SYSTEM AND METHOD FOR TESTI NG MULTI PLE PACKETDATA
TRANSM TTERS RELATED APPLI CATIONS This is a
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BACKGROUND OF THE I NVENTION 1. Field of the I nvention
The present invention relates to systens and net hods
for testing packet data transmtters, and in
particular, to syREATERARIIGAJIONS: testing
mul ti pl e packet data transmtters contenporaneously.
2. Related Art Increasingly, many wel |l -known and
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en folTow ng transm ss on along various di'sti’nct
20006, aﬂd gnitﬁledp‘Mdﬂmd( for Gapturisg Multifde Batai Rackdth in 4 DatarSigta) for Analysis”.
Conventi onal test equipnent for neasuring these data
signal s capture these data packets, store them and
then transfer R 10 e he transfer
and anal ysi s onger than
the process by which they are captured fromw thin the
data signal, in part because of the need to transfer
1. whed SORE whediglat a to renote anal ysis circuitry (e.g.,
a_conputer separate fromthe test equipnent).
&he present inventien relgsesctk sysieras andonethpdsciop tf-’étlrgg w&@é’@ta transmitters,
t
and mlﬁa%trécf#l {o%'&@tg Waﬁci‘ @t@%?%ﬁ)ﬁ?%sgﬂg%%}] Zén ona ﬂftﬁnes shofitkrd
contemParah Uiyt W II often not measure consecutive packets,
ut instead will capture non-adjacent packets spaced
intime by an interval approximating the time needed
2 ?g{a@n%ysw or neasurenent. However, it is often
e to capture consecutive packets e.g., to
émé@wgl}p oeey welrknawingnd pbpulan djmeccpmtmt:atms aystemfegommunicate
via dxgl-[eﬁ data s1gnalss in Wthl Xaetertl is (ﬁsr.h-lt;uteg c:r(xegqétJ h%@rtdf da{a p‘ﬁ@lyetsdwhlch 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 themn 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 reimote 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 consecutive packets, but instead will capture non-adjacent packets spaced in time by an

interval approximating the time needed for analysis or measurement.



generally be necessary to increase the tine interval
avai |l abl e for capturing the data packets, thereby
W@ 28i1235@ he capture wi ndow to becone equal t oP€TES2008/056827
duration of the nunber of consecutive data packets
sought to be captured and anal yzed. This, however, is
di sadvant ageous due to the fact that increasing the
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bemge@c(;,{sm%aaﬁtpg@@t@f operation |onger, and thereby
potentially affect its performance due to increased
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test tinme to I ncrease throug put ThIS is often done
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devi ce under test (DUT) involves at |east four tine
significapfl¥er val s: i niti al control or setup, of the DUT;
PRaint Rl iesflp aE oSy %?B*%Qb‘%p%ﬁf‘gﬂlﬂf%tﬁfﬁp‘gﬁ%ﬁlg st
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Accordingly, it woul d be desjrablé to have a system

involves atilepss fons dinfedntepyals: rinitiahepniyoly of satwp,of the DUT; settling time for the
DUT; capturing of the test data from the DUT; and analysis of the captured test data. Of these

time intervals, generally the time interval for DUT setup is the longest, e.g., often four to five
times as long as each of the intervals for DUT settling, data capture, and data analysis.
Accordingly, it would be desirable to have a system and method for optimizing DUT test time
notwithstanding the significant time overhead for DUT setup. One technique which has been
used is the transmission and capturing of multiple data packets. While this can be effective in



notw t hstandi ng the significant tinme overhead for DUT
setup. One techni que which has been used is the
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Wiile this can be effective inreducing test tine, it
al so requires special control functions for generating
the different data packet streanms needed for the
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nultiple _pluralities of transmt data to a respective
operatigpal s &Safg?%@my of DUTs and further programmed to
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v,

a master controller coupled to the data signal capturing system and the plurality of DUT
controllers, and programmed to provide the plurality of control data and to process the plurality
of captured data packets to provide the multiple pluralities of test data;

wherein each one of the plurality of DUT controllers determines an operational status of
the respective one of the plurality of DUTs based upon the analysis of the respective one of the
multiple pluralities of test data in view of the respective one of the multiple pluralities of transmit

data,



wherei n each one of the plurality of DUT controllers

determ nes an operational status of the respective one
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the respective one of the nultiple pluralities of test

data in view of the respective one of the nmultiple

pluralities of transmt data.ln accordance with

ot her enboﬁ{nﬁ t of the presently clajned jnvention,
alnaceqrdance g ‘-’é‘@ﬁ!eﬁemsmgma?taqfiﬂwpremﬂﬁslagnedﬁamnon, a system for
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pluralitygyf cantpred datarapkelsomsp vide he myitiplp plusalitien af test datays of
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a controller programmed to provide respective ones of multiple pluralities of transmit
data to respective ones of a plurality of DUTs, to process the plurality of captured data packets to
provide multiple pluralities of test data related to the respective ones of multiple pluralities of
transmit data, and to analyze respective ones of the multiple pluralities of test data;
wherein
the plurality of DUTs, responsive to the multiple pluralities of transmit data,
provides the plurality of packet data signals each of which contains at least a portion of 2

respective one of the multiple pluralities of transmit data, and



data to respective ones of a plurality of DUTs, to

process the plurality of captured data packets to
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the respective ones of multiple pluralities of
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dat a, Vi RLL al i dat
cach A QiBRE s BLine oy Gerd3ERaef P Gt e the pluralicy
of DUTetsset tponethe agal s ¢iltke reupdctip @dﬂﬂtﬁéﬂnﬁlﬁpﬁplﬁfahﬁé%ﬁﬂﬂt data in
ggléa and the contraoller neans determn nes an
view o

FEPEEIHEIons phthgantiple phwmaliies obtransput datayr al i ty of
(T SbconREE with ot ertilnie: Of Bl prdlEnd PARRE i FenBF atherhod for

testingla@itpehtmofpadwedm Mmmrbtmqﬂh@espl uralities of transmt

&r%vg@ﬂlg ?g;%g 13(% ?ngscq rW‘QHP @ﬁ:?-ztﬂgfqrs}g Hb@gs%'lpb art]zta fo?'frestpgctwe ones of a

plurality of devices-under-test (DUTs);

providing, with the plurality of DUTs in response to the multiple pluralities of transmit
data, a plurality of packet data signals each of which contains at least a portion of a respective
one of the multiple pluralities of transmit data;

capturing at least a portion of each one of the plurality of packet data signals to provide a
plurality of captured data packets;

processing the plurality of captured data packets to provide multiple pluralities of test

data each of which is related to a respective one of the multiple pluralities of transmit data; and



testing a plurality of packet data transmtters
i ncl udes: providing respective ones of nmultiple
w@bkasar42s0 es of transmit data for respective OPEBUS008$056827
plurality of devices-under-test (DUTs); providing,
with the plurality of DUTs in response to the nmultiple
pluralities of transmt data, a plurality of packet
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Ri.gure .l i.s a diagram depicting a conventigonal mnethod .
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capturif dit Pa¢ietsSfonidalyshd ifllabRRddndY Yithia@8itional embodiments of the presently

claimed invention.

Figure 6 is a diagram depicting a method of capturing data packets for analysis using the
circuitry of Figures 5A and 5B.

Figure 7 is a diagram depicting another method for capturing data packets for analysis
using the circuitry of Figures 5A and 5B.

Figure 8A and 8B are diagrams depicting additional methods of capturing data packets
for analysis using the circuitry of Figures 5A and 5B.

Figures 9A and 9B are functional block diagrams of test systems in accordance with
further embodiments of the presently claimed invention,

Figures 10A, 10B and 10C are diagrams depicting methods of capturing data packets for

analysis in accordance with additional embodiments of the presently claimed invention.



Figure 6 is a diagramdepicting a nmethod of capturing

data packets for analysis using the circuitry of
wor@anzesebA and 5B, Figure 7 is a di agram depi RCT/H§R008/056827

anot her nmethod for capturing data packets for analysis

using the circuitry of Figures 5A and 5B. Figure 8A

and 8B are diagrams depicting additional methods of
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one or more currents, one or more voltages, or a dat a

alternativeiyn e implempited nYibg OREQVi TS ADProRBately nr%ram@& SIERBRTSs

acpendife oot Eplel feflenties 8t 8 BUiiBpe BHBERE P ooy
IRpf@fiht @ FigaR 1Deaivetticl aseed;uupmdnh gypivally edggeoson a signal and

cpti ParaP s PR eR BShea it kPO ot st n

stored ffl rﬁgﬂ‘lbx{y n%%ltrallﬁr h@ndtned loQnRpRhteaRXyRa bl citheEWithin the test

Clrcul
equipment or to remote analyms cireuitry, e.g., a personal computer for analysis and display of

the results. For example, for a series of data packets 101-108 received from the signal source,
i.e., the device under test (DUT), the duration of the capture interval 120 is typically
substantially equal to the duration of a single data packet. The captured data packet is
transferred during internal 130 to the analysis portion of the test equipment where it is analyzed
during interval 140, and possibly displayed. While it may be possible that the system is available
for further data capture following the transfer interval 130, generally some data validity testing is

required before further data capture can begin, as represented by interval 140. In any event, even



alternatively be inplenmented using one or nore
appropriately programred processors, dependi ng upon
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nggpg toFjgure 2, g c%vgpggéal & T capturing an analyzmg consecutive

data packets 201, 202, 203, 204 relies upon an increased data capture interval 220 to span the

interval that includes the desired data packets. Accordingly, the amount of data captured will
increase by an amount equal to the captured data packets plus the intervening time intervals, or
gaps, by which the data packets are separated. As a result, the transfer interval 230 also

increases significantly.



term changes in the system operation. Accordingly, it
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Referring to Figure 3B, one example of a system 360 for capturing data packets for
analysis in accordance with the presently claimed invention includes data capture circuitry 362
(e.g., sample-and-hold circuitry and analog-to-digital signal conversion circuitry) for capturing
the incoming data stream 361. The captured data 363 is stored in memory 364. Control circuitry
366 controls the capture circuitry 362 and memory 364 via control signals 366a, 366b. The
captured data 365 is retrieved from the memory 364 and transferred to analysis circuitry 368



packets together by avoiding the capturing of
effectively null data associated with the tine

WO paosnzbes bet ween the actual data packets 301PGDUS2008/056827
Accordingly, the transfer tinme 330 for the captured
data is reduced. This reduction in the captured data
transfer tinme 330, relative to the overall tine
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474 canlbe mtiodascdffellowdidg each corresponding portion of captured data. This can have the

effect of simplifying subsequent analysis of the data, since the system may more easily identify
the start or end of each portion 421-424 of captured data. The additional overhead data to be
transferred, as a result of this, will depend upon the size of the data separator packets 471-474.
As a further alternative, as opposed to introducing data separator packets 421-424, the
captured data can also be encoded with a marker signal, e.g., as the least significant bit of the
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and data analysis 340 intervals (Figure 3A) relative
to the tine interval needed for the arrival of the
WO psme4260 dat a packets 301-304. In nmany i nstank&€BUS1008/056827
may not be necessary to capture each entire data
packet. For exanple, in the IEEE 802.1 la wreless
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reduce or even elimnate the additional overhead data

the triggering ofitheddtacanderaced by the data separator packets

e e

multiple parallel receivers such that the data packets can be captured and analyzed in parallel.

However, test equipment having parallel receivers can be cost prohibitive for purposes of
production testing. One alternative to the need for parallel testing is to use a composite signal
analysis as proposed in U.S. Provisional Patent Application No. 60/596,444, filed September 23,
2005, and entitled “Method for Simultaneous Testing of Multiple Orthogonal Frequency
Division Multiplexed Transmitters with Single Vector Signal Analyzer”, the disclosure of which

is incorporated herein by reference. Such a composite analysis involves the combining of the
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dat a packets. For exanple, when capturing nmultiple

data packets, each data packet in the stream may be
waledoBaeem . Capturing multiple data packets al POMESI008/056827

the capture, in a single capture sequence, of one of

each type of data packet used. This can advantageously
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trigger so as to initiate data capture at a later
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ta packets can be captured and analy
providefer thielsefitching ameeg thrﬁemnseqnmpmm 5Haf9h é%,drtwdveﬂ, it should be

understés(ggﬁ}clfﬁf:%e Il(-;l'tai%?ﬁ'n ﬂg.lo 8'{ Oh'xgérnrt]ig%' % 1{391 Iepa?ﬁﬁgﬁﬁﬁréﬁ{t 31Ignals.) This
circuitr @fickkdes pbgref d:di%ntéé‘r 5130 td;l SEmbine lthﬂg@tﬁbﬁsanﬁ\utg;ipﬂalsml 503, §03,

as_ proposed .in rovi sion nt t
received GiEpesve signdl switdies Sehie?, 53, ngagmglgﬁbgnéﬁ‘}%}t@& fodio the test
eqmprn@ﬁ9 té’ﬁ%ﬁ 8 ﬁ@lﬁﬂéstﬁrie%% 53§ %'V{%\ BHowMUh and have fast switching

requency I Sion tiplexed Transmtters
times, e\ ti'elaﬁvegd me‘ﬁf@nhkﬁ-ecﬁlegmed andrdatayrates.” Furthive, suclsmgmﬂ gwéchs 521,

522, 52\§'hare preferably solid state switches, and can be implemented as multiple switches in

-

series or parallel, as needed or desired, to provide the desired isolation between the transmitters
(not shown) and the power combiner 530, as well as appropriate termination impedance so as to
allow the power combiner 530 to sum the different input signals correctly. Further still, as will

be readily appreciated by one of ordinary skill in the art, such signal switches 521, 522, 323 can
be implemented as programmable attenuators (various types of which are well known in the art)

controlled by the control signals from the control circuit 550. Accordingly, a “closed” switch
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is incorporated herein by reference. Such a conposite
anal ysi s involves the conbining of thenultiple
W@ e@Bg2d280 signals into a single signal, e.g., RCEUS2008/056827
signal power conbiner, so that a single receiver can
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swich @334, SEETL DR LR SHOACSD SEmp oot i
(e.g., bakd apdn the amotintnaf posienindicafet! by tiupgitwer ideigctbonesignal ad ieech of the

. dat a ckets fromone tragnsmtter,sonme del wll b
input T S Sron e SR PGSRBS fopel i oup s e
open ot 165e8) SNAL s @RS 30D 5hE 528! MaSBhtidl RircuibssgdRtaAs% thigyer signal
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560 (c.gresrEAPRIR propefmansblh¥ate snachige insifeshe eamirob Bircuite310) rycontrol the
copturifi B TR ERAARLRIES ok SUESRF LKPIRTAZA iR T gl 540
of the poywet esrebiatrd3A0, ay ditvesedakevepl es provi de for the
swi t chi anong .three transmtter i ts 501 , 502,
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Input signals.) This circuitry incCludeS a power )
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o 550558 5 P PR Al Pl A s 2.

si
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. d , f e 1 r .
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the statpenf the Mgt Sthes 1o 595,538 3nd S8 tntbP G8tRe WhienShue sfiat s01,
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
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(not shown) and the power conbi ner 530, as well as

appropriate term nation i npedance so as to allow the
w@omen2426mbi ner 530 to sumthe different i nputPGI/Gs0$056827

correctly. Further still, as will be readily
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Multipla fgaeBng js SSedhia8 SIS BV gHnEs tegaountiidietansislly being

capturegeé £Cte Hﬁta%aétﬁ:e iRfbfvalsgnd, 627, 69§t@ﬂtdeﬂcﬂoﬁlg%e @.@V@g a@ﬁecessary for

he™ 't espect i nput si gnals 501 , 502 Wi th
captlmngﬁ\e desitkdpowentsof gachlof thesindiyidnablataiparkets 631 B &ﬁ?‘? &03c, and the
'-1(“
Sum Of%ﬂtﬁlﬁ’?ckm Nar @@Pt@gsa\éﬁ%ﬁgﬁ%@%ﬁ | s a IIfn ‘Pﬁ% packed in

a seq ueﬁ@é‘éif cl%t(u%df dati %215@% tr@nﬂ@ﬁ?rdﬁrmg h@{iﬁeﬂh&eﬁh 680,ahd ana;iyzed
na ., based upon the_ anmpun i ndi cat e

dunng Ysheinieeve p4Q et et cgn@ﬂérsnaﬁtﬁéa&% 5¥3m§1ﬁéhq ‘ﬁ{fﬁtslgn

switchets%ﬁ'[n l §23 %ﬁ%ﬁg SHRAD ab Bfe Et escé(aqyﬁﬁ e btdt %&:\ﬁf‘?ﬁj gnal s,

nown ’st ., open or closed) of
mﬂemelghastezﬁﬂdf th&2PurbEf thendata pavketqioridons bging 095@011&1

e 58P eAB P BB B BBARY O o 5

can be 3RQ) This @R BE bdlantdpBoatichtil@plRYnpui eighsls hreﬁﬁwlpﬂi; B:lich as when
(not shown) of the data packets received in the out

testing 9iNGIAD Ssﬂi@'nofﬂitsl’f@g&%wal Redersifiesths dadagel cppiuredn Grvals 621,
622, 637 BIF ety WREE B blaliBlohs) el DBLBofIR SIOGuLBbrite i1, The

power ector
angled poftidh of ez gtﬁl:l6‘m gied erdQdentified MOptidnal}dﬁ afrmggmmm which

o oy SISO 0 G5 TR ot
ie., qur'l% }}3‘{1 Hsfer n%?&h%ﬁo | Rtk dAgeifelly, 3he dla%:ﬁhﬂé?éil itk APE30REA be initiated

cate t e arrival of the data packets in
followinjg ¢her apiring o thealesiredeunainyotdata poRets 508, foredate prokgtstag shown in

hi Fi gure 5B, according to an alternative inplenentation,
15 eXamEngl e power

As noted, controlling the triggering of data packet capturing with the control circuitry 550
can be advantageous. For example, when testing a MIMO system, the 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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detector 514 is used, instead of nmultiple input power
detectors 511, 512, 513, to detect the power of the
wWo@eiopae4280 gnal 540 of the power conbi ner 530. PGI/US2008/056827
before, the control circuitry 550 knows the states of
the i nput switches 521, 522, 523 and can thereby
determ ne which input signal 501, 502, 503 is
.__.proyj di t he out put signal 540 via the power conbiner
CHCHI%GU!W?Q testfapipsanhyill fybically nserachigle snepd analog-to-digital converter
having A'BipEIFRI Hedioh 90 /hicA W]y (.BE B oGin thidlhi ufkg i HiF;
_gaﬂgibSB rovide the abil i% oS ttgﬁblgrérlon 1{%@“?%@1&?%@&&@
the timg neadgdstos an anabtrigs@3ignal @ ikitioterthsapueingef dani hythelzeent that the

wisaet L He B0 5 g Rt SRS 5 T SRS Bebrng e
historyoefalié sighdl @an By 6dedl t6ldsardBbp&itimiagt er nul tiple data

packets or after thedesired anmount of data has been ]
Beferingdo Figuge 7, 2pitematiegsaof thy contoldireuit 830 fo geperatedthe trigger

. . ired...Referri
760in RS o ISR E A, 5 YRk R b o,
702b, 0y whiterstilhadptiding atllrget paticn? Bsofake &mbin&d datapackbts dota 704b,
601-608, with each of the three transmtters

cket
704c. (RS eoHId provise suffisiook dite et amee e BY bbakihe hi portions of the
. - The: 3 l...Ci i
ks PR O 6 e oo
sufficientdptatcaptotesin thaotasevfiic bymbined Seihridtat packets 7 04ac7 04k TPAL, to allow

b nd the third trangmtte t put 3cC. IS |
for accig B s sgiCbn €ORT esal BHESredha 721, R, 13, 720
when pack&kfot ramdettihg iunHiBé trandiB4RterB0430, Wi St fi Sin®ly GREMrN Sthce the
nto _a conmposite signal. Miultiple triggering is used,
control eyt §0oatrals Shediftergntviichesy & can be gapdyprogsamapad fo control the

i) e LA AERIH B ok P RGN i o e
individweldatpacicets G014 d02h) 70Bgcdntte diffarentoel g 2 Bet, thaf the itbrvalf needed

for cnlyffpadh w1 RBhE oBaasd duapaion i iy Bdposea

alra¥eiestinl SMIRIPsystent AR RchecEssily to 9?@%3«?%?%1 glgﬂigvare for

sequence of capt ured data 621-624; tran uring
synchropiging the duraficarafshe dgosapturd withahe/statds ol the regpentiak ywitehes (on and
40t he switch control signals 65 652, . 653
oft), sib ek 1 Kl elifmnent B B el GREL B snioBB8e Padkdupe R
transmittedwillowaser it dclalseposbipld thenteainte tiis 19pé flkyhelrbflization within the test
ternagively, instﬁad of the capturing of the data

. A
equipmeRERBEN 1 &Y PN JRhGansBHite o Freerample itTagy Ye drpireie to perform
multipfe%ﬁv_eia grg%&s fol 8 ?I]EI@ITZ b e1d @Fﬁgg%’ grcﬂé,gfgﬁléw Ay a spﬁglzltrgl mask

provi e control circuit
measurgaenty eAsdisamsedgbovs thetpewenuieasupdneent npytonkyi mped|6st miceoseconds,

' | ved, h wh testi t Thi o
e, ol RS s DA5e R e o9k bl A s b

and endifif @8\l cfosbeohd 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 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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622, 623, 624 (e.g., where a high signal |evel

corresponds to the data capture interval). The angled
wersiiansof the signal 670 at the end identifiRBGI/HS2008/056827

optional end of trigger sequence which allows the test

instrunment to termnate its capturing of data packets

and initiate the data transfer, i.e., during the

transfer interval 630. Alternati V%Ig{ the data

compositestgnakiestingallpys testnpotnaives fommgividuabiramsmites iyt thease of a
. 0 | . . .
sl GRS ikl 5 B, SRR S0 SuRSAEL S f o pover
being nanired | By addihgewitcheg tethe npuodf tHe pewgrankdines Apbecoines possible to
wi.th the confrol circyitry 550 can, bge adyant agequs. ,
measurg-gie oy & f%éﬁ‘ 430y Y F&Ssé";‘r@gﬁﬂf g?‘FFé%g%“dE? Fgling
level bhg fefi@ddat a packets can be controlled, thereby

ensuring that the first packet is fromthe first
Refemsmg totRigyre 8Acusing a data packicbtesting teehmiqueras diseussedjabove when

o T o 5 3505 o SRR ot e

801, thé pAcket 80 a Flog@k fikdt erahahitted is 20SvEyed RIthe p&R&tdogibinend3o he
. data capturi n_? with such a tri gger si gnal shoul d not
(Figurep Afvand 383 Similashyoduringdansmission pi thespepnd 80F and third 803 data
‘ . : ryeanid bi gt S ] L
pokest BSSUTHCHAEHIR] Yot A0 e ekt BEUAIR Bl comvet o
power dombingy 530 piThe kpmepriktsswitchi settingys are atévanplished/using the three switch

contot 33,15, P gt A0l BB BB

packetst 808 %,gl?@ﬂﬁ,%d%@s_ &neatifg tid uﬁt@ﬁ/la@\BQm,t gohed3 inhRcdrihteS¥ith the
S

is derived in a digital manner, sinple nenory,
trigger opntilisignal 868i rcui try for storing the history of the
i I n sed.. _ LAY . i
157 By aAekY R End{ 355118 AL R BERERl A BB uipuatic
only to BxdfifsDrgsméttert Thisheapture igEeral #Gelativialp blwetastthe powgtaopling can be
of small portions 7 11, 712, 713 of the respect.yve
measurgd, by, cCIERASHE Sepgprement apsth d?@s&ejfwh t{*@uggm OQ&HWHW%M
_ RS ' [ Japall ;
(HT L”i%% fiica apRid A lgelgﬂ]mn@u ,,gdaf’fiﬁe GRIBARE 8\ tRAGIBAS capifte interval

provide sufficiéent data capture
822, the capted sigaal Evilides ptitnarily poster fiont the second trahamifier; kut also some

o B g b R B P S Ben
transmiB@PiIHAA thDUTS SafSpdifer bRy o8t ddathob@dinkibutidicht techniques (as

] packets 704a, 704b, 704c, to allow for accurate
discussggh oA prlicapensNo 04X G 44tesn iotedeboye)the power attrbuted i the disst
7 24 . f | ¢

vansff8 kel e od Efindl R0 LABSIE RS o
packet 80far dueing itSidameaptire intertat 823, powerittribyited30 thedinst todnsmities data

| fferent switches, it can he easil r dto.
packet St Bp Rl 08 dateFminel e et ang et e Bl ARG caf intervl 821,
power %dr%]lghng Dritaadd trhd\@cta tr8mRRE Gh@packet 8016 dlidhird frdnsitter data

packet 801c can be determined, as well as power attributed to the first transmitter data packet

802a and third transmitter data packet 802¢ 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.

16



i ndi vi dual data packets 70l1la, 702b, 703c can be
different, e.g., shorter, than the interval needed for
W@ 2802426 t he portion 714 of the conbi ned datBCPEHS008/6856827
704a, 704b, 704c. Wen testing a M MO system it nay

be necessary to use external hardware for
synchroni zing the duration of the data capture with

Befecing in DFIENET: 5 MAA Hot) DR BRSO BRGHS ferarsd iformation
regardn?égimé QB! sggtnﬁl @ﬁﬁﬁn@ﬁ%l(ﬁ%ﬁ%ﬁbﬁngﬁ:‘s Rgh b4 GHiaitkd dsh g thO HRY Biree data

I's also possible to introduce this type o
s1gnal csyhurﬁmmaisaﬂ 1oA22i72Bi sincetthe ccwimglqetpvpﬂemnsmm fan hes

ey SR 15 R AR bBfnion

quality bfeF&h80phramhétars Qiabiisd @hdpositd EVMthﬁu@bés&s amﬁbmh Appikation

nmeasur enent. As di'scussed above, the power neasurenent
No.60/ﬁa§44%|ayn¢teédbcsre4 m croseconds e.g., two consecutive

Refa hITEaERR, sy it ‘JQ‘%%‘“%* Shdtndt, B GIARRRANES
intermddiife gatileto 802,803 18057806 bém'eﬁnﬂlc da;ttare@ padkets §0i c30) BQ'Z can be

Sklpp%mgﬁ{r E?‘g“;lﬁsg;{?g:be fr;?egqagwe}a opv g cr&%yéeg:tested to setql% e.g., in
NY K
s of (A b R e eI S G e o

packetsithatare maasnml tefare indtiatingtoapituribg v £datm padketsd iThisus partigplarly useful

o G S B GO S L g0 v
levels fb¥ ﬁ\ﬂﬁ&e& bEEHbYIHRA ok Blet 126ks.C RO G hksthiBérgo@lifes some time for settling,

Suchconposite signal testing allows testing
a first mumber pfieickets gan be transefadiat pae povar levich ‘811;1,‘@"185 W&@ tgea?wef level

o u f t
s chanf I Ve U Rl o el b i
transmiﬁﬁﬁﬁmj efity oEB%ﬂufgddnﬁtgpr fipdokbts @nb?totdaptunng ote ﬁfmoﬂe;epf Igmkmackets at
r, i ec 0 e t.he coupling,
the endé—"é"fqrﬁﬂﬁ’ poaver frvel chgnags; %‘ﬁwu?ﬂidﬁtatﬂr@“g%a?wg% 0% get t gr
RARih YR FigtRE DRGnE OBSIn RBéMandeSRiEte pRRERIY dlaﬁﬁleﬂ @nvention, a
Firgure 8A “using a dat a packet testllsa techni g as

reductioh gciessimp cabbeachinesd hyesedsnangmultiply BY/ds el peing a single test

57 SIS B, LIPSO S30 Bty y v

sendin tén@@&ﬁb E&I%f:l laﬁ((ijfbgir%igmgioﬁlﬂe ‘idﬂﬁau@mm’s fomnbsingle sB&@e This will
I gures an B I m | ar transni.ss
ilwé thedgFromsae ahﬁs‘%bﬁﬁﬂfl@la]{a’(ﬁyﬂ paiz ﬁife%wg A3soeiBit Should be

ensure
t rd
posmbl? %ﬁ& Iﬁ'tﬂ? gl%iba %&2&%8{'1 eye hgwg (t)%epérys{ggirrbl ner 530.
Tmﬁ seEn GP0a of Bigeni QnAcimclsldest mnlglpledb‘éTawntmﬂm HReOWb; e, 902d

(e.g., th 1duaq rpgresor?al comguters), a hub or switch 904, a master controller 906 (e.g., another

personal computer), and the test instrument 908, all interconnected substantially as shown to
drive and test the DUTs 910a, 910b, 910c, 910d. The test instrument 908 includes receiver and
decoding circuitry for testing the DUTs 910a, 910b, 910c, 9104 in their transmit modes of
operation, and also includes encoding and transmitter circuitry for testing for testing the DUTs
910a, 910b, 910c, 910d in their receive modes of operation. (Examples of such test instruments
can be found in U.S. Pat. App. 10/770,020, filed February 2, 2004, entitled “Integrated Radio
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control signals 851, 852, 853. Capturing of the

desired portions 811, 812, 813 of the data packets
W@oWwa/1280Rb, 803c is done during tine interval BCBRI2008/056827

822, 823 in accordance with the trigger control signal

860. The data packet signal acquired during the first

interval 821 contains power attributable only to the

Froqu TReL S GRS 66504 S0 oL e
“Dlsmtaacnsest quﬁpﬁ&ursgmmmﬁhﬁ%ﬁ gth O&mhiuBitati CHsBSIRRIE the

ong training sequence ( HT- at appears at the
dls"l‘”fj’é%ﬁ‘?fﬁ’ﬂﬁﬂ’ ¥r Inoeeposaiedh g@@lbaftrefemm hg the second

CRfbeH ’i& y@ﬁl%rly@fs} &l%% 9 dBe9 ﬁﬁ:pﬁ 4 tl‘?‘engtra%éamht% | dégegP%eéaﬁon, as

~ o primari power e’ secbn transm
discussssimbowe] dihet master copooliar 906 pravixes oouttol signéls 007 tdwe hith 8% switch 904

transmtter data cket 0.t he second o
which RS Bfe LR RRB U0k A g SR umey bidestical o
PO HROMECOTRL 03 NS0%, (| SEASS A a7 o2n

902¢, Y2drmirovidecontrol signals andsttesttdaar&fm,tﬁoab Qiﬁcqudadx dtelr&@s’:pactlve

DTSy 8 BB Ay B ol el S o S,

910d prowide thalpadldBdatp Siphals 8114, DDLY, €414, 91 1d)wHidH & selectively captured and
transmtter data packet 803a can al So be determ néed.

procespsel kyfBe test ipstruneng 908t prawide ﬁ@tﬁﬁeﬁ dust date Q02 wghermaster controller
906. TH&txﬁfste? leorffotte 9(%’\@1[3:1 é}}d@ g'[ﬁ%i El.“l:.r gl p%rttolﬁlin S(?a?é) Y sent to

transmtter data PR
the D cantyolicis @028 ®02b, (%Ic k9é)2di,e»t1et}m}mh dr swisch/@04, foranglesir In other

vt 4 O b T BB e
910a, SIOBOTDCISER, SrtPindly2ed tAE Biptared %%at@%}%sﬂb&@ﬁ% tolth& DUT for

transmtter power "attributed to the transmtter o
analysisip wiew<qf theerigingl|teshdataont ri buti ons from t he ot her

CHABFILASE oL S, 0D ST A RATARI of S, e

masterdesirslid 906 hrivides data ané gatebl Bignalb eosd@t the fdsglﬁatlrument 908 which
tra%ﬂ si an haracterlstlcs can be obtai ned dur

transrojth gagket daia ighaled Hids 31 155 §He l:léidf)l!ilif‘eDUWﬁQi%P%Obz?iOC 910d. In
o, ST 5, 10516 SEMOLARS RG] GRS A3 o

DUT ceatrollees 9024902, Msﬂi@kl \slmghpiovtdealnamm‘@rsmrdammsm QosanQDSC
s 8T L W B B LI Bt o

switch@bgve. Referring to Figure 8B, it should be further
understood that, as an alternative, internedi ate
B8R sysEo0008 ot FimesB assnasingleeonizallen 806¢ having an

input/oB ok Scfiofs 9d6b SPdble 8PrecGidhgRfid transmitting the multiple DUT signals 907a,
907b, 907c, 907d (e.g., multiple RS232 or USB serial ports).

By testing multiple DUTS in systems 900a, 900b such as these, the individual DUTSs can
be controlled individually and synchronized after each testing step. This avoids trying to control
the DUTs with a single control signal, which would make calibration difficult since the
individual DUTSs being tested cannot be assumed to be identical and, therefore, requiring

individual calibration procedures. While complete synchronous operation cannot necessarily be
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ski pped. For exanple, it may be necessary to allow the
transmtter being tested to settle, e.g., in terns of

w0 e@goznsy and power. This can be inpl enent ed PYT/EB20p$/§56827
counting the nunber of packets that are neasured
before initiating capturing of data packets. This is
particularly useful when testing nultiple packets. For
exanple, it may be desirable to transmt different

assumeghn@r the deta mgclfeﬁrmmmqt@gé@nﬁmﬂeé bt exaetly the sape 6m¢eﬁhe DUTs will
ve vt e o b ARSI A sl RO G50 R Binbl Ml i

this canaiorrqﬂ\eate ttmésting\t@ bomd diégr@;vﬂﬂgcamfbcdhnﬂ]bé bp avsirollirythe DIETs
changed _and a_second nugber of ackets are
using muftple RUT; comtrollers,as dgpigted diy Figure 9r pungginglgispatrelipr with

multlpl%mggpgbﬁ,ﬁp% té&ﬁﬁf@%uré?ﬁh number of packets prior

0 capturl such packets at the end
anfnoted abine, pxammum quumlmn}; esagk oy dasired, sexsing atdadicated test

9A.and 9 .
instromf 6 pash GRS B i pable” EiobieeRy g b PR iR el ltte
time is h&ded id ﬁé‘i‘fohﬁ tﬁ@ﬁmﬂ U5 combreDR 133;9:1%&1616&6 ift¥rleina fe dap@iring of the

mul tipl'e DUTs in parallel using a single test

variousjdatatpagikathfrom thevanigns DAFTs, heeebymakingthe data captpregapear to be

controllaed substantially sinultaneously by sending the
happenglgﬁ%p%girlﬁq.r ol and test signals to the various DUTs from

ﬁ)t&ildagin@ of € capturelidata puckéts easby schidved by ban@hfgﬁal switching
perate in a subst ant | al%% éynchro |z

circuits 43 describerhatoye forFigHes P4y 38 BATHP th@ bend ol the {gpteinstrument

gog, Packet testing with such a parallel test system The
" system 900a of Figure 9A includes nmultiple DUT
emnthleo:h]temaslve embpdlmt)maﬁbaunpleomted tn ghich onelof/the AT

control%g.rﬂ?)? rsergg%as%é émast %ﬂ@?r, B/g‘ Leh élf:glg c%o&]?ﬁ%ﬁ wou

communit@teldd®ttly With ﬂiﬁfESiEnsﬁQﬁwnﬁﬂ'dS anﬂtceﬁt@(ﬂﬂn@ﬁ&r&dnng DUT controllers
substantially as shown to drive and test the

902b, 9939 2020 ithsr viathe hulndQdpr thieush agltiple Pvmﬁbtﬂ%erfé%(e g, R8232 or

USB se%-xﬁfi&x %%z?esg 181%“1%18@1@?%1%81%8 %%le L t téllﬁéf’mtﬁs?grnctgﬁ]ﬁa'l& 906 may be

mtegram‘i depar0of the esstinktormernn 808 dh malmbme seseinstrolinant 998 ovil)

trans ircu or tes for. testi t DUT
commugicate digeibOwith fIA bGPy 1§ Hel aROE: isEBiyE SRpdithe the Rhaster
conmﬁp 9&@&@9 Q‘axt (f@&eﬁrws%%&ﬁ th%lmbﬂthSﬂone?s%zu,mbsgmmm before

found ih U.'S. . 10/ 770,020, filed February 2,

sendmmettapm itest data 'Vlarthﬁe rarowiTh ADb ﬁ:r@qaﬂemyhm allowing the DUT

o, S, S S o s

Resdrg foFigdreI0ANG d4ia phekgt Eaprortl procadsiin ascoﬁjmt:ewﬁh ont he
di scl osures of which_ are incorpqrafed

her ei
embodimenbeidhe Bresenpiynmed Ve anBgrep 63 10‘@ Fogh DYT
910a, 9168 dh8c, 9184 (FikhRE6R1ahd 9B &&ﬂlts%wﬁdcﬁa tra$ 1001-1006, 2001-
2006, 3001-3006, 4001-4006. According to one implementation, each DUT transmits the same

type of data packets, but it will be readily understood that distinct data packets can be transmitted
since the downstream data analysis program will know what has been captured for analysis. In

this example, two data capture sequences A, B are discussed.
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di scussed above, the master controller 906 provides
control signals 907 to the hub or switch 904 which

WO 20084t3426@@spect i ve control information 905a, 9PGHUS2008/056827
905c, 905d (which nmay be identical or distinct) to the
DUT controllers 902a, 902b, 902c, 902d. In turn, these
controll ers 902a, 902b, 902c, 902d provide control

] test dat 03a,. 903b 903d 't hej
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data packet996 ifseen terfirg THAT S b0:0md sEIOit as Gatpacken t0GFaafoflowsd by a

fur st data c ( di to that, DUT for )
captud QAP A 3 HE ST BE Y i ek 2006, i
sequerice Sl be rdpbsteDliftdl (Rl daire@Aitber D Pta pAckefdtro ehdMEDUT has been
recei ve nndes of operation, the master controller 906

captured. Jpithgeventthat iblsmorprsibl tosivital Auicklygneush hietweenglata packets, the

e e e T —
the ger@t) dequiencet nemains tfireesadldT with HlidcintepléHled padiets hadigbepn oaptated from

. t esul ting data packets for analysis to the DUT
differehUTE L1 902a, 902b, 902c, 902d which provide their

bt StodRs fecBfPsoquiite!B, R dhariARMedRhg GRNVEY ?eg:F(Ft A3 time,

. one or nore data signals 907 to the master cont er
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unwantgg pORHONP ﬁgthf% 9PI_qu§rﬂ ap59<hat Anlyrequited injoprationd serswres and stored.
Followi}a8R, tv@d'llﬁalté ﬁ‘c@kdﬂs dued, 204 Fomahe ?«?oﬁ@fﬁf’[ﬂé 106%re captured and stored

i ndi vidual Il y and synchroni zed after each testing step.
as dataplarlets2QBbs2004h fajowed thomby otptaeef Dy datapadkets X0H086 from the

: l...Si | ' | {brati Lffjcult
o SRS A L S, SEACE D, L b
sequensSmEiBel niode RbvahiEgaiul ¢t taREh relAHEISTIONEmE RAWifdhNBe input among

the DUTS, and requires fewer switching operations.

As should be understood from the foregoing discussion, many different data capturing
sequences can be used, with the common characteristic being the intetleaving of data from
different DUTs into a single data capture operation. Two possible considerations in capturing
multiple data packets from each DUT include possible thermal issues arising from longer time
intervals between testing of each DUT, and longer data transfer intervals when more data packets
are captured from each DUT.
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i ndi vidual calibration procedures. Wile conplete
synchronous operation cannot necessarily beassuned,

wWe2@s/1242he dat a packets may not be transm ttedP@r/US2008/056827
exactly the same tinme, the DUTs will be perform ng the
needed operations for a specific test during a common
time interval. Wile this can conplicate the testing

to_somne degree this ca ({;andl ed by contrg{cgiaﬁ t he,
Befrsringsiofigurei PB,mne‘:xear # qatuge progess i phich dhe ipcoming data
e
pacikets froh Syt Rt At Breybllod Sttt gk LA P ot
synchroafied i, e. rthey dnmmot hegin aemmspme pointietiee (tinalesing ddpg the horizontal

o). M e MLl T AT Bl o ey SRtvoncs
with thé 8at@bhckeissol 11301 EfrbioBe third TRET 060, BuidBE figh Iiﬁhél&% 1 4981 5 from
dat a capt ure, IS possible to i nter| eave

the secaralddUT 9Agb etfe dtehe'ed; avhilg ke fist datppacket 4014 depm th¢é°0%h PH{910d is.

iRy A AR e S LS ARG, 8 g pr

packet UGIt1ds ﬂﬁﬁktﬂé ﬁa&ﬂ: dma lpgclégc hﬁ@ﬂﬁdlfdhy stUﬁ-:ldmg datagacket 30\1 ttac i tys
circuits as described above for Figures 5A and 5B as
examplgthe sytchingamonghe difa pagket Hieeams it sedieitiol; & Pegipigng With the first

n
DU o1 SR e My o L ATE s
of the ﬁrktelammcm 10bh theondxe data phcket201 1as hireadytstasted o th@eapture process

waits QAR FecIGRL S AR 200t s oBiohd DA Pt APt gD s e

packet @@&ﬁ (theRRd a%iamgrtheléa@t\wef&up a §Orioflof tit frwiodutBpacket 2011). For

mul tiple output interface (e.g., RS232 or USB serj al
the nexf date packeteeapture, @s before, therrepiEps mw&@%h@sa’?wg of the
next fuff @ T L&A & énghﬁggg%a&?é{ X368 éuﬂlts%l{r%ﬁ?gs §ita Pkt R14a.

ins case t
Accordinigy, rfwtha hexXd@8tawiatitet, Clﬂmflmm thatfelrth DETt319d\the ﬁrst heailable data

packet 30hkis SPHAVEL oRHERD a5 PROve 1 e B0 eplLEs i BaedFEeh His
mannetC P8 E}?&Lﬁﬁ r?gotg@ datd Qgﬁ%ureﬁﬂg&:ss 29 dtaiatied ﬁasgﬁﬁﬁﬂﬁ Bednfartially

¢apt ata via t hub or switch
receivedaad ysitig utmleme bygiamhgm’ tlng nekicdam packenfatselttiggesing gam be avoided

h t d
and magg EBpLIP LG5t datd i b SplarlBE aBARL  OPP AL 0 om

Refiating RAT ML loapﬁmxetmf fleesdive datacaptickoseqeence, tdaplariag of data is
enbodi nent of the presently clained|

not intendpd torhegineentib afterdy PRrksts haxe breplrngiiy 9 by ril‘%ﬁlo'g{}@ ers g’i@f‘“"
proper %%31%& r{§ 8'6 81‘\;18 gﬁi{’p@erﬁtf@bﬁﬁhﬁlﬁn@. Yertife tﬁﬂ%ﬁbe feBded in time, it is

often more reliable to measure based on the number of data packets, particularly as many as

closed loop power control techniques are updated based on the number of data packets more
often than simply measuring time. In this example, three data capture sequences A, B, C are
presented.

As can be seen, the fourth DUT 910d will be the first DUT to have transmitted N data
packets upon the transmission of data packet 4101, followed by the third DUT 910c upon
transmission of data packet 3102, followed by the first DUT 910a upon transmission of data
packet 1102, followed by the second DUT 910b upon transmission of data packet 2102. In the
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2006, 3001-3006, 4001-4006. According to one

i npl ementation, each DUT transmts the sanme type of
walaaoa/1pasket s, but it will be readily under st oRCI/UBAD8/056827

di stinct data packets can be transmtted since the

downstream data anal ysis programw || know what has

been captured for analysis. In this exanple, two data

s R ol e D
packetsC{ﬁ'tn?orQ agK&drd ng%lff (fa%r@ r%the $QOERPIIGL ﬁfeﬁ %aﬂatpackets

I'n anal ysis ry as ata acket 100la. This Stored
1104, 2485 and3\06nee catpenéd: huid gtorad ssrilate packetrtld O4m 2lk85a, and 3106a,

respectyfiy (R0t Rt parbLlror a@a%%h?i&i%d%e#ss Blps Sl kg, but s
not idestt fRAdSH tRSHHRE)A msfﬁﬁi g1y Qiﬁt%a: R upbf B&tedtfonl T HheONBHata
by capturing of dat a packet 003 romthe third DUT

packet mwgef:mn thedast ef thetDEEs mtpwm@tedéﬁd@apam i.., data packet
turin f 4.1
00 S0P IR R T B LR R P o
simple QUﬁérﬂEtdo‘,ﬂgm %gﬁhe dsiecl cmﬂdh B?L gxggbgemﬁ)tﬁeﬁﬁn{capmaﬁg duialwheh ftigenfirst
capture t at a packet romt he
DUT hagygentdagh packet Ncthe gﬁcamggmehas seRsiata nagket N@dh%%aﬁas sent
data pagl?egi\l“ﬁ G thiBhAn PRS (;Il:\t A sgﬁ)(qg L0318, S8 dhDhithe MO urlier data

storing it as packet™ 2006a. Thi s "sequence
packetsvhalvb bém capimeal, dddatmpackets houbidsive bdemsenbley albPUdat a

ackets from DUT has been c tur

it Syl e PRI RRUETF B g Braers B B gHe. DOT o108 ae
capturcl @k Y& hsdelA sBROK 8418 padkes, GRBeAfdr Mt RINAGEDEicGAShifking the power

dat a packets so that non-consecutive packets are

detectosve@lm@oﬁA msliERevaitstunal] Geseqoad DIEG BbMches tepwmitisd Ny more data
sk Bl 4y A T AR B 1961, 9130 05 BB copp
stored asahtambetBl 102t 2E04bt BIEOSD] mdeﬂlOﬁb,\respgcmmbr dat a packet
atine, lti I ackets a tur dbef r
Srchiety taehich Rrreb SequpnoerrilalShen s Bocke st dide, 110,
911c, 9‘-1@&4 R EhiRd iR le%d%&tddmeQbééﬂ{s%nE@ﬁkﬁEuﬂl% Te®P@d N data
1002 fromthe first 10a and storin em as data

packetsp ederesult, @lemmaalmﬂs 4180210203 1QH, 2¢0fk 44¢5, an@\l 06 arp ¢aptured and

N TR I R

sequen6AQ tubesQlkeadtdl (ﬁl@éaﬁﬂ:&re fodchivk Bgerhdihg., Intthis toiad of spikied, she front
2003, 2004 fromthe second DUT 910b are captured and

end contyal lagic Gigurat 3B part kB) Wilbirowide information foy) the aralysf (within
the DUWBB&IS%'Q %%a‘é‘ﬁO%?%@%&{f g?é:gtrg%a?’(ggg froﬁxqg@cfx {r&gioé) g}gecfﬂ?:' dafh packet

origina&80 Bbwillduedemiilyappardiiite odabfaorda:qat)wkdl ethel et teit additidral data
wpmrqn%{llg%%g%%g&%ggg ML Icgi.r% Héeaxlﬁplea 1 onezﬁU'Y %egmé t(%ar%mxétmg along
time before the remaining DUTS, all of its data packets may be captured before progressing on to
capturing data from any of the remaining DUTs.

Based upon the foregoing, it will be readily appreciated that testing multiple data steams
by capturing and interleaving data packets from the various data streams can also be used for
testing MIMO DUTs. For example, in the systems 900a, 900b of Figures 9A and 9B, the first
DUT 910a can be a MIMO DUT for which all of its output signals have been combined (e.g.,
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the DUTs, and requires fewer swtching operations. As
shoul d be understood fromthe foregoing discussion,
woreavg/12li28¢ er ent data capturing sequences can bRCTIES20)8/056827

with the common characteristic being the interleaving
of data fromdifferent DUTs into a single data capture
operation. Two possible considerations in capturi ng
nmul ti pl e data ckets fromeach DUT incluy SSi

using a pigafl ImIEg GRS 19 agcerar fmnoaﬁ@wkﬁ%@qlmaé% tematively,

in the eRRhYB eAbb&ERIhRD00! o RBUT Figilles R0 shd SHGBEredRd RstlihRARIRE 908

I nterval s when nore data packets are captured from

accepts daurtinipiyFighels oif cachdIIMOM i hes theRyutputs thedoy singhd-outputPHTs

R TN
Péfileahe foré igduSsiowpridrlyat dreksee thstm%&’ the DERs F0a,H0b,

Qﬁrglnattesarrepomt|nt|rre (tine being, along the
910c, st inAbeit pnsmit mpdesi eperatien, piatlﬂdéaegeaﬂdmpn@%wﬂ the gystems

o, b 4 5 3 SB3RFi AL LWL 1 NI DEDEHS ok s

910c, 91(03:iﬁb.hélr teleeivel &todepéﬁﬁpetaﬂoﬁ @ﬁwéH ZBdr éi{a.frlptmtltehmasm comcbller 906
10b are del ayed,

it et S35 G RS vk bl Sy SB B P, o11e
in paralgi %legréﬂogfmoﬁxml 810020 UhEa PAREESS {i‘ﬁ:ﬁ]‘%h it BRtributed

rst captured data packet 101 1 |s from firs

via a sighad splistec ket switohemsimalagitoi the siramitexiog gergiS4 it Rbswitchies in their

closed %%8%( e$1uc§tplarea§§§te¥[§1g Spgcat h & Wagtrtgro agva‘}gg e|9 ﬁ%él}%egﬁtt?sﬁm B hnewhlch

one DU ik $dstdd\df a GiktieD lﬂne%ilzﬁn@gtds ws@@eﬁ&ﬁdz Reqad eitick alultyplé DUTS can
the last DUT output 9 1ld. FoIIovmn capture of th

be testegljin he tapg 4 eryise takertp tesheng (¢ atlest Haeeducod by # fapgay of four

v AT B A M POt ety A

second 8dGintage ik minimezng the ahamtatlmt pawkisen@RIET (i deoretdfyr whlch its signal

switch 0985 Bildieapent ignabied s A4 BSinss &Pt Beskel fua piiemt o
anotheﬁsu”@ hPmadveriRAtl ¢ Ripid inG lﬁ%?}lﬁnﬁ’ﬁl \fﬁhicﬁlaﬁzﬁf the kigAals are at

i nning of the next full ta packet, er eby

higher 1@3%@ ubinageathUB isokesiving 2 siganlintsnéad fapit; stuclwlt%raslleé signal will be
it oA o0 OB emabl £SO O AL Bl o
willbeﬁﬁipﬁrljamkﬁrbdéﬂicohntﬁ captured and stored as data
t 401 1 ke £ hi
Bt arother enbbdiptng, BB Of o ORTIRC S e b eSted i heic
recewe'rﬁo s BR% IMWhabﬁ%nﬁéfnsﬁ&ycoB&aw@% ‘iﬁs@rhl:ﬁ/thé RE6GhMAHNent 908

wai t ng unti | e begi nning of the next data
to transpatzkest, pablad:t suhighr wlgtgslecmgcdaansela @aduIaUa”eal%aWhaﬁéOC 910d to

transrmrt e1nI 1!e an a&m tggmg %QA%T() ' §lgchfa%£nov51aé§@§ﬁe%t packets can be
detected individually by respective power detectors (Figure 5A), thereby allowing the

acknowledgement packets to be counted individually. After all expected acknowledgement
packets have been counted as received, testing can be continued by having the test instrument
908 transmit another test packet to repeat this process.

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
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Referring to Figure 10C, in another alternative data
capture sequence, capturing of data is not intended to
whegsn2am i | after N packets have been transm PCBUSIHY8/056827
the DUT so as to ensure proper settling (e.g., of the
DUT operating conditions). Wiile this can be neasured
in tinme, is often nore reliable to neasure based on
e nunber %é dat.a packets particul arly as many as

spirit g |t wyention, Albqrsh the inveption hastheen deseribadin gprnaction with specific

preferRd ehBBditieRReH sRfuldind &&?&&ﬂtﬁ?trﬂ?é %f@ﬁﬁo%ghs'i:m{]eé %lﬂ%ld” not be
measuring time. In this exanple ree data cap

undul)sh!qu%@esgcmpeaﬁc@rﬁméum& dhisdotended thatthdfollowing, cldiing define the

910 he f
scope U biksct nyenfien At that St Bres sk Herhocs pidhit the sogF, offhese claims
and thelabquinachebe dveikd thaltyowed by the third DUT 910c upon

transm ssion of data packet 3102, followed by the
first DUT 910a upon transm ssion of data packet 1102,
foll owed by the second DUT 9 1Cb upon transm ssion of
data packet 2102. In thefirst exanple data capture
sequence A, data capture begins after all DUTs have
sent N data packets or nore. Accordingly, if data
capture begins with the first DUT 910a, then data
packets 1104, 2105 and 3106 are captured and stored as
data packets 1104a, 2 105a, and 3106a, respectively.
(A fourth data packet fromthe fourth DUT 91Qd is al so
captured and stored, but is not identified in the
figure). Accordingly, data capture begi ns upon
detection of the Nth data packet arriving fromthe

| ast of the DUTs having transmtted N data packets,
I.e., data packet 2104 in this exanple. Alternatively,
rather than initiating the data capture sequence based
on sinple power detection, sone |logic could be

enpl oyed to begin capturing data when the first DUT
has sent data packet N, the second DUT has sent data
packet N-1 , the third DUT has sent data packet N 2,
and the fourth DUT has sent data packet N3, since by
the tine the earlier data packets have been captured,
N data packets woul d have been sent by all DUTs. In
the second exanpl e data capture sequence B, data
packets fromthe first DUT 910a are captured as soon
as it has sent N data packets, whereafter the contro

| ogic nonitoring the power detectors (Figures 5A and
5B) waits until the second DUT 910b has transmtted N
or nore data packets, and so on, As a result, the data
packets 1102, 2104, 3105, and 4106 are captured and
stored as data packets 1102b, 2104b, 3105b, and 4106b,
respectively.
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According to the third exanple sequence C, all of the

data packet signals 91l1a, 911b, 91l1c, 9 1lld are
woremstared in parall el and data capture begi nsSPONUS20881056827

i nput has received N data packets. As a result, data

packets 4101, 1102, 3103, 2104, 4105, and 1106 are

captured and stored as data packets 4101c, 1102c,

3103c, 2104c, 4105c, and 1106c, respectively. This

WHATIS LIMMER IS505 a second data capture to achi eve
averaging. In this type of sequence, the front end
control logic (Figures 5B and 5B) will provide

ilnf or Amtapparafus indlurkngmsysies for sestingya plurglity ohparketdatransmitters,
.control l ers 902a, 902b, 902c, 902d) regarding from
COmMPOA'ch i nput a specific data packet originates. It will
RPIEERYIE HeRBPaRMest DUTPcodtroRérd iefidhr of vitlieh is proprathmed to
_aft that additional data capture sequences c,aln li)e ..
providd, respensivette @ plurality of spriral datas a ypeectiveronsfirpaltiple pluralitics of

rransmtting _ ' i_ni
transmn SRR bishlihyP ohORh BN 19012 BERAEEDL ARG analyzc -
respectBie@BE eﬁﬁliungﬂ@pluiaditiesa:gﬂtmidag rﬁﬂatcd td saddreapectivé Omﬁ mlgltiple
.remai ni ng DUTs. Based upon..t egoing, it will,
pluralifes paiRyeIlL At et 9 P REPRI O R I ey ipald Tt
pluralitfeé of BRAE Bfla FRGVIHA LS BAY JTPatiat Bath 3KETs Sadh STWHiEtEcontains at
various data streans can al so be used for testing M MO
least a pifien of wrespocting bug of said multiplegihwatitissod Zrangoio datay

Figures 9A and 9B.. the fir. _ : :
il ofiing s e s sty of 4 Pl bploket ca

signals®@9taptadflg ledbt a P6itidg of eadhgielof saidplungity bf packed)datzosignals to
produce a_ conposite packet data signal 9 1la.

provide plurality pleapiured data pecke®eaddl e enbodi nents 900, 900b of

Ei i | £ t , lity of DUT
G oA P LSRR GO LSRR R8s i of D
controltuu$, and proghemimedito ovidé said plupality of Ftroll dnta agti©pro@sowid plurality
91 can be repl aged, ual -.out put .M MO DUTSs.
of caP'VWﬁjdétatﬂarékqt%*P ® 1&% S"‘dﬁ? é’é‘h&f‘? gl?'}raﬂff‘f”h%ﬁﬁtﬁatﬁd dr esses
tyakdif Sacifonk R sdlprurfkP 81 DYHONtBI&S detBrhidled ah dpedtional status of
transmt nodes of operation, it will be read

said respsptivscingtod daid phuralityi ef B&E{séqqgedg(pga said @gﬂ)f@; of:qagcﬁyeégecg'ﬂe one of
i R PAEBHl 1 b b e epariics o

transmit@ataat i on as wel|l. For exanple, the nmaster controller
906 instructs the test instrunment 908 to transm t
mul ti pl e packet data signals 911a, 911b, 9 1 1c, 9 1Id
A par’ﬂelagjgargﬁs bP8AT SwikER cadil @R of 98 plurliPdf DR Weontrollers
as a pack ata signal which is distributed via a
comprsegnammydri t t er and switches simlar to the circuitry
of Figure SAwith all switches in their closed states.
Such parallel testing provides at |east two advant ages
over serial testing in which
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one DUT is tested at a tine. One advantage is |ess
test tinme is required since nultiple DUTs can be
W@ e@sazi2sh the time it woul d ot herw se take toPCEES20081¢56827
(e.g., test tine reduced by a factor of four when
testing four DUTs), plus the switching circuitry need
not be reconfigured between tests. A second advantage
is mnimzing the chance that um
dne f &he maa%uﬁ qfglagmd, Hherel q ng f@tegn eoriprises
|sWkhih, gL &idh B AL 16 iff2oRa6lsfingls and
lﬁﬁ§ are séﬁﬁyto anotherﬁgu‘%50 i na vertgﬁily coupl ed
said reception oﬂsmds;ﬂgah’dy af packet date sigoals b.Y pgovid‘ing one orimergdeteglian signals

indicatiy o RgHop o o Of ROERY PR BN f bk b it Aipluing

said at ﬁhﬁ 'ﬁ'pﬁ)hﬁ‘ﬁ‘imf |e¥cl§6ﬂe<m 948 phitdity @ﬂjdadkﬁk’ﬂdﬁw{lgﬂﬁ {oyprovidebatdiplurality
e., crosstalk) signal so its data packets will be

OfCW“W?@§§ﬂP¢*W§€@Kbed and counted. In yet another
F‘gq{ gaﬂ%ﬁ{"}'ﬁ P%Mgld% ar %78 g"ga%agﬁtect? c‘ﬁ agﬁd responsive

recerv operation
to said bixCor Thére deteCtivt sighal sy ﬁﬁﬁdmg%ﬂqﬂﬁrahﬂye)f t:esttohsr@alsu rre nt
908 to transmt a test packet which when received
causes each DUTs 910a, 910b, 910c, 91Qd to transmt in

et ur
8 g&grrent cg%%eln%&cﬁﬁﬁkﬁ mﬁﬁ&k&fn offtCdmprises:

ackno efs can be detected |nd|V|duaIIy
Iay:ompateeoduplﬁel tp emd datisignek @pBIrinE |smm agghpro gmmngb;p prov1de said

o g 5 AR ERAPSE AR R BN e i

multiple pRlFAities BAwS: degAndount ed as recei ved, testl ng can be
conti nued by havﬁ@? the test |nstrunen% tra sm t
c

arsigmpkipuby @gpleé&‘c qrepyter g said pualgy 9 8{§ o convey
1 th t t
o 05 g,

apparent to those skilled in the art w thout departing
fromthe scope and thespirit of the invention.

Al t hough the invention has been described in
connection with specific preferred enbodi nents, it
shoul d be understood that the invention as clai ned
shoul d not be unduly limted to such specific

enbodi nents. It is intended that the follow ng clains
define the scope of the present invention and that
structures and nethods within the scope of these
claims and their equivalents be covered thereby. WHAT
IS CLAIMED IS: 1. An apparatus including a systemfor
testing a plurality of packet data transmtters,
conprising: a plurality of device-under-test (DUT)
controllers each of which is programmed to

26



provi de, responsive to a plurality of control data, a

respective one of nmultiple pluralities of transmt
W@l200&/12425@ respective one of a plurality of DUNSI/HSZH08/056827

further programmed to anal yze a respective one of

multiple pluralities of test data related to said

respective one of nmultiple pluralities of transmt

dgt a, n‘gﬁer ein saiﬁll fl urality of DUTs, responsive to .

s&i d gpparatugingiuding s systemfor tegting & plurality-of Raekss datadragsmitters,

compritfing:al i ty of packet data signals each of which
contains at |east a portion of a respective one of
ségvirernndet-testd DI M rcantrollee sneahis for ariding, despensive Watpurality of

coneo 5 AR DI GIRES Gk Bt Gl
pluralityeefDUTs pad for ikl Win@afRpetife Ohe SBhaltiplepl@dhkitios oPlest data 1('jelated to

.. _packet data signals to provide a plurality of capture
said respRcH veenaimaultiple glusalities 06 ransanit dasd, Ivhereiv sqid phirality sBDUTs,

A : e d_sai lurality o .
responti o Sipalinf b BC BRI prdPloie Pty bpelhstta signals
each ofwhirhwontains deleast apdriion ofizaespectiveaing opsdid multiple pluralities of
r captured data packets to provide said nultiple

anmbtl lities of test data; wherein each one of said

Pdath SAgrial Ma}ﬂflrixglﬂezﬁ@ R edpoRlng @@% ?eg:g;}tgﬁ;tif%ﬁd l‘falﬁ)ltﬁ-é]?tgifo? Rélket data

) status of sai respecti ve oné o ur a
signalyhyreapiwsing @t lepss e porion ofsath/eriexfshidphirality of pauket data sigeals to

. ' l.tipl luraljti of test data in view of

prowdé’fgipgﬁélgggg%%u@-gfgn PFee aﬁ“@smﬂ tiple pluralities of
trnasie wbhtrol ki Mears fol PR VARIEGR] plarality 68 dhifblldatd IR essing said
each one of said plurality of DUT controllers

pluralifyphsaptued dataapaty terpravideriaid mpfinleplumalies of testdate;
: I [4 S€E .
<Pacy 2 10 a1 AL SRR Do SRR 3ot
one of saig plurality vf/DYIT's besetlrupbn siid asd]gsivofkakirieshecieapte ofRaidmultiple

.sai g. rality of cket data sjgnal s by providing one,

pluraii fy B BeiE by G o8 GviresF e L motimle Biralics sl Tospamit data
one or nore of said plurality of packet data signals
and by capturing said at |east a portion of each one
of said plurality of packet data signals to provide
said plurality of captured data packets; and contro
circuitry coupled to said signal swtching and
detection circuitry, and responsive to said one or
nore detection signals by providing said plurality of
control signals. 4. The apparatus of claim1l, wherein
said master controller conprises:

27



a conputer coupled to said data signal capturing

system and progranmed to provide said plurality of
w@omsnof2sddat a and to process said plurality of PCHPS2908056827

data packets to provide said nmultiple pluralities of

test data; and a signal hub coupled to said conputer

and said plurality of DUT controllers to convey said

pkural | control data and said ltiple .

Dbt a) ¥l e Heling Pl et fie TR Ftaagis dgragransmiters
comprigygiem for testing a plurality of packet data

trgnsmtters, conprising: device-under-test (

DUT
chAitip SienalcapwEng system prspunsiicri a recepiioshefia plurality:of packet data
gl 1l S o SEHREFANS 3508 gt gl

provideaglwhlity ofcaptated idgtagfackats andind f or anal yzing a
respective one of nultiple pluralities of test_ data )
Sy ogammedds peide sRa e mon ol mhliele Rtabtes of tmgsmit
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8. The apparatus of claim 6, wherein said controller comprises a computer,
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said respective ones of nmultiple pluralities of

transmt data, and to anal yze respective ones of said

multiple pluralities of test data; wherein said

plural ity of DUTs, .responsive to.sai Ltiple .

P al b Fair ity SRaor (U ety of pocket dete pmsmitiers,
comprifingdacket data signals each of which contains at |east

a_portion of a respective one of said nultiple

pdlate signalicepiunng meansdar tesprmding to pdecepiich efaplnolihesf packet data

s S AR LS 305 g s o

provide agibaekity\of captereddatagiackejbd pl € pluralities of test
data jn view of said respective one of said nultiple
pfamaflermeans fir prevdiagiesperivg ongs ofrpaltinlephyralities of fransmit data to

respecfil@biiBs O a PREAIRI le B, ﬁ?kﬁ)cé&s%&ﬁé@%ﬁﬁ Jg%ra@.ﬁ;fe??@a packets to

_conprises sign switc g an
provide ewptopls plugalitiss af fghtudatd etayeddd said mespedtiveiogesad fmultigiegdiralities of
r.ecept i of .said pluralit f packet data,signals b
transit G g for gyl ipe rspertie pReSial SrO S UEle oluralisies 8 fevictats
rwg&bihi on of one or nore of said plurality of packet
data sigpals and Qércapturing said at |east a portion

of eactidaruratity of DIUTS responsiveto shidpawtiple plimalities iofj tramsit data,

oo Ny Sl SEUMR S RBRE B e

respectinglorgaifaaidinoultiple phurhlities of GabniiedRQnRsliive to said one or
nore defection signals by providing said plurality of
cont r o140 Haﬂeg.me@ns JeiemiipesAnapgErtignal statysaf gachgnerafispid

Pl s L R S il s ol f i ERRRIEH, it of

test datfin yiew elrssid resnsctive ansmfsaid nngtipld plusaldieg nitransapt data.ng
means for responding to a reception of a plurality of
packet data signals by capturing at |east a portion of
each one of said plurality of packet data signals to
provide a plurality of captured data packets; and
controller means for providing respective ones of
multiple pluralities of transmt data to respective
ones of a plurality of DUTs, for processing said
plurality of captured data packets to provide nultiple
pluralities of test data related to said respective
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transmt data, and for analyzing respective ones of

said nultiple pluralities of test data; wherein said
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operational status of respective ones of said
plurality of DUTs.
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