METHOD FOR TESTI NG EMBEDDED W RELESS TRANSCEI VER W TH M NI MAL

| NTERACTI ON BETWEEN W RELESS TRANSCEI VER AND HOST PRCXZESS_CR DURI NG
TESTI NG BACKGROUND OF THE I NVENTION 1. Field of the Invention

The present invention relates to wireless data comunication systens
havi ng a host processor and w rel ess transceiver enbedded therein,
and in particular, to production testing of such systems. 2.Related
Art As the nunber and uses of w reless data comrunication
systens increase, it has becone increasingly inportant to the
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I nst ead, communi cati on nust take place through the host processor

al so enbedded |in the system Accordingly, production testing
becones rmrf—e:—gﬁgé&-é—‘&t—@@—lﬂﬂ that the testing firmvare nmust be
install ed or stuue@schQhvehitidd MG tPRrdddi 8 MEHI8 %k 0n systems having a host

processor and wireless transceiver embedded therein, and in particular, to production testing of

such systems,

2. Related Art

As the number and uses of wireless data communication systems increase, it has become
increasingly important to the manufacturers of such systemns to perform production testing of the
wireless transceivers embedded in such systems in a more time-efficient manner. Asis well
known, a problem with production testing of such embedded transceivers is that no direct, e.g.,
wired, digital control connection is generally available between the device under test (DUT) and
the test controller (e.g., personal computer). Instead, communication must take place through the
host processor also embedded within the system. Accordingly, production testing becomes more
complicated in that the testing firmware must be installed or stored for running on the embedded
host processor.

( While using firmware in an embedded processor may be acceptable for a single platform,

| this approach quickly becomes unacceptable when multiple platforms are involved and must be
supported. Further, as is often the case, the wireless transceiver function, e.g., a wireless data
transceiver operating according to the IREE 802.11 standard, is merel y a small portion of the
overall set of functions of the host system. Accordingly, the manufacturer, while interested in
producing 2 fully functional wireless transceiver capability, is nonetheless not interested in
spending significant resources on integrating the wireless finction in view of its limited role in
the overall operation of the system. Therefore, it would be desirable to provide for a simpler and
more sireamlined method of production testing for such systems, with only minimal changes
required when performing production testing of various systems,



host processor. VWhile using firmvare in an enbedded processor
may be acceptable for a single platform this approach quickly
becones unacceptable when multiple platforns are involved and nust be
supported. Further, as is often the case, the wirel ess transceiver
function, e.g., a wireless data transceiver operating according to
the | EEE 802.11 standard, is nmerely a small portion of the overall
set of functions of the host system Accordingly, the manufacturer,
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measuring, with a test system external to the wireless data communication system, one or

( more parameters of each one of the one or more transmitted test data signals,

In accordance with another embodiment of the presently claimed invention, a method for
testing data signal reception of a wireless transceiver embedded within a wireless data
communication system that also includes a host processor with minimal interaction between the
wireless transceiver and the host processor during the testing includes:

transferring test firmware via the host controller to the wireless transceiver;

setting the wireless transceiver in a test operation mode;

receiving, with the wireless transceiver, one or more test data signals from a data signal

source external to the wireless data communication system; and



measuring, with a test systemexternal to the wirel ess data

comuni cation system one or nore paraneters of each one of the one
or ,nore transmtted test data signals. ~I'n accordance with

anot her enbodi nent of the presently clainmed invention, a nethod for
testing data signal reception of a wireless transceiver enbedded
Within a wireless data comunication systemthat also includes a host
processor with mnimal interaction between the wirel ess transceiver
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FIG. 2 depicts a method for testing the wireless data communication system of FIG. 1 in

[ accordance with one embodiment of the presentl y claimed invention.

FIG. 3 depicts a method for testing the wireless data communication system of FIG. 1 in
accordance with another embodiment of the presently claimed invention.

FIG. 4 depicts a test sequence for performing signal transmission testing of the wireless
data communication system of FIG. 1 in accordance with one embodiment of the presently
claimed invention,

FIG. 5 depicts a test sequence for performing signal reception testing of the wireless data
communication system of FIG. 1 in accordance with another embodiment of the presently
claimed invention,

FIG. 6 depicts a test sequence for performing signal reception testing of the wireless data
communication system of FIG. 1 in accordance with another embodiment of the presently

claimed invention.

DETAILED DESCRIPTION

The following detailed description is of example embodiments of the presently claimed
invention with references to the accompanying drawin gs. Such description is intended to be
illustrative and not limiting with respect to the scope of the present invention. Such
embodiments are described in sufficient detail to enable one of ordinary skill in the art to practice
the subject invention, and it will be understood that other embodiments may be practiced with

some varjations without departing from the spizit or scope of the subject invention,



FIG 2 depicts a nmethod for testing the wirel ess data conmuni cation
systemof FIG 1 in accordance with one enbodi nent of the presently
clai med invention. FIG 3 depicts a nethod for testing the

Wi rel ess data comuni cation systemof FIG 1 in accordance with

anot her enbodi nent of the presently claimed invention. FIG 4
tdepicts a test sequence for perform ng signal transm ssion testing of
the wrel ess data conmuni cation systemof FIG | in accordance with

one enbodi nent of \}tjge @r esent |y clainmed invention. FIG 5
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anot her enbodi nent of the presently clainmed invention. DETAILED,

DESCRI PTI ONfonnected or ¢iherwise pqupiid (REPHEEE 8 1508° Y EGETpAatefirpuit chips) lopigyisie
embodi nment sheteschifg fRCRME AHAiNonGllyAERE HsPMAThAYRBRMb bifd of RELERRASINdR t he
acconpanyi | Such ription is intended to
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{ the form of one or more integrated circuit chips), the functions of any part of such circuitry may
alternatively be implemented using one or more appropriately programmed processors,
depending upon the signal frequencies or data rates to be processed.
Referring to FIG. 1, a wireless data communication system in a general production fest
environment includes the DUT 100, a computer 150 for control of the testing, and test equipment
160 (e.g., including a vector signal generator (VSG) and a vector signal analyzer (VSA)), all
interconnected substantially as shown. The DUT 100 has a mumber of embedded sub-systems,
including a host processor 110, memory 120 (e.g., non-volatile memory), a wireless transceiver
130 and one or more peripheral devices 140, interconnected substantially as shown. The host
processor 110 controls the memory 120, wireless transceiver 130 and peripheral devices 140 via
various control interfaces 121, 111, 113, Typically, the memory 120 stores, as firmware,

programs to be used by the DUT 100. The control computer 150 generally runs the production

—

test software that controls the DUT 100 through an external interface 151, e.g., universal serial
bus (USB), serial peripheral interface (SPI), RS-232 serial interface, ete. The control computer
150 also controls the test equipment 160 vie another interface 161, e.g., USB, general purpose
interface bus (GPIB), Ethemet, etc. The test equipment 160 communicates with the wireless
transceiver 130 via an interface 101, which can be a wireless interface, but for production testing
purposes is usvally a wired interface.

In a typical transmitter test scenario, the control computer 150 will send one or more
commands fo the host processor 110, which translates such commands into corresponding
commands for the wireless transceiver 130. Following transmission of the test signal via the test

interface 101, the conirol computer 150 retricves the measurement results form the test



the subject invention, and it will be understood that other

enbodi nents nmay be practiced with sone variations w thout departing
fromthe spirit or scope of the subject invention. Thr oughout
the present disclosure, absent a clear indication to the contrary
fromthe context, it will be understood that individual circuit

el enents as described may be singular or plural in nunber. For
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As di scussed in nore detail below, a proposed test nmethod in
accordance wth the presently clained invention provides for
sinplified production testing using a predeterm ned test flow, or
sequence, to verify the performance of the enbedded wirel ess
transceiver. By preprogramm ng the wirel ess transceiver with the test
flow, minimal, if any, conmmunication between the wirel ess transceiver
and the host processor 110 will be needed during testing. The test
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Referring to FIG 3, a test nethod in accordance w th anot her

enbodi mrent of the presently clained invention has a first step 302 of
initiating systemtest operation. This causes the host processor 110
to be prepared for the next step 304 in which the test firmvare is
transferred formthe nenory 120 via the host processor 110 to the

wi rel ess transceiver 130. As di scussed above, the test firmare can
include the test flow, or can also be conposed of two conponents,
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equi pnrent 160 over th@ interface 101iﬁ,mor t@%@é@?wﬁﬁﬁ?%ﬁgﬁp@%?o
under the OSHEFgHerRee LOfor e ot sauinmentig0, undsr the eonkod of thowompmterdd,i on wi t h

the wir el esstiatingddmaRhiviaion HR0LYWReldsNBntcBlE 1 S AGARd: Subsequent
steps can incl éde a step 310 in which the test fﬁt%dr;avc\%%oel'is updat ed,

as 'di scussed ab8{EIueRtStepssan ipguds 4 slem3ig in whish thedest frmyere ippiatedesser s or

condi t i ons discussed abbe, Binf@iF>EEusIIONBngs! afaﬁ&grsﬁrﬁmni n accordance wth
the presently (oi‘lﬁgl med . i.nvention includes steps tor placing the DUT

100 in a test e ok g tsstimethed ijecraranca itihe Rreseiy clainted faventiont est
equi prent  ingl6ds stépsIidrplabitigthé DT 10018 ofkBod Meﬂﬁﬂﬁﬁﬁliom&ﬁ&%ﬁieﬁﬁ of
testing: t%&%@:@%:egtfl hhe.si. ntgl fransm t fupction of the wreless
transcei ver Fneft 10 & l?‘f”ﬁ% Y hTREe WosrngrH Geleaasist of Grstiney eting ofthof  t he
wirel ess t ¥igmaweimighnci@Oof the wireless Rafsivel 130; shdredtih&of i sigfl Gecfpig P! € of a
transmt tﬁﬁéﬁpém?ﬁ&%sg%ﬁlsfg‘%%scm bed as follows. Testing begins

with the receiver i on of the DUT 100 awaiting a comrand 420.
The test equi pReferingie01G. dmesxainpls olxanmsatidestisk@rece chh.be d@ckbE@IYRXT

command) . Fl Q- . f t:his..C the transmtter (TX)
of e buT 108 0 S b AR TR e P TR0 i a oA b |
recei ved dpitieqyivanentdobissgestits eonpuanrdlide.g. FOGOTOANEXT tdhintind) Rello 100

begi ns tr agsphchbi ' e by 1 he tes?‘fl ow. This
i's represented b?ﬂiglé]dﬁg d’@rc%%%%ﬁgegmg{tﬁer@f;ﬁgfrﬁ%%ﬁ“ aggqwledgment 463
The test fSIEBY 4 indicaging ibrevrivedandaderstonib e confmapxi Flsdveng this, e DUTARE i t t ed,

W t'h such gegignainsidi thﬁ]t i e sane signal. or Itiple
signals in lhe _ca$elﬁggq‘aa§ nu a’?fi&%@@gdew t{ll%%sﬁl@%' égisbsﬁ?prgen%d bﬁé‘ﬁagyvi ng
recei pt ofreimEssig RN HESbnt 4684 Ohe teth Bow willtdeterpririepiraninbet 6hatkiels ko Wali t
for a speebfragshitd, ' LI the trgnsmitter to settle
to its desired opegglﬁ?“g%@%@&@&?{é%&%%@ BCCUT S %/}’ Oéﬁlathg\ﬁﬁa%I‘%vel ).
Fol | owi ng tet#se ok 4 multi-packed frgngiissi®0, t he test equi pment 160 begins

reasur omont & gop e (FAad byt O Ao L SRSl Py et UEy ¢ ne
cont r ol | efPeE8sAjiHedRtenral 430 ta plfowrthe feppsmitip: tacsettiste Beidesited optadtion @), | ect ed by
g 2 f: L est  fequbiRIBRbracyGBd peWeALbXH S FolloBfig BR thie Ghérch 45! R A7 gquﬁngn%ﬁ%(? s to
P begins performing measurements 450, 451. Following completion of these measurements 450,
451, the test equipment 160, or altematively the controller computer 130, after having accessed

the data collected by the test equipment 160, analyzes the collected data and prepares to set up




t he next test sequence 470. Simlarly, follow ng conpletion of its
signal transm ssions 463, the DUT 100 will prepare for the next
portion of the test sequence by processing any necessary operations
480. When the test equi pnent 160 or conputer 150 has conpl et ed
processing of the data 470, the next test conmand (e.g., GOTO NEXT)
Is transmtted. The first of such conmands 411 may not be received by
the DUT 100 if its preparations 480 for the next test have not yet

been conpl e ement . si JS. received by the
test equi pn%ﬁ?gxi%%.seﬁ&%%m?%ﬁéﬁ@wfgﬁglﬁggﬁp@ﬁ%}ﬁ@mﬂ HEBEIGHORY 404 | nue
to send it SDEBHGnitipreptctor theolektouitionpfliaitestsequibncs ByRod@Qing bnyindeetshfy® ONne
of these COJEE@E&% 12 will be received 421 by the DUT 100 and an
acknow edgerrent 451 "Wwill be transmitted by the DUT 100. This will be

the start of a Whom thelsst cquippent hifer vivenier 15h kasbbilpldi@ibrobbssihg $MURsESENT0, @

new t est si i.mes 465 .46 .. 468, and the
test equi pr%gﬂtﬁ Ltlt%b&gm&l\%h (ggﬁﬁonﬁﬂ%ﬁ@ lg%%nfl?lgﬁf‘ E@%@’Eﬁ”@?f&}h O?“K%‘g SHgpay
fol | owed byrothgmechized baitheiDYFi 160 i itcbropaetias 80i famhenext tS1aeaGtReed €St i NY
471. at..a ugh unus in a
product i on CP ﬁé%?%ﬁt@?@%%%%%%@%@? S r@%ﬁ%‘%’?&ﬁ? si%"@’pf?&éﬁhoot recei ve
good data fcemiingie hotsst eqdpment/ 8D Wil comtinge fo send énermadahds 460) followihalichan  of

a bad DUT } bk 3 [ at. t fall st, before
i mpl'y i soarfou e ol BES phitind 42 b ARGy P L b i RS o
cour ses of 2ekaeylefgemsnt 445 wilkkeedronsaiited by the DUE 100, Meis witktte thequit phesiv 1360 can

send a di f {@L&8 wiRITERT : ommand rather. t han a
(JOTO- NEXT %ormand). Thi smigé”gémg?”r‘rp{%ﬂé R TR °a“’t“i“8‘ﬂp"5%fd’“?ﬁ£o]631 e

easy for the*@Ind Hogstegriprmrahitl #ifl retfir i desined mersuronentyelsig 456-bilened by
this can 5hﬂﬂér%ﬁ%ﬂs&%ﬁﬂi’ﬂioﬂﬁxﬁdﬂﬁmﬁeﬁﬁﬁsﬁﬁ%ﬁ].prrent 160 may need to I oad
atfa to I"'e the ge

a new conmmand Qr_ new ena jeneration of a new signal.
Al ternativel y, Tushroldbe ypdesiged thatesfikovglppusalnn sproducton et engmntlens tetder

d, fapipeiel i d ' 1 s
command, 1 ablp@h iyinelehego o Aifh G8DUT ML WREE ks kS ol

i ndi cation, that thg neasur enent was not succes
OUT 100 si 1HyFaron efgbag RUT HI, ibmeyde desirableds repeat the failedAest tefitesitupipove, t he

transmt sdigading thd BOT 160 Ia suck a sitth¥idn, t@@ﬂo@ﬂnl@&%csl&'ac&&eechgo%n q{xn be
I multi-p fra

asingletrn%.r]ﬁ?ME s,je%nal or can _be a set o I - packet sig S.
Usi ng such™ifq'fs sipment 168 eymsepda ditesentiomunguhie oy RERBAS commandirggheor  no
comuni catthon GGTONEXPebnibRid)EeRs ik DEmpIS ﬁplﬁﬁﬂgﬁmsﬁme%&g Fc]gr g,g ouT
100 duri ngD&aid tgr ti.0n,. nce a solution is generally reacChed by
iteration, &5 Qi %’?ﬂ@@gﬂsé cregecomanth tHomsyrithisen elaw feeing davymas the g2
fP i led Augustipét ISQBQﬁﬁfleejT;ﬁﬂoaﬁ Bhéw &oﬁ@hgiid\&hapehtétleenéemeﬁégénw@onwh AdwP! €

) t . tt tor," t
i ol osur St Bl of o sidanes incH eliroyndaer b e, ollowng
Ref er ri ng whirhEieQUTSL00 tandnteprpraiid s e indisdtiof therthenRbsufeEtindd MOsusle@RA! S can
be descri l?r‘?ghia?ca;e%e{%pgg}%h%{ép?aﬁst fl.ow gi ffers fromthe signal

transm ssion test flow theorigtgldfed to i npl ement the test
such that the upted B0vathe tansoit sifnals U§0, 8512, Y468, beib seattby e IDUTtI0@caH 8% @

actual ly ' I rom.the.t est ui . 160, hyt rather
sinply de:a gfrn%g%%ngrlﬁfhéﬁ\g/%rllccfﬂgbeﬁa‘“{%l?g?ﬁﬁg%&%(ﬁ’@%%reg’é‘@? %}Hm‘%ﬂ@%?td'ﬂ?{ﬂ Y,
the test &g piveriegethetitilaroo ossusicaion i atedaldanmenthe tes Guipment FILEY NEXT
comand) i tLenng f e received t.to another. .
motead [ oU 100RpE LARLI Lol SRy it rove
on to theUidrtenthpplication ol 16 698 dilaloimgusbl2, 2008hy enidadi“Mgthbcher DUT 100
ConL e, esbih Ty e ORI e B, £ S LB
which is incorporated herein by reference.




If the DUT 100 transmts an acknow edgenent whenever it has received
a good packet, the test equipnment 160 can sinply count the nunber of
goad packets w thout requesting such count fromthe DUT 100, thereby
allowing the received signal test flow to progress w thout additional
comuni cati ons being necessary to sinply determne the results of the
test, since the test equi pment 160 knows how nmany packets were sent
and can determ ne how many were received by sinply counting the

Lechni que |- paRtrall AFIG SRR EF Got HEREere el pREeerBi % ncl udes

test equi pniohdwsl Tlnetett lew Yisikks &ovdl thVSﬁabmmmnltést flow inhtiitEinygnde@tohave

100, i & gonara PR b ANRL R DR oklel R hER s Sy Boiince

it is unli kredey:ectﬂmtthe {ag edocuti 160, butiraler ﬁmpladétmwe ﬁ"dgﬂimpﬁﬂketslh@aai

Phe i onol B Aol b B pedine AR Rl g o R,

recei ve t he&oamtmdﬁ)wheedgramanﬂhg fpacdoe tecgived Vestde mothbre I3 iis@fb&l‘abh@cﬂl@ﬂ‘ it of

allowing t n of the t S /ecelv n.the DUT
100 to be ? ges dfogge'erg'f ggltommﬁ@f’é”rt‘; étm%?[;&ﬁ’ﬁ cgnpe "&wy Qlﬁ’h@’“igest

equi pr nent tieddJE {08 nwitinteso ﬂlmxtttesstrhanmmnd:aﬁﬂ:&we@ﬂsumwmgmbdmmb&ef/i ous
test was aé{%@%ﬁc{‘&%ﬁ:thi s test command 510 instructs the OUT 100

toinitiat ‘est which is a receive test. The OUT 100
redeives this dbheBHE lmmhmkrmahé@mcntMemmﬁhdskfmmra@oﬁd@aemabl e

the receiv h 100
ready, an g‘c‘*tﬁﬁ%ﬂ‘ @g&é@gfﬁ&ﬁﬂy P’ﬁ&%wré’ﬁ&f%%édtpgg( %Xﬁﬁouﬁﬁﬁm 3 ?uﬁlb the
readi ness 6Punt frm theBUT Ve theratlyialovdrgthdyeccivadrigntldest logsto progpamisibut 0
convention S

U prent  Hilof bl Ra5ens WRE b SRR S Mo the Rl R idnos e
havi ng t he eiGvimTRYt §6A nava pew meny ppakefeiveressst, ﬂﬂ@mdﬂ@tméijme 160
need only %@%e{)ﬁ@rﬁyv&ﬁn %e@mséofaa&swkb%aﬂerﬂﬁlgafs%m%‘f&ﬁ%‘% Ssgsrent

signal fromthe | owm ng wh st egw pment 160 can
then prepal®- f1bis tephoiqus i§ parkicalsly yadjd Bhsue the tost equippygatr] 69 ineludewiest eqvipmieptment

160 (e.g., litdiR WdAhd lvseeecyﬁmkmﬂlmrgmﬁwleﬂ%ﬁaﬂéagéﬁem?gnax%&eﬂ&he test

equi prent 160 knows that the is ready and begins si

transni ssi BHSMAEEBYAPHET YUT 1104 semssally bigher fretve “W“Fé’o‘gef Ofﬂlth@/SG)
begi ns t r ape®s, ithd vAGked thit &6’ O5.£ kil Hi8Chn AMARRAES %enﬁéx@ﬁ%ck&%ﬁﬁ&l%lyﬁ@ 1,

562, 563, 568, ach of which produces correspondi'ng
acknow ed g@ﬁéﬁ% sy 8‘]6 b"él?"’l“a‘ BEesige of fly SIBB# pecke ?‘8"5“15‘?@’3( theSG. é@ﬂher»
eq gu prent Habilg he¥eA vaasvdthmlamaré&gmm an@ PR lcsPRGHR ohal BEHAA JRENRARES

|ntern | count . for each such received. Additiognally, "as

not ed abo\! esw(“ﬁ’@“gct}“éﬁ?gwFW’B’H@F%‘@%WW’&WBH@F%‘PWGW ag %l DUT” 100 can

be anﬁl yégd byRa*eraJlg/agmmg.ms;m&ﬁfw@kpn%&q‘%@@%m&%eaeswoﬁﬂﬁfastlt)ed Eest
si gnal 563, an eception of an acknow edgepent signa Usi ng
an acknowl &8y% ﬂ%tﬁetpr%foé‘ﬁ ftwia%atfaﬁf”g“ﬁ&ﬁﬁ%tﬁti’ Rinsie ’%[? TW0dtsych a

si gnal is iaikiatethelyexi tost ivhickeid a teteivaitdst. (Tak byTadd rc@Iv@JlElﬁioﬁmﬁﬁdm Vit

ot hor i 5o R HIBE aRfalo af ot o e feeon e %ﬂéf@% et e
exanpl e, nd0 pawite tn wkrowteggemam eigeat s irnsmélied 549, fadieatify fc ddiheRasthe ecei ved

the predety acket s, and v next

recei ve teg{e%ﬁ %ng“&rﬁ%"wo%"ém{%?twréﬁ%ﬂ%%&% %%W%‘\R&c FH4E Phe
DUT 100 has thedastsawiprient] 40 umadiceetcsvdnstsredecmpmgsmh\ﬁckeacByhﬁdmgmrﬂmr of
acknow ed r rec |ve te t 531
e vl | Rt By B R R ool bR T B 7
transmtted 541 indicating such readiness, and the test eqw prrent
160, follow ng reception of this acknow edgerrent 551, begins to
transmt packets for the next test 5%1. In the event that the DUT 100




predet errni ned nunber of packets 661, 662, 663, 664, 668, 669. In
response to this, the DUT 100 transmts an acknow edgenment 671, 673,
674, 678, 679 for each of the good packets it has received. As
shown, one of the packets 662 was not received by the DUT 100.
Accor d| ngly, no correspondi ng acknow edgement was transnitted by the
DUT 100 as illustrated by an enpty received packet 690 in the figure.
Fol | ow ng conpl etion of the transmt sequence, the test equipnent 160
knows how npgckaeka e deaRB ndRFK
packet was appar ent?ﬂmssedﬁ%% @g%‘t’ﬁe"g’%“ﬁg’%ﬁ?g‘%‘“a‘%&w Ql?’ﬁat
t he recei vetrrepeaefqufrémmmmm s still awaiting at |east one rmre
packet before i{ngARke t@s‘?&fulpﬂl@lﬁ lgﬂe% trec&@e%tthe aﬂ(gg@gdg‘%ﬁélrt si

e er of

Accor di ngly t he test equi pnment nput e

addi ti onal ~Praekevpmard O‘E’ﬁhﬁéiepéﬂ&"ép&ﬂém@)andmnﬂmall@@smlﬁmd begi n
transm tti nge&@dal, m@téaﬁéaﬁzﬁ,ﬁaﬁ Vaow%vsgenégﬂ&%&mntmé nfredetﬁr%éﬁ\eﬁﬂa

reception of this ms

SI
e ot s w1 B S cisth S5 S chpalerbinh progperacormeonisnt { st
operati on G8dhowMheRer biglab571 826 %73, gﬂGSMS" 18 téﬁf'ehﬁlgﬁ&@fkoi’tf&%é@t ese

acknow edgerment to the test equi pment exanpl e e test
equi pment  £EHOVIEdzaRent %ketsraé%’éve%ﬁﬁétﬁmteﬁlé] CEJ!UT fowgh sush pagleetispoeived.

Accor di ngl mddm&ﬁu%oﬂe@%o%@ﬂﬂ%adshv%éiﬂ%t&%gﬁmmmﬁéﬁ@ﬁkoo@éﬂbe but

ce the te? equi pnent 160 i s_not yet ready and does not respond,

the DUT 10602 %ﬂbé{raﬂaéyzﬂﬁéfa@%eafﬁlﬁﬁ%wew Hengpiteiebsignah 46} wddhsaesertionother

acknow edgmﬁo#ﬁddgdﬁﬁht it 573Tfa@sn{gﬁﬁ Eckﬁ‘médgé?%ﬂttslg%ﬁ% 3 g i eady and
fol |l owi ng réa %ﬁl on, of this acknow ‘%emant signal 651 begins to

transmt Pus SaceRtha sigen Is alreadyipglydpd *PH’@‘“%‘F“ ?E@@afﬂ@%‘%?fm’éis by

sendi ng cokiRepeNinigetd HeRMMVRELIRE foPRAGKESIS B blherwise unncfiSsais %gssed
above, the sigmgnﬁal @P'Eel ng transmtted for testing purposes can

mul ti -packgrt in which case it may be desirable to have the
DUT 100 responah i kyanip, o@Edk&ichork MRES@fed §8thd DPRAEKES recditl g Xanpl e,
transmtti n;%deﬂe'ff reng de %Fsﬁe@s at different, power |evels can
al | ow t est PRg 3?“’ orR wiLEASop "t‘k‘/‘x‘tr??e%%tesﬁé?]f Simedy theher e
Cﬁrtal N patitequpnant 6ekpes thetdhd WU MIOY hdaﬁccé:@daall lmﬁélis B%Jﬁhpdﬂtthd’r&bﬂ#édr I ng
the trans acket e.the receiyer neet
chehElor o ARG TR PR r b PR e TG

t he desired packet nu
Vari ous ot e PURDHE i prqatedmaclmmmémaafrsimalnm&mxmbdtshanﬁwmg:ﬁxw e and

t hod of t
ki 11'ed "1 R of e il 18 3o e ol BB e eB B3 o
t he i nvent iodansmitpackeitighthe keat tesh§6e ninitierevdnbibat e U THES basinbiaebeivel packets
e =
T AT S
to such sp@eT iG0deemprendsbnteethanithe tiskequipmeshti@dortlivaxttdse f ol | owi ng
claims define kitgringSsPRE6E a faliet ALASERN Eef&é!%tmg[“ Oﬁtages%}%cm%l{ WGt ur es

and nethods within the scope of these c al s an el r equivalents be
cover ed t Haydgigpined number of good packets. As shown, the test flow begins from where the previous

test was a fransmit test, The VSG of the test equipment 160 sends the test command 610
indicating the start of the new operation or the end of the previous operation. The DUT 100

receives this command 620 and prepares to enable itself for receive testing 680. When it is
ready, the DUT 100 sends its acknowledgement that it is ready to receive 640. This
acknowledgement is recsived 650 by the test equipment 160, following which when the test
cquipment 160 is ready, ¢.g., completing its internal setup 630, it begins transmitting the
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What is clainmed is: |I.A nethod for testing data signal transm ssions
of a wireless transceiver enbedded within a wireless data o
communi cation systemthat also includes a host processor w th m ninal
interaction between said wireless transceiver and said host processor
during said testing, conprising: transferring test firmware via said
host processor to said wreless transceiver; setti ng said wireless
transceiver in a test operation node; transmtting, with said

wireless tr I ' ] jd transferred,tes

i rmiare i Scpid ity ARERKERTIRS th Bof B b BPRutee §PucBebyr 00,
respect i ve 'pnumilgen acinowledsemsit 6da 68, (FA0K81639 foneaciesiiieigse padkets RRAPt i ON,
by said wrglgss transceiver, of a corresponding one of a plurality
of sequential test initiation signals froma control signal source
external to sai®sMwWwiebreotthelpacketsEohmsmoirekival byshe MO0 Whebdingly,@ach one

of said re | ' .. gat S .S stantially
unr el at ed t% g‘?ﬁg"i“glﬁ%%ifﬁe@g%ﬁ?t%“ %ﬁ@%&ﬁﬁ%ﬁ@ ?sﬂﬁua?a?%gﬁ%‘mpfyal t est
i ni tiati on T&Eiyeaadet 69 the figure. Edowingiomipletion ofiht: raramit mﬁcnﬁyﬂaﬁ?ﬁn f )
external t j | | cat i,on.syst val i di of eac
one of sai gq%eﬁts]\r‘%b {dtt% ngﬁ%e@%gg‘t@\{e %Eﬂ"#’ g‘?aF'FQS Hageery %s_ da‘a‘fea?neppégli_?}at s

i rrespect i V@S @parendymisprd 69 the testequipmeentieD kiowd thalgspeeivinobthpDUT abliis y  of

test data pardiisgat lefst o&%réﬁsﬂapﬂfopef&t Gh 8ok to thellek Rl in H R dow! N9
Ioa}dlng said test firmvare into sail -
( Accordingly, the test equipment 160 will compute 635 the number of additional packets needed

to be received by the DUT 100, and begin transmitting 691 the necessary number of packets.

Following reception of this missing packet, the DUT 100 transmits an acknowledgement
signal 692, and begins preparing for the next test operation 681. When it is ready, the DUT 100
will send another acknowledgement to the test equipment 160. In this example, the test
equipment 160 is not yet ready when the DUT 100 is ready. Accordingly, the DUT 100 sends it
acknowledgement signal 641, but since the test equipment 160 is not yet ready and does not
respond, the DUT 100, after a predetermined time interval, will send another acknowledgement
signal 642. The test equipment 160 is now ready and following reception of this
acknowledgement signal 651 begins to transmit more data.packets 661, to which the DUT 100
responds by sending corresponding acknowledgement packets 671.

( As discussed above, the signals being transmitted for testing purposes can be multi-
packet signals, in which case it may be desirable to have the DUT 100 respond only to certain
types of data packets. For example, transmitting different data packets at different power levels
can allow testing of actual receiver sensitivity to be performed (where certain packets are
expected to not be received) without requiring the transmitter to send rnanir more packets to
make the receiver meet the desired packet number for progression to the next test.

Various other modifications and alternations in the structure and method of operation of
this invention will be apparent to those skilled in the art without departing from the scope and the
spirit of the invention. Although the invention has been described in conmnection with specific
preferred embodiments, it should be understood that the invention as claimed should not be

unduly limited to such specific embodiments. It is intended that the following claims define the
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host processor prior to said transferring said test firmvare via said
host processor to said wireless transceiver, wherein said test
firmvare includes a plurality of data corresponding to a test
protocol. 3. The nethod of claim2, wherein said test firmare
further includes another plurality of data corresponding to a test
sequence. 4. The nethod of claiml, wherein said setting said

W reless transceiver in a test operation node conprises setting said

wireless tr, i ' : i as i ald test
i rmvare tranepaeiogt yfubals sBARhALHR0L IR (RINRIRA S AR 30T
sai d wir el aadtheir eqnigderitateicoversd detelsst oper at i on node conprises setting
said wireless transceiver in a test operation nbde responsive to
reception of a test node control signal received fromsaid host

processor.
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6. The nethod of claim1l, wherein said setting said wreless
transceiver in a test operation node conprises awaiting reception, by
said wireless transceiver, of at least a first one of said plurality
of sequential test initiation signals fromsaid control signal source
external to said wirel ess data communi cation system 7. The nethod
of claiml, el8ldinsficd setting said wirel ess transceiver in a test
operation node conprises transmtting, wth said wrel ess

transcei ver |. a réampyhodifgntastingddiacnalvtenshissaisdf wiviielesstsanseeives erebadeed

bei ng in saj . r.ati.on 8. The thod. of ,claim 1, wherein
oai 0t r anamt N hSHir GRS AL LORIRE S jop s IR D80 s b eRstmne b T
sai d transf einimdl ibesktidn barweanesaidaviredspeatstare: phdyadd lidsyprofesice Stirighadanl

packets in response to reception, by said wireless transceiver, of a
correspondi Leét”(%h(éonéq”sglgpl urality of sequential test initiation

signal s from a cemsfeoingsésyfahwaewixidaigidaisot 10 ssidivireldss hRssvalat a
communi cation system c rises transmtting, Wth said wreless
transcei ver, a rsgélﬁéé?lﬁgglelﬁs%%{'lsfeﬂvrHﬁ‘arﬁ%é’gerﬁf&{”dn?i%ekets in response
to reception, Dbyrahaniding, nithesia wireRaSEMsdler inQlccarddac Withisd nemymrprad
signal. 9. Tt}e rret_hoﬁ of cl,a]bm I, ‘\ﬁ}grei n said transmtting, with
sai d wi r el e&¥ irpxigeeand suhstangjally-ndeogageatly of i hosh RICEFRASTEPPENCt est
firmiare, apluRsRaTidsy@atdpdtkad irl dsdhsel 18 $cestthbyPa ko Sess frahRERANSE t O
reception, bo)l/_@sal Wi rel ess transceiver cor rg;;gondl ng one of a

q. : [, of a corr .
plurality oforesRpidingeag ofarlpralivyof sequewipl eptgritiptiontsignats froppmeansp! signghal

sour ce ext efoak ek@rmaPloQaidiviRlR$ 8atsl &drAim GREIBA LR, Ve Sd-BINb UTRAL Ses
transmtting, with sajid wireless transceiver, an acknow edgemnent

signal .  107°SPerliverRlTAliy obfesidaty Recets inmestantial y amelatecinspin coiresgonding h
sai d Wi rel egR of h RSARY ¥Bequential test initiation signals; and
determining, with a test system external to said wireless data communication
system, validity of each one of said transmitted respective plurality of test data packets

irrespective of content of said transmitted respective plurality of test data packets.

2. The method of claim I, further comprising loading said test firmware into said
host processor prior to said transferring said test firmware via said host processor to said
wireless transceiver, wherein said test firmware includes a plurality of data corresponding

to a test protocol.

3. The method of claim 2, wherein said test firmware further includes another

plurality of data corresponding to a test sequence.

4. The method of claim 1, wherein said setting said wireless transceiver in a test
operation mode comprises setting said wireless transceiver in a test operation mode

responsive to said test firmware transfer,

5. The method of claim 1, wherein said setting said wireless transceiver in a test
operation mode comprises setting said wireless transceiver in a test operation mode

responsive to reception of a test mode control signal received from said host processor.
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in accordance with said transferred test firnmmvare, a respective
plurality of test data packets in response to reception, by said

W reless transceiver, of a corresponding one of a plurality of
sequential test initiation signals froma control signal source
external to said wireless data communi cati on system conpri ses

tr ansm tting, Wi ’htfb é’thgd Ny c[l(a?lth%hérEﬂ@? ﬁgétﬁrﬁésams\g{l%esrs?r%ﬁ)s%g&% i a.test
plurality of test data pac I n-confornante w a prede 'ef fifed
t est sequenegperation IWMDMQ@SGS awaitingterepgouldlydaig ivgress tr@seiter,aif apleasta
wreless tr | Wi, ni.ca
systen1thatﬁg @%hﬁﬁ%ﬁ%gﬁﬁgggﬂ f@&%%ﬁ@ﬁ%wﬁfﬁﬁﬁ%fﬁ, ﬁcgﬂ%éﬁﬁ¥ilon
bet ween sai sbwuereeteesﬂ;tmaain&mé&svémta esmims@cadionegtenpr ocessor during said
testing, conprising: transferring test firmvare via said host
processor to said wireless transceiver; setting said wireless
transceiver7in anteeneth@mfm&ﬂ h dnwhenele said setting saRiORiralése Gransebildr i akedt

W rel ess trans eiver of test, dat ackets fro

si gnal sour &&" S?PQ}OHSICOTQ”SS%?WSW%P @%‘Qt"%{r %5 ?Ed‘éf“lr’ladﬁ*r‘gé'féﬁ“glm
and t mdistivetdf isaid wirslekdtramadethenbdifgd BSaiditdsanseion @foden accor dance
with said transferred test firmvare, at |east one acknow edgenent
signal in response to reception of each one of said plurality of test

data packet 8. t hatheinfetlicRiCoTQRIrE @ witeif adid trisi@kifS Svilll BRASHRIIAE fraRSei (i€

of a pluraljty of Er edet er m n?d dat a_packet types. 12. The nethod of
claim I, fhFHETaELHEPR FLT Hgsfonaisy twqae taé%smtw RiNgSY pliess daai d
{ packets in response to reception, by said wireless transceiver, of a corresponding one of a

plurality of sequential test initiation signals from & control signal source external to said
wireless data communication system comprises transmitting, with said wireless
transceiver, a respective plurality of test data packets in response to reception, by said

wireless transceiver, of a GOTO-NEXT command signal.

9. The method of claim |, wherein said transmitting, with said wireless transceiver
in accordance with said transferred test firmware, a respective plurality of test data
packets in response to reception, by said wireless transceiver, of a corresponding one of a
plurality of sequential test initiation signals from a control signal source external to said
wireless data communication system comprises transmitting, with said wireless

( transceiver, an acknowledgement signal.

10.  The method of claim 1, wherein said transmitting, with said wireless transceiver
in accordance with said transferred test firmware, a respective plurality of test data
packets in response to reception, by said wireless transceiver, of a corresponding one of a
plurality of sequential test initiation signals from a control signal source external to said
wireless data communication system comprises transmitting, with said wireless
transceiver, said respective plurality of test data packets in conformance with a

predetermined test sequence.
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host processor prior to said transferring said test firmvare via said
host processor to said wireless transceiver, wherein said test
firmvare includes a plurality of data corresponding to a test
protocol. 13. The nmethod of claim 12, wherein said test firmare
further includes another plurality of data corresponding to a test

sequence. 1. TE%C%EWﬁ&%%%LtQ'S@I%I rece%twn ol??i';m:(‘:e%gpﬂ &ei\gﬁll LEE&¥A NI

with said wireless transcéiv test 1 nt on S|gnal
prior to sawihineceielkisndata Wmthu:saatdnwyat@i tfhaisalsonaa:isdbewest,prc&espbmmﬂ ity

of test dat nﬁn%glkgtte?astlo Obmt\geegl ? gvne atgn%%;]u\;e% %%G[E 310 tfpr%rieaﬁo&gﬁlrrng said

wirel ess data commini cation Sy i
wher ei n sai tﬂ:smgt tanmgisggi d W reI ess transceiver in a test operation

node conpri ses steat gtl In‘% §as'tg o rre £ss, tl ranscei ver o lg K esst %er ation
mode responsi ve 10 SANE FEEFYITE XRAPE PFERFRSFISPr to saig WikplSS tatSerieriof
claim 11, wher eissttingsald sdelesstepnsaivdr in o tedt @pSatichanaleei ver in a test
receiving, with said wireless transceiver, a plurality of test data packets from a
data signal source external to said wireless data communication system; and
fransmifting, with said wireless transceiver in accordance with said transferred
test firmware, at least one acknowledgement signal in response to reception of each one
of said plurality of test data packets that is recognized by said wireless transceiver as one

( of a plurality of predetermined data packet types.

12.  The method of claim I, further comprising loading said test firmware into said
host processor prior to said transferring said test firmware via said host processor to said
wireless transceiver, wherein said test firmware includes a plurality of data corresponding

to a test protocol.

13.  The method of claim 12, wherein said test firmware further includes another

plurality of data corresponding to a test sequence.

14.  The method of claim 11, further comprising receiving, with said wireless
transceiver, at least one test initiation signal prior to said receiving, with said wireless
transceiver, a plurality of test data packets from a data signal source external to said

wireless data communication system.

I5.  The method of claim 11, wherein said setting said wireless transceiver in a test
operation mode comprises setting said wireiess transceiver in a test operation mode

responsive to said test firmware transfer.

16.  The method of claim 11, wherein said setting said wireless transceiver in a test
operation mode comprises setting said wireless transceiver in a test operation mode

responsive to reception of a test mode control signal received from said host processor.
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operation node conprises setting said wireless transceiver in a test
operation node responsive to reception of a test node control signal
received from said host processor. 17. The method of claiml 1,
wherein said setting said wireless transceiver in a test operation
node conprises awaiting reception, by said wireless transceiver, of
one or nore predetermned test initiation signals froma control
signal source external to said wireless data conmuni cati on system
18. The method of claim 11, wherein said setting said wireless
transcei ver 3 n ard 5L, ORAa8hLQ ﬂ wﬁ%ge?n &?@Etlnﬁ%&d R{i%@%ﬂl‘#ntséeri]\%’r in'd Eesq
said wirel ess transcelver, a ready signal 1T Adicative of sald Wrel ess
t r anscei ver ofipeitiog mode s@npriseeawvaitgEeaplion bysaleé wireless transceiver, of one or

more predetermined test initiation signals from a control signal source external to said

wireless data communication system.

18.  The method of claim 11, wherein said setting said wireless transceiver in a test
operation mode comprises transmitting, with said wireless transceiver, a ready signal

indicative of said wireless fransceiver being in said test operation mode.



