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I nvention The present invention relates to nmethods for

capturing data packets within a digital data signal

and in particular, to nethods for capturing data

pack o i . .

Do A O M DO BT EES ,

sinmpler and nore efficien ata analysis. 2. Related
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.data signal, in part because of the need to transfer
analysiy he captured data to renote analysis circuitry (e.g.,

a conputer separate fromthe test equipnent).

Consecutive data packets are often cl osely spaced,

2. BalatddoAttarly within data signals being transmitted at
i gh data rates., Accordi,ngly, nventi onal. test :
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eneral |y be necessary to increase the tine interval
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. di saqvant ageous due to the fact that increasing.th ]
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need to be transferred between the capture nenory

measure consecutive packets, but instead will capture non-adjacent packets spaced in time by an

interval approximating the time needed for analysis or measurement.

However, it is often desirable to capture consecutive packets, e.g., to analyze power
variations from one packet to another. To do this with conventional test equipment, it would
generally be necessary to increase the time interval available for capturing the data packets,
thereby causing the capture window to become equal to the duration of the number of
consecutive data packets sought to be captured and analyzed. This, however, is disadvantageous
due to the fact that increasing the capture window will also slow down the overall data capture

and analysis operation, since more data will need to be transferred between the capture memory
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with respective asserted and de-asserted control signal states by conveying one or more of the
plurality of data signals and providing one or more detection signals indicative of respective
magnitudes of one or more of the plurality of data signals. The signal combining circuitry is
coupled to the signal routing and detection circuitry and responsive to the conveyed one or more
of the plurality of data signals by providing a corresponding composite signal. The control

circuitry is coupled to the signal routing and detection circuitry and responsive to the one or
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lsggqa . The signal detector neans is for detecting
control §1gHa osite signal to provide a detection signa
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accordance with one embodiment of the presently claimed invention.

Figure 3B is a functional block diagram of a test system in which a method in accordance
with the presently claimed invention can be practiced.
Figure 4 is a diagram depicting a method of capturing data packets for analysis in

accordance with another embodiment of the presently claimed invention.
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accordance wth the presently clainmed invention can

be practiced. Figure 4 is a diagramdepicting a nethod

of capturing data packets for analysis in accordance
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di agrans depi cting additional nethods of capturing
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presently clai msd invention with references to the

acconmpanyi ng drawi ngs. Such description is intended to
be illustrative m&wﬁm respect to the
scope of the present invention. Such enbodinents are
described in sufficient detail to enable one of
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subj ect 1 nvention hroughout the present disclosure,
embodlmbste |ate desatitedrin smﬁﬂicmt flgail taoentahls ool oediyarf skith in flee art to practice
the subiglaision g ot o RN he b OB R oF bfaeds wio
some vAHARBRY withet d@?ﬂaﬁffﬁ’é gomt the spieit 6Bscopé bﬁtlhbtsubjacftdnventlon
"circuitry” may include either_ a single conmponent

Bhropghot rfte;pr@srenb@ﬁﬁawémaéser\m cleir Bt R Heihe SeRtTap from the
context,taigg/él?ﬁee ?x?(fe?%t&?d ARCinAH RGP OREH GdnSis N &@gﬁﬂ% A C%pl%pélﬁgﬂar or

€.g., as one or nore Integrate
plural irchirplsgr. TFor pranilelehe tehres Heismitl’ laadi “firnugtty”’anay include either a single

Addi nal.l h rm" f
componﬁg}d(lgt I pqaagf% %f cto eé)tngqts WhSlIClgaI'C elther Ctl(’Ce ar?c[/or pasglog aI?J are

connected or otherwise coupled together (e.g., as one or more integrated circuit chips) to provide
the described function. Additionally, the term “signal” may refer to one or more currents, one or
more voltages, or a data signal. Within the drawings, like or related elements will have like or
related alpha, numeric or alphanumeric designators. Further, while the present invention has
been discussed in the context of implementations using discrete electronic circuitry (preferably in
the form of one or more integrated circuit chips), the functions of any part of such circuitry may
alternatively be implemented using one or more appropriately programmed processors,

depending upon the signal frequencies or data rates to be processed.
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bawemﬂﬁggﬁﬁgﬁ%ecaﬁgeaext data capture interval 121 cannot

begin unti|l = conpletion of the analysis interval 140,
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the dataPpatket BERE SHptuMa, T%@st 8 EﬁfélﬁﬁH? n%@lfor sySfermd hevih@ 14rBeBshdwidths,
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consecutive data packets facilitates analyses of system variations, such as power control
operation of a code division multiple access (CDMA) transmitter where signal power is often

variable. Similar power control methods are used in other forms of wireless signal



be col |l ected when sanpling even relatively short data
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time, thereby causing the systemto be operated for
testing in a node in which the DUT is not normally
operated. Further still, it is often desirable to
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Referring to %;re , conventional system for
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thetest@qﬁpﬁ@ﬁk dat a packets Accordi ngly, the anpbunt of data
tured will increase by an amount equal to the
210 fiaurs 3paskeacerdanesswith the nipsenthy slaiged inyention, a number of

prograrférg%tgé\a’ T e\oernts 8 9§edl fg}’ cé@mrﬁ{értansatg ?'aéke?sa?ﬁﬁ(%r%lé%f Iilg a single

resu intérva
trigger fom eacﬁakmsczmugm Fox:a«atripye with ddsebespacst datc packets S0¢- 310[5@ trlgger

sequen(%g:t@g ng(ikﬁer{l}?lgl% I’ﬂ céq.p\tllgp fé’égo{?{?g}“g‘g%%wﬁ ?bly 3811) 3&?& data capture
interval§ 82 [ 83POMHE BGadord bORich LaRMe iRRRMNE2 ?—324’\%' ﬂrefe%l%ddal to the
the ‘transfer interval (not shown), thereb

duratio p@cmch |cgracﬁp|0yd1gg daﬁa mgcl{em 80bp @11 athes mdp)efntagqaeuslje packs the four data
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interval®betwekh ehel R 8lal @810 E@éﬁ%&twl ReferAdeog@ingly,the t.tﬁﬁ‘sf&/hmd: B30 for the
accordance with the presently clainmed inventio

capture) B redRoedny Kty Eerelioman (1 geretdain fransiprdima &0, relptive to the
overall GRHeRATIGAG FRER tRAGShR e dbRiJCket! ARRe URIPIOVAR siinilafitly as the

incoming data packets 311-313 are spaced further apart. In other words, for data packets 311-
313 having durations equal to the corresponding closely spaced data packets 301-304,
notwithstanding the longer durations of the time intervals between such data packets 311-313,
the resulting data capture intervals 321-324 remain the same (this includes capture of an
incoming data packet 314 not shown due to space limitations within the drawing), as does the

data transfer interval 330. However, relative to the overall time needed for the incoming data



trigger for each data capture. For exanple, wth
cl osely spaced data packets 301-308 a trigger
W@ aa#ses can be programred to capture four coPGEUBI00VEH7856

packets 301-304 during data capture intervals

321-324. The duration of each capture interval 321-324

is preferably equal to the duration of each
packets3Q1 1329 RO RGIVEOthd AbA tRASHELIntetOA-3304s sighifisarbvedicde dishyyevent,

packs the four data packets together by avoiding the
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. resently claj i nvention includes data capture
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366 cant.rols t tur I KGUL T 36 n
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multipl%%%lﬁl?@l? ,s%g%ik Qg%?(\ﬁ}mg gci]thre%mﬁhﬁldy THE RS f)“v@ &l be measured by

are well known in the art. The
measuringshd tranidgZdymbol ¢fitbe dath packea(y/s| typrally 8Hémisesaemdds into the

packet)? %g{el)f} lé)claq(:i‘lirfmogrthzllti o(:"n\ivi ?g mqgro?ecgingsp (|>fa C%C}?,ga(.)ta %Xcktepge gaic’p%red for power
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Referring to Figure 4, this can be done by capturing selected portions 411-414 of the
incoming data packets 401-404 during corresponding data capture intervals 421-424. By

reducing the capture time in this way, the amount of captured data for the four consecutive data



shown). In normal operation, data packets tend to be
separated by longer tinme intervals than those
W@ ypraaishe used for production testing, since PET/US2007/067856
desirable to mnimze time necessary for such
testing. However, this can result in test results
which are not truly indicative of circuit operation
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to Figure 4 can be done by capturing sel ected
pootheomiyadtage dflubings limhed ditmcaprimeginttatiargheek et the dgiut@4 multiple

data pac%;'le ! i C A px%ée% Wg?ntg %H(i“@t lérﬁt%tﬁqpl%e %géhsq%% 3 %,Bfulﬁtthe stream
may be @fffe‘?émt Ufa rif@ il Uﬂéﬂé dﬁtﬁ%a&l&lﬂ{ alfANRSBE e icSruftatPa &n%@ capture
2007/ 146506 P 2007/ 067856 packets 421-424 will be

sequenceeefirnedf epelr tybe gf datd yaq}mtemsedh TblS@a@a@YE@éag@ew%y fegluce test time,
since alfl%glh?sdfor a s1%tgl%q'pe§?1 rﬁc% Y& ge 0 let d&ttg ga% ?ts@quence

fer erv

Further armh@ei\saalf tHeAQpwireéd daah san bé@tfnﬁde&le;dredﬂélhg tmaialta/&ﬂr yachi packet to be
dition to.the captured data 421-424, s

sl t
equal toStéﬁ Kingesd requaed de's cantyre. 408 eé%mplsetrfmfme&b@d“ﬁgpﬁmfwckets

may resﬁg%gp&%gs%sf???@érﬁg x%‘ﬂ{stﬂ Pnshld b &M e 4Rl ars uIéH ® Iﬁédihce the

S|np yi ng subsequent anal ysi's of
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the start or f e rtion 421-424 of c
data ratgiy HOW SRS e RO AP S VR PRP IO B o oBg (4 PRSP Fecapture
time ne@Pbude8Sdi t thRffirkticSsymtbls foflg ¥RRA ubbe thel IEEEX02t he OFDM
dat a separat or packéts 471-474. As a further

standardy| Weila shd symbohsate pprpdesiconstanty thegaedulatipndised fos dhia synbel will
change &%%?a r%tef"gslls%gmmon done to simplify implementations. Using a fixed capture
P

time for each data packet can significantly improve analysis of multiple data packets.

In the discussion above, it has been assumed that the system triggers at the beginning of
each data packet. However, it should be understood that a predetermined delay can be
introduced in the trigger so as to initiate data capture at a later point in each data packet. For

example, in a IEEE 802.11a OFDM signal, when seeking to capture data from eight to 16



captured data can al so be encoded with a marker
signal, e.g., as the least significant bit of the
W@ 2apra4este data or in a separate data bit. Thi SPCEOS2007/067856
reduce or even elimnate the additional overhead data
ot herwi se introduced by the data separator packets
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being aﬁiﬂ{'z%dp Addatonaly iSis @inbbitaa idt yhd dupd Wi»tﬁmatl‘iabalc&bsbdbrﬁg analyzed be
tiple data packets. In the discussion above, it has

known. bWl shis isrraercreputy dame iR g prasetion glesnyirgpmenelt B@@?‘hﬂ?ﬁ%gequ“es
special ?{ﬁvqr??o‘ﬂf%éjf%r%nﬁé&ket However, it shoul d be un_der st ood

redeterm ned delay can be introduced in the

11 dog@lan GOw IS atihdritntbiodingerd af EheQﬁﬁHetlﬂ}B claimal ina¢reron, these issues
poi nt in each data packet. For exa

can be ggidpesged by I@Frm%m&gaamal SWHEHNG EBRYITY W C‘t%ertE ipdiviual
transmlftérgsﬁ'%lgﬂsqgtb tlé%)\}\ﬁgttg%l n\é\ﬁ]légg7’1’111%%ﬁ%llgmé&lﬁég@&[)ﬂﬁ&é%@tween the

econd data packet, a délay of eight
transmitters) anglemchals: iostandee vwhntercmdphrghstmt sighifigantt dlow for error vector

magninid EV DR PeSieatop R BF SanF ot i LG Bah A individua

transmlfi@ﬁ' HRMeert ﬁnﬁﬁﬁmtﬂ@ﬁhélhg’E\@lté}ﬂﬁgﬂbﬂr&htrij Qg likell affectabst time, since
that the data Eacket s can be captured and anal i/lzed in

after captaring pa¢ or m packets §110rre@mq tp:m@mttqmgmﬁglebiawg |bg|introduced as
the switrrc)l'r%%se I dg fochganglglsglgﬁég Oﬁli%rm Kby ano er H?ﬁ@%ﬁgxz dﬁ{ch delays may be

Ion tes er na
significprétf @éﬂeﬁdhng @pbn thg pIerchtomj 88t awm«mmesu te signal
Referring to Figures SA and 5B, testing problems associated with such delays can be
minimized or avoided by using one or both of the switching systems shown. (These examples
provide for the switching among three transmitter inputs 501, 502, 503; however, it should be

understood that these implementations can be extended to handle additional input signals.) This

circuitry includes a power combiner 530 to combine the various input signals 501, 502, 503,
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anal ysis as proposed in U S. Provisional Patent
Application No. 60/596, 444, filed Septenber 23, 2005,
waee7aatspé | ed "Met hod for Sinultaneous Testi ngP@F/US2007/067856

Mul tiple Orthogonal Frequency Division Miltiplexed

Transmitters with Single Vector Signal Analyzer", the

di scl osure of which is incorporated herein by
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error vector measur enent s
input teinmidaly Basdd Ltploambﬂsb‘ powdr adicatipas gextls afs wethas kiee known states (e.g.,

di r However i ntroducj n
open or gt F s 2 Saes 323 Py ToliqiBeR SRt (e signal
560 (e.gSbase updhtagiro SARnHbId\date AeacRine TR tﬂ@%&tﬁﬁ%ﬁ@ﬁ@ﬁdﬂ%ontrol the
one transmtter sone delay will be introduced

capturing\kiytthhtest guinmens (i rshwra)nﬁrth«séat@ packktstrbeeieidgn _ahe_ cfutmmmgnal 540
of the p&%}tc% blﬁerr%gérgstcﬁ&ﬁme§ deI ays may be significant,
epen I Ng upon t |on test environnment.

Aéraativiehy atsmg"r'd: @&IE(&Sr &ah b&nﬂecﬁ 3., thefitst Bignflrpoblee d@tector 511 for
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manner,30%en ()9— hES SnEXYIRLRS 51 Pf)pfﬁ'e‘*mta‘l) bf @ggaé%%ﬁé? if'he first received
among three transmtter 1 nputs 5 , ; however,
signal 50t wilhalsd thdieate the dei sl oﬁﬂhetdlaﬁtpablkﬂsm thepdneaiming ad¢dedied Slgnals 502,
503, can be extended to handl e additional input signals.)
* This ~circuitry includes a power conbiner 530 to
Reé&TaRing o Fliiry 8BI ﬁé§rdhr%’ﬂétan%'lt9% ive RiblemeRgior? 8 3inglpother
2007/ T46506 PCT/ US2007/ 067856 received Vvia respectlve
detectorsﬁl@mwseéwnﬁt@wb@f mmpl@mut B33 detactorssd 14i Mg, 613,itgdatect the power

e ol RabS4d k8o b S0 HFRR, RLEBH g0 novs

the stateb a¥ thefimsit sﬁ/WclﬁéE;me 9522, 523 and can thereby determine which input signal 501,

502, 503 is providing the output signal 540 via the power combiner 530.

While differing in their respective implementations, both of these circuits of Figures SA
and 5B provide the ability to switch among the input signals 501, 502, 503 in a known sequence
during the time intervals between the respective data packets of the signals being tested.

Accordingly, switching can occur after every data packet, after multiple data packets or after the

11
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ﬁhém@fwélf/leinﬁéz[d ofahe edptiriey afahadpaphaket portidiebding edntrolled
recei ved gnal 501 will also indicate t%r“ val of
internalfyhzy g tiest p\ﬁ&k@@%t ifsglf; the trigaeh p1gna $OP @Efé«l%ﬂ?ys § Gapteol circuit 550
can be 1%?? Thid%n bggé\gaﬁ{ Q(g.lstv%éﬁ' ﬂM'ﬁﬁleﬁﬁp 1RERAEUOGVbRe@Such as when
ernative 1nple frentation, a S|ng e power detector
testing HVAMG syss@nl, Thissti gz sxghalrﬁﬁOtldqtﬂttfles tiputatgmacket cptuecingargals 621,
det ect .t he

512, 513, f.th t put
622, 6233 (4P E5 000581 4 b SHBAEE ¢ SBFMEB9ghe AL Banteaiepy). The
angled ﬁ&ﬂbﬁ ef th‘é'sff‘hHl 670yat ROrgneNRifick e oﬁﬁcﬁﬁaﬁénd)iﬁf thigerl s8ibince which

sw t ches 2, 523 and can thereby determ ne which
allows the past mstrgmalllt t6 @ermma@@xzs capoBirigsf] @p@\na@gﬁg andyaititg hgidata transfer,

i.c., dun nggﬁ rans er1 {e%/aﬁ g?O pRY{@ af?\g) vely, é{feeﬁatg ?fg sf%Mh a‘fl ﬁg(g gz{rl B¥initiated

ei’r respectIve i np

followm‘g the Waptaring ofihg ldléﬁﬁed%omndf s pachetisgegt fr dbﬂal;iatlyeti as shown in
swi tch anong the input signals 501, 502, 503 in a

this exagipdén sequence during the tine intervals between the

RSPR) oinath ofaddpyapgl et s cry 550
can be aph/aktegwuaf F er exariplé, pthen diesting p MO sysemathe ordering of the data
packets can be controlled, thereby ensuring that the first packet is from the first transmitter, the
second packet is from the second transmitter, the third packet is from the third transmitter, and
the last captured data is the combined signal from all transmitters. Controlling the data capturing

with such a trigger signal should not introduce any problematic delays, since the receiver
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11 WO 2007/ 146506 PCT/ US2007/ 067856 desired anmount of
data has been captured (e.g., after capturing the
waele®rnedod i rst 16 synbols of a 32-synbol packegl/pSae7/067856

desired. Referring to Figure 6, one possible nethod of

operation of such a systemincludes the transm ssion

of a stream of data packets 601-608, with each of the
e S R i SRS R SRR S copverte
having g ipinsline dgsig6m WlﬁclgﬁmeblasAl andhr@&}l thepwchlse)nmgmﬁpmtly longer than

the tim% fg%ﬁgﬁ trta\gllr,ana Elgéﬁe(rs %(]g;ggl to élhl atle € ? ¥ ! hequiﬁ IT]? f}&event that the
trigger ﬁﬁﬁaﬂ 4 d&D24 in 4 Qightal Mmaht@Nsifplel ANREYOYr Bufke) &ﬁ:hit?‘fo@ﬁtonng the

outguts of all three transmitters 604a, 60

history gbthe signakepndreaisedieingerd preres timnisgnposi t e si gnal .

¢ netﬂlrlﬁpé&) 151 | houglger%?chvgz*%gbf R ﬁg%‘ﬁ%&u Srséglg 8%8 gvge%nera %the trigger
760 invB1v@s thetdaptuﬁag af Sl Por@ioh§V EX, 7abk s7 1@201f th&%apecﬁil@datﬁ Béckets 701a,

need only be as long as necessarfy for turing the
702b, 793 iwhelg stilsapieng lasgerposion He ofribie Wrﬂmﬁ dafe paqkatskidtta, 704b,

rode. iy Boigdeon Sgfien e s 0 e SRRy BPAESLR iRy of e
packetsaeg b;y thadi»féden't fran@nistey@hile rrmintﬁ:xﬁmgllhetd)nga{ c&taﬁﬁa]:kﬁtﬁtﬂo allow

suffiich R PRy T Py e Foreh Gl ek St 4pab. D76 o allow

for acc&ht@@ﬁé&raﬁﬁésk ﬁégsure@@éltsf OAs b hQuithhe @arﬁh&ﬂ @hta B 121633, 724,
are al so shown, as produced t he

when pa,and |f<m tra@sfemg dBBq. thwror@tfcrramem@l ?30 umgmﬁdartﬂ‘y shhger. Since the
contr

control ERRIE 5575y s FHERAEel Tiseh BE Bty e Tt e

duratios bfthalcafitf 1ﬁfemumdh at tHeecap@ifing Ol thel gotidris 75507120an3 bEthe
used. This can be advant a% ous when nultiple inp
individag] gniaipscketss’ G lay Hiape d03 s be fifferpine. e sharigigthan memerval needed

for captui ﬁf@ 0%1157 4 98880 1g&g§%§ 990 %%%% 70@@ ’?(ﬂ?edgt a

pac capture Interva
meneeszmng lagNIMOgystem, #nedy earacesmyrtd sis¢ externel ldadware for
The angl of the, si

swchr%%ﬁ%@l%@h%t@%?r%m fapREc g{ﬁtggbﬁfﬁéttﬁ%gp R desprcttve;s %@%Les (on and
off), sine€ %éecgﬁ%gwphﬂeﬁt m i/ h&M@lOWhéd’%E aB@%EﬁM@%Q&kﬁ B/Re is being

t er m nat ts capturing of ckets an Itiate
transmlttbd'-; IdaWanr,narssﬂa@rposmbleeo intchducethig tyge of symshienizanorewithin the test

Al.ternati vel the data _transfer .inte | .6 can
cquipmg et LA fSIEALEASTTR EQbOUPTG ey R desap(Edg Derform

multlpléﬁ&kl&tméhfsul‘éﬂieﬂtsﬁ@ﬁi(ﬁi% 862.91a OFDM sigad12foN8 648 b§ adBectral mask
in this exanple. As noted, control |'i ng the

measuremerg dsidisgussed abave, edruter meptuierhen) mavtanly Aeeddohmigpseconds,
e.g., tw§ esl%?%&gtfvé 3!;}[75-%5@&% xti)cF mﬁ‘%ﬁ@%?@ﬁ‘? IH% 8. g: 1?1{0{%)&9% %ftemg IBegmnmg
and ending 0.8 microsecond before the end of the 16- mlcrosecond data packet preamble, while a
spectral mask measurement may require a longer capture interval to provide reasonable power
averaging. In any event, such timing synchronization can be implemented in any of many ways
which are well known in the art.

As noted above in the discussion concerning the switching circuitry (Figures SA and 5B),

it can be difficult to test isolation between transmitters when testing composite signals. Such
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packets can be controlled, thereby ensuring that the

first packet is fromthe first transmtter, the
waewondgspacket is fromthe second transmtter, PETES2007/067856

third packet is fromthe third transmtter, and the

| ast captured data is the conbined signal from al

transmtters. Controlling the data capturing wth

compos?t‘é%[;%ngl ekt fow%'tgsrt‘lﬂ o? ?W&pfrmgndl%ﬁﬁﬁq}h%%nﬁf&‘s but the use of a
pro emat | el ays, e the receiver

signal czﬁrbwelg@mﬁlmﬂds@dl@fwmmlmmsmm ta ientifiyWharotigia of the power
. test eqyiprnent wll ically.use a high, spee .
being rrheﬁ%ﬁrsg 56 aﬁ ﬁgts tcl'&egﬁQ\; t1aput olg pﬁ)é)veac%TBlé)% htq)eaglgl %Rosmble to
measuré theWduplihg, B@lcﬁh@' 28Yhd isel@tion WIhAUBE s iéheP iteNBhn itife coupling
S|gn|f|cantly onger than the tinme needed for an
level beamgatesigd.t r | gger signal to initiate the capturing of

&g%egm&ﬁ %II{ gyre eﬁtgllntgg afﬁﬁa(gkﬁé%‘% g%r Bq%q g%lf %1Irscsusse ellb\é)(\e/g when
testing &3 MIM(D kysterh @hn B¢ @¢scriBed 4xEfollbwst Miinhgatankissioin®Tahe f&0data packet
ed to ensure proper timng. Referring to Figure

801, therpacgﬁt 801 domn thie\fiast fEaasgitter Fecopyeneddp the osNsr 90@9@16{ &0

t
i GERSRSE)! 6k SN TR L0390 L A0 o
packetspeie Idetaqaai‘k)els 802b, 302bfrom@Besecaind hral third lttanaaiters dre gora/eyed to the

o o AL fraly S S AR

Reqt f
control E%H&l's' RG1, LRSS \ﬁﬁl\éﬁﬁ th B&idel §1tt1099§§ i C8'T§Vﬁl3 $tRe data

cket's 'sent y rent tr nsmtters
packetsr@il m,t8a)i2bj 811}ctihéoﬂeoiugmg tiokaet iatepeedk 82 Is 822, &Blimwaccordance with the
¢ #me g 8ata capture in the case of the conbined
ngger?od’lﬁ'ip HeRdli®nacket s 704a, 704b, 704c, to allow for

FRE Hétﬁb@cl&@@i‘gﬁzﬂ%lc BRIk R sw ﬁﬁ?me?vallsal ohtaRd Ipbwei R&ributable
captured data 721 722, 7 24, when packed fo

only to thedffrstf teansimifterd hISrcgpmr@ntqraai 4§ @Jativnb/eqhoalas moweg couplmg can be
measur%% n'cgr}rlﬁoasﬂtg lnyetaé rgragt% frrelertgm{' iR tlli 1% & o&gh%l rt%eﬁ"al}ung Sgauence
(HT- L”[IS) G)lgit appeack dtehehuplinmhg dihe d&u rp@éke@ nDQfmg l’lﬁ seéqidWapture interval

ervals such that the capturing of the portions 711,
822, thezqa@turqdlsg%l ingjadesiprigtazilynaw erdsam traterandsirangmitier, by afso some

addltlorzaq)? el§ cgﬁe%fn%rfﬁﬂﬁ theSfirSt transhPidr Yata I}%Bl?é? 8b¥€into theﬁecond

erval need for capturing the portion 714 of
transmitterviitine dhaRUA. fésikepovaGuhalysis @dd coripebite nwasuremest tectpigues (as

discussiL NGB} No <y B 3 Fjed ResvaLPaEpaRT BTG todh i

transmiftéiatd Fackbtt §024 REn BE Lt8MiIAEA. t SighilASPRALWHE, c%wré: bEthe &mm data
d off), since the test equi pnent may not know whe

an
packet §03¢ duppg dip dptatceptpeccinterval P& fosvep eﬁtm@lte todthe first ttr@asmltter data
packet é_(% c\ﬁﬁ? hiso Ib% detserrg{nse? hi 8&?@6% 11arFy, d{l] 1 O&il% %‘fttd\%\}] E)Mj?g m‘?érval 821,

Fonrzatron w

power doaﬁlimg’l@trﬂau%dgﬁ ahe $ccamdrashetter daty p&KﬁrﬂOhB and thlmi)fanbelltter data
esirable to perform mul tipl e _power rreasurerrents

packet &amFEEbS dotermingd,@s @ lsqsgﬁaqer attrated yodhe, rsétrgxbsélgftpraqlata packet
802a andBBid transmitter data packet 802c following the second data capture interval 822.

Accordingly the transmitter power attributed to the transmitter of interest, as well as

contributions from the other transmitters, can be determined.
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measur enent. As di scussed above, the power neasurenent

may only need 6.4 mcroseconds, e.g., two consecutive
w27 mesre©second i nterval s begi nning 8.8 m cr OBEDURNE7/067856

after the beginning and ending 0.8 m crosecond before

the end of the 16-m crosecond data packet preanble,

while a spectral mask nmeasurenent may require a

onger i nterv 0 provi bl

kEBA%s A85 B i 7ol shvud SoRirFaly S TR AR08 Fhprmation
regardifi@the Q@ta'sf@ﬂa?ﬂﬁﬁhﬁ%dn&tﬁfh\éteﬁ%ﬂé@d&ﬁ b%%&imé&fﬂuﬁlﬂg aieefirgeihree data

known in the art. As noted above in the discussion
signal cepmtsainiervads THe 780 28 hsings the p@mnlm;b_emegmmgnsws@m be
determ1{1?3a ﬁg%&l}e lgs"i‘gagxec(gﬁtlu%%c infe ul t1 72% ﬁ% 10y %e%g!) gf%e'g?d} Qg‘n ?aTlémission
quality ¥id @BErHatAREEE u%ﬁ/tmdsﬁé E898 techaifuosas desaiitgidah Application

testing alloms testing of power fromindividua
No. 60/p9ufrkhrps pefed abayigt the use of a signal combiner

FEREHAL DRSS, Lonsl Sl uhferdh LIRSS Bt
mtermeddth gk atnB0Z, 1803, 805 80@betmee|ﬂl thefcaptoecdomekets 8ONIB0ASQ7 dan be

COnes OSSIb| nmeasu e lin | on :
skippedy G FRBRA bRANDE APFPSTRE oA eSSt g fmie 1 sl e in
terms oERERlehBPand SRl B8isNGnbe SR meRRUD," sﬁrﬂﬁlytc‘éugt'u%ﬂh@ nffber of

using a data packet testing technique as di scussed
packetsaM\aee lwvh@nredttwﬁtrﬁ frgtiating depiusipg tof dnte packess. dBiy s isi paetirudasly useful

dur | ransm on S
when e RfRip AR, BOAOGMATG TREbs I RBeb S haflHT apRRdTbover
levels ft @éjoi &libRioROWBtheE BRI Methe ﬂaﬂsrﬁlﬁbﬂ@qwesﬁsﬁn&ﬂdﬂe for settling,
5 Simlarly, during transm ssion of the second 802

a first ngraer of gk g g transivaléadent one poserdsyd, folewingsvigoh e power level
is chan%eg%%d g&q&ir}}%ﬁﬁ)@f 8%&%&&9 a nég}a{nngrrn'itg%gslmfﬁéhegﬁesa Etgnay be desirable to

r co e appropri-ate
transmxSWeterom@toﬁ“smg&m‘tﬁ:r at pavkpisipsioe tb mtu’nglgtdme ot h‘roeeof such packets at

tc cont nal s 851, 8 turing of
the end im@rﬁ%@mp&&r [‘f’ lt‘i?"é sdqrthe ggxt fa@l@cg?t tfaﬁ‘ P8R packet s
Yo otRA9RediROR Ok §ncﬂ£’lf@n£f6‘iﬁ Pthk isFBcthid £ R tBoBéloperation of

822, 823 in accordance wth the trigger contro
this invsntgmaahll&ﬁ:(hppﬂ'mm td dhase phitled in ticgrtalitiaod) dcpaetxingdfnomrtge sdoge and the

. rst intery 8 contain wer  attrihutabl e
spiritof e ygn iy o Equgh i hp HIoMHAF BeGLgsoty 4 R BRAgfiof §1th specifc
preferrdd®nddifénts, SN Pbh1daR UndErsRRWRKat @%bérﬁ%n“a@@la@ﬁed should not be
measur ed by composite neasurenent nmethods in the high

unduly titnited hueh speasfigembedimientg. ételq irdersted tigatithd folpwingaglaims define the
scope o?ﬁi% pres 88tai‘évet:n21%{1ur el Paﬁltstg't?c\}%rles %%(glﬁlfg&[ ﬁe&ﬂﬁ tbér: g%ﬂ) o?glerse claims

andtheirr&qblualeﬁtspelcawredmem\yer fromthe second transm tter
but al so sone
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addi ti onal power due to coupling fromthe first
transmtter data packet 802a into the second
W@ e@ns#isoé er within the DUT. Using power anal yRCBHUS2907/067856
conposite neasurenent techniques (as discussed in
Application No. 60/596, 444, as noted above) the power
attributed to the first transmtter data packet 802a
WHAT §@e anvigh gg:m ned. Similarly, follow ng capture of the
third data packet 803c during its data capture
interval 823, power attributed to the first
ranspmitter data acket ,803a .can. al so he determ ned o
kurc nap ebrm PSR i e PPt GRelfc ke draeR tombining
a pluralitbdat@bigBad to prdoiRa GMpebitd\@g@ twhibk b&deshOndshie oaeoomdre of
transmtter data packet 801b and third transmtter .
said plugpdityof dade kignalgemd @ toggerisignakfos contradling eaptuiisigl of selegiedhprtions of
Smdcoan}&iby%%p Lo ﬁye_first transmtter data packet 802a
NG R fY AR E t er data packet 802c fol | owing the
S 00 Achitihatand daRttidecitduitey MaporBR2.to aphaalitgiofidhiy signels and a
_transmtter power attributed to the transmtter of
plurality o qongret signals with respectivegsteries and derasserthranie! signgstates by

. ' , i: ; / .
comes BFEIL B oA I B BRI R et
signals @dizalick sfrespeetivemegsitudeslof drae ortinere d€ sdid phiralitf of dath signals;

regardi pg.the data signal transn}sshon %ggracteristics

Hghr! pembping %caltwqua?gedttﬂ saifljsenpl fopfing aphefection gigyitry and

i@ 4 i ity3) biifthg a
spons R 8 ALYk R oL sy IOER 0 SBph g
correspaigling @amiositesigndleandal 724 can be used to neasure

SRS TRRS] 2o R P S BB espomsive
said one"RRhde Aetetion HenalPBy E%icﬂéglsai@?mm@ df adieNe sighhak efid b Bizger

to Figure 8B, It should be further understood that, as
signal inghcagive of sead respectivie magnitadis of enp s reresoizon plephty |@ata signals
and saidgrggpegﬁgemgsggﬂécp zgldc(fépe{s%r?e% &%51?@1& 91’2%65.804’ 807 can be
sKi‘pped: "For exanple, It may be“necessary to allow the
transmtter being tested to settle, e.g., in ternms of
frequency and power. This can be inplenented by sinply
counting the nunber of packets that are neasured
before initiating capturing of data packets. This is
particularly useful when testing nmultiple packets.
For exanple, it may be desirable to transmt different
power |evels for purposes of calibration or other
tests. If the transmtter requires sone tine for
settling, a first nunber of packets can be
transmtted at one power |evel, follow ng which the
power | evel is changed and a second nunber of packets
are transmtted. In such cases, it may be desirable to
transmt the majority of such nunmber of packets prior
to capturing one or nore of such packets at
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the end before the power |evel changes for the next
data packet transm ssion. Various other nodifications
wW@pw7akdses nati ons in the structure and nmet hod BPET/US2007/067856

operation of this invention will be apparent to those

skilled in the art without departing fromthe scope

and the spirit of the invention. Although the

nvent o S

%pecﬁﬁ a{bpgr 0 sg)??:e élqgl Wg\{) g{ég%a{l(gs&&n Q@ﬁ‘d&oﬁld‘@e&t}tlon circuitry

conqnmamderstood that the invention as clained should not be

u n1te to such specif i S
3 oeibea PRE RN o ‘ﬁ"gs AR M R Isggosesd:
&Ie drhorP Ei%ﬁ@lrﬁetécﬂgﬁ Birb AR Bifled RREnSIrmkisk F @éid @ﬂﬁ!ahty of input
nmet hods wthin the scope of these clains their
electrodegaridvgbpomsise e orporaners of naid ghyality®f Mag(m)ays m%g‘edmg said one
%CT/USZOO?/OG? 56 WHAT IS CLAIMED I S: 1. An apparatus
or more ﬁ@Fﬁﬂ?ﬂénﬁﬁf?'hing and control circuitry for

zﬁﬁlhﬁﬁfft yEdWitchQiuité Ehipled tBlsait Phirhlyty Off it alestr@dalafid te@ponsive
provi a conposite S|%nal whi ch corresponds to one

to said I:tivrahtyrcef dgfa mwﬂw@ said:nlnrplitycstt camirel signglsdivsconypiingsaid one or
QQSE icontrol ling capturing of selected
HKHCO€%&d ong®g$QﬁsaJ%ﬁEonp03|te signal, conprising: signa
routlng and detection circuitry responsive to a

| ur of dat a. si ghal s and luralit
i gna Ptaﬁltlfségﬁ&lpg{, @'hggegéﬁl ANGHFNE-S ééqt%calon circuits

compris€OHd &l m@e%@uer §(§1ﬁ‘)thﬁ? cR¥itsconveyi ng one or nore of
sald plurality of "data signals and providing one or
nor e detectlon signal s |nd|cat|ve of respective
gni t,udes of one, or nDre of urality of .data .
Lo A R n s ol Gty T whgrect s piepd coiptibaic Py dnprises
signal s&thSid cif@uky.ng and detection circuitry and responsive
to sald conveyed one or nore of said plurality of data
signal s by prOV|d|ng a correspondi ng conposite
I gna’i"he a gra? tfr c a1m %léregr{ %/ai(? Q&RJ' ?gir&ﬁtri %blg ﬁ%egs %@lte machine
rout i ng am ron’circuitry ang respo STVBES
circuitrygai d one or nnre detectlon signals by providing said
plurality of control signals and a trigger signa
i ndicative of said respective magnitudes of one or
nmore of said plurality of data signals and said
respective asserted and de-asserted control signa
states. 16 WO 2007/ 146506 PCT/ US2007/067856 2. The
apparatus of claim1, wherein said signal routing and
detection circuitry

17



conprises: a plurality of input el ectrodes via which
said plurality of data signals is received; one or
worere/1¢isghmal detection circuits coupl ed to onePOF/URINE067856
of said plurality of input electrodes and responsive
to one or nore of said plurality of data signals by
providing said one nore detection signals; and a
| ural 0
g f néh { ¥%2$£tu? MCh,qunéé\%l? 5ggan% HR rgld%ntcgltgpfgg nfuacﬂ{v@i)) (;Oanmmg
a pluralﬂfl oﬂaztta s@hgm&i ﬁro&ﬁlﬁ a&ﬁhd)oslltwsflglhal twhlohﬁ ccﬁmﬂbomds teiogaat Blore of
conveyi ng one or (ga id plurality of

said plua%ttw%qiagﬁ &@als,@ndﬁﬁeg&gﬁ@ak {oc contraling fAPuTIng R sglepted portions of
0 |gnal detection circuits conprises
smdcmﬁﬁkﬂeg@ﬁg &MHE coupllng circuits. 4. The apparatus
ﬁgnzﬂ |r@utaﬂ a'h.d dbttﬁto@ infean@ifod redeguing a plmihm loﬁgata sigoals tang/a plurahty of
signal su circuit

control é‘gmtl? 3’|’ rgspe%v&aéﬁgte and %E ghtertsd é‘%/tf% ﬁ‘gfl?])ﬁt?fﬁﬁ%\%l '8 égsponse
thereto %&Cﬁ‘_f}éﬁggﬁﬁg PRiorEdf" s%Hi' ﬁlﬁﬁéh t AR SO S;')'_?Qﬁdmg one or more

067856 ©. par at us |ncIu i ng swtching

detectioarsgznalnodicativeiof msptcrtwefrmergnﬁeﬂ@aif ione by moonddli saidgjuradity of data
) 1_plurality of data signals to provide a conposite
S1gnals;sj gnal , whi ch corresponds to one or nore of said

| %l)ﬂnBMlePf’neﬁi@I Br SdHRRInY saﬁi Wbnde Jkﬂ'&l@ QF mdr&6daid ﬂﬁrahty of data
‘ controlling capturing of sel ected portions of sa
signals tpqrrpwéc a@osesgnadmg cgmpom@l stegral; wg nal router and

%(?n I’? FI‘ mgané gr reF?}Pﬂar e% \éllf:r(]) (I:né)rli? aldnts?']ggl% S al ﬁtuﬁresponse thereto
generating SPid@lirdktyas’ $:6ﬁtt(ﬂ(ilgfiﬁati afle -a&ﬁg@rts@labmﬁicame ofi sgidatespective

states and in response thereto conveying one or

r
magnitugies ghong 5mearaIef #1d slurelify 8T drtgsignals A Sfﬁii SPPERHG agfegeg pnd de-
asserted ®nfrol ggﬁa@g{a &Qn signals indicative of respective

magni t udes o one or nore of said plurality of data
signal s; signal conbiner nmeans for conbining said
conveyed one or nore of said plurality of data
signals to provide a correspondi ng conposite signal;
and controller means for receiving said one or nore
detection signals and in response thereto generating
said plurality of control signals and a trigger signa
i ndi cative of said respective
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magni t udes of one or nore of said plurality of data
signals and said respective asserted and de- asserted
W@ wrnelsosi gnal states. 18 WO 2007/ 146506 PCT/US2007/067856
PCT/ US2007/ 067856 7. An apparatus including sw tching
and control circuitry for selectively conmbining a
plurality of data signals to provide a conposite
i gnal . i i ft Sigkilel binin
31 O arr Al R ERE A fchiA Gaf orf) SRR for sBBtcly combining
a pluralit9 Of dath lsignglsea ptovidergeconfposité gighagwhich cbwespoods towmie @r more of
. conposite signal, conprising; signal. routing circuitry .
said plyrglity ghdito &1enalseand e\}.ﬂgg?rtw? fog &9%@’1@% 3?%“%?%0536&&“‘ pbrtions of
id cobdNiRlsidn¥l, @bmpAKLEC!  signals with respective asserted
- Coahgﬁggfgéser¥@g c%ntrol signal states by conveying one
signalopetingfircaitidreppansiveite g pbiraldgofdata gigahls and p ghaglity of control

. combining circuitry coupled to said signal routin
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said signal routing circuitry and said si
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I gger s icative of said nagnitude of
signal; sl d conposite signal and said respective asserted

and de:asserte ontrol, signal states. 8. The .
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circuit. 11. The apparatus of claim7, wherein said

control circuitry conprises state nachine  circuitry.
8. The apparatus of claim 7, wherein said signal routing circuitry comprises a

plurality of switch circuits.

9. The apparatus of claim 7, wherein said signal combining circuitry comprises

signal summing circuitry.

10. The apparatus of claim 7, wherein said signal detection circuitry comprises a

power coupling circuit.

11. The apparatus of claim 7, wherein said control circuitry comprises state machine

cireuitry.
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indicative of a magnitude of said composite signal; and
controller means for providing said plurality of control signals and receiving said

detection signal and in response thereto providing a trigger signal indicative of said magnitude of

said composite signal and said respective asserted and de-asserted control signal states.
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