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A METHOD FOR TESTI NG | N A RECONFI GURABLE TESTER BY
CGeorge W. Conner Rel ated Patent Applications [0001]
wab@opssesent application is related to U S. PaP&RnisS2008/081686

Application Serial Nunmber , filed on a sane date as

the present application, entitled PROTOCOL AWARE

DI G TAL CHANNEL APPARATUS; by George W. Conner

assigned to the sane assignee as the present

invention, and is incorporated herein by reference.

BACKGROUND [ 0002] Automated stored pattern functiona

testing affords a critical step in the production of

i nt egr dt dETIR FR (TESTIN i e H tPeEQQNﬁAP%FarF'&Sﬁ‘FeR

and operational characterization of the devices. An

automatic test equi pment systgg includes test

circuitry that is connected to a.control conputer. The

control conputer provi 584 uler “PREEFf ace t hat

accepts and stores functional test pattern data for

activating the test circuitry to provide stinmulus

signals to a devigaundey -pd&sit APhI LAl M the

response signals fromthe deviceunder- test. The

1é§ponmse slfpabsecarcetevarddtced itte det eredateed heo U.S. Patent
Appli?% ggggﬁé%i%ﬁgcdﬁ?&%&;ﬁgg;_f?ggggi?%ﬁé?&&o%notitggﬁe date as
the pa@egese- wpgaridaeston( DUt itSl 4 WHEH L aAWENE CBIGITAL CHANNEL

i nterface board or DI B which provides the physical
APPARPAVEF f BEe CRPEREL & -t KOTBI rel T BT st THee pFame assignee as
the pELEELEOBLGSNELEAUILEY kS §ABCCLBELELGALCEAL A 3CecklRlnce.

provi des/receives theelectrical test stinulus/rfesponse

signals to/fromthe deviceunder- test via the DI B. The

test stimulus signals frogptRerbBRp Circuitry are

supplied through pin electronics to the devi ceunder -

fé8b2vi a t hetbBredhe $estedesponsesi gndhsicitriomstlhe testing

affords a critical step in the production of integrated circuit
(IC) devices to provide parametric and operational
characterization of the devices. An automatic test equipment
system includes test circuitry that is connected to a control
computer. The control computer provides a user interface that
accepts and stores functional test pattern data for activating
the test circuitry to provide stimulus signals to a device-
under-test and receives the response signals from the device-
under-test. The response signals are evaluated to determine the
parametric and operational characterization of the integrated
circuit devices.

[0003] The device-under-test (DUT) 1s mounted on a
device interface board or DIB which provides the physical
interface from/to the pin electronics. The pin electronics

circuitry 1s the electrical interface that provides/receives the
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devi ce-under-test are transferred through DIB to the
pin electronics and on to the test circuitry. The test
W@ 0091058932 si gnal s and the test response si gnal BCHDS2008/081686

correlated by the test circuitry to determ ne whet her

t he devi ce-under-test has passed or failed the test.

[0004] The stimul us S|gnals generated by the test

itry include dat nal s and clock SI als

elec‘%%é‘ ro %/% tHe "B YRl rl?sSp S%HEacllef etc? stthﬁr device-
underthestest ;dependsion the @@@Hr%EQm@U@%eﬁﬂﬁnéﬂstfﬁ@@ the test

signals relative to one another. For exanple, severa
circugtfiveraat shgRaisd sUerPuE PhBclkeledtzonigid eAabie device-
unders'tggé' f‘a(et%%or%@at ed-and 5%19 %%%o%tseapm?ﬁ%i@t Srom the

mes to ensure that meaning ata'is ac

dev1cdumhdgrthestestnxﬂocmﬁansﬁmmmamratyroﬁghlo®KBandxﬂatahe pin

nal edg placeneng will result in false est ,
eleCtFe uFfs.2 ‘}é Phe WpeFafi g SpeEd 6F 148V cesTPg pest stimulus

31gna‘l§3§a%@ iRl 8ases, 48 Y ol s Of 5 ea(f@rccﬁﬁfeﬁéj‘g@d by the test
pl acenment accuracy decreases. [0005]

Clrcusy'gtyem%rﬂeatetmlme( SOcrtpebvitdes dﬁHHQ%@dﬁ@tt%ﬂt amas passed
a 0g,.L.n ated circuit functions incorporated on

or fa%ﬁgdsgﬁe éggﬁconductor substrate. An exanple of an SCC
i[soa4gel [ urae t eltdphane t hatgharor pogeatestsdat @y y the test
cel lul ar _tel ephone receiving, processing, and

circuf fans g fdcﬁﬁ?c i ohEra bt 2afs 615t o%fr%% gngsynchronize

the MiGROJY ocesstng functibonscraydhesdi gid alhsi gRalk depends on
processi ng and sem conduct or menory C|rCU|tS

the appeseﬁelplaq¢mamn cSOC heest i Tiggna hre idbivideato one another.

unctlons of an sted separ at el |n nultl
For G5 %Q%ﬁj H%thagl g%% erez%: ?Sétlné¥l lé%k data,

and eBuaidlte- l9t-hel fs Tesd 6Bb$$inaa€d fawrctionafe @St dNJappropriate
, S%sten1LeveI Test typically enploys customcircuitry
timesgy

& ieagater ANaF AP ISERF st gh avetatecdeflbr gy the test
proce?é'ce Egﬁhgh¥aG§VU§?scl%%%h %ﬁ nkﬁﬁgpr998§§9r%mhés placement

I nal system|level test may i npl emented on
will owstdri zed tfedteappsrtat ussceieat ed spechéi caldrpting speed of
devices to be tested increases, the margins of error for edge
placement accuracy decreases.

[0005] A system-on-a-chip (SOC) provides multiple
digital and analog integrated circuit functions incorporated on
the same semiconductor substrate. An example of an SOC is a
cellular telephone that incorporates not only cellular telephone
receiving, ©processing, and transmitting functions, but also
photographic and wvideo ©processing functions, audio digital
signal processing and semiconductor memory circuits. Presently,
in most SOC testing, the individual functions of an SOC are
tested separately in multiple testing methods, such as by SCAN
testing, Built-In-Self-Test (BIST), and functional testing.

System Level Test typically employs custom circuitry and is
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for the testing of specific SOC devices such as
m croprocessors. Although it would be desirable to
w@erbossysa System Level Test for other SOC devPCEES2008/081686
bui | di ng custom functi onal test apparatuses for | ow
average selling price SOCs is not cost effective .
[0006] A difficulty in testing SOCs with automatic
t est cir uitr hat th paranetric i ndi vi dua
generp§T (BRET (LS nd Ut HBRe SUCOREF % bolh e MARGRy Lov mix
devick§, asdehearR Mistddp el seper.at iongidde $estedt 18 UStest may
S|gnals are applied with certain timng and structure,

be imgAgmehéetestn rasioisess) gitd'ls %@eae@@e%teee%eﬁaﬁeealflcally
for tB@rE%%%H%r t@méﬁﬁéﬁgiﬁféd&t&%&&cé% ghghtggtm58§eggéggssors.

gnal's not e expected timng and str
Althoﬁgh tihe @oue@ m@raﬁ3$3fabléheOS@@qummceauB@emfmesmeweﬂ Test
determ ned to have faile he functions of the SOC
for  fVite mayCopetRUIE°Hi1 h gﬁ”ﬁl@ﬁ“ﬁg t PP hgland B1dcikdnsg  test

apparéE@%bE'C§é£00§w@n%w@%bden tagh joper gt ecasyssds onaushyt  cost
SOC devi ce may be operational when the response

effecte§E signal s indicate otherw se, when the

gironlgl%%i%ﬁcun%ﬁéﬁ_ Elggtgngsg%nthgls g?%%ﬁeilc test

response Si to a r irncorrec
circtheye havetheen ahéeanSamethuﬁ peasentnatt-ogatic festtional
equi prent systens to sinulate the operating conditions

testipf gh'Soctdevi ceLBRakICt 6stSt BEGAGSE (oY the @ deterministic

test NOREELer s ni stirgef uncti onafhihe asyRehiQnNoMsSe spplied with
communi cati on between circuit functions, the normal

certa@peﬁamum@ emvd robmentunt, t hedf thet itoms cersmDtsdesignals are

urat recreated f.or the .SOC de |ce under tes
eXpecg?éseﬁt toﬁh ¢ TS dqui el eﬁ%rronﬁ%ﬁfs 1acéftE%e test

respoabe|Eﬁﬁanse&ﬁj|No@nﬂaaéﬁUtabe@kgﬁdhédﬂtiﬂﬁhg and structure
nondeterm nistic electrical and tlnrng condi tions of ,
for e noPREE opef BEFTRERAYI r ofidnt 9PCt helSori ce-under—-test  is

deterﬁ?%baetBnQ§ﬁm§eﬁgll<ﬁ's ﬁﬁ@kfggckh%ngo%%enﬁﬂ§1§@@t&§v1ce may

el ectrical and tlmng conditions within automatic test
operagquiypnent differing timing and clocking specifications and

may 1n fact operate asynchronously. An SOC device may be
operational when the response test signals indicate otherwise,
when the asynchronicity of the communicating functions cause the
test response signals to appear incorrect.

[0007] There have been attempts within present automatic
test equipment systems to simulate the operating conditions of
an SOC device-under-test. Because of the nondeterministic
function of the asynchronous communication between circuit
functions, the normal operating environment of the functions can
not be accurately recreated for the S0OC device-under-test.
Present automatic test equipment environments lack the ability
to easily and accurately provide the nondeterministic electrical

and timing conditions of the normal operating environment of the
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systens, further do not neasure the margin of error
for an SOC devi ce-under-test with regard to its
W@ 20081058982 under varyi ng operational conditi onBCT/081008/081686
may be present in its normal operational environnent.
[0008] Therefore, what is needed is an automatic test
equipnent system capabl e of providing deterninistic
nondetern1n|%t|c test, stimulus s

S0C ABNACEarARRFSERE trest | gl UESh grist o pRevi B8 gRgeTminist ic

elect@h@@&fb%@|t@%@d@lHdHﬁﬂHﬂHdﬂﬂﬁlﬂﬁlﬁfﬁhf@%&%ﬂc0@§£@téqglpment
envi ronnent of the devi ce-under-test such that the

systengy ottt stresio eqat pAeacuspsttan respdhsofoerasor for an SOC
dev1c%%éggg§etéggnaw§t@f EJQ%IQFVE%G yggerté %%aﬁ%%thﬁﬂy} varying

evi ceunder- test 1s operating i
operaehvhadnmenhdi SUMMARY th@@09]mayn Soire pf&&@mentamiomss anormal

thog for,testing is provided. The nethod i ncl udes
Operagﬁﬁﬂﬁ t FRYT&CFUREtI onal operational environnent for a

ffonss] typeTQ@Yb@@r@ndaﬁﬁi@sﬁsmﬂﬁ@e@e&eﬁkﬁranjwﬁd%omatlc test
|nC|UdeS reCOgn|Z|ng a non-determnistic response

equipgpghal $avieny a greddtcer nPhed Protodtoly resgierimgitiedc  and
nondegggﬁggtgén1nlsés r&si %.%%.Ségagl fron]Hhe flr%ﬁﬁ%&%%lnlstlc

€vi ceunder - ascertaining an éxp ected st
test $Egmaﬂu@0sh@nbﬂanﬁﬁﬁﬁﬁﬁﬁetﬂhdfﬁﬂé¢ﬁﬁicdyp£nd timing protocol
devi ce-under-test fromthe nondetermnistic response

of the gidiTds e@P6R A-HEIpr BUEE EPHTRBE [ftlot 361 , dgHgceunder-test

such'ﬂﬂéﬂEﬁh@gaEE@ﬂ§gh§9ﬂ@%ﬂﬁeﬁﬁEbﬁ%@@CE9gt§ﬁ'q@éﬁ%nds to test
signal to the first type device-under-test. Thé nethod

respoﬁaetﬁe@h@d@luu%st@$ndbanpﬁguadéuncesbnaB operwtt obla¢ device-
underQEVE onment fogig second ﬁ e §V|%gl%nder s Lest Wi th
tne°tester®af ter "Pesti fig® st typg™ment:
devi ce-under-test.[0010] In some |nplenentations, a
nmet hod is provided for si a functiona
operational environnment in™a hf igurabl e autonmated

tesben. This isglcudes CHilidigst he method for testing is
provided. The method includes simulating a functional
operational environment for a first type device-under-test with
a tester. This includes recognizing a non-deterministic
response signal having a predetermined protocol, receiving the
non-deterministic response signal from the first type device-
under-test, ascertaining an expected stimulus signal to be
transferred to the first type device-under-test from the non-
deterministic response signal based on the predetermined
protocol, and initiating transmission of the expected stimulus
signal to the first type device-under-test. The method further
includes simulating a functional operational environment for a
second type device-under-test with the tester after testing the

first type device-under-test.
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reconf igurable autonated tester to be capabl e of
ascertai ning an expected stinulus signal for transfer
W0 2008/058985t t ype SOC devi ce-under-test from a PCT/US2008/081686
non-determ ni stic response signal based on a
predeterm ned protocol for the first type SOC
devi ce-undertest, and reconfiguring the reconf
[ le automated tester to . he cap f . .
B o i G B Ge JaBT ST St A ES o g T 15 aREpBided for
simulb@idgsecand tipe t30adevi cadmndercdast f&om fonment in a
nondeterm ni stic response signal based on a
reconpigdspllfi med prdescoleForT ¢ heTéé@orﬂdquypﬂeesscxpnflgurmg the
d BRI LTI J
recor P o E bl eck "0 A At of & Wt Corared: Tning 2
expeccbdcubtlﬂGthe sigmalurﬁohavnm@naﬁamn1ﬁﬁt@rnﬁnkstictype SOC
behavi or . a bl ock djiagram of an

deVlC%nﬁB&?ﬁeﬁ? %éjoﬁ‘r Gt db(iﬂ I?%rbl%ﬁjr%u]??swrf?ﬁ nShpnal based

on a QIR G ithest B RIENts sy stem £ { POA3} Fi 9508 HSv@ce-under-
ock di agram of anot her enbodi nent an automatic test

teSt,ecﬁndpnéﬁ@OS§SQQMDQC@lh@orla@¢®l@fm‘l@r@bﬁt@dlaﬁél@tﬂa@f€da tester to

c% g£980| fpegééé CerUIt 1{0014 I uﬂu%loglgnal for
agran1o an au IC te men sys em

transEaeorp@ratlegcﬂuBI|KWge|m§Kandesloé ondeofttbe from a non-
enbodi ments of the protocol specific circuits. [0015

]
deterpigdStag AvFrsH S&r & ¥t d?%@?%m@n o PHethgerrored protocol

for tﬁb”H%@Bhagtyb%hSﬁcaae@HE@UBBH%rt%égtSySten1a
functional oOperational environnent into which a

devi ce-under-test is placed for functiona

testing. [0016]pdisr SkdcRrerlds omling aRdued rating
a Doubl e Data Rate Random Access Menory Controll er

mﬂéﬂééol whch éonésenbodbhenks dfiaghempr ofoceh integrated
i fi c ci u%% s i mul at e,

1 Fig. 7.i .
ciroubPoRR" i Bgr Ak 6F“bre" SRBBH: fehD"of ERE"RRbEbLE) Enavior.
s$pecbfic criguitzs wthi plarkaltdre beStin embodiment of a

protocol specific circuit within an automatic test equipment
system.

[0013] Fig. 3 1s a block diagram of another embodiment
an automatic test equipment system incorporating one embodiment
of a protocol specific circuit.

[0014] Fig. 4 1is a block diagram of an automatic test
egquipment system incorporating multiple instances of one of the
embodiments of the protocol specific circuits.

[0015] Figs. 5a and 5b are flow diagrams of a method for
simulating within an automatic test system a functional
operational environment into which a device-under-test is placed

for functional testing.
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equi pnent system configured to sinulate the Doubl e

Dat a Rate Random Access Menory Controller protocol of
wWO-2@9/088932 [ 0018] Figs. 8 and 9 are pl ots respeRtT/Us1098/081686

of the read and wite timng of the Double Data Rate

Random Access Menory Control |l er protocol as generated

by one of the enbodinents of the protocol specific

ts th|n n. aut onat i st _equip temo
EDHTRY" ° et o G | GoTao s Geeef el Tpsrantind & poubie
Data FRGRNIRYEASH stered paideryn tynetbonal tesiioR@1hasyiih some
into increasing difficulties with devices that do not
embodpBRAVE @ét ERAi RFSEPEAN| yPecPEeSeRt Fylitheayegenuopte.
rgbgafat! opiand Lol QLYo 0k SATLGARIUSE Ob-R AR Mene o
i's al 'ow ng i ntegrated Circuit

the efdactdolel yspecafn:onploetr@umtemmﬂa chinp" i 80Matid test
systenon- a-chip inte rates all the funﬁﬁlonal circuit

equlp@?@ﬁeﬁ%%s T 2 CEOMpIter Yor Tot Her el e r 6Ac ByStem itite Rate

Randof akBgke M@h@gyat@gtgbn@@ktpéghbebl o¥h9§§ i gt egrat ed
circuit elenents may be any conbinati on of digital

¢PPedits, EmaﬁogBmaﬁﬂu?sarﬁa@d@ﬁﬁaé@§@§Qﬁ§ﬁﬂ%y ol xelge read
99 and it Si gna [ its nd n include
and “H‘% ?requgn%y ﬁﬁhctgonélg q%§r|%39 R% % Cthe Memory
ContrS0Cedercassdids a8l tyegplea-duicel becual cp)fopiﬁlét yen(kid?)lments of
integrated circuit el enent bl ocks, 105a and 105b. In

the ﬁﬁ@ﬁﬂ%%%ntSP?th%FatG&%CWﬁﬂ%/tW&F%ﬁnthéanﬁﬂ§ﬁﬂéﬁlc test
equlp%QQQ apd:dfShraregshewn for ease of explanation, but
is apparent to one skilled in the art that |arge
nunbers of conplex I P blocks are integrated on an SOC
device 100. In this illustration, the two IP bl ocks
comuni cat e through an asynchronous interface 110.
[ 0020] When the SOC device 100 is tested to determ ne
parametric and functional operation, the SOC device
100 is placed in a device-under-test fixture 125 and
connected t hrough
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pin electronics to the automated test equi pnment system
120. The pin electronics provides the electrical

WO nioenssase bet ween t he devi ce-under-test and aRCDDB10881081686
test equi pnment system 120. The autonmated test
equi pnent system 120 generates, transmts, receives,
and eval uates sets of test patterns 130 and 135 to
deternmine the paranetric and functional operation of
t he SOC devi ce 100.[0021] Each of the IP blocks 105a
and 105b general |y has DESCREBRTIONMCck and tim ng

bns 11%a and 115b that are generally not
g@ﬁ?ﬁ oni z84. THE T CQH%‘FY% si gfal I%ﬁ%y Yatse sStored

patteEhefhpd@ﬂ%ﬂéﬁ“ﬁ%&ﬁfh&oﬁggnkﬁﬁt%ﬂMéthﬁ&@éégﬁﬁéoﬁkfflculties
105b, which will cause the test response signal 139 of

with tdee iRl Pkt 105b 1a: becharer Cede rnSindisitace 1vt-he Pespently,
t| I us, ig se t I-P k 5b
the ?o%m cat e Q\AQJE%&?% [r?% b% ck 1%2"&31 \ﬁﬁtg]tcw & ééﬁégondmtor

procethentiestid espanseisiggnat o34 iefteidreatlidd bl m:kctlﬁ)ﬁa tahips to
be incorrect. This nondeterm nistic comuni cation w ||

effec@é?’?%et%e?ﬁ SEEPdEVFcesS IUEaritl Wi THHP t héSSame sce System-

on-a- gﬁYg Q0 At i f Eenentyvoktages and tenperat Ue®sments of a
022] The current generation automated test equi pnent

compuéyst ems D20ear ectapabdbeiof gyrgdmi ngtoheat esitnagtd mihtsgrated
signal.s. 132 the | P bl oc OSaandthetest stinmulu
cireodt SNEAET et 1B EPEaket 100 ar ¢ deToris ey be any

comblhesﬁ_ohesﬁort:sﬁgﬁﬂaglnabﬁrdaﬂtéromntallegl R iddacks ,10ban@mtl access
the test response signals 139 fromthe |P bl ocks 105b.
memoryp thige¢asy¥d IRy t 8¢ n@lgétéét eF RSt i TGt et tall?é“1 often

inclub€StahesReRes 8hgnalsinl34 -and 13}%@&%9‘39{6 8 fy, 1, the SOC

structures and timng to be valid. Any comuni cation
devwbet wiers t b litR dileoc kish 05z anth 1105br dsecuy t ail [BY andtegrated

t | teractian, is, not r|f|ed 3] The curr
clreud ner |orr|&aut hat e t%§ 2eqdifShen f& 5tems T %é%e present

illus¥ehYibhm bedycapabidf tyhé ordeal owkkh mdeirﬁi nlcmrst &€e shown
for ease of explanation, but it 1is apparent to one skilled in
the art that large numbers of complex IP blocks are integrated
on an SOC device 100. In this illustration, the two IP blocks
communicate through an asynchronous interface 110.

[0020] When the SOC device 100 is tested to determine
parametric and functional operation, the SOC device 100 is
placed in a device-under-test fixture 125 and connected through
pin electronics to the automated test equipment system 120. The
pin electronics provides the electrical interface between the
device-under-test and automated test equipment system 120. The
automated test equipment system 120 Ggenerates, transmits,
receives, and evaluates sets of test patterns 130 and 135 to
determine the parametric and functional operation of the S0C

device 100.
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SOC devi ces 100 other than provide to certain | atency

factors. This causes the test engineer significant
wWEe@blossys2 in that the first prototyped devi ceBCT/DB2068/081686

than likely, will not work when the test stinulus

signals 132 and 137 are the sinulation vectors used in

the design verification. A series of trial and error

R3S S BRR Gt ond  HaC s PR iyt ERRoREE S 1Ly has

its bwe teithe | ange vohuag ofiofatasi nyeby¥edsand thepeednat are
to re-sinulate every trial, each |oop may take days,

generphdyngtoty esUNEhbenhgeftont hEhaddea tt oSt Hellest saggal 132 may
causeS#%b;gﬁ%oﬂlgBﬁsiogﬁ %d“%%ﬁ%%%f%%%&GWl£90§ﬁk'fbf%io$k 105b,

ity, the test engineer may never find sin
whichseutildf d:aesdsestch&ulﬂmtmgaapeniéz sakehal37L3Nab £ warles IP block

al | . devi ces _and be faced w upporti.n
105b ¢ St R PRt o i U e faer e ha i IL a1 137
may &ddiatipa, 1 Bnycrnaosdsses. cbhevdevi-¢ce iwideened 1p block
good. This causes a test time penalty for having to

105a, supery wahy pavser i andetherespongeverionaal 134 of the IP
blockpgﬁglblll%% fﬁgo %féﬂl P@f§' %Sdggggmgﬁﬁggﬁgscﬁﬁkgnlcatlon

®peen di scovered, thus creatling an adverse yre
will wamgcbethaaaSEdowddvrbeﬁtlﬁnland wﬁnﬁfm clae bemadded device
i_me to market and device yields may be reduced.

100 a§oﬂéf5?§§H| 24P bR RadBIch68BR £ addr ess t he

#U@?Q hity taecope-widh thecnendeter mipbsii€d test equipment
unctioning of the IP bllocks 105a and 105b within a

syste8eC 1ddvi zee 100rby laovitngoamaydfronthandteisdnat t trestumgsignals
132 Q0 an ay%onqﬁeq;tfﬁg eQU| QEﬁt syste 120 entlrela s 137 to
ural® test: et Eer Gl

usi ng sone rormao ruc

the HPGSfblcchkﬁ DesBssary idgsiedient tioé aeSﬁiCC‘L%E@J‘dﬂsd esignals 134
is not _sufficient in the present era
from §%ﬁ%c%%d@%@%¥spﬁgééséﬁﬁb %@%ht%EFréﬁﬁpﬁééﬁ%ﬁ%%%%?ls 139 from

the IEqu;lQ]c];rso g958¢ the priopl epnof devi ce Nokglel &M AbRLSMinistic

in that the test response signals 134 and 139 match certain
structures and timing to be wvalid. Any communication between
the IP blocks 105a and 105b is curtailed and the interaction is
not verified.

[0023] The current generation automated test equipment
systems 120 have very limited capability to deal with non-
deterministic SOC devices 100 other than provide to certain
latency factors. This causes the test engineer significant
problems, in that the first prototyped devices, more than
likely, will not work when the test stimulus signals 132 and 137
are the simulation vectors used in the design wverification. A
series of trial and error loops ensues 1in which the test
engineer tries to move vectors around until he finds a passing

arrangement. Due to the large volume of data involved and the
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permt use of automated test equi pnent systens 120, an
enbodi nent of an automated test equi pnent systens 120
WO p@basse32 a protocol specific circuit for sinmuPEL/USIPOE081686
functional operational environnent into which an SOC
device 100 to be tested is placed for functional
testing. The protocol specific circuit is aware of the
rot ocol t the I P blocks 105a 105b are
need %u%ht‘?ﬁ e TREBdsi & 5t ool Sﬁwcga &F pysy take days, the
net ﬁ@@ﬂyﬂWﬁéﬂﬁ@Sﬂbhﬁhéh@UdM@|ﬁbtﬁﬁe3€@s@eﬁda3é&&ﬂﬁ@Wlon phase
end up doing the sane thing each tinme, it doesn't
of a RereS§SarfEyl@6-it the saneway each time. It may want
resente r t I
TR e Ao a P bt il on o [Ty's BARAUFGF [y never
find rat bengtlkansst rrplfy spewn mg;ldaﬂatsatsi@&asmmeau eedl1d@B7 that
to wait until the device is ad it. In order to
WOrksyAPr ﬁrtll ISVHE SSoc e Vite bfbofe e‘&HE/h AORRYEBFINgH@any sets
of thautermt ed testisequigprenrt system 1287 i N1 S0ARi §€B$uation, if
under stands the function of the test response signals
any 011:@4 taarﬂiselssg th@nﬁﬁﬁecsoa;Sdeiﬂ@@QO@oocﬁ0027]hl$o deagpeupa test
i.ncreasi,n device 1 eds,_.current :
tine Hohiibed Tedl et pront 574t entBig0 ThiTe T Rordsbeiere 1o @
very t]:l'é%lplmﬂiﬂ;ﬂ@lljfm htafatt hetpailer pogenelat ofcd Tistdass will
al |l oned the use of |ow cost CMOS technol ogy . for all
have Bgent HeSFa¥ereew FraAsFEEBFs PNt heddGEShnted testPact.

egybpent §M3tt%'1ﬂs1%9t%%%'1%%| Mtﬂ@%&?fﬂgtéc?@eépw?@d%me to
in excess of 6.4 CGops, wth patterns that approach

marke@ gabi t ddetptch Yoo bids achivevied. r&®&iadal .ef f éctmeof orbasizations

nd is that |f the pattern fI W, f t he_automated .
have teCsOSquw phent “§J5FERM 126 heet q? be’ chiRged ST or'de  the

nondetermespendct Ofthrh@tﬂ@r\litﬁ@ dthereenaypbebBodlas erncrysaaf and 105b
several m.crosecaonds to clear the pipeline, [0028]
withigy Gt ocdft a®dteccilffuity i Bopiagedvay drsde %%n%‘bls%n%]r etesting

on ad 0a598m9@¥ﬁcecetgjcdeéq&§§rﬁetfltth%s%e?r@%%‘dehtﬂlﬂ‘%etl? tJEelng some

SOC device 100 to receive the non-determnistic test
form rgspomsectural test. While structural test 1s a necessary
ingredient of a successful test plan, it is not sufficient in
the present era of semiconductor processing with current
geometries.

[0026] To solve the problem of device non-determinism to
permit use of automated test eguipment systems 120, an
embodiment of an automated test egquipment systems 120 includes a
protocol specific circuit for simulating a functional
operational environment into which an SOC device 100 to be
tested 1s placed for functional testing. The protocol specific
circuit is aware of the protocol that the IP blocks 105a and
105b are communicating. The Dbasic problem caused by non-

determinism is that while the SOC device 100 may end up doing

the same thing each time, it doesn’t necessarily do it the same
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signals 134 and 139 communi cated by a SOC devi ce 100

t hrough the device-under-test fixture 125. The
WEe@boOs89B2 aware circuit controls a transfer of PEBEES2008/081686

stimulus signals 132 and 137 to the SOC device 100 in

response to non-determnistic test stimulus signals

132 and 137. [0029] Refer nowto Fig. 2 for a detailed

expl anat i on t he protoco] specific circuit
way A Ph - oo HERE VOF Careidt orRE S Vet Sequidperarlier or
laterSystem 200. 1 Asdata rgener atgh . 2252 ¢r eatresukhediestion to this
stinmulus signals fromthe test pattern commuands stored
behaviiart He, Dyll”fﬁa r RARAOMSAEPEYs MSTHIMS (BRAMN) a220-heThedC device
S al re tr o; t he u
100, R G et the Brotscol Spec ) o reui T S5 bRt "ait
untllacﬂﬁat$DSpéed1uatd@0th&stesad§t|Huwaye$bgnak5 dotdheted test
ific t|o of the SOC devi ce-undertest 215,
equipPREE) PySEbio 1200r db ATt y SR 1 SIS B actigsoCtion of

the tBBRDE¥sHBAM: thahaakl ewa the nspdepvacegsssob hbeiteshoo.
stimulus signals. In a true RAM node, it may not be

heeedsary Fe prev d@ tddth vertugas gy YPer@dvope 1A@ speeds,

cocceT SRS S5 L0, A1 0 IR P M

pipelah@um@ph@‘%fanﬁl@opﬁt’pdaﬁnCgéﬁéSaubrEO 12&@ Nsgs i &llowed the

current technol ogy. However, because of_th
use  obr fRar® i edl emEREETEH-OPe é@f:d%%]rceb%dérh@c edpst few
transg%§of%thjia§&§ra§@§@g§e@rt@%ge%q%%%%%% =M £20 channel,

menory 230 may be a First-In-First- Qut (FIFO nenory
yet herereetrhettedt seeiemsl Ut skgnabs arfe ordledsandiith patterns

transferr t.he .reguired eed.. It _shoul d be pote
that A O RS O R s reh HAT ode b i Sfrect of
this adeidd omstkameifp&@teocmﬁﬁe@ﬁefa@wp%ﬁ edhien MaddrtSed test
enbodi ments. [0031] The out put of the source nenory
equiprpgpti svséRM e fter@a‘%%n?%sb%ncﬁéf’lﬂéfi ity &ﬁc%efzs%otﬁ%%mnd to

the d%ﬂﬂl J' e‘§h@£]g %%@d'ﬂé OQS ltahceentc%/Sto§t 's@\‘flelf%ls'IQM§sé@c§nds to

ransfer on the physi cal
clear the pipeline.

[0028] A protocol aware circuit is placed as close as
possible to the device-under-test fixture 125 and thus to the
SOC device 100 to receive the non-deterministic test response
signals 134 and 139 communicated by a SOC device 100 through the
device-under-test fixture 125. The protocol aware circuit
controls a transfer of test stimulus signals 132 and 137 to the
SOC device 100 in response to non-deterministic test stimulus
signals 132 and 137.

[0029] Refer now to Fig. 2 for a detailed explanation of
the protocol specific circuit 205 within an embodiment of an
automated test equipment system 200. A data generator 225
creates the test stimulus signals from the test pattern commands

stored in the Dynamic Random Access Memory (DRAM) 220. The test
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i nterconnections 237 and 239 to the pin electronics
210a and 210b. The pin electronics 210a and 210b
w@e@ooskes2 t he el ectrical interface 202 and 204POEUSI6$1081686
t he SOC devi ce-under-test 215 and the automated test
equi pnent system 200. In norrmal determnistic
operation, the test stinulus signals are transferred
determ ned t mes term ned structur

stimufhe a8t ShTAC Okl To AL 2 S8 LR A sty Fag of the

protot8st spticAlius cSirgnaks 2ame appld edhdd thesplesirgde P the test
bl ock 217i of the IP blocks 217a, 217b, ..., 217i

stimujng 2iphatlisatt popls aFBeChé1SaC! 880 Od- Urter SP@sgevice-under-
test %#g [0032] In the determ nistic operation node, the IP
ock 217i responds with the test response signals on
the3Dmt er f adea204, t aheheopirmee lmeataroni 230 21Haa andndom access

he pi.n ectronics 210a and 210b t transfer
memorﬁ’hé%@l darjéeovéﬁr gﬁ%?sréﬁgf)ﬁe Chterf ££ 35@2 toSthatimulus
signaflgGei ver aZQQueT@@&M egriver: 250 ampbi fih€sn@hfssary to provide
conditions the test response signals and transfers

test tegrhore ther capeureloenoicpe238T W@ncapmeed@é@orw 2550 then
ts buff he test sppnsersig faor, transfe

read A Al oL bPR g TR e oT B 968 o i T s sor

speedpr@@esﬁomﬁaﬁhd'mﬁﬂxa@mwrpoﬂenpﬁy 2bonits genedal1¥8 apins, in

FI FO menory where the ordered test response signals
curregie {He4RS%d at t ReWPBGhI r e#CSpEEE. [TV033fThePerformance

requikahkbHEe BFOGESSYoRONFeceimes t-he diesi1s esPONSeaster speeds
signals fromthe capture nenory 255 and the test

or w1§9|rmhwe§,gn@h% feonte heedarsa géfermmtorb@2s Forst-In-First-

rison, of the te t J.esponse S|gnals hat are
out (It RETaF g ﬁ%ﬁﬁéa ehe %ﬁ 0 for © ﬁgPFESr are “ordered

and taBak¥sik$ed| @Q3“t]heT|'i%qﬂﬁtr@dnsl’pé‘dd.C oper ahdbond edenoted, that
the autonmated test equi pnent system 200 as descri bed
eltheﬁ/@9F6e§ﬂﬁheFé€Peﬁﬁ¥h|§FP€ af'P8R as'h naffétion to other

protoéHﬁQW%@g Eﬁéb?%%pﬁfﬁnbaﬂéh@”émBBdHR@nEE' or art. The

pr ot ocol specific clircult
[0031] The output of the source memory 230 is sent to a

transmission buffer circuit 235 that amplifies and conditions
the test stimulus signals for transfer on the ©physical
interconnections 237 and 239 to the pin electronics 210a and
210b. The pin electronics 210a and 210b provides the electrical
interface 202 and 204 between the S0C device-under-test 215 and
the automated test egquipment system 200. In normal
deterministic operation, the test stimulus signals are
transferred at determined times and with a determined structure
based on the test wvectors stored in the DRAM 220. The test
stimulus signals are applied to the desired IP block 217i of the
IP blocks 217a, 217b, .., 217i, .. and 217n that populate the SOCC

device-under-test 215.

11
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node selection circuits 240 and 265 that switch from
the determ nistic operation node to the
WOR0WAIER982 i ni sti c operati on node based on t hePGI/ESM09681686

t he protocol aware selection signal 245. For the

determi nistic operation node, as just described, the

prot ocol aware selection signal 245 is set such t hat

de selection circuit, 240 has the contr of th

SBEREE ertpy B30 LSRG St BEHE S TH5E antht he? Plock

217i MRASHERILChien GHLUEs265hRponihe €oMaEDs oh tiee interface

capture menory 255 fromthe failure processor 260. In

204 ttOhethﬁ)npa@t erRCAIFSPILESoFdOa | B nBdBb - t hé sy o beoplectronics
210a W@{GZ?B% Q%RQP %Egﬂgkeg4§jk§ ggg JﬁéJﬁgetg§gnals on the

contro e source nenory 23 capt ur
interﬁenerﬂSZﬂi@stheoneaepmmnxzﬂoamaﬁheen@dﬁiﬁéﬁ)25@085plifies
The pr.ot ocol aware englne 270 mpy be a rSconf '%yrab

IHREGrared chF caP bs de PR ForS tgegsters them to

the dRiRgranRe-gapssarr ayd RF -uﬁ@ahem§ryeQ®Bfkﬂﬂ&ﬁdtéobuffer
accept a protocol fromthe SOC devi ce-under-test 215,

the destde relveopret ocolgniatso af wonmen, s &eldr eSsomanther protocol
spe01g?é/c1rggmtI%qge%§|¥OCOEQQTEQQ %%%%%%%ﬂf%ﬁqng’The capture

ata awar € engine erm nes
nemoryhasﬁrmetm@heﬁuﬂlmeaUHmm@ mémbhgtﬂﬁﬁr@tthulw&dered test

ignals that are to be transferred fromthe source
resPOﬁéﬁoFﬂrgﬁéést BrEhETPPShFEERI22Ti ThAY SﬁaHlFﬁ@ speed.

EO@@%W“eﬁhg%fQE‘iuﬁrQe R Qe ongp 2108 ARds 210Re  test
or exanple, if the automated test equipment system

respop@@ isipgnassi nifane tlamdomiocess memory (2RAV) aaxd the test

P block 71 of th eV|ce und r-te 2
Stlmu& ry %on%roﬁ%gr Eﬁe nenﬁ?yggoﬁgropférﬁéi %égén gmparison.

Any dfeSﬁhéesﬁgﬂsee%p@m@Ies dihata whethgdecaded iat@ i@t are logged
ress, command, control, timng, and data for a RAM
to th?h@Rﬁwo?geoﬁoéméPétéﬁﬁlﬁ@aiY§l?ece|ves test response

%ggql]s angpdeg %@%%mﬁ%‘istt‘i%t Jp%%%CEQ%% Sn'lc%@' o°'f' E‘EQ Lh€omated

address, command, control, timng, and
test preqocpmeawaresgﬁgeme 2200detesn1nQSSEMebsdrucpuDEldad the

deterministic operation as 1in the automated test eqgquipment
systems of the prior art. The protocol specific circuit 205 has
mode selection «circuits 240 and 265 that switch from the
deterministic operation mode to the non-deterministic operation
mode based on the state of the protocol aware selection signal
245. For the deterministic operation mode, as Jjust described,
the protocol aware selection signal 245 is set such that the
mode selection circuit 240 has the control of the source memory
230 from the data generator 225 and the mode selection circuit
265 has the control of the capture memory 255 from the failure
processor 260. In the non-deterministic operation mode, the

protocol aware selection signal 245 is set such that the control

12
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timng of the test stinulus signals that are to be

supplied to the IP block 217i of the SOC
waleapossosnder -t est 215. In the case of a read PONB2V08/081686

of the RAM the protocol aware engine 270 determ nes

the read latency timng and the structure of the data

to be transferred and commands the source nennry 230

to transfer the t sti nul als accordin .In
of LS UREE retfiey wiRPe: e HHotoRor EhaPEBny: S8S 7 from 2
protogggogagrbh@nggaéegsoand connands fromthe capture

nen0r¥ 255 to store the witten data. The protoco

ahdpé englﬁ€92709%@§%p@hltl%ﬁ%ﬁ$ angngésponsé’0 may be a
. te t I 0 -
recong REOPRBERD HAIS AL B fEuTe, Mot a5 heRIBb1E0 o ricl
progrbmmab$e2bﬁae 2rfiyy . (FP@d 2Adn tibatrearoe fhiejungd est edlccept a
i nter h.the I P block 217i a fun i onal
protofly SEDEer s AHOARSH IS ISE oA Hour B0t cfe ppBotocol
into “@recbﬂmhhé st apdacdsoperaki/ng eaﬁkéonnenFrOEOO%ﬁk | beceived
shoul'd be noted that the source menory 230 and the

commapgpt Bl reeRpr ﬁlzaagoo@irdi/bver r&idom dee esso hep®t | @gare engine
270 d%%%g ﬁﬁe% %%% é%fﬁggugr QXgﬁqhg F¥@$ $§W§¥e£h IE'est stimulus
mul" nt of a hlg%

e o eratlng envi ronne
s1gnamerthaﬁaa®e $®Ch§aﬂn&naﬁm&maieﬁﬁmﬂlﬁhet@@us©@rmemory 230 to

nennr 230 d the capture nmenory 255 may be First-In- ,
the f/ 2%1 ) tRENDPRes FRFhe B RS et | e%'j{y A Fhe Pin

electB@hQ&@ @ﬂd&NJ&§tﬁioBfanﬁiﬁﬁ apgnpecei pte %%é*%%%@ﬁéted test
stinmulus signals than do the static and dynam c RA

equlp[tlet)s?]sy’s@eassaﬂ% Ja@pt@prsutam@lg\yﬁcma@mom t3cafss h@emory (RAM)
r ansfer, of th est ons als t he ocol .
and 1j1 %E P %&9 %%. 5? be €1ockeék£ th%: 215 1s a

awar e englne 2 tlona

memor?ﬁvkﬁﬁmﬁhﬂﬁkﬂTeSttméOCMeﬂGdeubbﬁgrbﬂ&er‘ 217i sends test
non-deternini stic node of operation and the autonated

respopgst i phent-hsyst BRPR0FKIBEE 285°f of Y etdstdHGHSst | €ommand,
contrB@er%HhQQg,Tﬁﬁm?QLgﬂ?tﬁgrtQshAﬁqu'pﬂﬁytp§a§5@§129Qare engine

clock 285" may be optionally sel ected when aut onat ed
270 regsuvequwﬁménweﬂmmewaZ&@naﬂsrﬁﬂdeﬂ¢¢@ﬁ¢$ethe test response

signaTgnJg%&$rgkgiSnﬂﬁxggeragbggén rn% %1m1ng, and data.
The protocol aware engine 270 determines the structure and
timing of the test stimulus signals that are to be supplied to
the IP block 217i of the SOC device-under-test 215. 1In the case
of a read command of the RAM, the protocol aware engine 270
determines the read latency timing and the structure of the data
to be transferred and commands the source memory 230 to transfer
the test stimulus signals accordingly. In the case of the
write, the protocol aware engine 270 decodes the address and
commands from the capture memory 255 to store the written data.
The protocol aware engine 270 also initiates any response
acknowledging the write as a test stimulus signal to the 1IP

block 217i. In this action, any of the IP blocks 217a, 217b, ..,

13
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thus the source of the clock. The optional nultiplexer
275 is controlled by the aware selection signal 245 to
W@ 0088931 he operati onal node of the protocol BPOEDE2008/081686
engi ne 270 between the determ nistic and the
non-determ ni stic nodes. [0038] The protocols that
various enbodi nents of the automated test equi pnent

te 00_may. be required, to sjnmulate fall .generall
and 203 TN po e pRdrae R et 1w Bl (Tl Pl EE e ol prock
217i devicerwnderot£sty 246r e0nt r phsnthe aisntierfiage Hel weed device-

automat ed test equi pnment system 200 and the SOC
undergegpte2Adertestn2ibs FhagdseeonBeErarpPecnvhsonment.

ted S [ n n t
e ace Dot vhgn thewsae Haui G undar resr: 318 amery 220 and
the captomet e¢mbest 26Guiqurent sy staem@Dkcdast hedmostes such as a

.exanpl e, the SQC devi ce-under-test 215 conmuni cates ,
StatifhgiionrdSeérmin SE1t sifgiatvVeind theS At onated tRSt cperating

envirBAMERRERE SYStien 0 fosponds. sdd dbei Seconsk £xadpt €215, the
the automated test equi pnent system 200 sends the test

sourcst MANUY s?dhalsdni tire t Rerappropriay p2dPodely be First-In-
. st.ruct nd timng tot S evi ceunder - . test, 215
First SN e Gt Bk M ter - T 215" USiORIE WPt e Y nature
allown@rdetrermanmsté€ tast rneesfenseosi ghal sddtats@atmulus signals
ecoded, as descrihed above. |In either exanple, the

d
than 4@t bitet edtast aBgurphent cr 88¥gfi zes a

2@03‘3?t er mppi Std £5.[,8SPoRSe rSignak of r omf ber SOG-1 + of the
evi ce-under-test and responds. [0039] Refer nOMI¥O

transFeg. 03 fthe aecdat aidsabreel airatd lon ofhanethepcol aware engine

enbadi nment_ . of r ot ocol ecific.circui 05 wWithin
270 nR O arhedd 't Bf Ry SYAL cRY SO0 TE by o bbopLock 280
duringpeeif nencidetdirini3Q% thas mddhanmedpd tiei dONagenerat etitomated
325 that creates the test stinmulus signals fromthe ,
test ?@@ﬂpﬁﬁpﬁeﬁﬂs6€ﬁhéﬁﬁ% StUieddh e Byharren RahdgenPreration.

The AGE6R5tMIMOEYEDRAM); 320r The channebobunctbeR 285 may be

generat or 325 conmuni cat es Mﬁgh the nmenory controller
optioB601t0 sedeciteve W t @stopat¢@r hecomeanderenem $yhecem 200 is
initigﬁéygs%%é non-deterministic operation, as a master, and is
thus the source of the clock. The optional multiplexer 275 is
controlled by the aware selection signal 245 to control the
operational mode of the protocol aware engine 270 between the
deterministic and the non-deterministic modes.

[0038] The protocols that wvarious embodiments of the
automated test equipment system 200 may be required to simulate
fall generally into two broad categories. In a first example,
the S0C device-under-test 215 controls the interface between
automated test equipment system 200 and the S0OC device-under-
test 215. In a second example, the automated test equipment

system 200 controls the interface between the SOC device-under-

test 215 and the automated test equipment system 200. In the
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The nmenory controll er 360 generates the necessary
address, timng, and command signals for accessing the
W e®v/ 088t ern commands fromthe DRAM 320. The PE@NDS2008/081686

control 360 receives the test pattern conmands and

transfers themto the channel function generator 325.

The test pattern connands are then decoded to formthe

test stj mul [ The test sti nals are

rirot; tonide: Sl S By GGt 1 Sl SeadiT g cates  the

non-detEeRih$s840 andn3d6s 4@ the tyansimssd ofe buf E€hipment system
circuit 335. The transm ssion buffer circuit 335

200 zAprPRfes andleondin€i oASCPRE t BZEMBLERAUI GBSsi gRAPBafef test
f t i cal t er.cqnn 3 3
equlph%ﬁﬁﬁes%{ﬁtge@nel gggf%ﬁlggaﬁ%é‘ &l %% %r‘é%%& élgﬁﬁ‘is 3Pth the
appropkeateon$nsbﬁiﬂh amdu&tﬁhepranddGSUmhe;ehecttheakxx: device-

terf 302 304 between t
u“deraESFEe de?mfle§g6315§€na?ﬁécﬁu?8ﬂﬁfeae?Esgléquﬁﬁ%?ﬁds with

the n%ﬁsﬁé%b§ggﬁ1%@1@oﬁg%k‘%@é@dﬂé@5%1@héﬂ§”@ﬁé@naréh@ecoded as
test stinmulus signals are transferred at determ ned

descripgds @ﬁ@@mth a et eehiched steraordee batsiéij omutpeated test

ored in_t DRAM 320. Th sti_mul u
cao b L TR 8t HE-GROtP A 1P b sek Wi Berit from
the SDhedb91bb90K3e31¥ast3éﬁb respondd?i, ... and 317n t hat

popul ate the SOC devi ce- under test 315. [0040] In_the
QgépﬁlnlsB?éeépQPHtF8nEﬁﬁﬁe e 1P Brbeklgd7pxplanation of

anothEeSRARGS Wit tde 1 estoresponsecsignal $:a4ile 305 within an
interface 304 to the pin electronics 310a and 310b.

automghedpi peet ecqq@mwt?,l@asé;@@ 3308 -t herflte apgiogiodcle specific

. test sponse signal s, on the.interface 352 t
cizou £ AT RRES TR T st AT a0E g2 Bhat cvestes

the teerdiddionsiddesi@sdl s esponsensi gralts @tk dranséetsnds stored
themto the capture nmenory 355. The caﬁture menor

355
in thict BYPETBGS fer 49 %@%Sﬁeévﬁd%rey si(GRAaMS 1330 1 r andiser channel
functﬁentQﬁnﬁﬁﬂRﬂﬁfCgﬂgerhﬁhnﬁ@%téﬁg %P@hCQ@@nQﬁa{&W§tb@ﬂtroller

generator. The capture nenory 355 is generally a

360 tenoeyrwheee tiwe odedér ehtttestn r espopasds from the DRAM 320.

The memory controller 360 generates the necessary address,
timing, and command signals for accessing the test pattern
commands from the DRAM 320. The memory control 360 receives the
test pattern commands and transfers them to the channel function
generator 325. The test pattern commands are then decoded to
form the test stimulus signals. The test stimulus signals are
then transferred to the through the mode selection circuits 340
and 365 to the transmission buffer circuit 335. The
transmission buffer circuit 335 amplifies and conditions the
test stimulus signals for transfer on the physical
interconnections 337 and 339 to the pin electronics 310a and

310b. The pin electronics 310a and 310b provides the electrical
interface 302 and 304 between the S0C device-under-test 315 and
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signals are transferred at the speed dictated by the
specification of the IP block 317i. [0041] The channe
w0 venss9B2 gener at or 325 recei ves and conpar es PEEUSIE%/081686
response signals and the test stinulus signals. Any of
the test response signals that are incorrect are
| ogged to the DRAM 320 t hrough the nmenory controller
360, for further analysi.s. 042] The det i ni sti
the  Iabr b ode s s RECARRSL od ¥ S5E equitient - sydfem nozmal
deterd@@Aiasidescepbedt ppAYi desnd he wefer matisfiie Opekayn@ns  are
as in the automated test equi pment systens of the
transpergedactt. defenitbidedel B8 F oANEI MGt & 34OtapfiBe% structure
baseds%gcghgr%éﬁevggkggrg] .rgt%fecd Oggr agﬂdeonDHRﬁe §§bt he he test
nondeterm ni stic operation node based on the state o
stimufhe prhghedel aawarerseleecticonttss giead 1:834b. IFarlodtle 317i of the
det ermg_nj st erati de, as | descr.i bed, the
TP BLGEKE ol St B el vt FOALS! gndr T34 s SE° S\ the SOC
devicthenghanpek+f gmeti on generator 325 controls the
transfer of the test stinmulus signals fromthe channe
ff0AéPi on génertheode3zgmipg stthie rremidtianrimidei cthe IP block
. erat | : nt of t urce ry 3 ae
3174 R B e S PR S o o Bos  auBode'e “Mcertace
304 t@i riche tp3d0eltherbhansm>Qaomnmmd Bhebt estTist ipilthuslectronics
si gna s transferred fromthe channel function

|

3102 gGunbr 38 P51 o FRBSPRGt ddll  A8E6dE TIRYUIG §Fgnals on the

interFQ043hshher pr ohocol.decade g oui bn37QImY her 2356CARb1 fies
| e

i gurable integrated circuit such as a f

and qemogrtammebl Ehgatesar rep(cFREA) s tdvat 1 § savonfligursddtso them to

the caccc%%te a%éJI{oOJ_IJ\gCQE5f r .Or:?}{ehecas%lgeev}ngg_agpd%%g easé&ssléo buffer
code the protocol into a conmand, a ess,” andl/or

the t@data.rdg@nddesi@eel yedoaddri-ass feeommnthe coatsdY, controller
timng, and data, the protocol decode circuit 370

360 aget i e el strct e ARBCFRECEF ni g SofCaefestienory 355
is g%%é%%%gi %%g?ﬁﬁihgﬁghBQQ'thépg %ﬂ@gr%fﬁgfém QEsEheresponse
signals are transferred at the speed dictated by the
specification of the IP block 317i.

[0041] The channel function generator 325 receives and
compares the test response signals and the test stimulus
signals. Any of the test response signals that are incorrect
are logged to the DRAM 320 through the memory controller 360 for
further analysis.

[0042] The deterministic operation mode of the automated
test egquipment system 300 as described provides the
deterministic operation as 1in the automated test eqgquipment
systems of the prior art. The mode selection circuits 340 and
365 switch from the deterministic operation mode to the non-
deterministic operation mode based on the state of the protocol

aware selection signal 345. For the deterministic operation
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protocol decode circuit 370 communi cates with the
source nmenory 330 which extracts the necessary test

W@ 200a1058932 si gnal s from t he DRAM 320 t hrough t hECTrERIN8/081686
controller 360. The test stinulus signals are
transferred through the node selection circuit 340
fromthe source nenory 330 and those test stinulus

i | s .t hat t d to t P .
mode, b POt BuS e R a1 O SRS ntee Shrahs phfnal 345
is se€l edint t365. tHe diesinest | Ml dsi & gpahSrarer t 8amstentedls the

through the interconnections 337 and 339 to the pin .
transgpsctiorins Bava ahdmsivp £69rRé S| FisiockiB17paphet hunction

gener§$rd§\éi5ce' %dearﬁé .er%n—?’&estefﬁfnle | gpef.fegt{gr? ﬁn%(tj%' control

utomated test equi pment system IS to stinu
of threandomeecessonendBy, (RAN) tErd theth®e bheokr8lB550fis from a

the S devi ce-under-test 315 js a nenory controller
Protofil MNEISS coma ey Tohae tReE Mol Chige test
stimuWﬁgn @%%9@@@ arig t he-addressqg commnd, £ €ONt ERAnnel  function
tlnlngésand data for a RAM The protocol decode

genergipEupP@S3¥0r ebei pestrest fespdaseisrynsl 378nd decodes
st r on j l's | he S,
igﬁééil, t?ﬁgngﬁgghégggta.agégd%rof%%gﬁSEECaggyg?g%git:be @

recon876udebeemingsdhia st ractonet arthcdh niygaoffidied t pgbgrammable
sti mul us s%gpals that are to be sugglied tothe IP

gate BIgEW 1THCHE thatsee d&iideUdnfder ¢ eSEC8ES. A PEfecol from

the 688e gbvackteadqeommrnd ogikhe RAM,qtherprot geokode¢odento a
circuit 370 determnes the read latency timng and the

commastly uctddeess, t hendara tdate. t r adsfaer r édbecandecenmandsaddress,

e source.nenory. 330 to tragsfer t he teégc

t tinmulu . .
conmalyle SO SR TP Bt o8 REUR! cbpen i [¥dRe circuit

370 d3terpravisdithg aryueftutrke speciidd edi womrant end téstngtimulus
, response signals for the menory controller of the 1P .

signappoeRiared, Ebd@ﬁ $PCEhel caseCBf O héDGr iltfe LAtk 317i. The

protoBBQt @%@lod%ec@iq?clﬁ'{ Ci éZQmGSEQQ%ést Qﬁt@dq{}?@sss&@fice memory
comrands the capture nenory to store the witten data.

330 vwhhehpreottocolt detloelenececaaty37@sal saiimiltusatsiggnals from the

DRAM r3%%oot ngucﬁg:kggy ?n% ioq:% tchoent\l\]':rc;ltleeras3gOFeStThSetii’[%'é’gsstimulus
signals are transferred through the mode selection circuit 340
from the source memory 330 and those test stimulus signals that
represent command responses to the IP block 317i are transferred
through the mode selection c¢ircuit 365. The test stimulus
signals are transferred through the interconnections 337 and 339
to the pin electronics 310a and 310b to the IP block 317i of the
SOC device-under-test 315. For example, if the automated test
equipment system 300 is to stimulate random access memory (RAM)
and the IP block 317i of the S0OC device-under-test 315 is a
memory controller, the memory controller sends test response
signals that when decoded are the address, command, control,

timing, and data for a RAM. The protocol decode circuit 370
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signal to the I P block 317i through the node sel ection
circuit 365, the transmssion circuit 335 and the pin
webk@enssost cs 310a and 310b. In this action, angCDUS100£081686
| P bl ocks 317a, 317b, ..., and 317n that are being
tested will interact with the IP block 317i in a
functionally correct manner as though the SCC
devi ceunder- test 315 ,were in its standard operating
receignyi rontent SFO6FS] TIOBRGAI B ABESAChat ™t he Sdur E§ePonse

signaMBMoiIt 330handhddies £apt Hbﬁm&ﬁHPVYC&ﬁ:ar@lr,e Ldgahby and data.
random access nenories such as a static RAM or Dynam c

The mRAMOHOWedECoden siktlati iy @ heesperariesg enwi romvesiure  and
tlmlngfo% hhgb 955£0 g@ﬁ%gugog %ﬂ%§1ﬂﬂ9?r5§é §1§xet%§pplled to

ource nmenory the capture nenory 3
the IFibébcknaﬁﬁﬁsKﬁCUHm(mdﬁ)d@uﬂnﬁ+unﬁeﬂ?me§ﬂFllﬁennfneShe case

their nature al]ow ter_transfer and recej pt of
of eat%% ?egpmgﬁp (ﬁé g?%n ,tﬁgﬁedgrPﬁgc a@@gogﬁu c1rcu1t 370

detergﬂﬂégl%hBAMé%d Rurtcher; ﬂﬂhﬂﬂ@5%6Hﬂ¥%%'@%@u&f@&éogfcghe data
menory 330, the capture nenory355, and the node

to besalrestiten redr emct stosfm@rm«ﬁd @65 e & JeereepnP30 to transfer

| able ci{reuit [ 004 ] ile this
a1 S ShORA (BT ATECC GOk dbefigrol decade

c1rcuﬁheaﬂ&npﬁoblspeg|Hnycmfcmhb 3 ctheepr abooahd and timing
specific circuit 305 may op tlonalli be cl ocked_b

t he .
res?o@é@l égnﬂﬁaeﬁofe%ec%%@ré{uFPH@IPH ©hoRidErEr ann%%PFE 317i.

mede,9f opepation andby.the aut grated tess RN decode
system cl ock 385 during the determ ni stic no to

circuassd’® approopms atlee syAchesni enty cofmmtehelst r@r@f@apb@re memory

the st response nal.s. It| l exe
Lo StPAS: %% own)%g‘n1lar5$o the 6ﬁf|ond$Pnu??|p egéFC553,370 also

lnltlaseshmpdméasg. a@knoWBydPendr avkeded 11 sukt eh hetweenimulus
, t he Devi ce-Under-Test clock and the aut omated. test , ,
signagqiiopnehft $Ysemcdl ot/ BEERTTRE optPomdsute+pfleker circuit

365, 't%eCOE‘EérQéﬂ1§§’sPé/nt herpLotocs aygl e gel eatd Oé‘léétgf‘é‘fhcs 310a

to control the operational node of the protocol
and 3@@@o|flbncthaalac3@5nbe&uaen0ihehdeﬂérmhmqka(ﬁkﬂ&tt&b7b s

and 317n that are being tested will interact with the IP block
317i in a functionally correct manner as though the SOC device-
under-test 315 were in its standard operating environment.

[0045] It should be noted that the source memory 330 and
the capture memory 355 are ideally a random access memories such
as a static RAM or Dynamic RAM. However, 1n simulating the
operating environment of a high performance SOC device-under-
test 315, the source memory 330 and the capture memory 355 may
be First-In-First-Out (FIFO) memories. The FIFO memories by
their nature allow faster transfer and receipt of the test
stimulus signals than do the Static and Dynamic RAM’s. Further,

in this embodiment the source memory 330, the capture memory
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non-determ ni stic nodes. [0047] The enbodi nents of
Figs. 2 and 3 of the automated test equi pnment system
W@ baw058931 ngl e prot ocol aware channel that i ncPemEs20081€81686
protocol specific circuit. In conventional autonmated
test equi pnment system there are nmultiple channels
wi th each channel controlling the stinulus and

355, Gf ¥ na TS0C RS o BeULPCRst L ThG. hol (780 e Bib Gl axe aleo

recon@Wglieaghanpeksuot st herauhopnt F@GF\@St equi pment system
of sonme enbodi nents comuni cate with other protoco

aharel chanWéPéetGhdécdw@qﬁkﬁﬁm%ll%oﬁﬁﬁﬁﬁswﬂﬁﬂn%h%lngle ATE
S e e n e n
coc e Fe e o Rhre L gnal - Fhar S08e (s protocol
spec1émcrem1ﬂqu5ﬂrBOBumﬁdfa@gtiomeﬂlye@@onsbscbw@eb&edﬂhy Device-
the SOC.device-under-test. [0048] Refer nowto Flg
Undergbesh ¢d& o Bf ]Pﬁe“é?ﬁt orafed irest i6qdiPitent Operatlon
and b%y&m%ﬂéﬁﬁbﬁgté@|§e§ﬂb@§hﬂ§ﬁbntT@%s%@hpm@oﬂkt3§3 during the
equi pnment system 400 has nultiple channels of .
detertﬂhépﬁ@tl@cdh@@épeépf|@S%mr@u|amrmaate syaosnonhattar @t the

trans%% %%t%: Q%ltl ﬁoglg %l %tﬁ nic Aﬁ”éétlog 4TB%Fiplexer

Each e pl ectroni ¢ 0ni
(not shown41@nma3ad63ﬁfrmmﬁidﬁnmuhaﬂcmmlkﬂplﬁxeﬂeﬁﬂ$)cat shown in
i nterface 402a, ..., 402n and 404a, ..., 404n between

Fi9. £he TS0C RevPESY bider Hrest 440 difth 19 att®riesdCpelpcer—Test

clockCHHPMERL %M%b%%%@gﬁ E@g@ug ub BReRRYSIEden clock 385. The
i nt erconnecti ons of adapter. "Each of the

optioppot ool tpeeixeirc ourcuc@st405hed . by 408ye j sprotocol aware
onnected t st one of,t mul ti
selec% on ZP @hg 4?8 controhlgﬁm1oogrgeﬁagng%e Tod? of the

ectron C units o

proto&bﬂm$|plé>$1$1@nailsrdwltan3105ebélt\(iéehh&hteesieﬂeaﬁdmm&ﬁ:lc and the
signals fromthe SOC devi ce-under-test 440. [0049]
non-desgRMéfi1ERéCplBf6Enl specific circuits 405a, ..., 405n

'?@@4"9‘ prot %8' RAWBHE meARLS %'f' %*1g”515 2""5&9 § U@Et tBQSaéw‘Eomated

t he protoco awar e englne
test prootipoentdegodem show a 81ngle protocol aware channel that

includes the protocol specific «circuit. In conventional
automated test equipment system, there are multiple channels
with each channel controlling the stimulus and response for a
specific number of pins (i.e. 8 pins) of the SOC device-under-
test. The multiple protocol aware channels of the automated
test equipment system of some embodiments communicate with other
protocol aware channels to decode protocol commands from the S0OC
device-under-test and then generate and synchronize the test
stimulus signals that are the correctly structured and timed
responses expected by the SOC device-under-test.

[0048] Refer now to Fig. 4 for a description of the
automated test equipment system 400 of this embodiment. The

automated test equipment system 400 has multiple channels of the
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circuit 370 of Fig. 3, in coordination with the

remaining circuitry of the protocol specific circuit
WQO®9/088981 g. 2 or the protocol specific circui PCB0S200$/081686

Fig. 3 . Each protocol aware controller 415 of the

protocol specific circuits 405a, ..., 405n

communi cates with its designated DRAM 420a, ..., 420n

to.provi de .t he necessar est co ds.and to |l og the
erotopBl REaiIS oF T ro. BaehlPar ng ol IR oL ste odd€eted to
multigde¥i ceidnderedesdn A440.ur{i0050k1loa, pr ot ocpignt hat have ar the

l'arge nunber of pins, the protocol specific circuits
multippsapin cle@sroebor dhhaate 4402 decodhhfnofas Heescribed above

proviggm%d%ﬁ%@&%ﬁﬁr %getr'}%cteestfoiaesi’onsfoﬂ g{ﬂ@ésﬁ%ﬁéﬁ ., 404n

at e the expéected responses synchronou
betweshnmutlat e SOGe éxpectedndespoases SAhchnonotise y adttdmmated test

., protocol specific circuits 405a,. ..,, 405n conmuni cat.e
caui DR bt T AR T AT TG Coraar kel tah Tt et gSgg ons of
the 1Rekweendthagse Oﬁaéﬁeo@fQ%@C@rdﬂa%Hﬁiépé&iﬁi&téiﬂQéﬁts 405a,
., 405n that may cooperate. This cooperation nay

-~ 4@Pmects t g ¢ t Bé operati onand i hidiq heultiple pin
electgﬁﬂ‘ﬂ‘d”'&ﬂ%é’” d1pastruct “if&nt QM g%ﬂﬁget hd MRAGL O+ ;11 s
e Crosscommuni cdti 6h between the protocol specific
signaCkr ad t snd03aceive, #AOSNtebor ddisicance ongnofst feom the SsoOC

. _protacol awar ontrollers 415 may act as a master and
deVlC?éEBﬁ@é"Fﬁéttg§§°stinulus signals directly from

?@b@@?nt PEQEACQIr SPRET TG teIdAUl S 40PBe circud®2N 405a, ..,
or decoding. The master protocol aware controller 415
405n then odizpatetes therapproprpateri 4ddr ndtiiaddnsfymrtions as the

prot088TSt£&g¥€zn%ntq%eStﬁthHﬁ? Egg.tlfjngmpfttge H?%&xxﬂ_ decode
response S|gn§ls specified by°the protocol; whil'e
circufitni B7@edot heridgipact, ofit hedatsney ifer thehopenati @Bmaining
, The | atency synchroni zation signal line (ISL) 435 is
circujsey By tHe mISTEIChHr otRel fhvarereBntr 8PPeP a5 For2 or the

erotofbsP I 4 Ney 0y | duter of 1981 ol Bl heglccs aware
contr40%ar 415 dD5nhe[ @OSt]ocTHe spronbiedctestiiequi4ddent ..., 405n
commu%X%g%gg4ggiﬂPyi@gvgesignated DRAM 420a, .., 420n to provide
the necessary test commands and to log the test results of the
exercising of the SOC device-under-test 440.

[0050] In protocols that have a large number of pins,
the protocol specific circuits 405a, .., 405n coordinate the
decoding of the commands and generate the test response signals
that simulate the expected responses synchronously. To simulate
the expected responses synchronously, the protocol specific
circuits 405a, .., 405n communicate through a synchronization
communication interface 425 Dbetween those of the protocol
specific c¢ircuits 405a, .., 405n that may cooperate. This
cooperation may effect the latency of the operation and thus the

communication is structured to minimize the impact of the cross
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mul tiple master oscillators 430a and 430b to generate
the different timngs determ ned by the protoco
WG p@ei0§982 ci rcuits 405a, ..., 405n. This is trR€r/US2008/081686

especially for the determnistic operation of the

aut omat ed test equi pment system 400. In the

non-determ ni stic operation of the autonated t est

equi_pnent sten14 t he nast r osci.ll.ators 430a an
comm:G3ERRRED G TERP { oL HOSREROT L1 GRE o ehe-LEGRT R, H052, -

405n.1 NVRbYi Ng sdebheem dh st be Qﬂﬁia}ﬁt@ﬂo&@l' ewaltceXt @it ®Fllers 415
timng fromthe SOC devi ce-under-test 440 may be used
may $@F the profgsderanard cbptedbyeerts tigpt stimulus signals

dlrecEQE}d%g%é’{)n Oj%decnc}éépﬁfé{éé’& L?Q@%k gefgrr QWL dHPS- , 405n

scription o or sinulat’i ng
for deddiliman aulloematias tieestpsysdenl a sfanet | onatroller 415 then
operational environpent into which a devi ce-undert est

dlspatghﬁeacgge O?pﬁ{ﬁﬁﬁ}%ﬁﬁﬂ %QﬁﬁHQﬁf e for constructing the

strucgﬁYeC%dﬂu¥¥m£@§toESﬁﬂe5%%%&”&@9@@5%@ @ﬂdﬂ&ﬂst£ﬁeci§1ed by
pl aced in an adapter (or |oad) board, i.e

the pgiofogiodet mdviilss mmwneedthleeen@@aﬁtcalf mﬂeerlfaaitency“éor the

DIB e
operaiSyDl BrseIRe LS ARNLSS U] Sol At 11 | BBk 435 1
used b@gwmebwm@&@&!ﬁﬂbtdﬁﬂkﬂﬁwampt&mmtmm&ﬂeﬁ 0p5rﬁbrodlsbatchlng
t he autonatlc test system If the determnistic node

the gy toperiatti onti & Rdrifithed (BbRE808) 6 HE setetted, Multiple

protoEB@ gee@klepeﬁ%u%él abgaling apshhe SOC DUT is
perfornmed (Box 510) . If t he 'nondet erministic node is

déﬂéﬁh1nedTbBoﬁUE©®ﬁuaﬁkﬂﬁ%@leqveﬁmeet system 400 may have
multlgﬁg)dﬁﬁg n%ﬂg%éég;%e%gggse4gbgnal ;s rgﬁglvgd (generate the

evicé-un t 88 ased on

diffepeadettemtimed Qeoéoaohedamyexpest @doibbﬂﬁm UESpédm t@rcuits
be transferred to the SOC DUT is ascertained (Box 520)
405a, f .gm ¢@R non-Teter Aenitstisc PeRpoRdLlEi gr&l .the deterministic

operaliBASMWSSEQD Qlicbhe rexpected SLi,TBhUSSIANAlef r@gdthe 1n the

automatic test systemto the device-under-test iIs
non- denetmahedt@Boxo§25ﬁtlomheoﬁontdeteautnmsted réesponsequipment

system QB%’ t%eS%%E % %%%f%igtors 430a and 430b may be used for
those portions of the testing involving deterministic operation
while an exterior timing from the SOC device-under-test 440 may
be used for the ©protocol aware controller 415 in non-
deterministic operation.

[0052] Refer now to Figs. 5a and 5b for a description of
a method for simulating within an automatic test system a
functional operational environment into which a device-under-
test is placed for functional testing. The device-under-test is
an SOC integrated circuit that is placed in an adapter (or load)
board, i.e. a DIB. The pin electronics provides the electrical
interface, via the DIB, between the device-under-test and the

test circuitry of the automatic test system. The method begins
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within a response capture storage device. The
non-determ ni stic response signal is eval uated (Box
wGha@p/osse3rdet ermine i f the nondeterm ni stic respoOnEs2008/081686
signal was correctly transmtted fromthe SOC DUT to
determ ne an operational condition of the SOC DUT
[ 0053] Expected stinmulus signals are generated (Box
45) om an encoded sti nul.us ta and stored (Box :
oy (280) 50RP A EaEseirda Sie mIPHE . <naP bt brabe eviith, apFomatic

test I@@@Eeﬁme of itshe &?@e%@&ﬂﬂmﬁﬂlﬁc sighadls b5 sebeehedon is
( Box 562& From t he decoded non-determ ni stic

determégséns ek grRfl5) t ke t bri nee BRA-¢ @t erfdie delcayasf PRerational
e t I r dg 56 f _
teStlﬁégﬁgiigg%oﬁﬂﬁ%uﬁﬁ§l%%%,%U$f8%§%§4 Iﬁe p?ggéterﬁ%ne e nen

determotetmbs ofde he snodelet enimaed st(Boxr eSPonsecsi gpalselanted, a
he expected stimnulus signals .nay be ar 8$n1a
$f§kefrom the

non- dﬁ%?fﬁ?‘& At erf AEEPPPGE0CIR % closmﬁﬁ’ﬁec]a‘ﬁ

soc  dRtQcQlngor-canput i ngy deyi gg iNt grbaceeprhohea0lprotocol, an
[ 0055] The decodi ng of the non-determ nistic response

expecgpgnaltiperivg sstheadutiomabec ttfe?sftsfwrsw%in to ttlensfer DUT is
ascer??%géﬁeCt@QDJes@ﬂﬁﬁe %Eo&het%gc qg%. E£¥%f%9§§£§d response

us signals wththe appropriate |n1n
signallat encyatiehBysi dhat Fwathed @@p@dp@@tedlmnlhhesmynﬁﬂ from the
operating environment of the SOC DUT. [0056] The
aUtomaEEéEéeg andE G ESD79IS IO TERS SHEAM ‘St aindaf di Rl jEpEed (Box

525) . Soliind Pl ecteahneliogy ASSOG AtdOns | Al n;gé 0% oMAs (Box 530)
June 2007, defines the Double Data ( DDR3)

withiSyﬁchﬁ@ﬁ@@@eopﬂmhura%ﬂﬁnrﬁ@@c@%%l@@nnrvhésmaAwﬁeterministic

S eC|f|cat|on i ncd udi n atu func onalltle
TeSPOURE BC cﬁarafier i %Efgpégﬂagggﬁ) 8 bﬁq/ ot €he non=

deterﬁasﬁunment:%sp@neeofsﬁgh@ll Rrddd oedesr0ft gy S%Mlttaéd from the
descri bed above, may be a controller circuit fo
SOC DH@nEPyd§§§F@ﬁP€oﬁPaPH?ﬁ@tBBR@lSDRﬂ@FtFﬁnaoﬁuﬁéﬁléﬁﬁlDUT

Eﬁgbg?t'onEQEeEE@dl tQRQQ%SO%ﬂg%%fgjéﬁgﬂéeﬁ%f§¥e&P Box 545)

| ocks nmay be requesting
from an encoded stimulus data and stored (Box b5b50) in an

expected stimulus signal storage device. At least one of the
expected stimulus signals 1is selected (Box 560). From the
decoded non-deterministic response signal, the timing and
latency delay of the expected stimulus signal is synchronized
(Box 565) for transmission to the SOC DUT.

[0054] The predetermined protocols of the non-
deterministic response signals and the expected stimulus signals
may be a random access memory interface protocol, a
communication interface protocol, or computing device interface
protocol.

[0055] The decoding of the non-deterministic response
signal permits the automatic test system to transfer an expected

response to the SOC DUT by the expected stimulus signals with
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transfer of data between the controller circuit IP
bl ock and the nenory system In a test environnent
wao hiog/0s8ppe of access is not determ nistic, butPCHURHSEB1686
on the timng of the interactions between the IP
bl ocks. The controller IP Block will activate the
tining command, control, and data signals to transfer
bet DRAM and the S

the agRtBRETEHCS é&fﬂl@&u.%ia%yerﬂ%#a%%%% o) Reneepected

in thEespends Whthathegappiopehatatsbgnahs sbct herspecified
tlmngs and structure for the controller IP block to

¢8PPé tIy Thter actERGEE h fRenfendi niHPE P Bl ocks diPRhe SDRAM
DUl t m | :

Standg@% életerm ni s%lfgdag |§ g%gl% gfdég%(g%%]%in(gﬁ if%éngton’

VA, J&peciiicati dasiokst h_eleprmlﬂ@bda DReﬁerHaltmag toDER)g. SGnechronous
the controller IP block 600 generates the data signals

DynamGGSaR%Fh B03t e CofthaMd § 5 (RRS#,TIEASH Changtneluding

featu%@g) %H%cﬂﬂ@%é%ﬂﬁ%gsf”ﬁbeﬁﬁglQxﬁ'&M@Qéb@@éﬁ§¥@E§20packages,
the cl ocking signals (CK and CK#) 625, the addr ess

and b@uléviéllgnaésassa@@mnésa r e anfd @wdlrﬁ‘ o 2¢hy &f ghabeC DUT,

as d g%gb as deflggd in E) SDchArl\éuslttanggr 'a memory
? rofoco awar & cont er “of Various

systeﬁﬂb@dtﬁ&ﬁh&gr ORIV eDRAE sugnai Sfurd@tb@ireélt@@aﬁﬁﬁtbdﬂm of the
execut et he commands to perform.the_requested action.

1P Dbheek pdt obBF cBtit r B Ter PHRAT t i hes BaRE Sy iehy omezegequesting
transtBe B?Sha%%'@@ﬂ%%éﬁ§¥H@5%5ﬂﬁﬁofiégﬂéﬁfbﬁpﬁ fﬁ*@lé@%wﬁ%d the

responses so that they arrive at the SOC DUT with a
memorgompssseant Cnock tL@tter&rWJ(I@Lr)mentTh@lmnbmae a@foﬂ@tess is not
cycl es .need to be, capt ured and. co
deter&'tml%ﬁ % gjdltt NOP cycﬁeéjs ?Igdﬁcr?es %lhm %%?g ett Si %réteracuons
betwedsecHay theba@tc&rsmt edThestceiIMent systedcef #hel activate
vari ous enbodi nents and is one of the i nmedi ate
the tHadem t SPHMAKE p?%ff‘b]é%]r ataf e desat ridigrerl swithi hrapefer data

betwe@thqﬁge%D§§StS§@NMp%E@t'@M§t%@kpr®ﬁe Va@h@”%ﬁjtomated. test

mbodi nment s.
equlpment system of various embodiments responds with the

appropriate signals at the specified timings and structure for
the controller IP block to correctly interact with the remaining
IP Blocks of the SOC DUT. As noted the timing of this
interaction 1is non deterministic and is accomplished according
to the specifications of the protocol. Referring to Fig. 6, the
controller IP block 600 generates the data signals 605a and
605b, the command signals (RAS#, CAS#, and WE#) 610, the select
and enable signals 615 and 620, the clocking signals (CK and
CK#) 625, the address signals, 630, and the strobe and
synchronizing signals 635a and 635b as defined in the DDR3 SDRAM
Standard.

[0057] The protocol aware controller of various

embodiments receives the signals, decodes the action, execute
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[0058] As can be seen fromthis exanple, the DDR3
SDRAM prot ocol includes a total of 26

w@dapessLommand/ C ocki ng pins (610, 615, 620, PGRES20881681686
630) and anot her 22 Dat a/ Mask/ Strobe pins (605a, 605b,
635a, and 635b) that are to be observed. A total of 48
channel s are enployed within the autonated test

equi nt system.of thjis enbodi i, mul at e
the  GRHAPEERATT GHELTOR™ |15 a0R b T8 prGLoRHr audl§ Protocol
contr60NErokhens taaRtr Qlryl & hrirtordfz0l ghte chaginelsimth signals
at least six of the protocol aware controllers

that cggperadts vely PDRReCRRAN| KEFRPESERe SODRBNSPRARENo arrive at

the %cfcgcgbggov?“t'[‘%golgg?é‘gl??ﬂ%‘%%vo{&&% Ikt hﬁa/&l%’ﬂ&{;o' &) P The non-

operadesanil pt(Now) oknkﬂ&xnhaaaﬁltstbectapaum%dlhﬁmhukmmnteﬂd The
test equi pnent system 700. The aut nated t est
strippqiPp t%}#@% RESUSeRumbsr AtehafhefB6artied by the

automiea and 705 %uféméﬁtt@ $texant €}he Eé%ﬁdy:téﬁbodlments and
channel boar O5a an 705b has a nunber (5 in thi

is oaxanylie) bﬁepr@@@@dhaéﬁecbﬁpéféﬁﬁcumﬁ% 703, ProtOCOl aware
and 710, 1 a f the. co)
cont =g g8 PO PEE FroiomheeT Tk BHRPRBE yetenger ene
variolis empablimeatsdecoding, controlling, and synchronizing
a nunber of input and out put S|gnals in this exa

|
SPHRET(8) ASTRENCHmIRTST aybab FOr ot FEHRGmtGe { 69¢3 SDRAM

proto€8Yi piEnt, syst em 70051 s desh Qn%&&@mﬁ@ﬂﬂlng pins
prot ocol of the DDR3 SDRAM front he

(610, cts,ol 20, | B2H,0ckn@0®30Ceraad naﬁ@ihelrctﬁ%n@atél/Mtﬂhé/Strobe
pins QREPCOl 6§bob§§gved f(f é?gﬁe %Eagnal%jgé tgedo?ﬁaxved A

rotocol spetific Sei e t3

total .0F 24¥] chhaheake 4t ataghlloydd agkingn Thee DRI SLERAM  test
timng is specified relative to either the timng

equipRPBEKSYEERM of f t hBldataadisres (BrsFimutpéet ki IgR3 SDRAM
functEHHCt'%%‘gaéme PrQE@C%&o%%%%@“é%é?éw%%ﬁﬁigﬂﬂ§rs %omtrols a

71Ce, and are enployed to ensure t
totalt hé &pgb@pmham@eﬂﬁnlNgiﬂndﬂsyh@hwmn$zat®bnthe|peotaco$ aware

contrgg%eﬁfrﬁqggge S/Cghnaflncngnnel%ﬁ%ﬁﬁagﬁsthgs%DR%nSDRAM to

test the functional operation of the controller IP block 600.
[0059] Refer now to Fig. 7 for a description of the
channel structure of the automated test equipment system 700.
The automated test egquipment system 700 has a number of channel
boards 705a and 705b (2 in this example). Fach of the channel
boards 705a and 705b has a number (5 1in this example) of
protocol specific circuits 710a, .., 710e, and 710£, .., 710j7.
Each of the protocol specific circuits 710a, .., 710e, and 710f,
vy 1103 is capable of decoding, controlling, and synchronizing a
number of input and output signals, in this example eight (8).
The channel layout for the automated test equipment system 700

is designed to accommodate the protocol of the DDR3 SDRAM from
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cl ocki ng channel 740 and the Data and Mask channel s

725, 730, and 735 wll follow their respective data
w@Re0obsspt ns 725 and 730. [0060] Since the resedT/BESWNS/081686

t he decoded address, command, control, timng, and

data signals of a protocol are communi cated between

the protocol specific circuits 710a, ..., 710Ce, and

i , 71Q,, the tracki ig s 7 nd. command., .
the i) - p0RaYs Senapteat t B MR T BT (e Rl CAR gt ot dons
for theagkidib&iignad sobetesn the phelecalnsPROIS i€f the protocol

circuits 710a, ..., 710e, and 710, . 71 . In the

specigage G- dhe DORBOSDRAM pf 80®colenct he 7é08ek ti n7A§Jarkhat are
d si .5 740 and_th ta be. ( 7 a gy
relatgggng?e ?%ggggggénd t?gﬁsngggd ?%kéﬂe géﬁgﬁéprggocg?eleled
relatspecitfd cetiheni tthe7lidming . ¢1810e, @¥) 74€f the. .data strobes
71Q.. [0061] .1t should be noted that in st cases al|l ,
(DOS) g %rﬁ?s_ t TBF CR eI cRARREFST( )T of "Eh&THIEEEC0l SRt 1§ cetreuits
710a,Cifcuiige, /1884 - .710610, andy/1Fe emplofd@ t&f €ensure that
used, but in two of the cases, the channels are only

the aparcpalbyeusédifs) andTH g dhy ddcaisieon her ttrackd ngs met. The
Addrefsgvggfn?ng hS SRl QN AMED ?{ﬁ‘,””?hoboﬁﬁ%arv' &ﬁ'{]ht%‘&low the
8556 of trac ing a diffeérential srgnal 'such as the
clockehgckamealg T4K) aand tie data sindbea$bQBhasingnial s725, 730,
at are both diff sjignals. In each case, the channe

and 5t 7058 ARy 705b-ar £8E8FGRedSs i & hatTthe Pracketf> ard

730. Signal is the first in a tracking chain foll owed by
t he dependent signals. [0062] It should further be
méted]t hat St heeDDR31<SDRAREpLOBocalf spahs notecaderh t hddress,
nuynber of protocol. specific circuits 710a, ..., 71

comma i ﬁ%ﬁ%‘f“&.'. , %%Td“gfha?“%oﬁ?&tﬁ‘t es%%%a%%ar?nfaabé)aﬁo ool are

commur@batand FOSkeedhera apkiongcand epsvbndcsi@gnalsits 710a, ..,
propagat e from one channel board, 705a and_705b to the

710, opRer  chhdfel ~bodrdS 7053 ahB=705B BacRpIL&Ne/20 and command
oionad St SH{B0E W2 TS 1 2ok 4 oG ehdSilary cracking
signals between the protocol specific circuits 710a, .., 710e,
and 710£, .., 710j3. In the case of the DDR3 SDRAM protocol, the
clock timing and command signals 740 and the data strobe (DQS)
725 and 730 are tracked and transferred to the other protocol
specific circuits 710a, .., 710e, and 710£, .., 7103.

[0061] It should be noted that in most cases all or most
of the channels (8) of the protocol specific circuits 710a, ..,
710e, and 710£, .., 710j are used, but in two of the cases, the
channels are only partially wused (7). This 1s because the
tracking function 1s split on even channel boundaries for the
case of tracking a differential signal such as the clock timing
(CK) and the data strobe (DQS) signals that are both diff

signals. In each case, the channel boards 705a and 705b are
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propagati on. [0063] One of the protocol specific

circuits 710a, ..., 71Ce, and 710, ..., 71Q is
walembgsesred as the control protocol specific cPCDUB1008/081686

71Qd. The control protocol specific circuit 71

receives the various timng and command signals (CK,

CS, CAS, RAS, W) 740 for the DDR3 SDRAM protocol .

., Because. of .t he nec SS or, de od| the_timn
o5 IR G ARG " TGal & Ok T S e CAG S HAS, W1 9ai F L n A bracking

chalna@@&QQWéat@bytﬂ@dd@§6ﬁ6é5t0§§bMalbhe timng and
command si gnal s CS, CAS, RAS, WE) 740 for any

pPeeédol aﬁé rﬁi”to%lpiltfuﬁébﬂéerbet héopﬁétdfétﬂt speei ffPfé,R3 SDRAM
CUI 10 S 64
prOtO%hﬁ %o%oco spegi IC C|rCU|t&§%%EI oglcég% %lecﬁpelelc

circuate nHIOaJ,sed f F1Qehi sandpl enkdf at i.on 'bIOj hEh@IDR?p@DF%Me the

ocol hre tocol eci fic circul
cnannBi LSSy THEA T R0 St nal b dar i i it SR oS onals
propa@H%eofﬁ&ﬂ@ BRR3 éEE%ﬁ@IOk§2MQ1t$0§§ oPROSE@sHO tHe the other

Si xteen bits of the exanple. The three protoco
chann@&)e@pﬁmScﬂPé@ teq1d7 TAGSb .71 Ep clankh 7 Chn ¢ ¥ 2 pat epyrdr éignals

u as I npel S a ntire
exist Si%ferent%%:lréo d%% f%§u§%ﬂ%%grggfgghe PB%bﬁ%ER%y% v E%r this
propaSOCibWT. [0065] Refer nowto Figs. 8 and 9 for an
exam nation of the tinin characteristics of the E[E?
ts 10a,

SPRARY Pr ot 8861 .94 ntEfg.P ?%%O¥|§Wﬁﬁﬂéaéé 86b-vt

710e, Cl@CKi ng18EgNal, (71395 Q§§Uﬁ§sh DEEQH]@glaﬂﬂi control protocol

Conmand/ Addr es's si gnal s whe heir signals are stab

specignd valiaiitaAl VéPdat el Q?htahe:qnfsﬁqﬂg ptigeoB805 ofradatfalc Clrcult
trobe Sig are. sent qut, at t he be |nn|n

7100 G PR by ot i ie SR ¢ rtRarop L oRatd Olek, s,

CAS, RAENSIWH)ONT4@t ECEORheNTDENOVWIANDPirbobby .t hesedagdke of the
signals (CK/ICK#) permts offset of the data strobe

necesg ) fFrordetdiracker By 90 Mefreesompepfdetagls (CK, CS,

cas, ROSILiQR) thed eugh bpanSELLQN Mg thepdataishERhe (BB) timing
in the mddle of the clock signal CR when the cl ock

and ceingaald isigmetld n(CK, CS, CAS, RAS, WE 740 for any protocol

e y

are not split between the protocol specific circuits 710a, ..,
710e, and 710f£, .., 710j.

[0064] Three protocol specific circuits 710f£, 710g, and
710h are not wused for this implementation of the DDR3 SDRAM
protocol. The three protocol specific circuits 710f£, 710g, and
710h are optionally used to expand the data bus of the DDR3
SDRAM to 32 bits as opposed to the sixteen bits of the example.
The three protocol specific circuits 710f£, 710g, and 710h
alternately are used as regular channels or used for an entirely
different protocol for another of the IP blocks of the SOC DUT.

[0065] Refer now to Figs. 8 and ¢ for an examination of
the timing characteristics of the DDR3 SDRAM Protocol. In Fig.

8 the rising edge 800 of clocking signal (CK) occurs in the
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transition. Additionally on the Address/ Command
Control protocol specific circuits, the data strobes
wae@astsyat ed at the tracker tinme or alternatBCTUS2008/081686
of fset one conplete clock signal (CK) cycle later in
order to center the data strobes (DQS) at the center
of the eye of the data signals (DQ . This wll perm't
condi t.i ons, an

t
niaa1 g & LA A A Kin ] o HBeRe B oy AL olE estable

and W did to ﬁﬂﬁ@rbﬁ@e@%ssfﬂg e ans. <JR66806N dhe W estrobe
. C,ycle of Fig. 9, when the controller IP block is
signaggurl®fg d&tca,saHe @@%i@toﬁh@f bdfé?tlémétnlgobéf () apvesl (DQ)

trans%% tﬂguggnter OEI%%%F%QS?E %ﬂ th n. 8etg9§?£g? tfggshown)

ta strobes pl acenen
monitpeshti aheofclicle: datomastsr o@?és/qfﬁ%)p@rtmim apfsoproat ehe data

10 of the data si S 067] The
StrObErdtDQ@gl f§ﬁ§‘c|tfhlec tdﬁanﬁéi:ﬁ]%gg 1%§D%gre£s7f€5é OLAGr 7ier Position

the leved.7@£3né%¥ﬂ%§{t§ftQ%eCQﬂﬁﬁﬁléﬁ¥oB£’ng@k §Q01ﬁk90$1ddle of
phase to the tester clock phase (with the tracker) .

the Sdwekdegriamadf dfG¢HX bebewenthhe Gﬂ@tcdicoISlS?g@chflﬂcS not in
tran31%r8HltS 71g8d15 8a?Z%CE and Z ! A%Q£€Sré§T££§q%f Control

and “cl ocki ng "an trobe si'gnal s
prototbe copdagiodiler ciPchioek 600: dhis aldisegeneratdamiefted at
the_ cl ocks on the channel. boards 705a and 705b w t hout

the tZACE&RPt it @ Tuse THE TIORY SDRAM ot ? of PR ¢ B bFogkk signal

(CK) Qfl%l‘“é Oféft@'ff%t 'd’rdeTﬂ“etQV %*e%%%'r StF}?éJ' &h%ac'sft%bte% (DQS) at
710 71Ce, 10, 71Q be cl ocki ng

the atized nbdut tiot teh/@ p@étd’dtﬂ §p§@lf$l:gl@fﬁl$:w 09)710a,This will
and 7 slo rate

]
permi i EhBRS TSRRARC ot TSP i el 600 4] bR T ot 8y, ggUEe of

the ditd eastober t{mdDRBiHDRAM itd estacenibbe tpfeot e¢el width to
BeCIfIC circuits 710a, ..., 71Ce, and 710, ..., 71Q
find gpgcRagslng B8I1OPRe rate of the clock signals (CK)

g%%% ma_yf)l ahgow'ﬁtt%h Med‘%tfa Eflaée @f XLIQQDD% controller

St andar t he capture nenory and
IP block 1is sourcing data, the position of data strobe (DQS)

moves to the center of the data valid time 810. The tracking of
the data strobes (DQS) allows the placement of the position of
the data strobes (DQS) at the appropriate times 810 of the data
signals (DQ).

[0067] The protocol specific circuits 710a, .., 710e, and
710£, .., 7103j converts the controller IP block 600 clock phase
to the tester clock phase (with the tracker). Some degree of
drift between the protocol specific circuits 710a, .., 710e, and
710£, .., 710j clock and clocking and data strobe signals (CK and
DQS) of the controller IP block 600. This allows generation of
the clocks on the channel Dboards 705a and 705b without
attempting to use the DDR3 SDRAM controller IP block 600 clock

directly. The protocol specific circuits 710a, .., 710e, and
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source nenories of the protocol specific circuits
710a, ..., 710Ce, and 710, ..., 71 nmay be paralleled
wWo-L@@osBDry that are read or witten at the sPOUIES2008/081686

rate of the automated test equi pnment system while

allowing the data to be transferred to the controller

| P bl ock 600 of the SOC DUT at its operational rate.

[ 0068] e internal cloc of the rot ocol specific
710f’C|rtu{%IﬁblwéE? nb Hc%%a 9 ou 1(35 gggatﬁﬁotocol

specidltercnatiwves. Qi S, toms@ t@ﬁdaunqmﬂ ed..teﬁi_oj_ at a slower
equi pnent systen1c|ock to clock protocol specific

rate dﬂ/éuﬁ@@ ﬁp&§ SDRAM'ppggrqﬁﬁfr71 k&ock Q]glock rate), so
r el t Gl O ed el
ov LIRSl o M) OOHLAD S ST DL e ric
circuZtee718ad 71(1710e,,aﬁﬂ(q7lpﬁ069} AL0IDORDSIDRAM 1d be ¥ the
St andard co nds e ate of th

efine the s e
rate gg Sitital 319 sy (ARl BR and A At ch hghe data

rate [d8i nGcLdGER Of scdmk §'tgﬂélar@CK)the E@% tURqUR 6OPPRNG G the
is present on any of the cl ock signal (CK) boundaries

sourcgQ@enMphare e themnrmticons, Jramvierc onrelionablea, .., 710e,
nd e Ie 1,
and 7%9?2? Leﬁg%ﬁ %%ggnnogkﬁgﬁﬁ%géfiﬁgﬁ%g éﬁ'%yionp e%gesgead or

writtkhatat hetles | $latwdreastteneo NOP: 1o QESEhEGEmbetween equipment
consecuti ve READ WRI TE conmands. A conpl ete table of
systephe¥aidensrldioHteocar Be oumd |t t He® DDRS*SPRAM ed  to  the
contrsiandarg. thCkSGQth@n%hetB@b wiol ati ons 9&@?9%§@nal rate.
constraints be flagged but there is a subset
VPBk&at i onsThhatimi¢inahuse odke nor opécotth@pmof‘qoc:ol specific

cLrcui 710a, 71Ce,_and 71C,, , 110
clreugsay atiesol Ztpr oper | Y \CREAD 161 | oned Y itedi 4t el )7&&; have  two

alteranether . REARLS ars exame)the Thesenstdd s€ttaBgeipAENt system
flag and be logged as a fault in the contraoller IP
ClOCka%%kCéQGkbfp¥%%mSéb BOFCifée7ofi Thet &S ar’d Onl y-a 710e, and

710£, ! 1M tAGS nU”b@fté%né@éi%QStEQec968k9E8|o%p%§%§'§bc DUT may be

ciftcuits 710a, ... can
used gerf arlmadnranytige venotycbé: specific circuits 710a, .., 710e,

and 710£, .., 7103.
[0069] All DDR3 SDRAM Standard commands are defined by
the state of the command signals (CS#, RAS#, CAS#, WE# and CKE)

at the rising edge of clock signal (CK). Each unique command is
present on any of the clock signal (CK) boundaries 800. There
are limitations, however, on allowable command seguences. For

example a READ or WRITE with Burst Length 4 cannot be
interrupted until complete so that there is at least one NOP or
DESELECT between consecutive READ/WRITE commands. A complete
table of these constraints can be found in the DDR3 SDRAM
Standard. It is optional that wviolations of these constraints
be flagged but there is a subset of violations that will cause

the protocol specific circuits 710a, .., 710e, and 710£, .., 7103

28



10

15

20

25

30

1 . Store (or conpare to expected response) the
Addr ess/ Command/ WR Data into Capture nenory; 2
w@ouwpossIRead Data fromthe source nenory ( REACPEI/BS)008/081686
or 3. Do nothing . [0071] A |ookup table is resident
in the DRAM of the protocol specific circuits 710a,
., 71Ce, and 71O, ..., 71Q for converting the

to opfRERel Hath ge.r&wep@@?ﬁ b L et Lring FBqtaer READ

for e@%xkﬂ%_aUtoﬂ@éﬁg test eauw prEdrsyst emy bhaswppordgged as a
many different Erotocols for the different SOC DUT.

faultThe &BfreertppréteEol Pi bleskf PAred thet RECt RPEe

ol s ificcir s 71 7
B hen PRE kLGt S Ve By fiirlar [3F9 a Abns e
protoppmtepebsfgeneﬁabmyteoﬂﬁwst oﬂ rdrgmactessl@fnory 7103 can
i nterface 8rotoco|s conmuni cation interface

perfopmyPycaPY, &BEﬁUFVﬁ&edeV|ce i nterface protocols, and
di agnesti adgsd i ng, Protegehse b%b othgle QY ocpl the
possi bl e. These protocols may f into two broa

addtegeri esmmppndaWRi Pstaexanpl @aptheeseemgw controls
t he bgs (g? ngStﬁegd n%ata Sﬁcond %%awglerce em?ﬁg (READ

autonated equi phe system cont rol $ the bus

PDR3 ) SDRAM protocol in the exanpl e above, is an
exanple wher e the SOC DUT controls the bus and the
aut ondt ed°t B8t "égHi pment system responds. [0073] It is

%b@ﬂnﬁ'cank.tfb@@hﬁ thatemul {1 pleg iRet-ocol QﬂﬁinﬁﬁAMH%xf the
be inplenmented inthe intellectual protocol bl ocksof

protOFhé soechftc Thusuimmdl (ilfee protld®, engl nedl®hy be 7103 for

nn|n ygongurren I he autona te qui nt.
convephIRG e NCHE AN X0 at S B ol et SRbsRA ANt ek ana

CKE) andoathbl Popetiblprategehsengi ne running concurrently
in the aut omat ed test equi pnent. [0074] As descri bed
4B8ve] in VRELPHPst eRARPIBSNERe SOC automated  test

equipment system will support many different protocols for the
different SOC DUT. The correct protocol 1s configured in the
three protocol specific circuits 710a, .., 710£, 710g, and 710h
when the testing of the SOC DUT is initiated. The protocols
generally consist of random access memory interface protocols,
communication interface protocols, computing device interface

protocols, and diagnostic testing protocols, but other protocols

are possible. These protocols may fall into two broad
categories. In a first example, the SOC DUT controls the bus
(bus master). In a second example, the automated test equipment
system controls the bus. The DDR3 SDRAM protocol, in the

example above, 1s an example where the SOC DUT controls the bus
and the automated test equipment system responds.
[0073] It is significant to note that multiple protocol

engines may be implemented in the intellectual protocol blocks
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devi ce-under-test controls the interface between

aut omat ed test equi pnent system and the SOC
walewppossosnder -test. In the second exanpl e, thePCT/US2008/081686

aut omat ed test equi pnment systemcontrols the interface

bet ween the SOC devi ce-under-test and the autonmated

test equi pnment system In the first exanple, the SOC

devj ce r- test co ates the non-determ ni st
of trg T R b A e eI Y ey b€ running
concuE@éﬁ@m9S oh N trhe %@Q@ﬁ@tﬁ%ﬁnﬁbgt thgu apthonat ed trest cxample,
equi pnment system sends the test stinulus signals with

theret Ravapsr cpriBae pebtocel JIRPuPChite aid td MiAEC t BOFheprotocol
engln§c§uﬂﬁgh8358ﬁgﬁgr&ﬁ%ﬁyaﬂﬂ Eﬁg gggbﬂg¥%86tggge%ﬁ8§bment

espon determnistic test res
$Ogﬁans t hat deecdebededbolve eukheﬂufxﬁnmie ex@mple, the SOC
automated test e ui nent reco %es a

deVlCﬁoHn gferfthi 9 e Si ﬁ5 affomSiE g utomated test
equipfieMkce~under - £@§ttﬁ@dfﬁﬁ599@@§ceiﬁﬁggﬂ #dsshould, bene second

under stood that the above nethods and apparatus nay be
exampley | | z&8¢ i mutiv@arenuf detlr e ofulrgavii cesgeiedmascontrols  the

. onent ., boar 0 onsuner_ el i 9 vin
1nter§gggrpo %%?n F%Er % %rlggﬁFﬁ un ét%. %. ggg 15%3 gtomated
test teestigdheras ﬂgstémbed BbOVEe'EMrgmséx@mpnay mae SOC device-

performed prior to, or after installing the SOC in the
undergégite, CFI@‘@%}C%?% i s f}%éjrﬁ’%eo‘”ﬁmﬁ&sgtb]e%n signal ~and the

automQ@éH'C%b%ﬁlye%QQW%e%Qd QS§QkhpeQT dhdeferenge topthesecond
nbodi ments thereof, it will be understood by those

exampék»lItmblrauﬂﬂm&#thlﬁ@ﬁtvaeqougmehang@38t¢ﬁwcﬁandﬂujthe test
ails e de . w thout departing fromthe spir
stimu§ 5% L SolEl PRI bRt | MDA T B N AR 8 SFRddgbre  and
timinfgethodther dast deglbe antiegonbstgurabl enktest@r , defiece-under-
nmet hod conpri sin simul ating a functional operationa
test GiRARQIHeNYIFBr LR | FRE- il eVt Tl tindertt dstSRETIF asignals

that t%%%e“dé%%agd§'nﬂn either example, the automated test
egquipment recognizes a non-deterministic response signal from
the SOC device-under-test and responds.

[0075] It should be understood that the above methods
and apparatus may be utilized in the manufacture of a device
such as component, board, or consumer electronic good, having a
S0C. Thus, after fabricating a S0OC, it may be tested, as
described above. The testing may be performed prior to, or
after installing the SOC in the device.

[0076] While this invention has been particularly shown
and described with reference to the embodiments thereof, it will
be understood by those skilled in the art that wvarious changes
in form and details may be made without departing from the

spirit and scope of the invention.
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recogni zing a non-determnistic response signa
conprising a predeterm ned protocol; receiving the
WOR0WAIER982 i ni stic response signal fromthe fiPGL/US20PE081686
devi ce-under-test; ascertai ning an expected stinul us
signal to be transferred to the first type
devi ce-under-test fromthe nondeterm nistic response
signal based on the predeterm ned protocol; and
initiating transm ssion of the expected stinulus
wHgmall St OLRAMEDI £St type devi ce-under-test; and
sinmulating a functional operational environnent for a
second type device-under-test with the tester after
testi Agmtheolli £st typeidgviceaundepntestiraBle Theter, the
method for testing of claim1 further conprising
methods 5PPRGLERBIAON- det er mi ni stic response signal within a
respo@%ﬁuqaeangaSEgﬁéggoggyI6§er§tloxaﬁ geyhednheht for a
testing of claim2 , wherein storing conprises storing
firstthepﬁodedeﬁ@rnﬁdesrtestewpﬁhSé Sskghalk, wephbnigtnbeast
one of : 1 } ELEQ. JRNDr ¥ 0r ) LANMON acCes S BRODI s g
The method for tés |ng “of Ccfal'm rt her® g

compr@@ﬂﬁ@lSlpgeaéabuﬁﬁh@g phetﬁeﬁidetern1n|st|c response
signal to determ ne ifthe non-determnistic response
signal is EBFREFENY tPEnBRVTEBACFPOM FReCt FRSPOPYBesSignal

from gﬁ¥|@?rgEd@?péeéévﬁgedﬁhgégLE@s@n oper ati ona
condition of the first type device-under-test. 5 . The

met hod forasesttﬁgn@ﬁgchalnx@eﬁueﬂhetlmohpslsnggal to be

erane B8 B RO PhruraL 47 GRAF ekt Sgs tearcbeohngron theon-

determfht kattngespbasti engahlt hesal bﬁasheopeeaép@@meded
stinmulus signal; and describing a synchronizing timng
Protogad; a2Pdt ency del ay

initiating transmission of the expected stimulus

signal to the first type device-under-test; and
simulating a functional operational environment for a
second type device-under-test with the tester after testing the

first type device-under-test.

2. The method for testing of claim 1 further comprising
storing the non-deterministic response signal within a response

capture storage device.

3. The method for testing of claim 2, wherein storing
comprises storing the non-deterministic response signal within

at least one of: 1) FIFO memory; or 2) random access memory.

4, The method for testing of claim 2 further comprising

evaluating the non-deterministic response signal to determine if
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at which the expected stinulus signal is to be

transmtted to the first type device-under-test. 6 .
wab@onetobond for testing of claimb5 , wherein reCHUSI008/081686

the at | east one expected stinmulus signal conprises

retaining the at | east one expected stinmulus signal in

at least one of: a ) FIFO nenory; or b ) random access

memory. 7.. .The nethod for testing of claim5 further
the nfRIBEYerhin LS o R R LR o GR b n S5 ba R T b L RhERl tted
from ERE @X@@%t@9p§tHEUHQ&—&E@@@LtEQE %boﬁ@ﬁ@rhmnbhén

expected stinulus signal storage device. 8 . The

operafpPhed fordiéespingfofhel 4inct fuUPEhERVésRpENIRHgLest.
managi ng transfer of the non-determnistic response
signal fromthe response capture storage device based
on t héhaonedbper APhi §EBEinaspénséasingAalfurhbar comprising:

recei ¥E@g'ﬁiH§”Q%t?r§%gi 85%%&%&89@ e8tangle a0d..1 in an
managi ng fransfer of e determni'stiC response |gnaﬁ
expectedmsthaulespengaeatapturagst deagecdevhde to determ ne

that the first type devi ce-under-test is operating
corr ecPEy1PFORTL RELBEFEPH AfstPE PEspBASE SPEnEFPRAERT

stimufi@€€kYLAQ1a dghern nisticresponse signal. 9 . The
met hod "for testing of claim@8 further conprising:

managilagcrheinpanstgncbtonheiegpécnedgsehpubusasegnal delay
to t% expect ed .stinul us signal .storage, devi ce based
at whginy he GRECEEF M A SlT e Pel paREs SEghal Pinbh-FERGTUr fg 0
the farpentéptenaiyntstuadeespense signal; and transferring
a determnistic stinmulus signal when control of the
transfer of the determnistic stimulus signal is
bkndependenttabdoperateenahgsbgnalgifir em therki hstetypring
devi ceunder- test. 10. The_nethod for testing of claim
the ag }e@ﬁgr@pﬁ expected stimulus signal comprises retaining
the at least one expected stimulus signal in at least one of: a)

FIFO memory; or b) random access memory.

7. The method for testing of claim 5 further comprising:
generating from an encoded stimulus data the expected
stimulus signal for storage in the expected stimulus signal

storage device.

8. The method for testing of claim 7 further comprising:

managing transfer of the non-deterministic response
signal from the response capture storage device based on the
non-deterministic response signal when receiving a non-
deterministic response signal; and

managing transfer of the deterministic response signal
from the response capture storage device to determine that the
first type device-under-test is operating correctly from the

deterministic response signal when receiving a deterministic

32



10

15

20

25

ascertaining an expected stinmulus signal to be
transferred to the first type device-under-test from
W bh@nssezet ermi ni stic response signal based oPCEHUS2008/081686
predet erm ned protocol conprises selecting the
predeterm ned protocol fromat |east one of: a ) a
randon1access menory interface protocol; b ) a
ommruni cation interface protocol; or ¢ ) a conputing
resPOBé@léégPﬁ erface protocol. 11. The method for testing
of claiml1l , wherein S|nulating the functiona
peratjonal  environnent for t ﬁirst t¥ge o
evi ceRGinlEFIPEsE CEonprides & nF'@bPiﬁg REPEEsFRFPE§SINT:
recogphaggdnhonndet @EAkRESt be EBSPERBECBEANBLimulus signal
conprising a plurality of predeterm ned protocols. 12.
to th¥hexperhed FoEMuesei AgIphlcraPrRyef devher b@ﬁ@du@hnghe non-
deter@?%? Lying, a.p § §”§§3359”§heﬁr9gbé $%ﬁgr§t b¥P8eterministic
ice-under-test ; ascertarnin € response
respofisgnalighala detierm ni stic response signal; and passing
determ ni stic response signals for conparlsonMAth

expect&a"FESpohEEs 3t BCHEF BE M A thEt hB I PReSFPPSE VPR

contrgﬁvbgetH@dgEaE§§Er'éffHH@tH@Eb9Q1ﬁ95E§€tE¥1m&§usTE§gnal is
method for testing of claim1 wherein sinmulating a

indepfudeticondl coperatironadl segvbplenfient £be aisetohdirtypevice-
underglgvigeund_er- test conprises reprogrammng the tester
¢ogni ze and respond to a non-determnistic
response signal fromthe second type device-under-test

d . hod f
Pt AR PHnEEF ohar Lot aLi Bhal ev] FARAGHE in &

ascert@@ﬁmﬁggéhabkpeaub@ngteduﬂagt@ﬁgﬁ@mptbsbégtransferred to
gonflgurlng the reconfigurabl e automated tester to be
the fézpablersf ﬁgéﬁﬁrapﬁ?ﬁg ﬁﬁteﬁﬁéﬁt§Besﬁpﬁuﬁ9§e§mgﬁéﬁtlc

respo%gé EE@HéﬁegaEQda E'ESErEMB€e§$§n98Vb98tHBg?ggbﬁﬁklses

roma-non-determnistic response signal bas
selecpriedeteenpmnedepeonooel poprtthelfifrstm at least one of: a) a

random access memory interface protocol; b) a communication

interface protocol; or c¢) a computing device interface protocol.

11. The method for testing of claim 1, wherein simulating
the functional operational environment for the first type
device-under-test comprises configuring the tester to recognize
a non-deterministic response signal comprising a plurality of

predetermined protocols.

12. The method for testing of claim 1 further comprising:
receiving a response signal from the first type
device-under-test;
ascertaining whether the response signal is a
deterministic response signal; and

passing deterministic response signals for comparison
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type SOC devi ce-under-test; and reconfiguring the

reconfigurable automated tester to be capabl e of
w@s@enssBni ng an expected stimulus signal for PCEDSI063/081686

to a second type SOC devi ce-under-test froma

nondet erm ni stic response signal based on a

predeterm ned protocol for the second type SCC

. devi ce- ynder - t est 5. .The nethod. f | a |n

with PEReEER AT OperarPondl CERGFPOHReRRCRPe! B Thrdt evpe

devicwhehgkR-eeBti gyriclece9RRE hgesop-egEagm ng a
progranmabl e circuit to respond to the predeterm ned
protocol of the first type SOC devi ce-under-test. 16.
The method for sinulating a functional operationa
environnment of claim 15, wherein configuring conprises
pPoegr ahRi ngtaofli épd pﬁégﬁaﬁnﬁﬁlélgamelawhaye@@ peRpoAding a

e f _the

funceylon tooRRaaEt Pady 0 R RbRER et o sebhibat VRS $OVice

undertuseti epabropesarepnabremmi ngnakst tetteracm tbcognize and
wherein reconfiguring conprises reprogranm.ng the

respPopfogPafmBBle el FERT P 161 FeSBORANES FHETBrrederBr M Redecond

type Bé@&@@ohneértﬁgs§e€9ﬂ ri ¥P8gSOCdeMbcerhnden- best ocd 8.
The method for sinulating a functional operationa

envi ronnent of claim 17, wherein configuring conprises

PrOgr anplRg 8 %b?'91Bﬁ99E§HHHQ|?uﬁé&?oﬁéﬁaMpEQaE§éHgmd
to the predeterm ned protocol of the second type SOC

envirdemeoé- under reesthfig9rabhe methodtédr teshukatbmgrasing:
functlon§l era nal envi.ronme

h
oot FO R o BT B e ke SN e Bk e fuFaBr T bk RS o be

capabﬂ@sberaEQeBEa@a@a§|@nOEx@§@€éHathﬂglaB expegetedor transfer
stimul us signal to be transferred to a third type SOC
to a deévrEelRBerOfedeViEsmradasntaetef HPHi 8t NeNregpaREENIstic

rosoof "3k ghager@iuach oLl aboBrsdebe phogg Beplesel £
type feChadviioe-sndulkrateng;aahdncti onal operationa
reconfiguring the reconfigurable automated tester to
be capable of ascertaining an expected stimulus signal for
transfer to a second type SOC device-under-test from a non-

deterministic response signal based on a predetermined protocol

for the second type SOC device-under-test.

15. The method for simulating a functional operational
environment of claim 14, wherein configuring comprises
programming a programmable circuit to respond to the

predetermined protocol of the first type SOC device-under-test.

16. The method for simulating a functional operational
environment of claim 15, wherein configuring comprises
programming a field programmable gate array to respond to the

predetermined protocol of the first type SOC device-under-test.
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envi ronnment of claim 14 further conprising storing the
nondeterm ni stic response signal within a response

wW@e 2pv05835t or age device . 21. The nethod for sPeMUS10081081686
a functional operational environnment of claim 20,
wherein storing conprises storing the
non-determ ni stic response signal in at |east one of :

ry; .or b, andom access nenory. The
32 hotbPoEaRRt SoFng Ut BhehPoriat COpEraRFanaPETat fal
envirgAMehe@NBENE10fmCh 8l MyA4rbunt Rekoce@MBLIFShRYc8hBki BEst he
expected stinmulus signal within an expected stinul us

reprogrgh@ingt 6hagerdevpemab2s. cTheupbt hedreeposintiPathfig a
prede&%?ﬁ&hgaakr8ggggﬁl @akh8n¥%E8HHEQEF%fSebaagbgée—under—test.

rises stor e expect
stimul us S|gnal Mﬁthln at least one of: a ) FIFO

7800 he thel Phédr ?unc %ﬁig%ﬁngEQEEchg ngﬁgoggkgggoggl

r S|nula I onal Fonal “envi r
envirchaentléffunhharlconphesemg cbatepvirnggacbappanse

gnal framthe first ty ge SOC devi ce-under-test
Pfogfé@@éPEaPnFh@l%hBFﬁgFaPﬁé r8sPBhsed&FgHalci §egPond to the

predeggkﬁﬁﬂba'@Eb@o&@§peﬁsgh§'ggébndaﬂgp@a§§bngev1ce under-test.
determni stic response Slgna s for conpari son w th

expected responses to determ ne whether the first type

L d@MbCﬁeHHQQVfE?SélhﬁléHBE? anﬁﬁcEQBEgﬁtbﬁer§§loﬁal
nmet hod for testing in a reconf igurable tester, the

envirpethod oénpiasmng4 §unﬂhat|ngmarﬁamogloaabnépenaungnahe
reconglv ro &oma% g'%Sttt¥p% V Cg ug? a 1n1n an
%Pe? Perng“confi-gurirRg the“te FS%o ﬁu J
expecand é@iﬂﬁmdst@1@n6@nd©tBéntﬂaﬁbférkéﬁpﬁﬁsa Shgﬂa|t§p@nBOC
_the first t¥pe devi ce-undertest;
device-under-test from a non-deterministic response signal based
on a plurality of predetermined protocols for the third type SOC

device-under-test.

20. The method for simulating a functional operational
environment of claim 14 further comprising storing the non-
deterministic response signal within a response capture storage

device.

21. The method for simulating a functional operational
environment of claim 20, wherein storing comprises storing the
non-deterministic response signal in at least one of: a) FIFO

memory; or b) random access memory.

22. The method for simulating a functional operational
environment of claim 14 further comprising storing the expected
stimulus signal within an expected stimulus signal storage

device.
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and sinulating a functional operational environnment

for a second type device-under-test with the tester,
w@oimpns$BNg configuring the tester to recogni ZBCHON2008/081686

respond to a nondeterm nistic response signal fromthe

second type device-undertest after testing the first

type devi ce-under-test.

23. The method for simulating a functional operational
environment of claim 22, wherein storing comprises storing the
expected stimulus signal within at least one of: a) FIFO memory;

or b) random access memory.

24. The method for simulating a functional operational

environment of claim 14 further comprising:

receiving a response signal from the first type SOC
device-under-test;

ascertaining whether the response signal is a
deterministic response signal; and

passing deterministic response signals for comparison
with expected responses to determine whether the first type SOC

device-under-test is functioning correctly.

25. A method for testing in a reconfigurable tester, the

method comprising:

simulating a functional operational environment for a
first type device-under-test with a tester, comprising
configuring the tester to recognize and respond to a non-
deterministic response signal from the first type device-under-
test; and

simulating a functional operational environment for a
second type device-under-test with the tester, comprising
configuring the tester to recognize and respond to a non-
deterministic response signal from the second type device-under-

test after testing the first type device-under-test.
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