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Field of the Invention The present invention relates to

nmet hods for capturing data packets within a digital data signal, and
in particular, to nethods for capturing data packets within a digital
dat a signal BYP WEHHEPS ng predet erm ned portions of t hECHHPA'YpHHal to
allow for sinpler and nore efficient data analysis. 2. Related Art
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al ong various distinct signal pat hs (e.g., as is done with the
Internet). Conventional test equipnent for measuring these data
signal s capture these dat appagkOSNBOOTEE ey aod t hen transfer them
for analysis. Oten, the transfer and analysis of the captured data
takes longer than the process by which they are captured fromwthin
the data signaf.qi,RPad.Regause of the need to transfer the captured
data to re‘rrm‘e_a‘na]n‘lym—s—a—r uitry (e.g., a conputer separate fromthe
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rates. Accordingly, conventional test equipment wil ten not
measur e cSPRAEEEPIYECFERR aprgonsgibe ﬂ%@%iaalfo lgwy foeaﬁtﬂﬁrraéd A cfinioat dn
packets spaggd. in tinme by an interval approximting the tinme needed
for anal ysis or measurenent.

2. Related Art

Increasingly, many well-known and popular data communications systems communicate
via digital data signals in which the data is distributed among a number of data packets which are
transmitted sequentially and then reassembled within the receiver, often following transmission
along various distinct signal paths (e.g., as is done with the Internet). Conventional test
equipment for measuring these data signals capture these data packets, store them and then
transfer them for analysis. Often, the transfer and analysis of the captured data takes longer than
the process by which they are captured from within the data signal, in part because of the need to
transfer the captured data to remote analysis circuitry (e.g., a computer separate from the test
equipment). Consecutive data packets are often closely spaced, particularly within data signals
being transmitted at high data rates. Accordingly, conventional test equipment will often not
measure consccutive 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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SUMVARY OF TRVENTI ON In accordance with the presently
clainmed invention, switching and control circuitry is provided for
sel ectively conbining a pl ukghiviXrPbraddfranS/s8RehS 10 provide a
conposite signal, which corresponds to one or nore of the plurality
of data signals, and a trigger signal for controlling capturing of
sel ect ed porti@Rscofihnde hEth GRIFRBETY €laifie@ Babntion, switching and control circuitry is

provided for selectively combining a plurality of data signals to provide a composite signal,

which corresponds to one or more of the plurality of data signals, and a trigger signal for
controlling capturing of selected portions of the composite signal,

In accordance with one embodiment of the presently claimed invention, switching and
control circuitry for selectively combining a plurality of data signals to provide a composite
signal, which corresponds to one or more of the plurality of data signals, and a trigger signal for
controlling capturing of selected portions of the composite signal inciudes: signal routing and
detection circuitry, signal combining circuitry and control circuitry. The signal routing and
detection circuitry is responsive to a plurality of data signals and a plurality of control signals
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



I n accordance with one enbodi nent of the presently clainmed invention,
switching and control circuitry for selectively conbining a plurality
of data signals to provide a conposite signal, which corresponds to
one or nore of the plurality of data signals, and a trigger signal
for controlling capturing of selected portions of the conposite
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BRIEF DESCRIPTION OF TI-IE DRAWINGS

Figure | is a diagram depicting a conventional method of capturing and analyzing data
packets.

Figure 2 is a diagram depicting another conventional method of capturing and analyzing
data packets.

Figure 3A is a diagram depicting a method of capturing data packets for analysis in
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.



WO 2007/ 146506PCT/ US2007/ 067856 Fi gures 5A and 5B are functi onal
bl ock diagranms of signal switching circuits for capturing data
packets for analysis in accordance with additional enbodinents of the
presently clained invention. Figure 6 is a diagramdepicting a
met hod of capturing data packets for analysis using the circuitry of
Fi gures S5A aMtP#f/146506  Figure 7 is a diagram depi ct i R§TEPIYIETSe

nmet hod for capturing data packets for analysis using the circuitry of
Fi gures 5A and 5B. Figure 8A and 8B are di agranms depicting
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Figure 8A and 8B are diagrams depicting additional methods of capturing data packets

for analysis using the circuitry of Figures 5A and 5B.
DETAILED DESCRIPTION

The following detailed description is of example embodiments of the presently claimed
invention with references to the accompanying drawings. Such description is intended to be
illustrative and not limiting with respect to the scope of the present invention. Such
embodiments are described in sufficient detail to enable one of ordinary skill in the art to practice
the subject invention, and it will be understood that other embodiments may be practiced with
some variations without departing from the spirit or scope of the subject invention.

Throughout the present disclosure, absent a clear indication to the contrary from the
context, it will be understood that individual circuit elements as described may be singular or
plural in number. For example, the terms “circuit” and “circuitry” may include either a single
component or a plurality of components, which are either active and/or passive and 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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Further still, it is often desirable to capture consecutive data
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reducing the capture time in this way, the amount of captured data for the four consecutive data
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C

standard. While the symbol rate remains constant, the modulation used for this symbol will
change the data rate, as is commonly done to simplify implementations. Using a fixed capture
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
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Alternatively, a single detector can be used, e.g., the first signal
power detector 511 for the first received signal 501. Wth all DUT
transmtters operating simultaneously in a simlar manner, detection
by this single detector 511 of the arrival of the data packet in the
first received signal 501 will also indicate the arrival of the data
packets in t M@ PERA ng recei ved signals 502, 503. PCT/USIYOEEG ng
to Figure 5B, according to an alternative inplenentation, a single
power detector 514 is used, instead of nultiple i nput power detectors
511, 512,
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Referring to Figure 5B, according to an alternative implementation, a single power
detector 514 is used, instead of multiple input power detectors 511, 512, 513, to detect the power
of the output signal 540 of the power combiner 530. As before, the control circuitry 550 knows
the states of the input switches 521, 522, 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 5A
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
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Alternatively, instead of the capturing of the data packet portions
being controlled internally by the test instrument itself, the
trigger signal 660 provided by the control circuit 550 can be used.
This can be advantageous when nultiple input signals are involved
such as when testhg a M MO system This trigger signa

identifies t N&® "4 Wacket capture intervals 621, 622PC§§§m”§§ﬁﬁ
(e.g., where a high signal |evel corresponds to the data capture
|nterval) The angl ed portion of the signal 670 at the end identifies
an optional end of trigger sequence which allows the test instrunent
to term ndesiEed %r@oueaﬁfiﬁr? Qer@fcara%rfda(e;saeﬁ%f@maﬁaﬂrHPSFF%@T@‘ mmppls of
transfer, 32-s@nbol fhdkdiNg defiRd.t r ansf er |nterval 630 Al ternatively, the
dat a transfer terva can b initia ring
of i he desi r e AR Fisped-a PpaTiearition Bt el st e Bt HEin AR el
shown in trmsmlsamaﬁai sﬁ‘eam of data p#sketn6alexds, xmdmacln:lftherﬂgedti‘msmltterggwmnglg)f

dat a packet_ ca t e Han | Cl r
advant agegﬁegpec or Ja{éfg?‘?ﬂ'l @?a'éd%e‘ ﬁ; egs({88 ot 5%?!\%'%03?}?“&%{2We ordering
of the datRgpadkend SBeamlebethe brst rapbrhigel oumhtaﬁf)édaﬁollewgijm thegsepdad transhpditer

first pac Bﬁtﬁut'éﬁzbf 5&}1%% tiahrranertomm& 1@ wis rlalefoﬁareg @ga RAGK&E ofis T rom

the second transmtter, third packet 1s fromthe
transmit t eptpuinefal thies traa%mtt%@ﬁaréaﬁv fQfc avhich a‘tcr?@f“'éaﬁrﬁ’tj?‘ﬂéamgl?o@‘r%ﬁ‘gnfﬂr om

all trans Fﬂultg)ﬁar tSggeFd Tk bRl ab BiGcubdR@ atibad, @ BRmPhiLE thd\Gnothi JF dsbl€dually béihgger

signal shoul d not roduce  an del.ays, si.nce the

recei ver SHSodgy t&ﬁ%@ wgﬁg‘gﬁo‘lﬁﬁ@é 6§4 PEde g‘?’ be g 0w aﬁnfcﬁﬁfa’?’é%rt
equi pment capturibg thy pésired dryoutlts ef a'aclrufg{t 1Scr|>ﬂﬁd1 dnglac@tstoorag60Pbt @B c, anhtier t er
having a 8 Inp tJ cfatr; %gtgk %9 %J:cc I}\S dﬁcusse @(X/ (thls &ita 1st e élegh él r1:>?lcked
pi peline) Ts srg Feanti ‘onger 't B heeded T or anal
trigger sheqadnce of chprirtd dutacs2( 1624, canptoomed dngmgirard&t ateriah6X0hand @nedyred t hat
bur fer o el i Bid YBE ol RpiliPlsbile SFRREGS: BLAPUETRIR e od
to ensur esvﬂtcbvéﬂhtﬁl?nmbaf ¢ also shown REPFGWCPWQ’ theomirg @rf‘é“lﬁo an alternative

use of the Co%{e%m%l)ﬂ’ E)Hbatd 0P c&p&rﬂgﬂﬁh@& #aﬂ@t ﬁJrﬁcﬁig%ng7c%Qtrdlla¥ ol ves
the capturing of portions 711, he respective data

packet s 7meelly bmlae tewmmrtreg t&% rnrgscr é‘&’ﬂﬁ' 664 Pr‘i‘@“déd Py hg epntighitenibipl7 14
of f ]E he c osaaléae agddakiacdads karaaagz@&awhel?%iﬁplfe 7@‘&&1@1_3-1@ bi® indOlvEd] syh @y WikR

Su i cient at C ture to neasure A0t the | rs ortions

packets s @Fﬂ“gﬁy»ﬁgsyﬁﬂf’f £ frigsqr sigpal E‘%{{{lf]%"r'g?s tb\?rf{afae” a‘fjr‘ﬁf)%{’tafed‘?tﬁéﬁf #l

| onger datz, {mcmt(Sgt\@hcad 4 logh sgbflevel @nkspdadsan hataaprureninttried). Clise of

t he conbi ne a 4 ,

hecurato MatbapSbh & B AaRA6 STRCnd Ryl b riareHor hfded el Ghigh
721, 722, 2lpp8 ther@mnsmmv@nt teytgriieade itsoweptumningred flay packels agd mitigp thedatatragsfes er

interval 7&?’Qlunﬁgsth§fré;1@felf infeARtdsY. ;Sﬁé?ﬁattteél il d3a Grad SRR il 6 caft be Bldated Y
550 controls th ferent swtches, { can be easi Id%talpa(% ramred fo

control tfrdoyige Q‘FFWQS‘E of thedesizgdramonnti "ﬁ‘ﬂaéarRi‘a“Teé‘ SR 18 2LBBVRIT ng
of the pomidepaspled/ 11, 712, 713 of the individual data packets 701la,
702b, 703c can be different int e ne d
1020, T03¢ cal). b b b Sifia I e Wb e Bl e
704b, 704can be advantagdivesn Foesbrlg waredMeding 8 WEMEMyster, theayddnieg nﬁb@@&;aary to
use exterpna r I

apt ur e ket n R ol T p TR ot Al Gotbl bR e s ) e

si nce t hesecadipackglis frone tite serayd trroemikerothe third macketds @rplpﬂle ﬁwriata@npt&@rée@
type is bﬁ"xbﬁgtctaﬁtﬁr@§ﬁgt§ &ﬁﬁ!com;ﬁa\é@rlar filohn ol rafdnerd QDRI tﬁ@datarbtarsmrgce
this type o gnc ronization wthin the test equi pment when it
testing a“'§1P ke trizees sigpal shoald notigirodugeany preblematicfiglaysy Eincgdlq reeghyre to
performnmnultiple power neasurenents for a | EEE 802. 11a OFDM si gnal ,
foll owed by a spectral nmask rreasurerrei’bt. As di scussed above, the




WO 2007/ 146506PCT/ US2007/ 067856 conposite signal testing all ows
testing of power fromindividual transmtters, but the use of a
signal conbiner generally makes it difficult, if not inpossible, to
identify the origin of the power being nmeasured. By adding swi tches
to the input wer conbiner, it beconmes possib re
t he coupllngyﬂgg&n%ﬁgpas the isolation within the smn%gﬁkgmgg %tter
than the coupling | evel being tested. Referring to Figure 8A,
usi ng a data packet testing technique as discussed above when testing

a M MO sy%tr@mr)camnme@é@tseaﬁlbﬁsﬁwﬁﬁy%@nqu hights eeaqnatlcrg%%@mb&@n&f the
first data packet 801, the packet fromt first transmtter is

conveyed t8ViahaPpRiRRfesizn FPo‘FfHﬁ\'th‘S@@Y@F’r Hupush ﬂ?‘}R‘P&h'Ef) isgignifiginiy Joggqr ghan
during tramsifheReded f?bn iNRg §8¢aRGNA W inARE tdvh tﬁh Q@déﬂ@t@ﬂ]@@ﬁ‘dﬁﬁh&ﬁhé he
dat a packets 802bl %EOBC fr mthe second and t trans cftters
conveyed t OEEHEEPIMTVELRB Hpd? msaRn S e‘&i‘i’b‘?’bﬁf fe °’§%‘th A s&a

are aCCOWmistﬁﬁﬁ'dhew%nﬂg:aﬁB’@Jséchbel&uﬁ\mdpeﬂ'tmﬁﬁ)g]t rol signals 851, 852

853. Capturin f .t he desi ortions of the

packets 801a, “8 Rl r"'i7r é‘g i (it °§§F’ C?Ri“’il ﬂ{%‘%@l‘%g@?ﬁ‘e ”5"3'2%33’823
in accor ddﬁ@iilvwlmﬁslthetcbxﬂurtngioggﬂﬂl pooiots Wi, ARgNAbT B6Rspective datd prekaledOda,
packet si I r uri.ng the fi Ist erva 2 conta vver
DEEr T but anr e Ay 6l ARbiagh B8 phieR v | VRt Ron e RO S 10, TR

rel ati vel yO4shdhis wanld preridp emiigient datpdaptuty te enasbe E{Y%gﬁjheé‘dstlwmenmﬁdsl te

nmeasur e ”E?Eckgt? Eelﬂp&lzsthé Arrlche trmsglhte}sh&rﬂ}égﬁm&mmé @e g)nge'} ﬁétp :ﬂﬂetsstg diidice
(HT-LTS) that appears at nni_ng he data _P Dur i nfj t he

second captififient fsit eapipsg in ﬁ*zzaseeﬂg' E“&H’E‘ﬁ? é&s‘ﬂ& AyheAcks O a%%b [

power fl‘OIﬁrTaElﬁra&ﬁﬁ&ﬂ'ﬁi rhdsRisd¥treheaits, Azlitresalt,3Re QPR azddviumampnu@r due
to COUp"r\l,%e Olf"S,[f fi.rst tran mt r. dat acket 80Fa|ntoth

second transmi PSP E e i ‘Hﬁn’ﬂ r'S YpUicraDSharteg ¥R t e
measur ene kn¢nttpkedeviiry) Gscotitads thie &ffm ewdlitéhas, Appl becadilly proghiomed &/ bl 44,

as noted g{}gt\éogll)%)f%@ @%Q%(enﬁﬁéﬁ&g&ﬂ @1? caﬁ;ﬁm&@?f tf, Jostont FANHT 15QF gat a

packet 80 term ne OWI ng capture o
t hird dat &dpyaterlalpta gagBets dlei 19eb. 703 Cdlabfedlffqgttmge shcme:e tham the §xcgval wd@r

attribut e%ﬁ:@%ﬁm@%ﬁsnw@@ﬁ@k&ﬁﬂwq@t&ga&agw& 7%@53%&&“ al so be
det er m ned urther simlarl urlnge first data capture interval

821, power cou%“’l“r‘lﬁt“é‘iatwr‘ﬁgﬁﬁéf% B mak %féesamﬂt%%%ma{l@ Waé"aff"é packet

801b and kyblirchifingthsdiritiof bf Helte Qp@leatithdRkltatk dNthORs at»ersmtdhescton asl
wel |l as power. attributed to the first transmtter cket 802a

bmd o v HoB SR e Dt e AR OB OBE PO HE PIekE D8 BORHIE cat o
capture i nimmitad. B@Qavermmarsdpmblﬁ td in&oduﬁanﬁmypbb&rynqmmtmtvhmhhhﬁteﬂ to
thetrans tter i,nterest

b h
transnittergraaiipd lsdt SYE8 A ea(thmnS%er %6%9‘%@%‘0%/: %@f@@% t o

multlple power measurements for a IEEE 802.11a OFDM signal, followed by a spectral mask
measurement. As discussed above, the power measurement may only need 6.4 microseconds,
e.g., two consecutive 3.2-microsecond intervals beginning 8.8 microseconds after the beginning
and ending 0.8 microsecond before the end of the 16-microsecond 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 concemning the switching circuitry (Figures SA and 5B),

it can be difficuit to test isolation between transmitters when testing composite signals. Such
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Referring again to Figure 7, it should now be understood that the
desired information regarding the data signal transm ssion
characteristics can be obtained during the first three data signal
capture intervals 721, 722, 723, since the coupling between
transmtters_can be determ ned, and the | ast data capture interv

724 can be udEHN S ¥asure signal transnission qualityc yHEr”%?f”W@?G
parameters using the conposite EVMtechni ques as described in
Application No. 60/595, 444, as noted above. Referring to Figure
8B, it sh

it er modi o aisREy UGS st TAER R kb B AR B FRATH I Eopecats 1 o
801, 804, sepd oealrrn%ee@r@ilpge@s rtlﬂefﬁmétxréw|neposrlble,ﬁmderﬁéy ﬁee@s@eﬁt Rogyer
al | ow t he ptihgmesthiled o8 mrn@gwﬁ@léstt@@hetl@ursmﬂelp%we&oﬂbmr iMbdeShEFhoRible to
frequency and power. XI'hr s can _be | nplenented y counting the
nunber of MARKEISCOUPlinE. selengppte ivplatpnyhiy the r“ﬂrcgfrsa%hnﬁg thag fregPiPHRE of

dat a packe&vslbe'ﬁgrtegteas particularly useful when testing nmultiple
packets. For it may esirable to transmy{ different power
| evel s for pur%%gfgggtaflgea%%rﬁrawa@rw fttFiipe feghataue as discpsigd appvg tter
requires mﬁi@ sIMI]iBOfsy}t‘en&ﬁh bé deﬁ@becﬁasffd;l]‘oﬁr% M@&ﬂnsﬁfssrﬁﬁﬁﬁ(ﬁ&&st@iﬁlﬁ phet
transm tt%gl ac et ?V\ﬁo lhc transm tte 1s conge V\@]lo(m owe \Qen ré38ve| I's
changed an mer o PEEAN T Pahdm Tt €8 i Such
cases, |t(lfmlyeﬁe\ auiééB} aﬁyhéarbfahtmamwtsswdré tln:equond 8@2 aodl third 808 datanber of
packet s pridis ki GABLLEs RE:O8R . fbm WRsEooRd art ¥ RAGNELSarBLont O R
before theé power |evel changes he next ata pac sm ssi on.
Vari ous oPpwsr coriingr iSEhitThe ﬁ@r@mdteawcersﬁawserrgccronﬂphwed wingks thieesveieh

met hod of .QRGl &idRBSORsA BES dapMARY drate dbdideh &@or@@r)ra%ﬁmmt&tﬂefme
skilled in the art wthout departing. f rom{) scoge and pirit of

the i nvenPidfs 3Hpt89du g cindonp ﬂmr*m&wt% %ése‘ﬁ?-fﬁé m%@rnferrwth the
connect i oftiggertchntfop§igiaf 84D. preferred enbodi ments, it should be
understood th vention as shou ot be unduly limted
o cuh apec 11 culppish b 8P fuh BE Babe ol QRS pET GO Le

cl ai n8 debnlpe thdfxsismomettal Thiheppraisent! is rlagndy dort antle pdvat ccmplrng@:hmlﬁees

d th i % hi ts b
22\/;@ q ?H%?sg%g l_[% %’gﬁteﬁ&@fm‘% t%i?l%%&niﬂe%{@u%\;pgipﬁthl% a%ﬁ @.{f:g& S be
mul ti pl e- (HPHHTS) that rrpegst ef-tephepioning MithaTptagyakete Muringibk &nﬂ@ndgammdwarhg

and contr @) G rzwr&rsvgnmﬁclﬁﬁé ﬁﬁﬁﬁwowepﬁu:&bmegea&ldqramrm&el tut MscAbmdat a
S|gnals to Provi de a COHDOSIte Sl gna corresponds to one or

nore of sé@d&imﬁ?‘@P‘wrrdP?‘O&P“R!fa% ﬁorgﬂ@ﬁisﬁt §ansewar %tamarlij a fofhaiecqndr
control | i fghs@mart withinge DUTS &lsRg beskr PRilylsis @itBcottipositd ridasaRRRIéchAqiel gBal |

h q i " .
o bne. or diyred in ArlFERNo ALV ERCR Sl 869 HaPYGHGLL ¥ B5e one. of
vol t age, samsmitet datapdchao®02n canke deterplinet aSiidilyrlyo folld@ing caitgeiaf the thieddatas ed

f L.l t

o1 gnai s wPIoRt 3 gt Yila LOANE McHaPlS VG BByl Bl b B 641

st at es bymbﬁ@@%ar caaleorhe deternrimade Farfhessmiderly] dwriag fhe ﬁrsmatmmaresmgmllsél and

provi di ng &reec&r,mrg)artﬁbﬂéatte%'s&en@&ag Naks d%tggb&?ttSbYt?angfthurd‘?éﬂs%ﬁﬁér Y&
rragnl tudes of one or nore sai d plrura 1t dat a si gna S,

si gnal coP#sksiPRg cay frerfiﬂefrrupedcwrﬁﬂéamw?r gtarbagéé fghrafirstytegnempiigy daf gacket

det ect i ong@h Eaﬂlﬂhird YanSiitter RERFANSI 808 folowins e CRMEBKRAG NS irdivalBre Of
said plur rrespondrn conposite

[it dat | b d
SPnal U tbottheRme sl hors s vullin e ot A Gt BOSIS das o

packet s; amdibutions from the other transmitters, can be determined.
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control circuitry coupled to said signal routing and detection
circuitry and responsive to said one or nore detection signals by
providing said plurality of control signals and a trigger signal

i ndicative of said respective nmagni tudes of one or nore of said

plurality of data signals and said respective asserted and

de- asserted ®0pghssei gnal states to facilitate capt uPCHES20d@rBig a

plurality of sequential non-contiguous capture intervals,

a

respective portion, at |east, of each one of at |east two of said
plurality of sequential non-contiguous data packets to provide a
plurality of clqitrtingadaidat Bgfro?, icsheddinwbe untdasteodphat the desirgd ipformation

bst ant i . cont - ; fauGl Al
substan 'z%gta%émgﬁ'é r(]ilatgg‘%gﬁ g%&?ssmn &aral@ﬁstl?sﬁoggg%%b%f}e? dugdﬁgé%%

said sign 0 etection circu ses:

1th:¥\%'kﬁ[aei n

urality of

i nput el ecigrdd@sryinarali’eh 78472, phesrtbd dotling beteeandrasimitrat en be
recei ved; etemiracd%@ tHe fas{ BlaSaptind ﬂﬁéwa@'?ﬁ&t‘%‘éﬁ bledto ﬂrﬁe&%éu?c%i@?}qﬂhﬁqssm one

or nore o1 sal

plurality of 1 nput electrodes and responsive to one

or nore ofality and ptherrraramelprs aping e somyogifedi VM frphniguesaspssgbeddr ApRligatioy
nmor e det eqlyl U598 BN ad SiedAbElve. a plurality of switch circuits
coupled to said plurality of_inpuéeﬁ%ﬁctr des qu reigonsive to said

plurality of dferingtyfigue 85nigshould f angegsrod fhag a1y

Fi&¥§nal s by

conveyi ng ifainedifapacksts 300J 33,005,586 totPpler il chfityredpackiad #01580g, 81 8an be 3.
The appar es’lgigpsced.o}t‘or%)lca%pqg, 1% h]a%ee rqe%elzsgarﬁ %Iaﬂo\\g 91% trglgsm%[' geinsgl tgs?e%lto sde(fatfe,eec.; é.,l ig"

circuits

terms of frequency and power. This can be implemented by simply counting the number of

packets that are measured before initiating capturing of data packets. This is particularly useful

when testing multiple packets. For example, it may be desirable to transmit different power

levels for purposes of calibration or other tests. If the transmitter requires some time for settling,

a first number of packets can be transmitted at one power level, following which the power level

is changed and a second number of packets are transmitted. In such cases, it may be desirable to

transmit the majority of such number of packets prior to capturing one or more of such packets at

the end before the power level changes for the next data packet transmission.

Various other modifications and alternations in the structure and method of operation of

this invention will be apparent to those skilled in the art without departing from the scope and the

spirit of the invention. Although the invention has been described in connection with specific

preferred embodiments, it should be understood that the invention as claimed should not be

unduly limited to such specific embodiments. It is intended that the following claims define the

scope of the present invention and that structures and methods within the scope of these claims

and their equivalents be covered thercby.
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conprises one or nore power coupling circuits. 4. The apparatus of
claim11, wherein said signal conbining circuitry conprises signal
summng circuitry. 5. The apparatus of claiml1l, wherein said control
circuitry conprises state machine circuitry. 6. An apparatus for
testing a nmultiple-input, nmultiple-output (M M) system including
SwWi t chi ng a&viat solainedlis:ci rcuitry for selectively conbining a plurality
of data signals to provide a conposite signal, which corresponds to
one or nore of said plurality of data signals, and a trigger signal
for cont r olll i ngAc agpamatus iy tesfingeineltblednppy multiplsougdut &M)&Wﬁ;sﬁcﬂﬁing

[ I det .
f;gg?w ng ?@ﬁdhﬁl'gqg? ?Jorngf)l ciret {rg ﬁ%ﬁ\%?%lggonﬁnw s%lt?r% tﬁlour aal ﬁl%l‘&? gcf praxgilea
si gnal s ha# F@tgpog#eﬂml Wbmb cestespand$ toahe oharactseid ipbralitsof datacigoas, agd at
| east one @fgoMQldh@dsn co%!ﬂx?grya?ta)g  AMEhed ggﬂﬂnsaofgluﬁ %&141};0%%( sﬁgnafiont rol

signal s W|th respective asser serted contro
st at es and®®Pr@8ponse t hereto conveying one or nore of sai d

plurality of dafigaPloBiialaad aastueﬁayauﬁay@&pa@ﬁewon%mo.@%@tﬁ délon si gnal s
i ndi cative of respective magnltu es of one or nore of sald plurality
of data si glﬁ.aqctgnstlcs including at Jeast one of voltage current and power, of a plurality of data

signals received from a plurality of MIMO transmitters and a plurality of control signals with
respective asserted and de-asserted control signal states by conveying one or more of said
plurality of data signals and providing one or more detection signals indicative of respective
magnitudes of one or more of said plurality of data signals;

signal combining circuitry coupled to said signal routing and detection circuitry and
responsive to said conveyed one or more of said plurality of data signals by providing a
corresponding composite signal, including a plurality of sequential non-contiguous data
packets; and

controtl circuitry coupled to said signal routing and detection circuitry and responsive
to said one or more detection signals by providing said plurality of control signals and a
trigger signal indicative of said respective magnitudes of one or more of said plurality of data
signals and said respective asserted and de-asserted control signal states to facilitate
capturing, during a plurality of sequential non-contiguous capture intervals, a respective
portion, at least, of each one of at least two of said plurality of sequential non-contiguous data
packets to provide a plurality of captured data for assembly into a plurality of substantially

contiguous data.

2 The apparatus of claim 1, wherein said signal routing and detection circuitry
comprises:

a plurality of input electrodes via which said plurality of data signals is received;

one ot more signal detection circuits coupled to one or more of said plurality of input
electrodes and responsive to one or more of said plurality of data signals by providing said
one or more detection signals; and

a plurality of switch circuits coupled to said plurality of input electrodes and
responsive to said plurality of data signals and said plurality of control signals by conveying

said one or more of said plurality of data signals.
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si gnal conbi ner nmeans for conbining said conveyed one or nore of said
plurality of data signals to provide a correspondi ng conposite
signal, including a plurality of sequential non-contiguous data
packets; and controller means for receiving said one or nore
detection signals and in response thereto generating said plurality
of control signals and a trigger signal indicative of said respective
magni t udes 3 0f i ..and said
oapect | ve asserr g e Sl didibt bl (Bl kBl BlR?

faci | itateCUMPEHNAG Mefg PPV ceupiingieieitt y of sequentlal non-cont i guous
capture intervals, a respective portion, at |least, of each one of at

| east two of said plurality of sequential non- contlguous data packets
to provide*a plUeapparausstec %a'pl UFhetsinFald i sy combisiagpirpitiyrpompesep bignahl i t y
of subst antirahihycif@mtyl guous data. 7. An apparatus for testing a

mul tiple-input, multiple-output (MM system including swtching
and control circuitry for selectively conbining a plurality of data
signal s t os.provitldap@ra@geRin § vhe@hahid chhitol BrcG Ry cBSPRRIRatt RadinR Or
nore of sai.d plurality of data signals, and a trigger signal for
controlllna Eﬁﬁturlng of selected portions of said conposite signal,
conpri si ng: si gnal routlng C|rCU|try responsive to one or nore
el ectri cal char cteristic i ncl n st _one of voltage,

current and pov\‘tfgnrelpp ol Ifor?ktmé R U%? g’ﬂ%t '3"@?15 Rupdt @'@%@:{@3@&"% Sidine
plurality ofitcthihgiid qoaind wirtuiter for ahadnw&ixﬂombaningta;phmefhtﬁafrttafa@ignsli; gnadvéde
with respe t 0 n st.at Vi
conveyl ng %%dén\ﬁgsrléﬁ%ﬁﬁ Q@c@&grég%iuﬁsﬁg ?{ge 0?910]{ Ets?&) p]urai % data sig na?s an%

si gnal contiggsr pignat ifqr@mttql!ylg@m!nplne@f sedﬁc‘sépmmsg:ﬁaalld ¢om,1msrt¢gxgoalr cuitry
and resPOWﬁh&ﬁmB@ said conveyed one or nore of said plurality of data
signal s by providing a corresponding conposite signal; si gnal
det ection ci r cuignthyowerand detectas meansdorgragivie feoom wikiy ot MIMG) trapgmitierel

I eSponsi Ve, §ifraH bﬁdaﬁ@é’@ﬁﬁ'hﬁﬁnnsélﬁ%?-lnopﬁre%\ﬂngél @garﬁzté# i %61 St @R@lone
i ndi cative of a magnitude of said conposite 5| inc d’ng

I ur al i {y @OLGEURET: AP0 FRoHee G PlyaBY S eRaiTal ek Bith esepggive asserted and

control CideCadécktEd/con@bIMREN states S iel rébﬁﬁ@-ihe{eﬁlébﬁﬁaﬁng b infokdorald sai d
si gnal detection_circui an responsive to said detection signal

by provi di HY24Piia ¢ Su%f'afs a%’fijpfa‘rl 'e%m% fmoEg dgpeiian signgfs ﬁldt"?‘i"ﬁgéfesl&ﬁ“g‘ﬁal

i ndi cati vemahitsdai dfmiagﬂmblu@esaaf plﬁamgl of@fgke signal and said

respective asse d a e- as d.control signal states.t )
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capt ur e i nfaersigakls to Iaovlmﬁmp\zﬁiuﬁgin’omma‘ta sighal | ishaling aQflureierg bf @feentidl at

| east two QL §%@ apa t¥ o% sequential non-contiguous data packets
ap ra|

to prOV|de captured data for assenbly into a plurality
of substanti al |cynt@dthmgau@fgpsredcamag said one or more detection signals and in response

thereto generating said plurality of control signals and a trigger signal indicative of said
respective magnitudes of one or more of said plurality of data signals and said respective
asserted and de-asserted control signal states to facilitate capturing, during a plurality of
sequential non-contiguous capture intervals, a respective portion, at least, of ¢ach one of at
least two of said plurality of sequential non-contiguous data packets to provide a plurality of

captured data for assembly into a plurality of substantially contiguous data,

[7



8. The apparatus of claim7, wherein said signal routing circuitry
conprises a plurality of switch circuits. 9. The apparatus of claim
7, wherein said signal conbining circuitry conprises signal summ ng
circuitry. 10. The apparatus of claim7, wherein said signal
detection circuitry conprises a power coupling circuit. 11. The

apparatus of cl ah @Bphratidhgi&iiny aﬁﬁﬁl@ip]e%&f %n@letcﬁw Mm@?; wns G 1RERL ©
machine circuitry 12. An a&}gﬁgr at us e- 1 nput,

mul ti pl e- oéu‘f"&}}t"g@ﬂﬂ fpjrolereyi OrF%@Pw@r WW&@%WN&Y&W%%WF& provide

circuitry ﬁ@(ﬁmlﬁ)@it@ﬁérﬂal\/%béh 6EHERORENG ofe BInttr@bfishiv pRifalflAdram kiR, §nctap
provi de a cor’rgrosltgr g@l whi ¢ch corresponds to one or,_ nore of said
plurality OfESyatea?sPaardlinesapurdne ot serisr PQF'QPP&?f S} FOrBRORE Rk ng
capturing efmgiingct ed portions of said composite signal, conprising:
signal router nean or Lecei ving gdroma plurali

transnitters a Wﬂfrg{’ti“igf"ﬁ"lmﬂ‘ﬁfpg gYdn QP%O’W%\/? "ﬁ‘lti;‘"'ltrgfﬁb"?‘ﬁra‘:tﬁrﬁ'és’ including
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signal combining circuitry coupled to said signal routing circuitry and responsive to
said conveyed one or more of said plurality of data signals by providing a corresponding
composite signal;
signal detection circuitry coupled to said signal combining circuitry and responsive to
said composite signal providing a detection signal indicative of a magnitude of said
composite signal, including a plurality of sequential non-contiguous data packets; and
control circuitry coupled to said signal routing circuitry and said signal detection
circuitry, and responsive to said detection signal by providing said plurality of control signals
and a trigger signal indicative of said magnitude of said composite signal and said respective
asserted and de-asserted control signal states to facilitate capturing, during a plurality of
sequential non-contiguous capture intervals, a respective portion, at least, of each one of at
least two of said plurality of sequential non-contiguous data packets to provide a plurality of

captured data for assembly into a plurality of substantially contiguous data,

8. The apparatus of claim 7, wherein said signal routing circuitry comprises a plurality

of switch circuits.

0. 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

circuitry.



si gnal conbi ner neans for combining said conveyed one or nore of said
plurality of data signals to provide a correspondi ng conposite

si gnal ; signal detector neans for detecting said conposite
signal to provide a detection signal indicative of a nagnitude of
said conmposite signal, including a plurality of sequenti al

noncont i gudéds danapmpeatiederssstiapaimultiple-input orultiple-dugrut (ERA) sfyem, pricdadirg] ng
said plur alS!)VFtM‘lll‘gfaﬁg Q&ttl%Pc!wcﬁl'tr? lsaec%og Eo(?r(r\b% M%ng ﬁﬂy%f %&? als n}())r?)‘!ug d

and in response t ereto rov Ing a
magni t ude @fowpgsie @mb@@@ gorsdspngs toamdorsmrdoﬁselsiprémhtwf da@sgnaleamhmd

de- assert egiganidnal foxséogf?@llmg'séa%ﬁ@ $Qelf A% gohioﬁé & sglﬁ%t@%{sfg@mngHr I ng | a

plurality of sequential non:-contiguous capture inter .
respective “gBrtsign, at |east, of each one of at least two of said

plurality of segpaniuRl mBARTHE ARLVEEAYS a%%ﬁxtﬁ%ﬁ\ﬁ@ trﬁrﬁmﬂfeﬁvfﬂ Hifaifty of
plurality of captured data for assenbly into a plural

subst ant i ald?tﬁ mgnalﬁl]a@ﬂg gee q Moke electrical characteristics, including at least one of voltage,
current and power, and a plurality of control signals with respective asserted and de-asserted

control signal states and in response thereto conveying one or more of said plurality of data
signals;

signal combiner means for combining said conveyed one or more of said plurality of
data signals to provide a corresponding composite signal;

signal detector means for detecting said composite signal to provide a detection signal
indicative of a magnitude of said composite signal, including a plurality of sequential non-
contiguous data packets; 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 to facilitate capturing, during a plurality of sequential non-contiguous capture
intervals, a respective portion, at [east, of each one of at least two of said plurality of
sequential non-contiguous data packets to provide a plurality of captured data for assembly

into a plurality of substantially contiguous data.
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