, by computer executable instructions in program memory 184 that are executed while test

system 100 i&EHLRRIAY D5 FSgraneREE eIl WA theSibRay I8RIBAS FNELER should be
appreciated thaithe dgehniagesiforrampyinanewir G I EBAY, ber DeaRpRIated, inawitest of a

semiconductor device or electronic assembly in any suitable way.

2012/03698 PRBRINS AU I {F8e oI RS IEQLVSTtte Mﬁ@%ﬁsmﬂ%%é%éﬁiﬂﬁﬁéhét

incorporatediii@ghigrie sbayairme e pavekathuie Tsvind dedHE Wriflenayigdd to accurate test
results while occupying tester resources for a shorter time. [0041]FIG. 2 is a sketch illustrating an

output 210 frige3deviceRszdailéesbl #2 dprtmhay dstusafvhivfwagenstandingigpecapanefiatest system
according to é)dne embodiments, Th

plot includes a sample number gxjs. | thﬁ}exam le, the plot

begins with the HEDGRAFER SEHRDIE AREPHI R B tES HEPERSEBLIH1E WEuetolin GVEI2 0P Emples,
though it shotild; Ive appieecinfechifat frecspaaifimmudidien of saripleslisthotraaiplalftdlBelinvention
and any appropriate number, of samples may apply. Though output signal 210 is periodic over this
eVl ool b CEUR (AR ABY A ATBL 0 T LAt 0 B RS SH e h A R Renterval
during whichtesimples@fttieaouipigi iaignghaverecesgititether suitable circuitry. In the

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



[0042]Superimposed on output signal 210 is a representation of a steady state signal 212. Steady
state signal 212 is likewise a periodic signal, but the level around which steady state signal 212
oscillates st¥f3 ¥da88eA%around zero in this example. Of course, in other e RAHBIER 1HES HAErage 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. 2,1 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 afﬁdphm@ctg@éWp@ﬁﬁ%@@e@d%g@@imdmmznwwwpaﬁi@@ﬂ&eathghas,
analysis Wasnpﬁ{é‘_a[ﬁ‘@éja}}g&?a&%rl}?ﬂ%h%fs‘ﬁ%‘?f& signal 21D Al the SHling e sl stichy that the

captured output signal 210 would be very similar to steady state signal 212. In accordance with some
embodiment®bfliHd riganticriticatriethhanvaubrting S araptivsg ol Wiseay dingosdiapled apifesmduring
the settling iy ‘éﬁh%f@ﬁ%ﬁ@é@ﬁﬂg@' 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 progges§ng thatmawhe B?gﬂf&%@n‘g%@iﬁ%{éﬁqg SrRUL S9! ﬁﬁgw{{m@osome

embodiments of the invention. FIG. 3A illustrates an output siﬁnal 310. In this example, output signal

310 is a gendFAFMaNsAbLPRIRGIRAE. divnesifonrfpeRddE PO Phoyebutptit Sighar ey siie Maktrated,
though it shoylld be 13 RpRIRIstRd thatihsRReciicitimiel o Rebieds afeutpuh signal 33 Ghis not

critical to the invention. As can be seen in FIG. 3A, output signal 310 is settling such that it is
approaching 364 U{BdySA8tE iR RIS B HHSOP £ TRIZO B AS8 30 W AEPE R 85 B I PaREAL S

illustrating thgeseENG itervHicTRsmBRe, Sigad SBPris illestrated as having substantially reached its
steady state value by period P4. It should be appreciated, however, that settling over four periods is

illustrated in f§393A fort sivplicy Rkblistiedian: ArGaatim LRy peigheddiay 18gUIHe PRk more
than four periads in order to reach steag% state. [0045]In a test system, such as test system 100, in

which an outbt &igiTRMEIE £SMPSGSAtHidIArMOK foiSTite Ly BRI s 1R &2be represented

by a series o zproplsseHaEba wphLsdiparjadicsampes s kst aigsodhiaual, anbssampias 3121,
3122...312N are numbered. for simpligity of illustration. [0046]In accordance with somg mbodiments of
the invention fhe! SN @] S35PTARIR|NE SR HEYSED IR HUMPRiCLRIBHIRY FIOAN of the output

signal 310. ThasrIBNE prefitecespsesententhprebange I9the amopntehnephBRbedafhagigiftinction of
time and may_be computed in any suitable way that extracts the near-DC drift component from output

signal 310 oV He SSHiNG $riRIR AV th & e nehP e A eI B B8, PRt B VAl LS
representingdRGdsifibie. comphée drabstihe selting el is ebiamestbystfiingappliadorthese values.

specific integrated circuit (ASIC) or other circuitry. In embodiments in which
preprocessor 182 is implemented at dedicated circuitry to remove near-DC drift from a
captured output signal, the configuration of that circuitry may define its operation such
that separate program memory 184 is not required. Though, a suitable implementation
for a test system according to embodiments of the invention may incorporate a function
into a programming library associated 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.



[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 muNR2pE/3628i5 used as a data point in a data set to which a curP&€ TKUR¥H ¥ #Rodel the
settling profile. FIG. 3B shows a data set with four such values, each corresponding to one of the four
periods P1...P4 illustrated in FIG. 3A. Specifically, value 3201 represents output signal 310 during
period Pi. Value 3202 represents output signal 310 duridd period P2. Value 3203 represents output
signal 310 during period 1)3, and value 3204 represents output signal 310 during period P4. [0048]The
values 3201108404 repReserdlas wichremamer drifvinduipuicshmal s 0 maiperaiad inpe Hisdeslay be

generated i“s@r@éélﬁl}Wﬂéﬁ?iW@ékUa?}&HBWﬁgﬁQQ@@Bﬁﬁ%ﬁj‘ﬁ%‘%‘ﬁ&ﬂi&&%@%@ﬁ‘&%ﬁi’ép“t signal

310 from the Steady-state component of the signal. In the éxample illustrated, each of the values
3201...3204 peeamipées frorpstvecasieotrdupending samples 3121, 3122...312N in a period of output
signal 310. In this case, each of the values 320i...3204 represents the average value of the samples 3

121, 3122...3994n a dFedpondirihdHetatiBamuesipnad L bopolesiesiandeitissid Hehiéd for

forr_ning a da@@%é%&ﬁ?&tﬂﬂé&mﬁiﬁ@@%&oﬁ%@% (E@Piﬁﬁ%tmcﬁj&'i@'t@!&%@Vef one peri_od,
which for a sinusoidal signal may be the wavelen%th, in the captured samples. The corresponding x

value (repreSEMREHRIE orldsRiNEirilHdse ) $armR iR&iteehpsintBpifdha/alas braias

computation m%}}’tﬁ@ﬂi%@%@fﬁ@r@@rsﬁﬁfﬂibvﬁﬁé{@ﬂﬂsﬁ%&ﬁﬁéesﬁa{&%ﬂfﬁg%m lsngthoigs2K (N = 2048)
samples, for instance, and the expected DUT output signal Is a tone in bin (M = 10) of a Fast Fourier

Transform (FRIPPESHBREH P oGt BaraRRaEERh B eRFsibisgthmbes P mplgs I8 9L [0050] This
value may beniinaRiedHe iR04nsRM RS Rr fidieitie RYEHRO6F IS S TRSPRpSINg Fyalle may be

chosen as an integer sample number as well. Though it should be appreciated that the specific

number of sEBESERGsEA0 ASRFERDS s her iHaltisariBansRe dbet tharsxal @ Hedekishteger, or
otherwise adjystetbironatartical deHhgeiR¥eRPMe interval during which samples of the output

signal were captured.

[0042] Superimposed on output signal 210 is a representation of a steady state signal
212. Steady state signal 212 is likewise a periodic signal, but the level around which
steady state signal 212 oscillates stays constant around zero in this example. Of course,
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



[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 DWP 3y e, its harmonics, distortion products, or any noise RXE&F2ALHEAPIBC
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 periblls 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 outpRRISRIAGH Fhatﬁ]@‘?,Si?ﬁ@cﬁﬁélénbbbdfmeﬁ@&@ayméhﬁgndvé}ﬁgﬁméaéé@éi‘mi_ned over
a sufficient nymbe af waves e fladthemelysamigh R digrsired oLt npiaximaiingthe settling profile

of the output signal. Though, in some 14 embodiments, a wavelength average is included for at least

the first and Resufaiivies éferigify afRe dampleosepcloabalTHoUYHK & speurichechmiueciokgetermining
a data set fo%ﬁ[ﬁ&ﬁéﬁ}ﬁ’@tﬁ@%ﬁ%@ frscripednlt shouldRaJesroNzRINALPIRGLIRRr0aches may be

used for generating values representative of the DC drift component of output signal”310. As one

example of afiitantiativecedisdifostady riasirlne Paloersddtep i Sigwal B1apatasisedach of multiple
periods may R sed 0. 08NaIAIS LR SELIBW fi’é%@s&%@iﬁﬁ@%ﬁ-f@l‘%ﬂnpﬁ%ﬂepresenti”9
, 3122...312N may have

output signal 310 by a data set with fewer values than there are samples 312

advantages leBraBoamBadiFieHSURYEI aBlcnaR ey Pre dewsing sepfpibsfamdedadeing the
susceptibility,of ihe, REQERSR I QIS 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 jpggrneraied. 48 39Re:EMRAdIMeNtsy auRye (tingwnah ke pefarnet.pases @neas many
as all of the samples 3121, 312,...312N- of output signal 310. [0054]Regardless of the number and

manner in wiidHS/SUERTSo1 PrasesaingrAHiBA taralsH-ma bR &P RTEE NSt g5 modeling this

DC drift may g sRQIPHESE Bxéﬁ@ggfapeﬁaéﬁct@ath@y@iyﬂ%ﬂ%&%&g&r@ﬁ@y‘s Aueiplve 330, representing
a settling profile of output signal 310, that has been fit to the set of values 3201 _3204. Curve 330 may

be in any suitdBre-fotrmy RikanFaRered{Rs StPHEAY 196 Fratio¥alues representing the DC drift
component obg;%iut signal 310 in any suitable way. In some embodiments, curve 330 is fit to the

samples usirt ast s§d&tas R I T T }I’c,VlS’R}é‘)%S%‘W&?lB]@%%alynomiaI. In

other embodBNEN1S3 U ve:P36ca3aydae ashexnenasiihemhaosnieE idrverpsiusiz@d 3 1aubitspline.
[0055]In some embodiments, the curve fit to the data pointsd{ﬁpre?]eargiag the trr%nd curve_ of the

near-DC drift fHaS B PR SRIEE S 4" RRARESH HOHTBORM - B ASAINTHRP B8 Bsny
suitable ordeind haydh, asdperal dean) aeolywamipliecrersemsetheapocessingliaguiiad for curve
fitting also ingreases. In some embodiments, the order may he 4 tq 8. As a specific example, a
seventh orddFIBIgHEHI Sl Arbiae BRI ot L BRRREARA OB hlCacceptable
level of proceggiaget 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



15 to a set of data points using a system of simultaneous equations. These may be presented in
matrix form (2): EQ. (2) [0057]The square matrix in EQ. 2 is known as a Vandertnonde Matrix. Each
row of the VRRMBHI8'Matrix contains just one of the x-coordinate value$eTHE20H{ASHBIRts to be
fitted, and each column has the x value of its row raised to sequential exponents from 0 to k. When
used for polynomial regression, the kth power corresponds to a kth order polynomial approximation
curve. The column vector left of the equals sign holds theéy-values of the data points, and the column
vector on the fight holds the coefficients of the desired polynomial curve. It is this coefficient vector that

may be foungosedpdimding sarnnlsmidiZh 3t dts- tAé2ddmasesrifEboiB)weuc sizedpt des R 1his aaaerix notation
as (3)1y = VafRofBle RRNYSING MRS heMAl i d"ARsiom Al oME WP Bt sides of EQ. 3 by

312,...312x in a corresponding period of output signal 310.

[0049] One suitable method for forming a data set includes taking the average y
value (representing signal level) over one period, which for a sinusoidal signal may be
the wavelength, in the captured samples. The corresponding x value (representing time
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:

. _F_2me
“oamples T 3 - 10 = LR, (1)

[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



VT and apply some basic algebra to solve for the coefficient vector as in Equation (4): = EQ. (4)
[0060]The standard approach to finding the numerical solution of Equation 4 involves Gaussian
Elimination Wigh2812403¢8%" of floating point operations (“flops") that is on thePSTHESHIABSHRE results in
a polynomial of the form given in Equation (5): itaix,xzcEkric 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 dfay reach a numerical solution with less
computation than solving with the Vandermonde matrix. Such a technique may be less susceptible to
errors in the gabpdengnsise WoGHiethayeragads)ingididdsowdeastrdre fstranddssiiting polynomial
coefficients. ;UQQHQH aPolnomialpay;be expressed in other forms, such as Legendre or Bernstein,
which may alternatlvely be used. 16 [0062]In embodiments in which a Newton Form Polynomial is

used the polymgg]al Though a specific technique for determining a data set for curve fitting has
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



may be expressed by Equation (6): _9=b biCrb,(x-x0)(r-rjtbz -x0Xx -.11)(x -hi;- EQ. (6) [0063]Here, 'V
Is used for the coefficients of the polynomial to indicate that the coefficient values will be different in
the Newton WEA9HEI$WDse of the Standard Form. [0064]The Newton ForAQIoEA0R8F 18y be
solved numerically by constructing a triangular matrix of divided differences of the form (7) through (9).
Ltd =EQ. (7) Yas XI - s

to a set of data points using a system of simultaneous equations. These may be presented

in matrix form (2):

: - o
1 ox, af

v
Kl oy

[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.



EQ. (8) EQ. (9) [0065]Such computations may be performed using techniques as are known in the
art. [0066]Regardless of the mariner in which curve 330 is obtained, curve 330, representing the
settling profNe0Fd369%¥ignal 310, may be used to adjust output signal 31F¢I3rEEAMEdjusted
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 3121, 3122...312N. For
example, sample 3521 of adjusted output signal 350 is férmed by subtracting a value of curve 330 at a
corresponding time position from sample 3121 of the unadjusted output signal 310. Similarly, a value

for sample 3530621 adjusteadtivueniiginayBRb milywertdraedPolysabtialdtingesd viripodiramiel 330 at a

correspondiqga%g Qﬂﬁiéggg(fmaggﬁg@(%;@z. Since curve 330 in Fig. 3B is represented by a suitable
mathematical expression, such as a polynomial in some 17 embodiments, it can generate a value

corresponding to the near-DC drift at each pointin 3121...3 | 2N in the sample set, therefore each of
the other samples of adjusted output signal 350 may be similarly formed. [0067]Once adjusted output

signal 350 ig formed; it may beyised In R test PPBIANON yer — w Jx — x)+ 4 Byl — xgdo e — x43
EQ. (6)

[0063] Here, “b” is used for the coefficients of the polynomial to indicate that the

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

[0064] The Newton Form polynomial may be solved numerically by constructing a

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

bal= v EQ (7)
vl = M T ¥a
Dol ¥y~ g EQ. (8

- S S«

w e o Fo— 3-‘& — iixae }:3.‘} _ ¥z — ¥y Xy —Xg
eyl = ! - - . .
Az — Xg ¥z — 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



in the same way that a steady state signal was used in the prior art or in any other suitable way.
Though, the adjusted output signal 350 may be formed based on samples collected during an interval
shorter tharVébRHEB been required using prior art techniques for outputP$drHai281003d08ach steady
state and then acquire samples for analysis. [0068]In some embodiments, multiple iterations 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 $ignal 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 largerpeeibeRtafiteratkensiniay rolubsUesipabting sohenesibotiaiint cpeb peiiber of

iterations perfpsmed may.aniaika iadeothRMRen oRoAnEsS AL L AN S RRtanal gamPlexity. As

an added factor, when multiple iterations are performed, inaccuracies from it€ration to iteration may
accumulate, $gapl tht nifasobernamaitr &eioreslare 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 curvd #€dlthe ddrsesitinstsy! invgatrigad dafbiriormedatfonayesféiedda aHathpe diditon Form

po!ynomial, for tﬁ_é%ﬁﬂﬂéew%'ﬂ% 91%§H§7“§{§t_@%%%Hﬁ%i@%gcﬁﬁ\@%%b}:%mﬂ%{ﬁ?m&%rtQu?taﬁﬁE of data
points may require less computation then fitting a polynomial in other forms. Also, the Newton Form

. ng
polynomial MY bd TEsgubeaisiptietooniub s iRt etperaay bn fosmrd drise dimamslss sRllpHedesirable
to limit the nybey af iREalaNBoPENaS (RRRIBEINERRIAANEMNCIVA IPAISIYEOR AR IR RIrless. As a

specific example, in some embodiments, it may be desirable to perform eight iterations using curve
fitting based PHRAEEEAR Htde FRehtIBorH DN B acqy OimeleuipiARPAY8 a method of
operating a test sgistem that adjusts the samples of an output signal for a settling profile according to

some embodM&Rls of IRSIMFeTIBAIHIFRISrNELD I 45 BROPE AD RSB SLHEaR QURTEM NLtheas

automatic tegkaysiead &O{Gan b8tk didaugintshwuldhp appraciataddhpCkeipmeegssof FIG. 4
may be performed with any suitable equipment. [0071]The process of FIG, 4 may begin at block 405 in

an embodim8MAASHRes spRERsidSomHariadiysIrdsign A sansiR A LS JILr dieEtonY MLSASR initiated

in a semiconfeeismtialesikanicAskambly aranufastuing epeasiatianiviean dudeviceandar test, such as
DUT 110, is %pl d to test system 100 and a test of that device is initiated. As part of the test, one or

more stimulu IBTARIEE R 88 T TS oA AR B MRS 8t RO ASS BINE B ¥R may occur, giving
rise to an outphib&ignahts btheapidred G anidlyy pekf Hecal dinnglyn alilnlacki 463 Bae:emmore stimulus

signals are applied to the devjce under test. SucilFstimul S signé}g ay be applied in any suitable way,
including usiRg ﬁi%%gaﬁé SPERHEWANA SRRIEN Y7 Nrbﬁﬁ? %rg%?f%ramab?gs%qlm’ieoutput signal
are capturedit§utbrsampesonayd, 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.



be captured by a capture circuit, such as capture circuit 180 (FIG. 1), or in any other suitable way. In
accordance with some embodiments, it is not necessary to wait for the output signal to reach steady
state beforeV$QHPRS3f8 Analysis are captured. Accordingly, processing at BOEUEAQ alPHegin with
little or no delay following processing at block 405. In this way, the interval between the start of block
405 and the end of block 410 during which test resources are utilized for a test may be shorter than in
the prior art. [0073]Once the samples are captured or, if&ome embodiments, concurrently with the
capturing of samples, a sub-process 415 may be performed using captured samples of the output
signal. Procebsirddon g 5t shipwdsbehappapsiated tbatpe pyasshsse ddatetioraydmwr mocaoarird [withe
embodimentdﬂyssﬁﬁg%%igqlﬁlﬁngnéub-process 415 may be perfo_n-ned by_preprocessor 182. Though, it
should be appreciated that sub-process 415 may be performed in any suitable hardware components.

[0074]Regargigss of theirpseifichiardnare HeRoHRLRELTNGSS BIREPERRD kR RIRGERRIAG during

sub-process 415 may begin at block 419. A technique for computing a settling profile may be selected.

In the exampieratliErGisnapipespiidyAMbek 4t figrsse ptd 3 doigndcsteiy kst imay be performed
in some embQglimERS B i RXABIRIE fRFRNLRERAIGMES S Op COMANING PaSELUig Riafile.tay be

available and each test being performed may include a specification of a specific technique to be used.

For 19 exanipf® 3 DHdstHbdticonplre dode st settrAy | DFb misytisd datelenineds Byitiniery £ polynomial

of a specific gFAsQhAEUNGHERRBRBNEGhiN RN SHALARIS VIRV pPEEQ IR RIOCaRIIGAL Block 419
may involve determining a type of curve or a value of any suitable parameter of a curve that may be

used for repredBARHRFLCYEMIAGPASHIY: FHELR {2 de hrayyé etalisihe sarsriedand pabyzedading

values of prograpmes parasneierns) 9o ik apyneteetiauiiable ay JeArpidnioake429i@ satiling profile
may be computed from the captured output. The computed settling profile may be used to adjust the

captured outf5it-abMHABFiEnas genchbaepbiefbin, Fpovides mrasré gt aHsE@mple of the

processing thatimavdhie Perfanmaed & Meck420 and block 430. [0076]Regardless of the specific
mechanism by which the settling profile is computed and used to adjust the captured output, the

process of F[gp72Mmay prageed 100desisioes Ripgle 438 unstbeexanapiewéd | Guéh ampidysiag output
signal is computed iteratively. Each iteration, after the first, is performe fitting a curve, representing
the settling pPEfEP 5 QYA SRS Ry froiF s é‘{?}?ﬁ%&lﬁiﬁ]ﬂﬁd?@émtﬁ % ¥haWrRiPferation. In the

first iteration saigat@presgntadiysklecks whith s 420 caitsb 43 ihieisattinnpeatiernaywhe: compeited
directly from the captured output %,suitable mechanism may be used to determine the number of

. An
iterations to BE PR RO AERTEEARG BiCRf Rttt ORI T SYMES ARS3aIERts a fixed number of
iterations maxdzedarsoyniedclsideSRecdik examile bipsowithemkoslimeatsa el wnher of iterations

may be six or more, Though,.in embodiments, the number of iterations m twelve or less.
nccortingly, HSSAEROIRIANR: HBAREaH S GEAN G HERRHEh Al BE Heormea: I
yet further ermibditbriats4 onuai sengle diekat oessnaseberp atfipetbr i \suich anbeiaiman, idecision

block 432 may be.omitted.
the prior art.

[0073] Once the samples are captured or, in some embodiments, concurrently with
the capturing of samples, a sub-process 415 may be performed using captured samples of
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



[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 d¥Q 38RB§¥8rofile computed at an iteration may be an indicatio® @FANPYHE A 9dher
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, it from iteration to iteration,%the maximum or average magnitude of the
computed settling profile increases, processing at decision block 432 20 may determine that the
desired numbgtropieeihtictrshitehabpveshapietetiling pimbikenexbergsiter mfeadezicHiiagtion a linear
least square fifmayha sMPABYEHaRdRN I the att-andel hergadniie,attha SigRas pelow a
threshold, procéssing at decision block 432 may determine that a desired number of iterations has
been completetefo0EsIRRIgakdle Ssnsithey phemhaeteiminhieh temeinsbercotiteratiorel iangdetermined at
block 432, if g fiherisrationds JQ s PrHoRME dethe RIBF eSS Ianahes Jadinek 48, Imtha.example
of FIG. 4, processing at block 440 represents an optional step that may be performed in some
embodiment¥alpethigasberpterndifedeler wehnideidy fimadorapatiteg of seatirpredpafBigises @sed in
different iterqﬂocl%.d%egmgi@ ample, in some embodiments a settling profile may be computed in
the first iteration Dy fitting a seventh order polynomial to values derived from the captured output. In

subsequent iiggagpns, KepRseHingonraigImay ReRAMAUE LAy Fitiag R IR amadypamial to the

adjusted out%ut computed in the prior iteration. Accordingly, processing at block 440, similar to the

processing al FGRPHEE el Bs s Rt St dRmeet f&e SoRi thet sbRIRfF prittile based on
the iteration yat. is, briRgiReriQime dpbhaahn Rreseasing At dlagl Al imdndisatasatpptianal because,

in some embodiments, the same approach for computing a settling profile may be used in all
iterations. [O@?Qﬁ?@@%"(ﬂééé’]%% p?é’ﬂﬁ%%l"cﬁﬁfhue used in each iteration, processing may proceed
to block 442. At block 442, a residual settling profile may be computed based on the adjusted captured
output comptRE&Sh the%m{%ﬂéﬂéeﬁaﬁﬂﬁmaegmﬁalﬂeéfr&% ! 1B SSERBIBHE ftjusted captured
output will be-$hat campidiaceatiblagk 436k baguhseaupnt, itrsglionsstberadusted capitsedtoutput will

be as computed at block 444 during processing in the prior jteration. [0080]Once the residual settling
profile is conéﬁﬁi@ﬁ%?@ﬁ%%@ﬁf% CELdiR ep?%& oS 5 BRI R RIS FRERIBRYSEttling profile is
applied to fuitbetiadiyistHih agiusiad eaptdnedi auiplbeoambosimigis cuRieh-anadiisietheutput is
computed by subtracting values representing the settling profile, processing at block 444 constitutes a
further subtrCHBRSIRS oWﬁwgﬂtéﬁmr&V@t%i%@%%ﬁlé‘%b Eﬁ"étt“tﬂ%?%ﬁép[@@éﬂ%egardless of

the manner iftendtich. the durthee adiussmentisroadecPryaassiogimnps back usdegisionthigek 432. At
e e s ey borey A, MR i RSk SR ARy LSRRI &iRuipuRe performed

may be used to determine the number of iterations to be performed in computing an

adjusted output. In some embodiments a fixed number of iterations may be performed.
As a specific example, in some embodiments, the number of iterations may be six or
more. Though, in other embodiments, the number of iterations may be twelve or less.
Accordingly, 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



21 performed, processing branches from decision block 432 to block 450. At block 450, the adjusted
output is analyzed. In some embodiments, processing at block 450 may be performed in processor
190 (FIG. 1M Am¥p3dftable components within a test system. Processing B BloR0 UAG sy include
any operation that is performed in a conventional test system on a steady state output. [0082]Once the
analysis is completed at block 450, the process may proceed to block 452. At block 452, the
semiconductor manufacturing operation may be modifie’based on the analysis. Processing at block
450 may be similar to that performed in a conventional semiconductor or electronic assembly

manufacturin@adp@r@ﬂ@hlaﬂ@ﬁhﬁh?dﬁ&imemﬁ@@r%iﬁ@éaﬁ@méﬁ@@@Qﬁé@@i@%@d\dﬁm&%e‘rformed
based on re%ﬁ&%?fé,eﬁép&a{‘ﬁe%tmﬂr?lﬂl%\éicl%ﬁsfs%[’hm Rigy 33 afeREeT Analysis indigating that

the device under test that generated the captured output signalis faulty, that device may be routed to

a portion of thi. srshtifdctarhegifueilinf Welenhe deldseachersbelrbiyarreyine regedisdobldidearded. In
embodimentg 48 WhICh-IDRIHR! SYIEAR IS RGIIRABUPGr A Le S A ARHBICNAHEIEglevice as part of a

wafer, the device may be separated from a stream of parts being manufactured and discarded without

packaging thﬁ)_@fﬁ{]ice q@a@afegy@m@mﬁgr %M@ﬁ(e%%@ﬂﬁ?ﬂ%?aiﬁ%%%@ﬁrﬁiﬁ)ﬂ be used _for
performance binning of the device under test. In yet other embodiments, the analysis rgi?ﬁ/ alternatively

or additionalRlesk dseeifchitrHis dntiomriatsPoPs bbbt o B dEtrhridakiRsnbhf. In

manufacturingopgraieninaicnay pRa’ss theieldah gepd eartsheng maridaaiarachAscordingly, it
should be appreciated that modifications to the manufacturing process performed at block 452 may

entail any suREBRTASEd T samsfanbodanstnifdhts EramBleadibigmnpierBrigisedesieR APy be
performed wighin fy 9p68% biRgkh420:and Brecass fleakn30 i ilusiatade dhspRI OsesHHRg begins at

block 510. In this example, processing at blocks 510, 512 and 514 is used to determine the number of
samples to aBPYEREST SRGEE L PARIEG SR b8 7E EH iRdcabtth EarRiRplsigHaR FefveRdinple,

FIGS. 3A and 38 Wuistiatgidhas eachsaldhe-ayeins akuiruidghd1adnebidgseiontaasiles. Each of
the eight samples is averaged to produce one of the samples 3201...3204 represent?ga_ the DC drift in

the output siftfateidBemislimrshe GRINFE EP e ittt ahay th o e h by e g de to be
averaged maygrpenshaidhenfrrapAbERGhEIR OuEidr8iaBR, psoneiliag Heisarupe ratinhthe data

capture 22 circuit. Accordingly, a technique for determining the number of samples of the output
signal to prodRfcR eSiHpREsHdPPEKeHitn PIEBIRARETHAY B FRABIINEACTEORA B3 SHHING of FIG.

5, processingierietaraing aheuphebREAMPRH ORYRIARIISTIRIGR; Pestyhloeks16di045d Zand 514.
At block 510, a Fast Fourier Transform (FFT) is performed on the captured out&ut signal. The results

of the FFT ofétishtil At QRIRIPLBEF A BIBSSTS HORGMME the 15r5E% ARRIARTEIPESHPBHEM h the

captured outguitisignabiid Blagh&lddhe dargeskisaguency component is determined by identifying the
bin of the FFT with the maximum absolute value. [0085]At block 514, the number of samples per cycle

is computed [@PTHidinR¥pardless of the specific technique used in each iteration, processing may
proceed to block 442. At block 442, a residual settling profile may be computed based
on the adjusted captured output computed in the prior iteration. During the second
iteration, for example, the adjusted captured output will be that computed at block 430.
In subsequent iterations, the adjusted captured output will be as computed at block 444

during processing 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



length of the captured output signal (which may be expressed as a number of samples) by the bin
identified at block 512. Once a humber of samples per cycle is identified at block 514, that number
may be useW2V¥P3e8 bver groups of samples representing a period of tRCEAPRAEHSLAFUL signal.
[0086]Once the averages are generated at block 520, these averages may be taken at a set of values
of the DC drift of the captured output signal. Such an approach may be used to analyze a sinusoidal
signal. Even if the signal is not sinusoidal, this approacimay 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 represEntBE Prifeo0RY [Ratrhrd Esnodesiviotheleek 6f vanidedk geherstbinck golltbmial,

exponential, Qéjgélé%r&ﬂ RGNS Y P& iSRS XAIURS (B EhAaRtesian Jhe sriting rofile, as
illustrated in FIG. 3B. At block 524, the polynomial computed at block 522 may be analyzed to extract

the trend curberfpomeehia porgaenenid R0 HdGrehdoe gither izia bipeesurmngivspoliion vletie yétphomial,
excluding a”#ﬁk%@ﬁ}{g?rﬁﬁlﬁa&aml%@'}ﬁ%-i%% XU Ab R e 3Bpdhe Sieady Staig Kl 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 curesBSG{O0SBIRERfI 6 BftPie.manner in which the trend curve is created, processing
may proceed to block 430 where an adjusted signal is created béésubtracting an amount equal to the

trend curve fH808%he pridRcsighmpnp]sonie mpbdnshahbdoddatyHs Pinsatemay ietrsAdurve is

subtracted in,Rierk 430 ASYENRSI BRITHO L ORR SMATES: INANTROIMEISRANINR.9bilehalMEgrocess is
performed, the prior signal, in the first iteration, may be the 23 captured output signal. In subsequent

iterations, th@39Fd LB be RFRe e gabigh A X oRBLbE d AR P HeRtiRSFARBRCABAB9]Having

thus describedseyes23pg6ts Rfirtdeastrre smbadinen AfathistEap Wpeihitoloda eciated that
various alterations, modifications, and improvements will readily occur to those skilled in the art.

[0090]For exHiIBRE, Afeehinefife RoFUIBS IR s ceriitdlghuPirsmed Sattl aftaepylts of tests

on one or more devices. For example, as a result of analysis indicating that the device
under test that generated the captured output signal is faulty, that device may be routed to
a portion of the manufacturing facility where the device or assembly may be repaired or
discarded. In embodiments in which the test system is performing a test on a
semiconductor device as part of a wafer, the device may be separated from a stream of
parts being manufactured and discarded without packaging the device or subsequent
processing. In other embodiments, the analysis may be used for performance binning of
the device under test. In yet other embodiments, the analysis may alternatively or
additionally be used to identify adjustments to a semiconductor or electronic assembly
manufacturing operation that may increase the yield of good parts being manufactured.
Accordingly, it should be appreciated that modifications to the manufacturing process

performed at block 452 may entail any suitable modifications.

[0083] Turning to FIG. 5, an example of processing that may be performed within
process block 420 and process block 430 is illustrated. The processing begins at block
510. In this example, processing at blocks 510, 512 and 514 is used to determine the
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



of near-DC drift is described to be implemented as a preprocessor in an automatic test system for
testing semiconductor devices or electronic assemblies. Such a preprocessor may, in near real-time,
provide adj¥fa%2f368%ignals for further analysis of a device under test. HSWaENHHES188hnique may
be implemented in any suitable processor at any suitable time. It may, for example, be implemented as
a program executed by a controller for a test system or other available computer. [0091]Also, the
adjustment of the output signal need not occur in real tid. For example, samples of an output signal
may be captured and subsequently analyzed. Even though, in this scenario, there is a delay until the
output signakiscaralywegrthagikelyeehaspgd ohdasetningniatbp/ainbaay) ponpleretésbobautiagirable to

computationg| QPJ&i&&ﬁﬁc%tﬂﬂf)ﬁgflaﬂrégeﬁﬁmg\(ﬁ@tﬁ%%ﬁﬁ?ﬁgf &e&&%%&ft because the time during

which test system resources are occupied stimulating and measuring a response from a DUT is

reduced, thefghgaincreasing tedipieudingl of HEIasY RIS FPR2IFHITG! BrisAghiaeauirement

that the technique be applied in automatic test equipment. The techni%ge may be incorporated into any

test equipmettciagfethepbpimsdRdiested 10005 Aadidibhany, RivsligH Yedtfirsideduiidinductor devices is

deSCf?bed aSI@Qn%MRPFT%%Q&%&W&NB@c%@@ Hﬁffpdi §§ﬁ&ﬂ|.d %%@Bfﬁg@%tﬁﬁthe
techniques described herein may be a%ﬁlled for testing any type of device having an analog output,

such as cell PRYIAESILAS IR EFstahtiofiorEbdeteiniroling IBEeess Sredransy aoampaisagyH S techniques

are useful aspraRIPEERRING SRR 1eshitICH N, dRey R TRLRR AGABRED SR PR HeRIH LBy
processing an analog signal for any suitable subsequent processing. [0094]Such alterations,

modificationddeHH YiRsbetepkharERABntelesss PR St (idéld8ure, and are intended to be
within the spirit and scope of the invention. Accardingly, the foregoing descriiﬁtion and drawings are by

way of examPI283hly. 2 [3eF5PPAehp AR EPEHBTRNES SramatsreReAbiiiBa &R can be

length of the captured output signal (which may be expressed as a number of samples) by
the bin identified at block 512. Once a number of samples per cycle is identified at block
514, that number may be used to average over groups of samples representing a period of

the captured output signal.

[0086] Once the averages are generated at block 520, these averages may be taken at
a set of values of the DC drift of the captured output signal. Such an approach may be
used to analyze a sinusoidal 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



implemented in any of numerous ways. For example, the embodiments may be implemented using
hardware, software or a combination thereof. When implemented in software, the software code can
be executeddh24h3/0369&ble processor or collection of processors, whetherB$r&HEEH 10H Gikhgle
computer or distributed among multiple computers. Such processors may be implemented as
integrated circuits, with one or more processors in an integrated circuit component. Though, a
processor may be implemented using circuitry in any suthble format. [0096]Further, it should be
appreciated that a computer may be embodied in any of a number of forms, such as a rack-mounted
computer, a eRI¥KIoP edPIHianad |Aptopscannpiitrasioasidbicpiconiandrmag ditidieadigivatedmputer may

be embeddeglérﬂaq gﬁﬁ}{iﬁﬁg&%gﬁg%@yi{&g%g'ed as a computer but with suitable processing

capabilities, including a Personal Digital Assistant (PDA), a smart phone or any other suitable portable
or fixed eleciigygg devies, iy et dB& ARRANRLNaYRE PEYHGalM GROPRIGS IR AN BALE Of the test

system, or it may be connected via such interfaces as known in the art including, for example Ethernet,
Bluetooth, Wil{eU5B, ths 1pfiaeprestatpdoba Amsious abiekiings medifisot Bea®e more input and

output deviceg,pIhrSgARMGBSERIT DS MR U0 ABINAAIRET HhiRGS to present a user interface. Examples
of output devices that can be used to provide a user interface include printers or display screens for

visual presenugen of quipek anglspeRkRRRE FHeHRRUNd aeoeialingsdericas iR aurigaigsentation
of output. Examples of input devices that can be used for a user interface include keyboards, and

pointing deviebReUTRE SLifhisdetstEAdbRRE URAIRGBED §YAMRIOAESSHIhAR A%amalE S¥omputer
may receive ppkitiRnmationiiieuan rReesty [eceanition fitn.etbebaudittadpamatploeagksuch

computers may be interconnected by one or more networks in any suitable form, including as a local
area network B alVRFE i By BIR Y s s A QHRMHERA RO BFiRa Ak Rl S6¢hetworks
may be baseghaer any. sHisakR: e elEGYG@B thNANIRPRIAREOIHIRG IuaaY S pilekiapratasgl and
may include wireless networks, wired networks or fiber optic networks. 25 operating systems or
platforms. AGHHRENG M SUE Ll & AP B G TR ETHEMY 45y 6 BHIMBECBieSUaBle programming
languages ageferopegtrn Bingyatese P bigfonts] Anel @ispmay be compiled as executable machine
language code or intermediate code that is executed on a framework or virtual machine. [00100] In this
respect, the {i909niion mMay behenadhadinchasfalcospiitesigaabiade medusn (realitipte ¢omputer
readable media) (e.g., a computer memory, one or more floppy discs, compact discs [%%i,(o tical
At vl i R e AR S o e R
Programmahie (iie irtiays enapibathsenvcodid e ot ehicestpar gl omiigasitdry, likagible computer
storage medium) encoded with.one oy more programs that, when executed on one or more computers
ot oter procREBTE BEAIH FISREAL At PSR B AFRL B BRI B e iy shtion
discussed abbveuipue ignaptiecreadahtecfiiedinh earredidichhdadsanspdriablerisgokiicat the
program or program stored hereon,can b laaded onta gne.or mare different gompusrsar, other
processors to implement various aspects o fhe prese%fllnven lon as AischSsea abbve. As Used herein,
the term "nonetlesesijohygrebniputessiegdabtersigiage ofiebkunst eyyeampasses only a computer-readable
medium that can be considered to be a manufacture (i.e., article of manufacture) or a machine.
[00101] The (804 "proguethet ot isofivaredaremese dhiaeteértdohaigenbdep@skitnnederadcdast type of
computer code, ot 5e1 O FRMBHIEL R NSalans, I0a) (RAPE AIDRIGYCY R RLdIAm 2
computer or other processor to |mqpﬂeme%t various aspects of the present invention as discussed
above. Additioeiiiptétishould 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 #i%?é]com puditionipcéosgh matiwmé:mtmmt@wasmmbmmm amongst a
number of d'&Jﬁl’ﬂﬁ&?@@&?%é’[n@'é?l‘fﬁ/%st%%ﬁf’qbﬁ%'ﬁ@%ﬂl&%%ﬁr@éﬁ‘?@&%}%tﬁll‘é g&ﬁqg\;égventlon.

[00102] Computer-executable instructions may be in many forms, such as program modules, executed
by one or mclesebbag iikspiromarhiey plied SoGesisrampypivgrahdensglias tcdasosiviEsuprograms,

objects, compameNts. faih SEUGUIRR §iGt AR %U&@Uo?ﬁ”ct%dtﬁé‘é@ﬁ%&ﬁﬁ@&%ﬁmﬂgﬁdgﬁmar

abstract data types. Typically the functionality of the program modules may be combined or distributed
as desired inthatishsiegibadinefitkas 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.



26 [00103] Also, data structures may be stored in computer-readable media in any suitable form. For
simplicity of illustration, data structures may be shown to have fields that are related through location

in the data MAAUAHIIYEH relationships may likewise be achieved by assighfAtjEidtageSt83&he fields
with locations in a computer-readable medium that conveys relationship between the fields. However,
any suitable mechanism may be used to establish a relationship between information in fields of a data
structure, including through the use of pointers, tags or &ther mechanisms that establish relationship
between data elements. [00104] Various aspects of the present invention may be used alone, in

g:ombination,[%’?ﬁ]a yaﬁba@bpa‘?rd?ﬁ}:é?@féh@h.@dgp@ﬁﬁi@QW@%@Q@@@’W@I@@ emdsdiments described
in the foregojpg, aRdidhareiare Mt imiad s arplisationdofie detlsand Argpgement of

components set forth in the foregoing description or illustrated in the drawings. For example, aspects
described in orRleneptsdineng hagvoucsaibiied n aegmhantenwhticaspdihsd aseliaeniadbiher

embodiments, {00105HAIgq e YN ION DAY NG ETRPHE #%.81 G S RIS AlRXFTPle has

been provided. The acts performed as part of the method may be ordered in any suitable way.
Accordingly, RRfisstiferts theyphev tdndstiiucteten coRiertaces diijarid miagdna amlerder different than

illustrated, whigh Mg iInelude, RRIQIAING SR E-ATRIFIIA0 RESNB\ER INQUINSBANE) as sequential

acts in illustrative embodiments. [00106]Use of ordinal terms such as "first," "second," -third," etc., in
the claims toReSRIFOSCS I 18| aratnetded sty jeseroashholdeshpliBryeraceaehee, or order of

one claim elemaRL AR AN QLIRS IR TIRCRh s efinwhich 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 sanpgoggine (puti R IRfilae e pRldaE) R diingmiat sy aRiBHBIsaNeris ] Also,

the phraseology and terminologi/] used herein is for the purpose of description and should not be
regarded as ARG T FRITISSBE At RIEFG M oUBHRD FEMPUtTr AHSIIFgP C QBRI 2PRR olving," and

variations theeehherei aisaBleartip GBEORMAGS AR., tamsHisteel theyariiahpnricaui valrpisthereof as

well as additional items. 27 CLAIMS What is claimed is: ) o )
not generally regarded as a computer but with suitable processing capabilities, including

a Personal Digital Assistant (PDA), a smart phone or any other suitable portable or fixed
electronic device. Further, the computer may be physically connected to and part of the
test system, or it may be connected via such interfaces as known in the art including, for

example Ethernet, Bluetooth, WiFi, USB, the Internet, etc.

[0097] Also, a computer may have one or more input and output devices. These
devices can be used, among other things, to present a user interface. Examples of output
devices that can be used to provide a user interface include printers or display screens for
visual presentation of output and speakers or other sound generating devices for audible
presentation of output. Examples of input devices that can be used for a user interface
include keyboards, and pointing devices, such as mice, touch pads, and digitizing tablets.
As another example, a computer may receive input information through speech

recognition or in other audible format.

[0098] Such computers may be interconnected by one or more networks in any
suitable form, including as a local area network or a wide area network, such as an
enterprise network or the Internet. Such networks may be based on any suitable
technology and may operate according to any suitable protocol and may include wireless

networks, wired networks or fiber optic networks.

[0099] 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



1. A method of manufacturing an electronic device, the method comprising: testing the electronic
device, the testing comprising processing a signal by: receiving a plurality of samples of a periodic
signal repre¥hEhig/#3698Utput of the electronic device;  with at least oneR§SrbE&838bY08HRHuting from
at least a portion of the plurality of samples a first settling profile 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; and conditionally
performing at least one manufacturing operation for the electronic device based on the results of
testing the eleRsramie deviias or piatiphametrdidiontdlairmuchwoténaiie sy batingteariphiseansitthg a

polynomial tq {&ur %%RE&%@RJ Simmirk 1618 ngd%rcﬂ%@&nkﬂﬂf‘%{%i”s&(?ﬁ% tpgicomprises

fitting an exponential curve or a'sp ne to the pIuraI| y of samples he metho of claim 1, further

comprising: alsocomperiegpiroledtht dhetusibiainpeing jas e soeagheer ansaisertase afiflg thadfite of the
first plurality of adidsted Qm@%&qg viruﬁall'%%ﬁﬁm,the second settling profile from the first plurality

of adjusted samples to obtain a second plurality of adjusted samples. 5. The method of claim 4,

wherein compygtipgconmprisescipies mirat s dhelsitieal samplies anda.assrnd curve to the
first plurality of adjusted samples.
medium (or multiple computer readable media) (e.g., a computer memory, one or more

floppy discs, compact discs (CD), optical discs, digital video disks (DVD), magnetic
tapes, flash memories, circuit configurations in Field Programmable Gate Arrays or other
semiconductor devices, or other non-transitory, tangible computer storage medium)
encoded with one or more programs that, when executed on one or more computers or
other processors, perform methods that implement the various embodiments of the
invention discussed above. The computer readable medium or media can be
transportable, such that the program or programs stored thereon can be loaded onto one
or more different computers or other processors to implement various aspects of the
present invention as discussed above. As used herein, the term "non-transitory
computer-readable storage medium" encompasses only a computer-readable medium that

can be considered to be a manufacture (i.e., article of manufacture) or a machine.

[00101] The terms “program” or “software” are used 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.



28 6. The method of claim 5, wherein the first curve and the second curve are different. 7. The
method of claim 1, wherein computing comprises fitting a curve to the plurality of samples. 8. The
method of cHPRH2BEIn the method further comprises iteratively: fitt RgTAUSAN & B 98 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 samplé$ by subtracting values in the model of the
settling computed in the iteration from the adjusted samples provided in the preceding iteration. 9.

The method E10dBHh 8 AMdve i fittiemiuise manyetoteiedpiucamy wesseagnble caedpriseantitting a
polynomial tQ ihenplytalily efsempliesdn dpaifisahEcratian, 3ad o860, RralianAllale ik iteration,

fitting a polynomial to the adjusted samples provided in the precedingiteration. 10. The method of

claim 8, whefeif 4fémﬂwéﬁ/thfﬂnghrh@c@@wéltﬂmﬁﬁ@gﬁrpemmyglb@mé@wmm@lﬂ@mﬁ@m _
inclusive. aéiﬁeJélﬁb?‘%'s’f%ﬂiﬂg %'t%%}é%ﬁ’\fﬁéE‘Pé[hmm%é&t?o%{ﬂ%%&hﬁé}%ﬁ%%the curveis a

polynomial having an order between 4 and 8, inclusive. 12. The method of claim 11, wherein the

fitting the po%éiﬂiﬁltb@iﬁﬁﬁ%éﬁ ﬁ?ﬁﬁ@asl@mw#@rfhwﬁanﬂﬁwe%f i@ﬁsté@b@ﬂéﬁh%@ffﬁprising: a
digitizer configiyesd {R18¢6MEBN AUIRHLALAHRYVIRAHRIGH I55h A AGARIRRRSSOL ER9TIGHEH 0!
including through the use of pointers, tags or other mechanisms that establish

relationship between data elements.

[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" << 29 CCl

"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.



receive a plurality samples from the digitizer; 29 derive a settling profile in the output of the device
under test based on the plurality of samples; and  ,subtracting the settling profile from the plurality of
samples to produce a plurality of adjusted samples; and a processor configured to receive the plurality

of adjusted samples and perform a test function based on the plurality of adjusted samples. 14. The
test system of claim 13, wherein the pre-process&iledirises an ASIC. 15. The test system of claim
13, 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 pW@ﬁt&? Bllagﬁ‘?ﬂﬁes. 17. The test system of claim 16, wherein the computer-executable
instructions comprise a portion of a digital signal processing library. 18. A non-transitory,

computer-readable stoyage n)f%i&w &%?}R”%}F oM %tSf'thgCEt@eQ,'% int%r%:ang that, when executed,
- S L oGt e T ety

test an electronic device according t6 a me rocessing a plurality of samples of a
periodic signal reépid¥ehitiig an output of the electronic device by: fitting a polynomial to at least a portion

of the plurality of samplgging the electronic device, the testing comprising processing a signal by:
receiving a plurality of samples of a periodic signal representing the
output of the electronic device;
with at least one processor, computing from at least a portion of the
plurality of samples a first settling profile 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; and
conditionally performing at least one manufacturing operation for the

electronic device based on the results of testing the electronic device.

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 an

exponential curve or a spline to the plurality of samples.

4. 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.

5. The method of claim 4, wherein computing comprises fitting a first
curve to the plurality of samples and a second curve to the first plurality of adjusted

samples.



subtracting values based on the polynomial from the plurality of samples to provide adjusted samples, the
values based on the polynomial representing settlingdn the output of the electronic device; and
conditionally performing at least one operation on the electronic device based on the results of processing
the plurality of samples. 30 19. The non-transitory, computer-readable storage medium of claim 18,
wherein the method cdmprisd$@t&reifioa §f sfodueirdieainste disaaipre amsithinsee@is iteretion after a first
iteration: fittigg gigelymomial 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. 20.
The non-transitory, computerfitgadaibiel stochige madirsinabalpiningLowbdsedrfitisgcotupueter-executable
instructions compri nction custom digital signal processing library that accepts as an input the
plurality of samp ees%zlfw%m é\figaéns% Leg ‘an output the adjusted samples provided at a final iteration. 21.
The non-transitory, computer-readable storage medium of claim 20, wherein iteratively producing

adjusted samples comprises priaeRiRtof IARAPISTRIRRAMUMRSOLHBEREORSrits Predetermined number
being between 6 and 12, inclusive. 22. The non-transitory, computer-readable storage medium of

claim 19, where#€{A&BYiynomial in different iterations have different orders.  23. The non-transitory,
computer-readable stofageyaedintoaheldumy, ofbenpisstael pojystinyiat isladlienddsaigies polynomial.

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.

9. The method of claim 8, wherein fitting the curve to the plurality of
samples comprises fitting a polynomial to the plurality of samples in the first iteration
and, for each iteration after the first iteration, fitting a polynomial to the adjusted

samples provided in the preceding iteration.

10.  The method of claim 8, wherein iteratively fitting the curve comprises

performing between 6 and 12 iterations, inclusive.

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

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

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

fitting a Newton Form polynomial.

13. 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;
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derive a settling profile in the output of the device under test based on
the plurality of samples; and

subtracting the settling profile from the plurality of samples to produce
a plurality of adjusted samples; and
a processor configured to receive the plurality of adjusted samples and

perform a test function based on the plurality of adjusted samples.

14.  The test system of claim 13, wherein the pre-processor comprises an
ASIC.

15.  The test system of claim 13, 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. A non-transitory, computer-readable storage medium comprising
computer-executable instructions that, when executed, test an electronic device
according to a method comprising:

processing a plurality of samples of a periodic signal representing an output of
the electronic device by:

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; and

conditionally performing at least one operation on the electronic device based

on the results of processing the plurality of samples.
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19.  The non-transitory, computer-readable storage medium of claim 18,
wherein the method comprises iteratively producing adjusted samples by, in each
iteration after a first iteration:

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.

20.  The non-transitory, computer-readable storage medium of claim 19,
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.

21.  The non-transitory, computer-readable storage medium of claim 20,
wherein iteratively producing adjusted samples comprises performing a
predetermined number of iterations, the predetermined number being between 6 and

12, inclusive.

22.  The non-transitory, computer-readable storage medium of claim 19,

wherein the polynomial in different iterations have different orders.

23.  The non-transitory, computer-readable storage medium of claim 22,

wherein the polynomial is a Newton-form polynomial.



