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The present invention rel & ﬂ> "hethBds for testi ng
packet data transmtters, and in particular, to systens and nethods
for testing nultiple packet data transmtters contenporaneously. 2.

Related Art RELATED APPLICATIONS

This is a continuatien-in-pait of U.S. patent application No. 11/422,475, filed June 6,
2006, and entitled “Apparatus for Capturing Multiple Data Packets In a Data Signal for
Analysis”, and a continuation-in-part of [J.S. patent application No. 11/422,489, filed June 6,
2006, and entitled “Method for Capturing Multiple Data Packets In a Data Signal for Analysis”,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to systems and methods for testing packet data transmitters,

and in particular, to systems and methods for testing multiple packet data transmitters

contemporaneously.

2. Related Art

Increasingly, many well-known aod popular data communjcations 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 transimission
along various distinct signal paths (e.g., as is done with the Intemet). 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 consecutive packets, but instead will capture non-adjacent packets spaced in time by an

interval approximating the time needed for analysis or measurement.
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portion of a respective one of the multiple pluralities of transmit data;

a data signal capturing system responsive to a reception of the plurality of packet data
signals by capturing at least a portion of each one of the plurality of packet data signals to
provide a plurality of captured data packets; and

a master controller coupled to the data signal capturing system and the plurality of DUT
controllers, and programmed to provide the pluratity 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.
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master controller means for providing the plurality of control data and processing the

packet # s; and
plurality of captured data packets to provide the multiple pluralities.of test data;

wherein the DUT controller means 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.

In accordance with another embodiment of the presently claimed invention, a system for
testing a plurality of packet data transmitters includes:

a data signal capturing system responsive to a reception of a plurality of packet data
signals by capturing at least a portion of each one of the plurality of packet data signals to
provide a plurality of captured data packets; and

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 fransmit data, and
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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 & portion of a
respective one of thé multiple pluralities of transmit dats, and
the controller means determines an operational status of each one of the plurality
of DUT's 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.
In accordance with another embodiment of the presently claimed invention, a method for
testing a plurality of packet data transmitters includes:
providing respective ones of multiple pluralities of transmit data for respective 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
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Figure 4 is a diagram depicting a method of capturing data packets for analysis in
accordance with another embodiment of the presently claimed invention.

Figures SA and 5B are functiohal block diagrams of signal switching circuits for
capturing data packets for analysis in accordance with additional embodiments of the presently:
claimed invention.

Figure & 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.
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the subject invention, and it will be understood that other eémbodiments may be practiced with

some variations without departing from the spirit or scope of the subject invention.

Throug}‘xout 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 electronie 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 orie or maore appropriately programmed processors,

* depending npon the signal frequencies or data rates to be processed,

Referring to Figure 1, conventional test equipment typically triggers on a signal and
captures data packets following such triggering event. After the data has been captured and
stored in memory, it is generally transferred to a separate analysis circuit sither within the test
equipment or to remote analysis circuitry, 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 equa] to the duration of a single data packet. The captured data packet is
transferred during internal 130 to the dnalysis 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
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Figure 6 is a diagramdepicting a nmethod, of capturing data packets
for analysis using the circuitry of Figures 5A and 5B. Figure 7
s a di agram depi cting another nethod for capturing data packets for
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Further, the capture 120, transfer 130 and analysis 140 intervals are not necessarily

shown to scale, and the data transfer interval 130 is often significantly longer than the duration of
the data packet being captured. This is particularly true for systems having large bandwidths,
e.g., where very high data sampling ratios are needed, thereby requiring a large amount of data to
be collected when sampling even relatively short data packets. In such instances, for all data
packeis to be analyzed, the packets must be spaced widely in time, thereby causing the system to
be operated for testing in 2 mode in which the DUT is not normally operated.

Further still, it is often desirable to capture consecutive data packets so as to analyze short
term changes in the system operation. Accordingly, it is then necessary to increase the data
capture interval. Additionally, it is often desirable in production test enviroriments to use
statistical analyses of the test data to determine the performance characteristics. Having
consecutive data packets facilitates analyses of system variations, such as power control
operation of a code division multiple access (CDMA) transmifter where signal power is often
variable, Similar power control methods are used in other forms of wireless signal
communication, and it is often desirable to know if the power being analyzed is at its maximum
or minimum level before analyzing the captured data packets, since data transmission quality
often depends upon the actual signal transmission power (e.g., signal compression in the
transmitter often affects the quality of the transmitted signal).

Referring to Figure 2, a conventional system for capturing and analyzing 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.
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production testing. One alternative to the need for parallel testing is to use & composite signal
analysis as proposed in U.S. Provisional Patent Application No. 60/396,444, 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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Referring to Figures 5A and 58, testing problens associated with such
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DLOV! dewle fifst fhcéi?ﬂisﬁ@ial ﬁmt quiﬂﬁ alBEUT Msxﬁiﬂten%]opmml | nmnfﬁnmislyangrsﬁlm:f or
the input signal swtches , ows ro

ci rcui tmEen Agtogtion By iin Bogls etﬁ?f%%ﬁegﬁtﬁﬁﬂa %P@ﬁ%ﬂﬂwc etm@l&? 3} rerstyed
the amoggial §91 WIOWRG ihdichieRb ecivioritaiaRBEetHia tiRCleinaitinpl réifledl sihal® 561
of the input termnals. Based upon these power indication signals, as
wel | as’®he known states (e.g., open or cl osed) of the svmtches 521,

522, 523, g& zrﬁg{oq:l, LEB Y ﬁiﬁgtma{a Byl AE86n, 3 M

(eg base ogr amma state ma I nsi de 't he control

ci r cui tdesS®y SI‘blsmmdt m@lead sfgndtipie inpuhppvisy dcth«émméél S 1gnterdetectThe power
h t

poner cs Al B 36 6hE pf B SHHERE) S0t IS RthRitle AhENLrpaR) S5 kldl

det ect ahe staﬂas hfethqumpnt switches ,521 S22 f328 ahd sa:ghabbypdnmmudaeﬂec}t mputE@aalfS@ﬁ

the fir celve naI DUT trans ters operating

si mul taﬁ)éo 1§p1iop{1 ?ﬁ“ft% ?'}:%{)V’a TR G rg’?lbs si ngl e detector
511 of the awkiledifferitlgih hﬁudapacﬂs)aﬁhﬁ&mmaﬁdﬁe Hott §ftthdse eieduite Of Bi@rasA
501 will also indicate the arrival of the d ackets in the

; eral ni #g SBTRYOeRe AP SwibUAmaze S1c impu! Sispalf 9% S 308 U KD segence

accordi ect or
g s S L

to det eﬁ@cotdmmlmwmmng cmmcw@ﬁmﬁvemdghaiaclm&ﬂmmulheleﬁemcl@m ieRerrthe
530. As before, the control circuitry 550 knows the states of the
i nput switches 521, 522, 523 and can thereby determ ne which i nput
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WD 2008/ 124250PCT/ US2008/ 056827 desired anount of data has been
captured (e.g., after capturing the desired first 16 synbols of a
32-synbol yacketvips2sas desired. Referring to Fi g- UreECToyS2008M56827
possi bl e net hod of operation of such a systemincludes the

transm ssion of a stream of data packets 601-608, with each of the
three transmtters transmtting a respective data stream 601a- 608a,

601b- 608b 01c- 60 The control,,cirguitry 55 igu

ool oot St g ok e nbA B SRbR (4 S bpe R e SRl i /0 B0 4P
t r ansm 33-@/mbolpdekit), @0dsiredind the third transmtter output 603c. This
is then followed b sel ection,of the, outputs o || three
transnitter SR%&QE ’}‘l}d‘%@&? 54 PO %lﬁe’g?%ofé@?ﬁﬁlﬂ%a§$“ﬁlﬂ Bsﬁp%lr?ﬁlgg?stﬂéc

si gnal . tri¥dnlskidh 6f 4 &tteBRQITIHRE phketd $OLL608 with cBEHISRRShedRAia@smitters Hafkintlitag

t he anount of data actually being captured, e.g., the data capture
i nt er va sigptive @%ﬁﬂg;}é?l?ﬁ%l&ar@ég'ﬁg$ha90¥%5@§- il‘gﬁ@onggl ﬁ@@ﬁ?s%ﬁy f or

capturi i 1896k Y Ragkaks
o ge‘lét%emgﬁ%t g%“ﬁ’?%"g%‘&i@% el SR AGHS
dis tc us smﬂ;gﬁ {602119 andt t!gis gundataamnt nigteatyhit 603, Thisgs thep fdlowigd bya aclectign ehidie gf
capture - nsf.er I . r.yal, n
ol v oM £l s ot AL A S74E W SR ed b it dndt
Gﬁ 1, 6 BMultﬁEe&aiéguﬁgg Eﬂsf?meisaismf’bowdngm ,anﬁﬁﬂﬁlf taets aet#lyé::eim
shown, as  produc e control . cir ] L. ernatiy

i nst ead®® &8¢ g’ﬁtdﬁ%icf%mgf‘m?’i’@s H%ﬁ g5%$@&’eq3§6‘8?4 RS Hdong s 8%%?%* fez
| Nt er nagapbriBy tHettsited Sinotits bf ¢20K 61 thé indBhidual ddiepdckéty 68Ta, 60200603 c S the
provi ded by the control circuit 550 can ,be used., This can be .
advant aBEbfdatanasketn 104,504 i608¢,  Asfizrysied abgve, fajegpm e.go Pafkedin

testing, &BMJCMA%?mﬁd%a 62i624 [ anEREd HirShh Handi&QnteAlandIof hsanhifeeddat a
packet capture intervals 621, 622, 623, 6 4_ge§.§8. where a hi gh
si gnal duewnglndysiyiatepohetd. (Theswitchirontolagelsts], G3Ees334py the thiee sighgl ed

port i Onsfen b1 S42302hs B4 fePinob s PRk ARY thl béirobBlrAtisbnal end. of

trigger sequence which allTows the te strunent to termnate its
capt uring ofAlttatativeipchaead of the captimingefdhe ¢ata pheket portions bang cqntrelled

during the transfer.in l . i : :
"t er v iegsyy BERlatet Rl Ehetiasts e Ghaer HOf b8 G pbuidy B pSyfdi eSS0
amount e bdaka. Thiskeai be advangtageohowhendatltiple ot signadsare oyelved,suchdsgvhen
exanpl e, ., ‘ not ed, ..control lLi ng, t.h L ly1.0 f . t
capt ur i P Wﬁﬁﬂ é‘y%%t Tgp Hﬁgﬁw égﬂtﬁg 3%@% data %cg{ﬁ't %gg‘geu@&%r&l ’
exarrEI €62 20N ,Flnzegztg'.,wﬁwae dl\)ﬂimigw;wmcohb@o@?]ﬁeﬁmtwapmiﬁnmw .f fphe keth S
can be controlled, .there ensuring that the firs acket is fram,the
RSy S piion of e REng Ay Atihh eedidenttes p Sicniend ob BredSspiaiacd ¥t
the thi figlwRAcHEY ilsfuhbf felﬁﬁifn&ttaiitrs dapniripo¥dhth PhokeBRAd infieatd BE Hate apisfred
na

data is the conbined sig romall transmtters. Controlling.the

dat a caistsuringthitansferiaterval 630; ddtematiyely dhe detadgangteninteryal 639 eandis initigted
probl enpl,i ¢, 54 | ' : kets as shown i
005! 12 IEB T &G Bfs IEed BAGIY GFaueiadkets o, fur dte packets s howa
t ypi cal thys exsraple. hi gh speed anal og-to-digital converter having a '
pi peline desjgn.in whigch the .delay (. roy i i -
significant I%%Wg‘é‘f”@ﬁ’gﬁﬁﬁggﬁnﬁé of}%aéag%a&két% F&éﬂ‘b%‘%’lﬁg’g @%dég’g‘)fm&?m
si gnal ¢ beRtivan@igeous hBorcapinple] wipnaéstidg b MIMO system, eéheanderingaf theldeta
trigger sjgnal is derjved in a digital nner, . sipl ry. .or
buf f or , PEKFE me‘aﬂeéﬁgWWgenﬁm%ﬁ%Mr@%ﬁ%é‘* fin o et TS5t
t 0 ensugRomi faBied: isiftd# 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 deiays, since the receiver
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Referring to Figure 7, an alternative use of the control circuit 550
to generate the trigger 760 involves the capturing of small portions
711, 712, wbdoadn2ui3e respective data packets 70l1a, 702bpcTi@eos/osdset e
still capturing a larger portion 714 of the conbined data packets
704; 704b, 704c. This would provide sufficient data capture to
measure E VM of the first portions of the packets sent by the

di fferent transgijttbggfs whi | e i.ntaining the |onger data packets to
al | ow sUPPREY st the lesteqiipment Wil typigally psea bigh spesd anales-toetigitab cenverterat a
packet s haVg a pifdihe d Gn whizh e deWy (1Y, tROGAH AL Bi f 'ﬁ@ﬁﬂ;,
measur er{Entg. pAsptg regfs%lt, t he c_ap%(tgr ed data %ETEP%EZSS?#]ZB Zlg,nge\}\-hﬂéarzll
packed fiBFtime Aepded for ap gnalog trigger signalito inifipteshe raptusingaf datgOln theevent that the
si gni fi GApder YieRdl N d Si LU ; .

G 1 er ey B A defed Malighal Benip e winbly, b fufco? S 80 Kok B
dur at i orisry chthesigpaliserbe vred toserisere praphr tithig. t he capturing of the

205¢ can be. Selhmes il 7, bl ol LA nd R RRARAE 1P anfbunsd Hiedgpeer
G D o L po . RS eito Tathdacli e,
ext er nal7o%bayg%a Pvinei? Bﬂlp‘%yﬁ‘siﬁg gﬁ‘%‘%{'ﬂ?@%ﬂ:\ d ! %E’J&E%/FW’%@ ané’aB%Iﬁ““am%’pmdP:e

Wi th t hg0sd. artesweild plveidesafieichi dat: daptutetd Afeab ROEFNofAhd finst SorfiGR dERR
know when the appropriate packet type is being

t est i t
t rezms%qg’%@ﬁngg%@\yﬂéep&f?ﬁmﬂ%ﬂﬂw@&Sp%@& ieiainggithe lopgar deta packststty pliovo

synchr ogaffidiehQitaMaptiid in ke abestith bR ot B dabkesS70148 STolb B0 ﬁ&e AR

transmitter. For exanple, it may be desirable to performnulti
power nEARGFUEHE Fregiral spas mepsurEngiE. Aea remidvhs captaed ddteT2loWRY 783, 734,

spect r ahEBHEPRS VARG, 006 R SRHBRPHANOYR, 1 HELRONRY JiRBR RIS

may only need 6.4 m croseconds ., two conséec m ¢rosecond
i nt er varentod girquinif0sostrets the diffram dwitdiks, drcan he edsidy progiangneintd centehl thg

0.8 mc : e f the 16-m crosecond. da K

pr eanbl gﬂ‘s‘ﬁ?ﬁ?@%&%ﬁ% ?a alsrrsétlls &ﬁ%&gﬁ@é‘wgﬁt&#ﬁw ﬂﬂ?ﬂeB? ﬁ%&@ﬁ’e
capt ur eindiidual dita parkets 30iad202be 2030 rabbediffarest) ¢ gy sHoasi, BEn (e inRAMI f¢8& |
such tiging.synchroni.zatjon. can be inplenment [ n f many ways
whi ch 2 RTHRRG Rt L i mbined Biagasisiaéadali 74F- no

di scussi on cwheetestityth MD&Q%\yétérﬁmﬂﬂ%Bé hidebdshryYo (el cHitERbhRbwaednOB) , it
can be difficult to test isolation between transmtters when testin
conposi P¥catopizingdhe dyption ofihe slglg sntvte xvitidborstatepeithy wsEstive atshesden an

Si gnal bR kinbothe tdsBiphRat MEnd kn®¥? Wakn fte 8Rrbptthdpiik@lyeiéhsng tters,
but the ﬁge_of a sti%gﬁla_l _conb%??\er e_ne%%l F%ﬁg@yé%yﬁi‘_fi{cul t; i f not
i mpossi Bmsmited. Hosighers i issahse nopsit)e i iptroduse ofisgmoheprimstion wishin thytest

ddi i i f hi ;
possi b oY iIE b s YRR e b BB U oBRR Ry e BRI prtom, |

"at1 on w
swi t chesultiplanewermeasheements foredBEE 80 11 @QEDMosigmaly folsted dy a spectral mask

Ref i I . I dat ket ti t i

L TP T S T T

f ol I owse.gditwd cogseentivesy2-midrovecand ititevals begihniflg8.8 nicieke@bnBQlter the Begtie!
CPi qur coshiie ' dsRieroseQ3nF Pegbiehe ko 16 micionreond G BYokFAREIL 1502
and t hi gpdetBi thaslaingasprealest ifiay leh@rdlilbAgdp a8t mtd P o p30RE réaﬁﬁﬁbfe?r@wg% 0

second and third transmtters are conveyed to the power conbin
The app?"6eing: & ¥ aven. Sih iimingssyaehsonizationpan bstimalemsntad i 4wy of mapye ways

swi t ch GRiak 5Rlweli@PRh th Bedrt, 852, 853. Capturing of the desired
portions 811, 812, 813 of the data packets 80l1a, 802b, 803c is done

during ti me Avhotadahpes ig e digpssiond@gcarming the ewilchingciuitty (Fiperds SAgmd 5B),
control;si . . . acket si,gnal ..acquired during, the
Frrst it PR emRlto oo jsolo AP RARLS ERGH Fers SRR Ry PSS
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WD 2008/ 124250PCT/ US2008/ 056827 Referring again to Figure 7, it
shoul d now be understood that the desired information regarding the
dat a si gnalvatavesmmisgasi on characteristics can be obt ai neeCTdus20083g5480E
first three data signal capture intervals 721, 722, 723, since the
coupling between transmtters can be determ ned, and the |ast data
capture interval 724 can be used to neasure signal transm ssion
gquality and ot her rangeters Usi t he, composite EVM t echni gues as
descri bEUPROSOgETe R festeBI0 98 W30 SRR B, Dot e e of &
Ref erri gigndl Gorhbifiet ®Rndtilly hikes h@iﬂﬁdulﬁ?ftfo&l{r%ﬂgﬁﬁhlsﬂd flehlifARe Sdidh of B8 péer

alternative, internedi ate packets 802, 803, 805, 806 between the

capt ur ebeipgaprasped g By addipgswitRhes todke ipputok hepewer qgbineg Ahhsanes Rossikly the
. i . . bei . t: ] e
o o R RL A S KhEIPEL RloR AR AR A iR roSofiin

count i nigvelipeingdestedr of packets that are neasured before initiating

capturing of t. Al S | i,cul arl,y.usef yl stid ng
il 1 pl o padkartis BEREEE B, hle' dofe MRk SHRAANGIES Yol iRdnb A
di f f er erestingaddiMOayatm ciroe described esfolibwe adurinp atmsarission oftiecirst dast packek f

the tra Ltter ires,s tine for settlin a first.n er of
packet sSdiatheipacket 81z gy bR BEY s RS ORI ObIo e BYS EPRGIGIRh t he
power | @¥giesiSA aalaas%e Sindilely Ausia s eatbnissteT tRfsedbag 802 SndthRd 803 data
transmitted. |In such cases, it nmay be desirable to transmt the

maj or i t§Rcksts, dirdataneskrdy 8P, §03¢€ Bomsthe,ecend ang thiied fransigrssrecasveyrd te thf
such pagderk Sombindr B0LTHe Qﬁi@hﬁtetﬁg?gw%gs LR\ on P TRNARRink We thide siR

dat a packet transm ssion. rring to Figures 9A and 9B, in

accor dageegoligndlsiBid, §52e858n Claptuspspitheldesiodpariiens 814, §ladRidtatdhe dats t est
time cag [ : i.ng. | bR ' a
si ngl eaéhgg% ?ﬂlsal@gﬁ’gsn({gx I#ﬁgé élﬁgéli h%%@#%tze’ [ hg%a@gh%gaﬁgen‘gﬁﬁ e
cont r ol friggersotged] aignal®60y si nul t aneously by sending the sane control
andt est si gnal t.he . o] fa of a8 Si i i
ensuro. tnat D 2opote bR QR A IO S REMDS R Moty

Addi t i oAy toythe fitst tsdmemitter. DEhip cephirdinterval isusativaly shog as thegoket cdupbing cay be

R R T e e P g T
i ndi vi dgEr-LDSy thatABheatsi tHebegianing af fhe Hat@ badke. [Dalkin Qb sceondREptele interval

controller 906 (e.d., ,anpot her personal conputer), and.,the test
i nst r uni?d the eaptursd pisnal (nehdshpranirdy Pevis dtogh Fé@@ﬁ@m&mﬁr%‘s‘aﬁ%

and t esfygliidgalper (ﬁﬂeg@cou%iig from MShirstdAGmitttN@atd Fketis03d b MBE becSRB

includes receiver and deCoding circuitry for testing the DUTs 910a,
910b, 9rapemityn withinghe PUT, Using paven anplyels sndgomppeiteaneagiremant dechnigues (as

the DurL=GHGEH ByRRNABOTOELEL sfhiieinoled dilior Siied Blne 5t | 00
(1 5;( ? r7r8 I lgwmﬁtesflﬂtgp&w@tsom:\wm mietetrsined rSitndady, tﬁ'v'ib“imeg tpSre ¢ithe thixg data
3006/ 1 9H6eks 8% FisB B e i« %g%} g%?f%%‘e‘@ iR faiiifthd? gt

App. 10packe 30, cah inlse te Bettrmimady F2rthe? @R Jackyndbring thet firstciatalRiapthre ibtetvabis21,

Test Equi pnent ..Sys For .Testi Anal og Co | cations stens". . the

i ol oSt SHPITH TS0 [ GG FatoB G ap PR A B B aeiee aae
packet 801c can be determined, as well as power attributed to the first transmitter data packet
802a and third transmitter data packet 802c following the second data capture interval 822.
Accordingly the transmitter power attributed to the fransmitter of interest, as well as

contributions from the other transmitters, can be détermined.,
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Wien testing the DUTs 910; 910b, 910c, 910d in their transmt nodes
of operation, as discussed above, the master controller 906 provides
control siwoaes/@@E0to the hub or svvitch 904 which relmyBURenpest ve
control information 905; 905b, 905; 905d (which rmay be identical or
distinct) to the DUT controllers 902; 902b, 902c, 902d. In thin,

t hese controllers 902a, 902b, 902; 902d provide control signals and

test data 9Q3;. 903Db, .90 903d .t o .t hei.r respectiv S 910: 91 0b,
070¢, 01 (1 FESTRRRLIRIOIZHT A PR RaT B LR Bty
910; 9 lﬁgaraﬁ?uidiﬁtatdi@apﬁﬁmissidabmﬁt@mmaﬁ bd sbtaifddlduring 1He firstide data
which are se ectivel;i captured apd glrgocei,se by the test in;trurrent
908 to PO PAPBIEMRTVAR ALY &34, T4hSHCOHS CPYPIR e‘ﬁé&'t‘é?ﬂs%w{srféfl 8r 906.
The masigtmbRA! dn8lhehst 208 c&ﬁ%ﬁ‘f@ el RS b&RRd 1 Behsin® Sfnal MaRsnaiSsigiar t
of the data 907 sent to the DOT controllers 902; 902b, 902; 902d, via

t he hubquplitysmd other pameters nsiag teywemposite i VA tehniqres as deseriher} ibagplication
controlser . 902d provides the test data to its
respectilqg'ew%%%%%;gag%g%'loc, 910d, and anal yzes the captured test
dat a corr esRefetingtc Figirh B, iDiuiddre fortiair yedesstoed tiitoay apfalterh@iver i gi nal
test data. . e [ S$,.910; 910 , ' hei r
recei vemff"ﬁ‘aggatﬁf’acggtéEgé’%géf,gb?hée&ﬁﬁ%? th@&%?ti’“g% Pgdrkeéé@ﬁpsro %’\llsl%gec?p %t a
and condkigped SFetakspl8dOmbpbé Heedsaryiio hliat the wamimif@deingitaiedtto satdaye s in
e N St
resul t ;%l%lé&%ﬁt ReskthfedRiordnalabag SaphRingle ack@B! TH isgaficRAy uidab,

902c, ich ?[’OVi de their anal ysis data 905; 905b, 905c, 905d
for convhsndertias awiltinkepasketsrofer exarpledt BRuPadesabls o trpumihdiliernt power

control fgg%sbi%gﬁur}g)&s Bf‘&éﬁ%ﬂgoﬁﬁr tﬁﬂ\értté‘sﬂl $Edke transmitte T&)St %J &ﬁfc"iﬁ‘ﬁej f¥fsettling,

system gure uses a single controll ér 06a havi ng an
i nput / caifiystrunshee of ek @OG be dppadmitteddt ope pewerilengl, fellowingwhigh thepayer lpel

mul tiple i Q ; gw ( [

USB ser?ﬁ%%‘??%qﬂe&n% na%}’]?e[[g&e% F ?kr%%zrr‘ipj I'p tgeédDB]'lﬁgmllyl ﬁgggﬁﬁsttngdﬁg eg 0; l@gg{’)b
such astridsmitehe mijerityrod sudhcuaibeRiFpscketsprioe tooapiuring drecdr medé of suckapacketaatd
synchroni ze fter each, testing step. This ayal trying to control

t he eﬁ?‘f‘?f’% e?ﬁ?@iw@r E’Sﬁt‘%‘%}gg%foﬁﬁ%In?m\ta??acp%g%g?“&mn%{?g' calibration
difficult sirgerapse FigdeydAmxd 9B)id Iotdansegrittathe paisentlp claimddénastiomsd
to be identjcal and, therefore,. requiring jndividual calibration

pr oc edufeduction test timis £ be achigyrd by 5\9!?5%‘5‘“% h‘&?ﬁ %ﬁ{i% el g ashelq fst
be WO R20R8heh2 4BRANCHY 52 0PG4S SSraliebaideaatrolRd gubstah iyt tapeaisiytbs
may not be transmitted at_ exactly the sane _tj r‘r%r the DUTs Wé‘ki@be
per f or ndeRging the sprae gerirob gk tayt SigAAS tadhe varioys DU Eomcastingg sourrg: AhisS¥ton
time i ng,.gE[)é il b i higed [y o itdREKIE 6
this can e%hagnth I etgirfsb Eagenltﬁr%gi] In hl{lﬁsg&l%lrugl)'s uslﬁﬁglbpm%?c{d?apl gm%bT °
cont r ol passible tawseceyltiple packiettegting with sogh apargflel tegt asteingl e control | er
with multiplg dri i | . ' ' '

not ed above,ﬁlr%‘g%slt?\ﬁrgnﬁfagst lé‘{(‘i%iy%nu%ﬁ'}dg%@g% Eﬂgﬂ]’ggg@éﬁ , gg%, gg::,bhaozg?%m
dedi cat k. timdividia) persorub cdmfuters)ealnkb d\dWittls 90v) b nubstst eoabybider 90 (vegrcanptheas

al so noted above, sin relativel ttle tinme | eed { rm
t he act?ﬁ’fonglacl"ﬁlp}f'ﬁ e fept Iwgtsgl% aéd Tgrﬁoﬁ?eé#eﬁggvgm’ﬁ%g a%ésg urﬁ)ng
gf the el 08 festit E%@E@ﬁmﬂ, ond, hmdvambms;sinalwﬁmm gosaxlxﬂbdes:meiv_agarﬂhfe
ata capture appear _to pe ha ning Ln.p " . nt.er | eavi.ng o
the capteP¥He BaTANHRE e 18e %ﬁ-é95];1@1&P&kg{@ygfpgi‘?\&egitm‘??ﬂﬁ?ﬁs@ﬁi ng
circuit ﬁpdc?ﬁiog,%ﬂ lalsB SEENAROMR oIS afd ErsRRP SrARe, foBeRifngTor festii thd BUTS
front e of the test instrunent 908. ) _ .

9103, 910b, 910¢c, 9104 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 Radic
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Anot her alternative enbodi nent may be inplenented in which one of the
DUT controllers 902a al so serves as the master controller, wherein
such cont reol208/2@2a woul d comuni cate directly w th threThet08/056827
i nstrument 908 and control the remaining DIJT controllers 902b, 902c,
902d either via the hub 904 or through a nmultiple output interface
(e.g., RS232 or USB serial interfaces). In still another alternative

The et epeh T bEG: SARY CinE hpp 0/ PPoR Sutd bebiidt 70088 Blkidn,
comuni ¢ RisriblitedsTst Fquiprhént Sheerh Bor Pltng AnalyeCommahibfiona by stenia] thy e

enmbodi ne t he ter controller 906 wajt for requests fromthe
DUT contcﬁ%fq%pioﬁg?m@%@@@?‘equﬁ ‘H‘r"%ssendi ng the captured

test data vi aviidneestinpthemUshyiolod) 9964} of 64, 9 80k YiseisStrankhiR ifdl¥s GFHobQWidH as
t he DUT lr(iont(éé)l | ers, 902a, 902bh, 902c, 902d to fini sh ot her operat1 ons

and oth Bhoxpdhemasig rRuralies 906 provideseputral siggals 807Ho fr b 10 switeh 904
dat a packfih eRHM MERNQSRES hiBrmRAoR YIS Q@sb\,ﬂbéé(}, mf(%ﬁaﬂmaﬁgﬁdeﬁﬁﬁﬁre
as (0] OWS. acC

presently clained_invention can be inplenente
910; 91@¥ting) ththe BUAwopIligtaWaa, HA2k 982@ 9834. tIn turs,théss contobditm 9p2e; 062D,

| ol o 2 ooy Py Pt 1R o SRR AR B0aESP G LI B0E 1

it wil| DHETS @i0di 91pb, 818694 0codls dibassediins oreaetatldicowp 8B 9188, theb, 910c,

transm | - th str d | vS] t'ogram wi, | | know what
e bech SLppliRE fepaieb Rl S YTy b 3E5 411 bt Weplivepptived ond
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dat a pachl: GBS PO 0pitheeysengsfhis aphing (o8 gar of the det 49 smsto
MEnory - ét DAL Sortaiiie 903)002y, 907! S023! 1k B 1B bAsWIRY 908, thivalydis! In other
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second Seqyem%l@naﬁ\iéts%émbb@d'bﬂﬁ%ﬁé bﬁﬁ%&s?gingﬁecog@él rB@éa‘ﬁ%{ritngtma
ptu ef or

time, nultiple packets can be captured swtching to e next
DUT. FoRPeioainpt wctior206b sprablesf sesgivingand fransmsttiag thetmuliiplp DU signatii0da,

packet f ~h4 . 910a,and storing them as data
packet s %@9’§R$9%%&%@§?§%E§Q%%ﬁ%ﬂ)t he capture process can
renove unwarBsadstingmiltiple DU irheystemp b00c 800bauch Sahdsbahe RviHuaEDUTE 6
informgtion i.s.capt.ured and st ored ollowing this, .two, data packets
2003, "SRl indivdialy Rt Sechonzehe Eacgéﬁﬂgﬁ Hep- aHis oisisdryingo gontsol
packet sh2DUTl wihQQdte dopirbiovidl, WRRA Wyl GRieEhBbrafont WMicdRbRcOBE ket s
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advant gggi0idsatichlitrhtidndif 6@ dded. SWhild éﬁ%ﬂct& SRHEhrbhdlE o Qratl?%ﬂnésaﬁgottng&s%&gi%e

anong the DUTs, and requires fewer swtching operat
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Referring to Figure 10B, an exanple of a data capture process in

whi ch the incom ng data packets are not well synchronized is

present ed. whoedmayasp t he data packet streans are not syrmlwsamispect?7?
i.e., they do not begin at the same point in tine (tinme being al ong
the horizontal axis). The data packets 1011-1016 fromthe first DUT
91 Oa appear approximately synchronous with the data packets
3011-3016 fromthe third DUT 910c, but  the dat ackets 2011-2015.
from t hswed Aa- BT pekelRayhot B?wsmﬁﬁmaémﬁ@v sape e bRk e il
4011 f r%&i@ﬁniﬁ?ﬂfetn@cdw bpSdfishs S aSbeuthié !e&%iﬂh‘h%’a@&hﬁ ¥ fme AR&041d g1t O

the exanpl e capture process A shown, the firs cagtured_ dat a packet
1011 i sthisrcanrarhpicate the tegling 0 somadsgres;tthis gen katunglled by eonilling ﬂ@RaISHTS

acket . i | . S \W: i -t e et

D st Buabld oY SRR LE el b SEDO NGy MREOShIE ARTAREC) |
and pr agnitipkidnige capebitity, asadepictadon Figere 95t DUT out put 911d. Fol | owi ng
capture of the first data packet 1011, the.next data.pac 1. has
Pty of arkhptedleBoyen BfiuhRt 8 enfiamatabeh i et 34 Rl £ il it
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the capiaibhd WhiSRARANESEM R Jafiol DTS, e Wtﬂadm cdphfe Rfpehr tb ué |

data packet, thereby capturing data pac 14 and 'storing it as
dat a pakdepenigisparalldccor dingly, for the next data packet, i.e., from

oL Sl S A R s

and stored as data™p _ capturi ngvdata thi s
manner , cifenis as doseribersghomel fom dfiguies Sdarnd 5Baag et of the frontendiof the teshinstrypnenk et
has al ready been partially received and waiting until the beginning
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reliabl e tewnothet dtetrative embalihent ediytbe implaaknted m. which oneREfleDUNg t o

Figure 10C,_in anofher alternative dat.a capture .seguenc ca ring
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of ten Pk 023088 Btiet Wriedtip €08 S Btpogh s O THE BN PUFTRsR (SRS RAS.
par ti culrSes ketiabtddREeS). O sHR SRthdrQREnARNRMbEIRAO thelnfelP Eit@Her08 may be
updat ed based on the nunber of data packets nore often than sinply

neasur i intgeratedas parhokthe testansdmmmicat 908 Hingdichnage @ﬁfﬁﬁﬁﬂmhm@g A B, C
are preg te directly Witl 8 hQ@sr%gg eEaQSthEx%&HﬂﬁPé&%ﬂﬂen‘f‘,‘tﬁé mBfert he

first Dur to have transmtted a packets upon the transm ssion of
dat a pamhirollet 90 may whit Swechubsts from thDUE coumpliom®o2a 962, 9020 9 dsfasn of

dat ket 3102, foll , ir. . i 85 f
Gata pashabe ftggmspd |ty henlf o dith bk o atelfs AR WROTH: 8180 O
of dat acop@eliers 902432 |902¢,1902d WHRMORiet PR AORCTHUKBEDAEGHER Thdmschvts.

| e dat ture, , t beq; ft Ll DUT
cramLe 0o oL SRS S B PG BB B DT
Wi t? t f“ﬁnﬁoﬁgﬁeﬁl% M%&wmdry {:lmd@te?ti@?%?%ﬂlg%énte&iﬂgllmﬂ IBERBUT e
capturead and _stored. as al a packe , , and .
r eg pect$108I} 0b, @404, §0q (¥ i%‘é?sanApﬁélggs tﬁ#sgﬁ&ﬂﬁétafﬂg@fqt Hﬂ‘@ﬁggl%= #0013 5o
capt ur eghognfhosa006 do014t0s! AcBRllink &Pt ignb%ehﬁaﬁ&;k}%am I9UT @hmsmits the same

Accordingly, data capture begins upon detection of the Nth data
packet tipedfdetaga¢ uthitewillbetreadily understoordhat sisting detapacketscen bie ipnsapized
packets, | .€. . I i ! :

ot hor g denRt AuRREFa L Boekdh bl oG IR bofh LERARL ol By 1n
power daisegirmgle,twe dare chphore cequendesl ADB aendiscoysed. t 0 begi n capturing data
when the first DOT has sent data packet N, the second DUT has sent
data packet N-1, the third OQUT has sent data packet N-2, and the
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WO 2008/ 124250PCT/ US2008/ 056827 using a signal summng circuit) to
produce a conposite packet data signal 91la. Alternatively, in the
exanpl e enboadiosents0900, 900b of Figures 9A and 913 whareE/wsre0stossst7
i nstrument 908 accepts four input signals, if each MMO QUT has two
outputs the four single-output DIJTs 910a, 910b, 910c, 910d can be
repl aced by two dual - out put M MO DUTs. VWil e the foregoi ng

di scussion prh iR LaRRUERRAS A S £0% s%mm%oé’%ﬁ%mg %%&-&%omgéom

910d in their transm opera
appr eci dhefirst RHT % feandystarenis ingalysis Sedoryck ditagackes 10Aa. allkis SBred data may

advant a 0 Oc, 910d
Thorr r SEareH oBE S E o heck 3L Fob s ool Ty oy auiigne o
cont r ol |data pagiGt 2002t frame the sedoed DEAT 910bswhithn Btord08 dbia phelRNBOT2E. Mithin| Mie
packet da SI als 9l1lla arallel to the DUTs

d
910a, 9I* CapBiHg °f%atbpa°9§§%é31§ l&‘&'ﬁﬂép ?k?ﬁ&'ll wPring it psdata
di stri blpaaat moaa,aana b?tﬁngscﬂ"dhthtpﬁékem% RO SR IDUT 81 0dld bidfed Jsdata

circuitry of Figure all switches in their closed state

par al | eIPa‘Ekég‘quﬁ@ prige peesthaliaveragiag lstﬂ%deddihatﬁﬁ@gmé%mﬂlﬂbnn Qaptstamg
in whic kAT 005 S e ttIITE‘
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chance eiptredninthé exearttiatdt Dokt }(ossllﬂe fo switeh fqﬁrﬂt:klmmg.lrghlbbﬁvesn gataba(ﬁcws Lm@

i s open its receiver is enable recei ves,and counts data packets
hat o eiirite el NEP o pRiiGR 5 et on Ry S RRRILAE g ed- However,
si gnal ﬂmtganmﬁiae@eﬁcﬂ reinbinis tHe shifl€, vailgR@inter@iRd phollisHafihg beM&haSred G
each ﬁe&ﬂtﬁﬁ? ving a signal |ntended for it, such intended si gnal

will dntly stronger than any i nadvertent | y coupl ed (|

cr osstal k) SA%?& @ thd Secslt RuRAKS! &%&

count ed. In m%t aénot hersa%rrbod?rrrg?llﬁé\{I thin 19%1-195 de)ﬂa%%gﬁéd%

910d cafuliple %k%@rbetcﬁéwﬂd pefers sydiching tslsth@neX@ BAFTa tHop axdnyplé s qagtm:ehe
mast er Rk I t

oot - pacipicopiad slid) gy ke bisEer 1807 ad 1Rb 3R BREDYT 51 07 Gfhohnd
910d t othemzs date packstsr180 L andd Q02 mwoaesgémam t(lﬁ‘l@lp}urpamb&s carSemiove
acknow gdae L L. dual I es

power det ecﬁ%@@%gﬁégc@)@w?ﬁg t§& I n%u%naéc RFotP @ﬂ:@eaﬁé %md
packet sFeltowtiag thisuiwoathts padkers 2008 2004 fﬂhﬁt the sem;blhd BYFed Ok are captured and stored
acknow t be u d as . received, t] can_be
conti nugS ;r}%ﬁac\gl %@gﬁ@%gqbﬁﬁeﬁk %5"5 ﬁﬂ?gﬁﬁé&ﬁe#%&‘p the
packet third DEPR@IOctWhich 49¢ stored as data packM@B mosu,ssamm%d s@eh.f Tigaddtnaptaad
alternations in he structure EBg@EthOd of operation of this

i nvent i SAUTHCF 125 8¢ BSpAdRRiageguy e kel onaiAes 1 Ppiteh e gnpet amons
departi fhg mmﬂdheqlﬁl@é)%eﬁmuﬂih% operations.

As should be understood from the foregoing discussion, many different data capturing

sequences can be used, with the common characteristic being the interleaving 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 atising from longer time
intervals between testing of each DUT, and longer data trapsfer intervals when more data packets
are captured from each DUT,
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WO 2008/ 124250PC1' 4182008/ 056827 spirit of the invention. Although
the invention has been described in connection with specific
preferred wwmot/ersvs, it shoul d be understood that therdTvenisiosss2as
cl ai med should not be unduly Iimted to such specific enbodi nents. It
is intended that the follow ng clains define the scope of the present
I nventi on and that structures and nethods within the scope of these

cl ai ns and th val s be cove t hereb VWHAT. | S .CLAI MED

o aonar Selering i kit O ey rBA 5 d416 GHFRTE bipoes i ek egRCoReg i
data tranget B&%bﬁwclpﬂlﬁgﬁrbﬁk&ﬁs ﬁrcsented Asizhovindlihd datdfacke Yirsns iRt - t est
(DUT) controllers each of whic programed to provide, responsive

to a pl synghiprigedyie.cihpay dorotysgia at the qu&rttmamaﬁénwemﬁﬂltm@éhmmnwl
| ural |
prura ',Igtlgﬁ g@%g@t g&bﬁ@i‘sﬁoﬂa%@ltégﬁ‘?hgﬁtgfﬁ&?ﬁﬁ M@a%@%ﬁ gﬁ)xﬂ'l‘téiél syftcmo%us

DUTs an ogr amre yze a resp one of nulti
pl ur al |mtb§mdfatauaedtctscﬁé)ﬁ 530 ﬁt@m&mttblréava &leemwwd@apméwﬁﬂomtlﬁ can

| urali | I

" esponssaest DUTHIRE ble i, piETR s TRlaitel ity o B sl g10d1y
plurali ilgmﬁéanﬂﬁdklﬁiedd atcaording taihs eragiie tﬁptumhpmbessﬂrsﬂ:awn,sthaﬁrst epatredxata
ortlono e of .said mul raI f smt
gata L"’tqg ﬁ'ﬁ&%f %ﬁﬁﬁ?gﬁﬁﬂ?%? Slrtfaa[g 418 °F ﬂtglpl Eg(eff)mj %’c@gtlon
of sai de)ﬁhm@tuetmtaﬁn tth@@dt@p@kﬁ@ﬁb:ﬁnsbk’se@;ﬁﬁiﬂdr tagbe'gtmh;egatsith the first
portion_ of each one of said plurality of packet dat a ? aﬂ?ﬁ’

pr ovi deDHTmumua?tlwnWowmwauwael tgdhadast OULppgput 911d. g%o efapture
control (& satihSthek 188, %eclftk?daﬁ ﬁ@ﬁét 2§ﬂlpﬁaH Hr@ﬁy%bﬁﬁ&&@b dﬁtﬁieq:rocess
plurality o DUT control I'ers, g_;gc%ﬁ rovi de sai

Q}E

pl ur al i wgitsdp capbire theinexfxlate mnlept%l |apd gtogss isagdetdr ed

Wher ef P BRa 2oL Moy A ot ﬁ%@%ﬁﬁ@tﬁ%‘é‘“ﬁ?‘é’%ﬁ??‘é& o

oper at i thaatxtslatapackebaptia, ds befergatbe papturingscqyenasayaits phidlthe begjnnifg abithes

oesed, RS0 R 50 o PRI B BhoP B B

mul ti pl Acqakdingly,ifoi the neft dite pagon, 1.e.gfdra the fourth DUT 91 0d, the first available data
packet 4011 is captured and stored as data packet 4011a, By capturing data packets in this
mannuer, i.¢., by suspending the data capture process if a data packet has already been partially
received and waiting until the beginning of the next data packet, false triggering can be avoided
and more reliable test data can be captured for analysis. '

Referring to Figure 10C, in another alternative data capture sequence, capturing of data is
not intended fo begin until after N packets have been transmitted by the DUT so as to ensure
proper settling (e.g., of the DUT operating conditions). While this can be measured in time, it is
often more reliable to measure based on the number of data packets, particularly as many as
closed loop power control technigues are updated based on the number of datd 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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2. The apparatus of claim1l, wherein each one of said plurality of
DUT controllers conprises a conputer. 3. The apparatus of claim
1, wherei nweadook/datsa si gnal capturing system conpri ses pCT/uS20@icgexal
switching and detection circuitry responsive to a plurality of

control signals and said reception of said plurality of packet data
signals by providing one or nore detection signals indicative of
recepti of o nore of said,pluralit .of a . ta si | s and
by capt gﬁ‘ Qeac}aép cgpiupeseqyenge 3,044 mﬁ‘fb g’r?@%% vE sEt 3{]‘%‘% ty
of pac kﬁickéi@bﬁmﬁ#eg mb&dinglypffgym@@r&albéglﬁ& Hﬁ@hﬁ%tm’pﬁﬂh&h@fﬂdﬂ@é@kﬂs
packets; and control ci rcwtrg coupled to said signal swtching

and det k34 30Sand 3136 arg capien sl %C%HO%EI%& #rd 06t ect i on
S1 gnal Sy ety ﬁgkmfagnﬁ%@?mkw@mg%feﬁrmmb%déag hured and stored: buige

appar at us ein said master control Conpr| Ses:
a co rrpuntandem;ﬁgﬂ mdhf’t fipse)i dedartinglyi dptatapbugpbaginsmpos Mwml afitie Nth data

progr anm dt S
Coi a pl Eickr < R ot e i B s bR Ry oAb RAEE el BT
pl ural i 2itddn dﬁs é:«aﬁabled #Metnatively, rather than mit:glﬁ@ thérddia mptmé sguémze based on
conmput er. and sai urality of DUT co 5‘15 rs 0_canv sai d
o1 ural | TpelpoRgh i Gtioapie et conlepeirRIasRY b sbimapiar e el Fhte G o
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 N-3, since by the time the earlier data
packets have been captured, N data packets would have been serit by all DUTs.
In the second example data capture sequence B, data packets from the first DUT 910a are

\“

captured as soon as it has sent N data packets, whereafier the control! logic monitoring the power
detectors (Figures SA and 5B} waits until the second DUT 910b has transmitted N or more data
packets, and s0 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.

According to the third example sequence C, all of the data packet signals 911a, 911b,
911¢, 9114 are monitored in parallel and data capture begins once an input 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, 3103¢, 2104¢, 4105¢, and 1106c, respectively. This
sequence C uses a second data capture to achieve averaging. In this type of sequence, the front
end control logic (Figures 5B and 5B) will provide information for the analysis software (within
the DUT controliers 902a, 902b, 902c¢, 902d) regarding from which input a specific data packet
originates. It will be readily apparent to one of ordinary skill in the art that additional data
capture sequences can be implemented. For example, if one DUT begins transmitting a long
time before the remaining DUTS, all of its data pacicets may be captured before progressing on to
capturing data from any of the remaining DUTs.

Based tipon 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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5. An apparatus including a systemfor testing a plurality of packet
data transmtters, conprising: devi ce-under-test (DUT)

control | erwoeamgi2i15n provi di ng, responsive to a plural irgraosesdsepl
data, a respective one of nmultiple pluralities of transmt data to a
respective one of a plurality of DUTs and for analyzing a respective
one of multiple pl uralities of test data related to said respective

one o By AR ok bR BB e 2 Bl

provi dein tie ¢XathpR d:ﬂbﬁdiﬁients@oa,etooﬁ af Pigtregna hid ¥B othereftheast ﬁaﬁtrmeﬁt@nes at

| east a portjon of a spect i f said mul | e pluraliti of
t ransm?"%ﬁ%ﬁ %mr input 51 tg @ng@mﬁsm@"%‘gﬁg‘ & SB’GE’E%‘R}% :I?zﬁis
recept i 910051053 18,0104 add BelreiceR 8§ ked dihbarpst MDAbDUPs, capt uri ng at

| east a portlon of each one of sald gl urality of packet data signals

to pro?/l de aVpileihe faregpingrdisepmianreimagiay addpater desdag efibe DUTs 910881
t |
cont r ol d @, 9’[%& Fuﬁgﬁﬂl‘%&*e@gg rd e,g, Mmi Betr)fatﬁté gﬂ%&g&k glgﬁﬁés Eb?n

processi ng sal data packet e sal
mul t i pl ¥0p) Wk bF Fuge@sm\ anéBB adisntgeously promed’peﬁestmgahwm'%ﬂanﬂ%l | er

means ?@er%%ﬁmang%gsrﬁ}ol onal. %Ltﬁm o S%g%e t%gtmaX%c%ﬂﬁoﬂ’grg‘ﬁ@' d

pl ural n sa respec 've oné of
sai d mihfthjpetsahiestigdtminestP0 fio frasiniimiléple paoketeiutamﬁgxﬁhmw o5l O11e/81 khe

ppar st oD s i, ot o Py o8 ket yeneh Wb st

t r ansm ik @kignal GPUERE ks $V8liches similardo BhaRoritrg BEF g@ @ BAUFitNI s&«&&h@rm their
responsive to a reception of a Iurallt of acket data&f gnalba’ ‘

capt ur |“r¥@|s°6ﬁta!e§a§4°hé’ﬁi§*8fﬂtt%‘ﬁg BPV@&%H & wanfagehPY§F S
data si GRS fsQeddiY h @fed CRE HARhiahyisMss ?épﬁrﬂé RYeqhtdsinackatiplc UM can

be tested in the time it would otherwise take to test one (e.g., test time reduced by a factor of four
when testing four DUTS), plus the switching circuitry need not be reconfigured between tests. A
second advantage is minimizing the chance that an unintended DUT (i.e., one for which its signal

switch is open but its receiver is enabled) receives and counts data packets that are sent to
another DUT but inadvertently coupled into its signal path, particularly if the signals are at
higher levels. Sinceeach DUT is receiving a signal intended for it, such intended signal will be
significantly stronger than any inadvertently coupled (i.e., crosstalk) signal so its data packets
will be properly received and counted.

In yet another embodiment, the DUTs 910a, 910b, 910¢, 910d can be tested in their
receive modes of operation by having the master controller 906 instruct the test instrument 908
to transmit a test packet which when received causes each DUTs 910a, 910b, 910¢, 910d to
transmit in return an acknowledgemernt (ACK} packet. Such acknewledgement 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 these skilled in the art without departing from the scope and the
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a controller programred to provide respective ones of nultiple
pluralities of transmt data to respective ones of a plurality of
DUTs, to pwocessgizesbd plurality of captured data packetPECTVES2m8HMEseE
multiple pluralities of test data related to said respective ones of
multiple pluralities of transmt data, and to anal yze respective ones
of said multiple pIuraIities of test data; wherein said

Fr anom 58 pEe e QOBRR T B Bof el oo Bpnki it epmifc o

which ¢ qmefmubanﬁiodinm&t it ahqnlmid Lmﬂem&mmﬁﬁetﬁa Ertntion 20 8RAInGdd shawld not be

I tipl I ft
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said mul ti pluralities of test data in view of sald respective one
of saldaﬁﬂlﬁlﬂrﬁﬂ‘é" ¢i3 g qovered therebyr ansnit  dat a. 7. The
apparatus of claim®6, wherein said data signal capturing system
conpri ses signal switching and detection circuitry responsive
to a plurality of control signals and said reception of said
plurality of packet data signals by providing one or nore detection
signals indicative of reception of 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 control circuitry
coupled to said signal switching and detection circuitry, and
responsive to said one or nore detection signals by providing said
plurality of control signals. 8. The apparatus of claim®6
wherein said controller conprises a conputer. 9. An apparatus
including a systemfor testing a plurality of packet data )
transmtters,
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conpri si ng: data signal capturing neans 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 signhals 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
multiple pluralities of test data related to said respective ones of
multiple pluralities of transmt data, and for anal yzi ng respective
ones ofwHAMJSIAIMERIPI uralities of test data; wherein

said plurality of DUTs, responsive to said nultiple pluralities of
transmt data, provides said plurality of packet data signals each of
whi ¢ h cont anns amlaﬁﬁﬁgmgilﬂﬁfdﬁdmﬁmafof ﬁ:§tﬂ%cdt ﬁlﬁﬁ%li&"tﬁ" pg‘f:ke? gl transmitters,
multiple pluralities of transmt data, and saird controller
means demprisiigies an operational status of each one of said plurality
of DUTs based, unqn |.d _analysis sai d.respective. one of sai
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pluralities of transmit data, wherein said plurality of DUTs, responsive to said multiple

pluralities of transmit data, provides a plurality of packet data signals each of which contains at
least a portion of a respective one of said multiple pluralities of transmit data;

a data signal capturing system responsive to a reception of said plurality of packet data
signals by capturing at least a portion of each one of said plurality of packet data signals to
provide a plurality of captured data packets; and

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

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

transmit data.

2, The apparatus of claim 1, wherein each one of said plurality of DUT controllers

comprises a computer.

3. The apparatus of claim 1, wherein said data signal capturing system comprises
signal switching and detection circuitry responsive to a plurality of control signals and
said reception of said plurality of packet data signals by providing one or more detection signals

indicative of reception of one or more of said plurality of packet data signals and by capturing
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providing, with said plurality of DUTs in response to said multiple
pluralities of transmt data, a plurality of packet data signals each
of which contains at |least a portion of a respective one of said

multiple pluralities of transmt data,; capturing at |east a
portion of each one of said plurality of packet data signals to
provide a plurality of captured data packets; processing said
plurality of captured data packets,taq.pr vige ltiple pluralities of
Pest "t eEisar Apprig it st gtk of vkl Plavisblido Brovidkisaid pralty
mul ti plog catitedlhth peskedf adg ansmi t data; and anal yzi ng respective
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4. The apparatus of claim 1, wherein said master controller comprises:

a computer coupled to said data signal capturing system and programmed to provide said
plurality of control data and to process said plurality of captured data packets to provide said
multiple pluralities of test data; and

a signal hub coupled to said computer and said plurality of DUT controllers to convey

said plurality of control data and said multiple pluralities of test data.

5. An apparatus including a system for testing a plurality of packet data transmitters,
comprising:

device-under-test (DUT) controller means for providing, responsive to a plurality of
control data, a respective one of multiple pluralities of transmit data to a respective one of a
plurality of DUTs and for analyzing a respective one of multiple pluralities of test data related to
said respective one of multiple pluralities of transmit data, wherein said plurality of DUTsS,
responsive to said multiple pluralities of transmit data, provides a plurality of packet data signals
each of which contains at least a portion of a respective one of said multipie pluralities of
transmit data;

data signal capturing means for responding to a reception of said plurality of packet data
signals by capturing at least a portion of each one of said plurality of packet data signals to
provide a plurality of captured data packets; and

master controller means for providing said plurality of control data and processing said
plurality of captured data packets to provide said multiple pluralities of test data;

wherein said DUT controller means determines an operational status of said respective
one of said plurality of DUTs based upon said analysis of said respective one of said multiple

pluralities of test data in view of said respective one of said multiple pluralities of transmit data.
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6. An apparatus including a system for testing a plurality of packet data transmitters,
comprising:

a data signal capturing system responsive to a reception of a plurality of packet data
signals by capturing at least a portion of each one of said plurality of packet data signals to
provide a plurality of captured data packets; and

a controller programmed to provide respective ones of multiple pluralities of transmit
data to respective ones of a plurality of DUTs, to process said plurality of captured data packets
to provide multiple pluralities of test data related to said respective ones of multiple pluralities of
transmit data, and to analyze respective ones of said multiple pluralities of test data;

wherein

said plurality of DUTs, responsive to said multiple pluralities of transmit data,
provides said plurality of packet data signals each of which contains at least a portion of a
respective one of said multiple pluralities of transmit data, and

said controller determines an operational status of each one of said plurality of
DUTs based upon said analysis of said respective one of said multiple pluralities of test data in

view of said respective one of said multiple pluralities of transmit data.

7. The apparatus of claim 6, wherein said data signal capturing system comprises

signal switching and detection circuitry responsive to a plurality of control signals and
said reception of said plurality of packet data signals by providing one or more detection signals
indicative of reception of one or more of said plurality of packet data signals and by capturing
said at least a portion of each one of said plurality of packet data signals to provide said plurality
of captured data packets; and

control circuitry coupled to said signal switching and detection circuitry, and responsive

to said one or more detection signals by providing said plurality of control signals.

8. The apparatus of claim 6, wherein said controller comprises a computer.
9. An apparatus including a system for testing a plurality of packet data transmitters,
comprising:
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data signal capturing means for responding to a reception of a plurality of packet data
signals by capturing at least 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 transmit data to
respective ones of a plurality of DUTS, for processing said plurality of captured data packets to
provide multiple pluralities of test data related to said respective ones of multiple pluralities of
transmit data, and for analyzing respective ones of said multiple pluralities of test data;
wherein
said plurality of DUTs, responsive to said multiple pluralities of transmit data,
provides said plurality of packet data signals each of which contains at least a portion of a
respective one of said multiple pluralities of transmit data, and
said controller means determines an operational status of each one of said
plurality of DUTSs based upon said analysis of said respective one of said multiple pluralities of

test data in view of said respective one of said multiple pluralities of transmit data.

10. A method for testing a plurality of packet data transmitters, comprising:

providing respective ones of multiple pluralities of transmit data for respective ones of a
plurality of devices-under-test (DUTs);

~ providing, with said plurality of DUTs in response to said multiple pluralities of transmit

data, a plurality of packet data signals each of which contains at least & portion of a respective
one of said multiple pluralities of transmit data;

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

processing said plurality of captured data packets to provide multiple pluralities of test
data each of which is related to a respective one of said multiple pluralities of transmit data; and

analyzing respective ones of said multiple pluralities of test data in view of respective
ones of said multiple pluralities of transmit data to determine an operational status of respective

ones of said plurality of DUTs.
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