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PROTOCOL AWARE DI G TAL CHANNEL APPARATUS BY CGeorge W.

Conner Rel ated Patent Applications [0001] The present
W@pPbossssi on is related to U. S. Patent Appli car¢DIS2008/081685

Serial Nunmber , filed on a sane date as the present

application, entitled A METHOD FOR TESTING IN A

RECONFI GURABLE TESTER; by George W. Conner, assigned

to the sanme assignee as the present invention, and is

i ncorporated herein by reference. BACKGROUND [ 0002]

Aut omat ed stored pattern functional testing affords a

critical steg in the production of integrated circuit

(10 devi cBBOTECEROHNAREpRIGRERE CHANNESpRPRARBRHEP

characterization of the devices. An automatic test

equi pnent systemincludes tesgyCircuitry that is

connected to a control _conputer. .The control conputer

provi des a user interf§8895ﬁa@-a€888?§ and stores

functional test pattern data for activating the test

circuitry to provide stinmulus signals to a

devi ceunder - t estRedtetRakARE ARPHEHIGIARS si gnal s

f[b@Fﬁﬁhe d%Mng%g%Eﬁ %%%tl-icy%%o%e%o%eel anals @re  patent

eval uated to determ ne e paranetric and operational
Applichatiact €eirzatli dhundfert he | nt egr at ed, cfitadt odew cesue date as

0003], The devi ce-under-te DUT) j un 0
the SRTOL: | ABBNTSCE 0ur dBF LDLEY v A TSROvT 608 (TRSTING TN A
rEcoNPhyskast i nterkase iy adhed he pidhel€CctdH8H &Sed ThE the same
~pin electronics circuitry is the electrical interface

assigpfgat apr dvicd @I/aceddi Viey e Pagend of s 30N @p Fpp heledkerein by
referéﬁééA'Us Bl PL TER/ 023- 06Ael ectrical test

stimul us/response signals to/fromthe devi ceunder -

test via the DIB. The test stinulus signals fromthe

test BACKGROUND

[0002] Automated stored pattern functional 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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circuitry are supplied through pin electronics to the
devi ceunder- test via the DIB. The test response
WG 2@nasse3f rom t he devi ce-under-test are transfRBCT/ES2008/081685

through DIB to the pin electronics and on to the test

circuitry. The test stinulus signals and the test

response signals are correlated by the test circuitry

to term ne whet her the device- unde -test  has p
clectiPofl FH T e EbL LS GOSEL Oe. SUPRALDs ST GHaNS’ The device-
undergengtated Mhd hers estnéi kedit kY ikNGhiddes idata Si@sh Sthe test

and clock signals to synchronize the stinulus input.
circuThgYefdeet FVEResSdoftiaiGtesPlde pelfdst i itde Aecurte edevice-
underplcég%”%ﬂt Of pLhesessi gnﬂlé relat i ye hoone %Pgﬁgfé from the

or exanpl e, several erent signals, suc S,

dev1cekonaerdaEat amdeeanansﬁqmﬁd$ atercogndi paBed tand the pin

triggered t approprjate times.to ensure that
elect ke i At n H o Bbau vt Qo F RCERE ¢ esf Apr s, otimulus

signal Bagedr agy @k ¢l aGsRntdatay s gnal r edger Pl BCEIBNLy the test
Wll result in false test results. As the operating

circusperd tof A e e ovbetihest édei mervdasesinddie hamtyilms passed
r L edge pl acenent accuracy decreases. [0005]
or fa%ﬁeg %en}o% a-chip (SOC) provides multiple digital and
alabag i nt egeat ed ieiulals t éiqmﬁlgnSgeneeapedateqzonthe test
he sane _sem conductor substrate. exanple of an SOC

Clrcuf%r& cEA sy dtaé%aep%b%alc%aﬁnfan&Pﬁ& a?tleg:flaﬂo?t on| jynchronize

the <&hklyhar 1@&@9honeﬂﬁ§C@EYe591v95@§§3§ﬁﬁgth@nQest depends on
transmtting functions, but al so photographic and

the agicdeetpr @des:em@@tf mfctnw @m@ajrlgelatl\se ghal one another.
rocessin an e duct.or circuits

For G%e Slne(’l y,g ' rms{H]SL?%]i estt ﬁég f’l%é mdﬂ%duaf clock, data,

and chuRtlkl onsgrofl anaSOCcapediasted separ@atielgeddy mtt bpbeopriate
testing nethods, such as by SCAN testing

timespgpl eneﬁreertrla’reértea(ferreﬁ)ul ard- Lﬂn%tcr%%rr%s@rﬁ@ng the test

proce§¥3tenﬁh%¥@hrgggt 5ﬁpr%|ky §ﬁE|Q%§aCU§E%ﬁéf'Qﬁﬂﬁ§r¥lacement
d is Page 2 39 Attorney Dkt 2056A- U

will result in false test results. As the operating 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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Bl PL TER/ 023- 06Ageneral ly only used for high average
selling price |ow m x devices, such as
wore@pofprodcessors. A final system|evel test neBCHES2008/081685

i npl enented on custoni zed test apparatus created

specifically for the testing of specific SOC devices

such as mcroprocessors. Al though it would be

desirable to perfarma tem Level Tesi. for other S :
Generqiiycath Buii A hg G0t BRUPUNGIFORAT {oor Hopardiinges 07 mix
devickel kawhaver age rs@lddRg pirisce JOCsid sl NPfs €6t level test may

~effective . [0006] Adifficulty in testing SOCs with

be lm_ﬁ&?_@ﬁﬁﬁﬁ@ tO@stCLﬁ_tl%Twzﬁcﬂ/ fr@_:}gtt h%ﬁfp@%t%r@ﬁ%@ﬁ?é gREcifically
for thng%EQQﬁﬁ.%%n é%¥¥iéf§%drﬁ%#ﬂééﬁtgﬁhﬁyggnﬁgkgo%§8gessors.

circuitry’is a determnistic test operation. e test
Althostthmiltuswst gtiabs atesapdbiedtwl tderdertrai @ Siygiteq dngvel Test

structure, and the test response signals are expecte
for (iive S0Far(FEUIGFoT] o LAt roCetoB. G ey test
apparbhespensersi gnads denlgamatehithe expestedsdddn ng apdt  cost

structure for the given paraneters, the SOC
effecfevkee-under-test is deternmined to have failed. The

I{HBB% ons of #ihe;305.devi C?t&?%!i%?ge‘s%g% Wity dﬁ%&&?&é@& test

rmng and clocking specificatrons and may in fac

circutperat @ésasyhehr onhusl paraAatBOC demdceindyvhbeual functional

oper ational when the response test signals indicate

testigPhatyise, NineR t B3 ARG ncHiDni EiEFUoF Tihe's @ deterministic

test COPERUM LALI NG THACI{ONS GAUsRIthe Leshaf8SPOASe applied with
signals to appear incorrect. [0007] There have beéen

certaant énptisoniantd nspresente autodatine ttestt etpigpmes signals are

tems.to sinulate the operating conditions of an.S
expeclll B pher o S i en B he Ronder ST o phr e test
respohbBClkiignadfs tdie @asynaht enoyseC@amaniteat it0imiret weed structure
circuit functions, the normal operating environnent of ,
for tHe f uREVEBNs RAMTRTCHY acdlifat ePYCr edtatEd Wit Hest  1is

deter§ggége¥50@&Hﬂgeﬂiffgﬁ: P@ﬁée@hnéeﬁeﬁétb% Lgsd SOC device may

equi pnent environnents |lack the ability to easily and
operagecuridtlel gipfeviidg thennondeter nthdskicggelsgetaifcaatanths and

may %%nlﬂ%d§OQ%kh5.%§ %Ey%%%rggggghygperaiﬁnQKﬁpvkﬂgﬂﬂgptmay 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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Page 3 of 39 Attorney Dkt 2056A-US BI PL TER/ 023- 06ASCC

devi ce-under-test. This lack of the nondetermnistic
we@k@enssdsal and timng conditions wthin aut one@T/US1088081685

equi pnent systens, further do not neasure the margin

of error for an SOC devi ce-under-test with regard to

its tol erance under varying operational conditions

that m e present in jts narmal operatjonal .
S0C AR PBnHBAEr FB008] ThaVbior & thatoh s HEGdeBoPgelRrministic
elect2Ub@MBhbing el ngdW RN 1) e ieapabh €orfd t P& Ove 8 Ngquipment

determnistic and nondeterm nistic test stinulus
systegpgndlg tipe dondet eMARANSEI CNcesta I imuPlis egirgralipr an SOC

devicBL8¥59§—Eggte!ﬁ§%ﬁi(¥ggd%Qg Ebnifgﬁpr§)f5¥gnég qﬁ%ﬁer varying
normal operating environment of the device-under-test
operastichaf hatonhhé tavhemattihe tt esta vequigpnmente syrst emim espondsnormal
to teﬁt response signals of the device-under-test as
operathgiigh FHEIG8UIEBINder- test is operating inits

nonoel envirhepEeRte, SUMARY 100091 qdd qre gabedid®itic test
provided is a protocol specific circuit for sinulating

equipgefitinct$ohdm operadicdisal ehvi rorreldinat o datvisgimigistic  and
nonde?%%ﬁ%giggggr_%ég%.;é%ﬂ%uﬁ%gg.gggngﬁgqtlO%%E t 8Eaggérministic
e protocol specific circui ncludes a protoco
test awameloikr clighatensinaidiced Hie receitvei @l and timing protocol
nondet er m ni sti c signal comuni cat ed_by a

of  tRfpyHidePPEESE 1AHd £0Y LHRERBICa 1T andFer d67 I FRgUnder-test

such Q@ﬁﬁ:sﬁﬂ@uhH§o§59@@|ﬂé%ﬂr@h&%@%@@@ng?éteﬁe§%%§6nds to test
response to the a non-determnistic signal. [0010] In
resposefie senbedisment stithedprorecohdspecebic asi ridiugli sthe device-

cgns%ructed to receLve.%he non-geterninisti% si gna
under=-tes S {)ggr%tlng 1N, 1TSS, NQrma. envaronmen .
communi Ca y a’protocol “specific devicé-under-test

via pin electronics and to control transfer of the
test stinmulus signal froma _test signal generator to
the devi ce-under-test. |n SSAE%Hbhodi ments, the

@b@b@?O| SEQCifdﬂ% Ciéﬁﬂbaihén99nst§f54fﬂgé‘3 is a protocol
specific circuit for simulating a functional operational
environment 1into which a device-under-test is placed for
functional testing. The protocol specific circuit includes a
protocol aware circuit constructed to receive a non-
deterministic signal communicated by a device-under-test and to
control a transfer of the test stimulus signal to the device-
under-test in response to the a non-deterministic signal.

[0010] In some embodiments the protocol specific circuit
is constructed to receive the non-deterministic signal
communicated by a protocol specific device-under-test wvia pin
electronics and to control transfer of the test stimulus signal
from a test signal generator to the device-under-test. In some
embodiments, the protocol specific circuit 1is constructed to

store the test stimulus signal from the test signal generator in
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store the test stinmulus signal fromthe test signa
generator in Page 4 of 39 Attorney Dkt 2056A-US BI PL

WO ERIOZO3N6Aa stinmul us signal storage devi ce, BUDHS2088/@81685
FIFO. In sone enbodi nents, the protocol specific
circuit is constructed to store the non-determnistic
signal in a response signal storage device, such as a

FIFO [0Q11] .In_various enbodi nents, the pro
2 stlpitie 1 IEHPdul ELoE Rt o, COCBt Fac ¢ pof0-  In
embodRRBndE} ermdi Pk sd@nakpbramitheci esponse $i gddlst ructed to
storage device for conparison by a failure processor
storewith dirrexfrdct et Hespohsel $igthall and d1@rSf net@me ! storage
devic%peggghogglacgggb(ion of the device-under-test. [0012]
h sonme enbodi menfs, the protocol specific circuit is
¢onstiuct ednf ovambunti ngmbndautonat edthest pequbpoent specific
0 allow the autonatic test equipnent to, sinulate a

. t , .
clreuffnded onaPSbper st o ShviFonmeAt it WhiTH theetic stgnal
from devd ce-dipdelsd est gha1pl aceehdor Jncld orgl tesfiddgi W by a

- the protocol aware circuit interprets the .
failupen- detcsredafst i éishgnan t ekt ereiinergsponse  signal, and
nchr oni Lon ti nd.a.l atenc i far_ _
deterfyHE AR oLBe e Shobnt- pBOF St p R Bl b e Shabadprriest
another enbadi menic peavodethenssa prohecolprspecidli ¢ specific
ircuit having a configurable protocol aware circuit

. ¢ .
Clrcu&’épéﬁl &Od?éta’é%%gedpr%%nwopaaﬁea t'e COthAT it e 225t equipment
to alStdwmis si9Pahtbet ween acdesinsignal genenat®r Andudctional

specific deviceunder- test via pin electronics in
operatéspohsecnvliaonoadét einini svhécki ghhk f demitheunder-test is

evi ce-under-test. [0014] In s enmbodi ments, the . .
lacel G o SRRATre cFPent i it obbi FEUFRt Lo Phdfondireuit
interp@e8sspechéi ¢ wevideraemaeriesici n Jiegponse tio t Hétermine a

non-determ ni stic signal having an asynchronously .
synchgepueptaglsitgisl Fom t hateRey cé1BRddtt dsfangi som:t of the

test €pbRdipENLSnkhe protocol specific circuit includes a

[0013] In another embodiment, provided 1is a protocol

some

specific circuit having a configurable protocol aware circuit
capable of being preconfigured to communicate test stimulus
signal between a test signal generator and a specific device-
under-test via pin electronics in response to a non-
deterministic signal from the device-under-test.

[0014] In some embodiments, the protocol specific
circuit is preconfigured to respond to a specific device-under-
test 1in response to the non-deterministic signal having an
asynchronously occurring signal from the device-under-test. In
some embodiments, the protocol specific circuit includes a
protocol decoder, which may be programmable, such as a field

programmable gate array. In some embodiments, the field
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prot ocol decoder, which may be programmabl e, such as a
field programmabl e gate array. |In sone enbodi nents,
W@ b@INseBd Page 5 of 39 Attorney Dkt 2056A- US BITPLS2008/081685
TER/ 023- 06Apr ogr ammabl e gate array incl udes the
protocol aware circuit coupled to a nenory devi ce,
such as a FIFO [0015] In sone enbodi nents, the
ecific circuit

orogrBERBTR] FREE' Wy | P L e ST BBk g, o reuit

couplBy theat Rshosiygnal igenesatnr aand rorprovide the stored
test stimulus signal via the pin electronics, to the

defileé- undép- t eXiM§ n FESPEASENES /a noRe detReiasiost j cspecific
circu%%g %cfd th %a%J%P Mﬁﬁfért%%%fnéﬂge%EWRSVSPgﬁée%he test
may be a [ the

In various e I ments,
stimumuetaﬁqﬁmﬂpegehenatedcmnt tM@Im@e$ asjpasst t hroeghtor and to

it coupled in parallel with the protocol B awa

provifig thaestoras deit mbaiis i b Pt ogobi 88 Eetronics,

to tHevigerunderndesttes] 00LyY] ddxnpther cemjodhBBteterministic
provided is test equi pnent including a protocol aware

signaghdmesl fhy devifaguaddevieetundéifiesnemehe prédtesomay be a
FIpQ . avare channel includes a protocol specific circuit
“coupl ed between a test signal generator and a pin
gbectioni cEnci rewibust hempoataeaksspechéi cpebroubl | Specific
constructed to be capabl e of being preconf igured to

cireufas pahid P65t Re Horot 6C010 e G i @ idevi TR tiftlet 2 tB3FAT Aol with

the p&%%%%%&eéwéfbnP@PeEQEEEOhﬁg'%e%b&%ﬁhl QM tdnals from the
devi ce-under-test. [0018] In sone enbodi nents, the

deVler@@d@@ktspé0|f|c circuit includes a protocol decoder.

odlnen th otocol specific cir
|nc?952 Fi erd progfgﬁﬁggng %ét ]grré£ffmh fc eSE ySauipment

incluthabude ph@t@f@loa@bramaﬂﬁnﬁkﬂcufbrCQ@@ka@gtQaadaemeéyunder—
device. In some enbodi nents, the protocol specific
test, cithaui PrPﬁeFaélesa“é?]%‘?errEP?nB@@f Mot Yure PRIV Kt especific

c1rcuEEe @Bupled between a test signal generator and a pin
electronics circuit, the protocol specific circuit is
constructed to be capable of being preconfigured to respond to
the protocol specific device-under-test in response to a non-
deterministic signal from the device-under-test.

[0018] In some embodiments, the protocol specific
circuit includes a protocol decoder. In some embodiments, the
protocol specific circuit includes a field programmable gate
array, which may include the protocol aware circuit coupled to a
memory device. In some embodiments, the protocol specific
circuit includes a memory buffer configured to store the at
least one test stimulus signal generated by the test signal
generator and to provide the stored test stimulus signal wvia the
pin electronics, to the device-under-test in response to a non-

deterministic signal from the device-under-test. In some
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| east one test stinulus signal generated by the test
signal generator and to provide the stored test
W& 2000058931 si gnal via the pin electronics, to tPE&I/US2008/081685

devi ce-under-test in response to a nondeterm nistic

signal fromthe device-under-test. In sone Page 6 of

39 Attorney Dkt 2056A-US BI PL TER/ 023- 06Aenbodi nent s,

the protocol specific. circuit_includes .a passthrough
embOd&P?EgFt coupl &t 7 O Par al Wi th e Pro o&&FLl Fe & DPass”
throubBr dieeeiivi ety MAi sht 186 UnNAkshf oM thetocol aware for

~devi ce-under-test. BRI EF DESCRI PTI ON OF THE DRAW NGS
receiyppgoferpgMinipsig BieeR1di 45PENTHE dAViACegracedtest.

circuit device structure having a non-determ nistic

behavi or. [00%%1 Fig. 2 is a block diagramof an

enmbodi nent of Iﬁ%tb%scﬂms?ﬂm? iQF dHEe HRAWANGS n an

tic test equi nt s Fi 3_1S

@?ggg?diagggﬁfofganggﬁe% eﬁééggheﬁggg%Lgut%ﬁat?% tgggegrated

circuéqudpuent systenuracbepongt engoondceabadnirent cobehavior.

prot ocol specific pircuit.g%QOZZ Fig. 4 is a block
dPAgPam of "aH - aidt orat ¢ '€ Hright ©5yspfemroodiment of a

protobBEOrposat#ng nultdple yAshancesof ongnfid heest equipment
enbodi nents of the protocol specific circuits. [0023]
systemigs. 5a and 5b are flow diagrans of a nethod for

inH??tingF%ﬁthEﬁ_fg auﬁgﬂﬂﬁicd£§8£agy%ESQ%9 ther embodiment

unctt onal o%eratlonaF envi Tonment T nt 0 whi ch a

an audewilsce-cundestt estipsept asgdtear ifnugwetdoanalideséhdgembodiment
[0024] Fig. 6.is a block diagramillustrating a Double

of a PaPLORAteSRAAUOATAEEESEMenDry Control |l er protocol

W@bQE]SOWEFﬁngQjWEQt%_Q@l&@ﬁ Bﬂ%bQ%BJ SPeehfifitomatic test
circuit may Sinulate. [0025] Fig. 7 is a block diagram

equippgnone veeodi imemtrgfrathenpriot beop Lepevieftapceer odi tane of the
tomatic test egg%gnent s¥§%2n1configured

embodmjggln ag gH ratd circ

t8°siriufat 6"the BotibPe Dafa Rate

[0023] 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.

[0024] Fig. 6 1s a block diagram illustrating a Double
Data Rate Random Access Memory Controller protocol, which some
embodiments of the protocol specific circuit may simulate.

[0025] Fig. 7 1is a block diagram of one embodiment of
the protocol specific «circuits within an automatic test
equipment system configured to simulate the Double Data Rate
Random Access Memory Controller protocol of Fig. 6.

[0026] Figs. 8 and 9 are plots respectively of the read
and write timing of the Double Data Rate Random Access Memory

Controller protocol as generated by one of the embodiments of
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the

Random Access Menory Controller protocol of Fig. 6 .
[0026] Figs. 8 and 9 are plots respectively of the

Access Menory Controller protocol as generated by one
of the enbodi nents of Page 7 of 39 Attorney Dkt
2056A- US BI PL TER/ 023- 06At he protocol specific
C|rgy|t Wi t hin. gn aut omat i, test qu pnent system o

Pa@%e %l €39 Cﬂ\trtc(ljlrl 6AS0 ﬁomatlc

equipﬁgﬁkog§sQéADESCﬁLQTI§N [0027] As descrlbed above, in

recent years stored pattern functional testing has run
into increasing difficulties with devices that do not
behave determ nistically . Presently, the |evel of
integration and conplexity of sem conductor processing
is allowing for integrated circuit chips to
effectively be a conplete "systemon-a-chip" (SOC) . A
systenmon- a-chip integrates all the functional circuit
el ements of a conputer or other electronic systeminto
a single integrated circuit (chip) . These integrated
circuit elenments may be any conbination of digital
circuits, analog circuits, random access nenory, m xed
anal og and digital signal circuits, and often include
radi o-frequency functions. Referring to Fig. 1, the
SOC devices has nultiple intellectual property (I1P)
integrated circuit el enent bl ocks 105a and 105b. In
the present illustration, only two of the |IP bl ocks
105a and 105b are shown for ease of explanation, but
it is apparent to one skilled in the art that |arge
nunbers of conplex IP blocks are integrated on an SOC
device 100. In this illustration, the two IP bl ocks
communi cate through an asynchronous interface 110.

[ 0028] When the SOC device 100 is tested to determ ne

Page 8 of 39
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paranetric and functional operation, the SOC device
100 is placed in a device-under-test fixture 125 and
weompested t hrough pin electronics to the aut oPEE/ES2008/081685
test equi pment system 120. The pin el ectronics
provides the electrical interface between the
devi ce-under-test and automated test equi pnent system
120. The automated test equi pnent system 120
generates, transmts, receives, and eval uates sets of
test patterns 130 and TEEBSQRIRERQN mi ne the paranetric
nctignal operation of the SOC device 100. Page 9
0297 Art of oy B 6HEA. LS BIDL TER) 035 CGEAT 007015
patteEACH ©Qfcttike aP td Hcksy 1053 and LRk generadd yndagiktSculties
own clock and tim ng domains 115a and 115b that are
with gEvdcsld ytiwt spndmtonpekdve THe teasti ndeitigledd vsi gnBresently,
y caus . pb] oc 05 CQJT icate W
the R R oA S e i ST CSIRA e ect! r ebpBRganductor
proceskgngl 139 oklfbeihB bl ek 10bhelgoahed ncotrecit chips to
Simlarly, the test stimulus signal 137,na¥ cause the
effectpvpi¥ckeL05b PBPEEun VAW Hh A HE 1P blodk) 1054, system-
on—a—@ﬂﬁ%h Widdgeause the test FeaPENsSEasi Mlclid4 efichbBBts of a
I P bl ock 105a to be incorrect. This nondeterm nistic
compugenmmy cattiher welecvapyipetsierensOtngevi zesit@l candntegrated
: ithin the s SCOC. devi ce, 100 at_different voltages
ctreul | el at PESs | BOSOT The CUr it heRerREroR Y be any
combiadtonat ed tdistitegui pheotisyst ensl1d30 @necapgbl eafom access
providing the test stinulus signals 132 to the IP
memorgy okl 4eBa it Ihe 206t 81 Al usS 59 yhal SHFH 4Gt henPp often
inclubBbogks L0k andnreceivicng Jhhe t eglrIGSRRNSSE, Skghal §, the soc
134 fromthe 1P blocks 105a and the test response
devicsggnaks 13®lftrigmet helrltR blegoksa 1105broperthi s (EBse theegrated
: testi is. determnisticein that t t est response
Clrcu%?gnﬁﬂ%“f@f‘aH%i%%@sna?gﬁacef¥§%n S r?mturegﬁhndt © present
illustiAtRngnt oobe ywahidd.o Anyh&onnupieakisorLosat ween 108b | £re shown

bl ocks 105a_and 105b is curtailed and the interaction .
for gage of explanation, but it is apparent to one skilled in

stored

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.

[0028] 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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not verified. [0031] The current generation automated
test equi pnment systens 120 have very limted

W@ 29905498ty to deal with nondeterm nistic SOC BPIEVUSWE8/081685
100 other than provide to certain |latency factors.
This causes the test engineer significant problens, in
that the first prototyped devices nore than |ikely,

Phbapot CkpuEn A0 oSt St Mgy SLANEl Ged e ADun1y s

its ¥®hifEcakkonand seﬁm@ﬁgofdbmaahsandlsaroanaoomissnsuaét are
in which the test engineer tries to nove vectors
genergpdiindUnt FYN AR PR HESIa parg}%ﬁfnéeértra%@w Bignge 132 may

| t
Causesg%ﬁtf%?ﬁké %Ewgggée%a’ugc IPL 5 %gg E@Aﬁgggeﬁ%ﬂ%k 105k,

whichr&ﬁgﬂnu¢am@eeveeyTkﬁﬂalreepcnséospgmay tlx®e déy$jmﬁhEP block

t [t b hs, added to the t
w0sn 154 ASSULLBeLRG monLfe odded g (e Lest s cionar 137

may dlabthét yp tihectestioskyi feetomyinievee fiinth atskendle block
set of test stinmulus signals 132 and 137 that works

105a,f gihigill eVl cesuand ey bestacedPanth supporti hg4medy the IP
blocksgbgao ot%% fﬁ%of?éé@”usTﬁignﬁhﬁd%ggrﬂ991§§Zc Eggﬁﬂh§cation

ituati on I f any one passes, evice 1s dee
will gemg b@hMSe@aSSESd@WHﬁﬁstmoﬁa4nﬂuﬁi@hfmrth@vs@©etsoc device
nmany tterns agd there is a very real

su
100 an@E%EFFFW Yﬂi{:a%ﬁ alf poeBFHRrEUEEEd patterns will

haveobeen @h§00¥§£§Qﬂ:t@%%e%%%%bhﬂga@80ﬁ9¥§ﬁS%x%hﬁ'Q uipment
inmpact. [0033] In this situation, nonths can be ad 3

systemg tlizfe awe nﬁﬁkéblan@fd&"vlr@él@-‘r@]{ dshanyese r%@mlehls signals
132 tﬁﬁg%? ?gmﬁ%§|(N¥b§ VSP§h9§EP EQ3@dg£e%?l&Q681gnals 137 to

y to cope w e nondetermni’s
the IfPUI’tE]td)cﬂm nYyo bb talna IRddiocksy 10ba apdtlQspuirddd nsfgnals 134
SOC device 100 by noving away from functional,K testin
from 6ﬁeaﬁI%U?%ﬂ%¥%d1¥é E%ﬁg %M%nFe§§sF§ﬁPP@GeeﬁHQQ9%F 39 from

the I¥SIG,SQME1H9EM OfStyct urglet st MU FtIUChUEalninistic
test s a necessary

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.

[0031] 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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i ngredi ent of a successful test plan, it is not
sufficient in the present era of sem conduct or
Wpemeesssng with current geonetries . [0034] TeCHUS2008/081685

t he probl em of device non-determinismto permt use of

aut omat ed test equi pment systens 120, an enbodi nent of

an autonmated test equi pnent systens 120 incl udes a

rotocol ., specific circuit, for sinulating a functional
need diol LT TONAN Ghvi POREENt T D WAFCH A Saciabvi €5C10GYS, the
net rle@ube tiestred hsnphaceddkar ddinehéonaktt esid NgvaTh€rion phase

protocol specific circuit is aware of the protocol
of a pRHt SPRedPPiBPocks 105a and 105b are communi cati ng.

sic 0 m - on erm ni sm t

MATa e he SO0 devi L 100" Ray end" b g6t g FHa"Sage "2 never

find téhi sgngaeh ¢emeofi ttevesstimecesssarghyleo 132 t Aedsdrd that

Page 11 _of 39 Attorney Dkt 2056A- Bl PL .
WOIkST%%FO?%-loéﬁx)@feéaéﬁldt AR %%ﬁ%%a?%%%‘éb%eﬂ%y sets
of theyeketearlivenuer diatend hap they lest. tine thisapitMtion, if

obvi ous solution to this behavior is, rather than
any ogienias spgowi flge ddediae tkve VOO dbvieed 100 Thile wuses a test

. il .the device is rea r.it. Ln_arder to | t :
vime B e Aot ot €l SO0 TEoF catly o it there is a
very adladmybessilestitegutpaentnosysdiem pabsibhesaom@dsemnste;erns will
under stands the function of the test response_signals

have B8anafdS§39°f Fom thESSBECaEVIEe®200 VFHHS35Y L To k&BB2Gp -

WobB3increagi ng; SOG devitGenl 00 3ReLAS o CWd 8Mded to time to
aut omat ed test equi pnent systens 120 have increased

marketherpl peeivacedepthl df the patt ecdlugeder at gragie Thirgahagations
al Lowed the use.qf | ow cost technol ogy for_ all .
nave | | R T ER P aRe STor s 1At ho Dt ol ed RSat Wit the
nondeegumpAept isystem 426h thannet , tyhet bhas pesakét adSpeedst 105b
. .in excess of 6.4 Chps, with patterns that approach ,
withigy GabitC d%%’t’ﬁ?etéolge R Hreveyd Averdd T ebinofliems testing

R e T L T
form tod respordital 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.

[0034] 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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the device, there may be a | atency of severa
m croseconds to clear the pipeline. [0036] A protocol
WampessBr cuit is placed as cl ose as possi bl e RPOT/USRZH08/081685
devi ce-under-test fixture 125 and thus to the SOC
device 100 to receive the non-determnistic test
response signals 134 and 139 communi cated by a SCC
ifce 100 t hrough the ge%fgg under - tes flxtu5§ 12
way o prgtocol ¢ cl'fe OntoT SA-FT afs e 16t ?ae%ﬂtler oF
laterStdna ushsi gpatks thide and 134.to AhecSPlodevisea vt Q@n Nto this
response to non-determnistic test stinulus signals
behavigy d4id 1F7hg100BZHNREfEP lHoWRY IFIY. d2td opta atPeddevice
100, ‘E%S%%’i%t lom;of (e pratocalg Srpe%crcria;{'f CHLU 1205 4o to wait
thin an enbodi ment of an auto ed 't est equi pnent
untilsySEeﬂMZDOdeﬁudataOQenﬁiaraadQZShoweaEes ﬁﬂﬁet£@tomated test
._stimulus signals fromthe test pattern co
equipfigh P8V By BEIE Orar oMt gy Y SR S og e Thahtion of
the tb6st rBagenid 9iy391At 10aneYdDkB920%6A- USeBEBE device 100.
TER/ 023- 06Astinmul us signals are transferred to the
s60Peé nendpy k28D &P tHéhprictucsis Specidt cdeviewi $0905reeds,
0 d t il
e et e, oF TR UOC taor B ader st Djgeafed the
plp@lﬁﬁ@3&hpk@eaﬁiWﬂuihﬁaﬁb@fﬁegﬁﬁﬁﬁéyoﬂao | S'Ha o aom ]l lowed the
access nenory %ﬁ@ that allows the random access of

use  ¢the t¥st Cs,ocsltnru i GREPSCIPAYa tPlie RAM e, G magst few

transf@tobe Q%Caﬁﬁﬁryuﬁ@h£¥@w'g@ste%buﬁﬁﬁkg&ﬁ d@tem 120 channel,
operation, the DUT can wite data in and then read the

vet hgat acouninwhed ﬁ@@@@@t ey FreeRAMALy pp c4l Gprwor kst flor patterns
that %e%%%c e&%_eﬁgqyng gﬁt %nd orgc i@vqgunti.ud¥ﬁ% eg§ect of

n curt no1og wever ecause

this p&re‘mf rm@cmfaeguuerm@t Spé)ﬁftéﬂe SOcwdevi Cehéndaartdn%&ted test
215 with faster speeds or w der busses, the source
equiPRghbr 7 Y836 e b %L H r's? - PR- FRR&Fedain (Fidey) Renbp§pond to

the cﬂﬂﬁﬂﬁhthghé§étné&1qﬂiu§ %kﬂﬂﬁkﬂfaé§ %%@% %Q. microseconds to
clear the pipeline.

[0036] 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.

[0037] 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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and transferred at the required speed. It should be

noted, that either/both the FIFO and true RAM node (in
WQ@owpo58981 t 0 ot her protocols) are supported i NPUEDS0%081685

enbodi nents. [0039] The output of the source nenory

230 is sent to a transm ssion buffer circuit 235 that

anplifies and conditions the test stimulus signals for

: ransfer on the i nt ectlons 237 and
stlmuﬁgstﬁégse SaP&Et 1 &y &%&' %ﬁﬁ d?%mory 3;8 of the
protoebe&Ckpenti€sc2tGacand 20ED mﬂﬁ@ﬁ dﬁﬁ:é he, eé@@écﬂlﬁ@tch the test
~ interface 202 and 204 between the SOC .
stimudegi cagurdér -testhe1sranditfatagremetfedi®estOeqlifprearunder-
test 8Y§tem 200. In normal determ nistic operation, the
test stinmulus signals are transferred at determ ned
ﬁDﬁéé]and Withlaydetéeenisoed cst mestcurve s es om thedom access
t est ctors stored i DRAM 220. The test stinulus

MEeMory; Cappt i e t ‘gh?hﬁaaégi“ré‘&cﬁﬁsblooikéﬁﬁe%? sEimulus

signatBhe | Pnblocks 2kba bl it -ma@lfds be ndPds2dAP Ebabrov1de
popul ate the SOC devi ce- ‘'under - test 215, Page 13 of

test Aecsorey Dt Q@%ﬁ&FLEﬁBIPbeTERWOZEMDGW{QOﬂOPaFﬁ tive and then

read Q%teﬂﬂin's$¥ﬁ %ﬁ ratl ég§g§ th% éPREMO%k ally works for
respon test response signals

speedsnbeﬂbaceﬁHM%dclaﬁwa¢mm pbeetpmnleeuai@au@ndxilnha pins, in
The pin_electronics 210a and 210b then transfer the

currepagt HESPONSEYsi gnal S°BRVERe | AEEFFECe 252 t01¢ hePerformance

requibBRELYEr 025@neThe)d ecs)vel- AR amldd i265 apdih faster speeds
conditions the test response signals and transfers

or widggmitiadte ciEpt upeuneronym2ss. 2BRe H@afptbﬁearrﬁnﬁﬁy 2g5First-

to_buffer the te response. s a s for ransf
out @%ﬁﬁ%the pro?ocgﬁ spe%? |% C%rCUI 5Phe FafTﬁ?eordered

and t@éﬁ@@é&@écﬁﬁ(ﬂ thiee reaptiteel neyady. 25;5t|§h@@11@r1@élyoaed, that
O nmenmory where the ordered test response S|%na

eltheé/QOFPar‘ererFegoatap{qﬁetifeauﬁfp% Bp@ed. ([oadfiiFhen to other
protobBLLyr 8 pr oaessot .00 aeiues LheohenkntgspONSe

signals fromthe capture nenory 255 and the test
[0039] 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.

Page 13 of 39

Attorney Dkt: 2056A-US
BIPL: TER/023-06A



10

15

20

25

30

stinmulus signals fromthe data generator 225 for
conparison. Any of the test response signals that are
WO a905898t are | ogged to the DRAM 220 for f urtP@&r/US2008/081685

anal ysis. [0042] The determ nistic operation node of

the automated test equi pnent system 200 as descri bed

provi des the deterninistic operation as in the

ted te rmm t.ems of rior art

b0t photPEe elranr Lids Shas Tritie csblis onihie 'TF block
2174 Qkﬁﬁﬂhkﬁ;ZQQtHndjﬁﬁ5té§ﬁtr%@bb@ﬁeiréi@ﬁiﬁh on the interface

determ ni stic operation node to the non-determnistic

204 teperhat i BR nBdechasedcon 310 st e28Pbt he ThrvtdER| electronics
210a Qﬂ@{62§6£eq;égp %kgﬂgkeg4§ﬂmfoEeggetﬁé?ﬁ%ﬂgéﬂ §Fbﬁals on the

operation no as J ust describe pr ot oco
inter§ebect2b@n ts» ghaé 2¢5e|1sre$et25mch That ndreimede 250 amplifies
selection circuit 240 has the control of the so

and GrEgry o280 thontthRe datk géiTer atEr* 2252 Ard ttfr"f%éls#:?dfeg them to

the cS@teGlH OfbtdFEURSS5 265 Thas ddietcant hehool bB8 captdres buffer
menory 255 fromthe failure processor 260. In the

the heatdetresronisst i ¢igperat i oiPmodesandieepr ofbedl Bar eprotocol

speci FRLOFAENAT, B Ad0ehg TEN Be ettt o TiRatapture
memorsomﬁﬁe ﬁrenn;e;na’dﬁﬂ,l;and thercaptupeynmerioine 25bei ofdeamd test
rotocol awar e englne 270. %0043] The  praotocol aware

resPOBﬁ@l Ae9270Snaybera"FEeonFi gir abFeT PRY GFEL BBSEMr cui t

?U@hl?s fotnexamplievaef | ¢ JuQuamedy e galei &d aythe test
FPGA) that is reconfigured to accept a protocol from

respophe SOCdevscef veerthestcBireledsdethe 9%t o6l the test
stimuiﬂgo & Conﬁan%rgﬁpdgﬁgskkgpd/ Eng%%%' Fr?f%tqﬁn: ﬁomparison.
a ng, an e

recei ved comman ress d/ of dat &,
Any orf_r otlacot e avare sppgisae 2t ded etH&ﬂearteharﬁidrli@dﬁ eadddlogged
imng of the test stinmulus signals that are to be
to th?rQﬁéMe??adfPFoﬁPfﬁéegoépééyﬁéﬁvry 230 to the IP block

%é@@2ﬁhrougﬂet@%tEE%.%q%E %rd%$§é%Y$ﬁrM%d¥'bf the automated

el ectronics 210a and Ob. For exanple, if
test autgmapwdntest system 200 as descrlbed prov1des 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
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equi pnent system 200 is to stinulate random access
menory (RAM) and the IP block 217i of the SOC
wa@leopposssnder -t est 215 is a nenory control | er, PETES2008/081685
menory controller 217i sends test response signals
t hat when decoded are the address, command, control,
tining and data for a RAM The protocol aware engi ne
recei ves test spans, nals and decodes e
of Bl SOPEE, AT Grabe RS TS GuaroEs, SEBRREnGSY 1 from a

proto6ent ERhret kALNge amd.data. The protocol awar e engi ne
270 determ nes the structure and timng of the test

sPPABl us sTBRal sPEPEICRf e A aFE sueﬁenlee to2{fe IRy Dbe a
recongggggggig fH(éJFéé§§:gg¥Eﬁﬁt %ﬁa Ee protoco?mgmg a field

a read conmand
progremghheeZ@QteekﬁﬁnnneSFEmk)rehdtlaeenepdmﬂnqu;aﬂutdtmmcept a

structure t a to be transfer and c
protofRl otircs Hemty 010 TRATSE s et ectoS{PmIE S Protocol
into Shonabsmageor dindk¥ssln Lhe/easeqatathe wekbR, the received
prot ocol aware engi ne 270 decodes the address and

commaggpmands eEremttiié ngaptance arerfntya 2551¢ (P B2 lopeot heware engine
270 dﬁ% Ehﬁﬂegakﬂe EQ%U%&%E%p%k aﬁgggfng { @FotﬁéSQest stimulus

tirates any response ac ewite as
s1gnanesthat|HmbU$csmgnwranBﬂdurdd3ﬁﬂmmkuﬁa7$out¢etmemory 230 to

action, any t | ocks 217a, 217b, .. Page, 15
the bF 30-9¢k Mﬁ;} DR Ero0s8A LBl PLo e U9SE 0fia 3fyn the  Bin
electEBﬁEc@rQﬂW@'Hh&eQi@g Wi lgod ntesagteW th %m%|£ﬂ$%ﬁ5%ed test

in a functlonally correct manner as though the
eqult)@@@tdemsd&e@nc?ém testo2s5imede tien Hanslost aferss memory (RAM)

and qﬁer§%|Q%_eq¥|599nen £ &%p44é0&t ho%kg be noted th #a

e source nenor %t he capture nenDry ot
memorpe m@m&@m&&e&ess1ﬂennrmeﬁosychcaataosueklcZ%MmcnSends test
dynam ¢ RAM However, in sinulating the operating

respoRAQT rohimtS of-ha thi gheperdssidnsitte28ec the  address, command,
contr8eVi ¢exuynder - Lesty 215, rd he sayfce Wﬁﬂprﬁko%%%xﬁ?da&g§e engine

capture menory 255 may be First-In- First-Qut
270 rpepovies.teflie rElSPOmenTricys by drhki deqades etlad | bast response
aster trgﬁsfer nd recelgt of the test stknutus
% e

signa ress, iming, 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, ..,
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than do the static and dynam c RAMs. [0045] To assure
appropriate synchronicity of the transfer of the test
WO 2®posteel si gnal s, the protocol aware engi ne 2POI/I82008/081685
optionally be clocked by the Device-Under-Test clock
280 during the non-determnistic node of operation and
t he autonated test equi pnent system 200 cl ock 285 for
te StIC eratlon omat ed t nmen
and 20 R D00t b oDk 285 Ty b BRt1 opaFFy= el déthd Wiont? Dlock
217i aut @Taﬁ&d:ﬁﬁ&tawl POEREc8YREBAL20Q s SHAGH atndgsddedevice-
non-determ ni stic operation, as a master, and is thus
underrhgssotiteeer ot he éEéc&tamﬁérép@P@ﬁaFlﬁ3|?pﬁpéQ@meQV5
§O§@Wtr0|&€dsgguﬁaebgw% %ﬁgﬁﬁHhé' g4ﬁe$9ry 230 and
control t he operational e protoc awar e
the cepgume ﬁlé@lobet\ﬁééndduﬂddéleermrrﬂcsmemc&mjs tthemories such as a
on-det erm ni sti c nndesfﬁ£0046 The rot col s that
Statl%aﬁﬁgug Teod ent s of  t mat'ed %%%fa%h%gpﬁﬁﬁtOPeratlng
envirsiabem 360 amay e gagi methdo shduhat ecdabhqgenesat | 15, the
into two broad categories. In a first exanple, the SOC
sourcgevicsinde?0t esd 248 c6APFBFS tnr@élqrm e?550@ak3etk%éeﬁlr3t In-
ayt onme, es nt t 00 t
FlrStdgv ce&ﬁﬁgértégﬁggiggeln gﬁ%eggké exa ?gtﬁgcthelr nature
allowautmﬁﬁmﬁdtﬁﬁﬁéf@ﬂuaﬁﬂﬁnkxﬁyﬁﬁﬁﬂ}ﬂOﬁheonkﬁﬂJSsﬁfmulus signals
interface between the SOC device-undertest 215 and the

than dgt biigt 882t est 2Bguiphent sétler 200. In the Page 16 of
%@O@EForneYoDkQﬁggﬁﬁﬁ Ug %Egbrlggéozss9§@$£6§1c1ty' of the

exanpl e, the SOC devi ce- under test 215 comuni cates .
transfthe néni@@t@ﬁﬂﬁuﬁﬁaRpQﬂQyﬁﬂqnqﬁ&ttﬁ@ea@r@hgx@b gesre engine

ui_pnent 0. espqgnds n
270 m%% %&tlgrrrlgte test oleoqcuki ﬁongor% %}ifestD %%e@g%%é %gptgl?Ck 280

durlngttnul@@nsugm@&&lwu@m1bhamappkﬂmr¢§ﬁﬁaﬁndﬁcmmﬁ the automated
structure and timng to the SOC devi ceunder- test 215
test gAYIPRENSOEYSEFHC & (ﬁ%OQ%ﬁ§8§1%p¥eQ%Bﬁﬁng}FEl?h@peratlon

The QQEOQQE@8”1Eb%&'Ce&@§£méﬁ§9°§?§téhgn§b§ thap-grezgs may be
decoded, as descri bed above n either exanple, the

opticaglopatcedecestd when automated test equipment system 200 is
initiating the 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.

[0046] 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 S0OC 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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equi pnent recogni zes a non-determ ni stic response
signal fromthe SOC devi ce-under-test and response.
WO 04/8389Ref er now to Fig. 3 for a detail ed expPCREHS$10081081685
of anot her enbodi nent of a protocol specific circuit
305 within an automated test equi pnent system 300. The
prot ocol specific circuit 305 has a channel function
: generator 3 th creat.es the test sti us_signal s
First ) O CERepater AeddnRande ot 6Py | ALPhe AR P tes the
non-dBapdaMAceess Meapky s( DRAM 320 Ther shandel fypeti @fuipment

generator 325 communi cates with the nmenory controller

systeng@00o nesdrelfe t hEt E5€ P&COEFn Coirdifds Fronfehemated test
equipggéM %ﬁgﬁmeGZGEngk%mﬁPn ﬁ@lk %tsqgtﬂﬁyfﬁétgﬁghgﬁs with the
necessary g or

address, timng, and conmand signa
appropectessi ngrdthecd eststpatcttere candandsnifrroomtbhet BRAMB20device-
The ry control 360, receives the test p ern :
andeTg AR Gl St 1 SASF oRe {AEHTte- PRACERGRNE! gnciyRPnds with
the n@@nReEakemnid2a:ithedkestrpidern commndstiaie dheNdecoded, as
decoded to formthe test stinulus signals. The test

descrsbifiul @dogiegnal s Bre théherr asskarled t d-hiche ahrouwgked test
.t he, nbde ectjon cirgui nd. 365 .

eaui g S ot P ChPfebrEeadEn Rt i G piomal from

the sbaf 8etrieeradder386sanphif respandeconditi ons the test

stinmulus signals for transfer. on the $h¥sical ,
ﬂﬁpégéonneggﬁ8ﬁsn§§7t&n&”ﬁ%g:%diFhéap Pt eet refptanation of

anothdi0ar@ndi3Lt0R. Jkhe, phpoebestrapies £3102:a04,13104p5 within an
provides the electrical interface 302 and 304 between o
automphedSOZ tleviaarimuart t exist315 3A60 . Pagdlhky efroz@col specific

circuAIct qd%eyhaus(t Zog@aAﬁrLlJeSl ng%c-";@glnozsér?gr“?oer agEgnagheadc creates
test” equiprent Ssystem 300. < “hor det er niArsti ¢

the teper ajiomlddesi®sdl St Fauhushsi gralts @ecdrransdenseds stored
at determned tines and with a determ ned structure

in  theasBYRBRIFhS eI vBEEBPS MUY | hPRAY) DRAR 320. Tiechannel
functi8at g%ﬂem-élttbﬁr ssggal s, ah e 1apRlied, {0, t tﬂ%ed%‘%n{@% | Bontroller
bl ock 317i of the IP blocks 317a, 317b, ..., 317, ..
360 13ndrelfmevhaﬂjgopubategaﬂxéim:commands 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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devi ce-under-test 315. [0048] In the determnistic
operation node, the I P block 317i responds with the
waQ 2@p/0s893ponse signals on the interface 304 toP@TESIINSI081685

el ectronics 310a and 310b. The pin electronics 310a

and 310b then transfer the test response signals on

the interface 352 to the receiver 350. The receiver

350 anplifies and condiitions the test re nse signal s
the U CPArES er & Them E6 1RESEapt uF &°heRor y 085, The 1n  normal
deterf@pt HE@cMeNBEYr36Doast s {1 bufdeyt t hetiestl ULSPEASRals  are

signals for transfer to the nmenory controller 360 and

transfperedaniel dFiaictimad geierat and ThéNcaptdeecFehpry 855ucture
based! Sorgegﬁéaléé/sta 5&590?@”@@’0]9@11“ nt hc%eﬁr gﬁﬁﬁddi t Tehcf test

response signals are transterred at the spee Ictat
stimubyst heégspéei hireatipgd iefd tthe tHR blackrB17iE H0O40] 3The of the

channel. funciiQn gene or 325 receives and co res
17 LGRS oot e of GAATS’ and2FHe S8 WA mAGRLIAte the SOC
devicsigpaks-+A8yY @fisthe test response signals that are

incorrect are logged to the DRAM 320 t hrough the

MeABPY confRolther dR6E rfren ifstiichersarel sl s1oq05d)e The block
3171 dzeets%otﬁdg S&Ikghop&%%attgé‘lt m?:%% %fns hesﬁ%}{égf@t Sﬂ ttensé interface
y ovi des the

equipnent system 300 as described pr
304 tdettdram pist eGeopepaticen 39a eidie3a0bonmat®d: tesh electronics
tens of the prior art. The node sel ection

equj p Sys
310a &%Acugiﬁgu%leéhdtéé%s%ﬂ cH'S r bRPEhe GBIBHSH nPsppels on the

inter@ReEat3dson wdento rthe jRandedsy M nirpbi G-LREMI OP5IDdRp1ifies
based on the state of the protocol aware sel ection
and ogingdlioz4s. thr tehe dets@momss stienaper anforrRageer® ofhem to

9 Attorney DKkt 56A; Bl PL. TER/ 023- 06 e, as. just
the cFRALLOUINGRK! 38800 e B JER 2 0/aRa° 0 8% 18 bus ser

the tselk sughpdhmt dhenLhanpel tuaekifen geneftad ofied@by controller
controls the transfer of the test stimulus signals
360 afiforhteh &S ATHHNEl TFUREL PONIGERERAPEr 3281 |GpRFIRre memory 355

is g@ﬁ@f9f1§rQJn%ﬁﬁkp ﬁ@ﬁ%@&ioﬁhgpge’tﬁ@nnfﬂﬁered test response
signals are transferred at the speed dictated by the
specification of the IP block 317i.

[0049] 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.

[0050] 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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of the source nenory 330, and the capture nmenory 355
is froma protocol decode circuit 370. The

W@ e@pesa93si on of the test stinmulus signals i s PCT/US2008/081685
transferred fromthe channel function generator 325 to
the protocol decode circuit 370. [0051] The protoco
decode circuit 370 nay be a reconf igurable integrated

CIFCUIt such as.a pro ate array (FPGA
mode, ;R b S G 1 o i B LT GYGEST 77 W E IR Soctal 345
is sedevhee- wrder drestcidkhe decode: tdie gt oLObr i 329 Bontrols the
command, address, and/or data. Fromthe received .
transigdr €ds,theonvand, SEoRELF, SLPAPAG, Tawd ddts, Chaenel function
0gg9k degod r t e u e
senex E8L 089k oG 0] Lok o310, FRL BTSSR, SLEUELUEE contror
of theh$qqxnafmemmrpn3aﬂ t hed RHH ockoBi7s . mEherpr SB&cals from a

decod CIFCUIt 370 co ni cat with the source Vi
Protog5d P CRIEXI TS he lecessary (et ST A US Signal®  test
stimufliem thenBRAM 320 tdyough ke menoiy comd robh&fnd60. function

The test stinulus signals are transferred through the
generppge 38PetPi bRecPretiPEC340efpam £hecsdtir ¢0menory 330

ose t st Si th Les co nd
?ggg%mses ?géthéﬁégg)g%k %§€+§%re%%£§%%ersgg thggg be @

reconflﬁ]@uﬂ’ﬁﬁ&esehﬁﬁgr@l’tem reilrtudo65.sutihe d€st stidnd uprogrammable
gnal s are transferred through the interconnections

gate @§?%¥uﬂ%ﬁﬁﬁ%o BRE piPn CETOIitsE3165C8RG F10p-¢Pcel from
the tbe | Bebhoeky3ddi--ebsthe3PeC dexibcg-UNdEE-t 885+3481 into a
For exanple, if the aut omat ed t est equi pnment system
commag0e |@d@DeS@}nu$@ﬁé0ranﬁ@hﬁacceé@xmﬁnﬁhv (RANFlaﬁd t pddress,
| P bloc% 3%7| of the SOC dgvkce de test. 3&
command ,
hDry “control 1761, Y'he” nenDry Con rolfi'er sends
370 déeémmmsessm@QMSiﬁwﬁmuMmenmﬁaﬂﬁdammﬁmgt@ﬁ aﬂ@resst stimulus
control, timng, and data for a

Slgnab?o@@éépeélewdéthﬁ r%W?l§W%@% X 6?93§PAtk%ld)rq"}%y3]§«Jt The
protoé896AUs Bl RL JER/ 023796 L80EHYES+LESY ikBSRANSEsource memory

signal s and decodes the test response signals into the
330 waddhesxktmarmranthe coatesvbaryi fieng, sandiudatsa.signals from the

DRAM 320 through the memory controller 360. The test stimulus

e circuit

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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The protocol decode circuit 370 determ nes the

structure and timng of the test stinulus signals that
wae@nssobe supplied to the I'P block 317i of thECT30R2008/081685

devi ce-under-test 315. In the case of a read command

of the RAM the protocol decode circuit 370 determ nes

the read |l atency timng and the structure of the data

to be transferred and. co h rce nor 30
receibRor raae ol CERE et S LUT AL U] arar e ROl o naiy of FRoPOnSe
signallBe Pl oepk degndes L) r@@mfaaaaQ rtr&wﬂm,g anmigh,thend data.

speci fi ed command and timn response signals for the

The et EoRecoricer coFcehe 13 bl dekesrrnes] 0052 Styudterre and
tlmlnga%% Qﬁn§h€e¥{lg%1mhﬁﬁ p% ﬁﬁ%ﬂ! qgﬁ eafér B'ﬂx§79u lied to
S Vto

odes the address and e capture nenor
the IgtbﬂeckhQIWulKﬁhhﬂn&ﬂ&ﬁc'ﬁﬂyanﬁunﬂﬂrfﬁﬁaude3b5rcuIm the case

370 also initiates res ses. ackno the wite
of 2 Lo Bor i et EF oRal ¢ & T eP T LB Gk BSPACe Hr bt 370
deterhfBeBDd@SeLEEH 10 GIdC U 13D adde- Hd anSPiSSLPN of the data
circuit 335 and the pin electronics 310a and 310b. In

to bet girangéeirsrd amg sfoneedsp %1%015@1131@7&“@@(1% 330 togpgansfer
7 t t t
the 3%15 n § J%Ehflug Q?I %gl es e?qrvéﬁlnoq,l n ?r@ﬁ t\N S ?ﬁo%cg% decode

i'n a functi ona Pect  manner
circut he 38((!: pemrn:emgleraﬂyt esf 3]153 wersecihied scemanddr hnd timing

oper ati ng_envi ronpent 0053 oul d be noted tha )
reSPOPE% §aa93ésné%r§ éswea%aytﬁ “Eéﬁiﬂ% REnbP§ égsbi%& 3171.

rdggbhy a randofm acGess FBMILS,3YER astie StAlJORAM decode
or Dynam ¢ RAM However, in S|nulat|ng t he operating

Circuehvﬁﬂ@nm@ﬂodﬁszﬁ&ﬁgﬁdﬁéﬁﬁérﬁﬁdo@QQ@@HﬁauiﬁﬁLW@@¢@€%tmemory
to st%lé Qew%%%%%%_gF E{yCU ?Fﬁéﬁ% ééfa@géggé gPé%%%F§7O also

b First-1n TENDI | €S

mltlaeagr|rea%;fa>ylsteh-;e|aiclﬂracbw@d@iﬂa@wthastm&rlﬂe" ansfer wdgk stimulus
recei pt of the test stimulus signals than do the

signaky 401 ohindl By RAfrE FRaNlis. TFeR eHar Lhpn MoRiSs Sbodi et ciTcuit

365, ttﬁh% SO C&n NBODEY 330, he aaptin e Eﬁ@méz\i Pa@fe@t@or@fcs 310a
9 Attorney Dkt 2056A-US BI PL TER/ 023- 06A35 and the

and 3&@@6 selecthoa @pmo@mtsa®40<aﬁdt36518r®LMQ&$ 317a, 317b, ..,
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.

[0053] 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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reconf igurable circuits within an FPGA. [0054] While
this enbodinent is shown with a single ATE cl ock 385

w0 200905893pr ot ocol specific circuit 305, the preEDU008/081685
specific circuit 305 nay optionally be clocked by the
Devi ce- Under-Test clock during the non-determnistic
node of operation and by the autonmated test equi pnent

system.cl ock 385 during the determnistic node
355, SX&0r o Sippr b aCh SymaRFonFeTEy ToF 1 2B0 ¢ (HNGf @O%f are also
reconthgutgpler espensessivgnaks. aAnrephi onal nul tipl exer

ggot shomnhhsinilar to the optional nultiplexer 275,

OsAdwn i ADFlLg. t2is mBPIsE OV HedSheWvswriidh et wenle ATE
clockt hﬁ@e}fbfe'tlf{%d:éﬁ?%—f%%?(flsggéc@%qg h&@&ﬁfm%@,t etgﬁe protocol

equi pnent syst The optional multipl exer
specif$ccantralilted30y tiry pootocodl awabe selechkéednbgi gried Device-

345 to control the operational node of the protocol .
UnderSi2st{ i A Gt 0o Bt REBn e e TASnar i S Soh pReration
and bRonrdetarian sdd crapdesqul PRASEE ERherembedig@nt8®fquring the

Figs. 2 and 3 of the automated test equi pnent system
deterghpwsaisi myde piot oxdtuEmasereivarieitet havn¢hedudestyhet the
tranSEEQt%%Ohﬂ§96§%£%0r§£%§H%%-shanSQEYe”H&Q” tﬁ&ﬁQPHRSQtiplexer

est "equi pnment syste ere”’areé nul tipl e channel s
(not whohneéachmdhamnelo adwt raddidrgpt heastipidsuse ats, as shown in
response for a sgecific nynber of pins

, (i.e. 8 pins)
F1g. & tHe KX BEIY tectnder SESt-CoTHRETHART pties pPetoegrunder-Test

clockaWale ehannelsnafcbhe-aut opplhednbest KAUPEAL oSYSBER. The
of sone enbodi nents conmuni cate with other protoco

optiocppdr e eHdripelexetro detodeoprovbtoll commands f rionetdeol aware

selec ggﬁdQ¥{Q%§anﬁﬂ§t%?t 5Ek%gfntggper§ée %ngnal ode of the
synchronize thetest stinulus S|gnaP that “are the

proto€olLr eplley f3tor uctnyieid ap@bt baedeeaspors etk wexpectied by and the
the SOC devi ce-under-test. [0056] Refer nowto Fig. 4

non-degpriRigeserFplPeRSof the automated test equi pnent

§M§59W14OOTHE Eﬁbédgﬁggggn%%tfﬂzﬁﬁ @pnﬁﬂﬁtﬁdofe§ﬁe automated

equi pnment system 400 has nultiple channel s of the Page
test 2qliphed® system show a single 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.

[0056] 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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Attorney Dkt 2056A-US BI PL TER/ 023- 06Apr ot oco
specific circuits 405a, ..., 405n that are connected
W@ 00005898 pl e pin electronic units 410a, ..., 4AANUSHOLOB1685
of the nmultiple pin electronic units 410a, ..., 410On
as descri bed above provide the electrical interface
402a, ..., 402n and 404a, ..., 404n between the SCC

devi ce-under-test 440 and.the aut ted, test equi pment
protof3l SRAA00 Chr o L 1o BIPRT carr | FOBH CORMBorrones Graeteed to
nultiphe |oad adepiercon&achiroftd hai1pagt ocol spesificEach of the

circuits 405a, ..., 405n is connected to at |east one
multipfet pdmRtepiecpin Bnéefr dh0@ unit s4498a2s .desanigped above

provi%i%e‘etﬁgvie‘i%c%'%%ctaqui_n%teiﬂf'élc%s ﬁ%ﬂgl..é&:&ﬂpdaﬁﬁcsbyg, .., 404n

est response signals from
betwedavittes usder - lest cd40nd¢ 006t EaldD obintihetlpe otaadoimated test
. specific circyits 405a, ..., 405n has prot ocol awar.e
equipBBREr oY er-h1400hi CHE T Ut (°5s RAVT he® pr GUOCTIC Mg Lons o
the 10R@ NRIaAAROf Figeh20f @het R qiRiNCApLdecode €ifreWits 405a,
370 of Fig. 3, in coordination with the remainin

-~ 4@PRcuUt e rFMatiedr docelk speepti cor® r i t HX65 W%F:ii@.le pin
electéoggcthﬁhfgén(E¥Ua SpeC|f4f?flﬁﬁylér§?§d%f gﬂé* é%st stimulus
ac oller 415 of t

protocol aware ¢ontr e protoco
signaspedd i endi reuetisecd088s test 40EpB@EUNigRiES Mirblm the SOC
. i1ts desi nateg M 420a, ..., 420n to provide the
devicRgpg §5FgeFEs 48ommands and to log the test results of

besexerci shpg ofr thge SPedeviae-underrtesti440its 405a, ..,
0058] In protocols that have a |arge nunber of pins,
405n phe pr qotiolcspeeidie epneuptsed09ad whichmoBmcetions as the
grdlnq;e the.d cog# g q; Eh .cggnands n ener at
procofl RS LHGBE N Y I ST Ate P SMERG aecone
circutespdmngesosyrciy onaisl Vin Tecsirnddnatte cdrhe wexpect&d remaining
, responses synchronously, the protocol sEecific ,
circuéfrgupts 658 0t0CO oFre Cohhunf eafe! EhP8agh fa Fig. 2 or the
protos¥NChiRNiZatd op; cONMUNIseat i on Faterface 425106IMBEI01 aware
those of the protocol specific circuits 405a, ...
contr405art HAS nefy tbeperattecolhi soevoper ationumhy #0Bect ., 405n
commu%gga QEGQ5XijiE§ed8g§5gg£88 %%1ﬁtﬁﬁb£ﬁem, 420n to provide
the necessary test commands and to log the test results of the
exercising of the SOC device-under-test 440.

[0058] 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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conmuni cation is structured to mnimze the inpact of
the cross Page 22 of 39 Attorney Dkt 2056A-US Bl PL

WA ERAOZO3VD6AconTTUNi cati on bet ween t he prot ocol PEGPERI0DS/@81685
circuits 405a, ..., 405n. For instance one of the
protocol aware controllers 415 may act as a master and
receive the test stinmulus signals directly from

adj acent protocol ecific circuits 4Q5a, ..., 405n
commuf gL A G SR R, BREC ot G SE o PR ot FoF T os A3, -
405n.t henodi spatehes tde appropld abeotHSHI UGkia@BS d@ftrollers 415

constructing the structure and timng of the test .
may @@spohse Ssi §AAlLSTspeeff i BUCHYVE hetlp ott6ed! |, skmudus  signals

irecH i M zed the, 26y .f o per@d on.
d rec% {Part%)grlnc%/&gdydnc rgéw]féz)g?%%ﬁ é?%gg‘lﬁ i%er%:&%[)% Z{géél,,s +s 405n
for dmsmdiingthe Thest eespeat opodbtanal e seenter obbetrdlbefordl5 then

. di spatching the initiation of a particul ar protocol .
dlSpaﬁﬁggﬁn BT osTPIANRT P e pridtodat© fif®Tci FOUPEEUCting  the
strucfl®a, and it B@O@%e_ﬁ@%@ukggﬁbﬁget%$gﬂ%¥§F%E?@ified by

system 400 may have nultiple naster oscillators 430a
the papdos430h tvdigeneratenitird dif¢ ef@pecti mitnghedetarenqiedfor the
he t I i i.r:cuj.t.s 405 . .32:.405 ;
operalloh R e S A B R Sl g 1 s 435 1
used bperak amsafert e ctcaniatac testoregin prent 43ystem 4d06patching
In the non-determnistic operation of the autonated

the dpddtl adquirprieht 3system A00: T t REChaster A6$eir st oreS230a ! tiple

proto@Bd 43@bimmy berusedsfapshhose peshions of the testing
i nvol ving determ nistic operation while an exterior

LPAPAG frofheheuSODadevi ceetinderuirseni4gymapnbed0s ety have
multi%?é thgsgégtO??%i?T@Eg{gonhgﬁgggé?éégggpb £o gﬁpagéte the

ondetermni s operation. now't o
diffebanand s dfpr actesaihpti oy ofha peblodoforsisddittiat i Bgrcuits

within an autgomatic test systema functi onal o
405a, gper atPoMal i T onfedtrUent SSRRFEAL &Y dévitceitfhgeptespinistic

P miar Coot T o ‘SR | nOSsParad GG 499 4t
non-dpkacednintan adepretifor bbdadihe automated test equipment
system 400, the master oscillators 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.

[0060] 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, wvia the DIB, between the device-under-test and the

test circuitry of the automatic test system. The method begins
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board, i.e. a DIB. The pin electronics provides the
el ectrical interface, via the DI B, between the
wa@leopposssnder -t est and the test circuitry of tPE&I/US2008/081685

automatic test system The nethod begi ns Page 23 of 39

Attorney Dkt 2056A-US BI PL TER/ 023- 06Aby (Box 500)

sel ecting the node of operation of the autonmatic test

syst I f the determ nisti,.c e of operatiaqn jis .
oy (1 B hedCBOt 505yt DR Eelter BAT THe hoPam e automatic
test OPgkakmonal trestidig ofgddther 806G L | sn@pes f os FredofBpXtion is

510) . If the nondetermnistic node is determ ned (Box
detergpgpdt o(Bex sel®t edC alRonsebeerdiini st Pespersecprerational
testigggﬂﬂ% Eﬁgr%ﬁﬁfvﬁgT(%9¥ Bé?koﬁﬁ@ﬂ’t >§C§iO). If the non-

vi ce-under-test. Based on a predeterm ned’ protocol,

determnnéxpect etbdst i el udetsegnated o (Bext radST ertrredbt o ddleected, a

SOC DUT.is,ascertai ned ((Box.,520) fromth
non-dpGRIGetEr i fi §FiSEOP§§p§r(Jr§éla§i glr?)alr.ecﬁ]avr?scﬁi FPonbt) theem the
soc dxpedethstimidds, sianaled rem thepautierBtnent8Storotocol, an
systemto the device-under-test is initiated (Box 525)

expectetdthes tiontldet epADARSt it r bspdnsassiggnad i s§ostidredSPBoXOUT is
i thi r ons pt ure st ice. T
ascer g o Sty capbite & nal s Gy AT Lr SH {ox TesPonse
signab40) Toadetiessmine bl tthe nonseterd ptshhCukesfdoensd from the
ignal was correctly transmtted fromthe SOC

S PUT to
automghter fRé &Y SGH8Y &9 ol COndTR T\ dHOF k9 see plutlated (Box

525) .[ 0961] xpecied stiinulius &l gnalse areygenerat edo (89X (sox 530)
545) from an encoded stinulus data and stored (Box

withig5@) riewransexpectted sstdtmias: signate st oFagendevilegerptnistic
respo%%%i%é%%%lOLtt@%%ﬁ%§§%§d&%5§thUge%bg%%f%fﬁiﬁgﬂf%tgge non-

. "From ecoded non-determmnistic

deternespense skgpahset ke ghnlam Ranebtd@icy tedaymditddefrom the
expected stinmulus signal is synchraonized (Box 565) for
SOC DYfahenflespon16 ?HeOEﬁfﬁﬁkﬁﬁa?O@@QPltﬁ@inédEP@r ReBVT-

FRaEeroLs, ptbrcmoatsienc i s sy tad sas
from nenorgnipdedf ageliprbtocolgtaa and stored (Box 550) 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.

[0062] 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.

[0063] 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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conmuni cation interface protocol, or conputing device

interface protocol . [0063] The decodi ng of the
WO099/dss9er m ni sti c response signal permts thePCT/US2008/081685

automatic test systemto transfer an expected response

to the SOC DUT by the expected stinmulus signals with

Page 24 of 39 Attorney Dkt 2056A-US BI PL

TER/ 023- 6Athea pri.ate ti and |.atenc l ays
the aPRAPBEAALH bu UeHorEl tat i B opctariig o BY expected
in then¥MbiRBMeRbehtthg S PbHAmeh00064Lhdheot IEDEC _

St andard JESD7 9-3 - DDR3 SDRAM St andard", JEDEC Solid

§P8P8] TechhbRogy JAdE6ci abFeaRdapad i ngtdn, 2\, JunédDR3  SDRAM
Z, es Bat nchron
Standégg ahi gj%gandosrﬁgj;«c%el)gggk/ermr ﬁ?@%ﬁ%&é %s%p?%%:(f]fl cla(?flE Rﬁmgton’

VA, Jdumed utl 0vg, f eatines, thenchownkd i Daes, RA(EEeandDIEKB Synchronous

characteri stl CS, packa es, and ba3l I /5|
Dynamigs;i Gt s 2°6TE of MEHE VP PUE s including

featud@serimed above.: tey bean@ ﬁﬁﬁtﬁﬁj|@ﬁa§ééﬁé&isﬁ£ﬁs, ackages,
menory system containing DDR3 SDRAM [In a functi onaip

and bevydl@aphen efsthameRthl-oclorsf athe 00 DUTLo@thert | ® SOC DUT,
as dé%&’ﬁ?(fgg Bgere eSf %g tr@nﬁ ?r%Qgrd§£§IR1 r]the memory

rCi reui | ock Sy stem 1%
systeﬁ teatagny hyomment SixAS typ]m sz accessoh sl n@traluatlon of the
deterministic, but is based on the_timng of the

IP Dbiofler &t i bAS b¥telH Tr he® FEEbl ddksBLPAESC MY ofdCer TRRUSSLing

trans@EQCBfwblEaaQ%EW@é%tﬂH%tddHﬂEblI%¥nEH¥huf@an0%10@Edand the
data signals to transfer data between the DDR3

memorzndyehensSOCIDUR CHsd aﬂn\unmre@ﬁtesthjeaqutmn@fsyst@m is not

arigus.e odi nent s responds ththe ppropriate .
determmlsf['s at btnég spg%lafs é{i ?I?mt%gs dls?rﬁgtﬁtreeofor ?ﬁacuons
betweéﬁnttrmi | ep bRokikeck tmheordcﬁﬁ;tﬁo)ue&t eracBlwickh ikl activate

remai ning | P Blocks of the SOC DUT. As noted the

the tififg comnsi M@t aett oneie ABhadEtemAlm st ctamasfer data
betweBACATR | 9BRY 20GONAI AGAL O ADE sTRECHEY Call 805 Ofuddifited test

protocol. Referring to Fig. 6 , the controller
equipbkotk 608tgenerdt esarhe wat ae@cgimaﬂ\@t&%arwtdonds 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.

[0065] The protocol aware controller of various

embodiments receives the signals, decodes the action, execute
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605b, the command signal s (RAS#, CAS#, and WE#) 610,
the sel ect and enabl e signals 615 and 620, the

W@ bweksagl si gnal s (CK and CK#) 625, the addr esBCT/US2008/081685
signals, 630, and the strobe and synchroni zing signals
635a and 635b as defined in the DDR3 SDRAM St andar d.
[0065] The protocol aware controller of various
enbodiients recei.ves t e SI nal s, decod $ t he a

the CYHITRY pdge B5Z6F 30 B CaeRT ok By Pt brotocol

contrEEEE%_éQZ%h@ﬁAtth@e@orgmnds%/d&umm‘ﬁsm the feguestedulus signals
action. The protocol controller then tinmes and

that &igeHredr zeke t RORSesiDRAN ntiPGBOEFgRalS t Hadt sithglatarrive at
the Sts(%% g@%w M, reécPr?é‘§§§er§% Hhatt hey: ap %‘(eceﬂ the tne non-

a consi stent ock Latency
operahonopér aiioenalc y(dNER) ma&desonbedch@theedamnurm$mpuked The

. _CO ared. The strjpping out NOP cycles reduces t
StripGarh Ser A0 SEok by TERS A Gt S st baerpRemeed by the

automf¥shemefe the, vandous seabadi nent shandairs RRe QfbddBrents and
i mredi ate benefits of the protocol aware controller

is  ogwet hiaf t hiehewut dnaeedatest begaifpivent ofysttém of p¥digocol  aware

' [ ts fr hi
cont S KBS RIREPL IRI S, LODSEL"S 6an DR, SERRLKI LG o e
variod6 éﬂﬁbé$ﬁéﬁﬁﬁﬁand/C|OCklng pins (610, 615, 620, 625,

and 630) and anot her 22 Datal/ Mask/ Strobe pins (605a
668B° 1 635aSand 63 B) ST Hat LaPR £61Fe THIEINFad. the t JpRf SDRAM

protoQEl4%1ﬁhﬁﬂﬂ§iSaar@b@£P|QM£d2®‘E@Hd}é§§7dﬁﬂﬂgﬁgﬁﬁidé%ﬂng pins

equi pnment system of this enbodinent to sinulate t
(610, D@F@,SD@@M&?&A omid| 630achhd ehetpest ccol Daﬁm@ask/Strobe

pins a(wr0| I%%COEBFEI S % géf)!l? of tﬁaghtarceh nnei)é o\gserved A

S4st 81X 0 & pro amare controllers

totalcoopersdt i ¥ehynkilpkeglrd 0 ssiplvaice whehPRR3:IGDRAMtotmated test
test the functional operatjon of the controller

I P
eqUiPBEBEK GO 006 7] PREF EIMREWIES tFi |2 71MBlake the DDR3 SDRAM
funct98§9r'ﬁﬁf%%éﬁ &Petﬁga$%%ko%%ﬁu%ﬁ%ﬁ%‘%oﬁﬁ%%fﬁgfwaéggtrols a

test equi pnment system
total of eight channels, with at least six of the protocol aware

controllers cooperatively linked to simulate the DDR3 SDRAM to
test the functional operation of the controller IP block 600.
[0067] 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). Each 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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The automated test equi pnent system 700 has a nunber

of channel boards 705a and 705b (2 in this exanple) .
WE2eH05893t he channel boards 705a and 705b has BCTUS1968/081685

(5 in this exanple) of protocol specific circuits

710a, ..., 71Ce, and 71O, ..., 71G . Each of the

prot ocol specific circuits 710a, ..., 71Ce, and 710,

. | i | f di ng, t ling, d . .
the LR TBRYI ps it ee BF Pt 8 out putt Srgharescphet fons
for thhi prexamlie & ghibséB)yead Fhe charpelcdayeuts for the protocol

~automat ed test_equi pment s%/stem 700 is designed to
specijgeorfiivfatid s hélProt ocol 7dPet he "ODR3 78BRAM fr ol Pdge-hat are

of .39 ney Dkt 56 A B E 3- 06AL he g
relat PR G ol [ or TP bUBER 00 Lor fafa™0 " Lo° specificd
relatiest ricct @ Ohisef orthehet prioi@coloc8sob&d)vedr f ahet histes strobes

channel s of the %rot ocol specific circuits 710a, ..., . .
(D0S) 71GRE airoictS TURCLite Gatiar STP6PErd TRPCitic bircuits
710a,trackinge, ThedDDRBIGORAM, t iTaioRg 48 speeibied e adiMere that

to either the timng clocks (CK) or the data strobes
the appogpriathke tiifraeki B wctdhgprofzatieprotideniispetifiee. The
Addregépﬁghﬁgnalgﬂanhelg-6%3? ﬁ£§,7456’.ahd’i§ngf¥f follow the
enpl'oyed to ensure that 'the appropfiate timng and
clocksypchiramnzdt | 940 centiertilee | Danet .antheMAddr ebshCeftwaritk5, 730,
channe 740, 745, 750, and 755 wil] follow the |
and 76%06&%@ éﬁgﬂrﬁéﬂ o andSPRECBAY | AMaskr Chankérs 725 and
730. 725, 730, and 735 will follow their respective data
strobe pins 725 and 730. [0068] Since the results of
tAecdécodedinddr esdie conpandtscom® ol thei midrpodawl address,
ta(ﬁ% Q%ls o%i%i rOtQ%gﬁ %r%aconyugéfgte betvw¥% ocol are
é pro oco]l’ Speci Pé citeurts®710al 907, “f1ce, Hn
commuflChted. .hetl€dn tthe t packonglsi ghatsf720 anckbwiomararndoa, ..,
signals_715 are connected to transfer the _necessary
710e, ¢ 23cki n&lgfgnaI'sM@tMeeW? hEr%FB%%%OISlgﬁééiSfﬂczo and command

signa@isr opig S 1 1L08connectddOto aRGAALEE Y - the zl%ges_slaﬂryt h@racking
case of the DDR3 SDRAM protocol, the clock timng and

signat¢emimidiesirgnahs T tarb It hepdat dist robeyiDES) 710a, .., 710e,
and 710£, .., 710j3. In the case of the DDR3 SDRAM protocol, the

comma{qﬁ

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.

[0069] 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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725 and 730 are tracked and transferred to the other
prot ocol specific circuits 710a, ..., 71Ce, and 710,

WO 2009/058p8) . [ 0069] It should be noted that in P@BEUS2008/081685
cases all or nost of the channels (8) of the protoco
specific circuits 710a, ..., 71Ce, and 71O, ..., 71Q
are used, but in two of the cases, the channels are

_onl tial Thi b the tracki .
decisREHLERGR FEChITE o CEH. CTRSRIL Bounars bt of 1t heL2ocking

chaincasel1eketir Bgking acgiehfienentiighaskgnal such as the
clock timng (CK) and the data strobe (DQS) signals
tREY Odre béth HiFHlsi RarEeT| Peathtedsenathetéfadidi3 SDRAM

d 39 {t t
protol S T R oten 035 06 ATRs daa hiercf hat (P RacOX! specific
circuttackddasi gnal 71D, heafidrst71®fa trackilg chaitn populate the

foll owed by the depe nt signals. [0070] It shou
channpgy PREF e e thal Oghe DR Boit SOpiRge stonals
propafBEe thain t Beenusbernof Qﬁﬁh@ﬁob0§QthﬂiC7©Bbﬁuté3the other

710a, ..., 710Ce, and 710, ..., t hat Populate t he
channghahfer 4504082 ?@@a%ﬂﬁ?'ﬂﬁﬁﬁchw&ﬁm¢abktﬁﬁ %ﬁ@ koanhangignals

ex1stS|191naauSc Qpagate. f ré’%‘o Sr‘%gogg‘é‘ ggaggéﬂ 2 v70§5’r this

to the ot her channel ane
propatatephace board signal s exist in automated test

' nt s 0Oto aIIo for this propagation.
F@gég?ecne % ‘ﬂé 5%8td%%9t%% ﬁpécélﬁéhl?g g&bﬁs 710a, .,
710e, - and /1PBosand, 7kafo; Jmsadgégbné§ege§%gﬁﬁkﬁdc@§tf@§ protocol

contr ol protocol specific circuit 710d. The contro

specipiet @@c%cﬂﬁpd ci r€bet It alecervéescrhe squcmc circuit
timng and nd sign
7104 #ﬁ?%ﬁigaxﬁégs o S éﬁ £ angscom <§A K, CS,

protoco IBecause ceSS|t
CAS, P&E d@ﬁgdiwgothertmmbngmanﬂ $nmmnnﬁr5tgﬁaﬂs (BscdSe of the
740 agﬁroprlately and expeditiously, the

neceswﬁffngfo&rnod%?ﬁfa% Gnali§IeK, 2Es, CeASANRAS T B S746°K, €S,
cas, fls anprr@mogpeEsgg%té@yl taRETWREBLE BELRERLOCAhe timing

speC|f|c circults
and command signals (CK, CS, CAS, RAS, WE) 740 for any protocol
are not split between the protocol specific circuits 710a, ..,
710e, and 710f£, .., 710j.

[0072] 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.

[0073] 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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71Ce, and 710G, ..., 71G . [0072] Three protocol
specific circuits 710, 710y, and 71Ch are not used
WO 2009056931 | npl enent ati on of the DDR3 SDRAM pr oRGLUS2008/081685
The three protocol specific circuits 710f, 71Qy, and
71Ch are optionally used to expand the data bus of the
DDR3 SDRAM to 32 bits as opposed to the sixteen bits
of the exanp The three ot ocol ecific circuits
miad1$) g SRR B s o PG LT eRbh, S8eey St afe stable
and €hanael s A&t@&@@t&@&-aﬂh@ntﬂfgamgcmiiﬁweaosanEO@@ka strobe
. for another of the |P blocks of the SOC DUT. [0073]
signaRef dPORoware FYgs: Suandtother Pagiexamionati oivle $hgnal (DQ)
Lm ng. charact er, of .t [RAM. ol .
trans%g n%m?{e rlcz_gl r?g]]:%tg&%% 8%)]6 g? ac |%ng mE%%%CKSn&" shown)
monitoecuys the tedRagei @8l of (CR/ 2Kt pr peymbkt ml%/bfu&et of the
Bl PL TER/ 023- 06 dd] e of Conmmand/ Addr.es nal s
dabatﬁﬁﬁqb%uéﬂgfé I%t%%?etéﬁﬁkﬁﬂf%ﬁ %Pté%ﬂﬁ 1R ﬂﬁeorder to

posithbal ntheedge,805 1ot ndata cst robersbgnals (DARparqreent in the
out at the beginning of data signal (DQ transfer

middlej gé. tAet rdoker okonzansFil onhdet éérorclOvdt shown) is not in
niforing l. $i,gn CK#) erm
transi E hgga% 88a be%) %ﬁ%ro q#% racl${é d Sontrol

0 set of t ata s r

protodegQr egsdirfiar deﬁrtolpssl tiren theal eswaiokiersansrm Ozn:thvated at
t he dat a .strobe tl% in_the mddle of the cl ock ,

the TEPGREF (CRF WHer e QG <1igriit i notomlete clock signal

(CK) Qﬁﬁﬂ§9t1§%brAQQ'QhQﬁﬁJ|Moo@eEQ%rAQQﬂ§S§é€9”@%&%bes (DQS) at
Control protocol specific circuits, the data strobes

the anrtarct pvat et atevicheofr ddieer dtautﬁre :mgraal%r f@Oel.y This will
ermlgf %et “o %O%gngl,,ete cl ack SI S c1l:e Iater Nouts of
P 5’ center the (Yaaté/sntgr St 1he ?e P

the dzaftat hEtQMEesf ((m;&; datamshgealtsO (B)@Lerthes Md | eper midth to
the "shmpoi ng" or varying of the conditions and inputs
find phetRasgabd §BP6BBE-(DQS) tinmings to deternine the eye

?@gﬁﬂ 0 fﬁHdth@eWQQ%%'ngﬁﬁgkﬂﬂ%hgi0Q34]wﬁ@nt9§ev%bﬁgroller

cle of Fig. 9, the contr ol
IP block 1s sourcing data, the p081tlon 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).

[0075] 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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I P block is sourcing data, the position of data strobe

(D) noves to the center of the data valid tinme 810.
wab@Inssaski ng of the data strobes (DQS) al | owsP@T1ES2008/081685

pl acenent of the position of the data strobes (DQS) at

the appropriate tinmes 810 of the data signals (DQ .

[ 0075] The protocol speci fic circuits 710a, ..., 71Ce,

d 7 t t t
7108, 300 L0 iaad T RO | BReEe bhZeutl it n e protocol

specikiackek)ruitSomaodsgr.ee vioalxlmdbenween the gofes 0&’@'&1 slower
EeCIfIC circuits 710a ..., 11Ce, and 710 qC
rate {llgék taRd D&Réc@%%ﬁd)fﬂid%%l]sq]?&b% 2} gival @09 crlapl rate),
DE) 0 [ P hl e
at lgenergtl on %: Ptﬁg{%cl%% éMoﬁt t%haﬁnelﬁh% ?Ild)gt Spelelc
circuand 7095k,wi.thSlitOet tanpt i AYOEp use 7LAg DDRB:@[QW\Md be % the

ntrol P bl ock 60 o irectl ) The_ pr ot ocol
rate Glodif ClATo 1€ Ti0alCh) < (L9THEEHA pagd DuttrCgothe data
rate AH_ orpey bkk3 ZWWSSBhHBaIEW%Oééﬁ%Q}e -memo¥$0and the
Il be clocki n% data in/out of the protocol specific
sourcg,m@@pgge$1@§ the pret@soclamperlidiic .circyiy 4t0% .., 710e,

T o R At oY &0 AT Taast Tor' Lt BOKS SoRiu fe read or

writtent esf acehe t e opreat oealtespeﬁi filge CiautdnteseflO@est. . equipment
71Ce, and 710CF, cl ock coul d be 1 the rate of
systefipewi ek §|léﬁ§|l§g( C%)he( 200Nk k) ©O° Tothatehethed to  the
contrdatarrabepob-khgoPDB3 SDRANDSt apdakd, ithecgaphbiBnal rate.
menory and the source nenories of the protocol
$pecrfic clheuitstagaoml .clockdnh@e, candtiTdObrotocol7igpecific
: . b rallel ed FOmam)yth e read written
Clrcug?gt hglls dwer'f at gE'gF 't he' autorra?;eﬁest equ?%r?é'nt flave  two
altersysteaswhi bacalilsowngiddecidat aut @ndeed raast eegedohont system
the controller I P block 600 of the SOC DUT at its
ClOCkOpfé? afil 8R4l EP%?%OCCEJOO‘F@Fc?ﬁéCi nfeF fat Ll Jélgang of thde, and
710£, Pr Ot 6QQ)5 speci fd Lh L L 8 d 1080 king LEORNAMDI I T may be
716 have two alternatives. One is to use the
used émmmnﬂqgkum%tt@quprEQtoéygpenuflc circuits 710a, .., 710e,

and 710£, .., 7103.
[0077] 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
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clock to clock protocol specific circuits 710a, ...,

71Ce, and 71Cf, ..., 71 . Alternately, the cl ocking
W@200pAs89BOC DUT nmay be used for clocking the pPOr/o8WD8/081685
specific circuits 710a, ..., 71Ce, and 71Cf, ...,

71g . [0077] Al DDR3 SDRAM St andard conmands are
defined by the state of the command signals (CS#

RAS#H, CAS#H, WE# an E). at. the rjsing. edge of cloc
to opErath JMRKPPeTEL N RS detethd TS Sy Yo SaRe ey meaD
for ekBepakock stignad (CK) keundari@sr8O0r1Iheradanre logged as a
limtations, however, on all owabl e command sequences.

faultpgp ehanpPBLAOREAD 6F WRPTE @PPhoBukse BeRgPHT4 cannot

bRt erru ung i lete - t I §cat -

Eggzgﬁone %ggr%SEﬁggg g‘%t\}\ggﬁkggns@gﬁeﬁvegf actions the
protoREADEVRETELconrands tsA7d0kp| et,e 11dls e aofd t hek@E, .., 710j can

¢ constraints,can be Eognd in the DDR3 SDRAM St andar d.

PELEOHY PS op¥i 8hdF"t hdt~Vi ol ations of these constraints be
flagged butcdhereds a-sypset ofovi @z%ﬁéc%&dthﬁé%ﬁ%rhée) the
cause the protocol specific circuits 710a, ..., 71Ce,
aAfdrzser Command7WRy DPageiBOoofaBYuUALt BEMEY Y DKt
2056A-,US Bl PL_TE - 0 operate.inpr rl R
foll gzvvéd %r%%%.e aﬁé%%g’bg@%n%t e READ orS%@%acﬁ%l gl)e!%_é% (READ
These; wokl set an error flag and be | ogged as a fault
in the control]ler I'P block 600 of the SOC DUT. [0078]

Ther e“ar 8°0RPYRa"Pi i ted number of actions the
@0@W9$0|_3@e015d§u§'&QBHES #d08esident/ 1R, @Rd BALK, of the
..., 719 can performon any given cycle: 1 . Store .
protocot epmparfect olegpestsed l0@sponse)llere and 710£, .., 710j for

Addr es /Cbnnand/W% Dat a_i nt.o ptﬁé w 2
conve g hE e TRt B A 1 1 OV LRG SOUTLS mirbry (RERD FSGy (B¢ and
CKE) ©ht3 thbopbethbng ackE00#9] A | ookup table is resident

in the DRAM of the protocol specific circuits 710a,

[0080710e. Vagrdgovnsor  embodimgug st orof the 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.
[0081] It is significant to note that multiple protocol

engines may be implemented in the intellectual protocol blocks
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converting the command signal inputs (CS#, RAS#, CAS#,

WE# and CKE) into the possible actions. [0080] Various
weppodssrent s of the automated test equi pment SBGI/E$2008/081685

wi Il support many different protocols for the

di fferent SOC DUT. The correct protocol is configured

in the three protocol specific circuits 710a,

71 7100, 710h the testi f the SOC | .
of tnbSag TP Mnd” SPulbenit " Seripiely e Ty BE running

concukaBdem;aceesscHenBiy omdt-elcf aeespr ot @eDbdent . For example,
comrmuni cation interface protocols, conputing device

therej Apgr fogce PriottdcoP st and JdPhagResitc anestd Mg By oPeEbl Brotocol
. _hu : e.possi.b o]
enging bpfhIRG PEALOEOLA 21D ROBALONEoA2ePE BLOLOCOLE BN .
fhes30OC DUAscartralidetihebbws,( bus ttest&inyst d¢xample, the SOC
. second exanple, the autonated test equi pment system
devicRoHERGFS the BRSLIPIS iRt SDRAM ROt GEgMesh 1hgmated test

equipR¥ARPlE Ak@vesnd stap exrMmie, werendde SO DUT 1n the second
controls the bus and the automated test equi pnment

exampggst efheespondsiategogedt isTsigmiti canfstegnnotenthats the
inter@g%EIQ&gfﬁéggoggg e n%%vq%%—%%d% —E% ntggQIQj&beautomated
[ ctua g 1 39

ntelle protocol ~bl'ocks Page 0 t or ney
test Bkiui20EGA- USy Bt&h. TERI028h686 Adfr sthee S0 DUT. tReusSOC device-

mul ti pl e protocol engines may be running, concurrently
undergpephe %ﬂ?%%?%t?%st h@unBﬂéﬂFFe%F“éighﬁl S1qtrte and the

automABY¥dbera sPRAMPAhend JTAGHRAY t.rahb DI O pPEt the second
prot ocol engine running concurrently in the autonated

exampfest e prEmmaiedD82EesAs dascprinbed abovesmi rsarttes the test

irst exa Iewﬁﬂﬂg %ﬁ%:deV|ce-und r-test conﬁrols t he

StlmuiEHFer?%%%a et ween' alt omated’ 185t~ equifprent- systemand © nd

timinfhe SOEhded@me- uatetetestiertnethe setondeexspl gevtibe-under-
aut omat ed test equi pnent systemcontrols the interface,
test g&SReen's hdl SoctdsyiceR Uirfe? LR st Sahe tRe tautdtRitetf sSignals

that 3L €QULBBERL Systgm chpnthe ELLshiexanphe, LfomCed test

devi ceunder- test communi cates the non-determnistic
equipseghal sc@mghides a non-deterministic response signal from
the SOC device-under-test and responds.

[0083] 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
SOC. Thus, after fabricating a S0OC, it may be tested by
simulating a functional operational environment in a tester by
receiving a non-deterministic response signal from the system-
on-a-chip, ascertaining an expected stimulus signal to be
transferred to the system-on-a-chip from the non-deterministic
response signal based on a predetermined protocol, and
initiating transmission of the expected stimulus signal to the
system-on-a-chip, as described above. The testing may be

performed prior to, or after installing the SOC in the device.
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aut omat ed test equi pnent systemresponds. In the
second exanple, the automated test equi pnment system
WG 20095898 t est stinulus signals with the apprB@r/s10e8/081685
protocol structure and timng to the SOC
devi ce-under-test and the SOC devi ce-undert est
responds with the non-determnistic test response

zhggﬁgfegh@%g?gg&gﬁgﬁgﬁg¢$%€%§%} gé é%ﬂplégréfghlarly shown

and deerrdeker MiiRhStied dresReNs® sirghadnbdsdmddies SXereof, it will
devi ce-under-test and responds. [0083] It should be

be ungiederorsod ¥ hakof fe s§bBdvedneitrhoblse apd tapdartat VT hays behanges

in £obh! 280 bR Lo MG aGiA G0k B, dENLGE SHEL A from the
conponent, board, or” consumer el ectronic good, ha i ng

spiria $0C. sThus, odf tee fabencabnhng a SOC, it may be tested
by simulating a functional operational environnent in
a tester by receiving a non-determnistic response
signal fromthe systenon- a-chip, ascertaining an
expected stinmulus signal to be transferred to the
systemon-a-chip fromthe non-determnistic response
signal based on a predeterm ned protocol, and
initiating transm ssion of the expected stinulus
signal to the systemon-a-chip, as described above.
The testing nay be perforned prior to, or after
installing the SOC in the device. Page 32 of 39
Attorney Dkt 2056A-US BI PL TER/ 023- 06A[ 0084] Wil e
this invention has been particularly shown and
described with reference to the enbodi nents thereof,
it will be understood by those skilled in the art that
various changes in formand details may be nade
W t hout departing fromthe spirit and scope of the
i nvention. Page 33 of 39 Attorney Dkt 2056A-US Bl PL
TER/ 023- 0O6AWHAT IS CLAIMED IS: 1 . A protocol specific
circuit for sinulating a
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functi onal operational environment into which a
devi ce-undertest is placed for functional testing, the
WEew@poss9B1 specific circuit conprising a prot ocRlCT/HSZNE081685

circuit constructed to receive at | east one

non-determ ni stic signal communi cated by a

devi ce-under-test and to control a transfer of at

| east one test stinulus signal to the

devi ce-under-test in response to the at |east one

WoATdéseCHRNMBDI €Ssignal . 2 . The protocol specific

circuit of daim1l1l , wherein the protocol aware

circuit is constructed to control the transfer of the

fest &tpprukusosi gpabtibycselbectingfart esthudtitbus

siggﬁl response ﬁased,on the non-determnistic.signal
functphmt ABSGevi cBAnderY 1 £ 88T Jhd APt At FRgt FaHS AT sEMORT
test 95 phecesl esteduatcheast eest&§§; shbmgbysosbdnabec3dric

The protocol specific circuit of Claiml , wherein the
circuptotowbrispesi #i erefpeailt avgreonasrructedonstrecepdeto
receshfie 8l Least jone, ponadelenm pistic hona! COMMUILGRLEd,y o

by a pro 5cof Speci fi ¢ devi ce-un ef-test vra pin
deviceleatieontestanddt eoconhtoblt nanskesfet theaat 1keastone test

., one test stinulus signal froma test signal generator

stimulysi ReInavi E8- tiRfefet st uBASI TheSpr 6P oEBFPSpati FPcthe at
leastChhEUhbnOhe b ahMh3sc 1 Whergha1the protocol specific

circuit is constructed to store the at | east one test

stinmulus signal fromthe test signal generator in a

stimubys S0BALoS! OR80FsdeVEEEenRe. oFNEIRBER! #¢0kperein the

specific circuit of daim4 , wherein the Page 34 o?
protoB89lAtverneyibktii2056AcUSsBFRPLLFERE028008Ast i hobusransfer of

signal .storage.device conprises at |east one of. a.
the tRpR R raRry SsSB4} P anaBnrhcage bty s St e Bibnal
respoBEet peekdspacthecnehraditbrafinCsai m dignwherebn the device-
protocol specific circuit is constructed to store the
underztepgasfdonBihontdefef hrAFSEPELISNgRAl TR &SlespBfsat least

one téggngkiﬁﬁgﬁgggignal.

3. The protocol specific circuit of Claim 1, wherein the
protocol specific circuit is constructed to receive the at least
one non-deterministic signal communicated by a protocol specific
device-under-test via pin electronics and to control transfer of
the at least one test stimulus signal from a test signal

generator to the device-under-test.

4, The protocol specific circuit of Claim 3, wherein the
protocol specific circuit is constructed to store the at least
one test stimulus signal from the test signal generator in a

stimulus signal storage device.

5. The protocol specific circuit of Claim 4, wherein the
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device . 7 . The protocol specific circuit of Claimé6
, Wherein the response signal storage device conprises
w@eoobessssl one of: a ) FIFO nenory; or b ) randeci/H82e8681685
menory. 8 . The protocol specific circuit of daimé6 ,
wherein the protocol specific circuit is constructed
to extract the at |east one non-determnistic signa
E om t he es onse si.gnal stora e devi elfor co arlson
stimupysSy S%%PP ré 8F888s§%¥lﬁftﬁogﬁ éxpacted Fa§hoRE &)
FIFO fk@Bal; andpfetenhAbReaadBeopenahbepal condition of the
devi ce-under-test. 9 . The protocol specific circuit
of Claiml , wherein the protocol specific circuit is
gonst ryet pdotBECNMDUPEENGibNcavtoat ed testmedyi PABRLiIn the
to allow the automatic test equipnent to simul ate a
prOtOﬁGhcﬁpéﬁaﬁlépéﬁéﬁpéﬁaﬂSeﬁ@ﬁﬁéﬁﬁﬁﬁﬁdlﬁPoS%ﬁF@hthﬁeat least
one ngﬁvag FHQSFSE§§tSE nBHaE %HH?E'?Egh §e§£69 4and
e pro ocol "awar e IrCUI re eas Jone
devicaondeterm nistic signal to detern1ne a synchroni zation
time and a latency tine for transm ssion of the at
| east one test stinulus signal . 10. A protoco
Speci fhe pirbedtblceppeisingcarcanti gar abbhempopt @B6kein the
aware circuit capable of being preconf igured to
respoRgfmihPEateSaPTREEsHCBRESt ESTPELFRTI 85 $FgRal °pst #Eend)

FIFO ﬁeﬁs§g Page,35-9fa38 AbterBeycfkt,2056A- US BI PL
3- 06Asi gnal generator and a speC|f|c

devi ce-under-test via pin electronics in response to a

@2” dener pipiskLe §b88§k1ErQEkEH§td§¥'@@aHHd@r kE8tein the

. The protocol specific circuit of daiml wher el n
protoché ppet@é@b Specuﬁtc1s|coustrustpdeConéxtgacedthe at least
der test in Lesponse to
Storage

one “Pﬁe ﬁgﬁrﬁgPéF ﬁ.é&?%ag éﬁ ﬁpFF§PﬁBSSnSlgn
dev1c@sya@hb@mpashgoﬁCEyralmgl$ugaabr6&@ﬁbbhewith an expected

response signal, and determine an operational condition of the

device-under-test.

9. The protocol specific circuit of Claim 1, wherein the
protocol specific circuit is constructed for mounting in
automated test equipment to allow the automatic test equipment
to simulate a functional operational environment into which the
device-under-test is placed for functional testing and the
protocol aware circuit interprets the at least one non-
deterministic signal to determine a synchronization time and a
latency time for transmission of the at least one test stimulus

signal.

10. A protocol specific circuit comprising a configurable
protocol aware circuit capable of being preconfigured to

communicate at least one test stimulus signal between a test
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devi ce-under-test . 12. The protocol specific circuit
of Claim 10, wherein the protocol specific circuit
W@oposses a protocol decoder. 13. The prot ocoPCT/US2008/081685
specific circuit of Caim10, wherein the protoco
specific circuit is programmable. 14. The protoco
specific circuit of Claim13, wherein the protoco
: pecific, circuit _conprises field progr bl e gate
siona] PapC ESEEE TRE R0 BRGI L ReaF T C=CPRCUrT CBF O SFnP 1A,
electWhgieknihhectbehdeprogrannBbhetgahenaktay €0HREISESom the
the protocol aware circuit and a nenory device, the
devicgrereesrtadare circuit being coupled to the nmenory
device. 16. The protocol specific circuit of O aim 15,
wherein the nmenory device conprises at |east one of: a
Y1FI FOhreRbPyOCcOl BPRCEaARdomiAcEessOfefdAyM 1¢, Therein the
protoBb 9t 960L: $RECLIEG.FLT Ul LrObofbaLL LG, LHNELELBAANE
to Spécific circui menor
spec1f®nfdguﬁed UﬁdstetesthénatebpaSBeOBG thstnshkﬂHtGSministic
nal generated by the Page_ 36 of 39 Attorney
Slg“aéogéﬁpﬂssBP@LaﬁEﬁF@?éhééﬁfé§%YsPﬁﬁHFIQEHeFéEBﬁlaﬁHOPothe
devicBrQMhde-therstored test stinulus signal via the pin
el ectronics, to the device-under-test in response to a
non-determnistic signal fromthe device-undertest.
18. TBEePﬁQBQSQBlsQE%&EEEchEEHhEtOBbeﬁéthfo “@ﬁé?éﬂn the
the menory buffer conprises at |east one of: a )
protopehoepecofib ylrandonﬁampesseﬂe&opyotholTﬁecpderoco
specific circuit of Claim10, wherein the protoco
specific circuit further conprises a pass-through
¢BrcuEhecpuptedOﬂnSpacaEﬁelcmkthithefpﬁéaémoﬂOamaherein the
rot @ recelglng deterg1n|st|c Si a#i fromthe
PEo 088 i eBStinasr-testht olSAﬁF8%£? St equi pment

conprising a protocol aware
14. The protocol specific circuit of Claim 13, wherein the
protocol specific circuit comprises a field programmable gate

array.

15. The protocol specific circuit of Claim 14, wherein the
field programmable gate array comprises the protocol aware
circuit and a memory device, the protocol aware circuit being

coupled to the memory device.

16. The protocol specific circuit of Claim 15, wherein the
memory device comprises at least one of: a) FIFO memory; or b)

random access memory.

17. The protocol specific circuit of Claim 10, wherein the
protocol specific circuit comprises a memory buffer configured

to store the at least one test stimulus signal generated by the
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channel for testing a device-under-test, the protoco
awar e channel conprising a protocol specific circuit
W@ owphssd3bet ween a test signal generator and aP@i/HS2008/081685
el ectronics circuit, the protocol specific circuit
bei ng constructed to be capabl e of being preconf
igured to respond to the pr ot ocol specific
devi ceunder - test E ﬁonse to
c

t
test STgRal PrORTRRETAAD REy T pkop e g oSkt LY ol L Gl us

signatiestertpk ghalanaetrwh@eelntbheh@r@be@@b—ﬁa@@ktt@st in
circuit conprises a protocol decoder. 22. The

respoaeeoﬁatedn@esﬁeﬁeémlepaﬁhﬁzelgmﬁérérﬁmtheepﬁeVéeerunder-
specific circuit conprises a field programmabl e gate
“array. 23. The automated tester of Claim 22, wherein
the field programmabl e gate array conprises a protoco
re r age]s e ocol

TR LB o Bl Pe BT By EE Rk R PO PAGh AT T, ABEGIn the
memorﬁkbu?@éﬁAcUSthEESTER/@28566énénﬁfy deviceo ﬁémofpe or b)

automated tester of Caim 20, wherein the protoco
rando@paerePe BPPEEYt conprises a menory buffer configured

to store the at |east one test stimulus signa

generated by the_test signal generataor and to provide,
Ae s?B?eHrPegFO%t?ﬁﬁFa§l§|ﬁhaFu%Faoﬁhglﬁﬁﬁ 0, wherein the

protofb®CLEeRi¢$e LOrtherdevi-cgavndsrptestsi B HESROREECLGNA
non-determnistic signal fromthe device-under-test.

circuls. C¢heladt@napedaﬂésﬂewioh Chai pr20pcwhepwanet her

recei 1nt0§o£ergegagkc CIECUI grthGEh rlses Qier-test.
oud CIFCUIF goupFe In para e PH

protocol aware circuit for receiving detern1n|st|c

| f the device-under-test. .P of . 39
ZP?Q? §§O%gggﬁoggifn%%%}%%e%%ngggrbéi 8 a protocol aware

channel for testing a device-under-test, the protocol aware

test

channel comprising a protocol specific circuit coupled between a
test signal generator and a pin electronics circuit, the
protocol specific circuit being constructed to be capable of
being preconfigured to respond to the protocol specific device-
under-test in response to a non-deterministic signal from the

device-under-test.

21. The automated tester of Claim 20, wherein the protocol

specific circuit comprises a protocol decoder.

22. The automated tester of Claim 20, wherein the protocol

specific circuit comprises a field programmable gate array.

23. The automated tester of Claim 22, wherein the field
programmable gate array comprises a protocol aware circuit and a

memory device, the protocol aware circuit being coupled to the
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memory device.

24. The automated tester of Claim 20, wherein the protocol
specific circuit comprises a memory buffer configured to store
the at least one test stimulus signal generated by the test
signal generator and to provide the stored test stimulus signal
via the pin electronics, to the device-under-test in response to

a non-deterministic signal from the device-under-test.

25. The automated tester of Claim 20, wherein the protocol
specific circuit further comprises a pass-through circuit
coupled in parallel with a protocol aware circuit for receiving

deterministic signals from the device-under-test.
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